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Introduction to Drugs
and Pharmacy

OBJECTIVES

After reading this chapter, the student will be able to:

1. Describe the development and purpose of the United States Pharmacopeia

(USP) and the National Formulary (NF)

2. Describe the central features of a typical drug monograph
3. Compare and contrast significant drug regulation and control federal laws

and their impact on pharmacy

4. Explain the concept of pharmaceutical care
5. Summarize the Code of Ethics for Pharmacists of the American Pharmacists

Association

6. Summarize the Code of Ethics of the American Association of

Pharmaceutical Scientists (AAPS)

A drug is defined as an agent intended for
use in the diagnosis, mitigation, treatment,
cure, or prevention of disease in humans or
in other animals (Food, Drug, and Cosmetic
Act, 1938). One of the most astounding quali-
ties of drugs is the diversity of their actions
and effects on the body. This quality enables
their selective use in the treatment of a range
of common and rare conditions involving
virtually every body organ, tissue, and cell.

Some drugs selectively stimulate the car-
diac muscle, the central nervous system,
or the gastrointestinal tract, whereas other
drugs have the opposite effect. Mydriatic
drugs dilate the pupil of the eye, and miotics
constrict or diminish pupillary size. Drugs
can render blood more coagulable or less
coagulable; they can increase the hemoglo-
bin content of the erythrocytes, reduce serum
cholesterol, or expand blood volume.

Drugs termed emetics induce vomiting,
whereas antiemetic drugs prevent vomiting.
Diuretic drugs increase the flow of urine;
expectorant drugs increase respiratory tract
fluid; and cathartics or laxatives evacuate
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the bowel. Other drugs decrease the flow of
urine, diminish body secretions, or induce
constipation.

Drugs may be used to reduce pain, fever,
thyroid activity, rhinitis, insomnia, gastric
acidity, motion sickness, blood pressure, and
mental depression. Other drugs can elevate
mood, blood pressure, or activity of the
endocrine glands. Drugs can combat infec-
tious disease, destroy intestinal worms, or
act as antidotes against the poisoning effects
of other drugs. Drugs can assist in smoking
cessation or alcohol withdrawal or can mod-
ify obsessive—compulsive disorders.

Drugs are used to treat common infections,
AIDS, benign prostatic hyperplasia, cancer,
cardiovascular disease, asthma, glaucoma,
Alzheimer disease, and male impotence.
They can protect against the rejection of trans-
planted tissues and organs and reduce the inci-
dence of measles and mumps. Antineoplastic
drugs provide one means of attacking the
cancerous process; radioactive pharmaceu-
ticals provide another. Drugs may be used
to diagnose diabetes, liver malfunction,
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tuberculosis, or pregnancy. They can replen-
ish a body deficient in antibodies, vitamins,
hormones, electrolytes, protein, enzymes, or
blood. Drugs can prevent pregnancy, assist
fertility, and sustain life itself.

Certainly, the vast array of effective
medicinal agents available today is one of
our greatest scientific accomplishments. It is
difficult to conceive our civilization devoid
of these remarkable and beneficial agents.
Through their use, many of the diseases
that have plagued humans throughout his-
tory, such as smallpox and poliomyelitis,
are now virtually extinct. Illnesses such as
diabetes, hypertension, and mental depres-
sion are effectively controlled with modern
drugs. Today's surgical procedures would
be virtually impossible without the benefit
of anesthetics, analgesics, antibiotics, blood
transfusions, and intravenous fluids.

New drugs may be derived from plant
or animal sources, as by-products of micro-
bial growth, or through chemical synthesis,
molecular modification, or biotechnology.
Computer libraries and data banks of chemi-
cal compounds and sophisticated methods of
screening for potential biologic activity assist
drug discovery.

The process of drug discovery and devel-
opment is complex. It entails the collective
contributions of many scientific special-
ists, including organic, physical, and ana-
lytical chemists; biochemists; molecular
biologists;  bacteriologists; physiologists;
pharmacologists; toxicologists; hematolo-
gists; immunologists; endocrinologists;
pathologists; biostatisticians; pharmaceutical
scientists; clinical pharmacists; physicians;
and many others.

After a potential new drug substance is
discovered and undergoes definitive chemi-
cal and physical characterization, a great
deal of biologic information must be gath-
ered. The basic pharmacology, or the nature
and mechanism of action of the drug on the
biologic system, must be determined includ-
ing toxicologic features. The drug's site and
rate of absorption, its pattern of distribution
and concentration within the body, its dura-
tion of action, and the method and rate of
its elimination or excretion must be studied.

Information on the drug's metabolic degra-
dation and the activity of any of its metab-
olites must be obtained. A comprehensive
study of the short-term and long-term effects
of the drug on various body cells, tissues,
and organs must be made. Highly specific
information, such as the effect of the drug on
the fetus of a pregnant animal or its ability
to pass to a nursing baby through the breast
milk of its mother, may be obtained. Many
a promising new drug has been abandoned
because of its potential to cause excessive or
hazardous adverse effects.

The most effective routes of administra-
tion (e.g., oral, rectal, parenteral, topical)
must be determined, and guidelines for the
dosages recommended for persons of vary-
ing ages (e.g., neonates, children, adults, the
elderly), weights, and states of illness have to
be established. It has been said that the only
difference between a drug and a poison is the
dose. To facilitate administration of the drug
by the selected routes, appropriate dosage
forms, such as tablets, capsules, injections,
suppositories, ointments, aerosols, and oth-
ers, are formulated and prepared. Each of
these dosage units is designed to contain a
specified quantity of medication for ease and
accuracy of dosage administration. These
dosage forms are highly sophisticated deliv-
ery systems. Their design, development,
production, and use are the product of appli-
cation of the pharmaceutical sciences—the
blending of the basic, applied, and clinical
sciences with pharmaceutical technology.

Each particular pharmaceutical product is
a formulation unique unto itself. In addition
to the active therapeutic ingredients, a phar-
maceutical formulation contains a number of
nontherapeutic or pharmaceutical ingredi-
ents. It is through their use that a formulation
achieves its unique composition and charac-
teristic physical appearance. Pharmaceutical
ingredients include such materials as fillers,
thickeners, solvents, suspending agents,
tablet coatings and disintegrants, penetra-
tion enhancers, stabilizing agents, antimi-
crobial preservatives, flavors, colorants, and
sweeteners.

To ensure the stability of a drug in a for-
mulation and the continued effectiveness of
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the drug product throughout its usual shelf
life, the principles of chemistry, physical
pharmacy, microbiology, and pharmaceu-
tical technology must be applied. The for-
mulation must be such that all components
are physically and chemically compatible,
including the active therapeutic agents, the
pharmaceutical ingredients, and the pack-
aging materials. The formulation must be
preserved against decomposition due to
chemical degradation and protected from
microbial contamination and the destructive
influences of excessive heat, light, and mois-
ture. The therapeutic ingredients must be
released from the dosage form in the proper
quantity and in such a manner that the onset
and duration of the drug's action are that
which are desired. The pharmaceutical prod-
uct must lend itself to efficient administra-
tion and must possess attractive features of
flavor, odor, color, and texture that enhance
acceptance by the patient. Finally, the prod-
uct must be effectively packaged and clearly
and completely labeled according to legal
regulations.

Once prepared, the pharmaceutical
product must be properly administered if
the patient is to receive maximum benefit.
The medication must be taken in sufficient
quantity, at specified intervals, and for an
indicated duration to achieve the desired
therapeutic outcomes. The effectiveness of
the medication in achieving the prescriber's
objectives should be reevaluated at regular
intervals and necessary adjustments made
in the dosage, regimen, schedule, or form,
or indeed, in the choice of the drug admin-
istered. Patients' expressions of disappoint-
ment in the rate of progress or complaints
of side effects to the prescribed drug should
be evaluated and decisions made as to the
continuance, adjustment, or major change in
drug therapy. Before initially taking a medi-
cation, a patient should be advised of any
expected side effects and of foods, beverages,
and/or other drugs that may interfere with
the effectiveness of the medication.

Through professional interaction and
communication with other health profession-
als, the pharmacist can contribute greatly to
patient care. An intimate knowledge of drug

actions, pharmacotherapeutics, formulation
and dosage form design, available phar-
maceutical products, and drug information
sources makes the pharmacist a vital mem-
ber of the health care team. The pharmacist
is entrusted with the legal responsibility for
the procurement, storage, control, and dis-
tribution of effective pharmaceutical prod-
ucts and for the compounding and filling of
prescription orders. Drawing on extensive
training and knowledge, the pharmacist
serves the patient as an advisor on drugs
and encourages their safe and proper use
through patient counseling. The pharmacist
delivers pharmaceutical services in a variety
of community and institutional health care
environments and effectively uses medica-
tion records, patient monitoring, and assess-
ment techniques in safeguarding the public
health.

To appreciate the progress that has been
made in drug discovery and development
and to provide background for the study of
modern drugs and pharmaceutical dosage
forms, it is important to examine pharmacy's
heritage.

THE HERITAGE OF PHARMACY

Drugs, in the form of vegetation and miner-
als, have existed as long as humans. Human
disease and the instinct to survive have led
to their discovery through the ages. The use
of drugs, crude though they may have been,
undoubtedly began long before recorded
history, for the instinct of primitive man to
relieve the pain of a wound by bathing it in
cool water or by soothing it with a fresh leaf
or protecting it with mud is within the realm
of belief. From experience, early humans
would learn that certain therapy was more
effective than others, and from these begin-
nings came the practice of drug therapy.
Among many early races, disease was
believed to be caused by the entrance of
demons or evil spirits into the body. The
treatment naturally involved ridding the
body of the supernatural intruders. From
the earliest records, the primary methods
of removing spirits were through the use
of spiritual incantations, the application of
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noisome materials, and the administration of
specific herbs or plant materials.

The First Apothecary

Before the days of the priestcraft, the wise
man or woman of the tribe, whose knowl-
edge of the healing qualities of plants had
been gathered through experience or handed
down by word of mouth, was called upon to
attend to the sick or wounded and prepare
the remedy. It was in the preparation of the
medicinal materials that the art of the apoth-
ecary originated.

The art of the apothecary has always been
associated with the mysterious, and its prac-
titioners were believed to have connection
with the world of spirits and thus performed
as intermediaries between the seen and the
unseen. The belief that a drug had magical
associations meant that its action, for good
or for evil, did not depend upon its natural
qualities alone. The compassion of a god, the
observance of ceremonies, the absence of evil
spirits, and the healing intent of the dispenser
were individually and collectively needed
to make the drug therapeutically effective.
Because of this, the tribal apothecary was one
to be feared, respected, trusted, sometimes
mistrusted, worshipped, and revered, for it
was through his potions that spiritual contact
was made, and upon that contact the cures or
failures depended.

Throughout history, the knowledge of
drugs and their application to disease has
always meant power. In the Homeric epics,
the term pharmakon (Gr.), from which our
word pharmacy was derived, connotes a
charm or a drug that can be used for good
or for evil. Many of the tribal apothecary's
failures were doubtless due to impotent
or inappropriate medicines, underdosage,
overdosage, and even poisoning. Successes
may be attributed to experience, mere coin-
cidence of appropriate drug selection, nat-
ural healing, inconsequential effect of the
drug, or placebo effects, that is, successful
treatment due to psychologic rather than
therapeutic effects. Even today, placebo
therapy with inert or inconsequential chem-
icals is used successfully to treat individual

patients and is a routine practice in the clini-
cal evaluation of new drugs, in which sub-
jects' responses to the effects of the actual
drug and the placebo are compared and
evaluated.

As time passed, the art of the apothecary
combined with priestly functions, and among
the early civilizations, the priest-physician
became the healer of the body as well as of
the soul. Pharmacy and medicine are indis-
tinguishable in their early history because
their practice was the combined function of
the tribal religious leaders.

Early Drugs

Because of the patience and intellect of the
archaeologist, the types and specific drugs
used in the early history of drug therapy
are not as indefinable as one might suspect.
Numerous ancient tablets, scrolls, and other
relics as early as 3000 Bc have been uncovered
and deciphered by archaeologic scholars to
the gratitude of historians of both medicine
and pharmacy (Fig. 1.1).

Perhaps the most famous of these sur-
viving artifacts is the Ebers papyrus, a
continuous scroll some 60 feet long and a
foot wide dating to the 16th century BcC.
This document, which is now preserved at
the University of Leipzig, is named for the
noted German Egyptologist Georg Ebers,
who discovered it in the tomb of a mummy
and partly translated it during the last half
of the 19th century. Since that time, many
scholars have participated in the translation
of the document's challenging hieroglyph-
ics, and although they are not unanimous in
their interpretations, there is little doubt that
by 1550 Bc, the Egyptians were using some
drugs and dosage forms that are still used
today.

The text of the Ebers papyrus is domi-
nated by drug formulas, with more than 800
formulas or prescriptions being described
and more than 700 drugs mentioned. The
drugs are chiefly botanical, although min-
eral and animal drugs are also noted.
Such botanical substances as acacia, cas-
tor bean (from which we express castor
oil), and fennel are mentioned along with
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FIGURE 1.1 Sumerian clay tablet from the third millen-
nium BC on which are believed to be the world's oldest

written prescriptions. Among them are a preparation
of the seed of carpenter plant, gum resin of markhazi,
and thyme, all pulverized and dissolved in beer, and a
combination of powdered roots of “Moon plant” and
white pear tree, also dissolved in beer. (Courtesy of the
University Museum, University of Pennsylvania.)

apparent references to such minerals as iron
oxide, sodium carbonate, sodium chloride,
and sulfur. Animal excrements were also
used in drug therapy.

The vehicles of the day were beer, wine,
milk, and honey. Many of the pharmaceuti-
cal formulas employed two dozen or more
medicinal agents, a type of preparation later
called polypharmacy. The Egyptians com-
monly used mortars and pestles, hand mills,
sieves, and balances in their compounding
of suppositories, gargles, pills, inhalations,
troches, lotions, ointments, plasters, and
enemas.

Infroduction of the Scientific
Viewpoint

Throughout history, many individuals have
contributed to the advancement of the health
sciences. Notable among those whose genius
and creativeness had a revolutionary influ-
ence on the development of pharmacy and
medicine were Hippocrates (ca. 460-377 BC),
Dioscorides (first century Ap), Galen (ca.
130-200 aD), and Paracelsus (1493-1541 AD).

Hippocrates, a Greek physician, is credited
with the introduction of scientific pharmacy
and medicine. He rationalized medicine, sys-
tematized medical knowledge, and put the
practice of medicine on a high ethical plane.
His thinking on the ethics and science of med-
icine dominated the medical writings of his
and successive generations, and his concepts
and precepts are embodied in the renowned
Hippocratic oath of ethical behavior for the
healing professions. His works included the
descriptions of hundreds of drugs, and it
was during this period that the term phar-
makon came to mean a purifying remedy for
good only, transcending the previous con-
notation of a charm or drug for good or for
evil purposes. Because of his pioneering
work in medical science and his inspirational
teachings and advanced philosophies that
have become a part of modern medicine,
Hippocrates is honored by being called the
Father of Medicine.

Dioscorides, a Greek physician and bota-
nist, was the first to deal with botany as an
applied science of pharmacy. His work, De
Materia Medica, is considered a milestone in
the development of pharmaceutical botany
and in the study of naturally occurring medic-
inal materials. This area of study is today
known as natural products chemistry and/
or pharmacognosy, a term formed from two
Greek words, pharmakon, drug, and gnosis,
knowledge. Some of the drugs Dioscorides
described, including opium, ergot, and hyo-
scyamus, continue to have use in medicine.
His descriptions of the art of identifying and
collecting natural drug products, the meth-
ods of their proper storage, and the means of
detecting adulterants or contaminants were
the standards of the period, established the
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need for additional work, and set guidelines
for future investigators.

Claudius Galen, a Greek pharmacist-
physician who attained Roman citizenship,
aimed to create a perfect system of physiol-
ogy, pathology, and treatment. Galen formu-
lated doctrines that were followed for 1,500
years. He was one of the most prolific authors
of his or any other era, having been credited
with 500 treatises on medicine and some 250
others on philosophy, law, and grammar.
His medical writings include descriptions
of numerous drugs of natural origin with a
profusion of drug formulas and methods of
compounding. He originated so many prepa-
rations of vegetable drugs by mixing or melt-
ing the individual ingredients that the field of
pharmaceutical preparations was once com-
monly referred to as “Galenic pharmacy.”
Perhaps the most famous of his formulas is
one for a cold cream, called Galen's Cerate,
which has similarities to some in use today,
including theatrical cold cream and others
that are slight modifications of his formula.

Pharmacy remained a function of medi-
cine until the increasing variety of drugs and
the growing complexity of compounding
demanded specialists who could devote full
attention to the art. Pharmacy was officially
separated from medicine for the first time in
1240 ap, when a decree of Emperor Frederick
IT of Germany regulated the practice of phar-
macy within the part of his kingdom called
the Two Sicilies. His edict separating the two
professions acknowledged that pharmacy
required special knowledge, skill, initiative,
and responsibility if adequate care to the
medical needs of the people was to be guar-
anteed. Pharmacists were obligated by oath
to prepare reliable drugs of uniform quality
according to their art. Any exploitation of the
patient through business relations between
the pharmacist and the physician was strictly
forbidden. Between that time and the evo-
lution of chemistry as an exact science,
pharmacy and chemistry became united as
pharmacy and medicine had been.

Perhaps no person in history exercised
such a revolutionary influence on pharmacy
and medicine as did Aureolus Theophrastus
Bombastus von Hohenheim (1493-1541), a

Swiss physician and chemist who called him-
self Paracelsus. He influenced the transfor-
mation of pharmacy from a profession based
primarily on botanical science to one based
on chemical science. Some of his chemical
observations were astounding for his time
and for their anticipation of later discoveries.
He believed it was possible to prepare a spe-
cific medicinal agent to combat each specific
disease and introduced a host of chemical
substances to internal therapy.

Early Research

As the knowledge of the basic sciences
increased, so did their application to phar-
macy. The opportunity was presented for
the investigation of medicinal materials
on a firm scientific basis, and the challenge
was accepted by numerous pharmacists
who conducted their research in the back
rooms and basements of their pharmacies.
Noteworthy among them was the Swede
Karl Wilhelm Scheele (1742-1786), perhaps
the most famous of all pharmacists because
of his scientific genius and dramatic discov-
eries. Among his discoveries were the chemi-
cals lactic acid, citric acid, oxalic acid, tartaric
acid, and arsenic acid. He identified glycerin,
invented new methods of preparing calomel
and benzoic acid, and discovered oxygen a
year before Priestley.

The isolation of morphine from opium by
the German pharmacist Friedrich Sertiirner
(1783-1841) in 1805 prompted a series of iso-
lations of other active materials from medici-
nal plants by a score of French pharmacists.
Joseph Caventou (1795-1877) and Joseph
Pelletier (1788-1842) combined their talents
and isolated quinine and cinchonine from
cinchona and strychnine and brucine from
nux vomica. Pelletier together with Pierre
Robiquet (1780-1840) isolated caffeine, and
Robiquet independently separated codeine
from opium. Methodically, one chemical
after another was isolated from plant drugs
and identified as an agent responsible for
the plants' medicinal activity. Today we are
still engaged in this fascinating activity as
we probe nature for more useful and more
specific therapeutic agents. Contemporary
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examples of drugs isolated from a natural
source include paclitaxel (Taxol), an agent
with antitumor activity derived from the
Pacific yew tree (Taxus baccata) and employed
in the treatment of metastatic carcinoma of the
ovary; vincaleukoblastine, another antineo-
plastic drug, from Vinca rosea; and digoxin, a
cardiac glycoside, from Digitalis lanata.

Throughout Europe during the late 18th
century and the beginning of the 19th cen-
tury, pharmacists like Pelletier and Sertiirner
were held in great esteem because of their
intellect and technical abilities. They applied
the art and the science of pharmacy to the
preparation of drug products with the high-
est standards of purity, uniformity, and effi-
cacy possible at that time. The extraction and
isolation of active constituents from crude
(unprocessed) botanical drugs led to the
development of dosage forms of uniform
strength containing singly effective thera-
peutic agents of natural origin. Many phar-
macists of the period began to manufacture
quality pharmaceutical products on a small
but steadily increasing scale to meet the
growing needs of their communities. Some of
today's largest pharmaceutical research and
manufacturing companies developed from
these progressive prescription laboratories of
two centuries ago.

Although many of the drugs indigenous
to America and first used by the American
Indians were adopted by the settlers, most
drugs needed in this country before the 19th
century were imported from Europe, either
as the raw materials or as finished products.
With the Revolutionary War, however, it
became more difficult to import drugs, and
the American pharmacist was stimulated to
acquire the scientific and technologic exper-
tise of his European contemporary. From
this period until the Civil War, pharmaceu-
tical manufacture was in its infancy in this
country. A few of the pharmaceutical firms
established during the early 1800s are still in
operation. In 1821, the Philadelphia College
of Pharmacy was established as the nation's
first school of pharmacy. In 1820, the United
States Pharmacopeia (USP) was created to aid
in establishing standards for drugs in the
United States.

DRUG STANDARDS

As the scientific basis for drugs and drug
products developed, so did the need for uni-
form standards to ensure quality. This need
led to the development and publication of
monographs and reference books containing
such standards to be used by those involved
in the production of drugs and pharmaceuti-
cal products. Organized sets of monographs
or books of these standards are called phar-
macopeias or formularies.

The United States Pharmacopeia
and the National Formulary

The term pharmacopeia comes from the
Greek pharmakon, meaning drug, and poiein,
meaning make, and the combination indi-
cates any recipe or formula or other stan-
dards required to make or prepare a drug.
The term was first used in 1580 in connec-
tion with a local book of drug standards in
Bergamo, Italy. From that time on, countless
city, state, and national pharmacopeias were
published by various European pharma-
ceutical societies. As time passed, the value
of a uniform set of national drug standards
became apparent. In Great Britain, for exam-
ple, three city pharmacopeias—the London,
the Edinburgh, and the Dublin—were official
until 1864, when they were replaced by the
British Pharmacopoeia (BP).

In the United States, drug standards were
first provided on a national basis in 1820,
when the first USP was published. However,
the need for drug standards was recognized
in this country long before the first USP was
published. For convenience and because of
their familiarity with them, colonial physi-
cians and apothecaries used the pharmaco-
peias and other references of their various
homelands. The first American pharmaco-
peia was the so-called Lititz Pharmacopeia,
published in 1778 at Lititz, Pennsylvania, for
use by the Military Hospital of the United
States Army. It was a 32-page booklet con-
taining information on 84 internal and 16
external drugs and preparations.

During the last decade of the 18th cen-
tury, several attempts were made by various
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local medical societies to collate drug infor-
mation, set appropriate standards, and pre-
pare an extensive American pharmacopeia
of the drugs in use at that time. In 1808, the
Massachusetts Medical Society published
a 272-page pharmacopeia containing infor-
mation or monographs on 536 drugs and
pharmaceutical preparations. Included were
monographs on many drugs indigenous to
America, which were not described in the
European pharmacopeias of the day.

On January 6, 1817, Lyman Spalding, a
physician from New York City, submitted
a plan to the Medical Society of the County
of New York for the creation of a national
pharmacopeia. Spalding's efforts were later
to result in his being recognized as the
Father of the United States Pharmacopeia.
He proposed dividing the United States as
then known into four geographic districts—
northern, middle, southern, and western.
The plan provided for a convention in each
of these districts, to be composed of del-
egates from all medical societies and medi-
cal schools within them. Where there was as
yet no incorporated medical society or medi-
cal school, voluntary associations of physi-
cians and surgeons were invited to assist in
the undertaking. Each district's convention
was to draft a pharmacopeia and appoint
delegates to a general convention to be held
later in Washington, DC. At the general con-
vention, the four district pharmacopeias
were to be compiled into a single national
pharmacopeia.

Draft pharmacopeias were submitted to
the convention by only the northern and
middle districts. These were reviewed,
consolidated, and adopted by the first
United States Pharmacopeial Convention
assembled in Washington, DC, on January
1, 1820 (Fig. 1.2). The first USP was pub-
lished on December 15, 1820, in English
and Latin, then the international language
of medicine, to render the book more intel-
ligible to physicians and pharmacists of
any nationality. Within its 272 pages were
listed 217 drugs considered worthy of rec-
ognition; many of them were taken from
the Massachusetts Pharmacopeia, which is
considered by some to be the precursor to

FIGURE 1.2 The first United States Pharmacopeial
Convention, held on January 1, 1820 in Washington, DC.
(Reprinted with permission from the United States
Pharmacopeial Convention.)

the USP. The objective of the first USP was
stated in its preface and remains important.
It reads in part

It is the object of a Pharmacopeia to select from
among substances which possess medicinal power,
those, the utility of which is most fully established
and best understood; and to form from them prepa-
rations and compositions, in which their powers
may be exerted to the greatest advantage. It should
likewise distinguish those articles by convenient and
definite names, such as may prevent trouble or un-
certainty in the intercourse of physicians and apoth-
ecaries (1).

Before adjourning, the convention adopted
a constitution and bylaws, with provisions for
subsequent meetings of the convention lead-
ing to a revised USP every 10 years. As many
new drugs entered use, the need for more fre-
quent issuance of standards became increas-
ingly apparent. In 1900, the Pharmacopeial
Convention granted authority to issue sup-
plements to the USP whenever necessary to
maintain satisfactory standards. At the 1940
meeting of the convention, it was decided to
revise the USP every 5 years while maintain-
ing the use of periodic supplements.

The first United States Pharmacopeial
Convention was composed exclusively of
physicians. In 1830 and again in 1840, promi-
nent pharmacists were invited to assist in the
revision, and in recognition of their contribu-
tions pharmacists were awarded full mem-
bership in the convention of 1850 and have
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participated regularly ever since. By 1870,
the USP was so nearly in the hands of phar-
macists that vigorous efforts were required
to revive interest in it among physicians. The
present constitution and bylaws of the United
States Pharmacopeial Convention provide
for accredited delegates representing educa-
tional institutions, professional and scientific
organizations, divisions of governmental
bodies, non-United States international orga-
nizations and pharmacopeial bodies, persons
who possess special scientific competence or
knowledge of emerging technologies, and
public members (2). Of the eight elected
members of the board of trustees, at least two
must be representatives of the medical sci-
ences, two others must be representatives of
the pharmaceutical sciences, one must be a
public member, and three shall serve without
restriction concerning their affiliation.

After the appearance of the first USP, the
art and science of both pharmacy and medi-
cine changed remarkably. Before 1820, drugs
to treat disease had been the same for centu-
ries. The USP of 1820 reflected the fact that
the apothecary of that day was competent
at collecting and identifying botanical drugs
and preparing from them the mixtures and
preparations required by the physician. The
individual pharmacist seemed fulfilled as he
applied his total art to the creation of elegant
pharmaceutical preparations from crude
botanical materials. It was a time that would
never be seen again because of the impend-
ing upsurge in technologic capabilities and
the steady development of the basic sciences,
particularly synthetic organic chemistry.

The second half of the 19th century
brought great and far-reaching changes. The
industrial revolution was in full swing in the
United States. The steam engine, which used
water power to turn mills that powdered
crude botanical drugs, was replaced by the
gas, diesel, or electric motor. New machinery
was substituted for the old whenever pos-
sible, and often machinery from other indus-
tries was adapted to the special needs of
pharmaceutical manufacturing. Mixers from
the baking industry, centrifugal machines
from the laundry industry, and sugarcoat-
ing pans from the candy industry were a

few examples of improvisations. Production
increased rapidly, but the new industry had
to wait for the scientific revolution before it
could claim newer and better drugs for man-
kind. A symbiosis between science and the
advancing technology was needed.

By 1880, the industrial manufacture of
chemicals and pharmaceutical products had
become well established in this country, and
the pharmacist was relying heavily on com-
mercial sources for drug supply. Synthetic
organic chemistry began to have its influence
on drug therapy. The isolation of some active
constituents of plant drugs led to the knowl-
edge of their chemical structure. From this
arose methods of synthetically duplicating
the same structures, as well as manipulating
molecular structure to produce organic chemi-
cals yet undiscovered in nature. In 1872, the
synthesis of salicylic acid from phenol inaugu-
rated the synthesis of a group of analgesic com-
pounds including acetylsalicylic acid (aspirin),
which was introduced into medicine in 1899.
Among other chemicals synthesized for the
first time were sleep-producing derivatives of
barbituric acid called barbiturates. This new
source of drugs—synthetic organic chemis-
try—welcomed the turn into the 20th century.

Until this time, drugs created through
the genius of the synthetic organic chemist
relieved a host of maladies, but none had
been found to be curative—none, that is,
until 1910, when arsphenamine, a specific
agent against syphilis, was introduced to
medical science. This was the start of an era
of chemotherapy, an era in which the dis-
eases of humans became curable through the
use of specific chemical agents. The concepts,
discoveries, and inspirational work that led
mankind to this glorious period are cred-
ited to Paul Ehrlich, the German bacteriolo-
gist who together with a Japanese colleague,
Sahachiro Hata, discovered arsphenamine.
Today many of our drugs originate in the
flask of the synthetic organic chemist.

The advancement of science, both basic
and applied, led to drugs of a more complex
nature and to more of them. The standards
advanced by the USP were more than ever
needed to protect the public by ensuring the
purity and uniformity of drugs.
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When the American Pharmaceutical Asso-
ciation (APhA) was organized in 1852, the only
authoritative and recognized book of drug
standards available was the third revision of
the USP. To serve as a therapeutic guide to the
medical profession, its scope, then as now, was
restricted to drugs of established therapeutic
merit. Because of strict selectivity, many drugs
and formulas that were accepted and used by
the medical profession were not granted admis-
sion to early revisions of the USP. As a type of
protest, and in keeping with the original objec-
tives of the APhA to standardize drugs and
formulas, certain pharmacists, with the sanc-
tion of their national organization, prepared
a formulary containing many of the popular
drugs and formulas denied admission to the
USP. The first edition was published in 1888
under the title National Formulary of Unofficial
Preparations (3). The designation “unofficial
preparations” reflected the protest mood of
the authors, since the USP had earlier adopted
the term “official” as applying to the drugs
for which it provided standards. The title was
changed to National Formulary (NF) on June
30, 1906, when President Theodore Roosevelt
signed into law the first federal Pure Food and
Drug Act, designating both the USP and NF as
establishing legal standards for medicinal and
pharmaceutical substances. Thus the two pub-
lications became official compendia. Among
other things, the law required that whenever
the designation USP or NF was used or implied
on drug labeling, the products must conform to
the physical and chemical standards set forth
in the compendium monograph.

The early editions of the NF served mainly
as a convenience to practicing pharmacists
by providing uniform names of drugs and
preparations and working directions for
the small-scale manufacture of popular
pharmaceutical preparations prescribed
by physicians. Before 1940, the NEF, like the
USP, was revised every 10 years. After that
date, new editions appeared every 5 years,
with supplements issued periodically as
necessary.

In 1975, the United States Pharmacopeial
Convention, Inc. purchased the NE unify-
ing the official compendia and providing the
mechanism for a single national compendium.

Today, the United States Pharmacopeia-
National Formulary (USP-NF)is continuously
revised. Revisions are available annually in
hard copy and as online editions, includ-
ing twice-yearly supplements and update
notices on the USP Web site. Monographs for
drug substances, dietary supplements, dos-
age forms, and compounded preparations
are contained in the USP sections of the com-
bined compendium whereas monographs
for pharmaceutical excipients are contained
in the NF section.

A Spanish edition of the USP-NF was intro-
duced in 2006. Presently, USP standards are
used in more than 140 countries worldwide.

The standards advanced by the USP and
the NF are put to active use by all members
of the health care industry who share the
responsibility and enjoy the public's trust for
ensuring the availability of quality drugs and
pharmaceutical products and preparations.
The term “products” is now generally used
to refer to manufactured drugs and “prepa-
rations” to compounded drugs. The USP-NF
is used by pharmacists, physicians, dentists,
veterinarians, nurses, producers, and sup-
pliers of bulk chemicals for use in drug pro-
duction; large and small manufacturers of
pharmaceutical products; drug procurement
officers of various private and public health
agencies and institutions; drug regulatory
and enforcement agencies; and others.

USP and NF Monographs

The USP and NF adopt standards for drug
substances, pharmaceutical ingredients, and
dosage forms reflecting the best in the cur-
rent practices of medicine and pharmacy and
provide suitable tests and assay procedures
for demonstrating compliance with these
standards. In fulfilling this function, the com-
pendia become legal documents, every state-
ment of which must be of a high degree of
clarity and specificity.

In the United States, a drug with a name
recognized in the USP-NF must comply with
compendial identity standards or be deemed
adulterated, misbranded, or both. To avoid
being deemed adulterated, such drugs also
must comply with compendial standards for
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strength, quality, or purity, unless labeled to
show all respects in which the drug differs.
In addition, to avoid being deemed mis-
branded, drugs recognized in the USP-NF
also must comply with compendial stan-
dards for packaging and labeling.

Many pharmaceutical products on the
market, especially combinations of thera-
peutic ingredients, are not described in for-
mulation or dosage form monographs in the
official compendia. However, the individual
components in these products are described
in monographs in the compendia, in supple-
ments to the compendia, or in drug appli-
cations for marketing approved by the U.S.
Food and Drug Administration (FDA).

An example of a typical monograph for
a drug substance appearing in the USP is
shown in Figure 1.3. This monograph dem-
onstrates the type of information that appears
for organic medicinal agents.

The initial part of the monograph consists
of the official title (generic or nonproprietary
name) of the drug substance. This is followed
by its graphic or structural formula, empiri-
cal formula, molecular weight, established
chemical names, and the drug's Chemical
Abstracts Service (CAS) registry number.
The CAS registry number identifies each
compound uniquely in the CAS computer
information retrieval system. Appearing next
in the monograph is a statement of chemical
purity, a cautionary statement that reflects
the toxic nature of the agent, packaging and
storage recommendations, and chemical and
physical tests, and the prescribed method of
assay to substantiate the identification and
purity of the chemical.

In each monograph, the standards set
forth are specific to the individual therapeu-
tic agent, pharmaceutical material, or dosage
form product/preparation to ensure purity,
potency, and quality.

Other Pharmacopeias

In addition to the USP and the NF, other
references to drug standards, such as the
Homeopathic Pharmacopeia of the United States
(HPUS) and the Pharmacopeia Internationalis,
or International Pharmacopeia (IP), provide

additional guidelines for drug quality
required by certain practitioners and
agencies. HPUS is used by pharmacists and
homeopathists as well as by law enforce-
ment agencies that must ensure the quality
of homeopathic drugs. The term homeopa-
thy was coined by Samuel Hahnemann
(1755-1843) from the Greek homoios, mean-
ing similar, and pathos, meaning disease. In
essence, the basis of homeopathy is the law
of similars, or that like cures like: that is, a
drug that produces symptoms of the illness
in healthy persons will also be capable of
treating those same symptoms and curing
the disease. Embodied in the homeopathic
approach are (a) the testing of a drug on
healthy persons to find the drug's effects so
that it may be employed against the same
symptoms manifesting a disease in an ill per-
son; (b) the use of only minute doses of drugs
in therapy, employed in dilutions expressed
as “1X” (a 1:10 dilution), “2X” (a 1:100 dilu-
tion), and so on; (c) the administration of not
more than one drug at a time; and (d) the
treatment of the entire symptom complex
of the patient, not just one symptom (4-6).
The HPUS is essential for pharmacists who
prepare drugs to be used in the practice of
homeopathy.

The IP is published by the World Health
Organization (WHO) of the United Nations
with the cooperation of member countries. It
is intended as a recommendation to national
pharmacopeial revision committees to mod-
ify their pharmacopeias according to inter-
national standards. It has no legal authority,
only the respect and recognition accorded it
by the participating countries in their effort
to provide acceptable drug standards on an
international basis. The first volume of the
IP was published in 1951. It has been revised
periodically since that time.

Over the years, a number of countries
have published their own pharmacope-
ias, including the United Kingdom, France,
Italy, Japan, India, Mexico, Norway, and the
People's Republic of China. These pharma-
copeias and the European Pharmacopeia (EP or
Ph Eur) are used within their legal jurisdic-
tions and by multinational pharmaceutical
companies that develop and market products
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4-Thia-1-azabicyclo [3.2.0] heptane-2-carboxylic acid,
6-[[amino (4-hydroxyphenyl) acetylJamino]-3,
3-dimethyl-7-oxo-,trihydrate [25-[20,50,63(5*)]]-;
(25,5R,6R)-6-[(R)-(-)-2-Amino-2-(p-hydroxyphenyl)
acetamido]-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo
[3.2.0] heptane-2-carboxylic acid trihydrate [61336-70-7].
Anhydrous 365.41 [26787-78-0].

Definition—Amoxicillin contains NLT 900 ng and NMT
1,050 ug of C,;H ,N,O,S per milligram, calculated on
the anhydrous basis.

Identification—Infrared absorption (197K)

Assay
e Procedure

Diluent: 6.8 g/L of monobasic potassium phosphate in
water. Adjust with a 45% (w/w) solution of potas-
sium hydroxide to a pH of 5.0 + 0.1.

Mobile phase: Acetonitrile and Diluent (1:24)

Standard solution: 1.2 mg/mL of USP Amoxicillin RS in
Diluent. (Note—Use this solution within 6 hours.)

Sample solution: 1.2 mg/mL of Amoxicillin in Diluent.
(Note—Use this solution within 6 hours.)

Chromatographic system (see Chromatography [621],
System Suitability)

Mode: LC

Detector: UV 230 nm

Column: 4-mm x 25-cm; packing L1

Flow rate: 1.5 mL/min

Injection size: 10 uL

System suitability

Sample: Standard solution

Suitability requirements

Tailing factor: NMT 2.5

Relative standard deviation: NMT 2.0%

Analysis

Samples: Standard solution and Sample solution

Calculate the quantity, in ng/mg, of C,,;H ,N,O,S in
the portion of Amoxicillin taken:

Result = (r,/ry) X (C;/C)) x P

r, = peak response from the Sample solution

r, = peak response from the Standard solution

C, = concentration of USP Amoxicillin RS in
the Standard solution (mg/mL)

C,= concentration of Sample solution (mg/mL)

P = potency of amoxicillin in USP Amoxicillin

RS (ug/mg)
Acceptance criteria: 900 to 1050 ng of C, ;H,;N,O.S per

167719
milligram on the anhydrous basis

FIGURE 1.3 Amoxicillin.

Impurities
Organic Impurities

* Procedure
Solution A: 2.72 g /L of monobasic potassium phos-
phate. Adjust with 1 N potassium hydroxide or
20% phosphoric acid to a pH of 5.0 + 0.1.
Solution B: Methanol
Mobile phase: See the gradient table below.

TIME (MIN) SOLUTION A (%)  SOLUTION B (%)
0 97 3

10 97 3

22 75 25

26 97 3

Standard solution: 12.5 pg/mkL of USP Amoxicillin RS
in Solution A

System suitability solution: 12.5 ng/mL each of USP
Amoxicillin Related Compound A RS and USP
Amoxicillin Related Compound D RS in Solution A

Sample solution: 1.25 mg/mL of Amoxicillin in
Solution A. (Note—Store this solution at 4 degrees
and use within 4 hours)

Chromatographic system (see Chromatography [621],
System Suitability)

Mode: LC

Detector: UV 210 nm

Column: 4.6-mm x 10-cm; 5-pm packing L1

Column temperature: 40 degrees

Flow rate: 1.5 mL/min

Injection size: 10 uL

Autosampler temperature: 4 degrees

System suitability

Samples: Standard solution and System suitability
solution

Suitability requirements

(Note—Identify peaks by the relative retention times
in Impurity Table 1.)

Resolution: NLT 1.5 between Amoxicillin related
compound A and the second peak for Amoxicillin
related compound D, System suitability solution

Relative standard deviation: NMT 10%, Standard solution

Analysis

Samples: Standard solution and Sample solution

Calculate the percentage of each impurity in the por-
tion of Amoxicillin taken:

Result = (r,/r,) X (C;/C)) X F x 100

-
Il

peak response of each impurity from the

Sample solution

r, = peak response of amoxicillin from the
Standard solution

C. = concentration of USP Amoxicillin RS in
the Standard solution (ug/mL)

C = nominal concentration of Amoxicillin in
the Sample solution (mg/mL)

F = unit conversion factor (0.001 mg/pg)

(Continued)



Impurity Table 1

RELATIVE ACCEPTANCE

NAME RETENTION TIME CRITERIA, NMT (%)
Amoxicillin related compound I (D-hydroxyphenylglycine) 0.32 1.0
Amoxicillin related compound D" (amoxicillin open ring) 0.53 1.0

0.68 1.0
Amoxicillin related compound A? (6-aminopenicillanic acid) 0.78 0.5
Amoxicillin related compound B¢/ (L-amoxicillin) 0.87 —
Amoxicillin 1.0 —
Amoxicillin related compound G¢ (D-hydroxyphenylglycylamoxicillin) 2.9 1.0
Amoxicillin related compound E"' (amoxicillin penilloic derivative) 45 1.0
Amoxicillin related compound M/ (N-(penicillan-6-yl) open ring 6.0 1.0
amoxicillinamide)
Amoxicillin related compound F* (phenylpyrazinediol) 6.3 —
Amoxicillin related compound C' (amoxicillin rearrangement product) 6.4 1.0
Amoxicillin related compound E" (amoxicillin penilloic derivative) 6.7 1.0
Amoxicillin related compound J” (amoxicillin open ring dimer) 8.8 1.0
Amoxicillin related compound L" (N-(penicillan-6-yl) amoxicillinamide) 9.0 1.0
Any unspecified individual impurity — 1.0

“(R)-2-Amino-2-(4-hydroxyphenyl)acetic acid.

"The chromatographic system resolves two penicilloic acids from each other.
“(4S5)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido](carboxy)methyl}-5,5-dimethylthiazolidine-4-carboxylic acid.
4(25,5R,6R)-6-Amino-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0lheptane-2-carboxylic acid.

‘These compounds are listed for information only and are not to be reported.
/(25,5R,6R)-6-[(5)-2-Amino-2-(4-hydroxyphenyl)acetamido]-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.
8(25,5R,6R)-6-{(R)-2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-(4-hydroxyphenyl)acetamido}-3,3-dimethyl-7-oxo-4-thia-1-azabi-
cyclo[3.2.0]heptane-2-carboxylic acid.

"The chromatographic system resolves two penilloic acids from each other.
/(45)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic acid.
i(25,5R,6R)-6-(2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-((4S)-4-carboxy-5,5-dimethylthiazolidin-2-yl)acetamido)-3,
3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0[heptane-2-carboxylic acid.

¥3-(4-Hydroxyphenyl)pyrazin-2-ol.

'(45)-2-[5-(4-Hydroxyphenyl)-3,6-dioxopiperazin-2-yl]-5,5-dimethylthiazolidine-4-carboxylic acid.
"(25,5R,6R)-6-((2R)-2-{2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-[(4S)-4-carboxy-5,5-dimethylthiazolidin-2-ylJacetamido}-
2-(4-hydroxyphenyl)acetamido)-3,3-dimethyl-7-oxo0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.
"(25,5R,6R)-6-{(25,5R,6R)-6-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-
2-carboxamido}-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0[heptane-2-carboxylic acid.

Acceptance criteria

(Note—The reporting limit is 0.03% of the amoxicillin
peak from the Standard solution. )

Individual impurities: See Impurity Table 1.

Total impurities: NMT 5.0%

of injectable dosage forms, it contains NMT 0.25 USP
Endotoxin Unit/mg of amoxicillin.

Additional Requirements

* Packaging and storage: Preserve in tight containers,
and store at controlled room temperature.

Specific Tests * Labeling: Where it is intended for use in preparing

o Crystallinity (695): Meets the requirements

Dimethylaniline (223): Meets the requirement

pH (791): 3.5-6.0

Sample solution: 2 mg/mL

Water determination, Method I (921): 11.5% to 14.5%
Sterility tests (71): Where the label states that Amoxicillin
is sterile, it meets the requirements when tested as di-
rected in Test for Sterility of the Product to Be Examined,
Direct Inoculation of the Culture Medium, except to use
fluid thioglycollate medium containing polysorbate 80
solution (5 mg/mL) and an amount of sterile penicil-
linase sufficient to inactivate the amoxicillin in each
tube, to use soybean—casein digest medium containing
polysorbate 80 solution (5 mg/mL) and an amount of
sterile penicillinase sufficient to inactivate the amoxi-
cillin in each tube, and to shake the tubes once daily.
Bacterial endotoxins test (85): Where the label states
that Amoxicillin is sterile or Amoxicillin must be sub-
jected to further processing during the preparation

injectable dosage forms, the label states that it is

intended for veterinary use only and that it is ster-

ile or must be subjected to further processing during

the preparation of injectable dosage forms. Label all

other Amoxicillin to indicate that it is to be used in

the manufacture of nonparenteral drugs only.

USP reference standards (11)

USP Amoxicillin RS &

USP Amoxicillin Related Compound A RS [

(25,5R,6R)-6-Amino-3,3-dimethyl-7-oxo-4-thia-
1-azabicyclo[3.2.0]heptane-2-carboxylic acid;
6-aminopenicillanic acid.

C,H,,N,0,5216.26

USP Amoxicillin Related Compound D RS 5]

(45)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]
(carboxy)methyl}-5,5-dimethylthiazolidine-4-
carboxylic acid; amoxicillin open ring.

C,H,N,OS 383.42

16 721

USP Endotoxin RS

FIGURE 1.3 (Continued).
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internationally. Countries not having a
national pharmacopeia frequently adopt
one of another country for use in setting
and regulating drug standards. Selection
of the pharmacopeia is usually based on
geographic proximity, a common heritage
or language, or a similarity of drugs and
pharmaceutical products used. For exam-
ple, Canada, which does not have its own
national pharmacopeia, has traditionally
used USP-NF standards. The Mexican phar-
macopeia (Farmacopea de los Estados Unidos
Mexicanos) and the Brazilian Pharmacopeia
(Farmacopeia Brasilieira) are the only other
actively maintained pharmacopeias in this
hemisphere. The Brazilian Pharmacopoeia
is part of the MERCOSUR Pharmacopoeia,
comprising Argentina, Brazil, Paraguay, and
Uruguay (7).

Standards Set Forth in FDA-
Approved New Drug Applications

In the United States, in addition to the official
compendia, some initial drug and drug prod-
uct standards and assay methods are estab-
lished as set forth in new drug applications
approved by the FDA (see Chapter 2). The
manufacturer must rigidly adhere to these
initial standards to maintain product quality
and continued FDA approval for marketing.
Ultimately, these or subsequently developed
standards are adopted as new monographs
by the USP-NE.

International Organization for
Standardization

The International Organization for Stan-
dardization (ISO) is an international con-
sortium of representative bodies constituted
to develop and promote uniform or harmo-
nized international standards. Representing
the United States in the consortium is the
American National Standards Institute.
Among the various ISO standards used in
the pharmaceutical industry are those in the
series ISO 9000 to ISO 9004. Included here
are standards pertaining to development,
production, quality assurance (QA), quality
control (QC), detection of defective products,
quality management (QM), and other issues,

such as product safety and liability. Industry
compliance with the standards is voluntary.
However, many firms find it advantageous to
their business to comply with ISO standards
and to be identified within their industry as
having an internationally recognized QM
system. Some companies choose to become
ISO certified through a rigorous evaluation
and accreditation process (8).

DRUG REGULATION AND
CONTROL

The first federal law in the United States
designed to regulate drug products manu-
factured domestically was the Food and
Drug Act of 1906. The law required drugs
marketed interstate to comply with their
claimed standards for strength, purity, and
quality. Manufacturers' claims of thera-
peutic benefit were not regulated until
1912, when the passage of the Sherley
Amendment specifically prohibited false
claims of therapeutic effects, declaring such
products misbranded.

THE FEDERAL FOOD, DRUG, AND
COSMETIC ACT OF 1938

The need for additional drug standards was
tragically demonstrated in 1938. The then-
new wonder drug sulfanilamide, which
was not soluble in most common pharma-
ceutical solvents of the day, was prepared
and distributed by an otherwise reputable
manufacturer as an elixir using as the sol-
vent diethylene glycol, a highly toxic agent
used in antifreeze solutions. Before the
product could be removed from the market,
more than 100 persons died of diethylene
glycol poisoning. The necessity for proper
product formulation and thorough phar-
macologic and toxicologic testing of the
therapeutic agent, pharmaceutical ingredi-
ents, and the completed product was pain-
fully recognized. Congress responded with
the passage of the Federal Food, Drug, and
Cosmetic Act of 1938 and the creation of the
FDA to administer and enforce it.

The 1938 Act prohibits the distribution and
use of any new drug or drug product without
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the prior filing of a New Drug Application
(NDA) and approval of the FDA. It became
the responsibility of the FDA to either grant
or deny permission to manufacture and
distribute a new product after reviewing
the applicant's filed data on the product's
ingredients, methods of assay and quality
standards, formulation and manufacturing
processes, preclinical (animal, tissue, or cell
culture) studies including pharmacology
and toxicology, and clinical trials on human
subjects.

Although the Act of 1938 required man-
ufactured pharmaceutical products to be
safe for human use, it did not require them
to be efficacious. Subsequent legislation,
as described later in this chapter, requires
that a drug approved for marketing in the
United States be both safe and effective for
the condition for which it is intended. Many
drugs that had been on the market prior
to this Act were allowed to remain on the
market if their formula was unchanged and
they were “grandfathered” in by the Act:
examples include selected dosage forms of
acetaminophen, codeine phosphate, codeine
sulfate, hydrocodone, levothyroxine, mor-
phine, nitroglycerin, oxycodone, pilocarpine
hydrochloride, potassium chloride, potas-
sium iodide, sodium fluoride, and others.

Durham-Humphrey Amendment
of 1951

The Durham-Humphrey Amendment of the
Federal Food Drug and Cosmetic Act estab-
lished a legal distinction between prescription
and over-the-counter (OTC) or nonprescrip-
tion drugs. Until that time, all drugs could be
purchased over the counter by consumers.
Medications deemed safe enough by the
FDA for self-treatment are made available
to consumers for direct purchase whereas
medications requiring professional diagno-
sis for their safe and effective use must be
dispensed only upon a valid prescription or
institutional medication order. Prescription
drugs must bear the symbol “R_Only” or
the legend “Caution: Federal Law Prohibits
Dispensing Without Prescription.” New drug
substances are limited to prescription-only

dispensing. However, their legal status may
be changed to OTC, albeit usually at lower
recommended dosage, should they later be
considered useful and safe enough for the lay
person's discretionary use. Examples of such
drugs include ibuprofen, ketoprofen, cimeti-
dine, loratadine, and ranitidine.

According to the Durham-Humphrey
Amendment, prescriptions for legend drugs
may not be refilled (dispensed again after the
initial filling of the prescription) without the
express consent of the prescriber. The refill
status of prescriptions for certain legend
drugs known to be subject to public abuse
was further regulated with the passage of the
Drug Abuse Control Amendments of 1965
and then by the Comprehensive Drug Abuse
Prevention and Control Act of 1970.

Kefauver-Harris Amendments
of 1962

A tragedy in 1960 led to the passage of the
Kefauver-Harris Amendments to the Federal
Food Drug and Cosmetic Act of 1938. A
new synthetic drug, thalidomide, recom-
mended as a sedative and tranquilizer, was
being sold OTC in Europe. It was a drug of
special interest because of its apparent lack
of toxicity even at extreme dosage levels. It
was hoped that it would replace the barbi-
turates as a sedative and therefore prevent
the frequent deaths caused from accidental
and intentional barbiturate overdosage. A
pharmaceutical company was awaiting FDA
approval for marketing in the United States
when reports of a toxic effect of the drug's
use in Europe began to appear. Thalidomide
given to women during pregnancy produced
birth defects, most notably phocomelia, an
arrested development of the limbs of the
affected newborn. Thousands of children
were affected to various extents (9). Some
were born without arms or legs and others,
with partially formed limbs. The more for-
tunate were born with only disfigurations of
the nose, eyes, and ears. The most severely
afflicted died of malformation of the heart
or gastrointestinal tract. This drug catastro-
phe spurred the Congress to strengthen the
existing laws regarding new drugs. Without
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dissent, on October 10, 1962, the Kefauver-
Harris Drug Amendments to the Food, Drug,
and Cosmetic Act of 1938 were passed by
both houses of Congress. The purpose of the
enactment was to ensure a greater degree of
safety for approved drugs, and manufactur-
ers were now required to prove a drug both
safe and effective before it would be granted
FDA approval for marketing.

Under the Food, Drug, and Cosmetic Act
as amended, the sponsor of a new drug is
required to file an investigational new drug
application (IND) with the FDA before the
drug may be clinically tested on human sub-
jects. Only after carefully designed and struc-
tured human clinical trials, in which the drug
is evaluated for safety and effectiveness,
may the drug's sponsor file an NDA seeking
approval for marketing. The FDA was given
authority to issue good manufacturing prac-
tice (GMP) guidelines governing how drugs
were to be manufactured, access to facilities
for inspection, and jurisdiction over prescrip-
tion drug advertising. The requirements for
these and other submissions to the FDA are
presented in Chapter 2.

Interestingly, WHO now considers tha-
lidomide to be the standard treatment for
the fever and painful skin lesions associated
with erythema nodosum leprosum (ENL)
in patients with leprosy and the FDA has
approved its use for this purpose. Further,
research into potential uses for thalidomide
has determined that it is effective in the treat-
ment of multiple myeloma, a blood and bone
marrow cancer, and shows promise in cer-
tain inflammatory diseases, and in Kaposi
sarcoma, a cancer of the blood vessel walls
mostly found in people with HIV (10).

Comprehensive Drug Abuse
Prevention and Control Act of 1970

The Comprehensive Drug Abuse Prevention
and Control Act of 1970 (now referred to as
the Controlled Substances Act [CSA]) served
to consolidate and codify control author-
ity over drugs of abuse into a single statute.
Under its provisions, the Drug Abuse Control
Amendments of 1965, the Harrison Narcotic
Act of 1914, and other related laws governing

stimulants, depressants, narcotics, and hal-
lucinogens were repealed and replaced by
regulatory framework now administered by
the Drug Enforcement Administration (DEA)
in the Department of Justice.

The Comprehensive Drug Abuse Pre-
vention and Control Act of 1970 established
five “schedules” for the classification and
control of drug substances that are subject to
abuse. These schedules provide for decreas-
ing levels of control, from schedule I to
schedule V. The drugs in the five schedules
may be described as follows:

¢ Schedule I: Drugs with no accepted medi-
cal use, or other substances with a high po-
tential for abuse. In this category are agents
including heroin, lysergic acid diethylam-
ide (LSD), mescaline, peyote, methaqua-
lone, marijuana, and similar items. Any
nonmedical substance that is being abused
can be placed in this category.

¢ Schedule II: Drugs with accepted medical
uses and a high potential for abuse that if
abused may lead to severe psychologic or
physical dependence. In this category are
morphine, cocaine, methamphetamine,
amobarbital, and other such drugs.

¢ Schedule III: Drugs with accepted medi-
cal uses and a potential for abuse less than
those listed in schedules I and II that if
abused may lead to moderate psychologic
or physical dependence. In this category
are specified quantities of codeine, hydro-
codone, and similar agents.

¢ Schedule IV: Drugs with accepted medical
uses and low potential for abuse relative
to those in Schedule III that if abused may
lead to limited physical dependence or
psychologic dependence relative to drugs
in schedule III. In this category are speci-
fied quantities of difenoxin, diazepam, ox-
azepam, and similar agents.

¢ Schedule V: Drugs with accepted medical
uses and low potential for abuse relative
to those in schedule IV that if abused may
lead to limited physical dependence or
psychologic dependence relative to drugs
in schedule IV. Included in this category
are specified quantities of dihydrocodeine,
diphenoxylate, and similar agents.
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FDA Pregnancy Categories

Appropriate prescribing and use of medica-
tions requires a risk-versus-benefit assess-
ment of the medication for a specific patient.
There are many risk factors that must be
evaluated, including pregnancy. In 1979, the
United States FDA introduced a classification
of fetal risks due to pharmaceuticals. This
was based on a similar system that was intro-
duced in Sweden just 1 year earlier.

The FDA has established five categories
that can be used to estimate the potential of a
systemically absorbed drug for causing birth
defects. The reliability of the documentation
is the key differentiation factor among the
categories for determining the risk-versus-
benefit ratio. The Pregnancy Category “X” is
the strongest and states that if any data exist
that a drug may be implicated as a teratogen
and the risk-versus-benefit ratio does not
support the use of the drug, then the drug is
contraindicated during pregnancy.

The FDA-assigned pregnancy categories
are as follows:

* Category A: Adequate and well-controlled
studies have failed to demonstrate a risk
to the fetus in the first trimester of preg-
nancy (and there is no evidence of risk in
later trimesters).

* Category B: Animal reproduction studies
have failed to demonstrate a risk to the
fetus, and there are no adequate and well-
controlled studies in pregnant women.

* Category C: Animal reproduction studies
have shown an adverse effect on the fetus
and there are no adequate and well-con-
trolled studies in humans, but potential
benefits may warrant use of the drug in
pregnant women despite potential risks.

* Category D: There is positive evidence of
human fetal risk based on adverse reac-
tion data from investigational or market-
ing experience or studies in humans, but
potential benefits may warrant use of the
drug in pregnant women despite potential
risks.

* Category X: Studies in animals or hu-
mans have demonstrated fetal abnormali-
ties and/or there is positive evidence of

human fetal risk based on adverse reac-
tion data from investigational or market-
ing experience, and the risks involved in
use of the drug in pregnant women clearly
outweigh potential benefits.

Medication Exposures During
Pregnancy and Lactation

Every woman in the general population has
a 3% to 5% risk of having a child with a birth
defect or mental retardation. Birth defects are
the leading cause of infant mortality in the
United States. Two important factors to con-
sider when assessing the teratogenic potential
of a medication are the stage of pregnancy at
which the exposure occurred and the amount
of medication taken. It is critical to evaluate
each exposure on a case-by-case basis in order
to give an accurate risk assessment. Some of
the known, possible, and unlikely human
teratogens are listed in Table 1.1. In a pregnant
or breast-feeding patient who is currently tak-
ing, or considering taking, a medication, the
patient needs to be counseled about potential
adverse effects the medication could have on
her fetus or infant (11). This counseling needs
to be documented.

Black Box Warnings

A black box warning in prescription drug
labeling is used to call attention to one of the
following situations: (1) there is an adverse
reaction so serious in proportion to the poten-
tial benefit that it be considered in assessing
the risks and benefits of using the drug, (b)
the risk of a serious adverse reaction can be
prevented or reduced in severity by careful
use of the drug (e.g., patient selection, special
monitoring, certain concomitant therapy),
or (c) the FDA has approved the drug with
restrictions to prescribing/distribution to
ensure its safe use (12).

Drug Listing Act of 1972

The Drug Listing Act was enacted to pro-
vide the FDA with the legislative authority
to compile a list of marketed drugs to assist
in the enforcement of federal laws requir-
ing that drugs be safe and effective and not
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ileje]CHMI SOME KNOWN TERATOGENS

RADIATION

Atomic weapons

Radioiodine

Therapeutic radiation

INFECTIONS

Cytomegalovirus

Herpes simplex virus | and Il
Parvovirus B-19 (erythema infectiosum)
Rubella virus

Syphilis

Toxoplasmosis

Varicella virus

Venezuelan equine encephalitis virus
MATERNAL AND METABOLIC IMBALANCE
Alcoholism

Amniocentesis, early (before day 70 post
conception)

Chorionic villus sampling (before day 60 post
conception)

Cretinism, endemic

Diabetes

Folic acid deficiency

Hyperthermia

Myasthenia gravis

Phenylketonuria

Rheumatic disease

Sjogren syndrome

Virilizing fumors

DRUGS AND ENVIRONMENTAL CHEMICALS

ACE inhibitors (benazepril, captopril, enalapril,
fosinopril, lisinopril, moexipril, quinapril, ramipril,
trandolapril)

Aminopterin

Androgenic hormones
Busulfan

Chlorobiphenyls
Cigarette smoking
Cocaine

Coumarin anticoagulants
Cyclophosphamide
Diethylstilbestrol
Etretinate

Fluconazole (high doses)
lodides

Isotretinoin (Accutane)
Lithium

Mercury, organic

Methimazole

Methotrexate (methylaminopterin)
Methylene blue (via intra-amniotic injection)
Misoprostol

Penicillamine

Phenytoin

Tetracyclines

Thalidomide

Toluene (abuse)

Trimethadione

Valproic acid

POSSIBLE TERATOGENS
Binge drinking
Carbamazepine
Colchicine

Disulfiram

Ergotamine
Glucocorticoids

Lead

Primidone

Quinine (suicidal doses)
Streptomycin

Vitamin A (high doses)
Zidovudine (AZT)

Zinc deficiency

UNLIKELY TERATOGENS
Agent Orange
Anesthetics
Aspartame

Aspirin (but aspirin in the second half of
pregnancy may increase cerebral hemorrhage
during delivery)

Bendectin (antinauseant)
Electromagnetic waves
Hydroxyprogesterone
LSD

Marijuana
Medroxyprogesterone
Metronidazole

Oral contraceptives
Progesterone

Rubella vaccine
Spermicides

Video display terminals
Ultrasound
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adulterated or misbranded. Under the regu-
lations of the act, each firm that manufac-
tures or repackages drugs for ultimate sale
or distribution to patients or consumers must
register with the FDA and submit appropri-
ate information for listing. All foreign drug
manufacturing and distributing firms whose
products are imported into the United States
are also included in this regulation. Exempt
from the registration and listing requirements
are hospitals, clinics, and the various health
practitioners who compound pharmaceuti-
cal preparations for use in their respective
institutions and practices. Also exempt are
research and teaching institutions in which
drug products are prepared for purposes
other than sale. Each registrant is assigned
a permanent registration number, following
the format of the National Drug Code (NDC)
numbering system. Under this system, the
first four numbers, the labeler code of the
10-character code, identify the manufacturer
or distributor. The last six numbers identify
the drug formulation and the trade package
size and type. The segment that identifies the
drug formulation is the product code, and
the segment that identifies the trade pack-
age size and type is the package code. The
manufacturer or distributor determines the
ratio of use of the last six digits for the two
codes, as a 3:3 digit product code to pack-
age code configuration (e.g., 542-112) or a 4:2
digit configuration (e.g., 5421-12). Only one
such type of configuration may be selected
for use by a manufacturer or distributor, who
then assigns a code number to each product
to be included in the drug listing. A final code
number is presented as the example: NDC
0081-5421-12.

The NDC numbers appear on all manufac-
turers' drug labeling. In some instances, man-
ufacturers imprint the NDC number, or a part
of the NDC number, directly on the dosage
units, such as capsules and tablets, for rapid
and positive identification when the number
is matched in the NDC Directory or against
a decoding list provided by the manufac-
turer. Once a number is assigned to a drug
product, it is a permanent assignment. Even
when a drug manufacturer discontinues the

manufacture and distribution of a product,
the number may not be used again. If a drug
product is substantially changed, as through
an alteration in the active ingredients, dosage
form, or product name, the registrant assigns
a new NDC number and advises the FDA
accordingly.

The product information is now received
by the FDA electronically from each regis-
trant, processed and stored in computer files,
and made available in web-based format. A
search of the Drug Code Directory may be
done online by proprietary name, applica-
tion number, active ingredient, NDC num-
ber, or labeler name.

Orphan Drug Act of 1983

Drugs intended for the treatment of “rare
diseases and conditions” may be designated
orphan drugs to help promote research on
rare diseases. “Rare” diseases are defined as
diseases affecting fewer than 200,000 people
or diseases that affect more than 200,000 peo-
ple but where circumstances are such that a
company is unlikely to recover its research
and development costs. The law provides tax
credits and designated years of marketing
exclusivity as incentives.

Drug Price Competition and
Patent Term Restoration Act
of 1984

Changes to speed FDA approval of generic
drugs and the extension of patent life for
innovative new drugs were the major com-
ponents of the Drug Price Competition and
Patent Restoration Act of 1984.

Under the provisions of the legisla-
tion, applications for generic copies of an
originally approved new drug can be filed
through an abbreviated new drug applica-
tion (ANDA), and the extensive animal and
human studies of an NDA are not required.
This reduces considerably the time and
expense of bringing a generic version of
the drug to market. The FDA evaluates the
chemistry, manufacturing, control (CMC)
standards, and the drug's bioavailability
in determining that the generic version is
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equivalent to the originally approved drug.
Since 1984, over 10,000 generic drug prod-
ucts have entered the market, and generic
drugs now account for about 70% of pre-
scriptions dispensed.

For holders of patented drugs, the legisla-
tion provides an extension of patent life equal
to the time required for FDA review of the
NDA plus half the time spent in the testing
phase, up to a maximum of 5 years and not
to exceed the usual 20-year patent term. This
extends the effective patent life and exclusive
marketing period for innovative new drug
products, thereby encouraging pioneering
research and development.

Prescription Drug Marketing Act
of 1987 and Prescription Drug
Amendments of 1992

The Prescription Drug Marketing Act of 1987
established new safeguards on the integrity
of the nation's supply of prescription drugs.
The act is intended to reduce the risks of
adulterated, misbranded, repackaged, or
mislabeled drugs entering the legitimate
marketplace through “secondary sources.”
The primary sections of the Act are summa-
rized as follows:

1. Reimportation: Prohibits the reimporta-
tion of drug products manufactured in the
United States except by the manufacturer
of the product.

2. Sales restrictions: Prohibits selling, trad-
ing, purchasing, or the offer to sell, trade,
or purchase a drug sample. It also pro-
hibits resale by health care institutions of
pharmaceuticals purchased explicitly for
the use of the institution. Charitable in-
stitutions that receive drugs at reduced
prices or no cost cannot resell the drugs.

3. Distribution of samples: Samples may
be distributed only to (a) practitioners li-
censed to prescribe such drugs and (b) at
the written request of the practitioner, to
pharmacies of hospitals or other health
care institutions.

4. Wholesale distributors: Manufacturers are
required to maintain a list of their autho-
rized distributors.

Prescription Drug User Fee Act
of 1992

The Prescription Drug User Fee Act, first
passed in 1992 and subsequently renewed,
allows the FDA to accept user fees from drug
and biologic companies in return for com-
mitting to review new drug and biologic
applications within certain time frames. The
Act is credited with a more rapid application
review process and the speedier approval
of new drug products. The third enact-
ment, passed as part of the “Public Health
Security and Bioterrorism Preparedness and
Response Act of 2002,” included designated
resources for postmarketing studies to moni-
tor the continuing safety and efficacy of new
drug products.

Dietary Supplement Health

and Education Act of 1994 and
the Dietary Supplement and
Nonprescription Drug Consumer
Protection Act of 2006

In passing the Dietary Supplement Health
and Education Act (DSHEA) of 1994, Con-
gress recognized the growing interest in the
use of various herbs and dietary supplements
and addressed the need to regulate the label-
ing claims made for these products. These
products, which include vitamins, minerals,
amino acids, and botanicals, legally are not
considered drugs if they have not been sub-
mitted for review on NDAs and thus have
not been evaluated for safety and efficacy by
the FDA. However, as with drugs, their safe
use is a concern to the FDA.

The act forbids manufacturers or distribu-
tors of these products to make any adver-
tising or labeling claims that indicate that
the use of the product can prevent or cure
a specific disease. In fact, a disclaimer must
appear on the product: “This product is not
intended to diagnose, treat, cure, or prevent
any disease.” However, the law does permit
claims of benefit as they may properly relate
to a nutrient deficiency disease or, based on
scientific evidence, how an ingredient may
affect the body's “structure or function” (e.g.,
increase circulation or lower cholesterol) or
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how use of the product can affect a person's
general well-being. But before any promo-
tional or labeling claims may be made, they
first must be submitted to the FDA as being
truthful and not misleading (13).

The use of herbs and nutritional supple-
ments is part of today's milieu of “alternative”
therapies, and as such is receiving increased
attention on the part of the scientific com-
munity and the FDA. Many of these agents,
including ginseng, Ginkgo, saw palmetto, St.
John's wort, and Echinacea, are used world-
wide and have been the subject of literature
reports and research conducted in Europe and
Asia. In 1997, a report of the U.S. Presidential
Commission on Dietary Supplement Labels
called for more research in this country on
the health benefits of dietary supplements. In
response, academic and National Institutes of
Health (NIH) studies are assessing the thera-
peutic usefulness of some of these agents and
to determine their safety. The USP-NF has
adopted standards for many of these prod-
ucts using marker ingredients that must be
present within specified ranges if the product
is labeled USP-NF. The USP also has a vol-
untary Dietary Supplement Verification pro-
gram in place. Participants who meet USP's
criteria can place a logo on the label of their
product signifying their compliance with
USP standards (Fig. 1.4).

FIGURE 1.4 USP Verified Mark on dietary supple-
ment label assures consumers receive expected value.
(Reprinted with permission of United States Pharmacopeia.)

The “Dietary Supplement and Non-
prescription Drug Consumer Protection Act of
2006” enabled the FDA to implement a policy
of GMPs for dietary supplements similar to
those in place for pharmaceutical products.
This requires that dietary supplements are
manufactured according to quality standards,
that all ingredients listed are in the declared
amounts, that they are properly packaged and
accurately labeled, and that complete manu-
facturing and QC records are maintained
along with a system for the identification and
reporting of serious adverse events.

The FDA and the Food and Drug
Administration Modernization Act
of 1997 and the Food and Drug
Administration Amendments Act
of 2007

As noted previously, the FDA was estab-
lished in 1938 to administer and enforce
the Federal Food Drug and Cosmetic Act.
Starting with this initial authority, today the
FDA is responsible for enforcing many addi-
tional pieces of legislation.

The mission of the FDA is to protect the
public health against risks associated with
the production, distribution, and sale of food
and food additives, human drugs and biolog-
icals, radiologic and medical devices, animal
drugs and feeds, and cosmetics. In carrying
out the intent of legislation it is mandated to
enforce, the FDA

° Sets policies, establishes standards, issues
guidelines, and promulgates and enforces
rules and regulations governing the af-
fected industries and their products

* Monitors for regulatory compliance through
reporting requirements, product sampling
and testing, and establishment inspections

* Establishes product labeling requirements,
disseminates product use and safety infor-
mation, issues product warnings, and di-
rects product recalls

* Acts as the government's gatekeeper in
making safe and effective new drugs, clin-
ical laboratory tests, and medical devices
available through a carefully conducted
application and review process
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The FDA, an agency of the Department of
Health and Human Services, is organized
into appropriate units to support its various
responsibilities and functions. A complete
and detailed FDA organizational chart may
be found on the agency's Web site: http://
www.fda.gov/AboutFDA /CentersOffices/
OrganizationCharts/default.htm.
Alisting of some primary offices include

Office of the Commissioner

Office of Policy and Planning

Office of the Chief Scientist

National Center for Toxicological Research

Office of Women's Health

Office of Minority Health

Office of Foods

Center for Veterinary Medicine

Center for Food Safety and Applied

Nutrition

¢ Office of Medical Products and Tobacco

¢ Center for Devices and Radiological Health

e Center for Biologics Evaluation and
Research (CBER)

* Center for Drug Evaluation and Research
(CDER)

* Office of Global Regulatory Operations
and Policy

¢ Office of Regulatory Affairs

Each of these offices and centers has a highly
organized substructure and personnel to
address agency policy, regulations, and oper-
ational responsibilities.

The CDER and the CBER are responsible
for the drug and biologicals approval process
as described in Chapter 2.

The FDA Modernization Act of 1997 was
enacted to streamline FDA policies and to
codify many of the agency's newer regula-
tions (14). The bill expanded patient access
to investigational treatments for AIDS, can-
cer, Alzheimer disease, and other serious or
life-threatening illnesses. It also provided
for faster new drug approvals by using drug
sponsors' fees to hire additional internal
reviewers, by the authorized use of external
reviewers, and by changes in the require-
ments demonstrating a drug's clinical effec-
tiveness. It also provided incentives for
investigations of drugs for children.

The legislation included provisions to
track clinical trial data in a joint program
with the NIH, established a system to follow
and review studies of the safety and efficacy
of marketed drug products, established a
program for the dissemination of informa-
tion on off-label uses of marketed drugs
and encouraged applications for additional
therapeutic indications, and fostered the
expansion of the FDA's information man-
agement system and the agency's progress
toward paperless systems for human drug
applications.

To codify, enable, and enforce legislative
authority, the FDA develops relevant guide-
lines and regulations. These are first pub-
lished in the Federal Register (FR) for public
comment, and when finalized, in the Code of
Federal Regulations (CFR).

Globalization and the FDA

The responsibility of the Federal Food and
Drug Administration to protect the public
health by assuring the safety and efficacy of
the drugs and other products it regulates has
become increasingly complex in recent years
by the rapidly expanding globalization of the
marketplace. Data indicate that 80% of the
active pharmaceutical ingredients used in
the manufacture of pharmaceutical products
and 40% of the finished dosage forms used
in the United States are imported (15). FDA-
regulated products originate in over 150
countries, are produced in approximately
300,000 foreign facilities and are distributed
by 130,000 importers (15).

In addressing this challenge, the FDA
has established foreign operational offices
in receptive supplier countries around the
world and has increased inspections of for-
eign supplier facilities. In addition, the FDA is
working to develop internationally accepted
quality and safety standards through coali-
tions with foreign counterpart agencies and
together, they are generating global data
information systems and mechanisms to
identify and quickly address potential risks
irrespective of geographic location (15).

It should be noted that the activities of
the United States Pharmacopeia are also
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worldwide in scope nowadays, with physical
operations in key international manufactur-
ing and distribution sites.

Drug Product Recall

If the FDA or a manufacturer finds that a
marketed product presents a threat or a
potential threat to consumer safety, that
product may be recalled or sought for return
to the manufacturer from its depth of distri-
bution. The pharmaceutical manufacturer
is legally bound to report serious unlabeled
adverse reactions to the FDA through the
FDA MedWatch Program (800-FDA-1088
or www.FDA.gov). A practitioner also has
a responsibility to report a problem with
any drug product or medical device using
the MedWatch program. Reported prob-
lems may include product defects, product
adulteration, container leakage, improper
labeling, unexpected adverse reactions, and
others.

A drug product recall may be initiated by
the FDA or by the manufacturer, the latter
being termed a voluntary recall. A numerical
classification, as follows, indicates the degree
of hazard associated with the product being
recalled:

e Class I: There is a reasonable probability
that the use of or exposure to a violative
product will cause serious adverse health
consequences or death.

* Class II: The use of or exposure to a vio-
lative product may cause temporary or
medically reversible adverse health conse-
quences or the probability of serious ad-
verse health consequences is remote.

¢ Class III: The use of or exposure to a viola-
tive product is not likely to cause adverse
health consequences.

The depth of recall, or the level of mar-
ket removal or correction (e.g., wholesaler,
retailer, consumer), depends on the nature of
the product, the urgency of the situation, and
depth to which the product has been distrib-
uted. The lot numbers of packaging control
numbers on the containers or labels of the
products help in identifying the product to
be recalled.

Drug Products Removed
or Withdrawn

The following drug products were with-
drawn or removed from the market because
such drug products or components of such
drug products were found to be unsafe or not
effective. Thus, the products, as listed may
not be compounded under the provisions of
section 503A(a) of the Federal Food, Drug,
and Cosmetic Act. It is important to note that
not all dosage forms of the drugs listed have
been removed or cannot be compounded
because in some situations, it is select dosage
forms.

Adenosine phosphate: All drug products
containing adenosine phosphate

Adrenal cortex: All drug products contain-
ing adrenal cortex

Azaribine: All drug products containing
azaribine

Benoxaprofen: All drug products contain-
ing benoxaprofen

Bithionol: All drug products containing
bithionol

Bromfenac sodium: All drug products con-
taining bromfenac sodium

Butamben: All parenteral drug products
containing butamben

Camphorated oil: All drug products con-
taining camphorated oil

Carbetapentane citrate: All oral gel drug
products containing carbetapentane citrate

Casein, iodinated: All drug products con-
taining iodinated casein

Chlorhexidine gluconate: All tinctures of
chlorhexidine gluconate formulated for use
as a patient preoperative skin preparation

Chlormadinone acetate: All drug products
containing chlormadinone acetate

Chloroform: All drug products containing
chloroform

Cobalt: All drug products containing cobalt
salts (except radioactive forms of cobalt and
its salts and cobalamin and its derivatives)

Dexfenfluramine hydrochloride: All drug prod-
ucts containing dexfenfluramine hydrochloride

Diamthazole dihydrochloride: All drug prod-
ucts containing diamthazole dihydrochloride

Dibromsalan: All drug products containing
dibromsalan
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Diethylstilbestrol: All oral and parenteral
drug products containing 25 mg or more of
diethylstilbestrol per unit dose

Dihydrostreptomycin  sulfate: All drug
products containing dihydrostreptomycin
sulfate

Dipyrone: All drug products containing
dipyrone

Encainide hydrochloride: All drug products
containing encainide hydrochloride

Fenfluramine hydrochloride: All drug prod-
ucts containing fenfluramine hydrochloride

Flosequinan: All drug products containing
flosequinan

Gelatin: All intravenous drug products
containing gelatin

Glycerol, iodinated: All drug products con-
taining iodinated glycerol

Gonadotropin, chorionic: All drug products
containing chorionic gonadotropins of ani-
mal origin

Mepazine: All drug products containing
mepazine hydrochloride or mepazine acetate

Metabromsalan: All drug products contain-
ing metabromsalan

Methamphetamine hydrochloride: All paren-
teral drug products containing methamphet-
amine hydrochloride

Methapyrilene: All drug products contain-
ing methapyrilene

Methopholine: All drug products contain-
ing methopholine

Mibefradil dihydrochloride: All drug prod-
ucts containing mibefradil dihydrochloride

Nitrofurazone: All drug products con-
taining nitrofurazone (except topical drug
products formulated for dermatologic
application)

Nomifensine maleate: All drug products
containing nomifensine maleate

Oxyphenisatin: All drug products contain-
ing oxyphenisatin

Oxyphenisatin acetate: All drug products
containing oxyphenisatin acetate

Phenacetin: All drug products containing
phenacetin

Phenformin hydrochloride: All drug prod-
ucts containing phenformin hydrochloride

Pipamazine: All drug products containing
pipamazine

Potassium arsenite: All drug products con-
taining potassium arsenite

Potassium chloride: All solid oral dosage form
drug products containing potassium chloride
that supply 100 mg or more of potassium per
dosage unit (except for controlled-release dos-
age forms and those products formulated for
preparation of solution prior to ingestion)

Povidone: All intravenous drug products
containing povidone

Reserpine: All oral dosage form drug
products containing more than 1 mg of
reserpine

Sparteine sulfate: All drug products con-
taining sparteine sulfate

Sulfadimethoxine: All drug products con-
taining sulfadimethoxine

Sulfathiazole: All drug products containing
sulfathiazole (except those formulated for
vaginal use)

Suprofen: All drug products containing
suprofen (except ophthalmic solutions)

Sweet spirits of nitre: All drug products con-
taining sweet spirits of nitre

Temafloxacin hydrochloride: All drug prod-
ucts containing temafloxacin

Terfenadine: All drug products containing
terfenadine

3,374, 5-tetrachlorosalicylanilide: All drug
products containing 3,374 "5-tetrachlorosalic
ylanilide

Tetracycline: All liquid oral drug prod-
ucts formulated for pediatric use containing
tetracycline in a concentration greater than
25 mg/mL

Ticrynafen: All drug products containing
ticrynafen

Tribromsalan: All drug products containing
tribromsalan

Trichloroethane: All aerosol drug prod-
ucts intended for inhalation containing
trichloroethane

Urethane: All drug products containing
urethane

Vinyl chloride: All aerosol drug products
containing vinyl chloride

Zirconium: All aerosol drug products con-
taining zirconium

Zomepirac sodium: All drug products con-
taining zomepirac sodium
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THE PHARMACIST'S
CONTEMPORARY ROLE

Pharmacy graduates holding the Bachelor
of Science (BS) in Pharmacy degree or the
Doctor of Pharmacy (PharmD) degree prac-
tice in a variety of settings, applying the basic
pharmaceutical sciences, the clinical sciences,
and professional training and experience.
This includes practice in community phar-
macies, patient care institutions, managed
care, home health care, military and gov-
ernment service, academic settings, profes-
sional associations, and the pharmaceutical
research and manufacturing industry, as well
as in other positions requiring the pharma-
cist's expertise.

Historically, the abbreviation RPh (reg-
istered pharmacist) has been used as the
professional designation of a pharmacist
licensed by a state board of pharmacy to prac-
tice in that state. Doctors of Pharmacy use
the PharmD after their name in place of RPh.
To minimize any confusion from patients,
some states instituted the title DPh (Doctor
of Pharmacy) to designate licensed pharma-
cists. This designation is used by pharmacists
who have earned a BS in Pharmacy. Under
this format, all pharmacists in the states
where this has been implemented can be
called doctors as are those who have earned
the PharmD degree; one is a professional
degree designation and the other a licensure
designation.

Most pharmacists practice within an ambu-
latory care or community pharmacy setting.
In either setting, the pharmacist plays an
active role in the patient's use of prescription
and nonprescription medication, diagnostic
agents, durable medical equipment and
devices, and other health care products. The
pharmacist develops and maintains individual
patient medication profiles, compounds drug
preparations, dispenses drug products, issues
patient information leaflets (PILs), counsels
patients on their health status, and provides
information on the use of drug and nondrug
measures. As members of the health care team,
pharmacists serve as an expert source of drug
information and participate in the selection,
monitoring, and assessment of drug therapy.

A substantial number of pharmacists
practice in institutional settings, such as hos-
pitals, clinics, extended care facilities, and
health maintenance organizations (HMOs).
In these settings, pharmacists manage drug
distribution and control systems and pro-
vide a variety of clinical services, including
drug utilization reviews (DURs), drug use
evaluations, therapeutic drug monitoring,
intravenous admixture programs, pharma-
cokinetic consulting services, investigational
drug supplies, and poison control and drug
information.

For most of its history as a profession,
pharmacy was relatively undifferentiated.
The emergence of practice differentiation
was in the late 1960s and early 1970s with
the professional literature describing hospi-
tal pharmacists who had developed unique
roles that were distinctive from the tradi-
tional dispensing roles of the pharmacist.
These pioneering “clinical pharmacists”
participated with physicians in therapeu-
tic decision making, and it was suggested
that their level of knowledge and prac-
tice skills required special educational and
experiential preparation. Further, hospital
pharmacists were encouraged to organize
their departments to recognize and utilize
these emerging “specialties” and proposed
that the medical model of service organi-
zation might be applicable to pharmacy.
Shortly thereafter, the Study Commission on
Pharmacy (syn the Millis commission) was
commissioned by the American Association
of Colleges of Pharmacy (AACP). Its 1975
report acknowledged that differentiation in
pharmacy practice was occurring and that
this differentiation was, in general, expected
and desirable. While not specifying specialty
practice areas, the commission suggested
that a structure be established to oversee all
pharmacist credentialing.

The Board of Pharmaceutical Specialties
(BPS) was officially established on January
5, 1976, when the American Pharmacists
Association (APhA) membership approved
the BPS bylaws under the aegis of the
APhA structure. The initial mission of BPS
was based on responsibilities outlined in
its bylaws. The BPS recognizes appropriate



CHAPTER T + INTRODUCTION TO DRUGS AND PHARMACY 27

specialties in pharmacy practice using spe-
cific criteria developed for this purpose. The
BPS establishes standards for certification
and recertification of pharmacists in des-
ignated areas of specialty practice. This is
achieved primarily by individual specialty
councils, within the BPS structure, that make
recommendations to the full Board. The BPS
administers the process of examination and
evaluation of individuals who seek certifica-
tion and recertification as specialists, and it
serves as an information clearinghouse and
coordinating agency for organizations and
pharmacists with regard to the specialty
practice of pharmacy. To date, there are six
specialty areas as follows: nuclear pharmacy,
nutrition support pharmacy, pharmacother-
apy, psychiatric pharmacy, ambulatory care,
and oncology pharmacy.

In recent years, managed health care pro-
grams have grown extraordinarily. Managed
health care organizations have enrolled a
large and rapidly growing base of patients
and thus have assumed major responsibili-
ties in the delivery of health care, includ-
ing the delivery of pharmaceutical services.
Many new positions have evolved for phar-
macists within the managed care industry,
including positions for pharmacy benefits
managers, disease management specialists,
drug formulary managers, therapeutic out-
comes researchers, DUR specialists, and oth-
ers (16). In these functions, managed care
pharmacists apply administrative, epidemio-
logical, clinical, financial, research, informa-
tion technology, and communication skills to
their practice.

A number of pharmacy graduates, par-
ticularly those having an interest in institu-
tional practice, participate in postgraduate
residency and/or fellowship programs to
enhance their practice and/or research skills.
A pharmacy residency is an organized,
directed postgraduate training program in a
defined area of practice. The chief purpose is
to train pharmacists in professional practice
and management skills. Residency programs
are conducted primarily in institutional prac-
tice settings. A fellowship to develop skill in
research is a directed, highly individualized
postgraduate program designed to prepare

the participant to become an independent
researcher. Both pharmacy residencies and
fellowships last 12 months or longer and
require the close direction of a qualified
preceptor.

Pharmacists working for pharmaceutical
research, development, and manufacturing
firms can participate in a range of activities,
including drug discovery, drug analysis and
QC, product development and production,
clinical studies and drug evaluation, label-
ing and drug literature, marketing and sales,
regulatory affairs, and management. The
pharmacist's knowledge of the basic chemi-
cal, biological, and pharmaceutical sciences,
along with technical knowledge of product
formulation, dosage form design, and clini-
cal use meshes well with the requirements
of the pharmaceutical industry. Pharmacists
with advanced degrees (Master of Science
[MS] or Doctor of Philosophy [PhD]) in the
basic or pharmaceutical sciences or in health
care administration are highly sought in the
pharmaceutical industry.

In government service, pharmacists per-
form professional and administrative func-
tions in the development and implementation
of pharmaceutical care delivery programs and
in the design and enforcement of regulations
involving drug distribution and drug qual-
ity standards. Career opportunities for phar-
macists in government service at the federal
level include positions in the military service,
in the U.S. Public Health Service, and in such
civil service agencies as the FDA, Veterans
Administration, Department of Health and
Human Services, DEA, NIH, the Indian
Health Service, and others. At the state and
local levels, many pharmacists find reward-
ing careers in health departments, family and
children's services, drug investigation and
regulatory control, clinics and other health
care institutions, and with state boards of
pharmacy.

Schools of pharmacy enlist pharmacists,
some with and some without advanced
degrees (MS, PhD), to serve as preceptors
within the practice setting, to teach spe-
cific courses and/or laboratories within
the academic institution, to participate in
extramural research, and to contribute to
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the service and continuing education mis-
sion of the school. Some pharmacists work
full-time in the academic setting, whereas
many others provide part-time professional
instruction in community or hospital phar-
macies, teaching hospitals and clinics, drug
information centers, nursing homes and
extended care facilities, health departments,
home health care, managed care, and other
areas in which pharmaceutical services are
delivered.

A number of pharmacists serve their pro-
fession in volunteer or professional positions
with local, state, and national pharmaceuti-
cal associations. For example, the APhA,
the American Society of Health-Systems
Pharmacists (ASHP), American College
of Apothecaries (ACA), International
Academy of Pharmaceutical Compounding,
American College of Clinical Pharmacy
(ACCP), the American Society of Managed
Care Pharmacy (AMCP), and the AACP are
national organizations with pharmacists in
key leadership positions. Pharmacists are also
active in international pharmacy organiza-
tions including International Pharmaceutical
Federation (FIP) and the International Society
of Pharmaceutical Compounding (ISPhC).

Pharmacists exercise a vital service health
education role in their communities through
participation in drug and health education
community forums, by conducting “brown
bag” sessions, by speaking on drug issues
in schools, by conducting in-service educa-
tion programs in patient care settings, and by
providing input on drug and health issues to
state and federal legislators and community
leaders and officials.

The Mission of Pharmacy

In 1991, the House of Delegates of the APhA
adopted the following mission statement for
pharmacy practice (17):

To serve society as the profession responsible for the appro-

priate use of medications, devices, and services to achieve
optimal therapeutic outcomes.

And, in 2011, APhA's Board of Trustees
adopted the following vision statement for
the profession of pharmacy (17):

Pharmacists are essential for optimizing medication use
and improving patient health.

Definition of Pharmaceutical
Care

Today, the role of the pharmacist in contem-
porary practice is the delivery of pharmaceu-
tical care, which was first proposed in 1975
by Mikeal and others as “the care that a given
patient requires and receives which assures
rational drug usage” (18). Since then, the
term has been redefined by many authors,
including Strand and others who in 1992
stated (19):

Pharmaceutical care is that component of pharmacy
practice which entails the direct interaction of the
pharmacist with the patient for the purpose of caring
for that patient's drug-related needs.

The ASHP, a national organization that
represents pharmacists who practice in
hospitals, HMOs, long-term care facilities,
home care agencies, and other components
of health care systems, advanced the fol-
lowing statement on pharmaceutical care in
1993 (20):

The mission of the pharmacist is to provide phar-
maceutical care. Pharmaceutical care is the direct,
responsible provision of medication-related care for
the purpose of achieving definite outcomes that im-
prove a patient's quality of life.

The APhA in 1996 issued its Principles of
Practice for Pharmaceutical Care, including
the following general statement (21):

Pharmaceutical care is a patient-centered, out-
comes-oriented pharmacy practice that requires
the pharmacist to work in concert with the pa-
tient and the patient's other healthcare providers
to promote health, to prevent disease, and to as-
sess, monitor, initiate, and modify medication use
to assure that drug therapy regimens are safe and
effective.

The goal of pharmaceutical care is to optimize the
patient's health-related quality of life and achieve
positive clinical outcomes, within realistic economic
expenditures.

Implicit in all of these statements is the
requirement of pharmacists to participate
fully in all aspects of medication distribution
(manufactured and compounded drugs)
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and their appropriate clinical use to achieve
optimal therapeutic outcomes. The contem-
porary pharmacy literature is replete with
research papers and articles in support of
the concept and practice of pharmaceuti-
cal care, including clinical skill develop-
ment (22), pharmaceutical care databases
(23), information technology (24), literature
retrieval (25), therapeutic drug monitoring
and outcomes assessment (26-29), DUR (30),
pharmacotherapy and medication therapy
management (MTM) (31,32), drug treatment
protocols (33), adverse drug reaction moni-
toring (34), pharmacokinetic services (35),
and strategies to implement pharmaceutical
care (36).

In 1997, the AACP's Janus Commission
issued a report, Approaching the Millennium,
which stated that to provide pharmaceutical
care, the successful pharmacy graduate must
be (37)

* A problem solver, capable of adapting to
changes in health care

¢ Able to achieve health outcomes through
effective medication use that are valued
by the health care system

e Able to collaborate with and be a resource
to physicians, nurses, and other health
care team members

* A committed lifelong learner

Pharmacy Practice Standards

The scope and standards of pharmacy prac-
tice are established in each state through laws
and regulations promulgated by the state's
board of pharmacy. Together with applicable
federal laws, they constitute the basis for the
legal practice of pharmacy.

Over the years, various professional asso-
ciations in pharmacy have developed docu-
ments termed standards of practice. One
such document, Practice Standards of the
ASHP, is updated and published annually. In
1991, the APhA, the AACP, and the National
Association of Boards of Pharmacy studied
the scope of pharmacy practice to revalidate
the Standards of Practice for the Profession of
Pharmacy, which were published in 1979 and
updated in 1986 as Competency Statements

for Pharmacy Practice (38). They can be sum-
marized as follows:

¢ General management and administra-
tion of the pharmacy: Selects and super-
vises pharmacists and nonprofessionals
for pharmacy staff; establishes a pricing
structure for pharmaceutical services
and products; administers budgets and
negotiates with vendors; develops and
maintains a purchasing and inventory
system for all drugs and pharmaceutical
supplies; initiates a formulary system.
In general, establishes and administers
pharmacy management, personnel, and
fiscal policy.

* Processing the prescription: Verifies the
prescription for legality and physical
and chemical compatibility; checks the
patient's record before dispensing pre-
scription; measures quantities needed to
dispense the prescription; performs final
check of the finished prescription; dis-
penses the prescription.

* Patient care functions: Clarifies the pa-
tient's understanding of dosage; integrates
drug with patient information; advises the
patient of potential drug-related condi-
tions; refers the patient to other health care
resources; monitors and evaluates thera-
peutic response of the patient; reviews
and/or seeks additional drug-related
information.

° Education of health care profession-
als and patients: Organizes, maintains,
and provides drug information to other
health care professionals; organizes and/
or participates in in-pharmacy education
programs for other pharmacists; makes
recommendations regarding drug therapy
to the physician or patient; develops and
maintains system for drug distributions
and QC.

In 1998, a consortium of 10 pharmacy organi-
zations undertook a pharmacy practice activ-
ity classification project to develop uniform
language in describing practice activities in
such areas as pharmacotherapy, monitor-
ing and therapeutic outcomes, dispensing
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medications, health promotion and disease
prevention, and health systems management
(39). The developed classification is intended
to provide the common language to be used
and understood within and outside of the
profession in describing the practice activi-
ties of pharmacists.

The Omnibus Budget
Reconciliation Act of 1990

The Omnibus Budget Reconciliation Act of
1990 (OBRA 90), which became effective on
January 1, 1993, established a requirement
for each state to develop and mandate DUR
programs to improve the quality of pharma-
ceutical care provided to patients covered
by the federal medical assistance (Medicaid)
program (40). The statute was designed
to ensure that prescriptions are appropri-
ate, medically necessary, and not likely to
result in adverse medical effects. The statute
required that each state's plan provide for a
review of drug therapy before each prescrip-
tion is dispensed and delivered to an eligible
patient.

The regulations required patient medica-
tion monitoring for therapeutic appropri-
ateness, therapeutic duplication, overuse,
underuse, drug-disease contraindications,
drug-drug interactions with other prescribed
and OTC medications, drug-allergy interac-
tions, correct drug dosage, duration of treat-
ment, and clinical abuse or misuse. They also
required that pharmacists offer therapeutic
counseling to each recipient of a prescrip-
tion or the recipient's caregiver regarding
the drug, dosage and duration of use, route
of administration, side effects, contrain-
dications, techniques for self-monitoring
drug therapy, proper storage, refill informa-
tion, and action to be taken in the event of
a missed dose. Pharmacists are to maintain
patient medication profiles and therapeutic
counseling records.

In designing the DUR programs, state
boards of pharmacy commonly included
the federal requirements in the state's phar-
macy practice regulations, thereby applying
them to each recipient of a prescription, not
only to patients receiving benefits under the

Medicaid program. Many states used the
model regulations for the practice of phar-
maceutical care developed by the National
Association of Boards of Pharmacy.

Patient Protection and Affordable
Care Act of 2010

The Patient Protection and Affordable
Care Act (PPACA) was enacted to decrease
the number of medically uninsured while
improving the quality and reducing the over-
all costs of health care in the United States.
Among its many provisions are expanded
prescription drug coverage for Medicare and
Medicaid patients, programs for innovative
methods of health care delivery, and a path-
way for the approval of biosimilars (generic
biological products) (41).

CODE OF ETHICS FOR
PHARMACISTS OF THE AMERICAN
PHARMACISTS ASSOCIATION

By definition, a profession is founded on an
art, built on specialized intellectual training,
and has as its primary objective the perform-
ing of a service. The principles on which the
professional practice of pharmacy is based are
embodied in the Code of Ethics of the APhA.

The APhA Code of Ethics has been revised
over the years to reflect dynamic changes in
the profession. The current version is as fol-
lows (42):

Code of Ethics for Pharmacists

PREAMBLE

Pharmacists are health professionals who assist indi-
viduals in making the best use of medications. This
Code, prepared and supported by pharmacists, is
intended to state publicly the principles that form
the fundamental basis of the roles and responsibili-
ties of pharmacists. These principles, based on moral
obligations and virtues, are established to guide
pharmacists in relationships with patients, health
professionals, and society.

I. A pharmacist respects the covenantal relation-
ship between the patient and pharmacist.

Considering the patient-pharmacist relationship
as a covenant means that a pharmacist has moral
obligations in response to the gift of trust received
from society. In return for this gift, a pharmacist
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promises to help individuals achieve optimum ben-
efit from their medications, to be committed to their
welfare, and to maintain their trust.

II. A pharmacist promotes the good of every pa-
tient in a caring, compassionate, and confidential
manner.

A pharmacist places concern for the well-being of
the patient at the center of professional practice. In
doing so, a pharmacist considers needs stated by
the patient as well as those defined by health sci-
ence. A pharmacist is dedicated to protecting the
dignity of the patient. With a caring attitude and
a compassionate spirit, a pharmacist focuses on
serving the patient in a private and confidential
manner.

III. A pharmacist respects the autonomy and dig-
nity of each patient.

A pharmacist promotes the right of self-determina-
tion and recognizes individual self-worth by encour-
aging patients to participate in decisions about their
health. A pharmacist communicates with patients in
terms that are understandable. In all cases, a pharma-
cist respects personal and cultural differences among
patients.

IV. A pharmacist acts with honesty and integrity in
professional relationships.

A pharmacist has a duty to tell the truth and to act
with conviction of conscience. A pharmacist avoids
discriminatory practices, behavior or work condi-
tions that impair professional judgment, and actions
that compromise dedication to the best interests of
patients.

V. A pharmacist maintains professional competence.
A pharmacist has a duty to maintain knowledge
and abilities as new medications, devices, and tech-
nologies become available and as health information
advances.

VI. A pharmacist respects the values and abilities
of colleagues and other health professionals.

When appropriate, a pharmacist asks for the consul-
tation of colleagues or other health professionals or
refers the patient. A pharmacist acknowledges that col-
leagues and other health professionals may differ in the
beliefs and values they apply to the care of the patient.

VII. A pharmacist serves individual, community,
and societal needs.

The primary obligation of a pharmacist is to indi-
vidual patients. However, the obligations of a phar-
macist may at times extend beyond the individual to
the community and society. In these situations, the
pharmacist recognizes the responsibilities that ac-
company these obligations and acts accordingly.

VIII. A pharmacist seeks justice in the distribution
of health resources.

When health resources are allocated, a pharmacist
is fair and equitable, balancing the needs of patients
and society.

CODE OF ETHICS OF THE
AMERICAN ASSOCIATION OF
PHARMACEUTICAL SCIENTISTS

Like pharmacy practitioners, pharmaceutical
scientists recognize their special obligation to
society and to the public welfare. Members of
the American Association of Pharmaceutical
Scientists (AAPS) have adopted the follow-
ing code of ethics (43).

In their scientific pursuits, they

Conduct their work in a manner that adheres to the
highest principles of scientific research so as to merit
the confidence and trust of peers and the public in
particular regarding the rights of human subjects and
concern for the proper use of animals involved and
provision for suitable safeguards against environ-
mental damage.

Avoid scientific misconduct and expose it when
encountered. AAPS uses the current federal defini-
tion of scientific misconduct, 65 FR 76260-76264:
Fabrication, falsification, and plagiarism in propos-
ing, performing, or reviewing research or reporting
research results.

Recognize latitude for differences of scientific
opinion in the interpretation of scientific data and
that such differences of opinion do not constitute un-
ethical conduct.

Disclose sources of external financial support for,
or significant financial interests in the content of, re-
search reports/publications and avoid the manipu-
lation of the release of such information for illegal
financial gain.

Report results accurately, stating explicitly any
known or suspected bias, opposing efforts to im-
properly modify data or conclusions and offering
professional advice only on those subjects concerning
which they regard themselves competent through
scientific education, training or experience.

Respect the known ownership rights of others in
scientific research and seek prior authorization from
the owner before disclosure or use of such informa-
tion including the contents of manuscripts submitted
for prepublication review.

Support in their research and among their employ-
ers the participation and employment of all qualified
persons regardless of race, gender, creed or national
origin.
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APPLYING THE PRINCIPLES AND CONCEPTS

Group Activities

1.

Develop a comparison chart of the drug
regulations and control laws described in
this chapter. Include when the law was
initiated, why the law was created, what
the law entails, and how the law affects
everyday pharmacy practice.

. Research and present a pharmacy practice

area you are not familiar with and would
desire to learn more about. Possibilities in-
clude ambulatory care, nuclear pharmacy,
managed care, etc.

. With a partner, role play a provider—pa-

tient dialogue example of pharmaceutical
care. Be sure the example encompasses all
aspects of the definition.

4.

After reviewing the APhA Code of Ethics,
do you believe the principles are complete
and inclusive? Are there any new aspects
in the practice of pharmacy that may need
to be incorporated in the future version of
the Code of Ethics? Discuss, present, and
defend your conclusions.

Individual Activities

1.

2.

Describe the evolution of the USP and the
NF since its inception up to the current date.
After reviewing the Competency State-
ments for Pharmacy Practice, evaluate
how well the college/school of pharmacy
you attend will prepare you to practice the
profession of pharmacy.
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New Drug

Development and
Approval Process

OBJECTIVES

After reading this chapter, the student will be able to:

1. Compare and contrast an Investigational New Drug (IND) Application from

a New Drug Application (NDA)

2. Differentiate between Phase 1, Phase 2, Phase 3, and Phase 4 clinical trials

3. Give examples of the sources of new drugs

4. Differentiate between the various methods of drug discovery

5. Delineate the circumstances whereby an old drug could be classified as
“new”

6. Define pharmacology, drug metabolism, and foxicology

7. Explain a treatment IND

8. Define an orphan drug

9. Define a package insert and the information contained therein

The federal Food, Drug, and Cosmetic Act,
as regulated through Title 21 of the U.S.
Code of Federal Regulations, requires a
new drug to be approved by the Food and
Drug Administration (FDA) before it may be
legally introduced in the interstate commerce
(1). The regulations apply to the drug prod-
ucts manufactured domestically and those
imported into the United States.

To gain approval for marketing, a drug’s
sponsor (e.g., a pharmaceutical company) must
demonstrate, through supporting scientific
evidence, that the new drug or drug product
is safe and effective for its proposed use. The
sponsor must also demonstrate that the vari-
ous processes and controls used in producing
the drug substance and in manufacturing,
packaging, and labeling are properly con-
trolled and validated to ensure that the product
meets the established standards of quality. The
process and time course from drug discovery
to approval for marketing can be lengthy and
tedious but are well defined and understood in
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the pharmaceutical industry. A schematic rep-
resentation of the process for new drug devel-
opment is shown in Figure 2.1, and the usual
time course is depicted in Figure 2.2. Although
these representations demonstrate the course
for new chemical entities (usually small-molecule
drugs), similar developmental schemes are fol-
lowed for new biological entities, as described
later in this chapter. After the discovery (e.g.,
synthesis) of a proposed new drug, the agent
is biologically characterized for pharmacologic
and toxicologic effects and for potential thera-
peutic application. Preformulation studies are
initiated to define the physical and chemical
properties of the agent. Formulation studies
follow to develop the initial features of the pro-
posed pharmaceutical product or dosage form.
To obtain the required evidence demonstrating
the drug’s safety and effectiveness for its pro-
posed use, a carefully designed and progres-
sive sequence of preclinical (e.g., cell culture,
whole animal) and clinical (human) studies is
undertaken.
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New Chemical Entity
sources:

 Organic synthesis

* Molecular modification

« Isolation from plants

Y

Preclinical Studies
including:
¢ Chemistry
* Physical Properties
« Biological
* Pharmacology
* ADME
« Toxicology
 Preformulation

{

Investigational New
Drug Application (IND)
* Submission

* FDA Review

Y

Y
Clinical Trials Preclinical Studies (continued)
e Phase | plus:
* Phase I ¢ Long-term animal toxicity
* Phase Il * Product formulation
* Manufacturing and controls
* Package and label design

Y

New Drug Application (NDA)
* Submission

* FDA Review

 Preapproval plant inspection
* FDA action

Y

Postmarketing
* Phase IV clinical studies
* Clinical pharmacology /
Toxicology
 Additional indications
» Adverse reaction reporting
» Product defect reporting
* Product line extension

FIGURE 2.1 The new drug development process of a new chemical entity from discovery through preclinical and
clinical studies, FDA review of the NDA, and postmarketing activities. A variation of this process is followed for the
discovery and development of new biological entities, as described later in this chapter.
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Preclinical Clinical NDA Review Postmarketing
Research and Research and development Surveillance
development

Initial synthesis Adverse
and reaction
har rization reportin
characterizatio Phase 1 eporting
Phase 2
Surveys/sampling
Phase 3 testing
Animal testing
Short-term
—
Long-term
> Inspections

A

Average 61/2 years Average 7 years

A A

Average 1%, years

FDA 30-day safety review

NDA submitted NDA approval

-<—— Average of approx. 15 years from initial synthesis to approval of NDA ——

FIGURE 2.2 Time course for the development of a new drug. (Adapted from The Pharmaceutical Research and
Manufacturers of America (PhRMA), 2012; http:/ /www.phrma.org/research).

Only when the preclinical studies dem-
onstrate adequate safety and the new agent
shows promise as a useful drug will the drug’s
sponsor file an Investigational New Drug (IND)
Application with the FDA for initial testing in
humans. If the drug demonstrates adequate
safety in these initial human studies, termed
Phase 1, progressive human trials through
Phases 2 and 3 are undertaken to assess safety
and efficacy. As the clinical trials progress,
laboratory work continues toward defining
the agent’s basic and clinical pharmacology
and toxicology, product design and develop-
ment, manufacturing scale-up and process
controls, analytical methods development,
proposed labeling and package design, and
initial plans for marketing. At the completion
of the carefully designed preclinical and clini-
cal studies, the drug’s sponsor may file a New
Drug Application (NDA) seeking approval to
market the new product. The FDA’s approval
of an NDA indicates that the body of scientific
evidence submitted sufficiently demonstrates

that the drug or the drug product is safe and
effective for the proposed clinical indications,
that there is adequate assurance of its proper
manufacture and control, and that the final
labeling accurately presents the necessary
information for its proper use. Some prod-
ucts, however, have been approved and later
removed from the market for safety reasons,
including alosetron HCl (Lotrovec), astem-
izole (Hismanal), bromfenac sodium (Duract),
cerivastatin (Baycol), cisapride (Propulsid),
dexfenfluramine HCI (Redux), fenfluramine
HCI (Pondimin), grepafloxacin HCl (Raxar),
mibefradil (Posicor), natalizumab (Tysabri),
pemoline (Cylert), phenylpropanolamine
(Propagest, Dexatrim), rofecoxib (Vioxx), terf-
enadine (Seldane), and troglitazone (Rezulin).

The content of a product’s approved label-
ing, represented by the package insert, is a
summary of the entire drug development
process because it contains the essential
chemistry, pharmacology, toxicology, indica-
tions and contraindications for use, adverse
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effects, formulation composition, dosage,
and storage requirements, as ascertained
during the research and development (R&D).

In addition to the general new drug
approval process, special regulations apply
for the approval of certain new drugs to treat
serious or life-threatening illnesses, such as
AIDS and cancer. These may be placed on an
accelerated or fast-track program for approval.
Also, if there are no satisfactory approved
drugs or treatment alternatives for a serious
medical condition, special protocols may be
issued permitting the use of an investigational
drug to treat some patients prior to approval
of the NDA. This type of protocol is termed
a treatment IND. Treatment INDs often are
sought for orphan drugs, which are targeted
for small numbers of patients who have rare
conditions or diseases for which there are no
satisfactory alternative treatments.

An abbreviated new drug application
(ANDA) is used to gain approval to market a
generic equivalent of a product that is already
approved and being marketed by the pioneer,
or the original sponsor, of the drug. In these
instances, the sponsor of the ANDA provides
documentation on the chemistry, manufac-
turing, controls (CMCs), and bioavailability
of the proposed product to demonstrate bio-
logic equivalency to the original product (2).
Clinical data on the drug’s safety and efficacy
are not required because clinical studies were
provided by the pioneer sponsor.

Federal regulations are varied and specific
for orphan drugs (3); for biologics, such as
human blood products and vaccines, which
require approval of a biologics licensing appli-
cation (BLA) for distribution (4); for over-
the-counter (OTC) drugs (5); and for animal
drugs, which may require an investigational
new animal drug application (INADA), a
new animal drug application (NADA), or
a supplemental new animal drug applica-
tion (SNADA) (6). Medical devices, such as
catheters and cardiac pacemakers, follow a
separate approval process (7). These regula-
tions and others governing foods and drugs
are found in the Code of Federal Regulations
(CFR) Title 21 and may be accessed at http://
www.accessdata.fda.gov/scripts/cdrh/
cfdocs/cfCFR/CFRSearch.cfm.

The following sections are intended to
serve as an overview of the new drug devel-
opment and approval process. More specific
and detailed information may be obtained
directly from the referenced sections of
the CFR (1-7), from relevant entries in the
Federal Register (8), and from other treatises
on the topic (9-13).

DRUG DISCOVERY AND DRUG
DESIGN

The discovery of new drugs and their devel-
opment into commercial products take place
across the broad scope of the pharmaceu-
tical industry. The basic underpinning for
this effort is the cumulative body of scien-
tific and biomedical information generated
worldwide in research institutes, academic
centers, and industry. The combined efforts
of chemists, biologists, molecular biologists,
pharmacologists, toxicologists, statisticians,
physicians, pharmacists and pharmaceutical
scientists, engineers, and many others par-
ticipate in drug discovery and development.

Some pharmaceutical firms focus their
R&D activities on new prescription drugs for
human use, whereas other firms concentrate
on the development of OTC medications,
generic drugs, biotechnology products, ani-
mal health care drugs, diagnostic products,
and/or medical devices. Many of the large
pharmaceutical companies develop and
manufacture products of various types, with
some firms having subsidiary companies for
specialized functions and products.

The pharmaceutical industry in the United
States grew rapidly during World War II
and in the years immediately following. The
upsurge in the domestic production of drugs
and pharmaceutical products stemmed in
part from the wartime hazards and conse-
quent undependability of overseas shipping,
the unavailability of drugs from previous
sources, and the increased need for drugs of
all kinds, but especially those with lifesaving
capabilities. One such drug is penicillin, the
antibiotic that became commercially available
in 1944, 15 years after its discovery in England
by Sir Alexander Fleming and 1 year before the
end of the war. In every year since, scientific
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discoveries and technological advancements
have enabled the development of new drugs
and therapies that have enhanced the lives
of countless millions worldwide. Today, the
scientific exploration of disease mechanisms
is leading to the discovery and develop-
ment of agents that specifically impact these
mechanisms, resulting in new therapeutic
modalities. There is a dramatic advance in
the development of biologic drugs, including
monoclonal antibodies, therapeutic proteins,
immunotherapies, and vaccines, which is
transforming the treatment of many diseases.
Presently, biologics is the fastest growing seg-
ment within the new prescription drug mar-
ket and is expected to continue as such in the
years ahead. Annually, approximately 40 new
molecular entities receive FDA approval for
marketing. In addition, many new dosage
strengths and dosage forms of previously
approved drugs, new generic products, and
new biologics are approved each year.

Not all drugs are discovered, developed,
and first approved in the United States. Many
pharmaceutical companies do drug Ré&D
in other countries, and many drugs are first
marketed abroad. Many of the world’s largest
pharmaceutical companies are multinational
firms with facilities for R&D, manufacturing,
and distribution in countries around the world.
Irrespective of the country of origin, a drug
may be proposed by its sponsor for regulatory
approval for marketing in the United States
and/or in other countries. These approvals
do not occur simultaneously, as they are sub-
ject to the laws, regulations, and requirements
peculiar to each country’s governing author-
ity. However, the international effort to harmo-
nize the regulations through the work of the
International Conference on Harmonization
(ICH) as described at the end of this chapter
fosters multinational drug approvals.

Sources of New Drugs

New drugs may be discovered from a variety
of natural sources (e.g., plants), synthesized
in the laboratory, or created through pro-
cesses of biotechnology. Historically, some
drugs were found by accident, others by ser-
endipity, but most through years of largely

random but tireless pursuit by the synthetic
organic chemist. Nowadays, new drugs are
the chemical or engineered biologic mate-
rial resulting from research that is more tar-
geted; that is, directed specifically toward
the identified physiologic/metabolic process
or biomolecular target of a disease. Current
methods of drug discovery are discussed
later in this chapter.

Throughout history, plant materials have
served as a reservoir of potential new drugs.
Yet, only a small portion of the approximately
270,000 known plants thus far have been
investigated for medicinal activity. Certain
major contributions to modern drug therapy
may be attributed to the successful conver-
sion of botanic folklore remedies into mod-
ern wonder drugs. The chemical reserpine,
a tranquilizer and a hypotensive agent, is an
example of a medicinal chemical isolated by
design from the folklore remedy Rauwolfia
serpentina. Another plant drug, periwinkle,
or Vinca rosea, was first scientifically investi-
gated as a result of its reputation in folklore
as an agent useful in the treatment of diabe-
tes mellitus. Plant extracts from V. rosea yield
two potent drugs that, when screened for
pharmacologic activity, surprisingly exhib-
ited antitumor capabilities. These two mate-
rials, vinblastine and vincristine, since have
been used successfully in the treatment of
certain types of cancer, including acute leu-
kemia, Hodgkin disease, lymphocytic lym-
phoma, and other malignancies. Another
example, paclitaxel (Taxol), prepared from an
extract of the Pacific yew tree, is used in the
treatment of ovarian cancer.

After the isolation and structural identi-
fication of active plant constituents, organic
chemists may recreate them by total synthe-
sis in the laboratory or, more importantly, use
the natural chemical as the starting material
in the creation of slightly different chemical
structures through molecular manipulation.
The new structures, termed semisynthetic
drugs, may have a slightly or vastly different
pharmacologic activity from that of the start-
ing substance, depending on the nature and
extent of chemical alteration. Other plant con-
stituents that in themselves may be inactive
or rather unimportant therapeutically may
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be chemically modified to yield important
drugs with profound pharmacologic activity.
For example, the various species of Dioscorea,
popularly known as Mexican yams, are rich
in the chemical steroid structure from which
cortisone and estrogens are semisynthetically
produced.

Animals have served humans in their
search for drugs in a number of ways. They
not only have yielded to drug testing and
biologic assay but also have provided drugs
that are mannered from their tissues or
through their biologic processes. Hormonal
substances, such as thyroid extract, insulin,
and pituitary hormone obtained from the
endocrine glands of cattle, sheep, and swine,
are lifesaving drugs used daily as replace-
ment therapy in the human body. The urine
of pregnant mares is a rich source of estro-
gens. Knowledge of the structural architec-
ture of the individual hormonal substances
has produced a variety of synthetic and semi-
synthetic compounds with hormone-like
activity. The synthetic chemicals used as oral
contraceptives are notable examples.

The use of animals in the production of
various biologic products, including serums,
antitoxins, and vaccines, has had lifesaving
significance ever since the pioneering work
of Edward Jenner on the smallpox vaccine
in England in 1796. Today the poliomyelitis
vaccine is prepared in cultures of renal mon-
key tissue, the mumps and influenza vac-
cines in fluids of chick embryo, the rubella
(German measles) vaccine in duck embryo,
and the smallpox vaccine from the skin of
bovine calves inoculated with vaccinia virus.
New vaccines for diseases such as AIDS and
cancer are being developed through the use
of cell and tissue cultures.

Today we are witnessing a new era in the
development of pharmaceutical products as
a result of the advent of genetic engineer-
ing, the submicroscopic manipulation of the
double helix, the spiral DNA chain of life.
Through this process will come more abun-
dant and vastly purer antibiotics, vaccines,
and yet unknown chemical and biologic
products to combat human diseases.

The two basic technologies that drive
the genetic field of drug development are

recombinant DNA and monoclonal anti-
body (mAb) production (14-16). Common
to each technique is the ability to manipulate
and produce proteins, the building blocks of
living matter. Proteins are an almost infinite
source of drugs. Made up of long chains of
amino acids, their sequence and spatial con-
figuration offer a staggering number of pos-
sibilities. Both recombinant rDNA and mAb
production techniques influence cells’ ability
to produce proteins.

The more fundamental of the two tech-
niques is recombinant DNA. It has the poten-
tial to produce almost any protein. Genetic
material can be transplanted from higher
species, such as humans, into a lowly bacte-
rium. This so-called gene splicing can induce
the lower organism to make proteins it
would not otherwise have made. Such drug
products as human insulin, human growth
hormone, hepatitis B vaccine, epoetin alfa,
and interferon are being produced in this
manner. Human insulin was the first recom-
binant biopharmaceutical approved in the
United States, in 1982.

Whereas recombinant DNA techniques
involve the manipulation of proteins within
the cells of lower animals, mAb production is
conducted entirely within the cells of higher
animals, including the patient. The technique
exploits the ability of cells with the potential
to produce a desired antibody and stimulates
an unending stream of pure antibody pro-
duction. These antibodies have the capacity
to combat the specific target.

The development and use of monoclonal
antibodies is having a profound impact in
both diagnostic medicine and in the treat-
ment of disease. Diagnostically, for example,
monoclonal antibodies are used in home
pregnancy testing products. In these tests, the
mAb is highly sensitive to binding on one site
on the human chorionic gonadotropin (HCG)
molecule, a specific marker to pregnancy
because in healthy women, HCG is synthe-
sized exclusively by the placenta. The first
FDA-approved therapeutic mAb was muro-
monab, a transplant rejection drug, approved
in 1986. Since then, many additional mAbs
have received FDA approval for marketing
with hundreds of others undergoing clinical
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trials. Among those in current use are beli-
mumab (lupus erythematosus), brentuximab
(Hodgkin lymphoma), cetuximab (colorec-
tal cancer), natalizumab (multiple sclerosis),
ofatumumab (lymphocytic leukemia), ranibi-
zumab (macular degeneration), and tocili-
zumab (rheumatoid arthritis).

Human gene therapy, used to prevent,
treat, cure, diagnose, or mitigate human dis-
eases caused by genetic disorders, is another
promising new technology. The human body
contains up to 100,000 genes. Genes that are
aligned on a double strand of DNA in the
nucleus of every cell control all of the body’s
functions. Base pairs of adenine and thymine
(Aand T, respectively) and cytosine and gua-
nine (C and G, respectively) constitute the
instructions on a gene. Only genes neces-
sary for a specific cell’s function are active or
expressed. When a gene is expressed, a spe-
cific type of protein is produced. In genetic
diseases, gene expression may be altered
and/or gene sequences may be mismatched,
partly missing, or repeated too many times,
causing cellular malfunction and disease.

Gene therapy is a medical intervention
based on the modification of the genetic
material of living cells. Cells may be modi-
fied outside the body (ex vivo) for subsequent
administration, or they may be modified
within the body (in vivo) by gene therapy
products given directly to the patient. In
either case, gene therapy entails the trans-
fer of new genetic material to the cells of a
patient with a genetic disease. The genetic
material, usually cloned DNA, may be trans-
ferred into the patient’s cells physically, as
through microinjection, through chemically
mediated transfer procedures, or through
disabled retroviral gene transfer systems that
integrate genetic material directly into the
host cell chromosomes (17-19).

The first human gene therapy used was
to treat adenosine deaminase (ADA) defi-
ciency, a condition that results in abnormal
functioning of the immune system. Therapy
consisted of the administration of geneti-
cally modified cells capable of producing
ADA (18). Many emerging biopharmaceuti-
cal companies are exploring the application
of gene therapy to treat sickle cell anemia,

malignant melanoma, renal cell cancer, heart
disease, familial hypercholesterolemia, cystic
fibrosis, lung and colorectal cancer, and AIDS
(20). The FDA has established guidelines for
cellular and gene therapy (21).

A Goal Drug

In theory, a goal drug would produce the
specifically desired effect, be administered
by the most desired route (generally orally)
at minimal dosage and dosing frequency,
have optimal onset and duration of activ-
ity, exhibit no side effects, and following its
desired effect would be eliminated from the
body efficiently, completely, and without
residual effect. It would also be easily pro-
duced at low cost, pharmaceutically elegant,
and physically and chemically stable in vari-
ous conditions of use and storage. Although
not completely attainable in practice, these
qualities and features are sought in drug and
dosage form design.

Methods of Drug Discovery

Although some drugs may be the result of
fortuitous discovery, most drugs are the
result of carefully designed research pro-
grams of screening, molecular modification,
and mechanism-based drug design (11-13,
22-25).

Random or untargeted screening involves
the testing of large numbers of synthetic
organic compounds or substances of natural
origin for biologic activity. Random screens
may be used initially to detect an unknown
activity of the test compound or substance or
to identify the most promising compounds
to be studied by more sophisticated nonran-
dom or targeted screens to determine a spe-
cific activity.

Although random and nonrandom screen-
ing programs can examine a host of new
compounds for activity, sometimes promis-
ing compounds may be overlooked if the
screening models are not sensitive enough to
reflect accurately the specific disease against
which the agent or its metabolites may be
useful (25).

To detect and evaluate biologic activity,
bioassays are used to differentiate the effect
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and potency (strength of effect) of the test
agent from those of controls of known action
and effect. The initial bioassays may be per-
formed in vitro using cell cultures to test the
new agent’s effect against enzyme systems
or tumor cells, whereas subsequent bioas-
says may be performed in vivo and may use
more expensive and disease-specific animal
models.

Newer methods, such as high-throughput
screening, are capable of examining 15,000
chemical compounds a week using 10 to
20 biologic assays (23). To be effective, this
requires a sizable and chemically diverse
collection of compounds to examine, which
many pharmaceutical and chemical compa-
nies have in chemical libraries. Frequently
these libraries, which may contain hundreds
of thousands of compounds, are purchased
or licensed from academic or commercial
sources. With the advent of techniques like
combinatorial chemistry, it has become fea-
sible to increase substantially the size and
diversity of a chemical library (23).

Molecular modification is a chemical alter-
ation of a known and previously character-
ized organic compound (frequently a lead
compound; see "A Lead Compound") for
the purpose of enhancing its usefulness as a
drug. This could mean enhancing its specific-
ity for a particular body target site, increas-
ing its potency, improving its rate and extent
of absorption, modifying to advantage its
time course in the body, reducing its toxicity,
or changing its physical or chemical proper-
ties (e.g., solubility) to provide desired fea-
tures (23). The molecular modifications may
be slight or substantial, involving changes in
functional groups, ring structures, or config-
uration. Knowledge of chemical structure—
pharmacologic activity relationships plays
an important role in designing new drug
molecules. Molecular modification produces
new chemical entities and improved thera-
peutic agents. Figure 2.3A and B shows the
molecular modifications that led to the dis-
coveries of the first commercial beta-blocker,
propranolol, and the first commercial hista-
mine H2-receptor blocking agent, cimetidine.

Mechanism-based drug design is molec-
ular modification to design a drug that

interferes specifically with the known or
suspected biochemical pathway or mecha-
nism of a disease process. The intention is
the interaction of the drug with specific cell
receptors, enzyme systems, or the metabolic
processes of pathogens or tumor cells, result-
ing in a blocking, disruption, or reversal of
the disease process. For this, it is essential to
understand the biochemical pathway of the
disease process and the manner in which it
is regulated. Molecular graphics, the use of
computer graphics to represent and manip-
ulate the structure of the drug molecule to
fit the simulated molecular structure of the
receptor site, is a useful complementary tool
in drug molecule design.

An example of mechanism-based drug
design is the compound enalaprilat, the
active metabolite of enalapril (Vasotec),
which inhibits the angiotensin-converting
enzyme (ACE) that catalyzes the conver-
sion of angiotensin I to the vasoconstrictor
substance angiotensin II. Inhibition of the
enzyme results in decreased plasma angio-
tensin II, leading to decreased vasopressor
effects and lower blood pressure. Another
example is ranitidine (Zantac), an inhibitor
of histamine at the histamine H2-receptors,
including receptors on the gastric cells. This
inhibits gastric acid secretion, making the
drug effective in the treatment of gastric
ulcers and other gastrointestinal conditions
related to the production of gastric acid. A
third example is sertraline (Zoloft), which
inhibits the central nervous system’s neu-
ronal uptake of serotonin, making the drug
useful in the treatment of depression.

A Lead Compound

A lead compound is a prototype chemical
compound that has a fundamental desired
biologic or pharmacologic activity. Although
active, the lead compound may not possess
all of the features desired, such as potency,
absorbability, solubility, low toxicity, and
so forth. Thus, the medicinal chemist may
seek to modify the lead compound’s chemi-
cal structure to achieve the desired features
while reducing the undesired ones. The
chemical modifications produce analogs with
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Progress leading to the first commercial beta-blocker. Dichloroisoproterenol—first compound
with beta-adrenoceptor blocking action; had partial agonist (sympathomimetic) activity.
Pronethalol—beta-adrenoceptor blocking agent, relatively free from sympathomimetic activity.
Clinical use limited by side effects, including light-headedness, incoordination, nausea and
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histamine Ho-receptor blocking agent, good oral bioavailability. No agranulocytosis in man.

*Final Compound

FIGURE 2.3 Molecular modifications leading to the development of the first commercial beta-blocker, propranolol,
and the first commercial histamine H2-receptor blocking agent, cimetidine. (Reprinted with permission from Maxwell
RA. The state of the art of the science of drug discovery. Drug Develop Res 1984;4:375-389; through Pharmaceutical
Research: Therapeutic and Economic Value of Incremental Improvements, 1990;12. Courtesy of National Pharmaceutical

Council, Reston, VA. Reprinted with permission of John Wiley & Sons, Inc.)

additional or different functional chemical
groups, altered ring structures, or differ-
ent chemical configurations. The results are
modified chemical compounds capable of
having different interactions with the body’s
receptors, thereby eliciting different actions
and intensities of action.

The synthesis of derivatives of the proto-
type chemical may ultimately lead to suc-
cessive generations of new compounds of
the same pharmacologic type. This may be

exemplified by the development of new
generations of cephalosporin antibiotics,
additional H2-antagonists from the pioneer
drug cimetidine, and the large series of
antianxiety drugs derived from the benzo-
diazepine structure and the innovator drug
chlordiazepoxide (Librium).

Most drugs exhibit activities secondary
to their primary pharmacologic action. It is
fairly common to take advantage of a second-
ary activity by using molecular modification
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to develop new compounds that amplify
the secondary use of the drug or by gaining
approval to market the drug for a secondary
indication. For example, the drug finaste-
ride (Proscar) was originally developed and
approved to treat benign prostatic hyperpla-
sia. Later, the same drug (as Propecia) was
approved at a lower recommended dosage to
treat male pattern baldness.

Prodrugs

Prodrug is a term used to describe a com-
pound that requires metabolic biotransfor-
mation after administration to produce the
desired pharmacologically active compound.
The conversion of an inactive prodrug to an
active compound occurs primarily through
enzymatic biochemical cleavage. Depending
on the specific prodrug—enzyme interaction,
the biotransformation may occur anywhere
along the course of drug transit or at the body
site where the requisite enzymes are suffi-
ciently present. An example of a prodrug is
enalapril maleate (Vasotec), which, after oral
administration, is bioactivated by hydrolysis
to enalaprilat, an ACE inhibitor used in the
treatment of hypertension. Prodrugs may be
designed preferentially for solubility, absorp-
tion, biostability, and prolonged release (24).

Solubility

A prodrug may be designed to possess sol-
ubility advantages over the active drug,
enabling the use of specifically desired dos-
age forms and routes of administration. For
example, if an active drug is insufficiently
soluble in water to prepare a desired intra-
venous injection, a water-soluble prodrug,
for example, hydrocortisone sodium suc-
cinate, could be prepared through the addi-
tion of a functional group that later would be
detached by the metabolic process to yield,
once again, the active drug molecule.

Absorption

A drug may be made more water or lipid
soluble, as desired, to facilitate absorption
via the intended route of administration. For
example, for patients requiring prolonged
antipsychotic therapy, the addition of the

decanoate ester to the haloperidol molecule
makes the molecule less water soluble.
Subsequently, when it is administered by a
deep intramuscular injection, the molecule
provides a sustained effect that lasts up to
4 weeks.

Biostability

If an active drug is prematurely destroyed
by biochemical or enzymatic processes,
the design of a prodrug may protect the
drug during its transport in the body. For
example, valacyclovir is a prodrug of acy-
clovir. Normally, the bioavailability of acy-
clovir is 10% to 20% after oral administration.
Valacyclovir is converted to acyclovir by liver
esterases via the first pass metabolism result-
ing in a 55% bioavailability. In addition, the
use of a prodrug could result in site-specific
action of greater potency. For example, dopa-
mine in the treatment of Parkinson disease
is unable to cross the blood-brain barrier.
However, its prodrug, levodopa, is able to
cross the blood-brain barrier and then is con-
verted to dopamine.

Prolonged Release

Depending on a prodrug’s rate of metabolic
conversion to an active drug, it may provide
prolonged drug release and extended thera-
peutic activity.

FDA'S Definition of a New Drug

A New Molecular Entity (NME) is defined by
the FDA as an active ingredient that has never
before been marketed in the United States in
any form (26). However, a drug need not be a
new chemical entity to be considered new. A
change in a previously approved drug prod-
uct’s formulation or method of manufacture
constitutes newness under the law since such
changes can alter the therapeutic efficacy
and/or safety of a product.

A combination of two or more old drugs
or a change in the usual proportions of drugs
in an established combination product is con-
sidered new if the change introduces a ques-
tion of safety or efficacy.

A proposed new use for an established
drug, a new dosage schedule or regimen,
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a new route of administration, or a new
dosage form makes a drug or a drug product’s
status new and triggers reconsideration for
safety and efficacy.

Drug Nomenclature

When first synthesized or identified from a
natural source, an organic compound is repre-
sented by an empirical formula, for example,
C,H,;)N,O,S5:3H,0 for amoxicillin, which indi-
cates the number and relationship of the atoms
in the molecule. As knowledge of the relative
locations of these atoms increases, the com-
pound receives a systematic chemical name,
such as 4-thia-1-azabicylco[3.2.0]heptane-
2-carboxylic acid, 6-[amino(4-hydroxyphenyl)
acetyllamino-3, 3-dimethyl-7-oxo, trihydrate
25-[2[alpha], [5[alpha], 6[beta](S*)]]. To be ade-
quate and fully specific, the name must reveal
every part of the compound’s molecular struc-
ture, so that it describes only that compound
and no other. The systematic name is generally
so formidable that it soon is replaced in sci-
entific communication by a shortened name,
which, although less descriptive chemically, is
understood to refer only to that chemical com-
pound. This shortened name is the chemical’s
nonproprietary (or generic) name (e.g., amox-
icillin; see Fig. 1.3). A nonproprietary name of
a drug serves numerous and varied purposes,
its principal function being to identify the
substance to which it applies by means of a
designation that may be used by the profes-
sional and lay public free from the restrictions
associated with registered trademarks.

Today, many companies give their new
compounds code numbers before assigning
a nonproprietary name. These code numbers
take the form of an identifying prefix letter
or letters that identify the drug’s sponsor, fol-
lowed by a number that further identifies the
test compound (e.g., SQ 14,225, the investi-
gational code number for the drug captopril,
initially developed by Squibb). The code
number frequently stays with a compound
from its initial preclinical laboratory investi-
gation through human clinical trials.

When the results of testing indicate that
a compound shows sufficient promise of
becoming a drug, the sponsor may formally

propose a nonproprietary name to the U.S.
Adopted Names (USAN) Council. The
Council is tri-sponsored by the American
Medical Association (AMA), the United
States Pharmacopeial Convention (USP),
and the American Pharmacists Association
(APhA). In addition, the FDA cooperates
with and is represented on the Council.
Should the drug receive recognition in an
official compendium, the nonproprietary
name established during the drug’s early
usage is adopted. Nonproprietary names are
issued only for single agents. An updated
list of adopted names may be found on the
Web site: http://www.ama-assn.org/ama/
pub/physician-resources/medical-science/
united-states-adopted-names-council/
adopted-names.page.

Guiding principles for the coining of a
nonproprietary name are comprehensive
(27). Among the stated principles are the fol-
lowing: (2) the name should be useful primar-
ily to health care practitioners particularly in
its safety for use in the routine processes of
prescribing, dispensing, and administering
drugs; (b) the name should be a single word,
preferably with no more than four syllables,
and should be free from conflict with other
nonproprietary names and should be neither
confusing nor misleading; and (c) distinc-
tive terminology should be used for specific
drugs or drug groups (e.g., beta-blockers).

With the creation of the USAN Council
and the cooperation of the interested parties
on a worldwide basis, nonproprietary drug
nomenclature is becoming standardized.

BIOLOGIC CHARACTERIZATION

Prospective drug substances must undergo
preclinical testing for biologic activity to
assess their potential as useful therapeutic
agents. These studies, which fall into the
general areas of pharmacology, drug metab-
olism, and toxicology, involve many types
of scientists, including general biologists,
microbiologists, molecular biologists, bio-
chemists, geneticists, pharmacologists, phys-
iologists, pharmacokineticists, pathologists,
toxicologists, statisticians, and others. Their
work leads to the determination of whether
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a chemical agent possesses adequate features
of safety and sufficient promise of usefulness
to pursue as a prospective new drug.

To judge whether a drug is safe and effec-
tive, information must be gained on how it
is absorbed, distributed throughout the body,
stored, metabolized, and excreted and how it
affects the action of the body’s cells, tissues,
and organs. Scientists have developed stud-
ies that may be conducted outside the living
body by using cell and tissue culture and
computer programs that simulate human
and animal systems. Cell cultures are being
used increasingly to screen for toxicity before
progressing to whole-animal testing.

Pharmacology

Within its broad definition, pharmacology
is the science concerned with drugs, their
sources, appearance, chemistry, actions, and
uses. The term in general can be expanded to
include biochemical and physiologic effects,
mechanisms of action, absorption, distribu-
tion, biotransformation, and excretion. From
this basic field of study come such subareas
as pharmacodynamics, the study of the bio-
chemical and physiologic effects of drugs
and their mechanisms of action; pharmacoki-
netics, which deals with the absorption, dis-
tribution, metabolism or biotransformation,
and excretion (ADME) of drugs; and clinical
pharmacology, which applies pharmacologic
principles to the study of the effects and
actions of drugs in humans.

Today’s emphasis in the development of
new drugs is on identifying the cause and
process of a disease and then designing
molecules capable of interfering with that
process. Although the precise cause of each
disease is not yet known, what is known is
that most diseases arise from a biochemical
imbalance, an abnormal proliferation of cells,
an endogenous deficiency, or an exogenous
chemical toxin or invasive pathogen.

The biochemical processes in the body’s
cells involve intricate enzymatic reactions.
An understanding of the role of a particular
enzyme system in the body’s healthy state
and disease state can lead to the design of
drugs that affect the enzyme system with

positive results, as exemplified earlier in this
chapter for the drug enalaprilat.

Different drug substances produce differ-
ent effects on the biologic system because of
the specific interactions between a drug’s
chemical structure and specific cells or cel-
lular components of a particular tissue or
organ, termed receptor sites (Fig. 2.4). The
action of most drugs takes place at the molec-
ular level, with the drug molecules interact-
ing with the molecules of the cell structure or
its contents. The selectivity and specificity of
drugs for a certain body tissue—for example,
drugs that act primarily on the nerves, heart,
or kidney—are related to specific sites on or
within the cells, receptive only to chemicals
of a particular chemical structure and con-
figuration. This is the basis for structure—
activity relationships established for drugs
and for families of drugs within therapeu-
tic categories. Studies of the pharmacologic
activities of a series of analogs with varied
functional groups and side chains can reveal
the most specific structure for a given drug-
cell or drug—enzyme interaction.

Although receptors for many drugs have
yet to be identified, they, like the active cen-
ters of enzymes, are considered to be car-
boxyl, amino, sulfhydryl, phosphate, and
similar reactive groups oriented on or in the
cell in a pattern complementary to that of
the drugs with which they react. The bind-
ing of a drug to the receptor is thought to
be accomplished mainly by ionic, covalent,
and other relatively weak reversible bonds.
Occasionally, firm covalent bonding is
involved, and the drug effect is then slowly
reversible.

There is a relationship between the quan-
tity of drug molecules available for interac-
tion and the capacity of the specific receptor
site. For instance, after a dose of drug and its
transit to the site of action, the cell’s recep-
tors may or may not become fully saturated
with the interacting drug. When the recep-
tors are saturated, the effects of the specific
interaction are maximized. Any additional
drug present (as in the circulation) and not
participating in the interaction may serve
as a reservoir to replace the drug molecules
released from the complex. Two drugs in a
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FIGURE 2.4 Receptor site and substrate (drug). (Reprinted with permission from Clark FH, ed. How Modern

Medicines are Discovered. Courtesy of Futura Publishing.)

biologic system may compete for the same
binding sites, with the drug having the stron-
ger bonding attraction for the site generally
prevailing. Already bound molecules of the
more weakly bound drug may be displaced
from the binding site and left free in the
circulation.

Certain cells within the body are capable
of binding drugs without eliciting a drug
effect. These cells act as carriers and may be
important to a drug’s transport to active sites
or to sites of the drug’s biotransformation
and elimination.

The process of evaluating chemical com-
pounds for biologic activity and the deter-
mination of their mechanisms of action are
the responsibilities of the pharmacologist. In
vitro cultures of cells and enzymes systems
and in vivo animal models are used to define
a chemical’s pharmacologic profile.

To define a pharmacologic profile, pharma-
cologists progress stepwise through increas-
ingly sophisticated levels of evaluation, based
on the test compound’s success in prior stud-
ies. Whole-animal studies are reserved for the
test compounds that have demonstrated rea-
sonable potential as a drug candidate.

Among the early studies are the determi-
nation of a compound’s selectivity for vari-
ous receptors and its activity against select
enzyme systems. Studies of the compound’s

effects on cell function are then performed
to detect evidence of efficacy and to deter-
mine whether the compound is an agonist
or antagonist. These are followed by studies
with isolated animal tissues to define further
the compound’s activity and selectivity. Then
whole-animal studies are used to evaluate
the pharmacologic effects of the agent on
specific organ systems. Finally, studies are
undertaken using animal models of human
disease for which the compound is consid-
ered a drug candidate.

Most animal testing is performed on small
animals, usually rodents (mouse, rat) for
a number of reasons including cost, avail-
ability, the small amount of drug required
for a study, the ease of administration by
various routes (oral, inhalation, and intra-
venous), and experience with drug testing
in these species. However, in final pharma-
cologic and toxicologic studies, two or more
animal species are used as required by the
FDA, including a rodent and an animal from
another order. Drugs are studied at various
dose levels to determine the effect, potency,
and toxicity.

The primary objective of the animal stud-
ies is to obtain basic information on the
drug’s effects that may be used to predict
safe and effective use in humans. This is a
difficult task because of species variation
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and the fact that animals are not absolute
predictors of human response. However, a
number of animal models have been devel-
oped to mimic certain human diseases, and
these are used effectively. For instance, there
are animal models for type I diabetes and
hypertension, using genetically diabetic
and hypertensive animals, respectively, and
for tumor growth, using tumor transplants
in various species. Certain animal species
have been determined to be the best for cer-
tain studies of organ systems, or as human
disease models, including dogs and rats
for hypertension, dogs and guinea pigs for
respiratory effects, dogs for diuretic activity,
rabbits for blood coagulation, and mice and
rats for central nervous system studies (28).
Unfortunately, useful animal models are not
available for every human disease. As a drug
candidate progresses in its preclinical phar-
macologic evaluation, drug metabolism and
toxicity tests are initiated.

Drug Metabolism

A series of animal studies of a proposed
drug’s ADME are undertaken to determine
(a) the extent and rate of drug absorption from
various routes of administration, including
the one intended for human use; (b) the rate
of distribution of the drug through the body
and the site or sites and duration of the drug’s
residence; (c) the rate, primary and secondary
sites, the mechanism of the drug’s metabolism
in the body, and the chemistry and pharma-
cology of any metabolites; and (d) the propor-
tion of administered dose eliminated from the
body and its rate and route of elimination. In
these studies, a minimum of two animal spe-
cies are employed (generally the same as used
in the pharmacologic and toxicologic studies),
a rodent and one other, usually a dog.

The biochemical transformation or metab-
olism of drug substances is the body’s means
of transforming nonpolar drug molecules
into polar compounds, which are more
readily eliminated. Specific and nonspecific
enzymes participate in drug metabolism,
primarily in the liver but also in the kidneys,
lungs, and gastrointestinal tract. Drugs that
enter the hepatic circulation after absorption

from the gut, as after oral administration, are
particularly exposed to rapid drug metabo-
lism. This transit through the liver and expo-
sure to the hepatic enzyme system is termed
the first-pass effect. If the first-pass effect is
to be avoided, other routes of administration
(buccal, rectal) may be used that allow the
drug to be absorbed into the systemic circula-
tion through blood vessels other than hepatic.

Drug metabolism or biotransformation fre-
quently results in the production of one or more
metabolites of the administered drug, some
of which may be pharmacologically active
compounds, while others may not. As noted
previously, drug metabolism may be essen-
tial to convert prodrugs to active compounds.
For reasons of safety, it is important to deter-
mine whether a drug’s metabolic products are
toxic or nontoxic to the animal and later to the
human. When metabolites are found, they are
chemically and biologically characterized for
activity and toxicity. Some new drugs have
been discovered as metabolic by-products, or
metabolites, of parent compounds.

ADME studies are performed through
the timely collection and analysis of urine,
blood, and fecal samples and through a care-
ful examination of animal tissues and organs
upon autopsy. In addition, special studies are
undertaken to determine the presence, if any,
of a test drug or its metabolites in the milk of
lactating animals; the ability of the drug to
cross the placental barrier and enter the fetal
blood supply; and the long-term retention of
drugs or metabolites in the body. In studying
the formation and disposition of metabolites,
a radioactive label is commonly incorporated
into the administered compound and traced
in the animal’s waste products and tissues.

The relationship between ADME and
drug product development is discussed in
Chapter 5.

Toxicology

Toxicology deals with the adverse or unde-
sired effects of drugs. Although the abil-
ity to predict the safe use of a new drug in
humans based on preclinical animal stud-
ies is desirable, it is not entirely achievable.
The direct extrapolation of preclinical animal
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safety data to humans is difficult because of
species variation, different dose-response
relationships, immunologic differences, sub-
jective reactions that are not deducible in ani-
mals (such as headache), and other reasons.
Although many adverse reactions in humans
cannot be predicted in advance through ani-
mal studies, the greater the number of animal
species tested that demonstrate a toxic effect,
the greater the likelihood that the effect will
also be seen in humans.

In drug development programs, preclinical
drug safety evaluation or toxicity studies are
undertaken to determine (a) the substance’s
potential for toxicity with short-term (acute
effects) or long-term use (chronic effects); (b)
the substance’s potential for specific organ
toxicity; (c) the mode, site, and degree of tox-
icity; (d) dose-response relationships for low,
high, and intermediate doses over a specified
time; (e) gender, reproductive, or teratogenic
toxicities; and (f) the substance’s carcinogenic
and genotoxic potential.

As a part of an application to initiate human
studies (IND), the FDA requires an integrated
summary of the toxicological effects of the
drug in animals and in vitro. Depending on the
nature of the drug, the application is required
to include the results of acute, subacute, and
chronic toxicity tests; tests of the drug’s effects
onreproduction and the developing fetus; and
any special toxicity test related to the drug’s
particular mode of administration or condi-
tions of use, for example, inhalation, dermal,
or ocular toxicology (9,29,30).

Acute or Short-Term Toxicity Studies

These studies are designed to determine the
toxic effects of a test compound when admin-
istered in a single dose and/or in multiple
doses over a short period, usually a single
day. Although various routes of adminis-
tration may be used (such as lavage dosing
via gastric tube), the studies should be con-
ducted to represent the intended route for
human use.

The test compound is administered at var-
ious dose levels, with toxic signs observed
for onset, progression or reversal, severity,
mortality, and rates of incidence. Doses are
ranged to find the largest single dose of the

test compound that will not produce a toxic
effect, the dose level at which severe toxicity
occurs, and intermediate toxicity levels. The
animals are observed and compared with con-
trols for eating and drinking habits, weight
change, toxic effects, psychomotor changes,
and any other signs of untoward effects, usu-
ally over a 30-day postdose period. Feces and
urine specimens are collected and clinical
laboratory tests performed to detect changes
in clinical chemistry and other changes that
could indicate toxicity. When they occur,
animal deaths are recorded, studied by his-
tology and pathology, and statistically evalu-
ated on the basis of dose-response, gender,
age, and intraspecies and interspecies find-
ings and against laboratory controls.

Subacute or Subchronic Studies

In designing an animal toxicology program,
relationships to projected human clinical
studies for safety must be considered. For
example, animal toxicity studies of a mini-
mum of 2 weeks of daily drug administration
at three or more dosage levels to two animal
species are required to support the initial
administration of a single dose in human
clinical testing (8). These studies are termed
subacute or subchronic. The initial human
dose is usually one tenth of the highest non-
toxic dose (in milligrams per kilogram of
subject’s weight) shown during the animal
studies. For drugs intended to be given to
humans for a week or more, animal studies
of 90 to 180 days must demonstrate safety.
These are termed chronic toxicity studies.
And if the drug is to be used for a chronic
human illness, animal studies for 1 year
or longer must be undertaken to support
human use. Some animal toxicity studies last
2 years or longer and may be used to corrob-
orate findings obtained during the course of
the human clinical trials.

Included in the subchronic and chronic
studies are comparative data of test and con-
trol animal species, strain, sex, age, dose levels
and ranges, routes of administration, dura-
tion of treatment, observed effects, mortality,
body weight changes, food and water con-
sumption, physical examinations (e.g., elec-
trocardiography, ophthalmic examination),
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FIGURE 2.5 A toxicologist examining research data
of body weight changes during preclinical studies in
mice. (Courtesy of Toxicology Research Laboratories,
Lilly Research Laboratories, Division of Eli Lilly and
Company.)

hematology, clinical chemistry, organ weights,
gross pathology, neoplastic pathology, histo-
pathology, urinalysis, ADME data, and other
factors. Figure 2.5 shows a toxicologist exam-
ining research data of body weight changes
during preclinical rodent studies.

Carcinogenicity Studies

Carcinogenicity testing is usually a compo-
nent of chronic testing and is undertaken
when the compound has shown sufficient
promise as a drug to enter human clinical
trials. Carcinogenicity studies are usually
carried out in a limited number of rat and
mouse strains for which there is reason-
able information on spontaneous tumor
incidence.

Dose-ranging studies are done with
female and male animals using high, inter-
mediate, and low doses over a 90-day period.
For carcinogenicity studies, the high dose
should be only high enough (the maximum
tolerated dose) to elicit signs of minimal tox-
icity without significantly altering the ani-
mal’s normal lifespan by effects other than
carcinogenicity (31).

Carcinogenicity studies are long term (18
to 24 months), with surviving animals killed
and studied at defined weeks during the test
period. Data on the causes of animal death
(other than killing), tumor incidence, type and

site, and necropsy findings are collected and
evaluated. Any preneoplastic lesions and/or
tissue-specific proliferative effects are impor-
tant findings.

Reproduction Studies

Reproduction studies are undertaken to
reveal any effect of an active ingredient on
mammalian reproduction. Included in these
studies are fertility and mating behavior;
early embryonic, prenatal, and postnatal
development; multigenerational effects; and
teratology. The combination of studies allows
exposure from conception to sexual maturity
and allows immediate and latent effects to
be detected through complete life cycles and
through successive generations.

In these studies, the maternal parent, fetus,
neonates, and weaning offspring are evalu-
ated for anatomic abnormalities, growth, and
development. The same species of animal used
in other toxicity studies are used in reproduc-
tive studies, usually the rat. In embryotoxic-
ity studies only, a second mammalian species
traditionally has been required.

In reproductive studies, as is the case for
other toxicity studies, the doses selected and
the routes of administration used are critical.
A high dose, based on previous acute and
chronic toxicity and pharmacokinetic stud-
ies, is selected, with lower dosages chosen in
descending sequence. Setting close dosage
intervals is useful to reveal trends in dose-
related toxicity. Although once-daily dosing
is usual, the drug’s pharmacokinetics may
influence the frequency of dosing (32). The
route or routes of administration used should
be similar to those intended for human use. A
single route of administration may be accept-
able if it can be shown that a similar drug
distribution (kinetic profile) results from dif-
ferent routes of administration.

Genotoxicity or Mutagenicity
Studies

Genotoxicity studies are performed to
determine whether the test compound
can affect gene mutation or cause chromo-
some or DNA damage. Strains of Salmonella
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typhimurium are routinely used in assays to
detect mutations (9,33).

EARLY FORMULATION STUDIES

As a promising compound is characterized
for biologic activity, it is also evaluated with
regard to chemical and physical properties
that have a bearing on its ultimate and suc-
cessful formulation into a stable and effec-
tive pharmaceutical product. This is the area
of responsibility of pharmaceutical scientists
and formulation pharmacists. When sufficient
information is gleaned on the compound’s
physical and chemical properties, initial for-
mulations of the dosage form are developed
for use in human clinical trials. During the
course of the clinical trials, the proposed
product is developed further, from initial for-
mulation to final formulation and from pilot
plant (or small-scale production) to scale-up,
in preparation for large-scale manufacturing.

To provide sufficient quantities of the bulk
chemical (drug) compound for the sequence
of preclinical studies, clinical trials, and
small-scale and large-scale dosage form pro-
duction, the careful planning, scheduling,
and implementation of the bulk chemical’s
production must be undertaken by chemi-
cal engineers. Quality control and validation
must be built into each step of the process.

Full documentation of the CMCs is an
essential part of all drug applications filed
with the FDA (1,34).

Preformulation Studies

Each drug substance has intrinsic chemi-
cal and physical characteristics that must
be considered before the development of a
pharmaceutical formulation. Among these
are the drug’s solubility, partition coefficient,
dissolution rate, physical form, and stability.
These and other factors, discussed in detail in
Chapter 4 and throughout the text, are briefly
noted here as an introduction to their impor-
tance in the preparation of dosage forms for
drug evaluation in human clinical trials and
in the development of a final product sub-
mitted to the FDA for marketing approval.

The FDA’s protocols seek to correlate in
vitro drug product dissolution and in vivo
bioavailability, since drug dissolution and
gastrointestinal permeability are the funda-
mental parameters controlling the rate and
extent of drug absorption (35).

Drug Solubility

A drug substance administered by any route
must possess some aqueous solubility for sys-
temic absorption and therapeutic response.
Poorly soluble compounds (e.g., less than
10 mg/mL aqueous solubility) may exhibit
incomplete, erratic, and/or slow absorp-
tion and thus produce a minimal response at
desired dosage. Enhanced aqueous solubility
may be achieved by preparing more soluble
derivatives of the parent compound, such as
salts or esters, by chemical complexation, or
by reducing the drug’s particle size.

Partition Coefficient

To produce a pharmacologic response, a drug
molecule must first cross a biologic membrane
of protein and lipid, which acts as a lipophilic
barrier to many drugs. The ability of a drug
molecule to penetrate this barrier is based in
part on its preference for lipids (lipophilic)
versus its preference for an aqueous phase
(hydrophilic). A drug’s partition coefficient is
a measure of its distribution in a lipophilic—
hydrophilic phase system and indicates its abil-
ity to penetrate biologic multiphase systems.

Dissolution Rate

The speed at which a drug substance dis-
solves in a medium is called its dissolution
rate. Dissolution rate data, when considered
along with data on a drug’s solubility, disso-
lution constant, and partition coefficient, can
provide an indication of the drug’s absorp-
tion potential. For a chemical entity, its acid,
base, or salt forms, as well as its physical
form (e.g., particle size), may result in sub-
stantial differences in the dissolution rate.

Physical Form

The crystal or amorphous forms and/or the
particle size of a powdered drug can affect
the dissolution rate, and thus the rate and
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extent of absorption, for a number of drugs.
For example, by reducing the particle size
and increasing the powder fineness and
therefore the surface area of a poorly sol-
uble drug, its dissolution rate in the gut is
enhanced (through greater exposure of the
drug to gastrointestinal fluid) and its biologic
absorption increased. Small and controlled
particle size is also critical for drugs admin-
istered to the lung by inhalation. The smaller
the particle, the deeper is the penetration
into the alveoli. Thus, by selective control of
the physical parameters of a drug, biologic
response may be optimized.

Stability

The chemical and physical stability of a
drug substance alone, and when combined
with formulation components, is critical
to preparing a successful pharmaceutical
product. For a given drug, one type of crys-
tal structure may provide greater stability
than other structures and may therefore be
preferred. For drugs susceptible to oxida-
tive decomposition, the addition of antioxi-
dant stabilizing agents to the formulation
may be required to protect the potency. For
drugs destroyed by hydrolysis, protection
against moisture in formulation, processing,
and packaging may be required to prevent
decomposition. In every case, drug stability
testing at various temperatures, conditions
of relative humidity (RH)—as 40°C 75%
RH/30°C 60% RH—durations, and environ-
ments of light, air, and packaging is essential
in assessing drug and drug product stability.
Such information is vital in developing label
instructions for use and storage, assigning
product expiration dating, and packaging
and shipping.

Initial Product Formulation and
Clinical Trial Materials

An initial product is formulated using the
information gained during the preformula-
tion studies and with the consideration of
the dose or doses, dosage form, and route of
administration desired for the clinical stud-
ies and for the proposed marketed product.

Thus, depending upon the design of the
clinical protocol and desired final product,
formulation pharmacists are called upon to
develop a specific dosage form (e.g., capsule,
suppository, solution) of one or more dosage
strengths for administration by the intended
route of administration (e.g., oral, rectal,
intravenous). Additional dosage forms for
other than the initial route of administra-
tion may later be developed, depending on
patients” requirements, therapeutic utility,
and marketing assessments. This is espe-
cially important if the drug may be adminis-
tered to children.

The initial formulations prepared for Phase
1 and Phase 2 of the clinical trials, although
not as sophisticated and elegant as the final
formulation, should be of high pharmaceu-
tical quality, meet analytical specifications
for composition, manufacturing, and con-
trol, and be sufficiently stable for the period
of use.

Often during Phase 1 studies, for orally
administered drugs, capsules are employed
containing the active ingredient alone, with-
out pharmaceutical excipients. Excipients are
included in the formulation for Phase 2 trials.
During human trials, studies of the drug’s
ADME are undertaken to obtain a profile
of the drug’s human pharmacokinetics and
biologic availability from the formulation
administered. Different formulations may be
prepared and examined to develop the one
having the desired characteristics. During
Phase 2, the final dosage form is selected
and developed for Phase 3 trials; this is the
formulation that is submitted to the FDA for
marketing approval.

Clinical supplies or clinical trial materi-
als comprise all dosage formulations used
in the clinical evaluation of a new drug. This
includes the proposed new drug, placebos
(inert substances), and drug products against
which the new drug is to be compared (com-
parator drugs or drug products). They all
must be prepared in indistinguishable dos-
age forms (look alike, taste alike, and so on)
and packaged with coded labels to reduce
possible bias when blinded studies are called
for in the clinical protocol. Blinded studies
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are controlled studies in which at least one of
the parties (e.g., patient, physician) does not
know which product is being administered.
At the conclusion of the clinical study, the
codes for the products administered are bro-
ken and the clinical results statistically evalu-
ated. Some studies are open label, in which
case, all parties may know what products are
administered.

Some pharmaceutical companies have
special units for the preparation, analytical
control, coding, packaging, labeling, ship-
ping, and record maintenance of clinical sup-
plies. Other companies integrate this activity
within their existing drug product develop-
ment and production operations. Still other
companies employ contract firms specializ-
ing in this field to prepare and manage their
clinical trial materials program.

In all clinical study programs, the package
label of the investigational drug must bear the
statement “Caution: new drug—limited by
federal [or United States] law to investigational
use.” Once received by the investigator, the
clinical supplies may be administered only to
subjects in the study. Blister packaging is com-
monly used in clinical studies, with immediate
labels containing the clinical study or protocol
number, patient identification number, spon-
sor number, directions for use, code number to
distinguish between investigational drug, pla-
cebo, and/or comparator product, and other
relevant information. Records of the disposi-
tion of the drug must be maintained by patient
number, dates, and quantities administered.
When there is a department of pharmacy at the
site of the clinical study (e.g., university teach-
ing hospital), pharmacists frequently assist in
the control and management of clinical sup-
plies. When an investigation is terminated,
suspended, discontinued, or complete, all
unused clinical supplies must be returned to
the sponsor and an accounting made of used
and unused products.

All formulations, from those developed
initially through the final marketed version,
must be prepared under the conditions and
procedures set out by the FDA in its Current
Good Manufacturing Practice guidelines
(36), as outlined in Chapter 3.

THE INVESTIGATIONAL NEW DRUG
APPLICATION

Under the Food, Drug, and Cosmetic Act
as amended, the sponsor of a new drug is
required to file with the FDA an IND before
the drug may be given to human subjects
(1). This is to protect the rights and safety
of the subjects and to ensure that the inves-
tigational plan is sound and is designed to
achieve the stated objectives. The sponsor of
an IND takes responsibility for and initiates
a clinical investigation. The sponsor may
be an individual (a sponsor-investigator),
a pharmaceutical company, governmental
agency, academic institution, or some other
private or public organization. The sponsor
may actually conduct the study or employ,
designate, or contract other qualified per-
sons to do so. Nowadays, many contract
research organizations conduct all or desig-
nated portions of clinical studies or clinical
drug trials for others through contractual
arrangements.

After submission of the IND, the spon-
sor must delay the use of the drug in human
subjects for not less than 30 days from the
date the FDA acknowledges the receipt of
the application. An IND automatically goes
into effect following this period unless the
FDA notifies the sponsor that as a result of
its review of the submission, it is waiving the
period and the sponsor may initiate the study
early or the investigation is being placed on a
clinical hold (37).

A clinical hold is an order issued by the
FDA to delay the start of a clinical inves-
tigation or to suspend an ongoing study.
During a clinical hold, the investigational
drug may not be administered to human
subjects (unless specifically permitted by
the FDA for individual patients in an ongo-
ing study). A clinical hold is issued when
there is concern that human subjects will be
exposed to unreasonable and significant risk
of illness or injury, when there is a question
of the qualifying credentials of the clinical
investigators, or when the IND is considered
incomplete, inaccurate, or misleading. If the
concerns raised are addressed to the FDA'’s
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satisfaction, a clinical hold may be lifted and
clinical investigations resumed; if not, an
IND may be maintained in a clinical hold,
declared inactive, withdrawn by the spon-
sor, or terminated by the FDA.

Content of the IND

The content of an IND is prescribed in the
CFR and is submitted under a cover sheet
(Form FDA-1571) (38).

Among the items required

* Name, address, and telephone number of
the sponsor of the drug

¢ Date of submission

* Name (s) of the drug, including all avail-
able names (generic, trade name, chemi-
cal, code)

* IND number (if one has been previously
assigned)

¢ Indications for the proposed drug’s use

¢ Indication of whether the application is a
new submission, a response to a clinical
hold, or an amendment to a previously
submitted IND application

* Name and title of the person responsible
for monitoring the conduct and progress
of the investigation

* Names and titles of the persons respon-
sible for the review and evaluation of the
information relevant to the safety of the
drug

* Name and address of any contract re-
search organization involved in the study

¢ Identification of the phase or phases of the
clinical investigation to be conducted

¢ Introductory statement and general in-
vestigational plan: the name of the drug
and all active ingredients, the drug’s
structural formula and pharmacologic
class, the formulation of the dosage form
and route of administration, and the
broad objectives and planned duration of
the study

¢ Description of the investigational plan: the
rationale for the drug or research study,
the indication or indications to be stud-
ied, the approach to evaluating the drug,
the types of studies to be conducted, the
estimated number of subjects to be given
the drug, and any serious risks anticipated

based on animal studies or other human
experiences with the drug

Brief summary of previous human experi-
ence with the drug (domestic or foreign),
including the reasons if the drug has been
withdrawn from any other investigation
and/or marketing

CMC information: a complete description
of the drug substance, including its physi-
cal, chemical, and biologic characteristics;
its method of preparation and analytical
methods to ensure its identity, strength,
quality, purity, and stability; a quantitative
list of the active and inactive components
of the dosage form to be administered; the
methods, facilities, and controls employed
in the manufacture, processing, packag-
ing, and labeling of the new drug to ensure
appropriate qualitative and quantitative
standards; and product stability during
the clinical investigation

Pharmacology and toxicology informa-
tion: the drug’s mechanism of action if
known; information on the drug’s absorp-
tion, distribution, metabolism, and excre-
tion; and acute, subacute, chronic, and
reproductive and developmental toxicity
studies

If the new drug is a combination of pre-
viously investigated components, a com-
plete preclinical and clinical summary of
these components when administered sin-
gly and any data or expectations relating
to the effect when combined

Clinical protocol for each planned study
Commitment that an Institutional Review
Board (IRB) has approved the clinical
study and will continue to review and
monitor the investigation (discussed in
the next section)

Investigator brochure (discussed in the
next section)

Indication if any part of the study is to be
conducted by a contract research organi-
zation, and, if so, the name and address of
that organization

Commitment not to begin clinical inves-
tigations until the IND is in effect, the
signature of the sponsor or authorized
representative, and the date of the signed
application
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The Clinical Protocol

As a part of the IND application, a clinical
protocol must be submitted to ensure the
appropriate design and conduct of the inves-
tigation. Clinical protocols include

* Statement of the purpose and objectives of
the study

* Outline of the investigational plan and
study design, including the kind of con-
trol group and methods to minimize bias
on the part of the subjects, investigators,
and analysts

* Estimate of the number of patients to be
involved

* Basis for subject selection, with inclusion
and exclusion criteria

* Description of the dosing plan, including
dose levels, route of administration, and
duration of patient exposure

* Description of the patient observations,
measurements, and tests to be used

* Clinical procedures, laboratory tests, and
monitoring to be used in minimizing pa-
tient risk

e Names, addresses, and credentials of the
principal investigators and coinvestigators

* Locations and descriptions of the clinical
research facilities to be used

* Approval of the authorized IRB

Once an IND is in effect, a sponsor must
submit an amendment for approval of any
proposed changes. This may involve changes
of dosing levels, testing procedures, the addi-
tion of new investigators, additional sites for
the study, and so on.

For many years, women and the elderly
were included only rarely in clinical drug
investigations. Women of childbearing age
were excluded from early drug tests out of
fear that the subject would become preg-
nant during the investigation with possible
harm to the fetus. Exceptions were made
only in cases of potentially lifesaving drugs.
However, in recognition that the general
exclusion of women from drug investiga-
tions results in inadequate data on any gen-
der-based differences in a drug’s effects, the
FDA now calls for the inclusion of women
in numbers adequate to allow detection of

clinically significant differences in drug
response.

The FDA Guideline for the Study and
Evaluation of Gender Differences in the
Clinical Evaluation of Drugs issued in 1993
states the agency’s gender inclusion policy
(39). Although the guideline does not require
participation of women in any particular
trial, it sets forth FDA’s general expectations
regarding the inclusion of both women and
men in drug development, analysis of clini-
cal data by gender, and assessment of poten-
tial pharmacokinetic differences between
genders. In 1994, the National Institutes
of Health (NIH) similarly issued its policy
that women and minorities be included in
all NIH-supported biomedical and behav-
ioral research projects involving human
subjects “unless there is a clear and com-
pelling rationale and justification that their
inclusion is inappropriate with respect to the
health of the subjects or the purpose of the
research” (40).

Pregnancy is a concern in drug investiga-
tions because drugs are readily transported
from the maternal to the fetal circulation.
Because of undeveloped drug detoxication
and excretion mechanisms in the fetus, con-
centrations of drugs may actually reach a
higher level in the fetus than in the maternal
circulation, with toxic levels resulting. To
reduce the risk of fetal exposure to investiga-
tional drugs in women of childbearing age,
the FDA guideline calls for pregnancy testing,
use of contraception, and full information
disclosure of potential fetal risks to prospec-
tive study subjects. The FDA has made a spe-
cial effort to ensure that women who have a
life-threatening disease (e.g., AIDS-related)
are not automatically excluded from inves-
tigational trials of drug products for that
disease because of a perceived risk of repro-
ductive or developmental toxicity from use
of the investigational drug. There are other
instances in which drug studies or drug use
during pregnancy is justified, for example,
agents intended to prevent Rh immunization
and hemolytic disease of the newborn (41).

When a proposed drug is likely to have sig-
nificant use in the elderly, elderly patients are
required to be included in clinical studies to
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yield age-related data of a drug’s effectiveness
and any adverse effects. Older people han-
dle a drug differently because of altered
body functions such as diminished liver and
kidney function, reduced circulation, and
changes in drug ADME. Furthermore, the
elderly have a greater incidence of chronic
illness and multiple disease states than
younger adults, and as a result, take multiple
medications daily, increasing the potential
for drug-drug interactions. This potential is
studied and defined.

Recognition of the need to examine in chil-
dren new drugs intended for the pediatric
patient has a similar requirement to ensure a
drug’s safe and effective use in this popula-
tion. Also, differentiation in a drug’s activity
in minority groups and their subpopulations
is important in the full assessment of a drug’s
potential. It is well known that there are
interethnic variations both in disease incidence
and in biologic response to some medications,
and these factors must be considered in the
clinical evaluation of drug substances (42).

Each IND submission must have the prior
approval of the IRB with jurisdiction over the
site of the proposed clinical investigation.
An IRB is a body of professional and pub-
lic members that has the responsibility for
reviewing and approving any study involv-
ing human subjects in the institution they
serve. The purpose of the IRB is to protect the
safety of human subjects by assessing a pro-
posed clinical protocol, evaluating the ben-
efits against risks, and ensuring that the plan
includes all needed measures for subject pro-
tection. By law, the IRB shall be constituted to
include persons competent to review clinical
research proposals and be diverse in mem-
bership, with consideration of race, gender,
cultural background, and sensitivity to issues
affecting the subjects and the community (43).
Any substantive change or amendment to an
originally approved clinical protocol must be
submitted, reviewed, and approved by the
IRB and the FDA before implementation.

Each clinical investigator must receive
from the sponsor an investigator’s brochure,
which contains all of the pertinent informa-
tion developed during the preclinical stud-
ies, including summary information on the

drug’s chemistry, pharmacology, toxicology,
and pharmacokinetics; formulation of the
clinical trial materials; any known informa-
tion related to the drug’s safety and effective-
ness; a description of possible risks and side
effects that may be anticipated and special
monitoring required; the clinical protocol
and study design; criteria for patient inclu-
sion and exclusion; laboratory and clinical
tests to be performed; and drug control and
record-keeping information.

Each study has defined criteria for subject
inclusion or exclusion. These criteria may
relate to age, sex (as qualified earlier), smok-
ing, health status (e.g., liver and/or renal
function), and other factors deemed neces-
sary in a given phase of investigation. Each
subject in a clinical investigation must par-
ticipate willingly and with full knowledge
of the benefits and risks associated with the
investigation.

The sponsor of the study must certify
that each person who will receive the inves-
tigational drug has given informed con-
sent—that is, he or she has been informed
of the following: participation in the study
is voluntary; the purpose and nature of the
study; the procedures involved; a descrip-
tion of any foreseeable risks or discomforts;
the potential benefits for patients; disclosure
of alternative procedures or courses of treat-
ments, if any; the extent of confidentiality of
records; conditions under which the subject’s
participation in the study may be termi-
nated; consequences of a patient’s decision to
withdraw from the study; the approximate
number of subjects to be enrolled; and whom
to contact for answers to pertinent questions
and/or in case of research-related illness or
injury. These elements of informed consent,
and additional protections that apply to pris-
oners in clinical investigations, must be in
conformance with the CFR (44). Individuals
who agree to be subjects in an investigation
indicate their consent by signing the form or
document containing this information.

Investigators selected by the sponsor to
conduct a clinical investigation must be quali-
fied as experts by training and experience to
investigate a particular drug. Each investiga-
tor’s qualifications are submitted to the FDA
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as a part of the IND application. To partici-
pate in an investigation, each investigator
signs a form agreeing to comply with and to
be responsible for ensuring that the study is
conducted according to the IND’s investiga-
tional plan and clinical protocol; protecting
the rights, safety, and welfare of the human
subjects; control of the investigational drug;
written records of case histories and clinical
observations; and the timely submission of
progress reports, safety reports, and a final
report. It is the responsibility of the sponsor to
monitor the progress of all clinical investiga-
tions under its IND. If a sponsor discovers that
an investigator is not in compliance with the
investigational plan, it is the sponsor’s respon-
sibility to gain compliance or to terminate the
investigator’s participation in the study.

Any serious, unexpected, life-threatening,
or fatal adverse experience that may be associ-
ated with the use of the drug during a clini-
cal investigation must be reported promptly
to the sponsor and subsequently to the FDA
for investigation. Depending on the severity
and assessment of the adverse experience, an
alert notice may be sent to other investigators,
a clinical hold may be placed on the study for
further evaluation and assessment, or the IND
may be withdrawn by the sponsor, placed on
inactive status, or terminated by the FDA.

Pre-IND Meetings

On request, the FDA will advise a sponsor on
scientific, technical, or formatting concerns
relating to the preparation and submission of
an IND. This may include advice on the ade-
quacy of data to support an investigational
plan, the design of a clinical trial, or whether
the proposed investigation is likely to pro-
duce the data needed to meet the require-
ments of the next step, the filing of an NDA
to gain approval for marketing.

FDA Review of an IND Application

The FDA'’s objectives in reviewing an IND
are to protect the safety and rights of the
human subjects and to help ensure that the
study allows the evaluation of the drug’s
safety and effectiveness. These objectives are
best met by the accuracy and completeness of

the IND submission, the design and conduct
of the investigational plan, and the expertise
and diligence of the investigators.

When received by the FDA, the IND
submission is stamped with the date of
receipt, assigned an application number,
and forwarded to either the Center for Drug
Evaluation and Research (CDER) or the
Center for Biologics Evaluation and Research
(CBER) for review. Applications for chemical
agents are sent to CDER and applications for
biologics to CBER.

Within CDER, applications are forwarded
to the appropriate office of drug evaluation
and then to one of its divisions for review (45).

After assignment to one of the divisions,
the content of the application is thoroughly
reviewed to determine whether the preclini-
cal data indicate that the drug is sufficiently
safe for administration to human subjects
and that the proposed clinical studies are
designed to provide the desired data on drug
safety and efficacy while not exposing the
human subjects to unnecessary risks.

Although the discussion in this chapter
is based principally on the evaluation and
approval of new chemical entities and prod-
ucts, for biologic products, there is a similar
but necessarily distinct procedure of applica-
tion review and product licensing for biolog-
ics through CBER and its divisions (4):

FDA Drug Classification System

The FDA’s CDER has established a drug
classification system for the review of drug
applications. Within 14 days of receipt of an
original new drug or new biologic applica-
tion, the agency determines whether the
application will receive a Priority (P) Review
or a Standard (S) Review (45). A priority
review is considered if the proposed drug
product provides a significant improvement
compared to marketed products or provides
safe and effective therapy where no satisfac-
tory alternative therapy exists.

Phases of a Clinical Investigation

An IND may be submitted for one or more
phases of a clinical investigation, namely
Phase 1, Phase 2, or Phase 3 (Fig. 2.2, Table 2.1).



CHAPTER 2 « NEW DRUG DEVELOPMENT AND APPROVAL PROCESS 57

[[cle]C”AM PHASES OF CLINICAL TESTING

PERCENT SUCCESSFULLY
NUMBER OF PATIENTS LENGTH PURPOSE COMPLETING*®
Phase 1 20-100 Several months Mainly safety 67
Phase 2 Up to several Several months Some short-term 45
hundred fo 2 years safety but mainly
effectiveness
Phase 3 Several hundred to 1-4 years Safety, effectiveness, 5-10

several thousand

dosage

Presentation 4 (Clinical Trials: A Closer Look), found at http://www.ncabr.org/bioman/,2002.

°For example, of 20 drugs entering the clinical testing, 13 or 14 successfully complete Phase 1 trials and go on to
Phase 2; about nine will complete Phase 2 and go to Phase 3; only one or two will clear Phase 3, and on average,
about 1 of the original 20 will ultimately be approved for marketing.

Although the phases are conducted sequen-
tially, certain studies may overlap.

Phase 1 includes the initial introduction
of an investigational drug into humans and
is primarily for the purpose of assessing
safety. The studies are closely monitored by
clinicians expert in such investigations. The
human subjects are usually healthy volun-
teers, although, in certain protocols, they
may be patients. The total number of subjects
included in Phase 1 studies varies with the
drug but is usually in the range of 20 to 100.
The initial dose of the drug is usually low,
usually one tenth of the highest no-effect
dose observed during the animal studies. If
the first dose is well tolerated, the investi-
gation continues with the administration of
progressively greater doses (to new subjects)
until some evidence of the drug’s effects is
observed.

Phase 1 studies are designed to determine
the human pharmacology of the drug, struc-
ture—activity relationships, side effects asso-
ciated with increasing doses, and, if possible,
early evidence of effectiveness. Among the
basic data collected are the rate of absorp-
tion; the concentration of drug in the blood
over time; the rate and mechanism of drug
metabolism and elimination; toxic effects,
if any, in body tissues and major organs;
and changes in physiologic processes from
baseline. The subjects’ ability to tolerate the
drug and any unpleasant effects of the drug
is observed and recorded. Phase 1 studies are
often useful in selecting from among differ-
ent chemical analogs of a lead compound. As

noted previously, capsules without excipi-
ents are used for orally administered drugs
in Phase 1 studies. If the studies demonstrate
sufficient merit and if the order of drug tox-
icity is low, Phase 2 begins, studying up to
several hundred patients.

Phase 2 trials are controlled clinical stud-
ies to evaluate the effectiveness of a drug in
patients with the condition for which the drug
is intended and to assess side effects and risks
that may be revealed. Because this phase uses
patients as subjects, side effects or toxicity
symptoms that were not shown in the preclin-
ical animal studies or in Phase 1 studies with
healthy volunteers may be revealed for the
first time. Only clinicians expert in the disease
being treated are used as investigators during
Phase 2 studies (Fig. 2.6). During this phase,
additional data are collected on the drug’s
pharmacokinetics and studies undertaken to
determine dose-response and dose ranging
(often called Phase 2a studies). Each patient
is monitored for the appearance of the drug’s
effects while the dose is carefully increased to
determine the minimal effective dose. Then
the dose is extended beyond the minimally
effective dose to the level at which a patient
reveals extremely undesirable or intolerable
toxic or adverse effects. The greater the range
between the dose of the drug determined to
be minimally effective and that which causes
severe side effects, the greater is the drug’s
safety margin. These dose determination
studies (often called Phase 2b studies) result
in the specific doses and the dose range to be
used in Phase 3 studies. During Phase 2 trials,
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FIGURE 2.6 Monitoring the effects for cardiac function
of an investigational drug as a part of its clinical evalua-
tion. (Courtesy of Eli Lilly and Company.)

the drug product is refined, with the final for-
mulation developed for use during late Phase
2 and Phase 3 trials.

If the clinical results of Phase 2 trials indi-
cate continued promise for the new drug and
if the margin of safety appears to be good,
end-of-Phase 2 meetings between the drug’s
sponsor and the FDA's review division are
held to analyze the data from Phases 1 and
2. This resolves any questions and issues and
to establish investigational plans for Phase 3
studies.

Phase 3 studies may include several hun-
dred to several thousand patients in con-
trolled and uncontrolled trials. The objective
is to determine the usefulness of the drug in
an expanded patient base. Many additional
clinicians having patients with the condition
for drug’s intended use are recruited to par-
ticipate in this trial. Several dosage strengths
of the proposed drug may be evaluated dur-
ing this phase, using formulations intended
to be proposed in the NDA and for market-
ing. Sufficient information on the drug’s
effectiveness and safety is expected to be
gathered during Phase 3 to evaluate the over-
all benefit-risk relationship of the drug and
to file a complete NDA.

It is fairly common for certain Phase 3
studies to be continued after an NDA is filed

but prior to approval. In these instances, the
completed studies (Phase 3a studies) are
considered sufficient for the NDA. The addi-
tional studies (Phase 3b studies) are used to
gather supplemental information that may
support certain labeling requests, provide
information on patients” quality of life issues,
reveal product advantages over already mar-
keted competing drugs, provide evidence in
support of possible additional drug indica-
tions, or provide other clues for prospective
postmarketing studies (Phase 4).

Clinical Study Controls and
Designs

As indicated, Phase 2 and some Phase 3
studies are controlled, that is, the effects of
the investigational drug are compared with
another agent. The second agent may be a
placebo (placebo control) or an active drug
(positive control), a standard or comparator
drug product. Both a placebo and an active
drug may be used as controls in the same
study. For studies that are blinded, the iden-
tities of the investigational drug and the con-
trol or controls are not revealed to certain
participants to decrease bias. In single blind
studies, the patient is unaware of the agent
administered. In double-blind studies, nei-
ther the patient nor the clinician is aware of
the agent administered. In preparing dosage
forms for blinded studies, all of the agents
administered, investigational drug, placebo,
and/or comparator drug, must be indistin-
guishable to the blinded individuals. This
requires the preparation of clinical trial mate-
rials of the same dosage form, having the
same size, shape, color, flavor, texture, and so
forth. Indistinguishable clinical trial materi-
als are not necessary for open-label studies,
in which all parties are aware of the identities
of the agents administered.

In designing a clinical trial, many addi-
tional factors are considered, including the
scheme of the study design and the duration
of the treatment period. Before treatment,
baseline data are obtained on each subject
through physical examination and appropri-
ate laboratory tests and procedures. Subjects
are randomly assigned to different treatment
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groups to allow treatment comparisons.
Some common parallel and crossover study
designs are depicted in Figure 2.7 (46). These
studies may be blinded or not, using placebo
and/or active drug controls. The parallel
designs are applicable to most clinical trials.
Crossover designs are useful in comparing
different treatments within individuals since
following one treatment, a patient is crossed
over to a different treatment. Between treat-
ment periods, subjects may be given no
drugs as a washout period to allow return to
baseline.

Drug Dosage and Terminology

A major part of any clinical drug study is the
determination of a drug’s safe and effective
dose. As noted earlier, dose and dose-rang-
ing studies are conducted during Phase 2
and concluded during Phase 3 clinical trials.

The safe and effective dose of a drug
depends on a number of factors, including
characteristics of the drug substance, the
dosage form and its route of administration,
and a variety of patient factors including
age, body weight, general health status, any
pathologic conditions, and concomitant drug
therapy. All of these factors and others are
integral to clinical drug trials.

For convenience of dosage administration,
most products are formulated to contain a
drug’s usual dose within a single unit (e.g.,
capsule) or within a specified volume (e.g.,
5 mL or a teaspoonful) of a liquid dosage
form. To serve varying dosage requirements,
manufacturers often formulate a drug into
more than one dosage form and in more than
a single strength.

The dose of a drug may be described as
an amount that is enough but not too much;
the idea is to achieve the drug’s optimum
therapeutic effect with safety but at the low-
est possible dose. The effective dose of a drug
may be different for different patients. The
familiar bell curve presented in Figure 2.8
shows that in a normal distribution sample,
a drug’s dose will provide what might be
called an average effect in most individu-
als. However, in a portion of the popula-
tion, the drug will produce little effect, and

in another portion, the drug will produce an
effect greater than average. The amount of
drug that will produce the desired effect in
most adult patients is considered the drug’s
usual adult dose and the likely starting dose
for a patient. From this initial dose, the phy-
sician may, if necessary, increase or decrease
subsequent doses to meet the particular
requirements of the patient. Certain drugs
may produce more than one effect, depend-
ing on the dose. For example, a low dose of
a barbiturate produces sedation, whereas a
larger dose produces hypnotic effects. The
usual dosage range indicates the quantita-
tive range or amounts of the drug that may
be prescribed safely within the framework of
usual medical practice. Doses falling outside
of the usual range may result in underdosage
or overdosage or may reflect a patient’s spe-
cial requirements. For drugs administered
to children, a usual pediatric dose may be
determined, as discussed later in this section.

The schedule of dosage, or the dosage
regimen, is determined during the clinical
investigation and is based largely on a drug’s
inherent duration of action, its pharmacoki-
netic profile, and the characteristics of the
dosage form (e.g., immediate release or mod-
ified release). Because of these factors, some
drugs are recommended for once-a-day dos-
age and others more frequently.

For certain drugs, an initial, priming, or
loading dose may be required to attain the
desired concentration of the drug in the
blood or tissues, after which the blood level
may be maintained through subsequent
administration of regularly scheduled main-
tenance doses.

Certain biologic products, such as teta-
nus immune globulin, may have two usual
doses, a prophylactic dose, or the amount
administered to protect the patient from con-
tracting the illness, and the therapeutic dose,
which is administered to a patient after expo-
sure or contraction of the illness. The doses
of vaccines and other biologic products often
are expressed in units of activity rather than
in specific quantitative amounts of the drug.
This is because the unavailability of suit-
able chemical assay methods for the active
biologic component necessitates the use of
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FIGURE 2.7 Some common clinical study designs. (Reprinted with permission from Spilker B. Guide to Clinical
Trials. New York, NY: Raven, 1991).
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FIGURE 2.8 Drug effect in a population sample.

biologic assays to determine a product’s
potency.

To provide systemic effects, a drug must be
absorbed from its route of administration at a
suitable rate, be distributed in adequate con-
centration to the receptor sites, and remain
there for a sufficient period. One measure of
a drug’s absorption characteristics is its blood
serum concentration at various intervals after
administration. Certain drugs have a correla-
tion between blood serum concentration and
the presentation of drug effects. For these
drugs, an average blood serum concentration
represents the minimum concentration that
can be expected to produce the drug’s desired

effects in a patient. This concentration is the
minimum effective concentration (MEC). As
shown in Figure 2.9, the serum concentra-
tion of a hypothetical drug reaches the MEC
2 hours after its administration, achieves a
peak concentration in 4 hours, and decreases
below the MEC in 10 hours. If it were desired
to maintain the drug serum concentration
above the MEC for a longer period, a second
dose of the drug would be required at approx-
imately 8 hours. The time-blood level curve
presented in Figure 2.9 is hypothetical. In
practice, the curve would vary, depending on
the nature of the drug substance, its chemical
and physical characteristics, the dosage form

-
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FIGURE 2.9 Example of a blood level curve for a hypothetical drug as a function of time following oral administra-
tion. MEC, minimum effective concentration; MTC, minimum toxic concentration.
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administered, and the individual patient fac-
tors. The second level of serum concentration
of drug refers to the minimum toxic concen-
tration (MTC). Drug serum concentrations
above this level would be expected to pro-
duce dose-related toxic effects in the average
individual. Ideally, the serum drug concentra-
tion in a well-dosed patient would be main-
tained between the MEC and the MTC (the
therapeutic window for the drug) for the
period that drug effects are desired. Table 2.2
presents examples of therapeutic, toxic, and
considered lethal concentrations for some
selected drug substances. The values in this
table do not apply to infants and children.
Further, the portrayed values should not be
considered absolute but used as a guideline.
Actual values of drugs can be influenced by
a number of factors that are described later
in this section. The median effective dose of
a drug is the amount that will produce the
desired intensity of effect in 50% of the indi-
viduals tested. The median toxic dose is the
amount that will produce a defined toxic

effect in 50% of the individuals tested. The
relationship between the desired and unde-
sired effects of a drug is commonly expressed
as the therapeutic index and is defined as the
ratio between a drug’s median toxic dose and
its median effective dose, TD50/ED50. Thus,
a drug with a therapeutic index of 15 would
be expected to have a greater margin of safety
in its use than a drug with a therapeutic index
of 5. For certain drugs, the therapeutic index
may be as low as 2, and extreme caution must
be exercised in their administration. Table 2.3
demonstrates drugs and pharmacological
classes of drugs that have narrow therapeutic
indices and, therefore, should be monitored
closely in patients receiving them. Some fac-
tors of patients considered in determining a
drug’s dose in clinical investigations and in
medical practice include the following:

Age

The age of the patient may be a consideration
in the determination of drug dosage. Age is
particularly important in the treatment of

[le]o]lcl THERAPEUTIC AND TOXIC BLOOD LEVEL CONCENTRATIONS OF SOME

DRUG SUBSTANCES
DRUG SUBSTANCE CONCENTRATION, MILLIGRAMS/LITER

DRUG SUBSTANCE THERAPEUTIC TOXIC LETHAL
Acetaminophen 10-20 400 1,500
Amitriptyline 0.5-0.20 04 10-20
Barbiturates

Short acting 1 7 10

Infermediate acting 1-5 10-30 30

Long acting ~10 40-60 80-150
Dextropropoxyphene 0.05-0.2 5-10 57
Diazepam 0.5-2.5 5-20 50
Digoxin 0.0006-0.0013 0.002-0.009 —
Imipramine 0.05-0.16 0.7 2
Lidocaine 1.2-5.0 6 —
Lithium 4.2-8.3 13.9 13.9-34.7
Meperidine 0.6-0.65 5 30
Morphine 0.1 — 0.05-4
Phenytoin 5-22 50 100
Quinidine 3-6 10 30-50
Theophylline 20-100 — —
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[lele]CWACM THERAPEUTIC INDICES FOR VARIOUS DRUG SUBSTANCES

LESS THAN 5 BETWEEN 5 AND 10 GREATER THAN 10
Amitriptyline Barbiturates Acetaminophen
Chlordiazepoxide Diazepam Bromide
Diphenhydramine Digoxin Chloral hydrate
Ethchlorvynol Imipramine Glutethimide
Lidocaine Meperidine Meprobamate
Methadone Paraldehyde Nortriptyline
Procainamide Primidone Pentazocine
Quinidine Thioridazine Propoxyphene

Source: Niazi S.Textbook of Biopharmaceutics and Clinical Pharmacokinetics. New York, NY: Appleton-Century-Crofts,

1979:254.

neonatal, pediatric, and geriatric patients.
Infants, especially newborns and those born
prematurely, have immature hepatic and
renal function, the means by which drugs are
normally inactivated and eliminated from
the body. A reduced capacity to detoxify and
eliminate drugs can result in drug accumula-
tion in the tissues to toxic levels. Often, drug
blood levels are determined in these patients
and are carefully monitored.

Before there was sufficient understand-
ing of the capacity of the young to detoxify
and eliminate drugs, infants and children
were dosed by fractions of the adult dose
determined by age-based or weight-based
formulas. Age or weight alone is no longer
considered to be a particularly valid criterion
in the determination of pediatric dosage.
Today, doses for many drugs are determined
through pediatric clinical trials under special
protocols and subject safeguards (47). Many
pediatric doses are based on body weight or
body surface area (BSA), as noted later in this
section.

Elderly persons also present unique ther-
apeutic and dosing problems that require
special attention. Most physiologic functions
begin to diminish in adults after the third
decade of life. For example, cardiac output
declines approximately 1% per year from age
20 to age 80. Glomerular filtration rate falls
progressively until age 80, at which time it is
only about half of what it was at age 20. Vital
capacity, immune capacity, and liver micro-
somal enzyme function also decrease (48).

The decline in renal and hepatic function in
the elderly slows the drug clearance rate and
increases the possibility of drug accumula-
tion and toxicity. Elderly persons may also
respond differently to drugs than do younger
patients because of changes in drug receptor
sensitivity or because of age-related altera-
tions in target tissues or organs (49).

Furthermore, the chronic disorders in
most geriatric patients require concomitant
drug therapy, increasing the possibility of
drug-drug interactions and adverse drug
effects. In the clinical evaluation of a new
drug, consideration is given to other drugs
most likely to be taken concomitantly by
the intended patient, with studies directed
toward determining the potential drug-drug
effects or interactions.

Among the references to assist the pre-
scriber and pharmacist in neonatal, pediat-
ric, and geriatric dosing are the following:
Pediatric and Neonatal Dosing and Geriatric
Dosing (50).

Pharmacogenetics

Pharmacogenetic research in the last two
decades has uncovered significant differ-
ences among racial and ethnic groups in
the metabolism, clinical effectiveness, and
adverse effects of therapeutically important
drugs. Clinical studies have been conducted
on cardiovascular agents, for example,
beta-blockers, diuretics, calcium channel
blockers, ACE inhibitors, or psychotro-
pic and central nervous system agents, for
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example, tricyclic antidepressants (51) and
neuroleptics. Antihistamines, alcohol, and
analgesics, for example, acetaminophen and
codeine, have also demonstrated varying
effects among different ethnic and racial pop-
ulations. Common genetic polymorphisms,
that is, multiple forms of enzymes governing
drug metabolism, affect the clearance from
the blood of many therapeutically impor-
tant drugs used in large patient populations.
These polymorphisms are the rule rather
than the exception, and genetic diversity is
a major source of interindividual, intereth-
nic, and racial differences in drug response.
These genetic polymorphisms may influ-
ence a drug’s action by altering its pharma-
cokinetic profile and/or pharmacodynamic
properties. The result could be an increase
or a decrease in the intensity of the patient’s
response and duration of the drug activity.
Thus, dosage adjustments may be necessary
for individuals from minority populations.

Body Weight

The usual doses for drugs are considered
generally suitable for 70-kg (150 Ib) indi-
viduals. The ratio between the amount of
drug administered and the size of the body
influences drug concentration in body fluids.
Therefore, drug dosage may require adjust-
ment from the usual adult dose for abnor-
mally lean or heavy patients. The doses for
certain drugs are based on body weight and
are expressed on a milligram (drug) per kilo-
gram (body weight) basis (e.g., 1 mg/kg).

As noted earlier, body weight is consid-
ered more dependable than age as determi-
nant of drug dosage for youngsters, and for
many drugs, the dose is based on milligrams
per kilogram. In some instances, a pediatric
dose may be based on a combination of age
and weight (e.g., 6 months to 2 years of age:
3 mg/kg/day).

Body Surface Area

Because of the correlation between a number
of physiologic processes and BSA, some drug
doses are based on this relationship (e.g.,
1 mg/M? BSA). The BSA for a child or adult
may be determined using a nomogram
(Fig. 2.10). The BSA is determined at the

intersect of a straight line drawn to connect
an individual’s height and weight. For
example, an adult measuring 67 in. in height
and weighing 132 lb would have a BSA of
approximately 1.7 m?.

Sex

Because biochemical and physiologic factors
produce different responses to certain drugs
and drug dosages in men and women, both
sexes should be included in clinical drug trials.
Pharmacokinetic differences between women
and men may be particularly important for
drugs having a narrow therapeutic index,
in which the smaller average size of women
may necessitate modified dosing. Drugs with
narrow therapeutic indices carry the inher-
ent risk that drug blood levels may increase
to toxic levels or decrease to ineffective levels
with minimal dosing changes. Other impor-
tant studies on women include the effects of
the menstrual cycle and menopausal status
on a drug’s pharmacokinetics and the drug
interaction potential of concomitant estrogen
or oral contraceptive use (52).

Because virtually no clinical investigations
have included pregnant women in their study
protocols and thus drug effects are undeter-
mined in these circumstances, great caution
is advised for the use of most drugs during
pregnancy and in women of childbearing age.
Similar caution is applicable to drug use in
nursing mothers because transfer from moth-
er’s milk to an infant is well documented for
a variety of drugs (53,54).

Pathologic State

The effects of certain drugs may be modified
by the pathologic condition of the patient.
For example, if certain drugs are used in
the presence of renal impairment, exces-
sive systemic accumulation of the drug may
occur, risking toxicity. In such conditions,
lower than usual doses are indicated, and if
therapy is prolonged, blood serum levels of
the drug should be assessed and the patient
monitored at regular intervals to ensure the
maintenance of nontoxic levels of the drug.
In these instances, pharmacokinetic dosing is
an integral part of the clinical study protocol
and of the approved product labeling.



65

CHAPTER 2 « NEW DRUG DEVELOPMENT AND APPROVAL PROCESS

(186G-££S “A3D-eqr) :[oseq "PH Y/ 'S9IqeL, SYHUIRG AF100) ejupwnoo( 'S A3 [ woxy uorsstuad yrm
payurzday]) (‘s1erewmnued ur 3ySiy = 1 ‘swrerSorny ur jySem = A ‘s1ojownued arenbs ur adoeyms £poq = G a1aym $968'T + G20 X H SO + §7F0 x M 0] =5 807110 $8'T/ % G2/ 0L
X GTHOM = S :€98:41/9161 PIIN UIOIU] oIV “Slogn(] pue slogn(] JO e[NULIOJ 3 WOL]) “SHNPE 104 :g "USIP[IY 104 3V "VSd du3 Suhe[nofed 10§ sweiSowoN L'z JUNDI4

sisjownuad ul biey = 4 ‘sweiBony ur yblem = 44 ‘sisjewnuad aienbs u) eaie adeuns Apog = G a1aum 968" | + 1 B0] 622°0 + M B0l 5200 =S 501 10 987 LL X gy o X gopeM=S OLEL €98 L1 Doy “WiSU) Yoiy ‘SiognQ PUe SI0ENC JO BINWIOY 3U) WO,

L] ‘T‘vlon 1Ll

Pl

0011

o1z-1-56

ozz$-001

%2t sor

M BT

S sn
092
0L -
o8z-
062
[
ore-Fovt
oze-F-90t

a4l oc¢ 3051 I

F-ozt
a4l
-05%
B}

o

/8 900

560
001
501
ol

S
o't
714
061
5013
o1
sv13
051
5544
1=

13
ot
se1-3
o9t
S5
0613
613
00z

0T
[ 24|
oK'z
(L4
[ X4
0T

0z

MR-

ez 3gjing

[T,

-sot

& sn

- o%h

sssot

S -sw1
651051
19155t
€9--091
§0 1591
191" 0L8
6945t
w ot
R Rl
o b-o00t

-1-set

w0

gy

{SHNPY J0 ealy a2epns Apog ay) Bunenoje) 1oy welbowoN ‘g

004 w>

4 7z o1 By

¢ 4
X
’
oz
P
st
0
boe
4
¢
?
. For
o5
—+-0'%
100
1
st gy
tos
0z-{ 0
-}-00t
3
F
kS
o«
Foa
sc--
ot
400
wd
L
ss-3-057
ik o8
9% oo
o
S g
o8
58
Qi op-F-00r -

woan

Ao 4

900

00

ro-
$1°0-.
91°0-
Lo-
2103
6170~

0
o]
mn..vAA
"0
-

050

5§50

e2e wrying

szows
w o1

T

-

A

w1 ot
143
RE KA
"
o of-sn
»
Wy 01 W

oy

LUa1p[Iyd Jo ealy 8oeuns Apog syl bune|nojed 1oy welbowon v



66 SECTION | - DRUGS, DRUG DOSAGE FORMS, AND DRUG DELIVERY SYSTEMS

Tolerance

The ability to endure the influence of a drug,
particularly during continued use, is referred
to as drug tolerance. It is usually developed
to a specific drug and to its chemical conge-
ners; in the latter instance, it is referred to as
cross-tolerance. The result is that drug dos-
age must be increased over time to maintain
a desired therapeutic response. Tolerance is
common with the use of antihistamines and
narcotic analgesics. After the development of
tolerance, normal response may be regained
by suspending the drug’s administration for
a while.

Concomitant Drug Therapy

The effects of a drug may be modified by the
prior or concurrent administration of another
drug. Such interference, a drug-drug inter-
action, may be due to a chemical or physi-
cal interaction between the drugs or to an
alteration of the absorption, distribution,
metabolism, or excretion patterns of one of
the drugs. Certain clinical protocols include
the evaluation of a new drug in the presence
of other drugs most likely to be included in
the target patient’s therapeutic regimen.

Important drug-drug interactions that
are identified during a drug’s clinical trials
are included in approved product labeling.
Additional drug interactions that become
known after the drug is marketed are added
in labeling revisions. Drug—drug interactions
may include “social” agents such as tobacco
and alcohol, which affect the pharmacoki-
netics of a number of drugs and require an
alteration in a drug’s usual dose.

Time and Conditions of
Administration

The time at which a drug is administered
may influence the dosage. This is true espe-
cially for oral therapy in relation to meals.
Absorption proceeds more rapidly if the
stomach and the upper portions of the intes-
tinal tract are empty of food. A dose of a drug
that is effective when taken before a meal
may be less effective if administered dur-
ing or after eating. Drug—food interactions
can affect a drug’s usual absorption pattern.

When such interactions are determined,
appropriate guidance is provided in the
product and professional literature.

Dosage Form and Route of
Administration

The effective dose of a drug may vary with
the dosage form and the route of administra-
tion. Drugs administered intravenously enter
the bloodstream directly and completely. In
contrast, drugs administered orally are rarely,
if ever, fully absorbed into the bloodstream
because of the various physical, chemical,
and biologic barriers to their absorption.
Thus, in many instances, a lower parenteral
(injectable) dose of a drug is required than
the oral dose to achieve the same blood levels
or clinical effects. Varying rates and degrees
of absorption can occur from drug adminis-
tration in the rectum, in the gastrointestinal
tract, under the tongue, via the skin, and to
other sites. Therefore, for a given drug, dif-
ferent dosage forms and routes of adminis-
tration are considered new by the FDA and
must be evaluated individually through clin-
ical studies to determine the effective doses.

Treatment IND

A treatment IND or a treatment protocol per-
mits the use of an investigational drug in the
treatment of patients who are not enrolled
in the clinical study but who have a seri-
ous or immediately life-threatening disease
for which there is no satisfactory alternative
therapy. The objective is to make promising
new drugs available to desperately ill patients
as early as possible in the drug development
process. By FDA definition, “immediately
life-threatening” means “a stage of a disease
in which there is a reasonable likelihood that
death will occur withinamatter of months orin
which premature death is likely without early
treatment” (1). This includes such conditions
as advanced cases of AIDS, herpes simplex
encephalitis, advanced metastatic refractory
cancers, bacterial endocarditis, Alzheimer dis-
ease, advanced multiple sclerosis, advanced
Parkinson disease, and others.

For products to be considered for a treat-
ment IND, the drug must be under active
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investigation in a controlled clinical trial
with sulfficient evidence of its safety and effi-
cacy demonstrated to support its use in the
intended patients. Depending on the sponsor’s
clinical safety and efficacy data, a drug may be
approved for treatment use during Phase 2 or
Phase 3 of the clinical trials. In applying for a
drug’s treatment use, a sponsor must submit a
treatment protocol in addition to the informa-
tion normally included in an IND application.
In making its decision, the FDA renders a risk—
benefit judgment after considering the sever-
ity of the disease, any alternative therapy, and
the potential benefits of the drug against the
known and possible risks.

A”Group C” treatment IND was established
by agreement between FDA and the National
Cancer Institute (NCI). The Group C program
is a means for the distribution of investiga-
tional agents to oncologists for the treatment of
cancer under protocols outside the controlled
clinical trial. Group C drugs are generally
Phase 3 study drugs that have shown evidence
of relative and reproducible efficacy in a spe-
cific tumor type. They can generally be admin-
istered by properly trained physicians without
the need for specialized supportive care facili-
ties. Group C drugs are distributed only by the
NIH under NCI protocols. Although treatment
is the primary objective and patients treated
under Group C guidelines are not part of a
clinical trial, safety and effectiveness data are
collected. Because administration of Group C
drugs is not done with research intent, FDA
has generally granted a waiver from the IRB
review requirements (55).

The need for an investigational drug may
arise in an emergency situation that does not
allow time for submission of an IND in the
usual manner. In such cases, FDA may autho-
rize an “emergency use IND” and shipment
of the drug for a specified use. Such authori-
zation is usually conditioned upon the spon-
sor filing an appropriate application as soon
as practicable. Prospective IRB review and
informed consent are required (55).

IND for an Orphan Drug

Under the Orphan Drug Act of 1983 as
amended, an orphan disease is defined as a

rare disease or condition that affects fewer
than 200,000 people in the United States and
for which there is no reasonable expectation
that costs of R&D for the indication can be
recovered by sales of the product in the United
States. Examples of such illnesses are chronic
lymphocytic leukemia, Gaucher disease, cys-
tic fibrosis, and conditions related to AIDS.
The FDA Office of Orphan Products
Development was established to identify and
facilitate the development of orphan prod-
ucts, including drugs, biologics, and medical
devices. To foster the necessary R&D, the FDA
provides support grants to conduct clinical
trials on safety and effectiveness. Applicants
first request orphan status designation for the
disease and file an IND or an investigational
device exemption with their grant applica-
tion. In most cases, grants are awarded for
Phase 2 and Phase 3 clinical studies based
on preliminary clinical research. Regular and
treatment IND protocols may be included in
orphan drug clinical trials. An incentive to
orphan product development is a provision
for a 7-year period of exclusive marketing
rights after regulatory approval of a product.

Withdrawal or Termination of an
IND

A sponsor may withdraw an IND at any time,
ending all clinical investigations. All stock
of clinical supplies must be returned to the
sponsor or otherwise destroyed. If an IND is
withdrawn for safety reasons, the FDA, IRB,
and all investigators must be so advised.

If no subjects are entered in an IND for 2
years or more or if investigations remain on a
clinical hold for 1 year or more, the FDA may
place the IND on inactive status upon proper
notification of the sponsor. An IND may also
be placed on inactive status on the initiative
of the sponsor.

The FDA may terminate an IND and end
related clinical investigations for reasons of
safety, efficacy, or regulatory compliance.

CLINICAL STUDY REGISTRY

The National Library of Medicine (NLM) at
the U.S. NIH at the website ClinicalTrials.gov,
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provides a registry and database of clinical
studies conducted around the world. This
Web-based resource provides the general
public, patients, their family members, health
care professionals, and researchers with easy
access to information on publicly and pri-
vately supported clinical studies on a wide
range of diseases and conditions. The Web
site facilitates basic and advanced searches
and is continually updated by the sponsor or
principal investigator of the clinical study.

THE NEW DRUG APPLICATION

If the three phases of clinical testing dur-
ing the IND period demonstrate sufficient
drug safety and therapeutic effectiveness,
the sponsor may file an NDA with the FDA.
This filing may be preceded by a pre-NDA
meeting between the sponsor and the FDA to
discuss the content and format of the NDA.
The purpose of the NDA is to gain per-
mission to market the drug product in the
United States.

General Content of the NDA
Submission

An NDA contains a complete presentation
of all of the preclinical and clinical results
that the sponsor has obtained during the
investigation of the drug. It is a highly orga-
nized document that may contain several
hundred volumes of information. In recent
years, a computer-assisted NDA process
has been implemented whereby the spon-
sor may interact by computer with the
FDA reviewers to facilitate the application
review.

The applicant submits three copies of the
NDA: an archival copy, maintained by the
FDA as the reference document; a review
copy, used by the FDA review division; and
a field copy, used by the FDA district office
and field inspectors in an on-site preapproval
inspection (1). The preapproval inspection
is conducted in the facilities in which the
approved product is to be produced. The
inspectors assess the sponsor’s capability
to comply with all control and quality stan-
dards contained in the application, including

the FDA’s Current Good Manufacturing
Practice standards (discussed in Chapter 3).
Final approval of an NDA can be contingent
upon this inspection.

In part, an application for a new chemical
entity contains the following components:

* Application form (form FDA 356 h) with
the name, address, date, and signature of
the applicant or the applicant’s authorized
representative

¢ Chemical, nonproprietary, code, and pro-
prietary names of the drug, the dosage form,
its strength, and route of administration

¢ Statement regarding the applicant’s pro-
posal to market the drug product as pre-
scription only or as an OTC product

¢ Detailed summary of all aspects of the ap-
plication, including the proposed text of
the product’s intended labeling, CMCs,
nonclinical and clinical pharmacology and
toxicology, human pharmacokinetics and
bioavailability, statistical analysis, clinical
trial data, benefit and risk considerations,
and proposed additional or planned post-
marketing studies

¢ Detailed technical sections on the CMCs
for the drug substance, including its phys-
ical and chemical characteristics, methods
of identification, assay, and controls, and
the drug product, including its composi-
tion, specifications, methods of manu-
facture and equipment used, in-process
controls, batch and master production re-
cords, container and closure systems, sta-
bility, and expiration dating

¢ Detailed technical sections for nonclinical
pharmacology and toxicology in relation
to the proposed therapeutic indication,
including acute, subacute, and chronic tox-
icology, carcinogenicity, reproductive toxi-
cology, and animal studies of absorption,
distribution, metabolism, and excretion

¢ Detailed technical sections for human
pharmacokinetics and bioavailability
along with microbiology for antibiotic
applications

* Detailed technical sections for clinical
data for each controlled and uncontrolled
study relating to the proposed indication,
a copy of the study protocol, effectiveness
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and safety data including any updates on
safety information, comparison of human
and animal pharmacology and toxicology
data, and support for the dosage and dose
intervals and modifications for specific
subgroups such as pediatric, geriatric, and
renally impaired subjects

e Statement regarding compliance to IRB
and informed consent requirements

 Statistical methods and analysis of the
clinical data

¢ Samples of the drug substance, drug prod-
uct proposed for marketing, reference
standards, and finished market package,
as requested

¢ Clinical case report forms for the archival
copy of the application

The FDA accepts foreign clinical data if they
are applicable to the U.S. population and
domestic medical practice, if the studies were
conducted by clinical investigators of recog-
nized competence, and if the FDA consid-
ers the data to be valid without the need for
an on-site inspection. The FDA has entered
into bilateral agreements with some coun-
tries whereby inspections performed by the
regulatory personnel of those countries are
acceptable to the FDA.

Drug Product Labeling

The labeling of all drug products distributed
in the United States must meet the specific
labeling requirements set forth in the CFR
and approved for each product by the FDA
(56). Specific labeling requirements differ for
prescription drugs, nonprescription drugs,
and animal drugs. In each instance, how-
ever, the objective is the same—to ensure the
appropriate and safe use of the approved
product.

According to federal regulations, drug
labeling includes not only the labels placed
on an immediate container but also the infor-
mation on the packaging, in package inserts,
and in company literature, advertising, and
promotional materials.

For prescription drugs, labeling is a sum-
mary of all of the preclinical and clinical
studies conducted over the period from
drug discovery through product development

to FDA approval. The essential prescribing
information for a human prescription drug is
provided in the package insert, which by law
contains a balanced presentation of the useful-
ness and the risks associated with the product
to enable safe and effective use. The package
insert is required to contain the following
summary information in the order listed.

1. Description of the product, including the
proprietary and nonproprietary names,
dosage form and route of administra-
tion, quantitative product composition,
pharmacologic or therapeutic class of the
drug, chemical name and structural for-
mula of the drug compound, and impor-
tant chemical and physical information
(e.g., pH, sterility).

2. Clinical pharmacology, including a sum-
mary of actions of the drug in humans,
relevant in vitro and animal studies es-
sential to the biochemical and/or physi-
ologic basis for action, pharmacokinetic
information on rate and degree of ab-
sorption, biotransformation, and metab-
olite formation, degree of drug binding
to plasma proteins, rate or half-time of
elimination, uptake by a particular organ
or fetus, and any toxic effects.

3. Indications and usage, including the
FDA-approved indications in the treat-
ment, prevention, or diagnosis of a
disease or condition, evidence of ef-
fectiveness demonstrated by results of
controlled clinical trials, and special con-
ditions to the drug’s use for short-term or
long-term use.

4. Contraindications, situations in which
the drug should not be used because the
risk of use clearly outweighs any possible
beneficial effect. Contraindications may
be associated with drug hypersensitivity,
concomitant therapy, disease state, preg-
nancy, and/or factors of age or gender.

5. Warnings, including descriptions of se-
rious adverse reactions and potential
safety hazards, limitations to use im-
posed by them, and steps to be taken if
they occur. Especially serious warnings
are called black box warnings, as they are
set off in the product’s labeling within a
black box. See Figure 2.11 for an example.
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WARNING

An increased rate of mortality secondary to
malignancy was observed in patients treated with 3 or
more tubes of REGRANEX Gel in a post-marketing
retrospective cohort study. REGRANEX Gel should
only be used when the benefits can be expected to
outweigh the risks. REGRANEX Gel should be used
with caution in patients with known malignancy. (See
CONTRAINDICATIONS and WARNINGS)

FIGURE 2.11 Example warning for REGRANEX® Gel
0.01% (becaplermin).

6. Precautions, including special care to be
exercised by prescriber and patient in the
use of the drug; these include drug—drug,
drug—food, and drug-laboratory test inter-
actions, effects on fertility, use in pregnancy,
and use in nursing mothers and children.

7. Adverse reactions, including predictable
and potential unpredictable undesired
(side) effects, categorized by organ sys-
tem or severity of reaction and frequency
of occurrence.

8. Drug abuse and dependence, including le-
gal schedule if a controlled substance, types
of abuse and resultant adverse reactions,
psychologic and physical dependence po-
tential, and treatment of withdrawal.

9. Overdosage, including signs, symptoms,
and laboratory findings of acute overdos-
age, along with specifics or principles of
treatment.

10. Dosage and administration, stating the
recommended usual dose, the wusual
dosage range, the safe upper limit of
dosage, duration of treatment, modifica-
tion of dosage in special patient popula-
tions (children, elders, and patients with
kidney and/or liver dysfunction), and
special rates of administration (as with
parenteral medications).

11. How supplied, including information on
available dosage forms, strengths, and
means of dosage form identification,
as color, coating, scoring, and National
Drug Code.

FDA Review and Action Letters

The completed NDA is carefully reviewed by
the FDA, which decides whether to allow the

sponsor to market the drug, to disallow mar-
keting, or to require additional data before
rendering a judgment. By regulation, the
FDA must respond within 180 days of receipt
of an application. This 180-day period is
called the review clock and is often extended
by agreement between the applicant and the
FDA, as additional information, studies, or
clarifications are sought.

The NDA is reviewed by the same FDA
division that reviewed the sponsor’s original
IND. However, for the NDA review, the FDA
also obtains the recommendation of an out-
side advisory review committee composed of
persons of recognized competence and stat-
ure in the clinical area of the proposed drug’s
use. Although not binding, this committee’s
recommendation has influence in the FDA’s
decision to issue an action letter after the
entire review of the application is completed.
The FDA can respond to a sponsor of an NDA
with one of the following types of letters:

1. Approval, meaning the drug has met
agency standards for safety and efficacy
and the drug can be marketed for sale in
the United States.

2. Complete response, letting a company
know that the review period for a drug
is complete and that the application is
not yet ready for approval. The letter will
describe specific deficiencies and, when
possible, will outline the recommended
actions the applicant might take to get the
application ready for approval.

After an NDA is approved and the product
marketed, the FDA requires periodic safety
and other reports, schedules plant inspec-
tions, and requires continued compliance
with control and quality standards and cur-
rent good manufacturing practices.

Phase 4 Studies and
Postmarketing Surveillance

The receipt of marketing status for anew drug
product does not necessarily end a sponsor’s
investigation of the drug. Continued clinical
investigations, often called Phase 4 studies,
may contribute to the understanding of the
drug’s mechanism or scope of action, may
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indicate possible new therapeutic uses for the
drug, and/or may demonstrate the need for
additional dosage strengths, dosage forms, or
routes of administration. Postmarketing stud-
ies may also reveal additional side effects,
serious and unexpected adverse effects, and/
or drug interactions.

In applying for a new use, strength, dos-
age form, or route of administration for a
previously approved drug, the sponsor must
file a new IND, conduct all necessary addi-
tional nonclinical and clinical studies, and
file a new NDA for FDA review.

Postmarketing Reporting of
Adverse Drug Experience

A drug’s sponsor is required to report to the
FDA eachadverse drug experience thatisboth
serious (life threatening or fatal) and unex-
pected (not contained in the approved drug
product labeling), regardless of the source
of the information, within 15 working days
of receipt of the information. These 15-day
alert reports must then be investigated by the
sponsor with a follow-up report submitted
to the FDA, again within 15 working days.
Other adverse events, not considered seri-
ous and unexpected, are reported quarterly
for 3 years following the date of approval of
the NDA and annually thereafter. Practicing
pharmacists and other health care profes-
sionals participate in adverse drug experi-
ence reporting through the FDA’s MedWatch
program, using forms provided for this pur-
pose at http://fda.gov/Safety/MedWatch/
HowToReport/DownloadForms/default.
htm (57). Two forms are available: Form FDA
3500 is for voluntary reporting by healthcare
professionals, consumers, and patients; Form
FDA 3500 A is for mandatory reporting by
IND reporters, manufacturers, distributors,
importers, and other specified parties.
Depending on the nature, causal relation-
ship, and seriousness of an adverse drug
reaction report, the FDA may require revised
product labeling to reflect the new findings,
ask the sponsor to issue special warning
notices to health care professionals, undertake
or require the sponsor to undertake a review
of all available clinical data, restrict the

marketing of the product during a review
period, issue a product recall notice, or with-
draw the product approval for marketing.

In the event of information on or a
confirmed incident of a mislabeled, con-
taminated, or deteriorated product in dis-
tribution, the sponsor is required to file an
NDA field alert report to the FDA district
office by telephone or other rapid commu-
nication within 3 working days of receipt of
the information. The FDA follows up with
appropriate action.

Annual Reports

Each year, the sponsor of an approved drug
must file with the FDA division responsible
for the NDA review a report containing the
following information:

* An annual summary of significant new
information that might affect the safety, ef-
fectiveness, or labeling of the drug product

* Data on the quantity of dosage units of
the drug product distributed domestically
and abroad

* A sample of professional labeling, patient
brochures, or package inserts, and a sum-
mary of any changes since the previous
report

* Reports of experiences, investigations,
studies, or tests involving chemical or
physical properties of the drug that may
affect its safety or effectiveness

* A full description of any manufactur-
ing and controls changes not requiring
a Supplemental New Drug Application
(SNDA)

* Copies of unpublished reports and sum-
maries of published reports of new toxico-
logic findings in vitro and animal studies
conducted or obtained by the sponsor

e Full or abstract reports on published
clinical trials of the drug, including stud-
ies on safety and effectiveness; new uses;
biopharmaceutical, pharmacokinetic, clin-
ical pharmacologic, and epidemiologic re-
ports; pharmacotherapeutic and lay press
articles on the drug; and summaries of un-
published clinical trials or prepublication
manuscripts, as available, conducted or
obtained by the sponsor
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* A statement on the current status of any
postmarketing studies performed by or on
behalf of the sponsor

* Specimens of mailing pieces or other
forms of promotion of the drug product

Failure to make required reports may lead to
FDA withdrawal of approval for marketing.

SUPPLEMENTAL, ABBREVIATED, AND
OTHER APPLICATIONS

In addition to the IND and NDA, the follow-
ing types of applications are filed with the
FDA for the purposes described.

Supplemental New Drug
Application

A sponsor of an approved NDA may make
changes in that application through the fil-
ing of an SNDA. Depending on the changes
proposed, some require FDA approval before
implementing; others do not. Among the
changes requiring prior approval are the
following;:

* A change in the method of synthesis of the
drug substance

* Use of a different facility to manufacture
the drug substance where the facility has
not been approved through inspection
for Current Good Manufacturing Practice
standards within the previous 2 years

¢ Change in the formulation, analytical
standards, method of manufacture, or
in-process controls of the drug product

* Use of a different facility or contractor to
manufacture, process, or package the drug
product

* Change in the container and closure sys-
tem for a drug product

¢ Extension of the expiration date for a drug
product based on new stability data

¢ Any labeling change that does not add to
or strengthen a previously approved label
statement

Examples of changes that may be made
without prior approval are minor editorial
or other changes in the labeling that add to
or strengthen an approved label section, any

analytical changes made to comply with the
USP-NF, an extension of the product’s expira-
tion date based on full shelf-life data obtained
from a protocol in the approved application,
and a change in the size (not the type of sys-
tem) of the container for a solid dosage form.

Abbreviated New Drug
Application

An ANDA is one in which nonclinical labora-
tory studies and clinical investigations may
be omitted, except those pertaining to the
drug’s bioavailability. These applications are
usually filed for duplicates (generic copies)
of drug products previously approved under
a full NDA and for which the FDA has deter-
mined that information on the exempted
nonclinical and clinical studies is already
available at the agency. ANDAs commonly
are filed by competing companies follow-
ing the expiration of patent term protec-
tion of the innovator drug or drug product.
Bioavailability and product bioequivalency
are discussed in Chapter 5.

The Patient Protection and Affordable
Care Act of 2010 created an abbreviated licen-
sure pathway for biological products that are
demonstrated to be “biosimilar” to or “inter-
changeable” with an FDA-licensed biological
product. Under the Act, a biological product
may be deemed to be “biosimilar” if data
show that, among other things, the product
is “highly similar” to an already-approved
biological product.

Biologics License Application

BLAs are submitted to the FDA’s CBER for the
manufacture of biologics such as blood prod-
ucts, vaccines, and toxins. The applications
for biologics approvals follow the regulatory
requirements as stated specifically for these
products in the relevant parts of the CFR (4).

Animal Drug Applications

The Federal Food, Drug, and Cosmetic Act,
as amended, contains specific regulations
pertaining to the approval for the marketing
and labeling of drugs intended for animal
use (6).
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Included are NADAs, supplemental appli-
cations to an approved drug (SNADA),
abbreviated new animal drug applications
(ANADAs) for generic equivalents, and
CNADAs, which are applications for condi-
tional approval of new animal drugs which
allow a drug sponsor to legally market a new
animal drug intended for a minor use or a
minor species after proving it is safe but before
collecting all the necessary effectiveness data.
The drug’s sponsor can keep the product on
the market for up to 5 years, while collecting
the effectiveness data required for an NADA
application.

Medical Devices

The FDA has regulatory authority over the
manufacture and licensing of all medical
devices, from surgical gloves and catheters
to cardiac pacemakers and cardiopulmonary
bypass blood gas monitors (7). Included in
the regulations are standards and procedures
for manufacturer registration, investigational
studies, good manufacturing practices, and
premarket approval.

INTERNATIONAL CONFERENCE ON
HARMONIZATION OF TECHNICAL
REQUIREMENTS FOR REGISTRATION
OF PHARMACEUTICALS FOR
HUMAN USE

In recognition of the international market-
place for pharmaceuticals and in an effort
to achieve global efficiencies for both reg-
ulatory agencies and the pharmaceutical
industry, the FDA, counterpart agencies of
the European Union and Japan, and geo-
graphic representatives of the pharmaceuti-
cal industry formed a tripartite organization
in 1991 to discuss, identify, and address
relevant regulatory issues. This organiza-
tion, named the International Conference on
Harmonization of Technical Requirements
for Registration of Pharmaceuticals for
Human Use, has worked toward harmo-
nizing, or bringing together, the regulatory
requirements with the long-range goal of
establishing a uniform set of standards for
drug registration within these geographic
areas.

APPLYING THE PRINCIPLES AND CONCEPTS

Group Activities

1. Given a new FDA approval, research and
present its progression from a new chemi-
cal entity to its NDA. Identify pertinent
dates, preclinical trials, and clinical trials.

2. Within the last 2 years, identify a drug that
was given a treatment IND, a drug ap-
proved for an SNDA, a drug that was ap-
proved for an ANDA, and an example of
a drug that was withdrawn from its IND.

3. Draw a timeline of the steps taken for a
drug to gain approval after an IND is sub-
mitted to the FDA.

4. Create a table of patient factors considered
in determining a drug’s dose in clinical in-
vestigations and in medical practice, and
provide three examples of drug dosages/
regimens influenced by the specific factor.

Individual Activities

1. Identify a drug that had previous FDA
approval, however, it has recently been
submitted as a new drug under the FDA
definition.

2. Identify a drug that had postmarketing
reporting that resulted in the drug being
withdrawn from the market; identify a
drug whose postmarketing surveillance
reporting resulted in the addition of a
black-box warning.

3. Determine how much money a drug com-
pany typically spends before a drug is
FDA approved. How much does a drug
company allocate for marketing a new
product? Explain how this accounts for
the cost of new prescription medications.
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Current Good

Manufacturing Practices
and Current Good

Compounding Practices

OBJECTIVES

After reading this chapter, the student will be able to:

1. List common terms used in the Current Good Manufacturing Practice

(cGMP) for finished pharmaceuticals

2. Describe the organization and personnel required by cGMP
3. Describe the infent and importance of written procedures within the various

components of cGMP

4. Describe the various types of tamper-evident packaging, and provide a

product example of each type

5. Differentiate between pharmaceutical manufacturing and extemporaneous

compounding

6. Describe Chapter 795 of the current United States Pharmacopeia (USP)

7. Describe Chapter 797 of the current USP

STANDARDS FOR CURRENT GOOD
MANUFACTURING PRACTICE

Current Good Manufacturing Practice (cGMP
or GMP) regulations are established by the Food
and Drug Administration (FDA) to ensure that
minimum standards are met for drug product
quality in the United States (1). The first GMP
regulations were promulgated in 1963 under
the provisions of the Kefauver-Harris Drug
Amendments, and since then, they have been
periodically revised and updated.

The ¢cGMP regulations establish require-
ments for all aspects of pharmaceutical
manufacture. They apply to domestic and to
foreign suppliers and manufacturers whose
bulk components and finished pharmaceu-
tical products are imported, distributed, or
sold in this country. To ensure compliance,
the FDA inspects the facilities and produc-
tion records of all firms covered by these
regulations.
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The Code of Federal Regulations (CFR)
contains (a) requirements for the “Current
Good Manufacturing Practice for Finished
Pharmaceuticals” and (b) additional cGMP
requirements for biologic products, (c)
medicated articles, and (d) medical devices.
Currency and compliance with cGMP regu-
lations are supported through notices in
the Federal Register and through the FDA's
Compliance Policy Guide and various other
guidances issued by the FDA.

A topical outline of the cGMP regulations for
finished pharmaceuticals is presented in Table
3.1 and summarized in the sections that follow.

cGMP FOR FINISHED
PHARMACEUTICALS

General Provisions: Scope and
Definitions

The regulations in 21 CFR, part 211, con-
tain the minimum GMP requirements for
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llele]CEAM TOPICAL OUTLINE OF CURRENT GOOD MANUFACTURING PRACTICE
REGULATIONS

A. General Provisions Equipment identification

Scope

Definitions Sampling and festing of in-process

materials and drug products
Time limitations on production

B. Organization and Personnel Control of microbiological contamination

Responsibilities of quality control unit Reprocessing

Personnel qualifications G. Packaging and Labeling Control

Personnel responsibilities Materials examination and usage criteria

Consultants Labeling issuance

C. Buildings and Facilities Packaging and labeling operations

Design and consiruction features Tamper-resistant packaging requirements

for OTC human drug products

Lighting Drug product inspection

Ventilation, air filtration, air heating and cooling Expiration dating

Plumbing H. Holding and Distribution

Sewage and refuse Warehousing procedures

Wasshing and foilet facilities Distribution procedures

Sanitation

. Laboratory Controls

Maintenance General requirements

D. Equipment Testing and release for distribution

Equipment design, size, and location Stability testing

Equipment construction Special festing requirements

Equipment cleaning and maintenance Reserve samples

Automatic, mechanical, and electronic equipment Laboratory animals

Filters Penicillin contamination

E. Control of Components and Drug Product Containers J. Records and Reports
and Closures

General requirements General requirements
Receipt and storage of untested components, drug Equipment cleaning and use log
product containers, and closures
Testing and approval or rejection of components, Component, drug product container,
drug product containers, and closures closure, and labeling records
Use of approved components, drug product Master production and control records
containers, and closures
Retesting of approved components, drug product Batch production and control records
containers, and closures
Rejected components, drug product containers, and Production record review
closures
Drug product containers and closures Laboratory records

F. Production and Process Controls Distribution records
Written procedures, deviations Complaint files
Charge-in of components K. Returned and Salvaged Drug Products
Calculation of yield Returned drug products

Drug product salvaging

Code of Federal Regulations 21, part 211, revised April 1, 2012. Available at: http://www.accessdata.fda.gov/scripts/
cdrh/cfdocs/cfcfr/ CFRSearch.cfm?CFRPart = 211. (Accessed September 25, 2012)
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the preparation of finished pharmaceutical
products for administration to humans or
animals.

Common terms used in these regulations

are defined as follows:

Active ingredient or active pharmaceu-
tical ingredient (API): Any component
that is intended to furnish pharmaco-
logic activity or other direct effect in the
diagnosis, cure, mitigation, treatment,
or prevention of disease or to affect the
structure or function of the body of man
or other animals

Batch: A specific quantity of a drug of
uniform specified quality produced ac-
cording to a single manufacturing order
during the same cycle of manufacture
Batchwise control: The use of validated in-
process sampling and testing methods in
such a way that results prove that the pro-
cess has done what it purports to do for
the specific batch concerned

Certification: Documented testimony by
qualified authorities that a system quali-
fication, calibration, validation, or revali-
dation has been performed appropriately
and that the results are acceptable
Compliance: Determination through in-
spection of the extent to which a manufac-
turer is acting in accordance with prescribed
regulations, standards, and practices
Component: Any ingredient used in the
manufacture of a drug product, including
those that may not be present in the fin-
ished product

Drug product: A finished form that con-
tains an active drug and inactive ingre-
dients. The term may also include a form
that does not contain an active ingredient,
such as a placebo.

Inactive ingredient: Any component other
than the active ingredients in a drug product
Lot: A batch or any portion of a batch hav-
ing uniform specified quality and a dis-
tinctive identifying lot number

Lot number, control number, or batch
number: Any distinctive combination of
letters, numbers, or symbols from which
the complete history of the manufac-
ture, processing, packaging, holding, and

distribution of a batch or lot of a drug
product may be determined

Master record: Record containing the for-
mulation, specifications, manufacturing
procedures, quality assurance require-
ments, and labeling of a finished product
Quality assurance: Provision to all con-
cerned the evidence needed to establish
confidence that the activities relating to
quality are being performed adequately
Quality audit: A documented activity per-
formed in accordance with established
procedures on a planned and periodic
basis to verity compliance with the proce-
dures to ensure quality

Quality control: The regulatory process
through which industry measures actual
quality performance, compares it with
standards, and acts on the difference
Quality control unit: An organizational ele-
ment designated by a firm to be responsible
for the duties relating to quality control
Quarantine: An area that is marked, des-
ignated, or set aside for the holding of in-
coming components prior to acceptance
testing and qualification for use
Representative sample: A sample that ac-
curately portrays the whole

Reprocessing: The activity whereby the
finished product or any of its components
is recycled through all or part of the manu-
facturing process

Strength: The concentration of the drug
substance per unit dose or volume
Verified: Signed by a second individual or
recorded by automated equipment
Validation: Documented evidence that a
system (e.g., equipment, software, con-
trols) does what it purports to do

Process validation: Documented evidence
that a process (e.g., sterilization) does
what it purports to do

Validation protocol: A prospective experi-
mental plan to produce documented evi-
dence that the system has been validated

Organization and Personnel

The organization and personnel section of
the regulations deals with the responsibili-
ties of the quality control unit, employees,
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and consultants. The regulations require that
a quality control unit have the authority and
responsibility for all functions that may affect
product quality. This includes accepting or
rejecting product components, product spec-
ifications, finished products, packaging, and
labeling. Adequate laboratory facilities shall
be provided, written procedures followed,
and all records maintained.

All personnel engaged in the manufac-
ture, processing, packing, or holding of a
drug product, including those in supervisory
positions, are required to have the education,
training, and/or experience needed to ful-
fill the assigned responsibility. Appropriate
programs of skill development, continuing
education and training, and performance
evaluations are essential for maintaining
quality assurance. Any consultants advising
on scientific and technical matters should
possess requisite qualifications for the tasks.

Buildings and Facilities

As outlined in Table 3.1, the regulations in
this section include the design, structural
features, and functional aspects of build-
ings and facilities. Each building’s structure,
space, design, and placement of equipment
must be such to enable thorough cleaning,
inspection, and safe and effective use for
the designated operations. Proper consider-
ations must be given to such factors as water
quality standards; security; materials used
for floors, walls, and ceilings; lighting; seg-
regated quarantine areas for raw materials
and product components subject to quality
control approval; holding areas for rejected
components; storage areas for released com-
ponents; weighing and measuring rooms;
sterile areas for ophthalmic and parenteral
products; flammable materials storage areas;
finished products storage; control of heat, hu-
midity, temperature, and ventilation; waste
handling; employee facilities and safety pro-
cedures in compliance with the Occupational
Safety and Health Administration regula-
tions; and procedures and practices of per-
sonal sanitation.

All work in the manufacture, processing,
packaging, or holding of a pharmaceutical

product must be logged in, inspected by a
supervisor, and signed off. Similarly, a log of
building maintenance must be kept to docu-
ment this component of the regulations.

Equipment

Each piece of equipment must be of appro-
priate design and size and suitably located
to facilitate operations for its intended use,
cleaning, and maintenance. The equipment’s
surfaces and parts must not interact with the
processes or product’s components so as to
alter the purity, strength, or quality.

Standard operating procedures must be
written and followed for the proper use,
maintenance, and cleaning of each piece of
equipment, and appropriate logs and re-
cords must be kept. Automated equipment
and computers used in the processes must
be routinely calibrated, maintained, and vali-
dated for accuracy.

Filters used in the manufacture or pro-
cessing of injectable drug products shall not
release fibers into such products. If fiber-re-
leasing filters must be used, non—fiber-releas-
ing filters also must be used to reduce any
fiber content.

Control of Components,
Containers, and Closures

Written procedures describing the receipt,
identification, storage, handling, sampling,
testing, and approval or rejection of all drug
product components, product containers, and
closures must be maintained and followed.
Bulk pharmaceutical chemicals, containers,
and closures must meet the exact physical
and chemical specifications established with
the supplier at the time of ordering.

When product components are received
from a supplier, each lot must be logged in
with the purchase order number, date of
receipt, bill of lading, name and vital infor-
mation of the supplier, supplier’s stock or
control number, and quantity received. The
component is assigned a control number
that identifies both the component and the
intended product. Raw materials are quar-
antined until they are verified through rep-
resentative sampling and careful qualitative
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and quantitative analysis. The quality control
unit approves and releases for use in manu-
facture only those that meet the specifica-
tions. The assigned control number follows
the component throughout production so it
can be traced if necessary.

Rejected components, drug product con-
tainers, and closures are identified and con-
trolled under a quarantine system to prevent
their use in manufacturing and processing
operations. As the majority of bulk chemicals
(APIs) are synthesized overseas (primarily in
China and India), it is important to confirm
their identity and purity and conformance
with United States Pharmacopeia (USP) and
National Formulary (NF) standards prior to
use in finished pharmaceuticals.

Production and Process Controls

Written procedures are required for pro-
duction and process controls to ensure that
the drug products have the correct identity,
strength, quality, and purity. These proce-
dures, which include the charge-in of all com-
ponents, use of in-process controls, sample
testing, and process and equipment valida-
tion, must be followed for quality assurance.
Any deviation from the written procedures
must be recorded and justified. In most in-
stances, the operator records time and date of
each key operation, and the supervisor signs
off on it. When operations are controlled by
automated equipment, such equipment must
be validated regularly for precision.

All product ingredients, equipment, and
drums or other containers of bulk finished
product must be distinctively identified
by labeling as to content and/or status. In-
process samples are taken from production
batches periodically for product control. In-
process controls are of two general types: (a)
those performed by production personnel
at the time of operation to ensure that the
machinery is producing output within pre-
established control limits (e.g., tablet size,
hardness) and (b) those performed by the
quality control laboratory personnel to en-
sure compliance with all product specifica-
tions (e.g., tablet content, dissolution) and
batch-to-batch consistency. Product found

out of standard sometimes may be repro-
cessed for subsequent use. However, in this,
as in all instances, procedures must be per-
formed according to established protocol,
and all materials must be accounted for, all
specifications met, and all records meticu-
lously maintained.

Packaging and Labeling Control

Written procedures are required for the
receipt, identification, storage, handling,
sampling, and testing of drug product and
issuance of labeling and packaging materi-
als. Labeling for each variation in drug prod-
uct—strength, dosage form, or quantity of
contents—must be stored separately with
suitable identification. Obsolete and out-
dated labels and other packaging materials
must be destroyed. Access to the storage area
must be limited to authorized personnel.

All materials must be withheld for use in
the packaging and labeling of product until
approved and released by the quality control
unit. Control procedures must be followed
and records maintained for the issuance and
use of product labeling. Quantities issued,
used, and returned must be reconciled and
discrepancies investigated. Before labeling
operations commence, the labeling facilities
must be inspected to ensure that all drug
products and labels have been removed from
the previous operations. There must be dedi-
cation of labeling and packaging lines to each
different strength of each different drug product.
There must be use of appropriate electronic
or electromechanical equipment to conduct a
100% examination for correct labeling during
or after completion of finishing operations or
use of visual inspection to conduct a 100%
examination for correct labeling during or
after completion of finishing operations for
hand-applied labeling. Such examination
shall be performed by one person and inde-
pendently verified by a second person. All of
these procedures are essential to avoid label
mix-ups and the mislabeling of products. All
records of inspections and controls must be
documented in the batch production records.

Labels must meet the legal requirements
for content as outlined in Chapter 2 and later
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in this chapter. Each label must contain expi-
ration dating and the production batch or lot
number to facilitate product identification.

Expiration Dating

To assure that a drug product meets appli-
cable standards of identity, strength, quality,
and purity at the time of use, it must bear an
expiration date determined by appropriate
stability testing. Exempt from this require-
ment are homeopathic drug products, aller-
genic extracts, and investigational drugs that
meet the standards established during pre-
clinical and clinical studies.

Tamper-Evident Packaging

On November 5, 1982, the FDA published ini-
tial regulations on tamper-resistant packag-
ing in the Federal Register. These regulations
were promulgated after criminal tampering
with over-the-counter (OTC) drug products
earlier in that year resulted in illness and
deaths. In the primary incident, cyanide was
surreptitiously placed in acetaminophen
capsules in commercial packages.

Today, the cGMP regulations require tam-
per-evident packaging for OTC drug prod-
ucts to improve their security and to assure
their safety and effectiveness. All OTC drug
products offered for retail sale are required
to have tamper-evident packaging except for
some categories, such as dentifrices, derma-
tologicals, insulin, and throat lozenges. For
other product categories, a manufacturer may
file with the FDA a Request for Exemption
from Tamper-Evident Rule. The petition is
required to contain specific information on
the drug product, the reasons the require-
ment is unnecessary or cannot be achieved,
and alternative steps the petitioner has taken
or may take to reduce the likelihood of mali-
cious adulteration of the product. Generally
exempt from these regulations are products
not packaged for retail sale but rather distrib-
uted to hospitals, nursing homes, and health
care clinics for institutional use.

A tamper-evident package is defined as
“one having one or more indicators or bar-
riers to entry which, if breached or missing,
can reasonably be expected to provide visible
evidence to consumers that tampering has

occurred” (1). The indicators or barriers may
involve the immediate drug product con-
tainer and/or an outer container or carton.
For two-piece hard gelatin capsule products,
a minimum of two tamper-evident packag-
ing features is required unless the capsules
are sealed with tamper-resistant technology.

Even with these safeguards in effect, the
possibility of drug product tampering re-
quires the pharmacist and consumer to re-
main constantly vigilant for signs of product
entry. Pharmaceutical manufacturers have
the option of determining the type of tamper-
resistant packaging to use. Table 3.2 presents
some examples of tamper-evident packaging.

Holding and Distribution

Written procedures must be established and
followed for the holding and distribution of
product. Finished pharmaceuticals must be
quarantined in storage until released by the
quality control unit. Products must be stored
and shipped under conditions that do not
affect product quality. Ordinarily, the oldest
approved stock is distributed first. The dis-
tribution control system must allow the dis-
tribution point of each lot of drug product to
be readily determined to facilitate its recall if
necessary.

Laboratory Controls

Laboratory controls are requirements for the
establishment of and conformance to written
specifications, standards, sampling plans,
test procedures, and other such mechanisms.
The specifications, which apply to each batch
of drug product, include provisions for
sample size, test intervals, sample storage,
stability testing, and special testing require-
ments for certain dosage forms, including
parenterals, ophthalmics, controlled-release
products, and radioactive pharmaceuticals.
Reserve samples must be retained for dis-
tributed products for specified periods de-
pending on their category. Animals used in
testing components, in-process materials,
or drug products for compliance with es-
tablished specifications shall be maintained
and controlled in a manner that assures their
suitability for their intended use. They shall
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jlefellSWA EXAMPLES OF TAMPER-EVIDENT PACKAGING

PACKAGE TYPE TAMPER PROTECTION

Film wrapper
remove product.

Blister/strip pack
compartment.

Bubble pack

Sealed around product and/or product container; film must be cut or forn to

Individually sealed dose units; removal requires tearing or breaking individual

Product and container sealed in plastic, usually mounted on display card;

plastic must be cut or broken open fo remove product.

Shrink seal, band
open package

Bottle seal
reach product

Tape seal
reach product

Breakable cap
Sealed tube
Sealed carton
Aerosol container

Tamper-resistant by design

Band or wrapper shrunk by heat or drying to conform fo cap; must be torn to

Paper or foil sealed to mouth of container under cap; must be torn or broken to

Paper or foil sealed over carton flap or bottle cap; must be torn or broken to

Plastic or metal tfearaway cap over container; must be broken to remove
Seal over mouth of tube; must be punctured to reach product
Carton flaps sealed; cartfon cannot be opened without damage.

be identified, and adequate records shall be
maintained showing the history of their use.

Records and Reports

Production, control, and distribution records
must be maintained for at least a year follow-
ing the expiration date of a product batch.
This includes equipment cleaning and main-
tenance logs; specifications and lot numbers
of product components, including raw ma-
terials and product containers and closures;
and label records. Complete master produc-
tion and control records for each batch must
be kept.

These master records must document that
each step in the production, control, packag-
ing, labeling, and distribution of the product
was accomplished and approved by the qual-
ity control unit. Depending on the operation,
the operator’s and/or supervisor’s full sig-
natures, initials, or other written or electronic
identification codes are required.

Records of written and oral complaints re-
garding a drug product (e.g., product failure,
adverse drug experience) must also be main-
tained, along with information regarding the
internal disposition of each complaint. All re-
cords must be made available at the time of
inspection by FDA officials.

Returned and Salvaged Drug
Products

Returned drug products (e.g., from whole-
salers) must be identified by lot number and
product quality determined through ap-
propriate testing. Drug products that meet
specifications may be salvaged or repro-
cessed. Those that do not, along with those
that have been subjected to improper storage
(e.g., extremes in temperature), shall not be
returned to the marketplace. Records for all
returned products must be maintained and
must include the date and reasons for the
return; quantity and lot number of product
returned; procedures employed for holding,
testing, and reprocessing the product; and
the product’s disposition.

Information Technology and
Automation

Although not part of the cGMP requirements,
the effective deployment of information
technologies and automated systems can en-
hance pharmaceutical process development,
production efficiencies, product quality, and
regulatory compliance (2).

Computers are used extensively in plant
operations such as production scheduling,
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in-process manufacturing, quality control,
and packaging and labeling. The network-
ing of computers in the production and qual-
ity control areas fully integrates laboratory
information and manufacturing operations
into sophisticated management systems.
These integrated systems support cGMP
compliance, process validation, resource
management, and cost control. Figure 3.1
presents an example of computer use in the
pharmaceutical industry for the management
of plant operations. Robotic devices increas-
ingly are being employed to replace manual
operations in production lines, analytical
sampling, and packaging. Figure 3.2 presents
an example of robot use in the laboratory.
Laboratory robotics provides automation in
areas such as sample preparation and han-
dling, wet chemistry procedures, laboratory
process control, and instrumental analysis
(3). Pharmaceutical applications of robotics
include automated product handling in pro-
duction lines and in procedures such as sam-
pling and analysis, tablet content uniformity,
and dissolution testing.

ADDITIONAL cGMP REGULATORY
REQUIREMENTS

Active Pharmaceutical Ingredients
and Pharmaceutical Excipients

The manufacture of APIs comes under the
aegis of ¢cGMP regulations and require-
ments. The FDA publication Guide to the
Inspection of Bulk Pharmaceutical Chemicals
(4) identifies the inspection program for
manufacture of chemical components of
pharmaceutical products to assure that
all required standards for quality are met.
Because the quality of any finished pharma-
ceutical product depends on the quality of
the various components, including the ac-
tive ingredients, compliance with cGMPs
is a critical part of the FDA’s preapproval
inspection program for new drug applica-
tions (NDAs) and abbreviated new drug
applications (ANDAs).

The broad ¢cGMP areas described previ-
ously for finished pharmaceuticals apply
but are directed toward the process-specific

aspects of bulk pharmaceutical chemicals.
The application of the regulations is focused
on all of the defining elements of chemical
purity and quality, including the following
(5):

* Specifications and analytical methods for
all reactive and nonreactive components
used in synthesis

¢ Critical chemical reaction steps

* Handling of chemical intermediates

¢ Effect of scale-up of chemical batches on
the yield

* Quality of the water systems

* Solvent handling and recovery systems

* Analytical methods to detect impurities or
chemical residues and the limits set

¢ Stability studies of the bulk pharmaceuti-
cal chemical

Pharmaceutical excipients, as they, too, are
components of finished pharmaceutical prod-
ucts, must be produced in accordance with
c¢GMP standards as certified on the applica-
tion by each sponsor of an NDA or ANDA
(6,7).

FIGURE 3.1 Example of computer use in the pharma-
ceutical industry. The machine shown is an Allen Bradley
Advisor 21 operator interface. This allows the plant oper-
ator to communicate with the main programmable logi-
cal controller. The Advisor 21 gives a constant real-time
update of the process on a series of screens and allows an
operator to perform programmed operations at the push
of a button. (Courtesy of Elan Corporation, plc.)
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FIGURE 3.2 Robotics in laboratory use. Perkin-Elmer Robotic Arm and Perkin-Elmer Lambda la UV/VIS

Spectrophotometer. (Courtesy of Elan Corporation, plc.)

Clinical Trial Materials

Clinical trial materials (CTMs) must be pro-
duced in conformance with ¢cGMP regula-
tions. This applies to both the production of
the APIs and investigational drug products.

The API used in a clinical investigation is
subject to all of the requirements for the pro-
duction of bulk pharmaceutical chemicals.
However, the batch size is different from the
commercial scale used in the production of
an FDA-approved product. In some cases,
technology transfer in the production of an
API from one production site or laboratory
to another may require validation to ensure
purity and quality standards.

The CTMs used in clinical investigations
must be produced in compliance with the
cGMP regulatory requirements and stan-
dardized as to identity, purity, strength, and
quality (8). However, during preclinical test-
ing and the early phases of clinical evalua-
tion, a product’s formulation and many of the
production processes and analytical controls
are under development. Thus, during this pe-
riod, the regulatory requirements are applied
with flexibility. As the clinical trials progress
from Phase 1 to Phase 2, the processes are
being characterized and refined, and during
Phase 3, they are expected to meet all regula-
tory requirements. It is during Phase 3 that
process optimization is demonstrated to the
FDA by the production of at least one tenth

of a commercial-size batch (e.g., 100,000 cap-
sules) of the proposed product. Prior to that,
adequate supplies of dosing units from a few
hundred to a few thousand may be prepared
by hand or in pilot plant-scale operations as
is necessary for the clinical trials (8).

In addition to the active drug product,
matching placebo and/or comparator prod-
ucts must be prepared. Specific labeling,
coding, packaging design, assembly, and
distribution protocols are in effect for CTMs
to accommodate the clinical trial design and
the requirements for investigational drugs as
discussed in Chapter 2.

Biologics

As noted previously, cGMP standards are
defined for biologic products in the Code of
Federal Regulations (1). While the basic regu-
lations for finished pharmaceuticals apply
to biologic products as well, the nature of
blood, bacterial, and viral products requires
specific additional mandates, which are de-
tailed in the regulations.

Medical Devices

Medical devices follow a path for FDA ap-
proval that resembles that for pharmaceu-
ticals. For instance, clinical investigations of
devices are conducted on approval of an in-
vestigational device exemption and approved
for marketing when shown to be safe and
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effective through a premarket approval appli-
cation, similar to an investigational new drug
and NDA, respectively. Medical devices also
are subject to the reporting of adverse events,
to recall, and to termination of approval.

The regulations for “good manufacturing
practice for medical devices” are similar in
organizational structure to those for finished
pharmaceuticals. Literally, thousands of med-
ical devices are regulated by the provisions
of the Code of Federal Regulations (1). Each
device has a specific design with individual
performance features and utility. For many
devices, specific standards are stated in the
regulations. Devices covered by cGMP regu-
lations include intraocular lenses, hearing
aids, intrauterine devices, cardiac pacemak-
ers, clinical chemistry analyzers, catheters,
cardiopulmonary bypass heart-lung ma-
chine console, dental X-ray equipment, sur-
gical gloves, condoms, prosthetic hip joints,
traction equipment, computed tomography
equipment, and powered wheelchairs.

Noncompliance with cGMP
Regulations

Noncompliance with cGMP regulations can
lead to a number of regulatory actions by the
FDA. Noncompliance determined during
a premarket approval inspection of facili-
ties as part of an NDA or ANDA application
likely would result in a delay of approval
of an otherwise approvable application.
Noncompliance with cGMP regulations dur-
ing a regularly scheduled FDA inspection
can lead to various actions, depending on the
severity of the offenses. In most instances,
time for corrective action is given, with the
firm required to institute and document cor-
rective measures and undergo another in-
spection. In a worst-case scenario, the FDA
is empowered to remove violative products
from the market, withdraw product approv-
als, and restrict further applications. All FDA
actions are subject to appeal.

cGMP Requirements for
Manufacturing in Pharmacies

The FDA’s cGMP regulations apply to com-
munity or institutional pharmacies engaged

in the manufacture, repackaging, or relabel-
ing of drugs and drug products in a supplier
function and beyond the usual conduct of
professional dispensing. Pharmacies that
engage in such activities must register with
the FDA as a manufacturer or distributor
and be subject to FDA inspection at regular
intervals. Included are hospital pharmacies
that repackage drug products for their own
use and for the use of other hospitals, chain
pharmacy operations that repackage and re-
label bulk quantities of products for distri-
bution in the chain, and similar repackaging
and relabeling by individual pharmacists or
pharmacies for distribution to other pharma-
cies or retailers.

Professional, legislative, and regulatory at-
tention has been directed toward differentiat-
ing between pharmaceutical manufacturing
and compounding as practiced by commu-
nity pharmacists (9). Pharmaceutical manu-
facturing is large-scale production of drugs
or drug products for distribution and sale,
whereas compounding is professional prepa-
ration of prescriptions for specific patients as
a part of the traditional practice of pharmacy.
This was affirmed by provision in the Food
and Drug Administration Modernization Act
of 1997.

CURRENT GOOD COMPOUNDING
PRACTICES

In recent years, pharmacists have increased
the practice of compounding patient-spe-
cific medications. A number of reasons have
been presented for the increase in preparing
patient-specific medications, including the
following;:

1. Many patients need drug dosages or
strengths that are not commercially
available.

2. Many patients need dosage forms, such
as suppositories, oral liquids, or topicals,
that are not commercially available.

3. Many patients are allergic to excipients
in commercially available products.

4. Children’s medications must be pre-
pared as liquids, flavored to enhance
compliance, and prepared in alternative
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dosage forms, such as lozenges, gum-
drops, popsicles, and lollipops.

5. Some medications are not very stable
and require preparation and dispensing
every few days; they are not suitable to
be manufactured products.

6. Many physicians desire to deliver prod-
ucts in innovative ways, and pharmacists
can work with them to solve medication
problems.

7. Most products are not available for veter-
inary patients and must be compounded.

8. Home health care and the treatment of an
increasing number of patients at home
have resulted in many community phar-
macies and home health care pharmacies
preparing sterile products for home use.

9. Hospice care has resulted in new ap-
proaches to pain management and
higher concentrations and combinations
of drugs that are now used.

10. Many drugs are reported in the literature
but are not yet manufactured, so phar-
macists can compound them for their
physicians’ and patients’ use.

As the extent of compounding increased,
many standard-setting agencies and regula-
tory bodies wanted to ensure quality com-
pounded products; consequently, there
was a lot of activity during the mid-1990s
to establish guidelines for pharmaceutical
compounding.

U.S. Pharmacopeia-National
Formulary

In 1990, the U.S. Pharmacopeial Convention
initiated a number of activities to bring the
compounding provisions of the USP-NF up-
to-date. Chapters related to pharmacy com-
pounding were developed and published
starting in 1996 (10). In addition, the first
of the compounding monographs became
official in 1998, and they provide a tested,
uniform formulation with valid beyond-use
dating.

The USP-NF presently contains the fol-
lowing chapters directly related to pharma-
ceutical compounding;:

<795> Pharmaceutical
Nonsterile Preparations

Compounding-

<797> Pharmaceutical
Sterile Preparations

<1160> Pharmaceutical Calculations in
Prescription Compounding

<1163> Quality Assurance in Pharmaceutical
Compounding

<1176> Prescription Balances and Volumetric
Apparatus

In addition, the following are supporting
chapters:

<85> Bacterial Endotoxins Test

<1151> Pharmaceutical Dosage Forms

Additional chapters on Compounding for
Investigational Studies and Compounding
with Hazardous Drugs are being developed.
Our present discussion will highlight chap-
ters <795> and <797>. As these chapters are
numbered less than <1000>, they are enforce-
able standards and must be followed.

Chapter <795> Pharmacy Compounding-
Nonsterile Preparations contains the following
sections: (1) Introduction; (2) Definitions; (3)
Categories of Compounding; (4) Respon-
sibilities of the Compounder; (5) Compounding
Process; (6) Compounding Facilities; (7)
Compounding Equipment; (8) Component
Selection, Handling and Storage; (9) Stability
Criteria and Beyond-Use Dating; (10)
Packaging and Drug Preparation Containers;
(11) Compounding Documentation; (12)
Quality Control; (13) Patient Counseling; (14)
Training; and (15) Compounding for Animal
Patients. The purpose of this chapter is to in-
clude information to enhance the compound-
er’s ability to extemporaneously compound
preparations that are of acceptable strength,
quality, and purity.

Chapter <797> Pharmacy Compounding-
Sterile Preparations contains the following
sections: (1) Definitions; (2) Responsibility
of Compounding Personnel; (3) CSP
Microbial Contamination Risk Levels;
(4) Personnel Training and Evaluation in
Aseptic Manipulation Skills; (5) Immediate-
Use CSPs; (6) Single-Dose and Multiple-
Dose Containers; (7) Hazardous Drugs as
CSPs; (8) Radiopharmaceuticals as CSPs; (9)
Allergen Extracts as CSPs; (10) Verification
of Compounding Accuracy and Sterility;
(11) Environmental Quality and Control; (12)
Suggested Standard Operating Procedures;

Compounding-
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(13) Elements of Quality Control; (14)
Verification of Automated Compounding
Devices for Parenteral Nutrition Compound-
ing; (15) Finished Preparation Release
Checks and Tests; (16) Storage and Beyond-
Use Dating; (17) Maintaining Sterility, Purity,
and Stability of Dispensed and Distributed
CSPs; (18) Patient or Caregiver Training;
(19) Patient Monitoring and Adverse Events
Reporting; (20) Quality-Assurance Program;
(21) Abbreviations and Acronyms; and four
appendices. The overall objective of the
chapter is to describe conditions and prac-
tices to prevent harm, including death, to
patients that could possibly result from mi-
crobial contamination, excessive bacterial en-
dotoxins, variability in the intended strength
and composition, unintended chemical and
physical contaminants, and ingredients of in-
appropriate quality in CSPs (10).

National Association of Boards of
Pharmacy

“The Good Compounding Practices Appli-
cabletoState-Licensed Pharmacies” (11),devel-
oped by the National Association of Boards of
Pharmacy, discusses eight recommendations.
The subparts include (A) General Provisions
and Definitions; (B) Organization and
Personnel; (C) Drug Compounding Facilities;
(D) Equipment; (E) Control of Components
and Drug Product Containers and Closures;
(F) Drug Compounding Controls; (G)
Continuous Quality Improvement Program;
(H) Labeling Control of Excess Products; and
(I) Records and Reports.

Subpart (A), General Provisions, provides
two important definitions (11):

“Compounding” means the preparation of Compo-
nents into a Drug product (a) as the result of a
Practitioner’s Prescription Drug Order based on
the Practitioner/patient/Pharmacist relationship
in the course of professional practice, or (b) for the
purpose of, or as an incident to, research, teaching,
or chemical analysis and not for sale or Dispensing.
Compounding includes the preparation of limited
amounts of Drugs or Devices in anticipation of re-
ceiving Prescription Drug Orders based on routine,
regularly observed prescribing patterns.

“Manufacturing” means the production, prepa-
ration, propagation, conversion, or processing of

a Drug or Device, either directly or indirectly, by
extraction from substances of natural origin or in-
dependently by means of chemical or biological
synthesis. Manufacturing includes the packaging or
repackaging of a Drug or Device or the labeling or
relabeling of the container of a Drug or Device for
resale by pharmacies, Practitioners, or other Persons.

Subpart (B), Organization and Personnel, dis-
cusses the responsibilities of pharmacists and
other personnel engaged in compounding. It
also stresses that only personnel authorized
by the responsible pharmacist shall be in the
immediate vicinity of the drug compounding
operation.

Subpart (C), Drug Compounding Facilities,
describes the areas that should be set aside
for compounding, either sterile or not.
Special attention is required for radiophar-
maceuticals and for products requiring spe-
cial precautions to minimize contamination,
such as penicillin.

Subpart (D), Equipment, states that equip-
ment used must be of appropriate design,
adequate size, and suitably located to facili-
tate operation for its intended use and for its
cleaning and maintenance. If mechanical or
electronic equipment is used, controls must
be in place to ensure proper performance.

Subpart (E), Control of Components and
Drug Product Containers and Closures, de-
scribes the packaging requirements for com-
pounded products.

Subpart (F), Drug Compounding Controls,
discusses the written procedures to ensure that
the finished products are of the proper iden-
tity, strength, quality, and purity, as labeled.

Subpart (G), Labeling Control of Excess
Products and Records and Reports, describes
the various records and reports that are re-
quired under these guidelines.

Many individual states have used this
model and implemented their own version.
All pharmacists and pharmacy students
should become familiar with the individual
state requirements in the state in which they
practice.

It will be important as compounding
pharmacy increases to ensure reasonable
agreement between the national and state
agencies so pharmacists will have a set of
guidelines within which they can work to
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provide their patients the needed individual-
ized medications.

PACKAGING, LABELING, AND
STORAGE OF PHARMACEUTICALS

The proper packaging, labeling, and storage
of pharmaceutical products are all essential
for product stability and efficacious use.

Containers

Standards for the packaging of pharmaceu-
ticals by manufacturers are contained in the
“Current Good Manufacturing Practice” sec-
tion of the Code of Federal Regulations (1), in
the USP-NF (12), and in the FDA’s Guideline
for Submitting Documentation for Packaging
for Human Drugs and Biologics (13). When
submitting an NDA, the manufacturer must
include all relevant specifications for packag-
ing the product. During the initial stages of
clinical investigations, the packaging must
be shown to provide adequate drug stabil-
ity for the duration of the clinical trials. As
the clinical trials advance to their final stage,
information on the chemical and physical
characteristics of the container, closure, and
other component parts of the package system
for the proposed product must be developed
to ensure drug stability for its anticipated
shelf life.

Different specifications are required for
parenteral, nonparenteral, pressurized, and
bulk containers and for those made of glass,
plastic, and metal. In each instance, the pack-
age and closure system must be shown to be
effective for the particular product for which
it is intended. Depending on the intended
use and type of container, among the quali-
ties tested are the following;:

¢ Physicochemical properties

¢ Light transmission for glass or plastic

¢ Drug compatibility

¢ Leaching and/or migration

* Vapor transmission for plastics

* Moisture barrier

¢ Toxicity for plastics

* Valve, actuator, metered dose, particle
size, spray characteristics, and leaks for
aerosols

¢ Sterility and permeation for parenteral
containers
¢ Drug stability for all packaging

Compendial terms applying to types of con-
tainers and conditions of storage have de-
fined meanings (12). According to the USP,
a container is “that which holds the article
and is or may be in direct contact with the
article.” The immediate container is “that
which is in direct contact with the article at
all times.” The closure is part of the container.
The container, including the closure, should
be clean and dry before it is filled with the
drug. The container must not interact physi-
cally or chemically with the drug so as to al-
ter its strength, quality, or purity beyond the
official requirements. An example would be
the sorption of lipophilic drugs, such as di-
azepam, to low-density plastics resulting in
a loss of drug that is available for adminis-
tration. The problem can be avoided with the
use of glass containers.

The USP classifies containers according
to their ability to protect their contents from
external conditions (12). The minimally ac-
ceptable container is termed a well-closed
container. It “protects the contents from
extraneous solids and from loss of the ar-
ticle under ordinary conditions of handling,
shipment, storage, and distribution.” A tight
container “protects the contents from con-
tamination by extraneous liquids, solids, or
vapors; from loss of the article; and from ef-
florescence, deliquescence, or evaporation
under the ordinary or customary conditions
of handling, shipment, storage, and distribu-
tion and is capable of tight reclosure.” A her-
metic container “is impervious to air or any
other gas under the ordinary or customary
conditions of handling, shipment, storage,
and distribution.” Sterile hermetic contain-
ers generally hold preparations intended for
injection or parenteral administration. A sin-
gle-dose container is one that holds a quan-
tity of drug intended as a single dose and,
when opened, cannot be resealed with assur-
ance that sterility has been maintained. These
containers include fusion-sealed ampuls and
prefilled syringes and cartridges. A multiple-
dose container is a hermetic container that
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permits withdrawal of successive portions of
the contents without changing the strength
or endangering the quality or purity of the
remaining portion. These containers are com-
monly called vials. Examples of single-dose
and multiple-dose products are shown in
Figure 3.3.

Dosage forms, such as tablets, capsules,
and oral liquids, may be packaged in single-
unit or multiple-unit containers. A single-
unit container is designed to hold a quantity
of drug intended for administration as a
single dose promptly after the container is
opened (Fig. 3.4). Multiple-unit containers
contain more than a single unit or dose of the
medication. A single-unit package is termed
a unit-dose package. The single-unit packag-
ing of drugs may be performed on a large
scale by a manufacturer or distributor or on a
smaller scale by the pharmacy dispensing the
medication. In either instance, the single-unit
package must be appropriately labeled with
the product identity, quality and/or strength,
name of manufacturer, and lot number to en-
sure positive identification of the medication.

Although single-unit packaging has a par-
ticular usefulness in institutional settings,
for example, hospitals and extended care fa-
cilities, it is not limited to them. Many outpa-
tients find single-unit packages a convenient
and sanitary means of maintaining and us-
ing their medication. Among the advantages
cited for single-unit packaging and unit-dose
dispensing are positive identification of each
dosage unit and reduction of medication er-
rors (many are bar-coded), reduced contami-
nation of the drug because of its protective
wrapping, reduced dispensing time, greater
ease of inventory control in the pharmacy

FIGURE 3.3 Injectable products packaged in multiple-
dose (vial) and single-dose (ampul) containers.
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FIGURE 3.4 Single-unit packaging, including patient
cup and blister packaging of single capsule. (Reprinted
with permission from Lacher BE. Pharmaceutical
Calculations for the Pharmacy Technician. Baltimore,
MD: Lippincott Williams & Wilkins, 2008.)
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or nursing station, and elimination of waste
through better medication management with
less discarded medication.

Many hospitals with unit-dose systems
strip-package oral solids (Fig. 3.5). Such
equipment seals solid dosage forms into
four-sided pouches and imprints dose iden-
tification on each package at the same time.
The equipment can be adjusted to produce
individual single-cut packages or perforated
strips or rolls of doses. The packaging ma-
terials may be combinations of paper, foil,
plastic, or cellophane. Some drugs must be
packaged in foil-to-foil wrappings to pre-
vent the deteriorating effects of light or per-
meation of moisture. The packaging of solid
dosage forms in clear plastic or aluminum
blister wells is perhaps the most popular
method of single-unit packaging (Fig. 3.6).

Oral liquids may be dispensed in single
units in paper, plastic, or foil cups or prepack-
aged and dispensed in glass containers having
threaded caps or crimped aluminum caps. A
number of hospital pharmacies package oral
liquids for children’s use in disposable plas-
tic oral syringes with rubber or plastic tips
on the orifice for closure. In these instances,
the nursing staff must be fully aware of the
novel packaging and special labeling used to
indicate that they are not for injection. These
oral syringes are designed so they will not
accept a needle. Other dosage forms, such as
suppositories, powders, ointments, creams,
and ophthalmic solutions, are also commonly
found in single-unit packages provided by
their manufacturers. However, the relatively

FIGURE 3.5 Strip packaging equipment capable of pro-
ducing 50 packages per minute. Seals solid dosage units
in a variety of wrapping materials and labels each pack-
age simultaneously. (Courtesy of Packaging Machinery
Associates.)

FIGURE 3.6 Commercial blister packaging of pharma-
ceuticals.

infrequent use of these dosage forms in a
given hospital, extended care facility, or com-
munity pharmacy does not generally justify
the expense of purchasing the specialized
packaging machinery necessary for the small-
scale repackaging of these forms.

Some pharmaceutical manufacturers use
unit-of-use packaging, that is, the quantity
of drug product prescribed is packaged in
a container. For example, if certain antibi-
otic capsules are usually prescribed to be
taken two times a day for 10 days, unit-of-
use packaging would contain 20 capsules.
Other products may be packaged to contain
a month’s supply.

Many pharmaceutical products require
light-resistant containers. In most instances,
a container made of a good quality of amber
glass or a light-resistant opaque plastic will
reduce light transmission sufficiently to pro-
tect a light-sensitive pharmaceutical. Agents
termed ultraviolet absorbers may be added
to plastic to decrease the transmission of
short ultraviolet rays. The USP provides tests
and standards for glass and plastic contain-
ers with respect to their ability to prevent
the transmission of light (12). Containers
intended to provide protection from light
or those offered as light-resistant contain-
ers must meet the USP standards that define
the acceptable limits of light transmission at
any wavelength between 290 and 450 nm.
A recent innovation in plastic packaging is
the coextruded two-layer high-density poly-
ethylene bottle, which has an inner layer of
black polyethylene coextruded with an outer
layer of white polyethylene. The container
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provides light resistance (exceeding amber
glass) and moisture protection. It is increas-
ingly being used in the packaging of tablets
and capsules.

The glass used in packaging pharmaceu-
ticals falls into four categories, depending
on the chemical constitution of the glass and
its ability to resist deterioration. Table 3.3
presents the chemical makeup of the various
glasses; types I, II, and III are intended for
parenteral products, and type NP is intended
for other products. Each type is tested accord-
ing to its resistance to water attack. The de-
gree of attack is determined by the amount of
alkali released from the glass in the specified
test conditions. Obviously, leaching of alkali
from the glass into a pharmaceutical solution
or preparation could alter the pH and, thus,
the stability of the product. Pharmaceutical
manufacturers must use containers that do
not adversely affect the composition or sta-
bility of their products. Type I is the most re-
sistant glass of the four categories.

Today, most pharmaceutical products
are packaged in plastic. The modern com-
pact-type container used for oral contracep-
tives, which contains sufficient tablets for a
monthly cycle of administration and permits
the scheduled removal of one tablet at a time,
is a prime example of contemporary plastic
packaging (Fig. 3.6). Plastic bags for intra-
venous fluids, plastic ointment tubes, plas-
tic film—protected suppositories, and plastic
tablet and capsule vials are other examples of
plastics used in pharmaceutical packaging.

The widespread use of plastic containers
arose from a number of factors, including the
following;:

* Its advantage over glass in lightness of
weight and resistance to impact, which

[[e]e]CXM CONSTITUTION OF OFFICIAL
GLASS TYPES

TYPE GENERAL DESCRIPTION

| Highly resistant borosilicate glass
I Treated soda lime glass

Il Soda lime glass

NP General purpose soda lime glass

reduces transportation costs and losses
due to container damage

¢ The versatility in container design and
consumer acceptance

* Consumer preference for plastic squeeze
bottles in administration of ophthalmics,
nasal sprays, and lotions

e The popularity of blister packaging and
unit-dose dispensing, particularly in
health care institutions

The term plastic does not apply to a single
type of material but rather to a vast num-
ber of materials, each developed to have de-
sired features. For example, the addition of
methyl groups to every other carbon atom
in the polymer chains of polyethylene will
give polypropylene, a material that can be
autoclaved, whereas polyethylene cannot. If a
chlorine atom is added to every other carbon
in the polyethylene polymer, polyvinyl chlo-
ride (PVC) is produced. This material is rigid
and has good clarity, making it particularly
useful in the blister packaging of tablets and
capsules. However, it has a significant draw-
back for packaging medical devices (e.g., sy-
ringes): it is unsuitable for gamma sterilization,
a method that is being used increasingly. The
placement of other functional groups on the
main chain of polyethylene or added to other
types of polymers can give a variety of altera-
tions to the final plastic material. Among the
newer plastics are polyethylene terephthalate
(PET), amorphous polyethylene terephthalate
glycol (APET), and polyethylene terephthal-
ate glycol (PETG). Both APET and PETG have
excellent transparency and luster and can be
sterilized with gamma radiation (14).

Among the problems encountered in the
use of plastics in packaging are (a) perme-
ability of the containers to atmospheric oxy-
gen and to moisture vapor, (b) leaching of the
constituents of the container to the internal
contents, (c) absorption of drugs from the
contents to the container, (d) transmission
of light through the container, and (e) altera-
tion of the container upon storage. Agents
frequently added to alter the properties of
plastic include plasticizers, stabilizers, anti-
oxidants, antistatic agents, antifungal agents,
colorants, and others.
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Permeability is considered a process of
solution and diffusion, with the penetrant
dissolving in the plastic on one side and dif-
fusing through to the other side. Permeability
should not be confused with porosity, in
which minute holes or cracks in the plastic
allow gas or moisture vapor to move through
directly. The permeability of a plastic is a
function of several factors, including the na-
ture of the polymer itself; the amounts and
types of plasticizers, fillers, lubricants, pig-
ments, and other additives; pressure; and
temperature. Generally, increases in tem-
perature, pressure, and the use of additives
tend to increase the permeability of the plas-
tic. Glass containers are less permeable than
plastic containers.

The movement of moisture vapor or gas,
especially oxygen, through a pharmaceutical
container can pose a threat to the stability
of the product. In the presence of moisture,
solid dosage forms may lose their color or
physical integrity. A host of pharmaceuti-
cal adjuncts, especially those used in tablet
formulations, as diluents, binders, and dis-
integrating agents, are affected by moisture.
Most of these adjuncts are carbohydrates,
starches, and natural or synthetic gums, and
because of their hygroscopicity, they hold
moisture and may even serve as nutrient
media for the growth of microorganisms.
Many of the tablet-disintegrating agents act
by swelling, and if they are exposed to high
moisture vapor during storage, they can
cause tablet deterioration. Many medicinal
agents, including aspirin and nitroglycerin,
are adversely affected by moisture and re-
quire special protection. Sublingual nitro-
glycerin tablets must be dispensed in their
original glass container.

Specially developed high-barrier packag-
ing can provide added protection to phar-
maceutical products against the effects of
humidity. Such packaging meets the drug
stability requirements adopted by the
International Committee on Harmonization,
which call for testing of packaged products
for a minimum for 12 months at 25°C (77°F)
at 60% relative humidity (15). Many capsule
and other products are liable to deteriorate
in humidity unless protected by high-barrier

packaging. Desiccant protectants, such as
silica gel in small packets, are commonly
included in solid-form packaging as added
protection against the effects of moisture
vapor.

Drug substances that are subject to oxida-
tive degradation may undergo a greater de-
gree of degradation when packaged in plastic
than in glass. In glass, the container’s void
space is confined and presents only a lim-
ited amount of oxygen to the drug contents,
whereas a drug packaged in a gas-permeable
plastic container may be constantly exposed
to oxygen because of the replenished air sup-
ply entering through the container. Liquid
pharmaceuticals packaged in permeable
plastic may lose drug molecules or solvent
to the container, altering the concentration
of the drug in the product and affecting its
potency. An example of solvent loss involves
large volume parenterals that are packaged
in 1-L plastic bags that are packaged with
an “overwrap” that is removed to yield the
container of fluid that is actually used. The
inside bag may feel slightly damp due to the
loss of fluid from the primary container that
is entrapped between the primary container
and the overwrap.

Leaching is a term used to describe the
movement of components of a container into
the contents. Compounds leached from plas-
tic containers are generally the polymer ad-
ditives, such as the plasticizers, stabilizers, or
antioxidants. The leaching of these additives
occurs predominantly when liquids or semi-
solids are packaged in plastic. Little leaching
occurs when tablets or capsules are packaged
in plastic.

Leaching may be influenced by tempera-
ture, excessive agitation of the filled con-
tainer, and the solubilizing effect of liquid
contents on one or more of the polymer addi-
tives. The leaching of polymer additives from
plastic containers of fluids intended for in-
travenous administration is a special concern
that requires careful selection of the plastic
used. Leached material, whether dissolved in
an intravenous fluid or in minute particles,
poses a health hazard to the patient. Thus,
studies of the leaching characteristics of each
plastic considered for use are undertaken as
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a part of the drug development process. Soft-
walled plastic containers of PVC are used to
package intravenous solutions and blood for
transfusion.

Sorption, a term used to indicate the bind-
ing of molecules to polymer materials, in-
cludes both adsorption and absorption.
Sorption occurs through chemical or physical
means due to the chemical structure of the
solute molecules and the physical and chemi-
cal properties of the polymer. Generally, the
un-ionized species of a solute has a greater
tendency to be bound than the ionized spe-
cies. Because the degree of ionization of a sol-
ute may be affected by the pH of a solution,
the pH may influence the sorption tendency
of a particular solute. Furthermore, the pH of
a solution may affect the chemical nature of a
plastic container so as to increase or decrease
the active bonding sites available to the sol-
ute molecules. Plastic materials with polar
groups are particularly prone to sorption.
Because sorption depends on the penetration
or diffusion of a solute into the plastic, the
pharmaceutical vehicle or solvent used can
also play a role by altering the integrity of the
plastic.

Sorption may occur with active phar-
macologic agents or with pharmaceutical
excipients. Thus, each ingredient must be
examined in the proposed plastic packag-
ing to determine its tendency. Sorption may
be initiated by the adsorption of a solute to
the inner surface of a plastic container. After
saturation of the surface, the solute may dif-
fuse into the container and be bound within
the plastic. The sorption of an active pharma-
cologic agent from a pharmaceutical solution
would reduce its effective concentration and
render the product’s potency unreliable. The
sorption of pharmaceutical excipients such
as colorants, preservatives, or stabilizers
would likewise alter the quality of the prod-
uct. Methylparaben may be sorbed to some
types of plastics, resulting in a decrease in
the available concentration of the preserva-
tive; this may be reflected in a lowering of its
preservative effectiveness.

Deformations, softening, hardening, and
other physical changes in plastic containers
can be caused by the action of the container’s

contents or external factors, including changes
in temperature and the physical stress placed
upon the container in handling and shipping.

It is always good practice to dispense
medication to patients in the same type
and quality of container as that used by the
manufacturer. In some instances, the origi-
nal container may be used to dispense the
medication.

Child-Resistant and Adult-Senior
Use Packaging

The U.S. Consumer Product Safety Com-
mission (CPSC) was created in 1972 through
the Consumer Product Safety Act to protect
“against unreasonable risks of injuries as-
sociated with consumer products.” Today,
the CPSC regulates the sale and manufac-
ture of more than 15,000 different consumer
products, including the packaging of legend
and OTC medications. At present, all legend
drugs intended for oral use must be dis-
pensed by the pharmacist to the patient in a
container having a child-resistant closure un-
less the prescriber or the patient specifically
requests otherwise or unless the product is
specifically exempt from the requirement.

The CPSC may propose exemption of
certain drugs and drug products from the
regulations based on toxicologic data or on
practical considerations. For instance, cer-
tain cardiac drugs, such as sublingual tab-
lets of nitroglycerin, are exempt from the
regulations because of the importance of a
patient’s immediate access to the medica-
tion. Exemptions are also permitted in the
case of OTC products for one package size
or specially marked package to be available
to consumers for whom safety closures are
unnecessary or too difficult to manipulate.
These consumers include childless persons,
arthritic patients, and the debilitated. These
packages must be labeled “This package
for households without young children” or
“Package not child-resistant.”

A child-resistant container is defined as
one that is significantly difficult for children
under 5 years of age to open or to obtain a
harmful amount of its contents within a
reasonable time and that is not difficult for



94 SECTION | - DRUGS, DRUG DOSAGE FORMS, AND DRUG DELIVERY SYSTEMS

“normal adults” to use properly (16,17). The
CPSC evaluates the effectiveness of such con-
tainers using children aged 42 to 51 months.
The four basic designs commonly used
are align the arrows, press down and turn,
squeeze and turn, and latch top. A child-
resistant prescription container is shown in
Figure 3.7.

In recognition that many adults, particu-
larly the elderly and those with arthritis or
weakened hand strength, have difficulty
opening child-resistant packages, the regu-
lations were amended to require that child-
resistant containers be readily opened by
senior adults.

Drugs that are used or dispensed in pa-
tient care institutions, including hospitals,
nursing homes, and extended care facilities,
need not be dispensed with safety closures
unless they are intended for patients who are
leaving the institution.

Compliance Packaging

Many patients are not compliant with the
prescribed schedule for taking their medica-
tions. The many factors associated with non-
compliance include misunderstanding the
dosing schedule, confusion because the pa-
tient is taking multiple medications, forget-
fulness, and a feeling of well-being leading
to premature discontinuance of medication.
To assist patients in taking their medica-
tions on schedule, manufacturers and phar-
macists have devised numerous educational
techniques, reminder aids, compliance pack-
ages, and devices. The oral contraceptive
compact was among the earliest packages
developed to assist adherence to a prescribed

FIGURE 3.7 Child-resistant safety closure on a pre-
scription container. (Courtesy of Owens-Brockway
Prescription Products.)

dosing schedule. Many subsequent packag-
ing innovations, as the methylprednisolone
“dose pack,” provide scheduled doses. For
prescriptions dispensed in traditional con-
tainers (e.g., capsule vials), pharmacists
often provide calendar medication sched-
ules or commercial pillboxes with daily or
weekly compartments. These medication
compliance techniques and devices are par-
ticularly useful for patients taking multiple
medications.

Labeling

All drug products distributed in the United
States must meet the labeling requirements
in the Code of Federal Regulations (1,18,19).
Different labeling requirements apply to in-
vestigational drugs, manufacturer’s prescrip-
tion drugs, controlled substances, dispensed
prescription medication, OTC products,
products for animals, medical devices, and
other specific categories and specific prod-
ucts. In every instance, federal labeling re-
quirements may be strengthened by state
law.

According to federal regulations, manu-
facturers’ drug product labeling includes not
only the labels on the immediate container
and packaging but also inserts; company
literature; advertising and promotional ma-
terial, including brochures, booklets, mail-
ing pieces, file cards, bulletins, price lists,
catalogs, sound recordings, film strips, mo-
tion picture films, slides, exhibits, displays,
literature reprints, and computer-accessed
information; and other materials related to
the product.

Important information for a prescription-
only drug is provided to health professionals
through the manufacturer’s product package
insert. As discussed in Chapter 2, the pack-
age insert must provide full disclosure, that
is, a full and balanced presentation of the
drug product to enable the prescriber to use
the drug with sufficient knowledge of impor-
tant benefit to risk factors.

Manufacturer’s Label

Included in the information usually appear-
ing on the manufacturer’s or distributor’s
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immediate label affixed to the container of
legend drugs is the following:

1. The established or nonproprietary name
of the drug or drugs and the proprietary
name of the product if one is used

2. The name of the manufacturer, packer, or
distributor of the product

3. A quantitative statement of the amount
of each drug per unit of weight, vol-
ume, or dosage unit, whichever is most
appropriate

4. The pharmaceutical type of dosage form
constituting the product

5. The net amount of drug product con-
tained in the package, in units of weight,
volume, or number of dosage units, as
appropriate

6. The logo “Rx only” or the federal legend
“Caution—Federal law prohibits dis-
pensing without prescription” or a simi-
lar statement

7. Alabel reference to refer to the accompa-
nying package insert or other product lit-
erature for dosage and other information

8. Special storage instructions when
applicable

9. The National Drug Code identification
number for the product and a bar code

10. An identifying lot or control number

11. An expiration date

12. For controlled drug substances, the DEA
symbol “C” together with the sched-
ule assigned (e.g., III). The statement
“Warning—May be habit forming” may
also appear.

Prescription Label

When dispensing a prescription, by federal
law, the pharmacist must include the follow-
ing information on the label of the dispensed
medication:

* The name and address of the pharmacy

¢ The serial number of the prescription

* The date of the prescription or the date of
its filling or refilling (state law often deter-
mines which date is to be used)

* The name of the prescriber

* The name of the patient

* Directions for use, including any precau-
tions, as indicated on the prescription

In addition, state laws may require addi-
tional information:

* The address of the patient

* The initials or name of the dispensing
pharmacist

¢ The telephone number of the pharmacy

* The drug name, strength, and manufac-
turer’s lot or control number

* The expiration date of the drug

°* The name of the manufacturer or
distributor

¢ In an effort to decrease medication errors,
there is thought to include the “indica-
tion” on the prescription label to help the
pharmacist assure the prescribed drug is
appropriate.

Over-the-Counter Labeling

The FDA now requires a standardized for-
mat for the manufactures’ labeling of more
than 100,000 OTC products (20,21). In addi-
tion to the name of the product, the name
and address of the manufacturer or distribu-
tor, the quantity of net contents, the bar code
and other product-identifying items, the
expiration date, and the other drug-specific
required information, the following “drug
facts” (Fig. 3.8) must appear in this listed
order (21):

¢ The product’s active ingredients, includ-
ing the amount in each dosage unit

¢ The purpose of the product

* The uses (indications) for the product

e Specific warnings, including when the
product should not be used under any
circumstances and when it is appropriate
to consult with a doctor or pharmacist.
This section also describes side effects that
could occur and substances or activities to
avoid.

* Dosage instructions—when, how, and
how often to take the product

¢ The product’s inactive ingredients and
important information to help consumers
avoid ingredients that may cause an aller-
gic reaction

The format and design of the label are in-
tended to be easily read and understood, par-
ticularly by seniors who purchase over 30%
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Drug Facts

Active ingredient (in each tablet)

Chlorpheniramine meleate2mg. . . . . . .. .. .. ... .. ... Antihistamine

Purpose

M sneezing M runny nose

Uses temporarily relieves these symptoms due to hay fever or other upper respiratory allergies:
M itchy, watery eyes W itchy throat

Warnings
Ask a doctor before use if you have

M glaucoma M a breathing problem such as emphysema or chronic bronchitis
B trouble urinating due to an enlarged prostate gland

Ask a doctor or pharmacist before use if you are taking tranquilizers or sedatives

When using this product
M You may get drowsy

M excitability may occur, especially in children

M avoid alcoholic drinks
M alcohol, sedatives, and tranquilizers may increase drowsiness
M be careful when driving a motor vehicle or operating machinery

Center right away.

If pregnant or breast-feeding, ask a health professional before use.
Keep out of reach of children. In case of overdose, get medical help or contact a Poison Control

Directions
adults and children 12 years and over

take 2 tablets every 4 to 6 hours;
not more than 12 tablets in 24 hours

children 6 years to under 12 years

take 1 tablet every 4 to 6 hours;
not more than 6 tablets in 24 hours

children under 6 years

ask a doctor

Other information

store at 20-25° C (68-77° F) M protect from excessive moisture

Inactive ingredients D&C yellow no. 10, lactose, magnesium stearate, microcrystalline
cellulose, pregelatinized starch

FIGURE 3.8 Example drug facts label.

of the OTC pharmaceutical products sold in
the United States.

Dietary Supplement Labeling

Dietary supplements are defined, in part, as
products intended to supplement the diet
that bear or contain one or more of the fol-
lowing dietary ingredients (22):

* Avitamin

° A mineral

* An herb or other botanical

* An amino acid

* Adietary substance for use by man to sup-
plement the diet by increasing the total di-
etary intake

e A concentrate, metabolite, constituent, ex-
tract, or a combination of any ingredient
mentioned above

The manufacturers of dietary supplements
must follow the FDA’s ¢cGMP guidelines
for dietary supplements, including label-
ing requirements (22). Labels must include,
on the principal display panel or on the
“supplement facts” panel (Fig. 3.9), a state-
ment of identity (name of the dietary supple-
ment), the net quantity of contents statement
(amount of the dietary supplement), the
nutrition values, the ingredient list, and the
name and place of business of the manufac-
turer, packer, or distributor.

Under the Dietary Supplement Health
Education Act (1994), supplement manufac-
turers are permitted to make certain label
claims. However, the claims must be accu-
rate and truthful. This act disallows “disease
claims” that infer or imply that the product
can be used to prevent, treat, cure, mitigate,
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“When you need to perform your best, take ginseng.”
This statement has not been evaluated by the Food and
Drug Administration. This product is not intended to

diagnose, treat, cure, or prevent any disease.

DIRECTIONS FOR USE: Take one capsule daily.

Supplement Facts

Serving Size 1 Capsule

Amount Per Capsule

Oriental Ginseng, powdered (root) 250 mcg*

* Daily Value not established. |
Other ingredients: Gelatin, water, and glycerin.

ABC Company
Anywhere, MD 00001

FIGURE 3.9 Example dietary supplement label.

or diagnose a disease. Thus, “structure/func-
tion” claims are allowed on the label. An ex-
ample would be a claim that a product helps
“improve mood” rather than treat depres-
sion. Statements can also be made relative to
classical dietary nutrient deficiency disease
and state of the prevalence of the disease in
the United States.

In those instances when a manufacturer
makes a permissible claim, the label must
also bear the disclaimer, “This statement has
not been evaluated by the FDA. This prod-
uct is not intended to diagnose, treat, cure,
or prevent any disease.” For herbal products,
the label must also state the part of the plant
used to make the product, for example, root,
stem, or leaf. A standardized format provides
the patient with certain minimum informa-
tion about the product prior to its use. See
Figure 3.9 for an example.

In 2009, the U.S. Pharmacopeial Convention
initiated publication of the USP Dietary
Supplements Compendium (DSC), a collec-
tion of standards designed to assist dietary
supplement manufacturers in providing
quality products to consumers. The DSC
contains quality specifications for the iden-
tity, strength, purity, and performance char-
acteristics (e.g., dissolution, disintegration)
of dietary supplements included in the
monographs. It also includes general and
regulatory information and guidance to help
manufacturers comply with FDA’s ¢cGMPs.
Since its first publication, the DSC has been
expanded and continually updated (23).

The USP also offers wverification services
for dietary supplement finished products
and the ingredients used to make them.
Products and ingredients that meet all USP
verification requirements—including a GMP

audit, product and ingredient testing, and
manufacturing documentation review—are
awarded use of a distinctive “USP Verified
Mark” or logo, which may be displayed on
product labeling. Participation is voluntary.

Storage

To ensure the stability of a pharmaceutical
preparation for the period of its intended shelf
life, the product must be stored in proper con-
ditions. The labeling of each product includes
the desired conditions of storage. The terms
generally employed in such labeling have
meanings defined by the USP (12):

Cold: Any temperature not exceeding 8°C (46°F). A
refrigerator is a cold place in which the temperature
is maintained thermostatically between 2°C and 8°C
(36°F and 46°F). A freezer is a cold place in which the
temperature is maintained thermostatically between
—25°C and - 10°C (- 13°F and 14°F).

Cool: Any temperature between 8°C and 15°C
(46°F and 59°F). An article for which storage in a
cool place is directed may alternatively be stored in
a refrigerator unless otherwise specified in the indi-
vidual monograph.

Room temperature: The temperature prevailing in
a working area. A controlled room temperature en-
compasses the usual working environment of 20°C
to 25°C (68°F to 77°F) but also allows for temperature
variations between 15°C and 30°C (59°F and 86°F)
that may be found in pharmacies, hospitals, and
drug warehouses.

Warm: Any temperature between 30°C and 40°C
(86°F and 104°F).

Excessive heat: Above 40°C (104°F).

Protection from freezing: Where in addition to the
risk of breakage of the container, freezing subjects a
product to loss of strength or potency or to destruc-
tive alteration of the dosage form, the container label
bears an appropriate instruction to protect the prod-
uct from freezing.

Transportation

The stability protection of a pharmaceutical
product during transportation is an important
consideration. Temperature and humidity
variations may occur during shipment from
a manufacturer to a wholesaler or to a phar-
macy and from a pharmacy to a patient, dur-
ing mail order shipment of prescriptions and
their time in the mailbox, and in emergency
care vehicles. Transportation to and within
geographic areas of extreme temperatures
and humidity requires special consideration.
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APPLYING THE PRINCIPLES AND CONCEPTS

Group Activities

1.

. Compare

. Develop a

Make a listing of issues that prevent phar-
macies from compounding more than
they do currently.

and contrast pharmaceuti-
cal manufacturing and extemporane-
ous compounding. Give examples of
each.

chart summarizing the
eight recommendations of “The Good
Compounding Practices Applicable to
State-Licensed Pharmacies.”

. Provide examples of drugs that have

been demonstrated to interact with
their container and describe the type of
interaction.

5.

Compare and contrast a label from a pre-
scription drug product with that of a non-
prescription product label and a dietary
supplement label.

Individual Activities

1.

Given a specific dosage form, determine
why the container used to hold the drug
is important.

. What are the problems encountered in the

use of plastics in packaging drugs?

. Given an OTC drug, identify and list all

FDA-required labeling information.

. Create a product prescription label.

Include all information required by fed-
eral law and respective state laws.
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Dosage Form Design:
Pharmaceutical

and Formulation
Considerations

OBJECTIVES

After reading this chapter, the student will be able to:

1. List reasons for the incorporation of drugs info various dosage forms
2. Compare and contrast the advantages/disadvantages of various drug dos-

age forms

3. Describe the information needed in preformulation studies to characterize a
drug substance for possible inclusion into a dosage form

4. Describe the mechanisms of drug degradation and provide examples of

each

5. Describe the five types of drug instability of concern o the practicing

pharmacist

6. Describe the purpose and general protocol for accelerated stability studies
7. Summarize approaches employed to stabilize drugs in pharmaceutical dos-

age forms

8. Calculate rate reactions for various liquid dosage forms
9. Categorize various pharmaceutical ingredients and excipients

Drug substances are seldom administered
alone; rather they are given as part of a for-
mulation in combination with one or more
nonmedicinal agents that serve varied
and specialized pharmaceutical functions.
Selective use of these nonmedicinal agents,
referred to as pharmaceutical ingredients or
excipients, produces dosage forms of vari-
ous types. The pharmaceutical ingredients
solubilize, suspend, thicken, dilute, emul-
sify, stabilize, preserve, color, flavor, and
fashion medicinal agents into efficacious
and appealing dosage forms. Each type of
dosage form is unique in its physical and
pharmaceutical characteristics. These var-
ied preparations provide the manufactur-
ing and compounding pharmacist with the
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challenges of formulation and the physician
with the choice of drug and delivery system
to prescribe. The general area of study con-
cerned with the formulation, manufacture,
stability, and effectiveness of pharmaceutical
dosage forms is termed pharmaceutics.

The proper design and formulation of a
dosage form require consideration of the
physical, chemical, and biologic charac-
teristics of all of the drug substances and
pharmaceutical ingredients to be used in
fabricating the product. The drug and phar-
maceutical materials must be compatible
with one another to produce a drug product
that is stable, efficacious, attractive, easy to
administer, and safe. The product should be
manufactured with appropriate measures
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of quality control and packaged in contain-
ers that keep the product stable. The product
should be labeled to promote correct use and
be stored under conditions that contribute to
maximum shelf life.

Methods for the preparation of specific types
of dosage forms and drug delivery systems are
described in subsequent chapters. This chapter
presents some general considerations regard-
ing physical pharmacy, drug product formula-
tion, and pharmaceutical ingredients.

THE NEED FOR DOSAGE FORMS

The potent nature and low dosage of most of
the drugs in use today preclude any expec-
tation that the general public could safely
obtain the appropriate dose of a drug from
the bulk material. Most drug substances are
administered in milligram quantities, much
too small to be weighed on anything but a
sensitive prescription or electronic analytical
balance. For instance, how could the lay per-
son accurately obtain from a bulk supply the
325 mg of aspirin found in the common tab-
let? Not possible. Yet compared with many
other drugs, the dose of aspirin is formidable
(Table 4.1). For example, the dose of ethinyl
estradiol, 0.05 mg, is 1/6,500 the amount of
aspirin in an aspirin tablet. To put it another
way, 6,500 ethinyl estradiol tablets, each con-
taining 0.05 mg of drug, could be made from
an amount of ethinyl estradiol equal to the
amount of aspirin in just one standard tablet.
When the dose of the drug is minute, as with
ethinyl estradiol, solid dosage forms such as
tablets and capsules must be prepared with
fillers or diluents so that the dosage unit is
large enough to pick up with the fingertips.
Table 4.1 presents some examples of drugs
with low dosage that are formulated and
manufactured into capsules and tablets for
oral administration.

Besides providing the mechanism for the
safe and convenient delivery of accurate dos-
age, dosage forms are needed for additional
reasons:

* To protect the drug substance from the de-
structive influences of atmospheric oxygen
or humidity (coated tablets, sealed ampuls)

EXAMPLES OF LOW-DOSAGE
DRUGS MANUFACTURED
INTO CAPSULE OR TABLET
DOSAGE FORMS®

DRUG CONTENT PER CAPSULE INDICATION OR
OR TABLET CATEGORY
Doneperzil hydrochloride Dementia

5mg

Lisinopril 5 mg Antihypertensive
Trandolapril 2 mg Antihypertensive
Rivastigmine tartrate Dementia

1.5 mg

Colchicine 0.6 mg Gout

Rasagiline mesylate Parkinson disease

0.5mg

Nitroglycerine 0.3 mg Angina pectoris

Everolimus 0.25 mg Organ rejection

(fransplant)

Heart failure; atrial
fibrillation

Digoxin 0.125 mg (125 pg)

Fentanyl 0.100 mg
(100 ug)

Levothyroxine sodium
0.025 mg (25 pg)
Lubiprostone 0.008 mg
(8 1g)

Paricalcitol 0.002 mg (2 pg)

Pain (severe)
Hypothyroidism
Irritable bowel

syndrome

Hyperparathyroidism

°Examples are of the lowest strength capsule or
tablet commercially available for each listed drug.

¢ To protect the drug substance from the de-
structive influence of gastric acid after oral
administration (enteric-coated tablets)

* To conceal the bitter, salty, or offensive
taste or odor of a drug substance (cap-
sules, coated tablets, flavored syrups)

* To provide liquid preparations of drug
substances, either as dispersions (suspen-
sions) or as clear preparations (solutions)

* To provide rate-controlled drug action (var-
ious controlled-release tablets, capsules,
and suspensions)

e To provide optimal drug action from
topical administration sites (ointments,
creams, transdermal patches, and ophthal-
mic, ear, and nasal preparations)

* To provide for insertion of a drug into one
of the body’s orifices (rectal or vaginal
suppositories)
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¢ To provide for placement of drugs di-
rectly in the bloodstream or body tissues
(injections)

¢ To provide for optimal drug action
through inhalation therapy (inhalants and
inhalation aerosols)

GENERAL CONSIDERATIONS IN
DOSAGE FORM DESIGN

Before formulating a drug substance into a
dosage form, the desired product type must
be determined insofar as possible to estab-
lish the framework for product develop-
ment. Then, various initial formulations of
the product are developed and examined for
desired features (e.g., drug release profile,
bioavailability, clinical effectiveness) and for
pilot plant studies and production scale-up.
The formulation that best meets the goals
for the product is selected to be its master
formula. Each batch of product subsequently
prepared must meet the specifications estab-
lished in the master formula.

There are many different forms into which
a medicinal agent may be placed for the con-
venient and efficacious treatment of disease.
Most commonly, a manufacturer prepares
a drug substance in several dosage forms
and strengths for the efficacious and conve-
nient treatment of disease (Fig. 4.1). Before
a medicinal agent is formulated into one or
more dosage forms, among the factors con-
sidered are the physical and chemical prop-
erties of the drug substance (discussed later
in this chapter) and various therapeutic
considerations.

If the medication is intended for systemic
use and oral administration is desired, tab-
lets and/or capsules are usually prepared
because they are easily handled by the
patient and are most convenient in the self-
administration of medication. If a drug sub-
stance has application in an emergency in
which the patient may be comatose or unable
to take oral medication, an injectable form
of the medication may also be prepared.
Many other examples of therapeutic situa-
tions affecting dosage form design could be
cited, including motion sickness, nausea, and
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FIGURE 4.1 Various forms of a drug substance mar-
keted by a pharmaceutical company to meet the special
requirements of the patient.

vomiting, for which tablets and skin patches
are used for prevention and suppositories
and injections for treatment.

The age of the intended patient also plays
a role in dosage form design. For infants
and children younger than 5 years of age,
pharmaceutical liquids rather than solid
forms are preferred for oral administration.
These liquids, which are flavored aqueous
solutions, syrups, or suspensions, are usu-
ally administered directly into the infant’s
or child’s mouth by drop, spoon, or oral
dispenser (Fig. 4.2) or incorporated into the
child’s food. The palatability of some com-
mercial products may not be acceptable to
some patients so different flavoring additives
may be indicated to enhance compliance; an
example would be the FLAVORXx flavoring
system. A single liquid pediatric prepara-
tion may be used for infants and children
of all ages, with the dose of the drug varied
by the volume administered. When a young
patient has a productive cough or is vom-
iting, gagging, or simply rebellious, there
may be some question as to how much of
the medicine administered is actually swal-
lowed and how much is expectorated. In
such instances, injections may be required.
Infant-size rectal suppositories may also be
employed, although drug absorption from
the rectum is often erratic.
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FIGURE 4.2 Oral dosage devices to assist in measuring
doses for children.

During childhood and even adulthood,
a person may have difficulty in swallow-
ing solid dosage forms, especially uncoated
tablets. For this reason, some medications
are formulated as chewable tablets. Many
of these tablets are comparable in texture to
an after-dinner mint and break down into
a pleasant-tasting creamy material. Newly
available tablets dissolve in the mouth
in about 10 to 15 seconds; this allows the
patient to take a tablet but actually swallow
a liquid. Capsules have been found by many
to be more easily swallowed than whole tab-
lets. If a capsule is moistened in the mouth
before it is swallowed, it becomes slippery
and readily slides down the throat with
water. Also, a teaspoonful of gelatin dessert,
liquid candy, or syrup placed in the mouth
and partially swallowed before placing
the solid dosage form in the mouth aids in
swallowing them. Also, if a person has dif-
ficulty in swallowing a capsule, the contents
may be emptied into a spoon, mixed with
jam, honey, or other similar food to mask

the taste of the medication and swallowed.
There is also a device called the Pill Glide
that can be used to help swallow solid dos-
age forms. Medications intended for the
elderly are commonly formulated into oral
liquids or may be extemporaneously pre-
pared into an oral liquid by the pharmacist.
In many patient-care facilities, as nursing
homes, tablet-crushing devices are utilized
by the nursing staff preparatory to mixing
with food (as applesauce) for administra-
tion. However, certain tablets and capsules
that are designed for controlled release
should not be crushed or chewed, because
that would interfere with their integrity and
intended performance.

Many patients, particularly the elderly,
take multiple medications daily. The more
distinctive the size, shape, and color of solid
dosage forms, the easier is proper identifica-
tion of the medications. Errors in taking med-
ications among the elderly occur frequently
because of their multiple drug therapy
and impaired eyesight. Dosage forms that
allow reduced frequency of administration
without sacrifice of efficiency are particularly
advantageous.

In dealing with the problem of formulat-
ing a drug substance into a proper dosage
form, research pharmacists employ knowl-
edge gained through experience with other
chemically similar drugs and through the
proper use of the physical, chemical, bio-
logic, and pharmaceutical sciences. The early
stages of any new formulation include stud-
ies to collect basic information on the physi-
cal and chemical characteristics of the drug
substance. These basic studies are the prefor-
mulation work needed before actual product
formulation begins.

Preformulation Studies

Before the formulation of a drug substance
into a dosage form, it is essential that it be
chemically and physically characterized. The
following preformulation studies (1) and oth-
ers provide the type of information needed
to define the nature of the drug substance.
This information provides the framework for
the drug’s combination with pharmaceutical
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ingredients in the fabrication of a dosage
form.

Physical Description

It is important to understand the physi-
cal description of a drug substance prior to
dosage form development. Most drug sub-
stances in use today are solid materials, pure
chemical compounds of either crystalline or
amorphous constitution. The purity of the
chemical substance is essential for its iden-
tification and for evaluation of its chemical,
physical, and biologic properties. Chemical
properties include structure, form, and reac-
tivity. Physical properties include such char-
acteristics as its physical description, particle
size, crystalline structure, melting point, and
solubility. Biologic properties relate to its
ability to get to a site of action and elicit a
biologic response.

Drugs can be used therapeutically as sol-
ids, liquids, and gases. Liquid drugs are used
to a much lesser extent than solid drugs,
gases even less frequently.

Liquid drugs pose an interesting prob-
lem in the design of dosage forms and
delivery systems. Many liquids are vola-
tile and must be physically sealed from the
atmosphere to prevent evaporation loss.
Amyl nitrite, for example, is a clear yel-
lowish liquid that is volatile even at low
temperatures and is also highly flammable.
It is kept for medicinal purposes in small
sealed glass cylinders wrapped with gauze
or another suitable material. When amyl
nitrite is administered, the glass is broken
between the fingertips, and the liquid wets
the gauze covering, producing vapors that
are inhaled by the patient requiring vasodi-
lation. Propylhexedrine is another volatile
liquid that must be contained in a closed
system. This drug is used as a nasal inhalant
for its vasoconstrictor action. A cylindrical
roll of fibrous material is impregnated with
propylhexedrine, and the saturated cylin-
der is placed in a suitable, usually plastic,
sealed nasal inhaler. The inhaler’s cap must
be securely tightened each time it is used.
Even then, the inhaler maintains its effec-
tiveness for only a limited time because of
the volatility of the drug.

Another problem associated with liquid
drugs is that those intended for oral admin-
istration cannot generally be formulated
into tablet form, the most popular form of
oral medication, without chemical modi-
fication. An exception to this is the liquid
drug nitroglycerin, which is formulated into
sublingual tablets that disintegrate within
seconds after placement under the tongue.
However, because the drug is volatile, it has
a tendency to escape from the tablets during
storage, and it is critical that the tablets be
stored in a tightly sealed glass container. For
the most part, when a liquid drug is to be
administered orally and a solid dosage form
is desired, one of two approaches is used.
First, the liquid substance may be sealed in
a soft gelatin capsule. Vitamins A, D, and
E, and ergoloid mesylates are liquids com-
mercially available in capsule form. Second,
the liquid drug may be developed into a
solid ester or salt form that will be suitable
for tablets or drug capsules. For instance,
scopolamine hydrobromide is a solid salt
of the liquid drug scopolamine and is eas-
ily pressed into tablets. Another approach
to formulate liquids into solids is by mixing
the drug with a solid or melted semisolid
material, such as a high molecular weight
polyethylene glycol. The melted mixture is
poured into hard gelatin capsules to harden,
and the capsules are sealed.

For certain liquid drugs, especially those
taken orally in large doses or applied topi-
cally, their liquid nature may have some
advantage in therapy. For example, 15-mL
doses of mineral oil may be administered
conveniently as such. Also, the liquid nature
of undecylenic acid certainly does not hinder
but rather enhances its use topically in the
treatment of fungus infections of the skin.
However, for the most part, pharmacists
prefer solid materials in formulation work
because they can easily form them into tab-
lets and capsules.

Formulation and stability difficulties arise
less frequently with solid dosage forms than
with liquid preparations, and for this rea-
son, many new drugs first reach the market
as tablets or dry-filled capsules. Later, when
the pharmaceutical problems are resolved, a
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liquid form of the same drug may be mar-
keted. This procedure is doubly advanta-
geous, because for the most part, physicians
and patients alike prefer small, generally
tasteless, accurately dosed tablets or capsules
to the analogous liquid forms. Therefore,
marketing a drug in solid form first is more
practical for the manufacturer and suits most
patients. It is estimated that tablets and cap-
sules constitute the dosage form dispensed
70% of the time by community pharmacists,
with tablets dispensed twice as frequently as
capsules.

Microscopic Examination

Microscopic examination of the raw drug
substance is an important step in preformu-
lation work. It gives an indication of particle
size and size range of the raw material along
with the crystal structure. Photomicrographs
of the initial and subsequent batch lots of
the drug substance can provide important
information in case of problems in formu-
lation processing attributable to changes
in particle or crystal characteristics of the
drug. During some processing procedures,
the solid drug powders must flow freely
and not become entangled. Spherical and
oval powders flow more easily than nee-
dle-shaped powders and make processing
easier.

®

Heat of Vaporization

The use of vapor pressure is important in
the operation of implantable pumps deliver-
ing medications as well as in aerosol dosage
forms. Another application is the use of nasal
inhalants (propylhexedrine with menthol
and lavender oil—Benzedrex) for treating
nasal congestion. In this latter dosage form,
the quantity of drug required for effective-
ness and a reasonable estimate of time of use-
fulness can be determined. Also, in the case of
spills in inaccessible places, the time to evap-
oration of a substance can also be calculated.
Some volatile drugs can even migrate within
a tablet dosage form so the distribution may
not be uniform any longer. This may have an
impact in tablets that are scored for dosing
where the drug in one portion may be higher
or lower than in the other portion.

Exposure of personnel to hazardous drugs
due to handling, spilling, or aerosolizing of
drugs that may vaporize (oncology agents) is
another application as the increase in mobil-
ity of the hazardous drug molecules may be
related to temperature of the environment.
Some drugs, such as carmustine, experience
greater vapor pressures with increased tem-
perature as compared to cyclophosphamide,
etoposide, cisplatin, and 5-fluorouracil, as
illustrated in Physical Pharmacy Capsule 4.1,
Heat of Vaporization.

l* PHYSICAL PHARMACY CAPSULE 4.1

-

Heat of Vaporization

The amount of heat absorbed when 1 g of a liquid vaporizes is known as the heat of vapor-
ization of that liquid and is measured in calories. The heat of vaporization of water at 100°C is
540 cal/g or about 9.720 cal/mole. This is the same quantity of heat energy that is released
when 1 g of steam condenses fo water at 100°C. This energy exchange is important in pro-
cesses like steam sterilization as it is this energy transfer that results in death of microorganisms.

The movement of molecules varies with temperature. In liquids, this results in a tendency of
the molecules to escape the liquid environment into a gaseous environment and possibly loss
of the liquid. In the case of solids that sublime, the movement of the molecules is from the solid
state to the vapor state. As an example, if one looks at an older bottle containing aspirin, there
may be crystals of aspirin on the inside walls of the container. With ibuprofen, the walls of the
contfainer may become cloudy as the ibuprofen sublimes.
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The use of vapor pressure is important in the operation of implantable pumps delivering
medications as well as in aerosol dosage forms. Exposure of personnel to hazardous drugs due
to handling, spilling, or aerosolizing of drugs that may vaporize (oncology agents) is another
application as the increase in mobility of the hazardous drug molecules may be related to
femperature of the environment. Some drugs, such as carmustine, experience greater vapor
pressures with increased tfemperature as compared to cyclophosphamide, etoposide, cisplo-
tin, and S5-fluorouracil, as illustrated in the table below. Particle size affects vapor pressure; the
smaller the particle size, the greater the vapor pressure. This demonstrates the importance of
personnel protection with working with micronized hazardous powders.The time to evaporation
of a substance can also be calculated.

The variation of vapor pressure with temperature is described by the form of the Clausius-
Clapeyron equation, as follows:

dinP  AH,,
dT =~ RT?

assuming that 8H, is constant, integration of the equation gives:

vap

— fant
5303 /T +constan

logP =

A plot of the log of the vapor pressure versus 1/T should be linear and the slope will be equal
- AH __/2.303R from which the enthalpy of vaporization can be calculated. With data obtained

vap

from Kiffmeyer et al. (2002), the following table can be constructed:

MEASURED VAPOR PRESSURE (PA)

COMPOUND 20°C 40°C
Carmustine 0.019 0.530
Cisplatin 0.0018 0.0031
Cyclophosphamide 0.0033 0.0090
Etoposide 0.0026 0.0038
Fluorouracil 0.0014 0.0039

Source: Kiffmeyer TK, Kube C, Opiolka S, et al. Vapour pressures,
evaporation behaviour and airborne concentrations of hazardous
drugs: implications for occupational safety. Pharm J. 2002;68:331-337.

Melting Point Depression The Phase Rule

A characteristic of a pure substance is a
defined melting point or melting range. If
not pure, the substance will exhibit a change
in melting point. This phenomenon is com-
monly used to determine the purity of a drug
substance and in some cases, the compat-
ibility of various substances before inclusion
in the same dosage form. This characteristic
is further described in Physical Pharmacy
Capsule 4.2, Melting Point Depression.

Phase diagrams are often constructed to
provide a visual picture of the existence and
extent of the presence of solid and liquid
phases in binary, ternary, and other mixtures.
Phase diagrams are normally two-compo-
nent (binary) representations, as shown in
Physical Pharmacy Capsule 4.3, The Phase
Rule, but can also be three-component rep-
resentations, as shown in Physical Pharmacy
Capsule 4.4, Triangular Phase Diagram.
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Melting Point Depression

The melting point, or freezing point, of a pure crystalline solid is defined as the temperature at
which the pure liquid and solid exist in equilibrium. Drugs with a low melting point may soften
during a processing step in which heat is generated, such as particle size reduction, compres-
sion, sinfering, and so on. Also, the melting point or range of a drug can be used as an indicator
of purity of chemical substances (a pure substance is ordinarily characterized by a very sharp
melting peak). An altered peak or a peak at a different temperature may indicate an adulter-
ated or impure drug.This is explained as follows.

The latent heat of fusion is the quantity of heat absorbed when 1 g of a solid melts; the molar
heat of fusion (AH,)) is the quantity of heat absorbed when 1 mole of a solid melts. High-melting-
point substances have high heat of fusion, and low-melting-point substances have low heat of
fusion.These characteristics are related fo the types of bonding in the specific substance. For
example, ionic materials have high heats of fusion (NaCl melts at 801°C with a heat of fusion of
124 cal/g). and those with weaker van der Waals forces have low heats of fusion (paraffin melts
at 52°C with a heat of fusion of 35.1 cal/g). Ice, with weaker hydrogen bonding, has a melting
point of 0°C and a heat of fusion of 80 cal/g.

The addition of a second component to a pure compound (A), resulting in a mixture, will
result in a melting point that is lower than that of the pure compound.The degree to which the
melting point is lowered is proportional fo the mole fraction (N,) of the second component that
is added.This can be expressed thus:

2.303 RTT,
=220 Ny
AH,

AT g N,

where

AH, is the molar heat of fusion,

T is the absolute equilibrium temperature,
T, is the melting point of pure A, and

R is the gas constant.

Two noteworthy things conftribute to the extent of lowering of the melting point:

1. Evident from this relationship is the inverse proportion between the melting point and the
heat of fusion. When a second ingredient is added to a compound with a low molar heat
of fusion, a large lowering of the melfing point is observed; substances with a high mo-
lar heat of fusion will show little change in melting point with the addition of a second
component.

2. The extent of lowering of the melting point is also related to the melting point itself.
Compounds with low melting points are affected to a greater extent than compounds with
high melting points upon the addition of a second component (i.e., low-melting-point
compounds will result in a greater lowering of the melting point than those with high melt-
ing points).
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A

The Phase Rule

A phase diagram, or temperature-composition
diagram, represents the melfing point as a func-
fion of composition of two or three component
systems.The figure is an example of such a repre-
sentation for a two-component mixture.

This phase diagram depicts a two-component
mixture in which the components are completely
miscible in the molten state and no solid solu-
fion or addition compound is formed in the solid
state. As is evident, starting from the extremes of
either pure component A or pure component B,
as the second component is added, the melting
point of the pure component decreases. There is Pure A Composition Pure B
a point on this phase diagram at which a mini-
mum melfing point occurs (i.e., the eutectic point).As is evident, four regions, or phases, in this
diagram, represent the following:

I. Solid A + solid B
IIl.  SolidA + melt
.  Solid B + melt
V.  Melt

Each phase is a homogenous part of the system, physically separated by distinct boundaries.
A description of the conditions under which these phases can exist is called the Phase Rule,
which can be presented thus:

Temperature

F=C-P+X

where

F is the number of degrees of freedom,

C is the number of components,

P is the number of phases, and

Xis a variable dependent upon selected considerations of the phase diagram (1, 2, or 3).

C describes the minimum number of chemical components to be specified to define the
phases. F is the number of independent variables that must be specified to define the complete
system (e.g., temperature, pressure, concentration).

EXAMPLE 1

In a mixture of menthol and thymol, a phase diagram similar to that illustrated can be obtained.
To describe the number of degrees of freedom in the part of the graph moving from the curved
line starting at pure A, progressing downward to the eutectic point, and then following an increas-
ing melting point to pure B, it is evident from this presentation that either femperature or composi-
fion will describe this system since it is assumed in this instance that pressure is constant.Therefore,
the number of degrees of freedom to describe this portion of the phase diagram is given thus:

F=2-2+1=1
In other words, along this line either femperature or composition will describe the system.

EXAMPLE 2

When in the area of a single phase of the diagram, such as the melt (IV), the system can be
described thus:
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F=2-1+1=2

In this portfion of the phase diagram, two factors, temperature and composition, can be varied
without a change in the number of phases in the system.

EXAMPLE 3

At the eutectic point,
F=2-3+1=0

and any change in the concentration or temperature may cause disappearance of one of the
two solid phases or the liquid phase.

Phase diagrams are valuable for interpreting inferactions between two or more compo-
nents, relating not only to melting point depression and possible liquefaction at room tempera-
ture but also fo the formation of solid solutions, coprecipitates, and other solid-state interactions.

®
. PHYSICAL PHARMACY CAPSULE 4.4

e

"~ Triangular (Three-Component) Phase Diagram

A three-component phase diagram has four degrees of freedom: F =3 - 1 + 2 = 4.In this case,
femperature and pressure are two of the conditions and the concentrations of two of the three
components make up the rest. Only two concentrations are required because the third will be
the difference between 100% and the sum of the other two components.

These systems are used for determining miscibility/solubility, coacervation regions, gel-form-
ing regions for multicomponent mixtures, etc.To read a three-phase diagram, each of the three
corners of the friangle represent 100% by weight of one of the components (A, B, C) and 0%
by weight of the other two (A, B, C). The lines joining the corner points forming the triangle
each represent two component mixtures
of the three possible combinatfions (AB,
BC, and CA). If two of the components are
known, the third is known by difference.
Any combination of the three components
is described by a single point on the dia-
gram. Combining different proportions of
the three components and observing for
an end point (solubility, gel formation, hazi-
ness, efc.), the phase differences can be
visualized, as follows.

The following is a stack of four separate 1:3
pseudoternary phase diagrams for a qua- —<——Brij 96 + Glycerin —
fernary system composed of Brij 96, glycerin, mineral oil, and water. The Brij 96:glycerin ratio is
noted on the diagram and is considered one of the three components. The shaded regions
represent gel systems while the clear regions represent fluid systems.

In addition to observing the phase changes in a single plane, the use of stacked ternary
phase diagrams enables one to visualize the change using different ratios of one of the com-
ponents (in this case, the Brij 96:glycerin ratios). Constructions like this enable a pharmaceuti-
cal scientist fo select the best ratios and combinations of components for a formulation.
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Particle Size

Certain physical and chemical properties of
drug substances, including dissolution rate,
bioavailability, content uniformity, taste,
texture, color, and stability, are affected
by the particle size distribution. In addi-
tion, flow characteristics and sedimentation
rates, among other properties, are important
factors related to particle size. It is essential to
establish as early as possible how the particle
size of the drug substance may affect formu-
lation and efficacy. Of special interest is the
effect of particle size on absorption. Particle
size significantly influences the oral absorp-
tion profiles of certain drugs, including gris-
eofulvin, nitrofurantoin, spironolactone, and
procaine penicillin. Also, satisfactory content
uniformity in solid dosage forms depends to
a large degree on particle size and the equal
distribution of the active ingredient through-
out the formulation. Particle size is discussed
further in Chapter 6. Figure 4.3 shows a par-
ticle size analyzer.

Polymorphism

An important factor on formulation is the
crystal or amorphous form of the drug sub-
stance. Polymorphic forms usually exhibit
different physicochemical properties, includ-
ing melting point and solubility. Polymorphic
forms in drugs are relatively common. It has
been estimated that at least one third of all
organic compounds exhibit polymorphism.

FIGURE 4.3 Mastersizer 2000E particle size analyzer.
(Courtesy of Malvern Instruments Ltd.)

In addition to polymorphic forms, com-
pounds may occur in noncrystalline or
amorphous forms. The energy required for a
molecule of drug to escape from a crystal is
much greater than is required to escape from
an amorphous powder. Therefore, the amor-
phous form of a compound is always more
soluble than a corresponding crystal form.

Evaluation of crystal structure, polymor-
phism, and solvate form is an important pre-
formulation activity. The changes in crystal
characteristics can influence bioavailability
and chemical and physical stability and can
have important implications in dosage form
process functions. For example, it can be a
significant factor relating to tablet formation
because of flow and compaction behaviors,
among others. Various techniques are used
to determine crystal properties. The most
widely used methods are hot stage micros-
copy, thermal analysis, infrared spectros-
copy, and x-ray diffraction.

Solubility

An important physicochemical property of a
drug substance is solubility, especially aque-
ous system solubility. A drug must possess
some aqueous solubility for therapeutic
efficacy. For a drug to enter the systemic
circulation and exert a therapeutic effect, it
must first be in solution. Relatively insol-
uble compounds often exhibit incomplete
or erratic absorption. If the solubility of the
drug substance is less than desirable, consid-
eration must be given to improve its solubil-
ity. The methods to accomplish this depend
on the chemical nature of the drug and the
type of drug product under consideration.
Chemical modification of the drug into salt
or ester forms is frequently used to increase
solubility.

A drug’s solubility is usually determined
by the equilibrium solubility method, by
which an excess of the drug is placed in a
solvent and shaken at a constant tempera-
ture over a long period until equilibrium is
obtained. Chemical analysis of the drug con-
tent in solution is performed to determine
degree of solubility.
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Solubility and Particle Size

The particle size and surface area of a drug exposed to a medium can affect actual solubility
within reason, for example, in the following relationship:

ogo = 2N __
95, ~2.303 RTr

where

S is the solubility of the small particles,
S, is the solubility of the large particles,
v is the surface tension,

V is the molar volume,

R is the gas constant,

T is the absolute tfemperature, and

ris the radius of the small particles.

The equation can be used to estimate the decrease in particle size required to increase solubil-
ity. For example, a desired increase in solubility of 5% would require an increase in the S/§ ratio
to 1.05; that is, the left term in the equation would become log 1.05. If a powder has a surface
fension of 125 dynes/cm, molar volume of 45 cm3, and femperature of 27°C, what is the particle
size required fo obtain the 5% increase in solubility?

(2) (125) (45)
(2.303) (8.314x107)(300)r
r=9.238x10°cm or 0.0238 u

log1.05 =

A number of factors are involved in actual solubility enhancement, and this is only an intfroduc-
tion fo the general effects of particle size reduction.

Solubility and Particle Size

Although solubility is normally considered
a physicochemical constant, small increases
in solubility can be accomplished by particle
size reduction as described in the Physical
Pharmacy Capsule 4.5, Solubility and Particle
Size.

improving solubility. Weak acidic or basic
drugs may require extremes in pH that are
outside accepted physiologic limits or that
may cause stability problems with formulation
ingredients. Adjustment of pH usually has lit-
tle effect on the solubility of substances other
than electrolytes. In many cases, it is desirable
to use cosolvents or other techniques such as

Solubility and pH

Another technique, if the drug is to be for-
mulated into a liquid product, is adjustment
of the pH of the solvent to enhance solubil-
ity. However, for many drug substances,
pH adjustment is not an effective means of

complexation, micronization, or solid disper-
sion to improve aqueous solubility. A review of
pH is provided in Physical Pharmacy Capsule
4.6, Principles of pH. The effect of pH on
solubility is illustrated in Physical Pharmacy
Capsule 4.7, Solubility and pH.
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- Principles of pH

pH is a critical variable in pharmaceutics, and a basic understanding of its principles and meao-
surement is important. Let's begin with a definition of the term pH.The p comes from the word
power.The H, of course, is the symbol for hydrogen.Together, the term pH means the hydrogen
ion exponent.

The pH of a substance is a measure of its acidity, just as a degree is a measure of fempera-
ture. A specific pH value tells the exact acidity. Rather than stating general ideas, such as cherry
syrup is acidic or the water is hot, a specific pH value gives the same relative point of reference,
thus providing more exact communication. *The cherry juice has a pH of 3.5" or “the water is af
80°C" provides an exact common language.

pH is defined in ferms of the hydrogen ion activity:

pH=-log,,a,,0or10™ =q,,

pH equals the negative logarithm of the hydrogen ion activity or the activity of the hydrogen ion
is 10 raised fo the exponent — pH.The latter expression renders the use of the p exponent more
obvious.The activity is the effective concentration of the hydrogen ion in solution.The difference
between effective and actual concentration decreases as one moves toward more dilute solu-
fions, in which ionic interaction becomes progressively less important.

Normally, reference is made to the hydrogen ion when reference should be made to the
hydronium ion (H,0%). It is a matter of convenience and brevity that only the hydrogen ion is
mentioned, even though it is normally in ifs solvated form:

H" +H,0 =H,0"

The complexing of the hydrogen ion by water affects activity and applies to other ions, which
partially complex or establish an equilibrium with the hydrogen ion. In other words, equilibrium
such as

H,CO, =H' +HCO;
HC,H,0, =H" + C,H,0;

complexes the hydrogen ion so that it is not sensed by the pH measuring system.This is why an
acid-base fitration is performed if the total concentration of acid (H*) is needed. These effects
on hydrogen ion activity are obvious, but other more subtle effects are involved in the correla-
fion of activity and concentration.

The activity of the hydrogen ion can be defined by its relation fo concentration (C,*. molal-
ity) and the activity coefficient f,*:

aH =, +C,,.

If the activity coefficient is unity, activity is equal fo concentration. This is nearly the case in
dilute solutions, whose ionic strength is low. Since the objective of most pH measurements
is to find a stable and reproducible reading that can be correlated with the results of some
process, it is important fo know what influences the activity coefficient and therefore the pH
measurement.

The factors that affect the activity coefficient are the temperature (T), the ionic strength (u),
the dielectric constant (g). the ion charge (Z). the size of the ion in angstroms (A), and the den-
sity of the solvent (d).All of these factors are characteristics of the solution that relate the activity
to the concentration by two main effects: the salt effect and the medium effect; the latter relates
the influence that the solvent can have on the hydrogen ion activity. Thus, hydrogen activity is
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related to concentration through a salt effect and a solvent effect. Because of these influences,
a sample pH value cannot be extrapolated to another temperature or dilution. If the pH value
of a particular solution is known at 40°C, it is not automatically known at 25°C.

THE pH SCALE

In pure water, hydrogen and hydroxyl ion concentrations are equal af 10-7 M at 25°C.This is a
neutral solution. Since most samples encountered have less than 1 M H* or OH-, the extfremes
of pH 0 for acids and pH 14 for bases are established. Of course, with strong acids or bases, pH
values below 0 and above 14 are possible but infrequently measured.

MEASUREMENT OF pH

The activity of the hydrogen ion in solution is measured with a glass electrode, a reference
electrode, and a pH meter.

COMBINATION ELECTRODES

A combination electrode is a combination of the glass and reference electrodes info a single
probe.The main advantage in using a combination electrode is with the measurement of smalll
volume samples or samples in limited-access containers.

PHYSICAL PHARMACY CAPSULE 4.7

Solubility and pH

pH is one of the most important factors in the formulation process. Two areas of critical impor-
tance are the effects of pH on solubility and stability. The effect of pH on solubility is critical in
the formulation of liquid dosage forms, from oral and topical solutions fo intfravenous solutions
and admixtures.

The solubility of a weak acid or base is offen pH dependent. The total quantity of a mono-
protic weak acid (HA) in solution at a specific pH is the sum of the concentrations of both the
free acid and salt (A-) forms. If excess drug is present, the quantity of free acid in solution is
maximized and constant because of its saturation solubility. As the pH of the solution increases,
the quantity of drug in solution increases because the water-soluble ionizable salt is formed.
The expression is

Kq
HA & H +A”

where K is the dissociation constant.

There may be a certain pH level reached where the total solubility (S;) of the drug solution is
saturated with respect to both the salt and acid forms of the drug, that is, the pH__ .The solution
can be saturated with respect to the salt at pH values higher than this but not with respect to
the acid. Also, at pH values less than this, the solution can be saturated with respect to the acid
but not fo the salt.This is illustrated in the accompanying figure.

To calculate the total quantity of drug that can be maintained in solution at a selected pH,
either of two equations can be used, depending on whether the product is to be in a pH region
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above or below the pH__ . The following equa-
fion is used when below the pH__:
Saturation
K = Sa+S;a
S, =S,|1+-2 E tion 4.1 solubility
T G[ " H*} (Fquation 4.1) of salt form
Syllcccocccccoac
The next equation is used when above the U; :
PpH % pH < pHmax / | pH > pHmax
% 5 (Equation 1) / + (Equation 2)
. K b !
S, =S, {1 + —f} (Equation4.2) = .
H s Saturation :
= solubility .
where of acid form :
S, is the saturation solubility of the free acid Sal--- :
and X
S;, is the saturation solubility of the salt form. | pHmax
EXAMPLE pH

A pharmacist prepares a 3% solution of an antibiotic as an ophthalmic solution and dispenses
it fo a patient. A few days later, the patient returns the eye drops o the pharmacist because the
product contains a precipitate. The pharmacist, checking the pH of the solution and finding it
to be 6, reasons that the problem may be pH related.The physicochemical information of inter-
est on the antibiotic includes the following:

Molecular weight 285 (salt) 263 (free acid)
3% solution of the drug 0.1053-M solution

Acid form solubility (S_) 3.1 mg/mL (0.0118 M)

K 5.86x10-¢

a

Using Equation (Equation 4.1, the pharmacist calculates the quantity of the antibiofic in solu-
fion af a pH of 6 (Nofe: pH of 6.0 = [H*] of 1 x 10%)

$;=00118[1+(5.86x10°)/(1x10*)] = 0.0809 molar

From this, the pharmacist knows that at a pH of 6, a 0.0809-M solution can be prepared. However,
the concentration that was fo be prepared was a 0.1053-M solution; consequently, the drug will
not be in solution at that pH.The pH may have been all right initially but shifted to a lower pH
over time, resulting in precipitation of the drug. The question is at what pH (hydrogen ion con-
centration) the drug will remain in solution. This can be calculated using the same equation
and information.The S, value is 0.1053 M.

%
O.1053=O.0118[1+M}

H+
[H]=7.333x107, or a pH of 6.135

The pharmacist prepares a solution of the antibiotic, adjusting the pH fo above about 6.2, using
a suitable buffer system, and dispenses the solution to the patient—with positive results.

An interesting phenomenon concerns the close relationship of pH to solubility. At a pH of 6,
only a 0.0809-M solution could be prepared, but at a pH of 6.13, a 0.1053-M solution could be
prepared. In other words, a difference of 0.13 pH units resulted in
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pH change on its solubility.

pharmacokinetic monitoring.

01053 -0.0809
0.0809

more drugs going info solution at the higher pH than at the lower pH. In other words, a very
small change in pH resulted in about 30% more drugs going info solution. According to the
figure, the slope of the curve would be very steep for this example drug, and a small change
in pH (x-axis) results in a large change in solubility (y-axis). From this, it can be reasoned that
if one observes the pH-solubility profile of a drug, it is possible fo predict the magnitude of the

In recent years, more and more physicochemical information on drugs is being made avail-
able to pharmacists in routinely used reference books. This type of information is important
for pharmacists in different types of practice, especially those involved in compounding and

=30.1%

In recent years, more and more physico-
chemical information on drugs is being made
available to pharmacists in routinely used
reference books. This type of information is
important for pharmacists in different types
of practice, especially those who compound
and do pharmacokinetic monitoring.

Dissolution

Variations in the biologic activity of a drug
substance may be brought about by the rate
at which it becomes available to the organ-
ism. In many instances, dissolution rate, or
the time it takes for the drug to dissolve in
the fluids at the absorption site, is the rate-
limiting step in absorption. This is true for
drugs administered orally in solid forms,
such as tablets, capsules, or suspensions,
and for those administered intramuscularly.
When the dissolution rate is the rate-limiting
step, anything that affects it will also affect
absorption. Consequently, dissolution rate
can affect the onset, intensity, and duration
of response and control the overall bioavail-
ability of the drug from the dosage form, as
discussed in the previous chapter.

The dissolution rate of drugs may be
increased by decreasing the drug’s particle
size. It may also be increased by increasing
its solubility in the diffusion layer. The most
effective means of obtaining higher dissolu-
tion rates is to use a highly water-soluble salt
of the parent substance. Although a soluble

salt of a weak acid will precipitate as the free
acid in the bulk phase of an acidic solution,
such as gastric fluid, it will do so in the form
of fine particles with a large surface area.

The dissolution rates of chemical com-
pounds are determined by two methods: the
constant surface method, which provides the
intrinsic dissolution rate of the agent, and
particulate dissolution, in which a suspen-
sion of the agent is added to a fixed amount
of solvent without exact control of surface
area.

The constant surface method uses a com-
pressed disc of known area. This method
eliminates surface area and surface electrical
charges as dissolution variables. The dissolu-
tion rate obtained by this method, the intrin-
sic dissolution rate, is characteristic of each
solid compound and a given solvent in the
fixed experimental conditions. The value is
expressed as milligrams dissolved per minute
per square centimeter. It has been suggested
that this value is useful in predicting prob-
able absorption problems due to dissolution
rate. In particulate dissolution, a weighed
amount of powdered sample is added to the
dissolution medium in a constant agitation
system. This method is frequently used to
study the influence of particle size, surface
area, and excipients upon the active agent.
Occasionally, the surface properties of the
drug produce an inverse relationship of par-
ticle size to dissolution. In these instances,
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surface charge and/or agglomeration results
in the reduced particle size form of the drug
presenting a lower effective surface area to the
solvent due to incomplete wetting or agglom-
eration. Fick’s laws describe the relationship

L ]

of diffusion and dissolution of the active drug
in the dosage form and when administered
in the body, as shown in Physical Pharmacy
Capsule 4.8, Fick’s Laws of Diffusion and the
Noyes-Whitney Equation.

l‘ﬁ PHYSICAL PHARMACY CAPSULE 4.8

Fick's Laws of Diffusion and the Noyes-Whitney Equation

All drugs must diffuse through various barriers when administered to the body. For example,
some drugs must diffuse through the skin, gastric mucosa, or some other barrier to gain access
o the interior of the body. Parenteral drugs must diffuse through muscle, connective tissue, and
so on, to get to the site of action; even intravenous drugs must diffuse from the blood to the site
of action. Drugs must also diffuse through various barriers for metabolism and excretion.

Considering all the diffusion processes that occur in the body (passive, active, and facili-
tated). it is not surprising that the laws governing diffusion are important to drug delivery systems.
In fact, diffusion is important not only in the body but also in some quality control procedures
used to determine batch-fo-batch uniformity of products (dissolution fest for fablets based on
the Noyes-Whitney equation, which can be derived from Fick’s law).

When individual molecules move within a substance, diffusion is said to occur.This may oc-
cur as the result of a concentration gradient or by random molecular motion.

Probably the most widely used laws of diffusion are known as Fick’s first and second laws.
Fick first law involving steady-state diffusion (where dc/dx does not change) is derived from the
following expression for the quantity of material (M) flowing through a cross section of a barrier
(S) in unit fime () expressed as the flux (J):

J=dM/(Sdt)
Under a concentration gradient (dc/dx), Fick’s first law can be expressed thus:
J=D[(C,-C,)/h]orJ=-D(dC/dx)
where

J is the flux of a component across a plane of unit area,

C, and C, are the concentrations in the donor and receptor compartments,
h is the membrane thickness, and

D is the diffusion coefficient (or diffusivity).

The sign is negative, denoting that the flux is in the direction of decreasing concentration.The
units of J are grams per square centimeter; C, grams per cubic centimeter; M, grams or moles;
S, square centimeters; x, centimeters; and D, square centimeters per second.

D is appropriately called a diffusion coefficient, not a diffusion constant, as it is subject to
change. D may change in value with increased concentrations. Also, D can be affected by
tfemperature, pressure, solvent properties, and the chemical nature of the drug itself. To study
the rate of change of the drug in the system, one needs an expression that relates the change
in concentration with time at a definite location in place of the mass of drug diffusing across
a unit area of barrier in unit time; this expression is known as Fick’s second law. This law can
be summarized as stating that the change in concentration in a particular place with fime is
proportional to the change in concentration gradient at that particular place in the system.
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In summary, Fick’s first law relates to a steady-state flow, whereas Fick second law relates to a
change in concentration of drug with time, at any distance, or an unsteady state of flow.

The diffusion coefficients (D x 10-¢) of various compounds in water (25°C) and other media
have been defermined as follows: ethanol, 12.5 cm?/s; glycine, 10.6 cm?/s; sodium lauryl sul-
fate, 6.2 cm?/s; glucose, 6.8 cm?/s.

The concentration of drug in the membrane can be calculated using the partition coef-
ficient (K) and the concentration in the donor and receptor compartments.

K=(C,/C.)=(C,/C)
where

C, and C, are the concentrations in the donor compartment (g/cm?®)

and C, and C, are the concentrations in the receptor compartment (g/cm?).

K is the partition coefficient of the drug between the solution and the membrane. It can
be estimated using the oil solubility of the drug versus the water solubility of the drug. Usually,
the higher the partition coefficient, the more the drug will be soluble in a lipophilic substance.
We can now write the expression:

dM/dt=[DSK(C, -C,)]/h
or in sink conditions,
dM/dt=DSKC, /h=PSC,
The permeability coefficient (centimeters per second) can be obtained by rearranging to:

P=DK/h

EXAMPLE 1

A drug passing through a 1-mm-thick membrane has a diffusion coefficient of 4.23 x 10-7 cm?/s
and an oil-water partition coefficient of 2.03.The radius of the area exposed to the solution is
2 cm, and the concentration of the drug in the donor compartment is 0.5 mg/mL. Calculate
the permeability and the diffusion rate of the drug.

h=1mm=0.1Tcm

D=4.23x 107 cm?/s

K=2.03

r=2cm,S=mn(2cm)?=1257 cm?

Cd =0.5mg/mL

P=1[(4.23 x 10-7 cm?/s) (2.03)]/0.1 cm = 8.59 x 10-¢ cm/s

dM/dt = (8.59 x 10-¢ cm/s) (12.57 cm?)(0.5 mg/mL) = 5.40 x 10-° mg/s
(6.40 x 10-°>mg/s)(3.600 s/h) =0.19 mg/h

In the dissolution of particles of drug, the dissolved molecules diffuse away from the individual
particle body. An expression to describe this, derived from Fick equations, is known as the Noyes
and Whitney expression, proposed in 1897. It can be written as follows:

dC/dt= (DS/Vh)(Cs - C)
where

C is the concentration of drug dissolved af fime t,
D is the diffusion coefficient of the solufe in solution,
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S is the surface area of the exposed solid,

V is the volume of solution,

h is the thickness of the diffusion layer,

Cs is the saturation solubility of the drug, and

C is the concentration of solute in the bulk phase at a specific time, 1.

It is common practice to use sink conditions in which C does not exceed about 20% of the
solubility of the drug being investigated. Under these conditions, the expression simplifies to

dC/dt=(DSCs/Vh)

and incorporating the volume of solution (V), the thickness of the diffusion layer (h), and the dif-
fusivity coefficient (D) info a coefficient k (to take into account the various factors in the system),
the expression becomes

dC/dt =kSCs

As the factors are held constant, it becomes apparent that the dissolution rate of a drug can be
proportional fo the surface area exposed to the dissolution medium. A number of other expres-
sions have been derived for specific application to various situations and conditions.

These relationships expressed as Fick first and second laws, and the Noyes-Whitney equation
have great importance and relevance in pharmaceutical systems.

EXAMPLE 2

The following information was obtained using the USP 32-NF 27 dissolution apparatus I. The
drug is soluble at 1 g in 3 mL of water, so sink conditions were maintained; the surface area of
the fablet exposed was 1.5 cm? (obtained by placing the fablet in a special holder exposing
only one side to the dissolution medium); and the dosage form studied was a 16-mg sustained-
release tablet; the release pattern should be zero order. What is the rate of release of drug?

TIME (HOURS) DRUG CONCENTRATION (MG/900 ML OF SOLUTION) GRAPH OF RELEASE PROFILE

0.0 0.0 2
S
0.5 1.0 212
10 19 H
54
2.0 4.1 £
4.0 8.0 £ 4
(6]
6.0 11.8 s
o 0 2 4 6
8.0 15.9 Time (h)

In this problem, since the surface area (S) was maintained constant at 1.5 cm? and the solubil-
ity (Cs) of the drug is constant af 1 g in 3 mL of water, the plot of concentration versus time (1)
yields a slope with a value of kSCs, or k,, expressing the rate of release of the drug as

dC/dt =kSCs

The slope of theline = Ay / Ax = (y, = v,) / (X, - X,)
=(15.9mg-0mg)/(8.0n-0h)
-159/8=1.99mg/h

Therefore, the rate of release of the sustained-release preparation is 1.99 or approximately
2 mg/hour. From this, the quantity of drug released at any time () can be calculated.
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Early formulation studies should include
the effects of pharmaceutical ingredients on
the dissolution characteristics of the drug
substance.

Membrane Permeability

Modern preformulation studies include an
early assessment of passage of drug mole-
cules across biologic membranes. To produce
a biologic response, the drug molecule must
first cross a biologic membrane. The biologic
membrane acts as a lipid barrier to most
drugs and permits the absorption of lipid-
soluble substances by passive diffusion,
while lipid-insoluble substances can diffuse
across the barrier only with considerable dif-
ficulty if at all. The interrelationship of the
dissociation constant, lipid solubility, and
pH at the absorption site with the absorption
characteristics of various drugs are the basis
of the pH partition theory.

Data obtained from the basic physico-
chemical studies, specifically, pK , solubility,
and dissolution rate, provide an indication
of absorption. To enhance these data, a tech-
nique using the everted intestinal sac may be
used to evaluate absorption characteristics
of drug substances. In this method, a piece
of the intestine is removed from an intact
animal, is everted, and is filled with a solu-
tion of the drug substance, and the degree
and rate of passage of the drug through the
membrane sac are determined. This method

®

-

immiscible layers can be described thus:

where

L 42 PHYSICAL PHARMACY CAPSULE 4.9

Partition Coefficient

The oil-water partition coefficient is a measure of a molecule’s lipophilic character; that s, its
preference for the hydrophilic or lipophilic phase. If a solute is added to a mixture of two immis-
cible liquids, it will distribute between the two phases and reach an equilibrium at a constant
temperature.The distribution of the solute (unaggregated and undissociated) between the two

K=C,/C,

K'is the distribution constant or partition constant,

allows evaluation of both passive and active
transport.

In the latter stages of preformulation test-
ing or early formulation studies, animals
and humans must be studied to assess the
absorption efficiency and pharmacokinetic
parameters and to establish possible in vitro
and in vivo correlation for dissolution and
bioavailability.

Partition Coefficient

The use of the partition coefficient is described
in some detail in Physical Pharmacy Capsule
4.9, Partition Coefficient. Inherent in this pro-
cedure is the selection of appropriate extrac-
tion solvents, drug stability, use of salting-out
additives, and environmental concerns. The
octanol-water partition coefficient is com-
monly used in formulation development.
Following the illustrations provided earlier,
it is defined as

(Concentration of drug in octanol)

(Concentration of drug in water)

P depends on the drug concentration only
if the drug molecules have a tendency to
associate in solution. For an ionizable drug,
the following equation is applicable:

P (Concentration of drug in octanol)

[1- a](Concentration of drug in water)

where o equals the degree of ionization.
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C, is the concentration of the drug in the upper phase, and
C_ is the concentration of the drug in the lower phase.

This information can be effectively used in the

1. Extraction of crude drugs

2. Recovery of antibiotics from fermentation broth

3. Recovery of biotechnology-derived drugs from bacterial cultures

4. Extraction of drugs from biologic fluids for therapeutic drug monitoring

5. Absorption of drugs from dosage forms (oinfments, suppositories, and fransdermal patches)
6. Study of the distribution of flavoring oil between oil and water phases of emulsions

7. In other applications

This basic relationship can be used to calculate the quantity of drug extracted from or remain-
ing behind in a given layer and to calculate the number of extractions required fo remove a
drug from a mixture.

The concentration of drug found in the upper layer (U) of the two immiscible layers is given
thus:

U=Kr/(Kr+7)
where

K'is the distribution partition constant and
risV /V, or the ratio of the volume of upper and lower phases.

The concentration of drug remaining in the lower layer (L) is given thus:
L=1/(Kr+7)

If the lower phase is successively extracted again with n equal volumes of the upper layer, each
upper phase (U,) contains the following fraction of the drug:

U, =Kr/(Kr+1)"
where

U, is the fraction contained in the nth extraction and
n is the nth successive volume.

The fraction of solute remaining in the lower layer (L) is given thus:
L, =1/(Kr+1)"

More efficient extractions are obtained using successive small volumes of the extraction sol-
vent than single larger volumes. This can be calculated as follows when the same volume of
extracting solvent is used in divided portions. For example, the fraction L remaining after the
nth extraction:

EXAMPLE 1

At 25°C and pH 6.8, the K for a second-generation cephalosporin is 0.7 between equal volumes
of butanol and the fermentation broth. Calculate the U, L, and L (using the same volume di-
vided into fourths).
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U=0.7/(0.7+1) = 0.41, the fraction of drug extracted into the upper layer
L=1/(0.7+1)=0.59, the fraction of drug remainingin the lower Idiyer

The fotal of the fractions in the Uand L =0.41 + 0.59 = 1.

If the fermentation broth is extracted with four successive extractions accomplished by di-
viding the quantity of butanol used into fourths, the quantity of drug remaining after the fourth
extraction is

:
- -0525

L
on (0.7><1+1)
4

From this, the quantity remaining after a single volume, single extraction is 0.59, but when the
single volume is divided info fourths and four successive extractions are done, the quantity re-
maining is 0.525; therefore, more was extracted using divided portions of the extracting solvent.
Inherent in this procedure is the selection of appropriate extraction solvents, drug stability, use

of salting-out additives, and environmental concerns.

pPK_/Dissociation Constants

Among the physicochemical characteris-
tics of interest is the extent of dissociation or
ionization of drug substances. This is impor-
tant because the extent of ionization has
an important effect on the formulation and
pharmacokinetic parameters of the drug. The
extent of dissociation or ionization in many
cases is highly dependent on the pH of the
medium containing the drug. In formula-
tion, often the vehicle is adjusted to a certain
pH to obtain a certain level of ionization of

the drug for solubility and stability. In the
pharmacokinetic area, the extent of ionization
of a drug has a strong effect on its extent of
absorption, distribution, and elimination. The
dissociation constant, or pK , is usually deter-
mined by potentiometric titration. For the
practicing pharmacist, it is important in pre-
dicting precipitation in admixtures and in cal-
culating the solubility of drugs at certain pH
values. Physical Pharmacy Capsule 4.10, pK /
Dissociation Constants, presents a brief sum-
mary of dissociation and ionization concepts.

®
.
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PK,/Dissociation Constants

The dissociation of a weak acid in water is given by this expression:

HA & H +A”
K [HA] & K, [H ][ A"]

At equilibrium, the reaction rate constants K, and K, are equal. This can be rearranged,
and the dissociation constant is defined as

_x_[M]A]

N
°7K,  [HA]
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where K is the acid dissociation constant.

relationship can be used:

The dissociation constant is described by

The dissociation constant is described by

For the dissociation of a weak base that does not contain a hydroxyl group, the following
BH" <> H" +B

W]
" en]

The dissociation of a hydroxyl-containing weak base,

K_

B+H,0 < OH +BH"

K. [OH][BH"]

B
The hydrogen ion concentrations can be calculated for the solution of a weak acid using
[H]=kC
Similarly, the hydroxyl ion concentration for a solution of a weak base is approximated by

[oH - K

EXAMPLE 1

solution?

EXAMPLE 2

Some practical applications of these equations are as follows.

The K, of lactic acid is 1.387 x 10-* at 25°C. What is the hydrogen ion concentration of a 0.02 M

[H*] =1.387x10% x0.02 =1.665%x10°G- ion/L

The K, of morphine is 7.4 x 10-7.What is the hydroxyl ion concentration of a 0.02 M solution?

[OH’] =7.4x107x0.02=1.216x10* G- ion/L

Hydrates and Solvates

Many active pharmaceutical agents exist
as hydrates or solvates; some are hygro-
scopic, deliquescent, and/or efflorescent.
Hygroscopic powders are those that will tend
to absorb moisture from the air. Deliquescent
powders are those that will absorb moisture
from the air and even liquefy. Efflorescent
powders are those that may give up their
water of crystallization and may even become

damp and pasty. When working with these
powders, extra care must be taken. Generally,
the USP description of a powder will state
whether it has hygroscopic, deliquescent, or
efflorescent properties.

One other factor is that if a hygroscopic
or deliquescent powder is being weighed
on a balance, the powder may absorb mois-
ture from the air and weigh heavier than
it should. Therefore, weighings should be
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Hydrates and Solvates

When a substance is a hydrate and water is present in the molecule, more of the chemical
must be weighed to obtain the actual active drug. As a drug example that is available with dif-
ferent amounts of water, let us look at different forms of dexamethasone.

- Dexamethasone contfains less than 0.5% of its weight in water.

- Dexamethasone acetate has one molecule of water of hydrafion and contains between
3.5% and 4.5% of water; the anhydrous form contains less than 0.4% water.
Dexamethasone sodium phosphate contains a sum of water and alcohol that may be up to 16%

Another example is lidocaine hydrochloride. Lidocaine hydrochloride occurs as a monohy-
drate and as the anhydrous form.The water content may be between 5% and 7%

CALCULATIONS

How much adjustment should be made if using lidocaine hydrochloride monohydrate in place
of lidocaine hydrochloride anhydrous for a compounded prescription?
Lidocaine HCI monohydrate C,,H,,N,O-HCI.H,O MW 288.81

Lidocaine HCI anhydrous C. ,H, N, O -HCI MW 270.80

14" 722" "2
A comparison of the molecular weights reveals a factor of 1.066 can be used for the adjustment:

(288.81)/(270.80) =1.066

EXAMPLE:

If a prescription for lidocaine hydrochloride 2% gel (100 g) is to be made, then 2 g of anhydrous
lidocaine HCI could be used, OR:

2 g x 1.066 =2.132 g of lidocaine HCI monohydrate.

Also, a direct comparison of the molecular weights and the physical quantity required can
be used, as follows:

MW hydrate  weight of hydrated form
MW anhydrous ~ weight of anhydrous form
288.81 X
270.80 2g
X=2133¢g

Further, the USP monograph for lidocaine hydrochloride Jelly, USP states "It contains not less
than 95% and not more than 105.09% of the labeled amount of lidocaine hydrochloride
(C,,H,,N,O -HCI)." Note that this is the anhydrous form. It is important fo also check the C of A for
the lidocaine hydrochloride being used to determine the water content. Fortunately, most pure
powders (anhydrous) generally only contain 0.2% to 0.5% moisture, which can be insignificant
but need to be checked, nevertheless.

made quickly after opening the bulk chemi-
cal containers and then resealing them.
Solvates and hydrates must be packaged
in “tight” containers to prevent the loss or
gain of moisture. In fact, it is best to have all
chemicals stored in “tight” containers and
to keep them thoroughly closed at all times

except for the short time when a weighing
step is involved. Storage at the indicated tem-
peratures is also important and to minimize
any exposure to very high humidity levels.
More on hydrates and solvates is presented
in Physical Pharmacy Capsule 4.11, Hydrates
and Solvates.
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Organic Salt Considerations

Because many drugs are either weak acids or
weak bases and have limited water solubility,
they are often used as their “salts” to increase
their aqueous solubility. For example, sodium
salts are often made from weak acids (sodium
salicylate is the salt of the weak acid, salicylic
acid, and a strong base, sodium hydroxide).
Also, a salt such as ephedrine hydrochlo-
ride can be prepared between a weak base,
ephedrine, and a strong acid, hydrochloric
acid. Third, the combination of a weak base,
codeine, and a weak acid, phosphoric acid,
can be used, as in codeine phosphate.

When salts are placed in an aqueous envi-
ronment, they will dissolve to some extent,
based upon their solubility in the aqueous
media and the pH of the media. There will
be a portion of the drug that is dissolved and
some may remain undissolved. Of the dis-
solved portion, there will be a part that is
“ionized” and the remainder will be “union-
ized,” depending upon the pH of the media.
Generally, it is the “unionized” portion of the
drug in solution that will be absorbed for sys-
temic effect. This is described by the “disso-
ciation constant” or “pK " of the drug.

Since the bulk substance or active phar-
maceutical ingredient (API) in a salt form is
not 100% active drug, it is important to know
whether or not the dose of the drug is based
upon the drug salt or drug base form. Many
drugs are “salts,” and the dose may be based
on the “total salt” form or just the “base”
form of the drug.

Sources of information that can be used to
determine the “form” of the drug (base, salt,
or ester) include the wording of commercial
products (package inserts) and the USP/NEFE.
For example, Albuterol Sulfate Tablets USP
are based on the “albuterol” content (present
as the sulfate form). The USP states “ Albuterol
Tablets USP contain an amount of albuterol
sulfate equivalent to not less than 90% and
not more than 110% of the labeled amount of
albuterol (C ;H, NO,).” In other words, suf-
ficient albuterol sulfate is present to provide
the labeled amount of the albuterol base.

In another scenario, the dose of Diphen-
hydramine Hydrochloride Capsules USP

is based on the total molecule, that is,
diphenhydramine hydrochloride. The USP
states “Diphenhydramine Hydrochloride
Capsules USP contain not less than 90%
and not more than 110% of the labeled
amount of diphenhydramine hydrochlo-
ride (C,H, NO-HCI).” As one can see, the
weight of the “HCl” is considered in the
dose of the drug.

The purpose of the “salt” form is usually
to enhance the solubility of the drug; but it
may also enhance the stability and change
other attributes of the drug that make it
easier to handle and manipulate for produc-
ing dosage forms. Also, it is the “unionized”
portion of the drug that will ultimately
exert its effect in the body, as the remainder
of the salt molecule may no longer follow
the base, or unionized, form of the drug into
the body.

Why do we have some drugs that are
dosed on the “base” form of the drug and
some drugs that are dosed on the total
weight of the “salt” form of the drug? In
reviewing the USP revisions, it appears that
this has always been an issue for many years
with no apparent basis for which way the
salts are dosed. However, both the official
monographs and the U.S. Food and Drug
Administration (FDA)-approved drug prod-
ucts appear to be inconsistent in how they
determine how a drug is dosed. It is the
responsibility of the pharmacist to know
whether or not the base/acid of the salt form
of the drug is to be used in the calculations
for the amount of API to actually be used, if
compounding.

The new “Monograph Naming Policy for
Salt Drug Substances in Drug Products and
Compounded Medications” (USP General
Chapter <1121> Nomenclature) states the
following:

“The titles of USP monographs for drug products

and compounded preparations formulated with a

salt of an acid or base use the name of the active moi-

ety, as defined below. The strength of the product or

preparation also is expressed in terms of the active
moiety.

An active moiety is the molecule or ion, exclud-
ing those appended portions of the molecule that
cause the drug to be an ester, salt (including a salt
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- Organic Salts

It is important to know whether or not a drug is “*dosed” on the base or the salt form. Consider
that the fentanyl dose is calculated on the “base” form but the “salt” is the form that is used in
the dosage form. For example:

A prescription calls for 10 mL of fentanyl 50 ug/0.1 mL (as the citrate) topical gel. How much
fentanyl citrate will be required?

1. 80 pg/0.1 mL=X pug/10 mL, X =5 mg
2. Fentanyl MW = 336.47
Fentanyl citrate MW = 528.59
3. 336.47/5 mg = 528.59/X, X = 7.85 mg
4. Each mg of fentanyl equals 528.59/336.47 = 1.57 mg fentanyl citrate

In a different example, Diphenhydramine Hydrochloride Capsules USP are based on the
fotal molecule, that is, diphenhydramine hydrochloride. The USP states "Diphenhydramine
Hydrochloride Capsules USP contain not less than 90% and not more than 110% of the labeled
amount of diphenhydramine hydrochloride (C,,H,,NO-HCI)." As one can see, the weight of the
"HCI" is considered in the dose of the drug. For example:

A prescription calls for 30 capsules of diphenhydramine hydrochloride 35 mg each. How
much diphenhydramine hydrochloride will be required?

1. Since the tfotal salt molecule is part of the dose:
2. 30 x 35 mg = 1.05 g of diphenhydramine hydrochloride is required.

UXP XII (1942) lists about 20 tablet monographs that are all based on the “salt” form of the
drug, for example, Morphine Sulfate Tablets USP contain not less than 93% and not more than
107% of the labeled amount of morphine sulfate [(C,,H,,O,N),-H,SO,-5H,0].The names of the
monographed items in this fime period were quite clear as the salt names were a part of the
official name if it was fo be used. For example, Barbital Tablets USP are based on the labeled
amount of barbital (C,H,,N,O,), but Barbital Sodium Tablets were based on the labeled amount
of barbital sodium (C,H,,N,O,Na).

USP XVl (1960) monograph for Amodiaquine Hydrochloride Tablets USP states
"Amodiaquine Hydrochloride Tablets contain an amount of amodiaquine hydrochloride
(C,H,,CIN,O - 2HCI- 2H,0) equivalent to not less than 93% and not more than 107% of the la-
beled amount of amodiaquine base (C,H,,CIN,O)." It is evident in this monograph that the
dose is calculated on the "base” form of the drug.

It is the responsibility of the formulator o determine whether or not the base/acid of the salt
form of the drug is fo be used in the calculations for the amount of API fo actually be used.

with hydrogen or coordination bonds), or other
noncovalent derivative (such as a complex, chelate,
or clathrate) of the molecule, responsible for the
physiological or pharmacological action of the drug
substance without regard to the actual charged state
of the molecule in vivo.

For example, the active moiety of a hydrochloride
salt of a base will be the free base and not the proton-
ated form of the base. The active moiety of a metal
acid salt will be the free acid.

This Policy is followed by USP in naming drug
products and compounded preparations that are
newly recognized in the USP. Revising existing
monographs to conform to this Policy is not in-
tended, except where the USP Council of Experts
determines that, for reasons such as safety, a nomen-
clature change is warranted.”

See example organic salt considerations in

Physical Pharmacy Capsule 4.12, Organic Salts.
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Organic Ester Considerations

Many drugs are available as the base form
or as an “ester,” and the dose may be based
on the total ester form or just the base form
of the drug. If a number of factors are not
considered, a final manufactured product or
compounded preparation may not fall within
the strength requirements, for example, 90%
to 110% for compounded preparations or the
USP monographs.

Some drugs are esters by virtue of their
internal chemical structure (atropine, cocaine,
many local anesthetics, etc.), and others are
esters by the addition of a moiety that will
form an ester for certain purposes. It is only
the latter that are discussed here; those that
are esters because of their basic molecular
structure are not included.

An ester is a compound of the general for-
mula R-C-O-R1 where R and R1 may be the
same or different and may be either aliphatic
or aromatic. The term “aliphatic” refers to
an acyclic or cyclic, saturated or unsaturated
carbon compounds excluding aromatic com-
pounds; the term “aromatic” was originally
used to describe compounds that “smelled”
but were later found to contain either ben-
zene or a fused benzene rings in the structure.
The term has been generalized to include
aromatic heterocyclic structures.

The dehydration of a molecule of an alco-
hol and a molecule of an organic acid can
form an ester. For example, ethanol reacts
with acetic acid to form ethyl acetate, an
ester:

C,H.OH + CH,COOH — CH,CH,
~0-CO-CH, +H,0

L ]

Following salts, esters are the most impor-
tant acid derivatives used in pharmacy.
Esters can be prepared for a number of rea-
sons, including solubility, stability, resistance
to degradation after administration, use as
prodrugs, etc.

Some drugs are very soluble but tend
to degrade rapidly when in solution. One
approach to increase their stability, and shelf-
life, is to prepare esters that are poorly soluble.
This results in a “suspension” dosage form in
place of a “solution” dosage form. A drug in a
suspension dosage form degrades at a much
slower rate than one in solution. After oral
administration, the ester is cleaved and the
active drug moiety released for absorption, etc.

Some drugs may cause pain at the site of
injection, especially if they precipitate and
damage the surrounding tissue. This can be
overcome by preparing a drug with increased
solubility. Chloramphenicol has low water
solubility, but the succinate ester is formed to
increase the water solubility of the drug and
facilitate parenteral administration. This suc-
cinate ester is inactive but is hydrolyzed to
release the active chloramphenicol moiety.

Esters are an important means of prepar-
ing prodrugs due to the number of esterases
present in various parts of the body that will
cleave the ester linkage, releasing the active
moiety. Carboxylic acid esters are common in
pharmacy and are neutral liquids or solids,
which can be hydrolyzed slowly by water
and rapidly by acids or alkalis into their
components. Some of the simple esters are
soluble in water, but those with more than
four carbon atoms are practically insoluble
in water. See examples in Physical Pharmacy
Capsule 4.13, Organic Esters.
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Organic Esters

Esters are quite interesting because one cannot simply look at the title and determine whether
or not the drug is a salt or an ester. For example, "acefate salts” include calcium acetate,
chlorhexidine acetate, desmopressin acetate, flecainide acetate, gonadorelin acetate, gua-
nabenz acetate, leuprolide acetate, lysine acetate, mafenide acetate, and zinc acetate, and
“acefafe esters” include corfisone acetate, desoxycorticosterone acetate, dexamethasone




CHAPTER 4 + PHARMACEUTICAL AND FORMULATION CONSIDERATIONS 1

29

PHYSICAL PHARMACY CAPSULE 4.13 CONT.

acetate, fludrocortisones acetate, fluorometholone acetate, hydrocortisone acetate, isoflupre-
done acetate, medroxyprogesterone acetate, megestrol acetate, melengestrol acetate, methyl-
prednisolone acetate, norethindrone acetate, paramethasone acetate, prednisolone acetate,
frenbolone acetate, and betamethasone acetate.

Further, “succinafe salts” include sumatriptan succinate, doxylamine succinate, loxapine
succinate, and metoprolol succinate, and “succinate esfers” include chloramphenicol sodium
succinate, hydrocortisone sodium succinate, hypromellose acetate succinate, methylpredniso-
lone sodium succinate, and prednisolone sodium succinate.

Let's look at cefuroxime axetil as an example of an ester that is dosed on the base form.

1. Cefuroxime axetil is C,H,,N,O,.S, with a molecular weight of 510.47. Cefuroxime axetil is de-
scribed as a mixture of the diastereocisomers of cefuroxime axetil and contains the equiva-
lent of not less than 745 ug and not more than 875 ug of cefuroxime (C, H,,N,O,S) per mg,
calculated on the anhydrous basis.

2. Cefuroxime Axetil Tablets USP contain the equivalent of not less than 90% and not more than
110% of the labeled amount of cefuroxime (C,H,N,O,S).

3. CeftinTablets (cefuroxime axefil fablets) provide the equivalent of 250 or 500 mg of cefurox-
ime as cefuroxime axetil.

4. Ceftin for Oral Suspension (cefuroxime axetil powder for oral suspension) provides the equiv-
alent of 125 or 250 mg of cefuroxime as cefuroxime axetil per 5 mL of suspension.

5. After oral administration, cefuroxime axetil is absorbed from the gastrointestinal tract and
rapidly hydrolyzed by nonspecific esterases in the infestinal mucosa and blood to cefurox-
ime; the axetil moiety is metabolized to acetaldehyde and acetic acid.

6. The molecular weight of cefuroxime axetil is 510.47.The molecular weight of cefuroxime is
424.39.Therefore, 1 mg of cefuroxime is contained in 510.47/424.39 = 1.2 mg of cefuroxime
axetil. A 250 mg of cefuroxime tablet will contain 250 x 1.2 = 300 mg of cefuroxime axetil.

7. Therefore, if using a commercial product to prepare a dosage form, no conversion should be
required. However, if using a bulk active ingredient, then the required amount of cefuroxime
axetil that is equivalent to the desired dosage of cefuroxime must be calculated.

Dexamethasone-labeled strengths pose an interesting problem as they are not consistent in
naming either the base or the ester form, for example

"Dexamethasone” dosage form monographs are based on the labeled amount of
"dexamethasone.”

"Dexamethasone acetate” dosage form monograph is based on the labeled amount of
"dexamethasone.”

"Dexamethasone sodium phosphate” dosage form monographs are based upon the lo-
beled amount of “"dexamethasone phosphate,” not "dexamethasone.”

An example of a drug that occurs both as salt and ester forms is the drug erythromycin:
Erythromycin estolate is a salt; erythromycin ethylsuccinate is an ester; erythromycin gluceptate
is a salt; erythromycin lactobionate is a salt; and erythromycin stearate is a salt.

~

Potency-Designated Active
Pharmaceutical Ingredients

In the case of “potency-designated drugs,”
the bulk substance, or API, is not 100% active
drug in all cases. It is important to know the
assayed potency designation of the ingre-
dient so that appropriate allowances can
be made to obtain the correct amount. This

may be on the label or on the Certificate of
Analysis.

Some APIs, including some antibiotics,
endocrine products, biotechnology-derived
products, biologics, etc., have potencies that
are based on “activity” and are expressed
in terms of “units of activity,” “micrograms
per milligram,” or other standard terms of
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measurements. These are described for each
API in the USP.

Regarding  biologicals, the follow-
ing is found in the General Notices of the
USP:

“5.50.10 Units of Potency (Biological)”

For substances that cannot be completely
characterized by chemical and physical
means, it may be necessary to express quan-
tities of activity in biological units of potency,
each defined by an authoritative, designated
reference standard.

Units of biological potency defined by
the World Health Organization (WHO)
for International Biological Standards
and International Biological Reference
Preparations are termed International Units
(IU). Monographs refer to the units defined
by USP Reference Standards as “USP Units.”
For biological products, units of potency
are defined by the corresponding U.S.
Standard established by FDA, whether or not

®

International Units or USP Units have been
defined.

There is no relationship between the units
of potency of one drug with that of another
different drug.

In the case of potency-designated drugs,
there must be a “reference standard” for
comparison. In actual usage, the potency
specifications often include a range or “not
less than _ ” and “not more than _.” In
some cases, only a lower range is given, and
in a few cases, there is no upper limit.

The determinations of potency are gener-
ally done on the “dried or anhydrous basis.”
In the case of hygroscopic APIs, one must
exercise precautions to maintain the sub-
stance in a dried state in tight containers. In
some cases, there is a designation of specified
solvent-free conditions.

See examples in Physical Pharmacy
Capsule 4.14, Potency-Designated Active
Pharmaceutical Ingredients.
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usage (route of administration).

stances, the salt or ester form is used.

to be used in calculations.

Poféncy—DesignoTed Active Pharmaceutical Ingredients

For those APIs, including some antibiotics, endocrine products, biotechnology-derived prod-
ucts, biologics, efc., that have potencies that are based on “activity” and are expressed in terms
of "units of activity,” "micrograms per milligram,” or other standard terms of measurements, cal-
culatfions must be made o ensure that the correct quantity of active drug is used.

In the case of dihydrostreptomycin, there are different potencies depending upon the use
of the API. The potency may be not less than 450, 650, or 725 ug, depending upon its form or

In some cases, as in erythromycin ethylsuccinate and erythromycin stearate, the potency
is based on the sum of the percentages of three different erythromycins that make up the
API. Generally, the potency designation is defermined on the “base” of the drug, but in few in-

The potency of antibiotics is commonly expressed as “ug of activity per mg of substance”
Obviously, there will be different equivalents for the base versus the salt forms of the drug.
Tobramycin has not less than 900 ug of tobramycin per mg, and tobramycin sulfate has a
potency of not less than 634 ug of fobramycin per mg, all on the anhydrous basis. As another
example, ampicillin contains not less than 900 ug and not more than 1,050 pg of ampicillin
per mg, and ampicillin sodium contains not less than 845 ug and not more than 988 ug of
ampicillin per mg, both calculated on the anhydrous basis. So, one can tell that it is extremely
important fo check the labels accompanying each batch of each API for the necessary values
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pain) and antibiofics.

tencies. An example of a calculation follows.

EXAMPLE

mycin sulfate?

In some drugs, the actual dose may be expressed in units instead of mg. Examples of this
include heparin and insulin. Other examples include enzymes (pancreatin, pancrelipase, pa-

Each container must be labeled with the actual potency, and this information is to be used
in calculations involving dosing prior to compounding activities. These calculations must be
done and checked and documented, as different lots of the same API may have different po-

A formula calls for 500 mg of neomycin sulfate.The label on the APl shows 650 ug of neomycin
activity per mg of powder. How much of this powder is required to provide the 500 mg of neo-

650ug  500mg
1000ug

X =769 mg of the powder is required to provide 500 mg of actual neomycin sulfate.

X

Complex Organic Molecules

Most complex molecules and biotechnology
products are proteins; however, some may be
smaller peptide-like molecules. Proteins are
inherently unstable molecules and require
special handling; also, their degradation
profiles can be quite complex. Pharmacists
involved in working with or handling bio-
logically active proteins must be interested in
their stabilization, formulation, and delivery
to the site of action.

In working with complex molecules, one
must be cognizant of both the active drug
constituent and the total drug formulation
in which it is contained. This is true when

]

converting a commercial product into a com-
pounded preparation. Protein drugs are very
potent and are generally used in quite low
concentrations. The bulk of many manufac-
tured products and compounded prepara-
tions may be the excipients. These excipients
include the vehicle, buffers, stabilizers, and
others that are often incorporated in these
products. A number of different stabilizers
can be used from different chemical classes
and include surfactants, amino acids, poly-
hydric alcohols, fatty acids, proteins, antioxi-
dants, reducing agents, and metal ions. See
Physical Pharmacy Capsule 4.15, Complex
Organic Molecules for further considerations.
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Complex Organic Molecules

Most complex molecules and biotechnology products are proteins; however, some may be
smaller peptide-like molecules. Proteins are inherently unstable molecules and require special
handling; also, their degradation profiles can be quite complex. Pharmacists involved in com-
pounding with biologically active proteins must be interested in their stabilization, formulation,
and delivery to the site of action.

Protein drugs are potent and are generally used in low concentrations; consequently, the
bulk of many manufactured products and compounded preparations may be the excipients,
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including the vehicle, buffers, stabilizers, and others that are often incorporated in these
products.

FACTORS

pH: pH is one of the key important factors in formulating a stable preparation. The optimal pH
range can be achieved through the selection of appropriate physiologic buffers, usually in buf-
fer concentration ranges of 0.01 fo 0.1 M. In general, an increase in the buffer concentration
means an increase in pain on injection so is generally kept as low as reasonable.

Chelating agents: Chelating agents are incorporated to bind trace metals such as copper,
iron, calcium, and manganese and minimize rates of degradation. Ethylenediaminetetraacetic
acid (EDTA) is commonly used at a concentration of about 0.01% to 0.05%.

Antioxidants: Antioxidants are often used since oxidation is one of the major factors in pro-
fein degradation. Examples include ascorbic acid, sodium disulfide, monothioglycerol, and
o-focopherol are frequently used at a concentration of about 0.05% to 0.1%.

Preservatives: Preservatives are used, especially if multiple dose vials are indicated. Examples
include phenol (0.3% o 0.5%), chlorobutanol (0.3% o 0.5%). and benzyl alcohol (1% to 3%).

Ofthers: Others may include the polyols, which are good stabilizers and are commonly used
in concentrations from 1% to 10%, and fonicity-adjusting agents, which include sodium chloride
and dextrose in concentrations necessary fo achieve isotonicity of approximately 290 mOsm/L.

The use of filters in manipulating biotechnology products can result in “sorption” or the loss
of some of the drug available to the patient. Sorption is “sticking” either by “absorption” into
the filter or by “"adsorption” onto the surface of the filter. Special filters have been prepared
to minimize this problem. For example, muromonab-CD3 (Orthoclone OKT3) injection should
be filtered with a low-protein-binding filter of 0.2 to 0.22 um. Many biotechnology products
should not be filtered at all. If a filtration device is part of the IV administration apparatus, large
molecule drugs should generally be administered distal fo the site of the filter. Filters that have
been shown to minimize protein adsorption are those made from polyvinylidene difluoride,
polycarbonate, polysulfone, and regenerated cellulose. As a precaution, low-protfein-binding
filters should be used.

Sorption of proteins fo containers (glass or plastic) can result in drug loss. This loss can be
minimized either by the use of albumin or by siliconization. Adding about 0.1% albumin to the
product can decrease the sorption of proteins to containers. If glass containers are used, the
albumin solution should be added and manipulated to coat the interior surface before adding
the drug. If siliconization is used, one can prepare a silicon solution or emulsion and soak or
rinse the glass vials in it. The drained vials should then be placed in an oven at about 250°C for
5 1o 6 hours.This procedure will minimize protein adsorption to the glass; it can be used for both
the preparation equipment and the packaging containers.

Specific issues relevant fo large molecule drugs include the following:

effect of agitation and/or frothing on a preparation’s stability;

high molecular weight and potential for aggregation (i.e., a small change in structure can
result in a change in activity);

assignment of pofency to the reference standards (when fraditional pharmaceuticals are
about 98% pure, these materials may be only 0.1% to 1% active, with their activity assigned
by potentially variable assays);

use of micropipets, which can require frequent calibration;

stability may be less than lyophilized preparations;

interaction of the product with the inner wall of the glass vial and with the elastomeric
closure;

effectiveness of the preservative if a multidose product is mixed with other products; and
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immunogenic potential, because some are produced by a fermentation-type process and
proteins can copurify with proteins.

Sorption is a problem with colony-stimulating factors and with aldesleukin (Proleukin) at low
concentrations. To minimize “sticking” of the protein fo the glass, the addition of about 0.1%
albumin fo the product fo occupy the potential binding sites in the container is often helpful.
Pharmacists must consider this problem before making any changes in packaging.

Agitation resulting in frothing can create difficulties in two ways. First, frothing can cause
difficulties in using a syringe to withdraw the required amount of drug from a vial. To avoid
this problem, the formulator should mix the product by rolling the vial in the hands or gently
swirling it. Second, excessive agitation can cause changes in a protein’s quaternary structure
that often reduce or eliminate a drug’s therapeutic activity. Some products, such as filgrastim
(Neupogen) and sargramostim (Leukine), are reconstituted by directing a soft stream of dilu-
ent against the inside of the container wall. Others, such as recombinant tissue plasminogen
activator (tPA; alteplase), are reconstituted by directing a stream of diluent directly info the
product at the bottom of the vial.

Storage: The recommended storage temperature depends on the specific preparation and
may include room temperature (15°C fo 25°C), refrigerator temperature (2°C to 8°C), frozen
(-20°C), or ultra frozen temperature (down to -80°C). Freezing does affect the activity of certain
products; for instance, the activity of filgrastim decreases if it is frozen. Some products can retain
potency at room temperature after reconstitution. Sargramostim retains potency for up to 30
days at 25°C. However, most manufacturers recommend refrigeration at 2°C to 8°C, regardless
of the product’s potency at room temperature.

The short shelf life of these products after reconstitution can be due to chemical, physi-
cal, or microbiological instability. The manufacturer's recommendations or those validated
by the published literature should be followed for products after they are reconstituted and
manipulated. One example is tPA, which has been used in treating intfraocular fibrin forma-
fion after a vitfrectomy and in managing subconjunctival hemorrhage after glaucoma filtra-
fion surgery. The prepared solution is stable in a pH range of 5 to 7.5 and is incompatible
with bacteriostatic agents.To prepare a compounded preparation, the commercial product
is reconstituted according to the manufacturer’s directions, using sterile water for injection
without preservatives to yield a concentration of 1 mg/mL.This solution is further diluted with
0.9% sodium chloride injection tfo yield a concentration of 25 ug/100 L. Aliquots of 0.3 mL
are withdrawn into 1-mL tuberculin syringes and capped. The syringes are stored in an ultra
freezer at -70°C. This product has been shown, by both bioassay and clinical use, to retain
its activity for at least 1 year. This type of specific product information is not included in the
manufacturer’s label information and is usually obtained from the literature or by asking the
manufacturer directly.

Physical stability: This can involve degradation by aggregation, denaturation, and precipita-
fion. Aggregation can be the result of covalent or noncovalent processes and can be either
physical or chemical in nature. Aggregate formation can actually begin when primary par-
ticles are formed from protein molecules as a result of Brownian movement.

Denaturation can result from heat, cold, extreme pH values, organic solvents, hydrophilic
surfaces, shear, agitation, mixing, filtering, shaking, freeze-thaw cycles, ionic strength, and other
factors. Denaturation can be quite complex and can be either reversible or irreversible.

Precipitation can result from shaking, heating, filtration, pH, and chemical inferactions.The
first step in a precipitation process is generally aggregation. When the aggregates gain a
sufficient size, they precipitate out of solution and are clearly evident. Precipitation can oc-
cur on membrane filters, in equipment, in tubing, and in contact with other equipment and
supplies.
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Drug and Drug Product Stability

One of the most important activities of pre-
formulation work is evaluation of the physi-
cal and chemical stability of the pure drug
substance. It is essential that these initial
studies be conducted using drug samples of
known purity. The presence of impurities can
lead to erroneous conclusions in such evalu-
ations. Stability studies conducted in the
preformulation phase include solid-state sta-
bility of the drug alone, solution-phase stabil-
ity, and stability in the presence of expected
excipients. Initial investigation begins with
knowledge of the drug’s chemical structure,
which allows the preformulation scientist to
anticipate the possible degradation reactions.

Drug Stability: Mechanisms of
Degradation

Chemical instability of medicinal agents
may take many forms because the drugs
in use today are of such diverse chemical
constitution. Chemically, drug substances are
alcohols, phenols, aldehydes, ketones, esters,
ethers, acids, salts, alkaloids, glycosides, and
others, each with reactive chemical groups
having different susceptibilities to chemical
instability. Chemically, the most frequently
encountered destructive processes are hydro-
lysis and oxidation.

Hydrolysis is a solvolysis process in which
(drug) molecules interact with water mol-
ecules to yield breakdown products. For
example, aspirin, or acetylsalicylic acid, com-
bines with a water molecule and hydrolyzes
into one molecule of salicylic acid and one
molecule of acetic acid.

Hydrolysis is probably the most important
single cause of drug decomposition, mainly
because a great number of medicinal agents
are esters or contain such other groupings as
substituted amides, lactones, and lactams,
which are susceptible to the hydrolytic pro-
cess (2).

Another destructive process is oxidation,
which destroys many drug types, includ-
ing aldehydes, alcohols, phenols, sugars,
alkaloids, and unsaturated fats and oils.
Chemically, oxidation is loss of electrons
from an atom or a molecule. Each electron

lost is accepted by some other atom or mol-
ecule, reducing the recipient. In inorganic
chemistry, oxidation is accompanied by an
increase in the positive valence of an ele-
ment, for example, ferrous (+2) oxidizing to
ferric (+3). In organic chemistry, oxidation is
frequently considered synonymous with the
loss of hydrogen (dehydrogenation) from
a molecule. Oxidation frequently involves
free chemical radicals, which are molecules
or atoms containing one or more unpaired
electrons, such as molecular (atmospheric)
oxygen (¢O—Q¢) and free hydroxyl (¢OH).
These radicals tend to take electrons from
other chemicals, thereby oxidizing the donor.

Many of the oxidative changes in pharma-
ceutical preparations have the character of
autoxidations. Autoxidations occur sponta-
neously under the initial influence of atmo-
spheric oxygen and proceed slowly at first
and then more rapidly. The process has been
described as a type of chain reaction com-
mencing with the union of oxygen with the
drug molecule and continuing with a free
radical of this oxidized molecule participat-
ing in the destruction of other drug mole-
cules and so forth.

In drug product formulation work, steps
are taken to reduce or prevent deterioration
due to hydrolysis, oxidation, and other pro-
cesses. These techniques are discussed later.

Drug and Drug Product Stability:
Kinetics and Shelf Life

Stability is the extent to which a product
retains within specified limits and through-
out its period of storage and use (i.e., its
shelf life) the same properties and charac-
teristics that it possessed at the time of its
manufacture.

Five types of stability concern pharmacists:

1. Chemical: Each active ingredient retains
its chemical integrity and labeled potency
within the specified limits.

2. Physical: The original physical properties,
including appearance, palatability, unifor-
mity, dissolution, and suspendability, are
retained.

3. Microbiologic: Sterility or resistance to mi-
crobial growth is retained according to
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the specified requirements. Antimicrobial
agents retain effectiveness within speci-
fied limits.

4. Therapeutic: The therapeutic effect remains
unchanged.

5. Toxicologic: No significant increase in tox-
icity occurs.

Chemical stability is important for select-
ing storage conditions (temperature, light,
humidity), selecting the proper container for
dispensing (glass versus plastic, clear versus
amber or opaque, cap liners), and anticipat-
ing interactions when mixing drugs and
dosage forms. Stability and expiration dat-
ing are based on reaction kinetics, that is, the
study of the rate of chemical change and the
way this rate is influenced by concentration
of reactants, products, and other chemical
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species and by factors such as solvent, pres-
sure, and temperature.

In considering chemical stability of a
pharmaceutical, one must know the reaction
order and reaction rate. The reaction order
may be the overall order (the sum of the
exponents of the concentration terms of the
rate expression) or the order with respect to
each reactant (the exponent of the individual
concentration term in the rate expression).

Rate Reactions

The reaction rate is a description of the drug
concentration with respect to time. Most
commonly, zero-order and first-order reac-
tions are encountered in pharmacy. These
are presented in Physical Pharmacy Capsule
4.16, Rate Reactions, along with some appro-
priate examples.

l‘ﬁ PHYSICAL PHARMACY CAPSULE 4.16

ZERO-ORDER RATE REACTIONS

second or milligrams per milliliter per minute.

half-life, t

1/2°

EXAMPLE 1

whatisits t, ,?

Rate Reactions

If the loss of drug is independent of the concentration of the reactants and constant with
respect to time (i.e., 1 mg/mL/h), the rate is called zero order.The mathematical expression is

-dC
dt

where k, is the zero-order rate constant [concentration (C)/time (1)].
The integrated and more useful form of the equation:

C=-k,t + C,

where C is the initial concentration of the drug.
The units for a zero rate constant k, are concentration per unit time, such as moles per liter-

It is meaningless to attempt to describe the time required for all material in a reaction to
decompose, that is, infinity. Therefore, reaction rates are commonly described by k or by their

The half-life equation for a zero-order reaction:
T]/z = (1/2)(C0 /ko)

If the C, changes, the t, , changes.There is an inverse relationship between the t, and k.

A drug suspension (125 mg/mL) decays by zero-order kinetics with a reaction rate constant of
0.5 mg/mL/h.What is the concentration of intact drug remaining after 3 days (72 hours), and

Ko
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C=-(0.5mg/mL/h)(72h)+125mg/mL
C=89mg/mLafter3d
t,,=1/2(125mg/mL)/(0.5mg/mL/h)

Jr1/2 =

EXAMPLE 2

How long will it take for the suspension to reach 90% of its original concentration?
Q0% %125 mg/mL=112.5 mg/mL

_C-Cy 1125 mg/mL-125 mg/mL _

t
K, -0.5mg/mL/h

25 h

Drug suspensions are examples of pharmaceuticals that ordinarily follow zero-order kinetics for
degradation.

FIRST-ORDER RATE REACTIONS

If the loss of drug is directly proportional to the concentration remaining with respect fo time, it
is called a first-order reaction and has the units of reciprocal time, that is, time-'.The mathemati-
cal expression is

e
e
ot

where

C is the concentration of infact drug remaining,

tis time,

(dC/dt) is the rate at which the infact drug degrades, and
k is the specific reaction rate constant.

The integrated and more useful form of the equation:

09 €= 5303

+log C,
where C is the initial concentration of the drug.
In natural log form, the equation is

INC=—-kt+InC,

The units of k for a first-order reaction are per unit of fime, such as per second.
The half-life equation for a first-order reaction is

t,,=0.693/k

and can be easily derived from the first-order equation by substituting values of C = 50% and
C, = 100%, representing a decrease in concentration by 50%.

EXAMPLE 3

An ophthalmic solution of a mydriatic drug at 5 mg/mL exhibits first-order degradation with a
rate of 0.0005/day. How much drug will remain affer 120 days, and what is its half-life?
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InC =-(0.0005/d)(120)+In(5mg/mL)
InC =-0.06+1.609
INC=1.549
C=4.71mg/mL
t,,=0.693/0.0005/d
t,,=1386d

EXAMPLE 4

In Example 3, how long will it take for the drug to degrade to 90% of its original concentration?

90% of 5 mg/mL=4.5 mg/mL
In 4.5 mg/mL =-(0.0005/ d)t +In (5 mg/mL)
_Ind.5 mg/mL-In5 mg/mL

t
-0.0005/d

t=210d

ENERGY OF ACTIVATION: ARRHENIUS EQUATION

Stability projections for shelf life (f,, or the time required for 10% of the drug fo degrade with 90%
of the intact drug remaining) are commonly based on the Arrhenius equation:

k, _Ea(, -T)

°9= = 2R,
which relates the reaction rate constants (k) to temperatures (T) with the gas constant (R) and
the energy of activation (Ea).

The relationship of the reaction rate constants at two different temperatures provides the
energy of activation for the degradation. By performing the reactions at elevated temperatures
instead of allowing the process to proceed slowly at room temperature, the Ea can be calcu-
lated and a k value for room temperature determined with the Arrhenius equation.

EXAMPLE 5

The degradation of a new cancer drug follows first-order kinetics and has first-order degrada-
tion rate constants of 0.0001 per hour at 60°C and 0.0009 per hour at 80°C. What is its Ea?

(0.0009)  Ea(353-333)
~ (0.0001)  (2.3)(1.987)(353)(333)

Ea=25,651kcal /mol

~

,, Method of Shelf Life Estimation

The Q,, method of shelf life estimation lets
the pharmacist estimate shelf life for a prod-
uct that has been stored or is going to be
stored under a different set of conditions. It
is explained in Physical Pharmacy Capsule
4.19, Q. , Method of Shelf Life Estimation.
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Enhancing Stability of Drug Products

Many pharmaceutical ingredients may be
used to prepare the desired dosage form of
a drug substance. Some of these agents may
be used to achieve the desired physical and
chemical characteristics of the product or
to enhance its appearance, odor, and taste.
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Other substances may be used to increase the
stability of the drug substance, particularly
against hydrolysis and oxidation. In each
instance, the added pharmaceutical ingre-
dient must be compatible with and must
not detract from the stability of the drug
substance.

There are several approaches to the stabi-
lization of pharmaceutical preparations con-
taining drugs subject to hydrolysis. Perhaps
the most obvious is the reduction or elimi-
nation of water from the pharmaceutical
system. Even solid dosage forms containing
water-labile drugs must be protected from
humidity in the atmosphere. This may be
accomplished by applying a waterproof pro-
tective coating over tablets or by keeping the
drug in a tightly closed container. It is fairly
common to detect hydrolyzed aspirin by
noticing an odor of acetic acid upon opening
a bottle of aspirin tablets. In liquid prepara-
tions, water can frequently be replaced or
reduced in the formulation through the use
of substitute liquids such as glycerin, pro-
pylene glycol, and alcohol. In certain inject-
able products, anhydrous vegetable oils may
be used as the drug’s solvent to reduce the
chance of hydrolytic decomposition.

Decomposition by hydrolysis may be pre-
vented in other liquid drugs by suspending
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them in a nonaqueous vehicle rather than
dissolving them in an aqueous solvent. In
still other instances, particularly for certain
unstable antibiotic drugs, when an aque-
ous preparation is desired, the drug may
be supplied to the pharmacist in a dry form
for reconstitution by adding a specified vol-
ume of purified water just before dispens-
ing. The dry powder is actually a mixture of
the antibiotic, suspending agents, flavorants,
and colorants; when reconstituted by the
pharmacist, it remains stable for the period
over which the preparation is normally con-
sumed. Refrigeration is advisable for most
preparations considered subject to hydroly-
sis. Together with temperature, pH is a major
determinant of the stability of a drug prone
to hydrolytic decomposition. Hydrolysis of
most drugs depends on the relative concen-
trations of the hydroxyl and hydronium ions,
and a pH at which each drug is optimally
stable can be easily determined. For most
hydrolyzable drugs, optimum stability is on
the acid side, somewhere between pH 5 and
6. Therefore, through judicious use of buffer-
ing agents, the stability of otherwise unstable
compounds can be increased. Buffers are
used to maintain a certain pH, as described
in Physical Pharmacy Capsule 4.17, Buffer
Capacity.

m PHYSICAL PHARMACY CAPSULE 4.17

-

strong acid fo form the conjugate acid

Using the Henderson-Hasselbalch equation:

Buffer Capacity

pH, buffers, and buffer capacity are especially important in drug product formulation, since
they affect the drug’s solubility, activity, absorption, and stability and the patient’s comfort.

A buffer is a system, usually an aqueous solution, that can resist changes in pH upon addi-
fion of an acid or a base. Buffers are composed of a weak acid and its conjugate base or a
weak base and its conjugate acid. Buffers are prepared by one of these processes:

1. Mixing a weak acid and its conjugate base or a weak base and its conjugate acid
2. Mixing a weak acid and a strong base to form the conjugate base or a weak base and a

pH = pK, +log(base / acid)




CHAPTER 4 + PHARMACEUTICAL AND FORMULATION CONSIDERATIONS 139

PHYSICAL PHARMACY CAPSULE 4.17 CONT. b

Remember that the acid is the proton donor and the base is the proton acceptor.

EXAMPLE 1

A buffer is prepared by mixing 100 mL of 0.2 M phosphoric acid with 200 mL of 0.08 M sodium
phosphate monobasic. What is the pH of this buffer? (K, of phosphoric acid = 7.5 x 10-%)

Moles acid = (0.2 mol/1,000 mL) (100 mL) = 0.02 mol; (0.02 mol)/(0.3 L) =0.067 M
Moles base = (0.08 mol/1,000 mL) (200 mL) =0.016 mol; (0.016 mol)/(0.3 L) =0.053 M
pKa =-log 7.5 x 103=2.125

pH =2.125 + log (0.016 mol/0.02 mol) = 2.028

EXAMPLE 2
Determine the pH of the buffer prepared as shown:

Sodium acetate 50 g

Conc. HCI 10 mL

Water gs 2 L

Helpful numbers:
pK, acetic acid = 4.76
m.w. sodium acetate = 82.08
m.w. acetic acid = 60.05
m.w. HCI = 36.45
Conc. HCI, 44% HCl w/v

NaAc +HCI — NaCl+HAc +NaAc
(0.609 mol)(0.121 mol)(0.121 mol)(0.121 mol) (0.488 mol)

HCI:{(10 mL)[(44 g)/(100 mL)]( mol)/(36.45 g)}=0.121 mo
NaAc:{(50 g)[(1 mol)/(82.08 g)]=0.609 mol(0.609 mol)-(0.121 mol)=0.488 mo
PH=4.76 +l0g(0.488 mol)/ (0.121 mol) = 5.367

The ability of a buffer solution fo resist changes in pH upon the addition of an acid or a base is
called buffer capacity (B) and is defined thus:

B=AB/ ApH

where

AB is molar concentration of acid or base added,
ApH is change in pH due to addition of acid or base, and
ApH can be determined experimentally or calculated using the Henderson-Hasselbalch

equation.

EXAMPLE 3

If 0.2 mole of HCl is added to a 0.015 M solution of ammonium hydroxide and the pH falls from
9.5 to 8.9, what is the buffer capacity?

ApH=95-89=0.6
AB=0.2 mol/L=0.2 M
B=02M/0.6=033M

EXAMPLE 4
If 0.002 mole of HCl is added to the buffer in Example 1, what is its buffer capacity? Aftfer adding
0.002 mole HCI:
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where

EXAMPLE 5

C =0.0067 M +0.0053 M = 0.12 M
Ka=75+10°
[H] = 1020% = 9.38 x 10°M

H,PO, :0.02 mol+0.002 mol=0.022 mol
NaH,PO, :0.016 mol-0.002 mL =0.014 mol
PH=2.125+10g(0.014 mol/0.022 mol)=1.929
ApH=2.028-1.929 =0.099

AAB =0.002 mol/0.3L=0.0067 M

B=0.0067 M/0.099 =0.067 M

Another approach fo calculating buffer capacity involves the use of Van Slyke equation:

B =2.3C{Ka[H"]/ (Ka[H* 1)}

C is the sum of the molar concentrations of the acid and base, and [H*] = T0-PH,

What is the Van Slyke buffer capacity of the buffer prepared in Example 17?

B=2.3(0.12M) {[(7.5x 10-*M)(9.38 x 10°M)]/[(7.5 x 10-*M)/(9.38 x 10-*M)?]} = 0.68 M

Pharmaceutically, oxidation of a suscep-
tible drug substance is most likely to occur
when it is not kept dry in the presence of
oxygen or when it is exposed to light or com-
bined with other chemical agents without
proper regard to their influence on oxidation.
Oxidation of a chemical in a pharmaceutical
preparation is usually accompanied by an
alteration in the color of that preparation. It
may also result in precipitation or a change
in odor.

The oxidative process is diverted and the
stability of the drug is preserved by agents
called antioxidants, which react with one
or more compounds in the drug to prevent
progress of the chain reaction. In general,
antioxidants act by providing electrons and
easily available hydrogen atoms that are
accepted more readily by the free radicals
than are those of the drug being protected.
Various antioxidants are employed in phar-
macy. Among those, most frequently used
in aqueous preparations are sodium sulfite
(Na,SO,, at high pH values), sodium bisul-
fite (NaHSO3, at intermediate pH values),
sodium metabisulfite (Na,S,0,, at low pH
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values), hypophosphorous acid (H,PO,), and
ascorbic acid. In oleaginous (oily or unctu-
ous) preparations, alpha-tocopherol, butyl
hydroxy anisole, and ascorbyl palmitate find
application.

In its labeling regulations for pharmaceu-
tical products containing sulfites, the FDA
requires a warning about possible allergic-
type reactions, including possible life-threat-
ening anaphylaxis symptoms and/or asthma
episodes, in susceptible persons (3). Sulfites
are used as preservatives in many injectable
drugs, such as antibiotics and local anesthet-
ics. Some inhalants and ophthalmic prepa-
rations also contain sulfites, but relatively
few oral drugs contain these chemicals. The
purpose of the regulation is to protect the
estimated 0.2% of the population who are
subject to allergic reactions to the chemicals.
Many sulfite-sensitive persons have asthma
or other allergic conditions. Previous to the
regulations dealing with prescription medi-
cation, the FDA issued regulations for the
use of sulfites in food. Asthmatics and other
patients who may be sulfite sensitive should
be reminded to read the labels of packaged
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foods and medications to check for the pres-
ence of these agents. Sulfite agents covered
by the regulations are potassium bisulfite,
potassium metabisulfite, sodium bisulfite,
sodium metabisulfite, sodium sulfite, and
sulfur dioxide. The FDA permits the use of
sulfites in prescription products, with the
proper labeling, because there are no gener-
ally suitable substitutes for sulfites to main-
tain potency in certain medications. Some but
not all epinephrine injections contain sulfites.

The proper use of antioxidants permits
their specific application only after appropri-
ate biomedical and pharmaceutical studies.
In certain instances, other pharmaceutical
additives can inactivate a given antioxidant.
In other cases, certain antioxidants can
react chemically with the drugs they were
intended to stabilize without a noticeable
change in the appearance of the preparation.

Because oxygen may adversely affect their
stability, certain pharmaceuticals require an
oxygen-free atmosphere during preparation
and storage. Oxygen may be present in phar-
maceutical liquids in the airspace within the
container or may be dissolved in the liquid
vehicle. To avoid these exposures, oxygen-
sensitive drugs may be prepared in the dry
state and packaged in sealed containers with
the air replaced by an inert gas such as nitro-
gen, as may liquid preparations. This is a
common practice in commercial production
of vials and ampuls of easily oxidizable prep-
arations intended for parenteral use.

Trace metals originating in the drug, sol-
vent, container, or stopper are a constant
source of difficulty in preparing stable solu-
tions of oxidizable drugs. The rate of forma-
tion of color in epinephrine solutions, for
instance, is greatly increased by the pres-
ence of ferric, ferrous, cupric, and chromic
ions. Great care must be taken to eliminate
these trace metals from labile preparations
by thorough purification of the source of
the contaminant or by chemically complex-
ing or binding the metal through the use of
specialized agents that make it chemically
unavailable for participation in the oxida-
tive process. These chelating agents are
exemplified by calcium disodium edetate
and EDTA.

Light can also act as a catalyst to oxidation
reactions, transferring its energy (photons) to
drug molecules, making the latter more reac-
tive through increased energy capability. As
a precaution against acceleration of oxida-
tion, sensitive preparations are packaged in
light-resistant or opaque containers.

Because most drug degradations proceed
more rapidly as temperature increases, it is
also advisable to maintain oxidizable drugs
in a cool place. Another factor that can affect
the stability of an oxidizable drug in solu-
tion is the pH of the preparation. Each drug
must be maintained in solution at the pH
most favorable to its stability. This varies
from preparation to preparation and must
be determined on an individual basis for the
drug in question.

Statements in the USP warn of the oxida-
tive decomposition of susceptible drugs and
preparations. In some instances, the specific
agent to employ as a stabilizer is mentioned in
the monograph, and in others, the term “suit-
able stabilizer” is used. An example in which
a particular agent is designated for use is in
the monograph for Potassium Iodide Oral
Solution, USP. Potassium iodide in solution
is prone to photocatalyzed oxidation and the
release of free iodine, with a resultant yellow-
to-brown discoloration of the solution. The
use of light-resistant containers is essential to
its stability. As a further precaution against
decomposition if the solution is not to be
used within a short time, the USP recom-
mends the addition of 0.5 mg of sodium thio-
sulfate for each gram of potassium iodide. In
the event, free iodine is released during stor-
age, and the sodium thiosulfate converts it to
colorless and soluble sodium iodide:

I, +2Na,S,0, — 2Nal + Na,5,0,

In summary, for easily oxidizable drugs,
the formulation pharmacist may stabi-
lize the preparation by the selective exclu-
sion from the system of oxygen, oxidizing
agents, trace metals, light, heat, and other
chemical catalysts to the oxidation process.
Antioxidants, chelating agents, and buffer-
ing agents may be added to create and main-
tain a favorable pH.
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In addition to oxidation and hydrolysis,
destructive processes include polymeriza-
tion, chemical decarboxylation, and deami-
nation. However, these processes occur less
frequently and are peculiar to only small
groups of chemical substances.

Stability Testing

FDA'’s Current Good Manufacturing Practice
regulations include sections on stability and
stability testing of pharmaceutical compo-
nents and finished pharmaceutical prod-
ucts (4). In addition, FDA and International
Conference on Harmonization guidelines
and guidances provide working recommen-
dations to support the regulatory require-
ments. Among these are the following (5):

* “Stability Testing of New Drug Substances
and Products”

L ]

reliability of results.

binding, and the quantity present.

l& PHYSICAL PHARMACY CAPSULE 4.18

Analytical Methods and Standard Curves

Any study involving concentration of a drug requires an analytical method and the develop-
ment of standard curves.There are numerous analytical methods used in pharmacy. It is impor-
tant for pharmacists to have a basic understanding of pharmaceutical analysis fo ensure that
valid results are obtained when tests are being conducted. It is important to know (a) when fo
test, (b) what to test, (¢) what method(s) to use, (d) how fo interpret the results, () the limits of
the test, and (f) the importance of analytical festing in the overall quality program in pharmacy.

The goal in analytical festing is fo produce results as accurately, efficiently, and quickly
as possible. Any analytical method used should have accuracy, speed, reproducibility, and
specificity. No single analytical method is ideally suited for all drugs; each method has its own
strengths and weaknesses, and there are a number of factors that determine the validity and

SELECTION OF AN ANALYTICAL METHOD

One general consideration in analytical method selection is the type of information that is
needed: quantitative (potency, concentration), semiquantitative (where a “cutoff” level is in-
volved, as in endofoxin levels), or qualitative (yes/no type of festing, including substance iden-
fification, sterility). Another consideration involves the physical and chemical characteristics
of the analyte, including its solubility, partition coefficient, dissociation constant (pK). volatility,

One must consider the degree of quantitative measurement in the validation process, for ex-
ample, accuracy, repeatability /reproducibility, and precision are required; generally, the greater
the level that is required, the more sophisticated and expensive the analytical methods that
must be used.This is also governed by the types of instrumentation that are on hand or avail-
able and the standards available for comparison.

* “Quality of Biotechnological Products:
Stability Testing of Biotechnology/
Biological Drug Products”

* “Photostability Testing of New Drug
Substances and Products”

* “Stability Testing of New Dosage Forms”

Drug and drug product stability testing
during every stage of development is criti-
cal to the quality of the product. Physical
Pharmacy Capsule 4.18, Analytical Methods
and Standard Curves provides a summary
of the procedures required for the analysis
of drug substances. Drug stability is impor-
tant during preclinical testing and in clinical
(human) trials to obtain a true and accurate
assessment of the product being evaluated.
For a marketed drug product, assurance of
stability is vital to its safety and effectiveness
during the course of its shelf life and use.
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FACTORS INVOLVED IN METHODS SELECTION

The ultimate analytical method selected depends upon a number of factors, including sample
requirements, sample handling/preparation/purification requirements, type of data needed,
and levels of specificity and accuracy required.

SAMPLING REQUIREMENTS

In any analytical method, there may be certain sample requirements that impact one'’s choice,
such as the number of samples needed, the difficulty in obtaining a representative sample, the
physical state of the sample (solid, liquid, or gas), the type of container required for collection
and sforage of the sample (some analyfes may sorb fo the walls or cap liner of the sample
confainers), and leaching of the confainer material info the sample, if a liquid, may occur. All
these may cause problems in analysis. In the event of sorption, siliconization of the sample vials
may sometimes help.

The storage requirements for the sample after collection must be specified (type of con-
tainer, material used, UV protfection, latex contamination, etc.).The effects of air, such as oxida-
fion of the sample ingredients, the presence of carbon dioxide and the formation of insoluble
carbonates, pH changes, free versus bound drug, etc., must be considered. The sample must
be stored at the proper temperature (refrigerated, frozen, or controlled room) prior to shipment
and during shipment. Procedures to follow if the sample is accidentally frozen or experiences a
freeze-thaw cycle should be detailed.

In considering the chemical and physical stability of the sample, the effects of water must
also be considered. If the sample must be maintained in a dry environment, including a desic-
cant, this should be detailed.The stability of the sample during storage, extraction, and prepara-
tion must be determined.The potential for enzymatic breakdown, or other adverse effects of pH,
temperature, solvents, bacterial growth, etc., must be addressed. If volatile solvents are required,
special handling must be implemented to prevent evaporation because if some of the solvent
is allowed to evaporate, the resulting concentration may be falsely elevated.

The sample matrix effects must be determined. Any effects caused by sample viscosity
(pipetting, aspiration), ionic strength (immunoassays, dialysis), buffers (ionized/unionized
ratio can alter the extraction efficiency of an analyte prior to analysis), and vapor pressure,
where drug can be lost, must be considered. If any sample pretreatment is required prior
to shipment or working in-house, consider any inaccuracies that may occur from pipetting,
which is one of the most common sources of analytical errors when working with small
volumes.

There must be a consideration of any physical methods of separation and purification
that might be used. Most analytical methods require some degree of sample pretreatment to
prepare it for analysis. These may include crystallization from solution, distillation, sublimation,
solvent extraction, solid-phase extraction, chromatography, and centrifugation; the proper
choice of separation and purification depends upon the physical and chemical proper-
fies of the sample, including its solubility, volatility, binding, quantity present, efc. The effect
of any substances in the formulation that may interfere or alter the results must be known
beforehand.

DATA INTERPRETATION REQUIREMENTS

The collection of raw data from the analytical process must be done appropriately. One must
ensure that appropriate and valid descriptive statistics are used to analyze the data and that
the operating parameters of the analytical instruments are well established. Reference values, if
available, should be provided with the analytical results. A description of the analytical controls
used by the laboratory is important for documentation, as well as the source of reference stan-
dards used fo establish standard curves.
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ANALYTICAL METHODS

In pharmaceutical analysis, analytical methods can be generally divided into physical testing
methods, methods that interact with electromagnetic radiation, conductometric techniques,
immunoassay methods, separation techniques, and others.

Nonspecific methods generally include melting, freezing and boiling points, density, refrac-
tive index, polarimetry, ultraviolet/visible spectroscopy, and pH. Methods that are somewhat
more specific include infrared spectroscopic, mass spectroscopy, ion-selective electrodes, im-
munoassay methods, and chromatographic methods (high-performance liquid chromatogra-
phy [HPLC] and gas chromatography [GC]). provided proper standards are used.

Methods that can be routinely used for testing incoming bulk materials, whether active or
excipients, include melfing, freezing and boiling points, density, refractive index, UV/visible spec-
tfroscopy, infrared spectroscopy, polarimetry, pH, and the separation methods. Final products
may generally require a method such as HPLC or GC. A classification of analytical methods
follows along with suggested analytical methods that can be used for different dosage forms.

CLASSIFICATION OF ANALYTICAL AND MICROBIOLOGICAL METHODS

Physical testing procedures
Melting point
Freezing point
Boiling point
Density
Refractive index
Optical rotation (polarimetry)
Thermal analysis
Color change
Precipitate formation
Viscosity change

Interaction of electromagnetic radiation
Ultraviolet/visible spectroscopy
Infrared spectroscopy
Fluorescence/phosphorescence spectroscopy
Raman spectroscopy
X-ray spectroscopy
Flame emission and atomic absorption spectroscopy
Polarimetry
Refractometry
Interferometry

Conductance methods
pH
lon-selective electrodes
Polarography

Immunoassay
Radioimmunoassay
Enzyme-multiplied immunoassay tfechnique
Enzyme-linked immunosorbent assay
Fluorescent immunoassay

Separation techniques
HPLC
GC
Thin-layer chromatography
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Paper chromatography

Column chromatography
Gravimetric

Balance
Others

Osmolality
Microbiological methods

Sterility testing

Endotoxin testing

Preservative effectiveness testing

Suggested analytical methods for various dosage forms, depending upon the active
drug:

DOSAGE ANALYTICAL METHOD

FORM WT VOL PH OSM RI SPGR MP UV/VIS HPLC GC IR STERIL ENDO
Bulk substances - = 9 = 8 = © * * % _ .
Powders - = = = = % x _ N
Capsules L — * x _ .
Tablets LU — _ * o i

Lozenges s o s = = = _ * o _ _
Suppositories 2 e = = = O * _ X a _ _
Sticks . * * _ * . . .
Solutions 3 B 9 8 & * — * * _ _ _
Suspensions L * x . .
Emulsions a0 9 o = 8 o = * _ _ .
Semisolids o A * * _ * . _ _
Gels * * o x * _ _ * . . .
Ophthalmics, Otics,  * * * o * — * * *  — *(Ophthalmic —
and Nasals only)

Inhalations & S * * * — * * o - .
Injections < 2 * * * * _ * * . N N

CONSTRUCTION OF A STANDARD CURVE

A standard curve is constructed by analyzing samples (standards) of known composition, gen-
erally in increasing concentrations. As each standard is analyzed, an instrumental response
(absorbance, peak height, peak area, other numerical value) will be obtained. The standard
concentrations are plotted as the "x" axis on a graph and the instrumental responses are plot-
ted on the "y” axis. As an example,

The following fable represents the results from an HPLC analytical method of methotrexate.

Concentration (ug/mL) 0 10 20 30
Response (Peak Height in units) 0 2,600 5,190 7,780

When plofted on a graph, one obtains the following:
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concentration, as follows:

y=mx+b
3,895 =259.3x+0
x=15.02 ng/ mL

The next step involves analyzing the unknown sample to obtain a response from the in-
strument. For example, if the unknown sample provided an instrumental response of 3,895,
checking that value on the y-axis and moving foward the right on the graph until it infersects
the plofted line and dropping down fo the x-axis, we can read a value of 15 pg/mL of the
methotrexate. As an option, the equation of the line can be calculated and the concentration
determined by substituting the values of "y and “b" with the slope of the line to obtain the drug

m=Ay/A/x=(7780-0)/(30-0)=7780/30=259.3

The FDA-required demonstration of drug
stability is necessarily different for each
stage of drug development, such as for a
2-week preclinical study, an early phase
I study, a limited phase II trial, a pivotal
phase III clinical study, or for a new drug
application. As a drug development pro-
gram progresses, so do the requisite data to
demonstrate and document the product’s
stability profile. Before approval for market-
ing, a product’s stability must be assessed
with regard to its formulation; the influ-
ence of its pharmaceutical ingredients; the
influence of the container and closure; the
manufacturing and processing conditions
(e.g., heat); packaging components; condi-
tions of storage; anticipated conditions of
shipping, temperature, light, and humidity;
and anticipated duration and conditions of
pharmacy shelf life and patient use. Holding
intermediate product components (such as
drug granulations for tablets) for long peri-
ods before processing into finished pharma-
ceutical products can affect the stability of
both the intermediate component and the
finished product. Therefore, in-process sta-
bility testing, including retesting of interme-
diate components, is important.

Product containers, closures, and other
packaging features must be considered in
stability testing. For instance, tablets or cap-
sules packaged in glass or plastic bottles

require different stability test protocols from
those for blister packs or strip packaging.
Drugs particularly subject to hydrolysis or
oxidative decomposition must be evaluated
accordingly. And sterile products must meet
sterility test standards to ensure protection
against microbial contamination. All preser-
vatives must be tested for effectiveness in the
finished product.

As noted elsewhere in this section, drug
products must meet stability standards for
long-term storage at room temperature and
relative humidity. Products are also sub-
jected to accelerated stability studies as an
indication of shelf life stability. Drug insta-
bility in pharmaceutical formulations may
be detected in some instances by a change
in the physical appearance, color, odor, taste,
or texture of the formulation, whereas in
other instances, chemical changes may not
be self-evident and may be ascertained only
through chemical analysis. Scientific data
pertaining to the stability of a formulation
can lead to prediction of the expected shelf
life of the proposed product, and when nec-
essary to redesign of the drug (e.g., into more
stable salt or ester form) and to reformula-
tion of the dosage form. Obviously, the rate
at which a drug product degrades is of prime
importance. The study of the rate of chemical
change and the way it is influenced by such
factors as the concentration of the drug or
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reactant, the solvent, temperature and pres-
sure, and other chemical agents in the formu-
lation is reaction kinetics.

In general, a kinetic study begins by mea-
suring the concentration of the drug at given
intervals under a specific set of conditions,
including temperature, pH, ionic strength,
light intensity, and drug concentration. The
measurement of the drug’s concentration
at the various times reveals the stability or
instability of the drug under the specified
conditions with the passage of time. From
this starting point, each of the original condi-
tions may be varied to determine the influ-
ence of such changes on the drug’s stability.
For example, the pH of the solution may be
changed while the temperature, light inten-
sity, and original drug concentration are held
constant.

The findings may be presented graphi-
cally, by plotting the drug concentration as a
function of time. From the experimental data,
the reaction rate may be determined and a
rate constant and half-life calculated.

Accelerated Stability Studies

The purpose of stability testing is to pro-
vide evidence on how the quality of a drug
substance or drug product varies with time
under the influence of a variety of environ-
mental factors, such as temperature, humid-
ity, and where appropriate, oxidation, light
and microbial exposure. Stability testing is
also used to establish the shelf life for a drug
product and recommended storage condi-
tions (6,7).

Among the definitions applied in stability
testing are (7):

Accelerated testing: Studies designed to
increase the rate of chemical degradation or
physical change of a drug substance or drug
product by using exaggerated storage condi-
tions as part of long-term, intermediate, and
accelerated studies. Data from these studies
are used to assess degradation that might
occur under normal (nonexaggerated) or
slight deviations in storage conditions as dur-
ing shipping and storage. Results allow the
development of product labeling with regard
to expiration dating and recommended con-
ditions for storage.

Drug product: The dosage form in the
final immediate packaging intended for
marketing.

Drug substance: The unformulated drug
substance that may subsequently be formu-
lated withexcipients to produce the dosage
form.

Excipient: Anything other than the drug
substance in the dosage form.

Expiration date: The date placed on the con-
tainer label of a drug product designating the
time prior to which a batch of the product is
expected to remain within the approved shelf
life specification, if stored under defined con-
ditions, and after which it must not be used.

Shelf life (also referred to as expiration dating
period): The time period during which a drug
product is expected to remain within the
approved shelf life specification, provided
that it is stored under the conditions defined
on the container label.

Stress testing (drug substance): Studies
undertaken to elucidate the intrinsic stabil-
ity of a drug substance. Such testing is part
of the drug development process and is nor-
mally carried out under more severe condi-
tions than those used for accelerated testing.

Stress testing (drug product): Studies under-
taken to assess the effect of severe conditions
on the drug product. Such studies include
photostability testing as well as the specific
testing of certain product types (e.g., metered
dose inhalers, creams, emulsions).

For the drug substance, the testing should
evaluate its susceptibility to hydrolysis
across a wide range of pH values when in
solution or suspension. Photostability testing
should be an integral part of stress testing.
Data should be obtained from at least three
pilot-scale batches of the drug substance,
manufactured by the method and proce-
dures that mirror the process to be used for
final full-scale production batches. Stability
studies also should be conducted on the drug
substance packaged in the container closure
system that is the same or simulates the pack-
aging proposed for the final product.

For the drug product, the design of the sta-
bility studies should be based on knowledge
gained from those studies of the drug sub-
stance. Stability studies should be conducted
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jlele]cX:% EXAMPLE PROTOCOL FOR DRUG AND/OR DRUG PRODUCT STABILITY

STUDIES®
STUDY TYPE STORAGE CONDITION MINIMUM TIME PERIOD
Long term 25°C + 2°C @ 60% RHP+ 5% RH 12 mo
Intermediate 30°C £ 2°C @ 65% RH%+ 5% RH 6 mo
Accelerated 40°C £ 2°C @ 75% RH+ 5% RH 6 mo

°For chemical entities. Adapted from Stability and Testing of New Drug Substances and Products. Available at: http://
www.fda.gov/downloads/Regulatorylnformation/Guidances/ucm128204.pdf. (Accessed September 28, 2012).

PRH, relative humidity.

on at least three batches of the manufactured
dosage form, packaged in the container and
closure system, including all secondary pack-
aging (e.g., outer carton) proposed for mar-
keting. The studies should include testing of
those attributes of the product that are suscep-
tible to change during storage, thereby affect-
ing quality and efficacy. The testing should
cover, as appropriate, the physical, chemical,
biological, and microbiological attributes;
preservative content (e.g., antioxidant, anti-
microbial preservative); and functionality
tests (e.g., metered-dose delivery system).

\

=\

where

Ea is the energy of activation,
R is the gas constant, and
Tis the absolute temperature.

Q,, Method of Shelf Life Estimation

The Q,, approach, based on Ea, which is independent of reaction order, is described as

Q _e{(Eo/R)[(l/TH0)7(1/T)]}
10 =

In usable ferms, Q,, the ratio of two different reaction rate constants, is defined thus:

Table 4.2 presents an example protocol
for long-term, intermediate, and accelerated
stability studies for a chemical drug entity
and dosage form product. Protocols vary for
products intended to be maintained under
conditions of refrigeration, for those to be
frozen, for products known to be destined for
geographic areas of temperature extremes,
and for biotechnological/biological prod-
ucts, which have separate protocols for sta-
bility studies. Physical Pharmacy Capsule
4.19 presents the Q,) Method of Shelf Life
Estimation.

4 PHYSICAL PHARMACY CAPSULE 4.19

The commonly used Q values of 2, 3, and 4 relatfe fo the energies of activations of the reactions
for temperatures around room temperature (25°C). For example, a Q value of 2 corresponds
to an Ea (kcal/mol) of 12.2, a Q value of 3 corresponds fo an Ea of 19.4, and a Q value of 4
corresponds to an Ea of 24.5. Reasonable estimates can often be made using the value of 3.
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The equation for Q,, shelf life estimates is

(T
to (Tz) = é&g/ic?)

10

where

1T, is the estimated shelf life,
1,,T, is the given shelf life at a given temperature, and

AT is the difference in the temperatures T, and T,

As is evident from this relafionship, an increase in AT will decrease the shelf life and a de-
crease in AT will increase the shelf life. This is the same as saying that storing at a warmer tem-
perature will shorten the life of the drug and storing at a cooler tfemperature will increase the

life of the drug.
EXAMPLE 1

shelf life at room temperature (25°C)?

T‘?O (Tl)

EXAMPLE 2

negative.)

6

ture for more exact calculations.

An antibiotic solution has a shelf life of 48 hours in the refrigerator (6°C). What is its estimated

Using a Q value of 3, we set up the relationship as follows:

to0 (Tz) = Q719 = 3[@5-510] T332
10

An ophthalmic solution has a shelf life of 6 hours at room temperature (25°C). What is the esti-
mated shelf life in a refrigerator at 5°C? (Nofe: Since the temperature is decreasing, AT will be

Too(T2)=m=F=6X32=54 hours

These are estimates, and actual energies of activation can often be obtained from the litera-

4? =5.33 hours

Following FDA product approval and ini-
tial marketing, pharmaceutical manufactur-
ers retain production samples of drug/drug
product for 5 years or longer and continue
studies for signs of degradation under vari-
ous conditions of storage. Pharmacy practi-
tioners should also observe signs of product
instability (e.g., color change, distorted cap-
sules, softened tablets, etc.) and report such
findings.

Prescriptions  requiring extemporane-
ous compounding by the pharmacist do
not require the extended shelf life that

commercially manufactured and distributed
products do because they are intended to be
used immediately on receipt by the patient
and used only during the immediate course
of the prescribed treatment. However, these
compounded prescriptions must remain
stable and efficacious during the course of
use, and the compounding pharmacist must
employ formulative components and tech-
niques that will result in a stable product (7).

Today, there are a number of litera-
ture sources for the pharmacist to utilize
in the compounding of high quality and
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stable prescriptions. Several of these are
listed among the references, including the
USP chapters on the compounding of sterile
and nonsterile preparations (8-12).

USP guidelines on stability of extempora-
neous compounded formulations state that
in the absence of stability information appli-
cable to a specific drug and preparation, the
following guidelines can be used: nonaque-
ous liquids and solid formulations in which
the manufactured drug is the source of the
active ingredient, not later than 25% of the
time remaining until the product’s expira-
tion date or 6 months, whichever is earlier;
nonaqueous liquids and solid formulations
in which a USP or National Formulary (NF)
substance is the source of active ingredient,
a beyond-use date of 6 months; for water-
containing formulations prepared from
ingredients in solid form, a beyond-use date
not later than 14 days in storage at cold tem-
peratures; and for all other formulations, a
beyond-use date of the intended duration
of therapy or 30 days, whichever is earlier
(8). Thus, if an oral aqueous liquid prepa-
ration is made from a tablet or capsule for-
mulation, the pharmacist should make up
only at most 14 days’ supply, and it must
be stored in a refrigerator. Furthermore, the
pharmacist must dispense the medication in
a container conducive to stability and use
and must advise the patient of the proper
method of use and conditions of storage of
the medication.

Finally, when compounding on the basis
of extrapolated or less than concrete informa-
tion, the pharmacist is well advised to keep
the formulation simple and not to shortcut
but use the necessary pharmaceutical adju-
vants to prepare the prescription.

PHARMACEUTICAL INGREDIENTS
AND EXCIPIENTS

Definitions and Types

To produce a drug substance in a final dosage
form requires pharmaceutical ingredients.
For example, in the preparation of solutions,
one or more solvents are used to dissolve the
drug substance, flavors and sweeteners are

used to make the product more palatable,
colorants are added to enhance appeal, pre-
servatives may be added to prevent microbial
growth, and stabilizers, such as antioxidants
and chelating agents, may be used to prevent
decomposition, as previously discussed. In
the preparation of tablets, diluents or fillers
are commonly added to increase the bulk of
the formulation, binders to cause adhesion
of the powdered drug and pharmaceuti-
cal substances, antiadherents or lubricants to
assist smooth tablet formation, disintegrat-
ing agents to promote tablet breakup after
administration, and coatings to improve
stability, control disintegration, or enhance
appearance. Ointments, creams, and sup-
positories acquire their characteristic fea-
tures from their pharmaceutical bases. Thus,
for each dosage form, the pharmaceutical
ingredients establish the primary features
of the product and contribute to the physi-
cal form, texture, stability, taste, and overall
appearance.

Table 4.3 presents the principal categories
of pharmaceutical ingredients, listing some
of the official and commercial agents in use.
Additional discussion of many ingredients
may be found in the chapters where they are
most relevant; for example, pharmaceutical
materials used in tablet and capsule formu-
lations are discussed in Chapters 7 and 8,
and those used in modified-release solid oral
dosage forms and drug delivery systems in
Chapter 9.

All drug products should be labeled to
state the identity of all added substances
(excipients). Such listing should be in alpha-
betical order by name and be distinguished
from the identification statement of the
active ingredient(s). The name of the inac-
tive ingredient should be taken from the
current edition of one of the following refer-
ences works (in the following order of prece-
dence): (a) the USP or the NF, (b)) USAN and
the USP Dictionary of Drug Names, (c) CTFA
Cosmetic Ingredient Dictionary, and (d) Food
Chemicals codes. If not listed in the above,
then the reference works should be identified
by the common or usual name or, if no com-
mon or usual name is available, by its chemi-
cal or other technical name. If an ingredient
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INGREDIENT TYPE DEFINITION EXAMPLES
Acidifying agent  Used in liquid preparations o provide acidic Citric acid
medium for product stability Acetic acid
Fumaric acid
Hydrochloric acid
Nitric acid
Alkalinizing Used in liquid preparations fo provide alkaline Ammonia solution
agent medium for product stability Ammonium carbonate
Diethanolamine
Monoethanolamine
Potassium hydroxide
Sodium bicarbonate
Sodium borate
Sodium carbonate
Sodium hydroxide
Trolamine
Adsorbent An agent capable of holding other molecules onto Powdered cellulose
its surface by physical or chemical (chemisorption) Activated charcoal
means
Aerosol Agent responsible for developing the pressure Carbon dioxide
propellant within an aerosol container and expelling the Dichlorodifluoromethane

Air displacement

Antifungal
preservative

Antfimicrobial
preservative

Antioxidant

Buffering agent

product when the valve is opened

Agent employed to displace air in a hermetically
sealed container to enhance product stability

Used in liquid and semisolid preparations to prevent
growth of fungi. Effectiveness of parabens is usually
enhanced by use in combination

Used in liquid and semisolid preparations to prevent
growth of microorganisms

Used to prevent deterioration of preparations by
oxidation

Used to resist change in pH upon dilution or
addition of acid or alkali

Dichlorotetrafluoroethane
Trichloromonofluoromethane

Nitrogen
Carbon dioxide

Butylparaben
Ethylparaben
Methylparaben
Benzoic acid
Propylparaben
Sodium benzoate
Sodium propionate

Benzalkonium chloride

Ascorbic acid

Ascorbyl palmitate
Butylated hydroxyanisole
Butylated hydroxytoluene
Hypophosphorous acid
Monothioglycerol

Propyl gallate

Sodium ascorbate
Sodium bisulfite

Sodium formaldehyde
Sulfoxylate

Sodium metabisulfite

Potassium metaphosphate
Potassium phosphate,
monobasic
Sodium acetate
Sodium citrate, anhydrous and
dihydrate

(Continued)
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INGREDIENT TYPE DEFINITION EXAMPLES
Chelating agent  Substance that forms stable water-soluble Edetic acid
complexes (chelates) with metals; used in some Edetate disodium
liquid pharmaceuticals as stabilizers to complex
heavy metals that might promote instability. In such
use, they are also called sequestering agents
Colorant Used fo impart color to liquid and solid (e.g., fablets FD&C Red No. 3
and capsules) preparations FD&C Red No. 20
FD&C Yellow No. 6
FD&C Blue No. 2
D&C Green No. 5
D&C Orange No. 5
D&C Red No. 8
Caramel
Ferric oxide, red
Clarifying agent  Used as a filtering aid for its adsorbent qualities Bentonite
Emulsifying Used to promote and maintain dispersion of finely Acacia
agent subdivided particles of liquid in a vehicle in which it Cetomacrogol
is immiscible. End product may be a liquid emulsion  Cetyl alcohol
or semisolid emulsion (e.g., a cream) Glyceryl monostearate
Sorbitan monooleate
Polyoxyethylene 50 stearate
Encapsulating Used to form thin shells to enclose a drug for ease Gelatin
agent of administration
Flavorant Used to impart a pleasant flavor and often odor to Anise oll
a preparation. In addition fo the natural flavorants Cinnamon all
listed, many synthetic ones are used Cocoa
Menthol
Orange oll
Peppermint oil
Vanillin
Humectant Used to prevent drying of preparations, particularly Glycerin
oinfments and creams Propylene glycol
Sorbitol
Levigating agent  Liquid used as an intervening agent to reduce the Mineral oil
particle size of a powder by grinding, usually in a Glycerin

Ointment base

Plasticizer

mortar
Semisolid vehicle for medicated ointfments

Component of film-coating solutions to make film
more pliable, enhance spread of coat over tablets,
beads, and granules

Propylene glycol

Lanolin

Hydrophilic ointment
Polyethylene glycol oinfment
Petrolatum

Hydrophilic petrolatum
White ointment

Yellow ointment

Rose water ointment

Diethyl phthalate
Glycerin
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INGREDIENT TYPE DEFINITION EXAMPLES
Solvent Used to dissolve another substance in preparation Alcohol
of a solution; may be agueous or not (e.g., Corn oil
oleaginous). Cosolvents, such as water and alcohol ~ Cottonseed oil
(hydroalcoholic) and water and glycerin, may be Glycerin
used when needed. Sterile solvents are used in Isopropyl alcohol
certain preparations (e.g., injections) Mineral oil
Oleic acid
Peanut oil
Purified water
Water for injection
Sterile water for injection
Sterile water for irrigation
Stiffening agent Used to increase thickness or hardness of a Cetyl alcohol
preparation, usually an ointment Cetyl esters wax
Microcrystalline wax
Paraffin
Stearyl alcohol
White wax
Yellow wax
Suppository base  Vehicle for suppositories Cocoa buftter
Polyethylene glycols (mixtures)
PEG 3350
Surfactant Substances that absorb fo surfaces or interfaces to Benzalkonium chloride

(surface active
agent)

Suspending
agent

Sweetening
agent

Tablet
antiadherents

reduce surface or interfacial tension. May be used
as wetting agents, detergents, or emulsifying agents

Viscosity-increasing agent used to reduce
sedimentation rate of particles in a vehicle in which
they are not soluble; suspension may be formulated
for oral, parenteral, ophthalmic, topical, or other
route

Used to impart sweetness to a preparation

Prevent tablet ingredients from sticking to punches
and dies during production

Nonoxynol 10
Octoxynol 9@

Polysorbate 80

Sodium lauryl sulfate
Sorbitan monopalmitate

Agar

Bentonite

Carbomer (e.g., Carbopol)
Carboxymethylcellulose
sodium

Hydroxyethyl cellulose
Hydroxypropyl cellulose
Hydroxypropyl
methylcellulose

Kaolin

Methylcellulose
Tragacanth

Veegum

Aspartame
Dextrose

Glycerin

Mannitol
Saccharin sodium
Sorbitol

Sucrose

Magnesium stearate

(Continued)
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INGREDIENT TYPE DEFINITION EXAMPLES

Tablet binders Substances used to cause adhesion of powder Acacia
particles in tablet granulations Alginic acid

Carboxymethylcellulose
sodium
Compressible sugar
(e.g..Nu-Tab)
Ethylcellulose
Gelatin
Liquid glucose
Methylcellulose
Povidone
Pregelatinized starch

Tablet and Inert filler o create desired bulk, flow properties, Dibasic calcium phosphate
capsule diluent and compression characteristics of tablets and Kaolin
capsules Lactose
Mannitol

Microcrystalline cellulose
Powdered cellulose
Precipitated calcium

carbonate
Sorbitol
Starch
Tablet-coating Used fo coat a tablet to protect against
agent decomposition by atmospheric oxygen or humidity,
to provide a desired release pattern, fto mask taste
or odor, or for aesthetic purposes. Coating may be
sugar, film, or thick covering around a tablet. Sugar-
coated tablets generally start to break up in the
stomach. Film forms a thin cover around a formed
tfablet or bead. Unless it is enteric, film dissolves in
the stomach. Enteric coating passes through the
stomach to break up in the intestines. Some water-
insoluble coatings (e.g., ethylcellulose) are used to
slow the release of drug in the gastrointestinal tract
Sugar coating Liquid glucose
Sucrose
Film coating Hydroxyethyl cellulose

Hydroxypropyl cellulose
Hydroxypropyl methylcellulose
Methylcellulose (e.g.,
Methocel)

Ethylcellulose (e.g., Ethocel)

Enferic coating Cellulose acetate phthalate
Shellac (35% in alcohol,
pharmaceutical glaze)

Tablet direct Used in direct compression tablet formulations Dibasic calcium phosphate

compression (e.g.. Ditab)

excipient

Tablet Used in solid forms to promote disruption of the Alginic acid

disintegrant masss into smaller particles more readily dispersed Polacrilin potassium (e.g.,
or dissolved Amberlite)

Sodium alginate
Sodium starch glycolate
Starch
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INGREDIENT TYPE

DEFINITION

EXAMPLES

Tablet glidant

Tablet lubricant

Tablet or capsule
opaquant

Tablet polishing
agent

Tonicity agent

Vehicle

Flavored,
sweefened

Oleaginous

Sterile

Viscosity-
increasing agent

Used in fablet and capsule formulations fo improve
flow properties of the powder mixture

Used in tablet formulations to reduce friction during
tfablet compression

Used to render a coating opaque. May be used
alone or with a colorant

Used to impart an attractive sheen to coated
tfablets

Used to render solution similar in osmotic-dextrose
characteristics to physiologic fluids, for example, in
ophthalmic, parenteral, and irrigation fluids

Carrying agent used in formulating a variety of
liquids for oral and parenteral administration
Generally, oral liquids are aqueous (e.g.,
syrups) or hydroalcoholic (e.g., elixirs). Solutions
for infravenous use are aqueous, whereas
inframuscular injections may be aqueous or
oleaginous

Used to render preparations more resistant to flow.
Used in suspensions to deter sedimentation, in

ophthalmic solutions to enhance contact time (e.g.,

methylcellulose), to thicken topical creams, etc.

Colloidal silica
Cornstarch
Talc

Calcium stearate
Magnesium stearate
Mineral oil

Stearic acid

Zinc stearate

Titanium dioxide

Carnauba wax
White wax

Sodium chloride

Acacia syrup
Aromatic syrup
Aromatic elixir
Cherry syrup
Cocoa syrup
Orange syrup
Syrup

Corn ail
Mineral oil
Peanut oil
Sesame oil

Bacteriostatic sodium chloride
injection

Alginic acid

Bentonite

Carbomer
Carboxymethylcellulose
Sodium

Methylcellulose
Povidone

Sodium alginate
Tragacanth

may or may not be present, it should be
qualified by words such as “or” or “may also
contain.” If an ingredient is a trade secret, it
may be omitted from the list if the list states
“and other ingredients.” If an ingredient is

only present in a trace amount and has no
functional or technical effect on the product,
it does not need to be listed unless it has been
shown to cause sensitivity reactions or aller-
gic responses.
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Handbook of Pharmaceutical
Excipients

The Handbook of Pharmaceutical Excipients
(10) presents monographs on more than 300
excipients used in dosage form preparation.
Each monograph includes such information
as nonproprietary, chemical, and commercial
names; empirical and chemical formulas and
molecular weight; pharmaceutical specifica-
tions and chemical and physical properties;
incompatibilities and interactions with other
excipients and drug substances; regulatory
status; safety, stability, and handling infor-
mation; and applications in pharmaceutical
formulation or technology.

Appearance and Palatability

Although most drug substances in use today
are unpalatable and unattractive in their nat-
ural state, their preparations present them to
the patient as colorful, flavorful formulations
attractive to the sight, smell, and taste. These
qualities, which are the rule rather than the
exception, have virtually eliminated the
natural reluctance of many patients to take
medications because of disagreeable odor
or taste. In fact, the inherent attractiveness
of today’s pharmaceuticals has caused them
to acquire the dubious distinction of being a
source of accidental poisonings in the home,
particularly among children who are lured
by their organoleptic appeal.

There is some psychologic basis to drug
therapy, and the odor, taste, and color of a
pharmaceutical preparation can play a part.
An appropriate drug has its most beneficial
effect when it is accepted and taken properly
by the patient. The proper combination of
flavor, fragrance, and color in a pharmaceuti-
cal product contributes to its acceptance.

An “electronic tongue” is used to aid in
providing a global “taste fingerprint” during
formulation development. It provides infor-
mation on bitterness levels and the stability
of flavors in terms of taste (Figure 4.4).

Flavoring Pharmaceuticals

The flavoring of pharmaceuticals applies pri-
marily to liquids intended for oral adminis-
tration. The 10,000 taste buds on the tongue,

FIGURE 4.4 Electronic tongue to assist in formulation
development. (Courtesy of Alpha MOS.)

roof of the mouth, cheeks, and throat have 60
to 100 receptor cells each (13). These recep-
tor cells interact with molecules dissolved in
the saliva and produce a positive or negative
taste sensation. Medication in liquid form
comes into immediate and direct contact
with these taste buds. The addition of flavor-
ing agents to liquid medication can mask the
disagreeable taste. Drugs placed in capsules
or prepared as coated tablets may be easily
swallowed with no contact between the drug
and the taste buds. Tablets containing drugs
that are not especially distasteful may remain
uncoated and unflavored. Swallowing them
with water usually is sufficient to avoid unde-
sirable taste sensations. However, chewable
tablets, such as certain antacid and vitamin
products, usually are sweetened and flavored
to improve acceptance.

The flavor sensation of a food or phar-
maceutical is actually a complex blend of
taste and smell, with lesser influences of tex-
ture, temperature, and even sight. In flavor-
formulating a pharmaceutical product, the
pharmacist must give consideration to the
color, odor, texture, and taste of the prepara-
tion. It would be incongruous, for example,
to color a liquid pharmaceutical red and give
it a banana taste and a mint odor. The color
of a pharmaceutical must have a psychogenic
balance with the taste, and the odor must
also enhance that taste. Odor greatly affects
the flavor of a preparation or foodstuff. If
one’s sense of smell is impaired, as during a
head cold, the usual flavor sensation of food
is similarly diminished.
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The medicinal chemist and the formula-
tion pharmacist are well acquainted with the
taste characteristics of certain chemical types
of drugs and strive to mask the unwanted
taste through the appropriate use of flavor-
ing agents. Although there are no rules for
unerringly predicting the taste sensation of
a drug based on its chemical constitution,
experience permits the presentation of sev-
eral observations. For instance, although
we recognize and assume the salty taste of
sodium chloride, the formulation pharmacist
knows that not all salts are salty but that their
taste is a function of both cation and anion.
Whereas salty tastes are evoked by chlorides
of sodium, potassium, and ammonium and
by sodium bromide, bromides of potassium
and ammonium elicit bitter and salty sensa-
tions, and potassium iodide and magnesium
sulfate (epsom salt) are predominantly bit-
ter. In general, low molecular weight salts
are salty, and high molecular weight salts are
bitter.

With organic compounds, an increase
in the number of hydroxyl groups (—OH)
seems to increase the sweetness of the com-
pound. Sucrose, which has eight hydroxyl
groups, is sweeter than glycerin, another
pharmaceutical sweetener, which has three
hydroxyl groups. In general, the organic
esters, alcohols, and aldehydes are pleas-
ant to the taste, and since many of them are
volatile, they also contribute to the odor and
thus the flavor of preparations in which they
are used. Many nitrogen-containing com-
pounds, especially the plant alkaloids (e.g.,
quinine), are extremely bitter, but certain
other nitrogen-containing compounds (e.g.,
aspartame) are extremely sweet. The medici-
nal chemist recognizes that even the most
simple structural change in an organic com-
pound can alter its taste. D-Glucose is sweet,
but r-glucose has a slightly salty taste; sac-
charin is very sweet, but N-methyl-saccharin
is tasteless (14).

Thus, prediction of the taste characteristics
of a new drug is only speculative. However,
it is soon learned and the formulation phar-
macist is then put to the task of increasing
the drug’s palatability in the environment of
other formulative agents. The selection of an

appropriate flavoring agent depends on sev-
eral factors, primarily the taste of the drug
substance itself. Certain flavoring materials
are more effective than others in masking or
disguising the particular bitter, salty, sour,
or otherwise undesirable taste of medicinal
agents. Although individuals’ tastes and
flavor preferences differ, cocoa-flavored
vehicles are considered effective for mask-
ing the taste of bitter drugs. Fruit or citrus
flavors are frequently used to combat sour
or acid-tasting drugs, and cinnamon, orange,
raspberry, and other flavors have been suc-
cessfully used to make preparations of salty
drugs more palatable.

The age of the intended patient should
also be considered in the selection of the
flavoring agent, because certain age groups
seem to prefer certain flavors. Children pre-
fer sweet candy-like preparations with fruity
flavors, but adults seem to prefer less sweet
preparations with a tart rather than a fruit
flavor.

Flavors can consist of oil- or water-soluble
liquids and dry powders; most are diluted
in carriers. Oil-soluble carriers include soy-
bean and other edible oils; water-soluble
carriers include water, ethanol, propylene
glycol, glycerin, and emulsifiers. Dry carri-
ers include maltodextrins, corn syrup solids,
modified starches, gum arabic, salt, sugars,
and whey protein. Flavors can degrade as
a result of exposure to light, temperature,
headspace oxygen, water, enzymes, contami-
nants, and other product components, so
they must be carefully selected and checked
for stability.

Flavoring agents may be derived from
natural sources (e.g., fruit components) or
prepared artificially. They may be either
water soluble or oil soluble. Their selected
use in pharmaceutical products is based on
desired flavor, their solubility characteristics,
and their chemical and physical compat-
ibility with the active therapeutic agent and
other components of the formulation.

Flavoring agents in liquid pharmaceutical
products are added to the solvent or vehicle
component of the formulation in which it
is most soluble or miscible. That is, water-
soluble flavorings are added to the aqueous
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component of a formulation and oil-soluble
flavorings are added to the nonaqueous com-
ponents. In general, artificial flavors are used
in liquid pharmaceutical at levels of 0.1% to
0.2%, whereas natural flavors are used within
the 1% to 2% range.

Sweetening Pharmaceuticals

In addition to sucrose, a number of artificial
sweetening agents have been used in foods
and pharmaceuticals over the years. Some of
these, including aspartame, saccharin, and
cyclamate, have faced challenges over their
safety by the FDA and restrictions to their
use and sale.

A review of the history of safety concerns
over the use of artificial sweeteners, current
scientific findings, and related FDA and leg-
islative actions, may be found at the Web
site: http://www.cancer.gov/cancertopics/
factsheet/Risk/artificial-sweeteners.

At the present time, the following artificial
sweeteners are approved by the FDA with, in
parenthesis, the number of times (x) each one
is sweeter than table sugar:

* Acesulfame potassium (~200 x)
* Aspartame (~180 to 200 x)

e Sucralose (~ 600 x)

e Saccharin (~300 x)

Most large pharmaceutical manufactur-
ers have special laboratories for taste-testing
proposed formulations of their products.
Panels of employees or interested commu-
nity participants participate in evaluating
the various formulations, and their assess-
ments become the basis for the firm’s flavor-
ing decisions.

Coloring Pharmaceuticals

Coloring agents are used in pharmaceuti-
cal preparations for esthetics. A distinction
should be made between agents that have
inherent color and those that are employed
as colorants. An example of a natural sub-
stance with inherent color that is employed
as a colorant is red ferric oxide. It is mixed
in small proportions with zinc oxide powder
to give calamine its characteristic pink color,
which is intended to match the skin tone
upon application.

Most agents employed today to impart
color to foods, drugs, cosmetics, and medi-
cal devices are synthetic. Synthetic coloring
agents were first prepared in the middle of
the 19th century from principles of coal tar.
Coal tar (pix carbonis), a thick, black viscid
liquid, is a by-product of the destructive dis-
tillation of coal. Its composition is extremely
complex, and many of its constituents may
be separated by fractional distillation.
Among its products are anthracene, benzene,
naphtha, creosote, phenol, and pitch. About
90% of the dyes used in the products FDA
regulates are synthesized from a single col-
orless derivative of benzene called aniline.
These aniline dyes are also known as syn-
thetic organic dyes or as coal tar dyes, since
aniline was originally obtained from bitumi-
nous coal. Aniline dyes today come mainly
from petroleum.

Many coal tar dyes were originally used
indiscriminately in foods and beverages
to enhance their appeal without regard to
their toxic potential. It was only after care-
ful scrutiny that some dyes were found to be
hazardous to health because of either their
own chemical nature or the impurities they
carried. As more dyestuffs became available,
some expert guidance and regulation were
needed to ensure the safety of the public. After
passage of the Food and Drug Act in 1906,
the U.S. Department of Agriculture estab-
lished regulations by which a few colorants
were permitted or certified for use in certain
products. Today, the FDA regulates the use
of color additives in foods, drugs, and cos-
metics through the provisions of the Federal
Food, Drug, and Cosmetic Act of 1938, as
amended in 1960 with the Color Additive
Amendments. Lists of color additives exempt
from certification and those subject to certi-
fication are codified into law and regulated
by the FDA (15). Certified color additives are
classified according to their approved use: (a)
FD&C color additives, which may be used in
foods, drugs, and cosmetics; (b) D&C color
additives, some of which are approved for
use in drugs, some in cosmetics, and some
in medical devices; and (c) external D&C
color additives, the use of which is restricted
to external parts of the body, not including
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the lips or any other body surface covered by
mucous membrane. Each certification cate-
gory has a variety of basic colors and shades
for coloring pharmaceuticals. A current list
of certified color additives may be found
at 21CFR74 (http://www.accessdata.fda.
gov/scripts/cdrh/cfdocs/cfefr/CFRSearch.
cfm?CFRPart = 74). One may select from a
variety of FD&C, D&C, and external D&C
reds, yellows, oranges, greens, blues, and
violets. Each is identified by category, color,
and number, as for example, “D&C Yellow
No. 8” and “FD&C Red No. 4.” By selective
combinations of the colorants, one can create
distinctive colors (Table 4.4).

As a part of the National Toxicology
Program of the U.S. Department of Health
and Human Services, various substances,
including color additives, are studied for tox-
icity and carcinogenesis. For color additives,
the study protocols usually call for a 2-year
study in which groups of male and female
mice and rats are fed diets containing various
quantities of the colorant. The killed and sur-
viving animals are examined for evidence of
long-term toxicity and carcinogenesis. Five
categories of evidence of carcinogenic activity
are used in reporting observations: (a) “clear
evidence” of carcinogenic activity; (b) “some
evidence”; (c) “equivocal evidence,” indicat-
ing uncertainty; (d) “no evidence,” indicat-
ing no observable effect; and (¢) “inadequate
study,” for studies that cannot be evaluated
because of major flaws.

The certification status of the colorants is
continually reviewed, and changes are made
in the list of certified colors in accordance
with toxicology findings. These changes may
be (a) the withdrawal of certification, (b) the
transfer of a colorant from one certification
category to another, or (c) the addition of new
colors to the list. Before gaining certification,
a color additive must be demonstrated to be
safe. By FDA definition, “safe” means that
there is convincing evidence that establishes
with reasonable certainty that no harm will
result from the intended use of the color
additive (16).

It should be borne in mind, however,
that on an individual basis, some persons
may demonstrate an allergic-type response

[lelo]lcW:W:/l EXAMPLES OF COLOR

FORMULATIONS
SHADE OR COLOR FD&C DYE % OF BLEND
Orange Yellow No. 6 95
or
Yellow No. 5 5
Red No. 40 100
Cherry Red No. 40 100
or
Red No. 40 99
Blue No. 1 1
Strawberry Red No. 40 100
or
Red No. 40 95
Red No. 3 5
Lemon Yellow No. 5 100
Lime Yellow No. 5 95
Blue No. 1 5
Grape Red No. 40 80
Blue No. 1 20
Raspberry Red No. 3 75
Yellow No. 6 20
Blue No. 1 5
Butterscotch Yellow No. 5 74
Red No. 40 24
Blue No. 1 2
Chocolate Red No. 40 52
Yellow No. 5 40
Blue No. 1 8
Caramel Yellow No. 5 64
Red No. 3 21
Yellow No. 6 9
Blue No. 1 6
Cinnamon Yellow No. 5 60
Red No. 40 35
Blue No. 1 5

to certain color additives and should avoid
such agents accordingly.

Each certified color additive is subject to
a host of chemical standards which must
be met, including: chemical identity, purity,
and specifically stated levels of allowable
impurities (17).
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In addition, they must be shown to not
interfere with the therapeutic efficacy of a
pharmaceutical product nor should they
interfere with the performance of quality
control assay procedures.

A colorant becomes an integral part of a
pharmaceutical formulation, and its exact
quantitative amount must be reproducible
each time the formulation is prepared or
else the preparation would have a different
appearance from batch to batch. This requires
a high degree of skill, for the amount of colo-
rant generally added to liquid preparations
ranges from 0.0005% to 0.001% depending
upon the colorant and the depth of color
desired. Because of their color potency, dyes
generally are added to pharmaceutical prepa-
rations in the form of diluted solutions rather
than as concentrated dry powders. This per-
mits greater accuracy in measurement and
more consistent color production (18).

In addition to liquid dyes in the coloring of
pharmaceuticals, lake pigments may also be
used. An FD&C lake is a pigment consisting
of a substratum of alumina hydrate on which
the dye is adsorbed or precipitated. Having
aluminum hydroxide as the substrate, the
lakes are insoluble in nearly all solvents.

Lakes in pharmaceuticals are commonly
used in the form of fine dispersions or sus-
pensions. The pigment particles may range
in size from <1 um up to 30 um. The finer
the particle, the less chance for color speck-
ling in the finished product. Blends of vari-
ous lake pigments may be used to achieve a
variety of colors, and various vehicles, such
as glycerin, propylene glycol, and sucrose-
based syrup, may be employed to disperse
the colorants.

Colored empty gelatin capsule shells
may be used to hold a powdered drug mix-
ture. Many commercial capsules are pre-
pared with a capsule body of one color and
a cap of a different color, resulting in a two-
colored capsule. This makes certain commer-
cial products more readily identifiable than
solid-colored capsules. For powdered drugs
dispensed as such or compressed into tab-
lets, a generally larger proportion of dye is
required (about 0.1%) to achieve the desired
hue than with liquid preparations.

Both dyes and lakes are used to color sugar-
coated tablets, film-coated tablets, direct com-
pression tablets, pharmaceutical suspensions,
and other dosage forms (19). Traditionally,
sugar-coated tablets have been colored with
syrup solutions containing varying amounts
of the water-soluble dyes, starting with very
dilute solutions, working up to concentrated
color syrup solutions. As many as 30 to 60 coats
are common. With the lakes, fewer color coats
are used. Appealing tablets have been made
with as few as 8 to 12 coats using lakes dis-
persed insyrup. Water-soluble dyes in aqueous
vehicles or lakes dispersed in organic solvents
may be effectively sprayed on tablets to pro-
duce attractive film coatings. There is contin-
ued interest today in chewable tablets, because
of the availability of many direct compression
materials such as dextrose, sucrose, mannitol,
sorbitol, and spray-dried lactose. The direct
compression colored chewable tablets may be
prepared with 1 Ib of lake per 1,000 b of tablet
mix. For aqueous suspensions, FD&C water-
soluble colors or lakes may be satisfactory. In
other suspensions, FD&C lakes are necessary.
The lakes, added to either the aqueous or the
nonaqueous phase, generally at a level of 1 Ib
of color per 1,000 lb of suspension, require
homogenization or mechanical blending to
achieve uniform coloring.

For the most part, ointments, supposito-
ries, and ophthalmic and parenteral products
assume the color of their ingredients and do
not contain color additives. Should a dye lose
the certification status it held when a prod-
uct was first formulated, manufactured, and
marketed, the manufacturer must reformu-
late within a reasonable length of time, using
only color additives certified at the new date
of manufacture.

In addition to esthetics and the certifica-
tion status of a dye, a formulation pharmacist
must select the dyes to be used in a particu-
lar formula on the basis of their physical and
chemical properties. Of prime importance
is the solubility of a prospective dye in the
vehicle to be used for a liquid formulation or
in a solvent to be employed during a pharma-
ceutical process, as when the dye is sprayed
on a batch of tablets. In general, most dyes
are broadly grouped into those that are water
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soluble and those that are oil soluble; few if
any dyes are both. Usually, a water-soluble
dye is also adequately soluble in commonly
used pharmaceutical liquids like glycerin,
alcohol, and glycol ethers. Oil-soluble dyes
may also be soluble to some extent in these
solvents and in liquid petrolatum (mineral
oil), fatty acids, fixed oils, and waxes. No
great deal of solubility is required, since the
concentration of dye in a given preparation
is minimal.

Another important consideration when
selecting a dye for use in a liquid pharmaceu-
tical is the pH and pH stability of the prepara-
tion to be colored. Dyes can change color with
a change in pH, and the dye must be selected
so that no anticipated pH change will alter
the color during the usual shelf life. The dye
also must be chemically stable in the presence
of the other formulative ingredients and must
not interfere with the stability of the other
agents. To maintain their original colors,
FD&C dyes must be protected from oxidiz-
ing agents, reducing agents (especially met-
als, including iron, aluminum, zinc, and tin),
strong acids and alkalis, and excessive heat-
ing. Dyes must also be reasonably photosta-
ble; that is, they must not change color when
exposed to light of anticipated intensities and
wavelengths under the usual conditions of
shelf storage. As required, amber or opaque
glass or plastic containers may be used to pro-
tect photolabile ingredients, including active
therapeutic ingredients and colorants.

Preservatives

In addition to the stabilization of phar-
maceutical preparations against chemical
and physical degradation due to changed
environmental conditions within a formu-
lation, certain liquid and semisolid prepa-
rations must be preserved against microbial
contamination.

Sterilization and Preservation

Although some types of pharmaceutical
products, for example, ophthalmic and inject-
able preparations, are sterilized by physical
methods (autoclaving for 20 minutes at 15 Ib
pressure and 121°C, dry heat at 180°C for

1 hour, or bacterial filtration) during manu-
facture, many of them also require an antimi-
crobial preservative to maintain their aseptic
condition throughout storage and use. Other
types of preparations that are not sterilized
during their preparation but are particularly
susceptible to microbial growth because of
the nature of their ingredients are protected
by the addition of an antimicrobial preser-
vative. Preparations that provide excellent
growth media for microbes are most aqueous
preparations, especially syrups, emulsions,
suspensions, and some semisolid prepara-
tions, particularly creams. Certain hydroal-
coholic and most alcoholic preparations may
not require the addition of a chemical pre-
servative when the alcoholic content is suffi-
cient to prevent microbial growth. Generally,
15% v/v alcohol will prevent microbial
growth in acid media and 18% v /v in alkaline
media. Most alcohol-containing pharmaceu-
ticals, such as elixirs, spirits, and tinctures, are
self-sterilizing and do not require additional
preservation. The same applies to other indi-
vidual pharmaceuticals that by virtue of their
vehicle or other formulative agents may not
permit the growth of microorganisms.

Preservative Selection

When experience or shelf storage experi-
ments indicate that a preservative is required
in a pharmaceutical preparation, its selection
is based on many considerations, including
some of the following:

¢ The preservative prevents the growth
of the type of microorganisms consid-
ered the most likely contaminants of the
preparation.

¢ The preservative is soluble enough in wa-
ter to achieve adequate concentrations in
the aqueous phase of a system with two or
more phases.

* The proportion of preservative remaining
undissociated at the pH of the preparation
makes it capable of penetrating the micro-
organism and destroying its integrity.

* The required concentration of the preser-
vative does not affect the safety or comfort
of the patient when the pharmaceutical
preparation is administered by the usual
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or intended route; that is, it is nonirritat-
ing, nonsensitizing, and nontoxic.

¢ The preservative has adequate stability
and will not be reduced in concentration
by chemical decomposition or volatiliza-
tion during the desired shelf life of the
preparation.

¢ The preservative is completely compatible
with all other formulative ingredients and
does not interfere with them nor do they
interfere with the effectiveness of the pre-
servative agent.

* The preservative does not adversely affect
the preparation’s container or closure.

General Preservative Considerations

Microorganisms include molds, yeasts, and
bacteria, with bacteria generally favoring a
slightly alkaline medium and the others an
acid medium. Although few microorgan-
isms can grow below pH 3 or above pH 9,
most aqueous pharmaceutical prepara-
tions are within the favorable pH range
and therefore must be protected against
microbial growth. To be effective, a preser-
vative agent must be dissolved in sufficient
concentration in the aqueous phase of a
preparation. Furthermore, only the undis-
sociated fraction or molecular form of a pre-
servative possesses preservative capability,
because the ionized portion is incapable of
penetrating the microorganism. Thus, the
preservative selected must be largely undis-
sociated at the pH of the formulation being
prepared. Acidic preservatives like benzoic,
boric, and sorbic acids are more undissoci-
ated and thus more effective as the medium
is made more acid. Conversely, alkaline pre-
servatives are less effective in acid or neutral
media and more effective in alkaline media.
Thus, it is meaningless to suggest preserva-
tive effectiveness at specific concentrations
unless the pH of the system is mentioned
and the undissociated concentration of the
agent is calculated or otherwise determined.
Also, if formulative materials interfere with
the solubility or availability of the preser-
vative agent, its chemical concentration
may be misleading, because it may not be a
true measure of the effective concentration.

It is essential for the research pharmacist to
examine all formulative ingredients as one
affects the other to ensure that each agent is
free to do its job. In addition, the preserva-
tive must not interact with a container or
closure.

The FDA recommends that in the phar-
maceutical ~development process, the
lowest effective concentration of an antimi-
crobial preservative should be used and that
it should be demonstrated to be effective by
an antimicrobial preservative effectiveness
test. The concentration used should be vali-
dated in terms of efficacy and safety, with the
effectiveness confirmed to last throughout
the intended shelf life of the product (19).

Mode of Action

Preservativesinterfere with microbial growth,
multiplication, and metabolism through one
or more of the following mechanisms:

* Modification of cell membrane permeabil-
ity and leakage of cell constituents (partial
lysis)

¢ Lysis and cytoplasmic leakage

e Irreversible coagulation of cytoplasmic
constituents (e.g., protein precipitation)

¢ Inhibition of cellular metabolism, such as
by interfering with enzyme systems or in-
hibition of cell wall synthesis

¢ Oxidation of cellular constituents

¢ Hydrolysis

Examples of the preservatives and their
concentrations commonly employed in
pharmaceutical preparations are benzoic
acid (0.1% to 0.2%), sodium benzoate (0.1%
to 0.2%), alcohol (15% to 20%), phenylmer-
curic nitrate and acetate (0.002% to 0.01%),
phenol (0.1% to 0.5%), cresol (0.1% to 0.5%),
chlorobutanol (0.5%), benzalkonium chloride
(0.002% t0 0.01%), and combinations of meth-
ylparaben and propylparaben (0.1% to 0.2%),
the latter being especially good against fun-
gus. The required proportion varies with the
pH, dissociation, and other factors already
indicated as well with the presence of other
formulative ingredients with inherent pre-
servative capabilities.

For each type of preparation to be pre-
served, the research pharmacist must
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consider the influence of the preservative
on the comfort of the patient. For instance,
a preservative in an ophthalmic prepara-
tion must have an extremely low degree of
irritant qualities, which is characteristic of
chlorobutanol, benzalkonium chloride, and

CLINICAL

SUBJECTIVE INFORMATION

HPI: Jen, an 8-year-old female is 4’1" tall,
weighs 27 kg and has no known allergies.

She was brought to the clinic by her
mother to seek advice on treating a “dry
hacking” cough. Her mother states that
Jen has had the cough for the past 4 weeks;
it is a dry, hacking cough that does not
produce any mucous. She experiences
these coughs in 2- to 3-minute bouts once
or twice daily, after coming in from recess
or playing outside. At school, the nurse’s
office gives her water and a lozenge. After
school and at bedtime, she also occasion-
ally experiences the cough. Jen does not
complain of stuffiness or increased nasal
discharge. However, she has recently com-
plained of a headache that was success-
fully treated with acetaminophen.

PMH: Over the past 2 months, Jen has
had two episodes of sinusitis requiring anti-
biotic treatment. Her vaccinations are up to
date and the rest of her history is negative.

MEDICATION RECORD

1/21 Augmentin 400/5 100 mL 1 tsp
bid x 10 days.

4/14 Cefdinir 125/5 200 mL 7 mL
bid x 10 days.

FH: The father (age 44) has diabetes
mellitus type 2 treated with oral agents
and high blood pressure. The mother (age
39) denies any health problems. Two other
siblings are reported healthy.

OBJECTIVE INFORMATION

A physical exam reveals a well-nourished,
well-developed female child who appears

phenylmercuric nitrate, frequently used in
ophthalmic preparations. In all instances, the
preserved preparation must be biologically
tested to determine its safety and efficacy
and shelf-tested to determine its stability for
the intended shelf life of the product.

CASE STUDY

normal for her age. BP, 92/64; HR, 74 bpm;
RR, 23 rpm; and temperature of 38°C.

ASSESSMENT

Patient is an 8-year-old female with a dry,
hacking cough. She is not on any medi-
cations at this time. Cough seems to be
aggravated after periods of exertion or
exercise. The mother says she is concerned
that some medicines might make Jen tired
or drowsy while she is at school so she
would like one that is least likely to pro-
duce drowsiness/sedation.

Jen’s mother also wants a product she
can give to Jen before school (7:30 Am)
that will last until the evening when she
returns home. Also, she says that Jen does
not like the taste of many medications and
is concerned that Jen may not like what
is recommended and refuse to take it.
Also, she says that Jen prefers strawberry
flavors.

PLAN

Three commonly used systemic antitussive
medicationsinclude codeine, dextrometho-
rphan, and diphenhydramine. Only dex-
tromethorphan will not cause significant
drowsiness as will codeine and diphen-
hydramine. One product that last up to 12
hours is Delsym. Dextromethorphan prod-
ucts do not necessarily taste very good. An
option for improving the flavor of Delsym
would be to add a commercial flavor.
For example, FLAVORX flavorings could
be used as follows: For Delsym, 120 mL,
strawberry cream 24 drops or 0.7 mL, with
vanilla 24 drops or 0.7 mL
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APPLYING THE PRINCIPLES AND CONCEPTS

Group Activities

1.

Develop a listing of examples where pa-
tients misunderstand the intent of the ad-
ministration of a pharmaceutical dosage
form.

6.

Prepare a chart listing which flavors pair
well with certain medications based upon
their chemical structure and their palat-
ability issues (bitter, salty, etc.). Different
groups can select medications with differ-
ent chemical structures.

2. Develop a listing of examples where pa-
tients misuse/abuse a pharmaceutical Individual Activities
dosage form.

3. Exp]ain the appropriate use of speciﬁc dos- 1. Givena specific dosage form, list the signs
age forms for different patient types, for of degradation a pharmacist might ob-
example, geriatric, pediatric, visually im- serve indicating product instability.
paired, hearing impaired. Identify and list 2. Given a concentration of drug in a liquid
the most common hurdles or obstacles for dosage form, determine its type of degra-
these patient populations with respect to dation rate and calculate its half-life and
medication compliance and discuss ways to when its concentration will be 90% of the
overcome these barriers, that is, FLAVORXx labeled amount.
for liquids for children and PillGlide for ~ 3. Compare and contrast a zero-order rate
children transitioning to tablets. of degradation and a first-order rate of

4. Identify four ophthalmic products with degradation.
differing preservative agents and provide 4. Make a listil’lg of drugs that follow a zero-
a rationale for the selection of the specific order rate of degradation in a liquid dos-
preservative in the product. age form.

5. Identify elixir dosage form products that 5. Make a listing of drugs that follow first-
contain minimal or no alcohol content. order rates of degradation ina liquid dos-
Explain the reasons for this misnomer. age form.
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Dosage Form Design:
Biopharmaceutical
and Pharmacokinetic
Considerations

OBJECTIVES

After reading this chapter, the student will be able fo:

1. Differentiate between passive drug diffusion and active drug fransport
2. Discuss key data points in a blood plasma concentration-time curve follow-

ing the oral administration of a drug

3. Differentiate between the terms biopharmaceutics, bioavailability, and

bioequivalence

4. Discuss the importance of a drug’s dissolution rate following the oral admin-

istration of a solid dosage form

5. Describe the sequence of events and the processes that occur to a drug
during its course of bodily transit, from the time of its oral administration and

absorption through its excretion

6. Perform various basic pharmacokinetic calculations
7. List the factors that a pharmacist must consider when determining

a dosage regimen for a specific patient

As discussed in Chapter 2, the biologic re-
sponse to a drug is the result of an interaction
between the drug substance and functionally
important cell receptors or enzyme systems.
The response is due to an alteration in the
biologic processes that were present prior to
the drug’s administration. The magnitude of
the response is related to the concentration
of the drug achieved at the site of its action.
This drug concentration depends on the dos-
age of the drug administered, the extent of its
absorption and distribution to the site, and
the rate and extent of its elimination from the
body. The physical and chemical constitution
of the drug substance—particularly its lipid
solubility, degree of ionization, and molecu-
lar size—determines to a great extent its abil-
ity to carry out its biologic activity. The area
of study embracing this relationship between
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the physical, chemical, and biologic sciences
as they apply to drugs, dosage forms, and
drug action has been given the descriptive
term biopharmaceutics.

In general, for a drug to exert its biologic
effect, it must be transported by the body flu-
ids, traverse the required biologic membrane
barriers, escape widespread distribution to
unwanted areas, endure metabolic attack,
penetrate in adequate concentration to the
sites of action, and interact in a specific fash-
ion, causing an alteration of cellular function.
A simplified diagram of this complex series
of events between a drug’s administration
and its elimination is presented in Figure 5.1.

The absorption, distribution, biotransfor-
mation (metabolism), and elimination of a
drug from the body are dynamic processes
that continue from the time a drug is taken
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FIGURE 5.1 Events of absorption, metabolism, and excretion of drugs after their administration by various routes.

until drug has been removed from the body
entirely. The rates at which these processes oc-
cur affect the onset, intensity, and duration of
the drug’s activity within the body. The area
of study that elucidates the time course of
drug concentration in the blood and tissues is
termed pharmacokinetics. It is the study of the
kinetics of absorption, distribution, metabo-
lism, and excretion (ADME) of drugs and
their corresponding pharmacologic, thera-
peutic, or toxic effects in animals and man.
Furthermore, because one drug may alter the
ADME of another drug, pharmacokinetics
may be applied in the study of interactions
between drugs.

Once a drug is administered and absorp-
tion begins, the drug does not remain in a
single body location but rather is distributed
throughout the body until its ultimate elimi-
nation. For instance, following the oral ad-
ministration of a drug and its entry into the
gastrointestinal tract, a portion of the drug
is absorbed into the circulatory system, from
which it is distributed to the various other
body fluids, tissues, and organs. From these
sites, the drug may return to the circulatory
system and be excreted through the kidney
as such or be metabolized by the liver or
other cellular sites and be excreted as one
or more metabolites. As demonstrated in

Figure 5.1, drugs administered by intrave-
nous injection are introduced directly into
the circulatory system, avoiding absorption,
which is required for systemic effects from
all other routes of administration.

The various body locations to which a
drug travels may be viewed as separate com-
partments, each containing some fraction of
the administered dose of drug. The transfer
of drug from the blood to other body loca-
tions is generally a rapid and reversible pro-
cess; that is, the drug may diffuse back into
the circulation. The drug in the blood there-
fore exists in equilibrium with the drug in the
other compartments. However, in this equi-
librium state, the concentration of the drug in
the blood may be quite different (greater or
lesser) than the concentration of the drug in
the other compartments. This is due largely
to the physicochemical properties of the drug
and its resultant ability to leave the blood
and traverse the biologic membranes. Certain
drugs leave the circulatory system rapidly
and completely, whereas other drugs do so
slowly and with difficulty. Anumber of drugs
become bound to blood proteins, particularly
the albumins, and only a small fraction of the
drug administered may actually be found out-
side of the circulatory system at a given time.
The transfer of drug from one compartment
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to another is mathematically associated with
a specific rate constant describing that par-
ticular transfer. Generally, the rate of transfer
of a drug from one compartment to another is
proportional to the concentration of the drug
in the compartment from which it exits; the
greater the concentration, the greater is the
amount of drug transfer.

Metabolism is the major process by which
foreign substances, including drugs, are elim-
inated from the body. During metabolism a
drug substance may be biotransformed into
pharmacologically active or inactive metabo-
lites, or both. Often, both the drug substance
and its metabolite or metabolites are active
and exert pharmacologic effects. For exam-
ple, the anticonvulsant drug carbamazepine
is metabolized in the liver to an active epox-
ide metabolite. In some instances, a pharma-
cologically inactive drug (termed a prodrug)
may be administered for the known effects of
its active metabolites. Dipivefrin, for exam-
ple, is a prodrug of epinephrine formed by
the esterification of epinephrine and pivalic
acid. This enhances the lipophilic character
of the drug, and as a consequence, its pene-
tration into the anterior chamber of the eye is
17 times that of epinephrine. Within the eye,
dipivefrin HCl is converted by enzymatic hy-
drolysis to epinephrine.

Usually, the metabolism of a drug to inac-
tive products is an irreversible process that
culminates in the excretion of the drug from
the body, usually via the urine. The phar-
macokineticist may calculate an elimination
rate constant (Kel) for a drug to describe its
rate of elimination from the body. The term
elimination refers to both metabolism and ex-
cretion. For drugs that are administered in-
travenously and, therefore, are not absorbed,
the task is much less complex than for drugs
administered by other routes. Except with
intravenous administration, absorption and
elimination occur simultaneously but at dif-
ferent rates.

PRINCIPLES OF DRUG ABSORPTION

Before an administered drug can arrive at its
site of action in effective concentrations, it
must surmount a number of barriers. These

barriers are chiefly a succession of biologic
membranes such as those of the gastroin-
testinal epithelium, lungs, blood, and brain.
Body membranes are generally classified
as three main types: (a) those composed of
several layers of cells, like the skin; (b) those
composed of a single layer of cells, like the
intestinal epithelium; and (c) those less than
one cell thick, like the membrane of a single
cell. In most instances, a drug substance must
pass more than one of these membrane types
before it reaches its site of action. For instance,
a drug taken by mouth must first traverse the
gastrointestinal membranes (stomach and in-
testines), gain entrance to the general circula-
tion, pass to the organ or tissue with which it
has affinity, gain entrance to that tissue, and
then enter its individual cells.

Although the chemistry of body mem-
branes differs one from another, the mem-
branes may be viewed in general as a
bimolecular lipoid (fat containing) layer at-
tached on both sides to a protein layer. Drugs
are thought to penetrate these biologic mem-
branes in two general ways: (a) by passive
diffusion and (b) through specialized trans-
port mechanisms. Within each of these main
categories, more clearly defined processes
have been ascribed to drug transfer.

Passive Diffusion

The term passive diffusion is used to describe
the passage of (drug) molecules through a
membrane that does not actively participate in
the process. Drugs absorbed according to this
method are said to be passively absorbed. The
absorption process is driven by the concentra-
tion gradient (i.e., the differences in concentra-
tion) across the membrane, with the passage of
drug molecules occurring primarily from the
side of high concentration. Most drugs pass
through biologic membranes by diffusion.

Passive diffusion is described by Fick first
law (Physical Pharmacy Capsule 4.8), which
states that the rate of diffusion or transport
across a membrane (dc/dt) is proportional to
the difference in drug concentration on both
sides of the membrane:

dc
_a:P(C] _Cz)
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where

C, and C, are the drug concentrations on
each side of the membrane and

P is a permeability coefficient or constant.

The term C, is customarily used to rep-
resent the compartment with the greater
concentration of drug, and thus the trans-
port of drug proceeds from compartment
1 (e.g., absorption site) to compartment 2
(e.g., blood).

The concentration of drug at the site of
absorption (C)) is usually much greater than
on the other side of the membrane because
of the rapid dilution of the drug in the blood
and its subsequent distribution to the tissues,
so for practical purposes, the value of C, - C,
may be taken simply as that of C, and the
equation written in the standard form for a
first-order rate equation:

dc

dt
The gastrointestinal absorption of most drugs
from solution occurs in this manner in accor-
dance with first-order kinetics, in which the
rate depends on drug concentration; that is,
doubling the dose doubles the transfer rate.
The magnitude of the permeability constant
depends on the diffusion coefficient of the
drug, the thickness and area of the absorb-
ing membrane, and the permeability of the
membrane to the particular drug.

Because of the lipoid nature of the cell
membrane, it is highly permeable to lipid-
soluble substances. The rate of diffusion of a
drug across the membrane depends not only
on its concentration but also on the relative
extent of its affinity for lipid and rejection of
water (a high lipid partition coefficient). The
greater its affinity for lipid and the more hy-
drophobic it is, the faster will be its rate of
penetration into the lipid-rich membrane.
Erythromycin base, for example, possesses a
higher partition coefficient than other eryth-
romycin compounds, for example, estolate
and gluceptate. Consequently, the base is
the preferred agent for the topical treatment
of acne where penetration into the skin is
desired.

Because biologic cells are also permeated
by water and lipid-insoluble substances, it

PC,

is thought that the membrane also contains
water-filled pores or channels that permit the
passage of these types of substances. As wa-
ter passes in bulk across a porous membrane,
any dissolved solute with small enough
molecules to traverse the pores passes in by
filtration. Aqueous pores vary in size from
membrane to membrane and thus in their
individual permeability characteristics for
certain drugs and other substances.

Most drugs today are weak organic acids
or bases. Knowledge of their individual ion-
ization or dissociation characteristics is im-
portant, because their absorption is governed
to a large extent by their degrees of ionization
as they are presented to the membrane barri-
ers. Cell membranes are more permeable to
the un-ionized forms of drugs than to their
ionized forms, mainly because of the greater
lipid solubility of the un-ionized forms and
the highly charged nature of the cell mem-
brane, which results in binding or repelling
of the ionized drug and thereby decreases
cell penetration. Also, ions become hydrated
through association with water molecules,
resulting in larger particles than the undis-
sociated molecule and again decreased pen-
etrating capability.

The degree of a drug’s ionization depends
both on the pH of the solution in which it is
presented to the biologic membrane and on
the pK,, or dissociation constant, of the drug
(whether an acid or base). The concept of pK_
is derived from the Henderson-Hasselbalch
equation.

For an acid,

ionized conc.(salt)

H=pK, +1
P =Pt 08 ionized conc.(acid)

For a base,

un-ionized conc.(base)

H=pK, +1
PHE=PRa o8 ionized conc.(acid)

Because the pH of body fluids varies (stom-
ach, pH 1; lumen of the intestine, pH 6.6;
blood plasma, pH 7.4), the absorption of a
drug from various body fluids will differ and
may dictate to some extent the type of dos-
age form and the route of administration pre-
ferred for a given drug.
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Rearranging the equation for an acid
yields

pPK,—pH=
o un-ionized concentration (acid)

ionized concentration (acid)

and one can theoretically determine the rela-
tive extent to which a drug remains un-ionized
under various conditions of pH. This is par-
ticularly useful when applied to body fluids.
For instance, if a weak acid having a pK_ of 4
is assumed to be in an environment of gastric
juice with a pH of 1, the left side of the equa-
tion yields the number 3, which means that
the ratio of un-ionized to ionized drug par-
ticles is about 1,000:1 and gastric absorption
is excellent. At the pH of plasma, the reverse
is true, and in the blood, the drug is largely in
the ionized form. Table 5.1 presents the effect
of pH on the ionization of weak electrolytes,
and Table 5.2 offers some representative pK_
values of common drug substances.

The equation and Table 5.1 show that a
drug substance is half ionized at a pH value
equal to its pK . Thus, pK  may be defined as
the pH at which a drug is 50% ionized. For
example, phenobarbital has a pK  value of

llele]CXMM THE EFFECT OF pH ON

THE IONIZATION OF WEAK
ELECTROLYTES pK -pH %

UN-IONIZED
IF WEAK ACID IF WEAK BASE

-30 0.10 99.90
-20 0.99 99.00
-1.0 9.09 90.90
-07 16.60 83.40
-05 24.00 76.00
-0.2 38.70 61.30

0.0 50.00 50.00
+0.2 61.30 38.70
+0.5 76.00 24.00
+0.7 83.40 16.60
+1.0 90.90 9.09
+20 99.00 0.99
+3.0 99.90 0.10

about 7.4, and in plasma (pH 7.4), it is pres-
ent as ionized and un-ionized forms in equal
amounts. However, a drug substance cannot
reach the blood plasma unless it is placed
there directly through intravenous injection
or is favorably absorbed from a site along its
route of entry, such as the gastrointestinal
tract, and allowed to pass into the general
circulation. As shown in Table 5.2, phenobar-
bital, a weak acid with a pK_ of 7.4, would
be largely undissociated in the gastric envi-
ronment of pH 1 and would likely be well
absorbed. A drug may enter the circulation
rapidly and at high concentrations if mem-
brane penetration is easily accomplished

[[elellXA PK VALUES FOR SOME
ACIDIC AND BASIC DRUGS

PK,

Acids
Acetylsalicylic acid 3.5
Barbital 7.9
Benzylpenicillin 2.8
Boric acid 9.2
Dicoumarol 5.7
Phenobarbital 7.4
Phenytoin 8.3
Sulfanilamide 10.4
Theophylline 9.0
Thiopental 7.6
Tolbutamide 5.5
Warfarin sodium 4.8

Bases
Amphetamine 9.8
Apomorphine 7.0
Atfropine 9.7
Caffeine 0.8
Chlordiazepoxide 4.6
Cocaine 8.5
Codeine 7.9
Guanethidine 11.8
Morphine 7.9
Procaine 9.0
Quinine 8.4

Reserpine 6.6
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or at a low rate and low level if the drug is
not readily absorbed from its route of entry.
The pH of the drug’s current environment
influences the rate and degree of its further
distribution because under one condition of
pH it becomes more or less un-ionized and
therefore more or less lipid penetrating than
under another. If an un-ionized molecule is
able to diffuse through the lipid barrier and
remain un-ionized in the new environment,
it may return to its former location or go on
to anew one. However, if in the new environ-
ment it is greatly ionized because of the influ-
ence of the pH of the second fluid, it likely
will be unable to cross the membrane with its
former ability. Thus, a concentration gradient
of a drug usually is reached at equilibrium
on each side of a membrane because differ-
ent degrees of ionization occur on each side.
A summary of the concepts of dissociation
and ionization is found in Physical Pharmacy
Capsules 4.8 and 4.10.

It is often desirable for pharmaceutical
scientists to make structural modifications
in organic drugs and thereby favorably alter
their lipid solubility, partition coefficients,
and dissociation constants while maintaining
the same basic pharmacologic activity. These
efforts frequently result in increased absorp-
tion, better therapeutic response, and lower
dosage.

Specialized Transport Mechanisms

In contrast to the passive transfer of drugs
and other substances across a biologic mem-
brane, certain substances, including some
drugs and biologic metabolites, are con-
ducted across a membrane through one
of several postulated specialized transport
mechanisms. This type of transfer seems to
account for substances, many naturally oc-
curring as amino acids and glucose, that are
too lipid insoluble to dissolve in the bound-
ary and too large to flow or filter through
the pores. This type of transport is thought
to involve membrane components that may
be enzymes or some other type of agent ca-
pable of forming a complex with the drug
(or other agent) at the surface membrane.
The complex moves across the membrane,

outside membrane inside

| |
| |
| |
| |

FIGURE 5.2 Active transport mechanism. D, drug
molecule; C, the carrier in the membrane. (Adapted
with permission from O’reilly WJ. Biological Factors
in Dosage Design I: Membranes and Drug Absorption.
Aust ] Pharm 1966;47(Supp 42):551.)

where the drug is released, with the carrier
returning to the original surface. Figure 5.2
presents the simplified scheme of this pro-
cess. Specialized transport may be differenti-
ated from passive transfer in that the former
process may become saturated as the amount
of carrier for a given substance becomes com-
pletely bound with that substance, resulting
in a delay in transport. Other features of spe-
cialized transport include the specificity by a
carrier for a particular type of chemical struc-
ture, so that if two substances are transported
by the same mechanism or carrier, one will
competitively inhibit the transport of the
other. Furthermore, the transport mechanism
is inhibited in general by substances that in-
terfere with cell metabolism. The term active
transport as a subclassification of specialized
transport denotes a process with the ad-
ditional feature of the solute or drug being
moved across the membrane against a con-
centration gradient, that is, from a solution of
lower concentration to one of a higher con-
centration, or if the solute is an ion, against
an electrochemical potential gradient. In
contrast to active transport, facilitated diffu-
sion is a specialized transport mechanism
having all of the described characteristics ex-
cept that the solute is not transferred against
a concentration gradient and may attain the
same concentration inside the cell as on the
outside.
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Many body nutrients, such as sugars
and amino acids, are transported across the
membranes of the gastrointestinal tract by
carrier processes. Certain vitamins, such as
thiamine, niacin, riboflavin, and pyridoxine,
and drug substances, such as methyldopa
and 5-fluorouracil, require active transport
mechanisms for their absorption.

Investigations of intestinal transport have
often used in situ (at the site) or in vivo (in
the body) animal models or ex vivo (out-
side the body) transport models; however,
recently cell culture models of human small
intestine absorptive cells have become avail-
able to investigate transport across intestinal
epithelium (1). Both passive and transport-
mediated studies have been conducted to in-
vestigate mechanisms and rates of transport.

DISSOLUTION AND DRUG
ABSORPTION

For a drug to be absorbed, it must first be dis-
solved in the fluid at the absorption site. For
instance, a drug administered orally in tablet
or capsule form cannot be absorbed until the
drug particles are dissolved by the fluids in
the gastrointestinal tract. When the solubility
of a drug depends on either an acidic or ba-
sic medium, the drug dissolves in the stom-
ach or intestines, respectively (Fig. 5.3). The
process by which a drug particle dissolves is
termed dissolution.

As a drug particle undergoes dissolution,
the drug molecules on the surface are the first
to enter into solution, creating a saturated
layer of drug solution that envelops the sur-
face of the solid drug particle. This layer of
solution is the diffusion layer. From this diffu-
sion layer, the drug molecules pass through-
out the dissolving fluid and make contact
with the biologic membranes, and absorp-
tion ensues. As the molecules of drug con-
tinue to leave the diffusion layer, the layer
is replenished with dissolved drug from the
surface of the drug particle, and the process
of absorption continues.

If the dissolution of a given drug particle
is rapid or if the drug is administered as a
solution and remains present in the body
as such, the rate at which the drug becomes
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FIGURE 5.3 The digestive system, including the loca-
tions of drug absorption and their respective pH values.
(Adapted with permission from Cohen BJ, Wood DL.
Memmler’s the Human Body in Health and Disease.
11th Ed. Baltimore, MD: Lippincott Williams & Wilkins,
2009.)

absorbed depends mainly on its ability to
traverse the membrane barrier. However, if
the rate of dissolution for a drug particle is
slow because of the physicochemical charac-
teristics of the drug substance or the dosage
form, dissolution itself is a rate-limiting step
in absorption. Slowly soluble drugs such as
digoxin may not only be absorbed at a slow
rate; they may be incompletely absorbed or
in some cases largely unabsorbed follow-
ing oral administration because of the natu-
ral limitation of time that they may remain
within the stomach or the intestinal tract.
Thus, poorly soluble drugs or poorly formu-
lated drug products may be incompletely
absorbed and pass unchanged out of the sys-
tem via the feces.

Under normal circumstances, a drug may
be expected to remain in the stomach for 2
to 4 hours (gastric emptying time) and in the
small intestine for 4 to 10 hours, although
there is substantial variation between people
and even in the same person on different oc-
casions. Various techniques have been used
to determine gastric emptying time and the
gastrointestinal passage of drug from vari-
ous oral dosage forms, including tracking



CHAPTER & + BIOPHARMACEUTICAL AND PHARMACOKINETIC CONSIDERATIONS 173

dosage forms labeled with gamma-emitting
radionuclides through gamma scintigraphy
(2,3). The gastric emptying time for a drug
is most rapid with a fasting stomach, becom-
ing slower as the food content is increased.
Changes in gastric emptying time and/or in
intestinal motility can affect drug transit time
and thus the opportunity for drug dissolu-
tion and absorption.

These changes can be affected by drugs.
Certain drugs with anticholinergic proper-
ties, for example, dicyclomine HCI and ami-
triptyline HCl, can slow gastric emptying.
This can enhance the rate of absorption of
drugs normally absorbed from the stomach
and reduce the rate of absorption of drugs
that are primarily absorbed from the small
intestine. Alternatively, drugs that enhance
gastric motility, for example, laxatives, may
cause some drugs to move through the gas-
trointestinal system and past their absorptive
site at such a rate as to reduce the amount
of drug absorbed. This effect has been dem-
onstrated with digoxin, whose absorption is
significantly decreased by accelerating gas-
trointestinal motility.

Aging may also influence gastrointestinal
absorption. In the elderly, gastric acidity, the
number of absorptive cells, intestinal blood
flow, the rate of gastric emptying, and in-
testinal motility are all decreased. However,
drugs in which absorption depends on pas-
sive processes are not affected by these fac-
tors as much as those that depend on active
transport mechanisms, such as calcium, iron,
thiamine, and sugars. A decrease in gastric
emptying time is advantageous for drugs
that are absorbed from the stomach but dis-
advantageous for those that are prone to acid
degradation, such as penicillins and erythro-
mycin, or inactivated by stomach enzymes,
such as L-dopa.

The dissolution of a substance may be
described by the modified Noyes-Whitney
equation:

d
S =ksle —e)
where

dc/dt is the rate of dissolution,

k is the dissolution rate constant,

S is the surface area of the dissolving solid,

c, is the saturation concentration of drug
in the diffusion layer (which may be approxi-
mated by the maximum solubility of the drug
in the solvent, because the diffusion layer is
considered saturated), and

¢, is the concentration of the drug in the
dissolution medium at time t (c, — c, is the
concentration gradient).

The rate of dissolution is governed by the
rate of diffusion of solute molecules through
the diffusion layer into the body of the so-
lution. The equation reveals that the disso-
lution rate of a drug may be increased by
increasing the surface area (reducing the
particle size) of the drug, by increasing the
solubility of the drug in the diffusion layer,
and by factors embodied in the dissolution
rate constant, k, including the intensity of
agitation of the solvent and the diffusion co-
efficient of the dissolving drug. For a given
drug, the diffusion coefficient and usually
the concentration of the drug in the diffusion
layer will increase with increasing tempera-
ture. Also, increasing the rate of agitation of
the dissolving medium will increase the rate
of dissolution. A reduction in the viscosity of
the solvent employed is another means to en-
hance the dissolution rate of a drug. Changes
in the pH or the nature of the solvent that in-
fluence the solubility of the drug may be used
to advantage in increasing dissolution rate.
Effervescent, buffered aspirin tablet formula-
tions use some of these principles to their ad-
vantage. The alkaline adjuvants in the tablet
enhance the solubility of the aspirin within
the diffusional layer, and the evolution of car-
bon dioxide agitates the solvent system, that
is, gastric juices. Consequently, the rate of
absorption of aspirin into the bloodstream is
faster than from a conventional aspirin tablet
formulation. If this dosage form is acceptable
to the patient, it provides a quicker means for
the patient to gain relief from a troublesome
headache. Many manufacturers use a par-
ticular amorphous, crystalline, salt, or ester
form of a drug that will exhibit the solubility
characteristics needed to achieve the desired
dissolution characteristics. Some of these
factors that affect drug dissolution briefly
are discussed in the following paragraphs,
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A PHYSICAL PHARMACY CAPSULE 5.1
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| “Particle Size, Surface Area, and Dissolution Rate

Particle size has an effect on dissolution rate and solubility. As shown in the Noyes-Whitney
equation,
where

dC
F=K8(Cs-C))

dC/dT is the ratfe of dissolution (concentration with respect fo time);

k is the dissolution rate constant;

S is the surface area of the particles;

C, is the concentration of the drug in the immediate proximity of the dissolving particle, that is,
the solubility of the drug; and

C, is the concentration of the drug in the bulk fluid.

It is evident that C. cannot be significantly changed, C, is often under sink conditions (an
amount of the drug is used that is less than 20% of its solubility), and k comprises many factors,
such as agitation and temperature. This leaves the S, surface area, as a factor that can affect
the rate of dissolution.

An increase in the surface area of a drug will, within reason, increase the dissolution rate.
Circumstances in which it may decrease the rate include a decrease in the effective surface
areq, that is, a condition in which the dissolving fluid cannot wet the particles. Wetting is the
first step in dissolution. This can be demonstrated by visualizing a tablet of diameter 0.75 inch
by thickness 0.25 inch. The surface area of the tablet can be increased by drilling a series of
0.0625-inch holes in the tablet. However, even though the surface area has been increased, the
dissolution fluid—water—because of surface tension and so on cannot necessarily penetrate
the new holes and displace the air. Adsorbed air and other factors can decrease the effective
surface area of a dosage form, including powders.This is the reason that particle size reduction
does not always raise the dissolution rate. One can also visualize a powder that has been com-
minuted to a very fine state of subdivision; when it is placed in a beaker of water, the powder
floats because of the entrapped and adsorbed air. The effective surface area is not the same
as the actual surface area of the powder.

whereas others will be discussed in succeed-
ing chapters in which they are relevant.

The chemical and physical characteristics
of a drug substance that can affect safety,
efficacy, and stability must be carefully de-
fined by appropriate standards in an applica-
tion for U.S. Food and Drug Administration
(FDA) approval and then sustained and con-
trolled throughout product manufacture.

Surface Area

When a drug particle is broken up, the total
surface area is increased. For drug substances

that are poorly or slowly soluble, this gener-
ally results in an increase in the rate of dissolu-
tion. This is explained in Physical Pharmacy
Capsule 5.1, Particle Size, Surface Area, and
Dissolution Rate.

Increased therapeutic response to orally
administered drugs due to smaller par-
ticle size has been reported for a number of
drugs, among them theophylline, a xanthine
derivative used to treat bronchial asthma;
griseofulvin, an antibiotic with antifungal
activity; sulfisoxazole, an anti-infective sul-
fonamide; and nitrofurantoin, a urinary
anti-infective drug. To increase surface area,
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pharmaceutical manufacturers frequently
use micronized powders in their solid prod-
ucts. Although not officially defined, mi-
cronized powders generally consist of drug
particles reduced in size to about 5 mm and
smaller. A slight variation on this is accom-
plished by blending and melting poorly
water-soluble powders with a water-soluble
polymer, such as polyethylene glycol (PEG).
In the molten state and if the drug dissolves
in the carrier, a molecular dispersion of the
drug in the carrier results. Solidification pro-
duces a solid dispersion that can be pulver-
ized and formed into tablets or capsules.
When this powder is placed in water, the wa-
ter-soluble carrier rapidly dissolves, leaving
the poorly soluble drug molecules enveloped
in water, thus forming a solution.

The use of micronized drugs is not con-
fined to oral preparations. For example,
ophthalmic and topical ointments use mi-
cronized drugs for their preferred release
characteristics and nonirritating quality after
application.

Because of the different rates and degrees
of absorption obtainable from drugs of vari-
ous particle sizes, products of the same drug
substance prepared by two or more reliable
pharmaceutical manufacturers may result
in different degrees of therapeutic response
in the same individual. A classic example of
this occurs with phenytoin sodium capsules,
which have two distinct forms. The first is the
rapid-release type, that is, Prompt Phenytoin
Sodium Capsules, USP, and the second is
the slow-dissolution type, that is, Extended
Phenytoin Sodium Capsules, USP. The former
has a dissolution rate of not less than 85% in
30 minutes and is recommended for use three
to four times per day. The latter has a slower
dissolution rate, for example, 15% to 35% in 30
minutes, which lends itself to use in patients
who can be dosed less frequently. Because of
such differences in formulation for a number
of drugs and drug products, it is generally
advisable for a person to continue taking the
same brand of medication, provided it pro-
duces the desired therapeutic effect. Patients
who are stabilized on one brand of drug
should not be switched to another unless nec-
essary. However, when a change is necessary,

appropriate blood or plasma concentrations
of the drug should be monitored until the pa-
tient is stabilized on the new product.

Occasionally, a rapid rate of drug absorp-
tion is not desired in a pharmaceutical prepa-
ration. Research pharmacists who wish to
provide sustained rather than rapid action
may employ agents of varying particle size
to provide controlled dissolution and ab-
sorption. Summaries of the physicochemi-
cal principles of particle size reduction and
the relation of particle size to surface area,
dissolution, and solubility may be found in
Physical Pharmacy Capsule 4.5.

Crystal or Amorphous Drug Form

Solid drug materials may occur as pure crys-
talline substances of definite identifiable
shape or as amorphous particles without
definite structure. The amorphous or crys-
talline character of a drug substance may be
of considerable importance to its ease of for-
mulation and handling, its chemical stabil-
ity, and as has been recently demonstrated,
even its biologic activity. Certain medicinal
agents may be produced to exist in either a
crystalline or an amorphous state. Because
the amorphous form of a chemical is usu-
ally more soluble than the crystalline form,
different extents of drug absorption may re-
sult with consequent differences in the de-
gree of pharmacologic activity obtained from
each. Two antibiotic substances, novobiocin
and chloramphenicol palmitate, are essen-
tially inactive when administered in crystal-
line form, but when they are administered
in the amorphous form, absorption from
the gastrointestinal tract proceeds rapidly,
with good therapeutic response. In other in-
stances, crystalline forms of drugs may be
used because of greater stability than the cor-
responding amorphous forms. For example,
the crystalline forms of penicillin G as the po-
tassium salt or sodium salt are considerably
more stable than the analogous amorphous
forms. Thus, in formulation work on penicil-
lin G, the crystalline forms are preferred and
result in excellent therapeutic response.

The hormone insulin presents another
striking example of the different degree of
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activity that may result from the use of dif-
ferent physical forms of the same medicinal
agent. Insulin is the active principle of the
pancreas and is vital to the body’s metabo-
lism of glucose.

It is indispensable in the treatment of
patients with type 1 diabetes, who depend
upon an external source of the hormone for
survival.

Prior to the development of insulin by the
biosynthetic process using recombinant DNA
technology, insulin was obtained for thera-
peutic use through its extraction and purifica-
tion from animal pancreas glands, primarily
pork. Today, the vast majority of insulin cur-
rently used worldwide is biosynthetic re-
combinant “human” insulin and its analogs.
Although the therapeutic use of insulin from
animal origin is largely diminished, the dis-
cussion, which follows, remains important
from the physical pharmacy standpoint.

Insulin is a protein that forms an extremely
insoluble zinc-insulin complex when com-
bined with zinc in the presence of acetate
buffer. The complex may be crystalline or
amorphous, depending upon the pH of the
buffer solution. Each form of the complex
has been utilized in the formulation of insu-
lin products to take advantage of the differ-
ent absorption and retention rates following
injection. The amorphous form (or prompt
insulin suspension) is rapidly absorbed fol-
lowing intramuscular or subcutaneous in-
jection, whereas the larger crystalline form
(extended insulin zinc suspension) is more
slowly absorbed and has a longer retention
time and duration of action. By combining
the two types, 70% of the crystalline form
and 30% of the amorphous form, an interme-
diate-acting insulin product is prepared.

Nowadays, different absorption and re-
tention rates for insulin are achieved through
analogs of human insulin developed though
biotechnology.

Some crystalline medicinal chemicals are
capable of forming different types of crystals,
depending on the conditions (temperature,
solvent, time) under which crystallization
is induced. This property, whereby a single
chemical substance may exist in more than
one crystalline form, is polymorphism. Only

one form of a pure drug substance is stable
at a given temperature and pressure, with
the other higher-energy forms, called meta-
stable forms, converting in time to the stable
crystalline form. It is therefore fairly common
for a metastable form of a medicinal agent to
change form even in a completed pharmaceu-
tical preparation, although the time required
for a complete change may exceed the nor-
mal shelf life of the product. However, from
a pharmaceutical point of view, any change
in the crystal structure of a medicinal agent
may critically affect the stability and even the
therapeutic efficacy of the product in which
the conversion takes place.

The various polymorphic forms of the
same chemical generally differ in many phys-
ical properties, including solubility and dis-
solution, which are of prime importance to
the rate and extent of absorption. These dif-
ferences are manifest so long as the drug is in
the solid state. Once solution is effected, the
different forms become indistinguishable one
from another. Therefore, differences in drug
action, pharmaceutically and therapeutically,
can be expected from polymorphs contained
in solid dosage forms as well as in liquid
suspension. The use of metastable forms
generally results in higher solubility and dis-
solution rates than the respective stable crys-
tal forms of the same drug. If all other factors
remain constant, more rapid and complete
drug absorption will likely result from the
metastable forms than from the stable form
of the same drug. On the other hand, the sta-
ble polymorph is more resistant to chemical
degradation and because of its lower solubil-
ity, is frequently preferred in pharmaceutical
suspensions of insoluble drugs. If metasta-
ble forms are employed in the preparation
of suspensions, their gradual conversion to
the stable form may be accompanied by an
alteration in the consistency of the suspen-
sion itself, which affects its permanency. In
all instances, the advantages of the meta-
stable crystalline forms in terms of increased
physiologic availability of the drug must be
balanced against the increased product sta-
bility when stable polymorphs are employed.
Sulfur and cortisone acetate exist in more
than one crystalline form and are frequently
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prepared in pharmaceutical suspensions. In
fact, cortisone acetate is reported to exist in
at least five crystalline forms. It is possible for
the commercial products of two manufactur-
ers to differ in stability and therapeutic effect,
depending on the crystalline form of the drug
used in the formulation.

Salt Forms

The dissolution rate of a salt form of a drug is
generally quite different from that of the par-
ent compound. Sodium and potassium salts
of weak organic acids and hydrochloride salts
of weak organic bases dissolve much more
readily than do the respective free acids or
bases. The result is a more rapid saturation of
the diffusion layer surrounding the dissolv-
ing particle and the consequent more rapid
diffusion of the drug to the absorption sites.

Numerous examples could be cited to
demonstrate the increased rate of drug dis-
solution due to the use of the salt form of the
drug rather than the free acid or base, but
the following will suffice: The addition of
the ethylenediamine moiety to theophylline
increases the water solubility of theophylline
fivefold. The use of the ethylenediamine salt
of theophylline has allowed the development
of oral aqueous solutions of theophylline and
diminished the need to use hydroalcoholic
mixtures such as elixirs.

Other Factors

The state of hydration of a drug molecule can
affect its solubility and pattern of absorption.
Usually, the anhydrous form of an organic
molecule is more readily soluble than the
hydrated form. This characteristic was dem-
onstrated with the drug ampicillin, when the
anhydrous form was found to have a greater
rate of solubility than the trihydrate form
(4). The rate of absorption for the anhydrous
form was greater than that for the trihydrate
form of the drug.

A drug’s solubility in the gastrointestinal
tract can be affected not only by the pH of the
environment but also by the normal compo-
nents of the tract and any foodstuffs. A drug
may interact with one of the other agents
present to form a chemical complex that may

result in reduced drug solubility and de-
creased drug absorption. The classic example
of this complexation is the one between tet-
racycline analogs and certain cations, for ex-
ample, calcium, magnesium, and aluminum,
resulting in decreased absorption of the tetra-
cycline derivative. Also, if the drug becomes
adsorbed onto insoluble material in the tract,
its availability for absorption may be corre-
spondingly reduced.

BIOAVAILABILITY AND
BIOEQUIVALENCE

The term bioavailability describes the rate and
extent to which an active drug ingredient or
therapeutic moiety is absorbed from a drug
product and becomes available at the site of
action. The term bioequivalence refers to the
comparison of bioavailabilities of different for-
mulations, drug products, or batches of the
same drug product.

The availability to the biologic system of
a pharmaceutical product is integral to the
goals of dosage form design and paramount
to the effectiveness of the medication. The
study of a drug’s bioavailability depends on
the drug’s absorption or entry into the sys-
temic circulation, and it is necessary to study
the pharmacokinetic profile of the drug or
its metabolite or metabolites over time in
the appropriate biologic system, for exam-
ple, blood, plasma, and urine. Graphically,
bioavailability of a drug is portrayed by a
concentration time curve of the administered
drug in an appropriate tissue system, for ex-
ample, plasma (Fig. 5.4). Bioavailability data
are used to determine (2) the amount or pro-
portion of drug absorbed from a formulation
or dosage form, (b) the rate at which the drug
was absorbed, (c) the duration of the drug’s
presence in the biologic fluid or tissue corre-
lated with the patient’s response, and (d) the
relationship between drug blood levels and
clinical efficacy and toxicity.

During the product development stages
of a proposed drug product, pharmaceutical
manufacturers employ bioavailability stud-
ies to compare different formulations of the
drug substance to ascertain which one allows
the most desirable absorption pattern. Later
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FIGURE 5.4 Serum concentration-time curve showing peak height concentration, time of peak concentration, and

AUC. (Courtesy of D. J. Chodos and A. R. Disanto, Upjohn.)

bioavailability studies may be used to com-
pare the availability of the drug substance
in different production batches. They may
also be used to compare the availability of
the drug substance in different dosage forms
(e.g., tablets, capsules, elixirs) or in the same
dosage form produced by different (compet-
ing) manufacturers.

According to the FDA (5), the in vivo bio-
availability of a drug product may be deter-
mined by measurements of the concentration
of the active drug ingredient, its therapeu-
tic moiety, or its metabolite(s) in the blood
or urine or by pharmacological effects. For
drug products that are not intended to be ab-
sorbed into the bloodstream, bioavailability
may be assessed by measurements of the rate
and extent to which the active drug moiety
becomes available at the site of action. Two
drug products may be considered bioequiva-
lent if their rates and extents of absorption
do not show a significant difference when
administered at the same molar dose under
similar experimental conditions, either single
dose or multiple dose.

Single-Dose and Multiple-Dose
Bioavailability Studies

Single-dose bioavailability studies compare
the drug product to be tested against the

appropriate reference material. Studies are
conducted in normal adults generally in the
fasting state. A single-dose study is usually
crossover in design, unless a parallel design
or other design is more appropriate for valid
scientific reasons (refer to Fig. 2.7 for study
designs). The sampling time for blood and/
or urine is usually at least three times the half-
life of the active drug ingredient or therapeu-
tic moiety, its metabolite(s), or at least three
times the half-life of the acute pharmacologi-
cal effect. Measured are the peak concentra-
tion in the blood and the total area under the
curve (discussed later in this chapter).

Multiple-dose bioavailability studies com-
pare the test product and the reference mate-
rial after repeated administration to determine
steady-state levels of the active drug ingredi-
ent or therapeutic moiety in the body. Studies
are conducted in human subjects in the fast-
ing or nonfasting state, depending upon the
conditions reflected in the proposed labeling
of the test product.

A multiple-dose study may be required for
a test product if (1) there is a difference in the
rate of absorption but not in the extent of ab-
sorption; (b) there is excessive variability in
bioavailability from subject to subject; (c) the
concentration of the active drug ingredient or
therapeutic moiety, or its metabolites, in the
blood resulting from a single dose is too low
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for accurate determination by the analytical
method; or (d) the drug product is an ex-
tended-release dosage form. A multiple-dose
study is generally crossover in design unless
scientific reasons dictate otherwise (e.g., if the
study is designed to establish the pharmaco-
kinetic profile of a new drug product, a new
drug delivery system, or an extended-release
dosage form). At least five times the half-life
of the active drug ingredient, its therapeutic
moiety or its active metabolite(s) is measured
in the blood or urine.

FDA Bioavailability Submission
Requirements

The FDA requires bioavailability data sub-
missions in the following instances (5):

1. New Drug Applications (NDAs): A section
of each NDA is required to describe the
human pharmacokinetic data and hu-
man bioavailability data, or information
supporting a waiver of the bioavailability
data requirement (see waiver provisions
following).

2. Abbreviated ~ New  Drug  Applications
(ANDAs): In vivo bioavailability data are
required unless information is provided
and accepted supporting a waiver of
this requirement (see waiver provisions
following).

3. Supplemental Applications: In vivo bioavail-
ability data are required if there is a change
in the following:

a. Manufacturing process, product for-
mulation, or dosage strength beyond
the variations provided for in the ap-
proved NDA

b. Labeling to provide for a new indica-
tion for use of the drug product and
if clinical studies are required, to sup-
port the new indication

c. Labeling to provide for a new or ad-
ditional dosage regimen for a special
patient population (e.g., infants) if
clinical studies are required to support
the new or additional dosage regimen

Conditions under which the FDA may waive
the in vivo bioavailability requirement are as
follows:

1. The drug product is a parenteral, ophthal-
mic, or otic solution and contains the same
active agent in the same concentration and
solvent as a product previously approved
through a full NDA.

2. The drug product is administered by inha-
lation as a gas or vapor and contains the
same active agent in the same dosage form
as a product previously approved through
a full NDA.

3. The drug product is an oral solution, elixir,
syrup, tincture, or similar other solubi-
lized form and contains the same active
agent in the same concentration as a pre-
viously approved drug product through a
full NDA and contains no inactive ingre-
dient known to significantly affect absorp-
tion of the active drug ingredient.

4. The drug product is a topically applied
preparation (e.g., ointment) intended for
local therapeutic effect.

5. The drug product is an oral form that is
not intended to be absorbed (e.g., antacid
or radiopaque medium).

6. The drug product is a solid oral form that
has been demonstrated to be identical
or sufficiently similar to a drug product
that has met the in vivo bioavailability
requirement.

Most bioavailability and bioequivalence stud-
ies are applied to drugs prepared into solid
dosage forms intended to be administered
orally. This is due to the fact that the majority
of new pharmaceutical products are first de-
veloped and marketed as tablets and capsules
and later, competing nonproprietary (generic)
products are developed in the same forms.
Consequently, much of the discussion, which
follows, focuses on studies of orally admin-
istered dosage forms. However, this is not to
imply that other dosage forms and routes of
administration are free from bioavailability
studies.

Blood, Serum, or Plasma
Concentration-Time Curve

Following oral administration of a medica-
tion, if blood samples are drawn from the pa-
tient at specific time intervals and analyzed
for drug content, the resulting data may be
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plotted on ordinary graph paper to yield the
type of drug blood level curve presented in
Figure 5.4. The vertical axis of this type of plot
characteristically presents the concentration
of drug in the blood (or serum or plasma),
and the horizontal axis presents the time the
samples were obtained following the admin-
istration of the drug. When the drug is first
administered (time zero), the blood concen-
tration of the drug should also be zero. As the
drugpassesinto the stomach and/or intestine,
itis released from the dosage form, eventually
dissolves, and is absorbed. As the sampling
and analysis continue, the blood samples re-
veal increasing concentrations of drug (posi-
tive slope of the curve) until the maximum
(peak) concentration (C__ ) is reached. Then
the blood level of the drug decreases (nega-
tive slope of the curve), and if no additional
dose is given, it eventually falls to zero. The
diminished blood level of drug after the peak
height is reached indicates that the rate of
elimination from the bloodstream is greater
than the rate of absorption into the circula-
tory system. Absorption does not terminate

100
Drug at absorption site
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after the peak blood level is reached; it may
continue for some time. Similarly, the process
of drug elimination is continuous. It begins as
soon as the drug first appears in the blood-
stream and continues until all of the drug
has been eliminated. The positive or negative
slope of the curve indicates which process is
faster. When the drug leaves the blood, it may
be found in various body tissues and cells for
which it has an affinity until ultimately it is
excreted as such or as drug metabolites in the
urine or via some other route (Fig. 5.5). A uri-
nalysis for the drug or its metabolites may be
used to indicate the extent of absorption and /
or the rate of elimination.

Parameters for Assessment and
Comparison of Bioavailability

In discussing the important parameters to
be considered in the comparative evaluation
of the blood level curves following the oral
administration of single doses of two formu-
lations of the same drug entity, Chodos and
DiSanto (6) list the following:

Metabolites

Excreted drug

Time (arbitrary units)

FIGURE 5.5 Time course of drug in the body. (Adapted with permission from Rowland M, Tozer TN. Clinical
Pharmacokinetics. 3rd Ed. Baltimore, MD: Lippincott Williams & Wilkins, 1995.)
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¢ The peak height concentration (C__ )

¢ The time of the peak concentration (T_ )

¢ The area under the blood (or serum or
plasma) concentration—time curve (AUC)

Using Figure 5.4 as an example, the height
of the peak concentration is equivalent to 4.0
mg/mL of drug in the serum, the time of the
peak concentration is 2 hours after admin-
istration, and the AUC from 0 to 12 hours
is calculated as 21.5 mg/mL x hours. The
meaning and use of these parameters are fur-
ther explained as follows.

Peak Height

Peak height concentration is the C__ ob-
served in the blood plasma or serum follow-
ing a dose of the drug, indicating a slope of
zero, meaning the rates of absorption and
elimination are equal. For conventional dos-
age forms, such as tablets and capsules, the
C,.. will usually occur at only a single time,
T .. The amount of drug is usually expressed
in terms of its concentration in relation to a
specific volume of blood, serum, or plasma.
For example, the concentration may be ex-
pressed as grams per 100 mL, micrograms
per milliliter, or milligrams per 100 mL.
Figure 5.6 depicts concentration—time curves
showing different peak height concentrations
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for equal amounts of drug from two different
formulations following oral administration.
The horizontal line drawn across the figure
indicates that the minimum effective concen-
tration (MEC) for the drug substance is 4.0
mg/mL. This means that for the patient to
exhibit an adequate response to the drug, this
concentration in the blood must be achieved.
Comparing the blood levels of drug achieved
after oral administration of equal doses of for-
mulations A and B in Figure 5.6, formulation A
will achieve the required blood levels of drug
to produce the desired pharmacologic effect,
whereas formulation B will not. On the other
hand, if the MEC for the drug is 2.0 mg/mL
and the minimum toxic concentration (MTC)
is 4.0 mg/mL, as depicted in Figure 5.7, equal
doses of the two formulations result in toxic
effects produced by formulation A but only
desired effects by formulation B. The objec-
tive in the individual dosing of a patient is to
achieve the MEC but not the MTC.

The size of the dose influences the blood
level concentration and C__ for that sub-
stance. Figure 5.8 depicts the influence of dose
on the blood level-time curve for a hypotheti-
cal drug administered by the same route and
in the same dosage form. In this example, it
is assumed that all doses are completely ab-
sorbed and eliminated at the same rates. As
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FIGURE 5.6 Serum concentration—time curve showing different peak height concentrations for equal amounts of drug
from two different formulations following oral administration. MEC, minimum effective concentration. (Courtesy of
D. J. Chodos and A. R. Disanto, Upjohn. With permission from Elsevier.)
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FIGURE 5.7 Serum concentration-time curve showing peak height concentrations, peak height times, times to reach
MEC, and areas under the curves for equal amounts of drug from two different formulations following oral adminis-
tration. MEC, minimum effective concentration; MTC, minimum toxic concentration. (Courtesy of D. I. Chodos and

A. R. Disanto, Upjohn.)

the dose increases, the C__ is proportionately
higher and the AUC proportionately greater.
T .. is the same for each dose.

Time of Peak

The second important parameter in assessing
the comparative bioavailability of two formu-
lationsis T__ . In Figure 5.6, T__ is 1 hour for

A

Minimum effective concentration

Blood drug concentration

Time

FIGURE 5.8 The influence of dose size on the blood
drug concentration-time curves when three differ-
ent doses of the same drug are administered and the
rates of drug absorption and elimination are equal
after the three doses. A, 100 mg; B, 80 mg; C, 50 mg.
(Adapted with permission from Ueda CT. Concepts in
Clinical Pharmacology: Essentials of Bioavailability and
Bioequivalence. Upjohn, 1979.)

formulation A and 4 hours for formulation B.
This parameter reflects the rate of absorption
from a formulation, which determines the
time needed for the MEC to be reached and
thus for initiation of the desired effect. The
rate of absorption also influences the period
over which the drug enters the bloodstream
and therefore affects the duration that the
drug is maintained in the blood. In Figure
5.7, formulation A allows the drug to reach
the MEC within 30 minutes following admin-
istration and a peak concentration in 1 hour.
Formulation B has a slower rate of release.
Drug from this formulation reached the MEC
2 hours after administration and its peak con-
centration 4 hours after administration. Thus,
formulation A permits the greater rate of
drug absorption; it allows drug to reach both
the MEC and its peak height sooner than for-
mulation B. On the other hand, formulation B
provides more time for drug concentrations
maintained above the MEC, 8 hours (2 to 10
hours following administration) compared
to 5.5 hours (30 minutes to 6 hours following
administration) for formulation A. Thus, if a
rapid onset of action is desired, a formulation
similar to A is preferred, but if a long dura-
tion rather than a rapid onset of action is de-
sired, a formulation similar to B is preferred.
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In summary, changes in the rate of drug
absorption change the values of both C_
and T__ . Each product has its own charac-
teristic rate of absorption. When the rate of
absorption is decreased, the Cmax is lowered
and T__ occurs at a later time. If the doses of
the drugs are the same and presumed com-
pletely absorbed, as in Figure 5.7, the AUC
for each is essentially the same.

Area Under the Serum
Concentration-Time Curve

The AUC of a concentration-time plot (Fig.
5.4) is considered representative of the total
amount of drug absorbed into the circula-
tion following the administration of a single
dose of that drug. Equivalent doses of a drug,
when fully absorbed, produce the same AUC.
Thus, two curves dissimilar in terms of peak
height and time of peak, like those in Figure
5.7, may be similar in terms of AUC and thus
in the amount of drug absorbed. As indicated
in Figure 5.7, the AUC for formulation A is
34.4 mg/mL x hours and for formulation B
is 34.2 mg/mL x hours, essentially the same.
If equivalent doses of drug in different for-
mulations produce different AUC values,
differences exist in the extent of absorption
between the formulations. Figure 5.9 depicts
concentration—time curves for three different
formulations of equal amounts of drug with

o
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A
o
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N
/

Average serum concentration (ug/mL)

greatly different AUC. In this example, for-
mulation A delivers a much greater amount
of drug to the circulatory system than do
the other two formulations. In general, the
smaller the AUC, the lesser drug absorbed.

The fraction (F) (or bioavailability) of an
orally administered drug may be calculated
by comparison of the AUC after oral admin-
istration with that obtained after intravenous
administration:

F = (AUC)oral/(AUC)

intravenous

In practice, it is rare for a drug to be com-
pletely absorbed into the circulation follow-
ing oral administration. As noted earlier,
many drugs undergo a first-pass effect result-
ing in some degree of metabolic degradation
before entering the general circulation. In
addition, factors of product formulation, dis-
solution, chemical and physical interactions
with the gastrointestinal contents, gastric
emptying time, intestinal motility, and oth-
ers limit the absorption of an administered
dose of a drug. The oral dosage strengths
of many commercial products are based on
considerations of the proportion of the dose
administered that is expected to be absorbed
and available to its site of action to produce
the desired drug blood level and/or thera-
peutic response. The absolute bioavailability
following oral dosing is generally compared
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FIGURE 5.9 Serum concentration—time curve showing peak height concentrations, peak height times, and areas un-
der the curves for equal amounts of drugs from three different formulations following oral administration. (Courtesy

of D. L. Chodos and A. R. Disanto, Upjohn.)
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to intravenous dosing. As examples, the re-
ported mean oral bioavailability of cipro-
floxacin hydrochloride tablets (Cipro) is 70%,
levothyroxine sodium tablets (Synthroid) is
40% to 80%, fentanyl buccal tablets (Fentora)
is 65%, lisinopril tablets (Prinivil) is 25%,
and alendronate sodium tablets (Fosamax)
is 0.64%. However, for most drugs, there is
large intersubject variability, and the ab-
sorbed doses may vary from patient to
patient.

BIOEQUIVALENCE OF DRUG
PRODUCTS

A great deal of discussion and scientific in-
vestigation have been devoted recently to
the problem of determining the equiva-
lence between drug products of competing
manufacturers.

The rate and extent to which a drug in a
dosage form becomes available for biologic
absorption or use depend in great measure
on the materials in the formulation and on
the method of manufacture. Thus, the same
drug when formulated in different dosage
forms may be found to possess different bio-
availability characteristics and hence exhibit
different clinical effectiveness. Furthermore,
two seemingly identical or equivalent prod-
ucts of the same drug in the same dosage
strength and in the same dosage form but
differing in formulative materials or method
of manufacture may vary widely in bioavail-
ability and thus, in clinical effectiveness.

Dissolution requirements for capsules
and tablets are included in the USP and are
integral to bioavailability. Experience has
shown that where bioinequivalence has been
found between two supposedly equivalent
products, dissolution testing can help to de-
fine the product differences. According to
the USP, significant bioavailability and bio-
inequivalence problems that may be revealed
through dissolution testing are generally the
result of one or more of the following factors:
the drug’s particle size, excessive amounts
of a lubricant such as magnesium stearate
in the formulation, coating materials, and
inadequate amounts of tablet or capsule
disintegrants.

The FDA uses the following terms to de-
fine the type or level of equivalency between
drug products (5).

Pharmaceutical equivalents are drug prod-
ucts that contain identical amounts of the
identical active drug ingredient, that is, the
same salt or ester of the same therapeu-
tic moiety, in identical dosage forms but
not necessarily containing the same inac-
tive ingredients, and that meet the identical
compendial or other applicable standard of
identity, strength, quality, and purity, includ-
ing potency and where applicable content
uniformity, disintegration times, and/or dis-
solution rates.

Pharmaceutical alternatives are drug prod-
ucts that contain the identical therapeutic
moiety or its precursor but not necessarily
in the same amount or dosage form or as the
same salt or ester. Each such drug product
individually meets either the identical or its
own compendial or other applicable stan-
dard of identity, strength, quality, and purity,
including potency and where applicable,
content uniformity, disintegration times,
and/or dissolution rates.

Bioequivalent drug products are pharma-
ceutical equivalents or pharmaceutical
alternatives whose rate and extent of ab-
sorption do not show a significant differ-
ence when administered at the same molar
dose of the therapeutic moiety under similar
experimental conditions, either single dose
or multiple dose. Some pharmaceutical
equivalents or pharmaceutical alternatives
may be equivalent in the extent of their ab-
sorption but not in their rate of absorption
and yet may be considered bioequivalent
because such differences in the rate of ab-
sorption are intentional and are reflected in
the labeling, are not essential to the attain-
ment of effective body drug concentrations
on chronic use, or are considered medically
insignificant for the particular drug product
studied.

In addition, the term therapeutic equiva-
lents has been used to indicate pharmaceuti-
cal equivalents that provide essentially the
same therapeutic effect when administered
to the same individuals in the same dosage
regimens.
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Differences in bioavailability have been
demonstrated for a number of products in-
volving the following and other drugs: tetra-
cycline, chloramphenicol, digoxin, warfarin
sodium, diazepam, and L-dopa. Not only has
bio inequivalence been demonstrated to exist
in products of different manufacturers; there
have also been variations in the bioavail-
ability of different batches of drug products
from the same manufacturer. Variations in
the bioavailability of certain drug products
have resulted in some therapeutic failures
in patients who took two inequivalent drug
products in the course of their therapy.

The most common experimental plan
to compare the bioavailability of two drug
products is the simple crossover design study.
In this method, each of the 12 to 24 indi-
viduals in the group of carefully matched
subjects (usually healthy men aged 18 to 40
years and having similar height and weight)
is administered both products under fasting
conditions and essentially serves as his own
control. To avoid bias of the test results, each
test subject is randomly assigned one of the
two products for the first phase of the study.
Once the first assigned product is adminis-
tered, samples of blood or plasma are drawn
from the subjects at predetermined times and
analyzed for the active drug moiety and its
metabolites as a function of time. The same
procedure is then repeated (crossover) with
the second product after an appropriate in-
terval, that is, a washout period to ensure
that there is no residual drug from the first
administered product that would artificially
inflate the test results of the second product.
Afterward, the patient population data are
tabulated and the parameters used to assess
and compare bioavailability; that is, C__,
T ., and AUC are analyzed with statistical
procedures. Statistical differences in bioavail-
ability parameters may not always be clini-
cally significant in therapeutic outcomes.

Inherent differences in individuals result
in different patterns of drug absorption, me-
tabolism, and excretion. These differences
must be statistically analyzed to separate
them from the factors of bioavailability re-
lated to the products themselves. The value
in the crossover experiment is that each

individual serves as his own control by tak-
ing each of the products. Thus, inherent dif-
ferences between individuals are minimized.

Absolute bioequivalency between drug
products rarely if ever occurs. Such absolute
equivalency would yield serum concentra-
tion—time curves for the products that would
be exactly superimposable. This simply is not
expected of products that are made at dif-
ferent times, in different batches, or indeed
by different manufacturers. However, some
expectations of bioequivalency are expected
of products considered to have equivalent
merit for therapy.

In most studies of bioavailability, the
originally marketed product (often called
the prototype, pioneer, innovator, or brand
name drug product) is recognized as the es-
tablished product of the drug and is used as
the standard for the bioavailability compara-
tive studies.

Asis recalled from Chapter 2, an applicant
seeking FDA approval for the marketing of
a generic version of a previously approved
drug product must file an Abbreviated New
Drug Application (ANDA). The application
is reviewed and acted upon by FDA’s Center
for Drug Evaluation and Research, Office of
Generic Drugs. An approved generic product
must be comparable to the innovator drug
product in active ingredient, strength, dos-
age form, intended route of administration,
therapeutic indication, and manufacturing
and quality standards.

An ANDA application must contain data
from in vitro studies, which demonstrate
that the proposed product is “bioequivalent”
to the approved comparator product. The
applicant may request the FDA to waive the
requirement for the submission of in vivo
bioequivalence data based on an assessment
that such bioequivalence may be considered
self-evident as demonstrated by other data in
the application or based on some of the fol-
lowing criteria (5):

* The drug product contains the same active
drug ingredient, in the same concentra-
tion and dosage form as the comparator-
approved product, and is intended to be
administered by the same route.
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¢ The drug product contains no inactive in-
gredient or other change in formulation
from the approved drug product that may
significantly affect the systemic absorp-
tion or therapeutic effectiveness of the ac-
tive ingredient/product.

¢ The drug product is a parenteral, ophthal-
mic, nasal, oral, or otic solution; an inhala-
tion; or a dermatologic preparation.

¢ The drug product is not a delayed-release
or extended-release dosage form.

¢ The drug product meets an approved in
vitro test comparable to the in vitro test of
the approved drug, which has been corre-
lated with in vivo data.

¢ The drug product is manufactured in ac-
cord with all Current Good Manufacturing
Practice regulations.

The FDA may require in vivo studies if
the agency determines that some differences
between the proposed drug product and the
previously approved drug product may af-
fect the bioavailability, bioequivalence, or
therapeutic equivalence of the proposed
product.

The variables that can contribute to the
differences between products are many
(Table 5.3). For instance, in the manufacture
of a tablet, different materials or amounts of
such formulative components as fillers, dis-
integrating agents, binders, lubricants, colo-
rants, flavorants, and coatings may be used.
The particle size or crystalline form of a ther-
apeutic or pharmaceutical component may
vary between formulations. The tablet may
vary in shape, size, and hardness, depending
on the punches, dies, and compression forces
used in the process. During packaging, ship-
ping, and storage, the integrity of the tablets
may be altered by physical impact, changes
in humidity and temperature, or through
interactions with the components of the con-
tainer. Each of these factors may affect the
rates of tablet disintegration, drug dissolu-
tion, and consequently the rate and extent
of drug absorption. Although the bioequiva-
lency problems are perhaps greater among
tablets than for other dosage forms because
of the multiplicity of variables, the same
types of problems exist for the other dosage

i[elo]CHM SOME FACTORS THAT
INFLUENCE BIOAVAILABILITY
OF ORAL DRUGS
DRUG SUBSTANCE PHYSIOCHEMICAL PROPERTIES
Particle size

Crystalline or amorphous form
Salt form
Hydration
Lipid or water solubility
pH and pK,

PHARMACEUTICAL INGREDIENTS
Fillers
Binders
Coatings
Disintegrating agents
Lubricants
Suspending agents
Surface active agents
Flavoring agents
Coloring agents
Preservative agents
Stabilizing agents

DOSAGE FORM CHARACTERISTICS
Disintegration rate (fablets)
Dissolution time of drug in dosage form
Product age and storage conditions

PHYSIOLOGIC FACTORS AND PATIENT
CHARACTERISTICS

Gastric emptying time
Intestinal Transit Time

Gastrointestinal abnormality or pathologic
condition

Gastric contfents
Other drugs

Food

Fluids
Gastrointestinal pH

DRUG METABOLISM (GUT AND DURING FIRST
PASSAGE THROUGH LIVER)

forms and must be considered in assessing
bioequivalency.

Sometimes even therapeutically equiva-
lent drugs are not equally suitable for a par-
ticular patient. For example, a patient may
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be hypersensitive to an inert ingredient in
one product (brand name or generic) that
another product does not contain. Or a pa-
tient may become confused or upset if dis-
pensed an alternative product that differs in
color, flavor, shape, or packaging from that
to which he or she is accustomed. Switching
between products can generate concern, and
thus pharmacists need to be prudent in both
initial selection and interchange of products.

ROUTES OF DRUG ADMINISTRATION

Drugs may be administered using a variety
of dosage forms and routes of administra-
tion, as presented in Tables 5.4 and 5.5. One
of the fundamental considerations in dosage
form design is whether the drug is intended
for local or systemic effects. Local effects are
achieved by direct application of the drug
to the desired site of action, such as the eye,
nose, or skin. Systemic effects result from the
entrance of the drug into the circulatory sys-
tem and transport to the cellular site of its
action. For systemic effects, a drug may be
placed directly in the bloodstream via intra-
venous injection or absorbed into the venous
circulation following oral or other route of
administration.

An individual drug substance may be
formulated into multiple dosage forms that
result in different drug absorption rates and
times of onset, peak, and duration of action.
Figure 5.10 and Table 5.6 demonstrate this
for the drug nitroglycerin in various dosage
forms. The sublingual, intravenous, and buc-
cal forms present extremely rapid onsets of
action, whereas the oral (swallowed), topical
ointment, and topical patch present slower
onsets of action but greater durations of ac-
tion. The patch provides the longest duration
of action, up to 14 hours following applica-
tion of a single patch to the skin. The trans-
dermal nitroglycerin patch allows a single
daily dose, whereas the other forms require
multiple dosing to maintain drug levels
within the therapeutic window.

The difference in absorption between
dosage forms is a function of the formula-
tion and the route of administration. For ex-
ample, a problem associated with the oral
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[le]e]CXW:R ROUTES OF DRUG

ADMINISTRATION

TERM

SITE

Oral

Peroral (per 0s)

Sublingual
Parenteral

Intravenous
Intra-arterial
Intracardiac

Intraspinal or
intrathecal

Intraosseous
Intra-articular

Infrasynovial

Intracutaneous,

infradermal
Subcutaneous
Inframuscular

Epicutaneous
(topical)

Transdermal
Conjunctival
Intraocular
Infranasal
Aural
Intrarespiratory
Rectal

Vaginal

Mouth
Gasstrointestinal fract via mouth
Under the fongue

Other than the gastrointestinal
fract (by injection)

Vein

Artery
Heart
Spine

Bone

Joint

Joint fluid area
Skin

Beneath the skin
Muscle
Skin surface

Skin surface
Conjunctiva
Eye

Nose

Ear

Lung
Rectum
Vagina

9The abbreviation po is commonly used on prescriptions
to indicate oral administration.

administration of a drug is that once absorbed
through the lumen of the gastrointestinal
tract into the portal vein, the drug may pass
directly to the liver and undergo the first-pass
effect. In essence, some or all of the drug may
be metabolized by the liver. Consequently,
its bioavailability is decreased. Thus, the
bioavailable fraction is determined by the
fraction of drug that is absorbed from the gas-
trointestinal tract and the fraction that escapes
metabolism during its first pass through the
liver. The bioavailable fraction (f) is the prod-
uct of these two fractions as follows:
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[[ee]SXHM ROUTE OF ADMINISTRATION
AND DELIVERY SYSTEM OF
PRIMARY DOSAGE FORMS

ORAL

SUBLINGUAL

PARENTERAL

EPICUTANEOUS,
TRANSDERMAL

CONJUNCTIVAL

INTRAOCULAR,
INTRAAURAL

INTRANASAL

INTRARESPIRATORY
RECTAL

VAGINAL

URETHRAL

Tablets
Capsules
Solutions
Syrups

Elixirs
Suspensions
Magmas

Gels

Powders
Tablets
Troches, lozenges
Drops (solutions)
Solutions
Suspensions
Ointments, gels
Creams
Infusion pumps
Pastes

Plasters
Powders
Aerosols
Lotions

Transdermal patches, disks,

solutions
Contact lens inserts
Ointfments
Solutions
Suspensions
Solutions
Sprays
Inhalants
Ointments
Aerosols
Solutions
Oinfments
Suppositories
Gels

Solutions
Oinfments
Emulsion foams
Gels

Tablets

Inserts, suppositories, sponge

Solutions
Suppositories

f = fraction of drug absorbed x fraction
escaping first-pass metabolism

The bioavailability is lowest, then, for
drugs that undergo a significant first-pass
effect. For these drugs, a hepatic extraction
ratio, or the fraction of drug metabolized, E,
is calculated. The fraction of drug that enters
the systemic circulation and is ultimately
available to exert its effect then is equal to the
quantity (1 — E). Table 5.7 lists some drugs
according to their pharmacologic class that
undergo a significant first-pass effect when
administered by the oral route.

To compensate for this marked effect, the
manufacturer may consider other routes of
administration, for example, intravenous,
intramuscular, or sublingual, that avoid the
first-pass effect. Use of these routes must be
accompanied by a corresponding adjustment
in the dosage.

Another consideration centers on the me-
tabolites themselves and whether they are
pharmacologically active or inactive. If they
are inactive, a larger oral dose is required
to attain the desired therapeutic effect than
with a lower dosage in a route with no first-
pass effect. The classic example of drug that
exhibits this effect is propranolol. However,
if the metabolites are the active species, the
oral dosage must be carefully tailored to the
desired therapeutic effect. First-pass metabo-
lism in this case will result in a quicker thera-
peutic response than that achieved by a route
with no first-pass effect.

Also, the flow of blood through the liver
can be decreased under certain conditions.
Consequently, the bioavailability of drugs that
undergo a first-pass effect can be expected to
increase. For example, during cirrhosis, the
blood flow to the kidney is dramatically de-
creased, and efficient hepatic extraction by
enzymes responsible for a drug’s metabolism
also falls off. Consequently, in cirrhotic pa-
tients, the dosage of drug that undergoes a
first-pass effect from oral administration will
have to be reduced to avoid toxicity.

Oral Route

Drugs are most frequently taken by oral ad-
ministration. Although a few drugs taken
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FIGURE 5.10 Blood level curves of nitroglycerin follow-
ing administration of dosage forms by various routes.
(Adapted with permission from Abrams J. Nitroglycerin
and long-acting nitrates in clinical practice. Am ] Med:
Proceedings of the First North American Conference on
Nitroglycerin Therapy. June 27, 1983. With permission
from Elsevier.)

orally are intended to be dissolved in the
mouth, nearly all drugs taken orally are
swallowed. Of these, most are taken for the
systemic drug effects that result after absorp-
tion from the various surfaces along the
gastrointestinal tract. A few drugs, such as
antacids, are swallowed for their local action
in the gastrointestinal tract.

Compared with alternative routes, the
oral route is considered the most natural,

uncomplicated, convenient, and safe means
of administering drugs. Disadvantages of the
oral route include slow drug response (com-
pared with parenterally administered drugs);
chance of irregular absorption of drugs, de-
pending upon such factors as constitutional
makeup and the amount or type of food in
the gastrointestinal tract; and the destruction
of certain drugs by the acid reaction of the
stomach or by gastrointestinal enzymes.

Dosage Forms Applicable

Drugs are administered by the oral route
in a variety of pharmaceutical forms. The
most popular are tablets, capsules, suspen-
sions, and various pharmaceutical solu-
tions. Briefly, tablets are solid dosage forms
prepared by compression or molding that
contains medicinal substances with or with-
out suitable diluents, disintegrants, coat-
ings, colorants, and other pharmaceutical
adjuncts. Diluents are fillers used to prepare
tablets of the proper size and consistency.
Disintegrants are used for the breakup or
separation of the tablet’'s compressed in-
gredients. This ensures prompt exposure of
drug particles to the dissolution process, en-
hancing drug absorption, as demonstrated
in Figure 5.11. Tablet coatings are of several
types and for several purposes. Some, called
enteric coatings, are employed to permit safe
passage of a tablet through the acid environ-
ment of the stomach, where certain drugs
may be destroyed, to the more suitable juices
of the intestines, where tablet dissolution

[[e]e]CXHeM DOSAGE AND KINETICS OF NITROGLYCERIN IN VARIOUS DOSAGE FORMS

NITROGLYCERIN,

DOSAGE FORM USUAL DOSE (MG)  ONSET OF ACTION (MIN)  PEAK ACTION (MIN) DURATION
Sublingual 0.3-0.8 2-5 4-8 10-30 min
Buccal 1-3 2-5 4-10 30-300 min<
Oral 6.5-19.5 20-45 45-120 2-6 hP
Ointment (2%) 0.5-2in. 15-60 30-120 3-8 h
Transdermal Infusion 20-160 30-60 60-180 12-14 h

System

°Effect persists so long as tablet is intact.

bSome short-term dosing studies have demonstrated effects fo 8 h.
Reprinted with permission from Abrams J. Nitroglycerin and long-acting nitrates in clinical practice. Am J Med.
Proceedings of First North American Conference of Nitroglycerin Therapy, June 27, 1983:88. With permission from

Elsevier.
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jlele]lCXeWA SOME DRUGS THAT

UNDERGO SIGNIFICANT
LIVER METABOLISM

AND EXHIBIT LOW
BIOAVAILABILITY WHEN
ADMINISTERED BY FIRST-PASS

ROUTES
DRUG CLASS EXAMPLES
Analgesic Aspirin, meperidine,
pentazocine,
propoxyphene
Antianginal Nitroglycerin
Antiarrhythmic Lidocaine
Beta-adrenergic blocker Labetalol,
metoprolol,
propranolol
Calcium channel blocker Verapamil
Sympathomimetic amine Isoproterenol

Tricyclic antidepressant Desipramine,
imipramine,

nortriptyline

safely takes place. Other coatings protect the
drug substance from the destructive influ-
ences of moisture, light, and air during stor-
age or to conceal a bad or bitter taste from
the taste buds of a patient. Commercial tab-
lets, because of their distinctive shapes, col-
ors, and frequently employed monograms
of company symbols and code numbers,

Dosage form [] U

Disintegration

S
Granules goo% —— Solution

ap<

Deaggregation

Fine particles  «-""\"

FIGURE 5.11 Disintegration of a tablet dosage form
and direct availability of the contents in a capsule dos-
age form for dissolution and drug absorption after
oral administration. (Adapted with permission from
Rowland M, Tozer TN. Clinical Pharmacokinetics. 2nd
Ed. Philadelphia, PA: Lea & Febiger, 1989.)

facilitate identification by persons trained in
their use and serve as an added protection to
public health.

Capsules are solid dosage forms in which
the drug substance and appropriate pharma-
ceutical adjuncts, such as fillers, are enclosed
in either a hard or a soft shell, generally com-
posed of a form of gelatin. Capsules vary in
size, depending on the amount of drug to be
administered, and have distinctive shapes
and colors when produced commercially.
Drug materials are released from capsules
faster than from tablets. Capsules of gelatin,
a protein, are rapidly disfigured within the
gastrointestinal tract, permitting the gastric
juices to permeate and reach the contents.
Because unsealed capsules have been subject
to tampering by unscrupulous individuals,
many capsules nowadays are sealed by fu-
sion of the two capsule shells. Also, capsule-
shaped and coated tablets, called caplets,
are increasingly used. These are easily swal-
lowed, but their contents are sealed and pro-
tected from tampering like tablets.

Suspensions are preparations of finely
divided drugs in a suitable fluid vehicle.
Suspensions taken orally generally employ
an aqueous vehicle, whereas those employed
for other purposes may use a different vehi-
cle. Suspensions of certain drugs to be used
for intramuscular injection, for instance, may
be maintained in a suitable oil. To be sus-
pended, the drug particles must be insoluble
in the vehicle. Nearly all suspensions must be
shaken before use because they tend to settle.
This ensures both uniformity of the prepara-
tion and, more importantly, the administra-
tion of the proper dosage. Suspensions are
a useful means to administer large amounts
of solid drugs that would be inconvenient
to take in tablet or capsule form. In addi-
tion, suspensions have the advantage over
solid dosage forms in that they are presented
to the body in fine particle size, ready for
dissolution immediately upon administra-
tion. However, not all oral suspensions are
intended to be dissolved and absorbed by
the body. For instance, some antidiarrheal
preparations contain a kaolin mixture with
pectin or attapulgite. The suspended kaolin
or attapulgite acts in the intestinal tract by
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adsorbing excessive intestinal fluid on the
large surface area of its particles.

Drugs administered in aqueous solution
are absorbed much more rapidly than those
administered in solid form, because disin-
tegration and dissolution are not required.
Pharmaceutical solutions may differ in the
type of solvent employed and therefore in
their fluidity characteristics. Among the so-
lutions frequently administered orally are
elixirs, which are solutions in a sweetened
hydroalcoholic vehicle and are more mobile
than water; syrups, which generally use a su-
crose solution as the sweet vehicle, resulting
in a viscous preparation; and solutions them-
selves, which officially are preparations in
which the drug substance is dissolved pre-
dominantly in an aqueous vehicle and do not
for reasons of their method of preparation
(e.g., injections, which must be sterilized)
fall into another category of pharmaceutical
preparations.

Absorption

Absorption of drugs after oral administration
may occur at the various body sites between
the mouth and rectum. In general, the higher
up a drug is absorbed along the alimentary
tract, the more rapid will be its action, a de-
sirable feature in most instances. Because of
the differences in chemical and physical na-
ture among drug substances, a given drug
may be better absorbed from one site than
from another in the alimentary tract.

Sometimes the oral cavity is the absorp-
tion site. Physically, oral absorption of drugs
is managed by allowing the drug substance
to dissolve within the oral cavity with little or
no swallowing until the taste of the drug has
dissipated. This process is accommodated by
providing the drug as extremely soluble and
rapidly dissolving uncoated tablets. Drugs
capable of being absorbed in the mouth pres-
ent themselves to the absorbing surface in
a much more concentrated form than when
swallowed, because drugs become progres-
sively more diluted with gastrointestinal se-
cretions and contents as they pass along the
alimentary tract.

The oral or sublingual (beneath the tongue)
administration of drugs is regularly used

for only a few drugs, with nitroglycerin and
certain steroid sex hormones being the best
examples. Nitroglycerin, a coronary vasodi-
lator used in the prophylaxis and treatment
of angina pectoris, is available in the form of
tiny tablets that are allowed to dissolve un-
der the tongue, producing therapeutic effects
a few minutes after administration. The dose
of nitroglycerin is so small (usually 400 mg)
that if it were swallowed, the resulting di-
lute gastrointestinal concentration might not
result in reliable and sufficient drug absorp-
tion. Even more important, however, is the
fact that nitroglycerin is rapidly destroyed by
the liver through the first-pass effect. Many sex
hormones have been shown to be absorbed
materially better from sublingual adminis-
tration than when swallowed. Although the
sublingual route is probably an effective ab-
sorption route for many other drugs, it has
not been extensively used, primarily because
other routes have proven satisfactory and
more convenient for the patient. Retaining
drug substances in the mouth is unattractive
because of the bitter taste of most drugs.

Drugs may be altered within the gastroin-
testinal tract to render them less available for
absorption. This may result from the drug’s
interaction with or binding to some normal
constituent of the gastrointestinal tract or a
foodstuff or even another drug. For instance,
the absorption of the tetracycline group of
antibiotics is greatly interfered with by the
simultaneous presence of calcium. Because
of this, tetracycline drugs must not be taken
with milk or other calcium-containing foods
or drugs.

Sometimes the pharmacist intends to pre-
pare a formulation that releases the drug
slowly over an extended time. There are
many methods by which slow release is ac-
complished, including the complexation of
the drug with another material, the combina-
tion of which is only slowly released from the
dosage form. An example of this is slow-re-
lease wax-matrix potassium chloride tablets.
These are designed to release their contents
gradually as they are shunted through the
gastrointestinal tract. Because their contents
are leached out gradually, there is little inci-
dence of gastric irritation. The intermingling
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of food and drug generally results in delayed
drug absorption. Since most drugs are ab-
sorbed more effectively from the intestines
than from the stomach, when rapid absorp-
tion is intended, it is generally desirable to
have the drug pass from the stomach into the
intestines as rapidly as possible. Therefore,
gastric emptying time is an important fac-
tor in drug action dependent on intestinal
absorption. Gastric emptying time may be
increased by a number of factors, including
the presence of fatty foods (more effect than
proteins, which in turn have more effect than
carbohydrates) or lying on the back when
bedridden (lying on the right side facilitates
passage in many instances), or decreased, as
by the presence of drugs (e.g., morphine) that
have a quieting effect on the movements of
the gastrointestinal tract. If a drug is admin-
istered in the form of a solution, it may be
expected to pass into the intestines more rap-
idly than drugs administered in solid form.
As a rule, large volumes of water taken with
medication facilitate gastric emptying and
passage into the intestines.

The pH of the gastrointestinal tract in-
creases progressively along its length from
about pH 1 in the stomach to approximately
pH 8 at the far end of the intestines. pH has
a definite bearing on the degree of ionization
of most drugs, and this in turn affects lipid
solubility, membrane permeability, and ab-
sorption. Because most drugs are absorbed
by passive diffusion through the lipoid bar-
rier, the lipid—water partition coefficient and
the pK_ of the drugs are of prime importance
to both the degree and the site of absorption
within the gastrointestinal tract. As a gen-
eral rule, weak acids are largely un-ionized
in the stomach and are absorbed fairly well
from this site, whereas weak bases are highly
ionized in the stomach and are not signifi-
cantly absorbed from the gastric surface.
Alkalinization of the gastric environment by
artificial means (simultaneous administra-
tion of alkaline or antacid drugs) would be
expected to decrease the gastric absorption
of weak acids and to increase that of weak
bases. Strong acids and bases are generally
poorly absorbed because of their high degree
of ionization.

The small intestine serves as the major
absorption pathway for drugs because of its
suitable pH and the great surface area avail-
able for drug absorption along its approxi-
mately 20-foot length from the pylorus at the
base of the stomach to the large intestine at
the cecum. The pH of the lumen of the intes-
tine is about 6.5 (Fig. 5.3), and both weakly
acidic and weakly basic drugs are well ab-
sorbed from the intestinal surface, which
behaves in the ionization and distribution of
drugs between it and the plasma on the other
side of the membrane as though its pH were
about 5.3.

Rectal Route

Some drugs are administered rectally for
their local effects and others for their sys-
temic effects. Drugs given rectally may be
administered as solutions, suppositories, or
ointments. Suppositories are solid bodies of
various weights and shapes intended for in-
troduction into a body orifice (usually rectal,
vaginal, or urethral) where they soften, melt,
or dissolve; release their medication; and ex-
ert their drug effects. These effects simply
may be the promotion of laxation (as with
glycerin suppositories), the soothing of in-
flamed tissues (as with various commercial
suppositories used to relieve the discomfort
of hemorrhoids), or the promotion of sys-
temic effects (as antinausea or anti-motion
sickness). The composition of the supposi-
tory base, or carrier, can greatly influence the
degree and rate of drug release and should
be selected on an individual basis for each
drug. The use of rectal ointments is generally
limited to the treatment of local conditions.
Rectal solutions are usually employed as en-
emas or cleansing solutions.

The rectum and the colon can absorb
many soluble drugs. Rectal administration
for systemic action may be preferred for
drugs destroyed or inactivated by the envi-
ronments of the stomach and intestines. The
administration of drugs by the rectal route
may also be indicated when the oral route
is precluded because of vomiting or when
the patient is unconscious or incapable of
swallowing drugs safely without choking.
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Approximately 50% of a dose of drug ab-
sorbed from rectal administration is likely to
bypass the liver, an important factor when
considering orally administered drugs that
are rapidly destroyed in the liver by the first-
pass effect. On the negative side, compared
with oral administration, rectal administra-
tion of drugs is inconvenient and offensive to
some patients, and the absorption of drugs
from the rectum is frequently irregular and
difficult to predict.

Parental Route

The term parenteral is derived from the Greek
words para, meaning beside, and enteron,
meaning intestine, which together indicate
something done outside of the intestine and
not by way of the alimentary tract. A drug
administered parenterally is one injected
through the hollow of a fine needle into the
body at various sites and to various depths.
The three primary routes of parenteral ad-
ministration are subcutaneous, intramus-
cular, and intravenous, although there are
others, such as intracardiac and intraspinal.

Drugs destroyed or inactivated in the gas-
trointestinal tract or too poorly absorbed to
provide satisfactory response may be paren-
terally administered. The parenteral route is
also preferred when rapid absorption is es-
sential, as in emergencies. Absorption by the
parenteral route is not only faster than after
oral administration, but also the blood levels
of drug that result are far more predictable,
because little is lost after subcutaneous or
intramuscular injection and virtually none
by intravenous injection; this also generally
permits the administration of smaller doses.
The parenteral route of administration is es-
pecially useful in treating patients who are
uncooperative, unconscious, or otherwise
unable to accept oral medication.

One disadvantage of parenteral adminis-
tration is that once the drug is injected, there
is no retreat. That is, once the substance is
in the tissues or bloodstream, removal of
the drug warranted by an untoward or
toxic effect or an inadvertent overdose is
most difficult. By other means of adminis-
tration, there is more time between drug

administration and drug absorption, which
becomes a safety factor by allowing for the
extraction of unabsorbed drug (as by the
induction of vomiting after an orally ad-
ministered drug). Also, because of the strict
sterility requirements for all injections, they
are more expensive than other dosage forms
and require competent trained personnel for
proper administration.

Dosage Forms Applicable

Pharmaceutically, most injectable prepara-
tions are either a sterile suspension or so-
lution of a drug substance in water or in a
suitable vegetable oil. Drugs in solution act
more rapidly than drugs in suspension, with
an aqueous vehicle providing faster action
in each instance than an oleaginous vehicle.
As in other instances of drug absorption, a
drug must be in solution to be absorbed, and
a suspended drug must first submit to dis-
solution. Also, because body fluids are aque-
ous, they are more receptive to drugs in an
aqueous vehicle than those in an oily one.
For these reasons, the rate of drug absorp-
tion can be varied in parenteral products
by selective combinations of drug state and
supporting vehicle. For instance, a suspen-
sion of a drug in a vegetable oil is likely to be
much more slowly absorbed than an aqueous
solution of the same drug. Slow absorption
means prolonged drug action, and when this
is achieved through pharmaceutical means,
the resulting preparation is referred to as a de-
pot or repository injection, because it provides
a storage reservoir of the drug substance
within the body from which it is slowly re-
moved into the systemic circulation. In this
regard, even more sustained drug action
may be achieved through the use of subcu-
taneous implantation of compressed tablets,
termed pellets, that are only slowly dissolved
from their site of implantation, releasing their
medication at a fairly constant rate over sev-
eral weeks to many months. The repository
type of injection is mainly limited to the sub-
cutaneous or intramuscular route. It is obvi-
ous that drugs injected intravenously do not
encounter absorption barriers and thus pro-
duce only rapid drug effects. Preparations for
intravenous injection must not interfere with
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the blood components or with circulation and
therefore, with few exceptions, are aqueous
solutions.

Subcutaneous Injections

The subcutaneous (hypodermic) adminis-
tration of drugs entails injection through
the skin into the loose subcutaneous tissue.
Subcutaneous injections are prepared as
aqueous solutions or as suspensions and are
administered in relatively small volumes, 2
mL or less. Insulin is an example of a drug
administered by the subcutaneous route.
Subcutaneous injections are generally given
in the forearm, upper arm, thigh, or buttocks.
If the patient is to receive frequent injections, it
is best to alternate injection sites to reduce tis-
sue irritation. After injection, the drug comes
into the immediate vicinity of blood capil-
laries and permeates them by diffusion or
filtration. The capillary wall is an example of
a membrane that behaves as a lipid pore bar-
rier, with lipid-soluble substances penetrating
the membrane at rates varying with their oil-
water partition coefficients. Lipid-insoluble
(generally more water soluble) drugs pen-
etrate the capillary membrane at rates that
appear to be inversely related to their mo-
lecular size, with smaller molecules penetrat-
ing much more rapidly than larger ones. All
substances, whether lipid soluble or not, cross
the capillary membrane much more rapidly
than other body membranes. The blood sup-
ply to the site of injection is an important fac-
tor in considering the rate of drug absorption;
consequently, the closer capillaries are to the
site of injection, the more prompt is the drug’s
entrance into the circulation. Also, the more
the capillaries, the more surface area for ab-
sorption and the faster the rate of absorption.
Some substances modify the rate of drug ab-
sorption from a subcutaneous site of injection.
The addition of a vasoconstrictor to the injec-
tion formulation (or its prior injection) will
generally diminish the rate of drug absorption
by causing constriction of the blood vessels
in the area of injection and thereby reducing
blood flow and the capacity for absorption.
This principle is used in the administration of
local anesthetics by use of the vasoconstrictor
epinephrine. Conversely, vasodilators may

be used to enhance subcutaneous absorption
by increasing blood flow to the area. Physical
exercise can also influence the absorption of
drug from an injection site. Diabetic patients
who rotate subcutaneous injection sites and
then do physical exercise such as jogging
must realize that the onset of insulin activity
may be influenced by the selected site of ad-
ministration. Because of the movement of the
leg and blood circulation to it during running,
the absorption of insulin from a thigh injec-
tion site can be expected to be faster than from
an abdominal injection site.

Intramuscular Injections

Intramuscular injections are performed deep
into the skeletal muscles, generally the gluteal
or lumbar muscles. The selected site is where
the danger of hitting a nerve or blood vessel
is minimal. Aqueous or oleaginous solutions
or suspensions may be used intramuscularly.
Certain drugs, because of their inherent low
solubility, provide sustained drug action af-
ter an intramuscular injection. For instance,
one deep intramuscular injection of a sus-
pension of penicillin G benzathine results
in effective blood levels of the drug for 7 to
10 days. The addition of the decanoate ester
decreases the solubility of haloperidol and,
consequently, extends haloperidol’s tV2 from
18 hours orally to 3 weeks, an advantage in
antipsychotic drug therapy.

Drugs that are irritating to subcutaneous
tissue are often administered intramuscu-
larly. Also, greater volumes (2 to 5 mL) may
be administered intramuscularly than sub-
cutaneously. When a volume greater than 5
mL is to be injected, it is frequently adminis-
tered in divided doses to two injection sites.
Injection sites are best rotated when a patient
is receiving repeated injections over time.

Intravenous Injections

In the intravenous administration of drugs,
an aqueous solution is injected directly into
the vein at a rate commensurate with effi-
ciency, safety, comfort to the patient, and the
desired duration of drug response. Drugs
may be administered intravenously as a
single, small-volume injection or as a large-
volume slow intravenous drip infusion (as is
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common following surgery). Intravenous in-
jection allows the desired blood level of drug
to be achieved in an optimal and quantitative
manner. Intravenous injections are usually
made into the veins of the forearm and are
especially useful in emergencies when im-
mediate drug response is desired. It is essen-
tial that the drug be maintained in solution
after injection and not be precipitated within
the circulatory system, an event that might
produce emboli. Because of a fear of the de-
velopment of pulmonary embolism, oleagi-
nous vehicles are not usually intravenously
administered. However, an intravenous fat
emulsion is used for patients receiving par-
enteral nutrition whose caloric requirements
cannot be met by glucose. It may be admin-
istered either through a peripheral vein or a
central venous catheter at a distinct rate to
help prevent untoward reactions.

Intradermal Injections

Intradermal injections are administered into
the corium of the skin, usually in volumes
of about 0.1 mL. Common sites for the injec-
tion are the arm and the back. The injections
are frequently performed as diagnostic mea-
sures, as in tuberculin and allergy testing.

Epicutaneous Route

Drugs are administered topically, or applied
to the skin, for their action at the site of ap-
plication or for systemic drug effects.

Drug absorption via the skin is enhanced
if the drug substance is in solution, if it has
a favorable lipid-water partition coefficient,
and if it is not an electrolyte. Drugs that
are absorbed enter the skin by way of the
pores, sweat glands, hair follicles, sebaceous
glands, and other anatomic structures of the
skin’s surface. Because blood capillaries lie
just below the epidermal cells, a drug that
penetrates the skin and is able to traverse the
capillary wall finds ready access to the gen-
eral circulation.

Among the few drugs applied to the skin
surface for percutaneous absorption and
systemic action are nitroglycerin (antiangi-
nal), testosterone (male hormone), oxybu-
tynin (overactive bladder), methylphenidate

(attention deficit hyperactivity disorder),
rivastigmine (dementia), nicotine (smoking
cessation), estradiol (estrogenic hormone),
clonidine (antihypertensive), and scopol-
amine (antinausea, anti-motion sickness).
Each of these drugs is available for use in a
transdermal delivery system fabricated as an
adhesive disk or patch that slowly releases
the medication for percutaneous absorption.
Additionally, nitroglycerin is available in an
ointment for application to the skin for sys-
temic absorption. Nitroglycerin is used ther-
apeutically for ischemic heart disease, with
the transdermal dosage forms becoming in-
creasingly popular because of the benefit in
patient compliance through their long-acting
(24 hours) characteristics. The nitroglycerin
patch is generally applied to the arm or chest,
preferably in a hair-free or shaven area. The
transdermal scopolamine system is also in
the form of a patch to be applied to the skin,
in this case behind the ear, for the prevention
of nausea and vomiting associated with mo-
tion sickness. The commercial product is ap-
plied several hours before need (as prior to
an air or sea trip), where it releases its medi-
cation over 3 days. The concepts of trans-
dermal therapeutic systems are discussed
further in Chapter 11.

For the most part, pharmaceutical prepa-
rations applied to the skin are intended to
serve some local action and as such are for-
mulated to provide prolonged local contact
with minimal absorption. Drugs applied to
the skin for their local action include anti-
septics, antifungal agents, anti-inflammatory
agents, local anesthetic agents, skin emol-
lients, and protectants against environmen-
tal conditions, such as the effects of the sun,
wind, pests, and chemical irritants. For these
purposes, drugs are most commonly ad-
ministered in the form of ointments and re-
lated semisolid preparations such as creams
and pastes, as solid dry powders or aerosol
sprays, or as liquid preparations such as so-
lutions and lotions.

Pharmaceutically, ointments, creams, and
pastes are semisolid preparations in which
the drug is contained in a suitable base (oint-
ment base), which is itself semisolid and
either hydrophilic or hydrophobic. These
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bases play an important role in the proper
formulation of semisolid preparations, and
there is no single base universally suitable
as a carrier of all drug substances or for all
therapeutic indications. The proper base for
a drug must be determined individually to
provide the desired drug release rate, stay-
ing qualities after application, and texture.
Briefly, ointments are simple mixtures of drug
substances in an ointment base, whereas
creams are semisolid emulsions less viscid
and lighter than ointments. Creams are con-
sidered to have greater esthetic appeal for
their nongreasy character, ability to vanish
into the skin upon rubbing, and ability to
absorb serous discharges from skin lesions.
Pastes contain more solid materials than do
ointments and are therefore stiffer and less
penetrating. Pastes are usually employed
for their protective action. Thus, when pro-
tective rather than therapeutic action is de-
sired, the formulation pharmacist will favor
a paste, but when therapeutic action is re-
quired, he will prefer ointments and creams.
Commercially, many therapeutic agents are
prepared in both ointment and cream form
and are dispensed and used according to the
particular preference of the patient and the
prescribing practitioner.

Medicinal powders are intimate mixtures of
medicinal substances usually in an inert base
such as talcum powder or starch. Depending
on the particle size of the resulting blend, the
powder will have varying dusting and cov-
ering capabilities. In any case, the particle
should be small enough to ensure against
grittiness and consequent skin irritation.
Powders are most frequently applied topi-
cally to relieve such conditions as diaper
rash, chafing, and athlete’s foot.

When topical application is desired in
liquid form other than solution, lotions are
most frequently employed. Lotions are emul-
sions or suspensions generally in an aque-
ous vehicle, although certain solutions have
been designated as lotions because of either
their appearance or application. Lotions may
be preferred over semisolid preparations be-
cause of their nongreasy character and their
increased spreadability over large areas of
skin.

Ocular, Oral, Otic, and Nasal
Routes

Drugs are frequently applied topically to
the eye, ear, and mucous membranes of the
nose, usually as ointments, suspensions, and
solutions. Ophthalmic solutions and suspen-
sions are sterile aqueous preparations with
other ingredients essential to the safety and
comfort of the patient. Ophthalmic ointments
must be sterile and free of grit. Innovative
new delivery systems for ophthalmic drugs
continue to be investigated. One dosage form,
the Ocusert, is an elliptical unit designed for
continuous release of pilocarpine following
placement in the cul-de-sac of the eye. Also,
case reports of the ability of soft contact lenses
to absorb drug from the eye have spawned
research on soft contact lenses impregnated
with drug. Most nasal preparations are solu-
tions or suspensions administered by drops
or as a fine mist. Research is directed toward
the feasibility of nasal administration of insu-
lin for diabetes mellitus. Ear preparations are
usually viscid so that they have prolonged
contact with the affected area. They may be
employed simply to soften ear wax, to relieve
an earache, or to combat an ear infection. Eye,
ear, and nose preparations usually are not
used for systemic effects, and although oph-
thalmic and otic preparations are not usually
absorbed to any great extent, nasal prepara-
tions may be absorbed, and systemic effects
after the intranasal application of solution are
fairly common.

Other Routes

The lungs provide an excellent absorbing sur-
face for the administration of gases and for
aerosol mists of very minute particles of lig-
uids or solids. The gas is usually oxygen, and
the drugs are the common general anesthet-
ics administered to patients entering surgery.
The rich capillary area of the alveoli of the
lungs, which in a man covers nearly a thou-
sand square feet, provides rapid absorption
and drug effects comparable in speed with
those following an intravenous injection. In
the case of drug particles, their size largely
determines the depth to which they pene-
trate the alveolar regions and their solubility,
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the extent to which they are absorbed. After
contact with the inner surface of the lungs, an
insoluble drug particle is caught in the mu-
cus and is moved up the pulmonary tree by
ciliary action. Soluble drug particles that are
approximately 0.5 to 1.0 mm in size reach the
minute alveolar sacs and are most prompt
and efficient in providing systemic effects.
Particles smaller than 0.5 mm are expired
to some extent, and thus, their absorption is
not total but variable. Particles 1 to 10 mm
effectively reach the terminal bronchioles
and to some extent the alveolar ducts and
are favored for local therapy. Therefore, in
the pharmaceutical manufacture of aerosol
sprays for inhalation therapy, the manufac-
turers not only must attain the proper drug
particle size but also must ensure their uni-
formity for consistent penetration of the pul-
monary tree and uniform effects.

In certain instances and for local effects,
drugs are inserted into the vagina or the
urethra. Drugs are usually presented to the
vagina in tablet or other form, such as a sup-
pository, ointment, emulsion foam, gel, or
solution, and to the urethra as a suppository
or solution. Systemic drug effects may result
after vaginal or urethral application of drugs
following absorption of the drug from the
mucous membranes of these sites.

FATE OF DRUG AFTER ABSORPTION

After absorption into the general circulation
from any route of administration, a drug may
become bound to blood proteins and delayed
in its passage into the surrounding tissues.
Many drug substances are highly bound to
blood protein and others minimally bound.
For instance, in the bloodstream, naproxen is
99% bound to plasma proteins, penicillin G is
60% bound, amoxicillin is only 20% bound,
and minoxidil is unbound.

The degree of drug binding to plasma pro-
teins is usually expressed as a percentage or
as a fraction (termed alpha, or a) of the bound
concentration (C,) to the total concentration
(C), bound plus unbound (C ) drug:

G G

o=—"—=—
c,+C, C,

Thus, if one knows two of the three terms
in the equation, the third may be calculated.
Drugs having an alpha value above 0.9 are
considered highly bound (90%); drugs with
an alpha value below 0.2 are considered to
be minimally (20% or less) protein bound.
Table 5.8 presents approximate serum pro-
tein—binding characteristics for representative
drugs in the blood under conditions associ-
ated with usual therapy. The drug—protein
complex, which is reversible, involves albu-
min, although globulins also participate in
the binding of drugs, particularly some of the
hormones. The binding of drugs to biologic
materials entails the formation of relatively
weak bonds (e.g., van der Waals, hydrogen,
and ionic bonds). The binding capacity of
blood proteins is limited, and once they are
saturated, additional drug absorbed into the
bloodstream remains unbound unless bound
drug is released, creating a vacant site for an-
other drug molecule to attach. Any unbound
drug is free to leave the bloodstream for tis-
sues or cellular sites within the body.

Bound drug is neither exposed to the
body’s detoxification (metabolism) processes
nor is it filtered through the renal glomeruli.
Bound drug is therefore referred to as the
inactive portion in the blood, and unbound
drug, with its ability to penetrate cells, is
termed the active blood portion. The bound
portion of drug serves as a reservoir or depot
from which the drug is released as the free
form when the level of free drug in the blood
no longer is adequate to ensure protein satu-
ration. The free drug may be only slowly re-
leased, which prolongs the drug’s stay in the
body. For this reason, a drug that is highly
protein bound may remain in the body lon-
ger and require less frequent dosage than an-
other drug that is only slightly protein bound
and remains in the body for only a short pe-
riod. Evidence suggests that the concentra-
tion of serum albumin decreases about 20%
in the elderly. This may be clinically signifi-
cant for drugs that bind strongly to albumin,
for example, phenytoin, because if there is
less albumin available to bind the drug, there
will be a corresponding increase of the free
drug in the body. Without a downward dos-
age adjustment in an elderly patient, there
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could be an increased incidence of adverse
effects.

A drug’s binding to blood proteins may
be affected by the simultaneous presence of
another drug or drugs. The additional drug
or drugs may produce effects or duration of
action quite dissimilar to that found when
each is administered alone. Salicylates, for
instance, decrease the binding capacity of
thyroxin, the thyroid hormone, to proteins.
Through this action, the displaced drugs
become less protein bound, and their activ-
ity (and toxicity) may be increased. The in-
tensity of a drug’s pharmacologic response
is related to the ratio of the bound drug to
free active drug and to the therapeutic in-
dex of the drug. Warfarin sodium, an anti-
coagulant, is 97% bound to plasma protein,
leaving 3% in free form to exert its effect. If
a second drug, such as naproxen, which is
strongly bound to plasma proteins, is ad-
ministered and results in only 90% of the
warfarin sodium being bound, 10% of war-
farin sodium will be in the free form. Thus,
the blood level of the free warfarin sodium
(3% to 10%) will triple and possibly result in
serious toxicity. The displacement of drugs
from plasma protein sites is typical in the
elderly, who normally take numerous medi-
cines. Coupled with the aforementioned de-
crease in serum protein through the aging
process, the addition of a highly protein-
bound drug to an elderly patient’s treatment
regimen may pose significant problems if
the patient is not monitored carefully for
signs of toxicity.

In the same manner as they are bound to
blood proteins, drugs may become bound to
specific components of certain cells. Thus,
drugs are not distributed uniformly among
all cells of the body, but rather tend to pass
from the blood into the fluid bathing the
tissues and may accumulate in certain cells
according to their permeability and chemi-
cal and physical affinities. This affinity for
certain body sites influences their action,
for they may be brought into contact with
reactive tissues (their receptor sites) or depos-
ited in places where they are inactive. Many
drugs, because of their affinity for and solu-
bility in lipids, are deposited in fatty body

[[ele]CXRM EXAMPLES OF DRUG

BINDING TO PLASMA

PROTEINS

DRUG PERCENT BOUND
Naproxen (Naprosyn) 99
Carvedilol (Coreg) 98
Esomeprazole (Nexium) 97
Warfarin sodium (Coumadin) 97
Fluoxetine (Prozac) 95
Zolpidem (Ambien) 93
Duloxetine (Cymbalta) 90
Indomethacin (Indocin) 90
Rosuvastatin (Crestor) 88
Penicillin V (Veetids) 75
Nitroglycerin (Nitro-Bid) 60
Penicillin G potfassium 60
Methotrexate 50
Methicillin (Staphcillin) 40
Ceftizoxime (Cefizox) 30
Ciprofloxacin (Cipro) 20-40
Digoxin (Lanoxin) 20-25
Amoxicillin (Amoxil) 20
Metronidazole (Flagyl) 20
Mercaptopurine (Purinethol) 19
Ranitidine (Zantac) 15
Gabapentin (Neurontin) 3
Lisinopril (Zestril) 0
Minoxidil (Loniten) 0

Approximate valuwes based on conditions usually
associated with drug therapy.

tissue, creating a reservoir from which they
are slowly released to other tissues.

Drug Metabolism or
Biotransformation

Although some drugs are excreted from the
body in their original form, many drugs un-
dergo biotransformation prior to excretion.
Biotransformation indicates the chemical
changes to drugs within the body as they are
metabolized and altered by various biochem-
ical mechanisms. The biotransformation of a
drug results in its conversion to one or more
compounds that are more water soluble,
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more ionized, less capable of binding to pro-
teins of the plasma and tissues, less capable
of being stored in fat tissue, and less able to
penetrate cell membranes, and thereby less
active pharmacologically. Because of its new
characteristics, a drug so transformed is ren-
dered less toxic and is more readily excreted.
It is for this reason that biotransformation is
also commonly called detoxification or inacti-
vation. (However, sometimes the metabolites
are more active than the parent compound;
see prodrugs, following.)

The exact metabolic processes (pathways)
by which drugs are transformed are an active
area of biomedical research. Much work has
been done with the processes of animal deg-
radation of drugs, and in many instances, the
biotransformation in the animal is thought to
parallel that in man. Four principal chemical
reactions are involved in the metabolism of
drugs: oxidation, reduction, hydrolysis, and
conjugation. Most oxidation reactions are cat-
alyzed by enzymes (oxidases) bound to the
endoplasmic reticulum, a tubular system in
liver cells. Only a small fraction of drugs are
metabolized by reduction, through the action
of reductases in the gut and liver. Esterases in
the liver participate in the hydrolytic break-
down of drugs containing ester groups and
amides. Glucuronide conjugation is the most
common pathway for drug metabolism,
through combination of the drug with gluc-
uronic acid, forming ionized compounds that
are easily eliminated via the urine (7). Other
metabolic processes, including methylation
and acylation conjugation reactions, occur
with certain drugs to foster elimination.

In recent years, much interest has been
shown in the metabolites of drug biotransfor-
mation. Certain metabolites may be as active
as or even more active pharmacologically
than the original compound. Occasionally, an
active drug is converted into an active me-
tabolite, which must be excreted as such or
undergo further biotransformation to an in-
active metabolite, for example, amitriptyline
to nortriptyline. In other instances of drug
therapy, an inactive parent compound, re-
ferred to as a prodrug, may be converted to an
active therapeutic agent by chemical trans-
formation in the body. An example is the

prodrug enalapril (Vasotec), which after oral
administration is hydrolyzed to enalaprilat,
an active angiotensin-converting enzyme in-
hibitor used in the treatment of hypertension.
Enalaprilat itself is poorly absorbed when
taken orally (and thus the prodrug) but may
be administered intravenously in aqueous
solution. The use of these active metabolites
as original drugs is a new area of investiga-
tion and a vast reservoir of potential thera-
peutic agents.

Several examples of biotransformations
occurring within the body are as follows:

conjugation

(1) Acetaminophen (active) ————
Acetaminophen glucuronide (inactive)

(2) Amoxapine (active) —242tn
8-hydroxy-amoxapine (inactive)

(3) Procainamide (active) —2&ss

p-Aminobenzoic acid (inactive)
(4) Nitroglycerin (active) —2ton
1-2 and 1-3 dinitroglycerol (inactive)

Some parent compounds undergo full,
partial, or no biotransformation following
administration. Lisinopril (Zestril), for ex-
ample, does not undergo metabolism and
is excreted unchanged in the urine. On the
other hand, verapamil (Calan) metabolizes
to at least 12 metabolites, the most preva-
lent of which is norverapamil. Norverapamil
has 20% of the cardiovascular activity of the
parent compound. Diltiazem (Cardizem)
is partially metabolized (about 20%) to de-
sacetyl diltiazem, which has 10% to 20% of
the coronary vasodilator activity of the par-
ent compound. Indomethacin (Indocin) is
metabolized in part to desmethyl, desben-
zoyl, and desmethyl desbenzoyl metabo-
lites. Propoxyphene napsylate (Darvon N)
is metabolized to norpropoxyphene, which
has less central nervous system depressant
action than the parent compound but greater
local anesthetic effects. Most metabolic trans-
formations take place in the liver, with some
drugs, including diltiazem and verapamil,
undergoing extensive first-pass effects. Other
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drugs, such as terazosin (Hytrin), undergo
minimal first-pass metabolism. The excretion
of both drug and metabolites takes place pri-
marily but to varying degrees via the urine
and feces. For example, indomethacin and
its metabolites are excreted primarily (60%)
in the urine, with the remainder in the feces,
whereas terazosin and its metabolites are ex-
creted largely (60%) through the feces and
the remainder in the urine.

Several factors influence drug metabolism.
For example, there are marked differences
between species in pathways of hepatic me-
tabolism of a given drug. Species differences
make it extremely difficult to extrapolate
from one species to another, as with labora-
tory animals to humans. Furthermore, there
are many examples of interindividual varia-
tions in hepatic metabolism of drugs within
one species. Genetic factors affect the basal
activity of the drug-metabolizing enzyme
systems. Thus, there can be marked intersub-
ject variation in rates of metabolism. Because
of this variation, a physician must individu-
alize therapy to maximize the chances for a
constructive therapeutic outcome with mini-
mal toxicity. Studies in humans have demon-
strated that these differences have occurred
within the cytochrome P-450 genetic codes
for a family of isoenzymes responsible for
drug metabolism.

Age of the patient is another significant
factor in drug metabolism. Although phar-
macokinetic calculations have not been able
to develop a specific correlative relationship
with age, it is known that the ability to me-
tabolize drugs is low at the extremes of the
age scale, that is, among the elderly and neo-
nates. Liver blood flow is reduced by aging
at about 1% per year beginning around age
30 (8). This decreased blood flow to the liver
reduces the capacity for hepatic drug me-
tabolism and elimination. For example, the
half-life of chlordiazepoxide increases from
about 6 hours at age 20 to about 36 hours at
age 80. Furthermore, an immature hepatic
system disallows the effective metabolism of
drugs by the newborn or premature infant.
As mentioned earlier, the half-life of the-
ophylline ranges from 14 to 58 hours in the
premature infant to 2.5 to 5 hours in young

children aged 1 to 4 whose liver enzyme sys-
tems are mature.

Diet has also been demonstrated to modify
the metabolism of some drugs. For example,
the conversion of an asthmatic patient from
a high- to a low-protein diet will increase
the half-life of theophylline. It has also been
demonstrated that the production of poly-
cyclic hydrocarbons by the charcoal broil-
ing of beef enhances the hepatic metabolism
and shortens the plasma half-life of theoph-
ylline. It is conceivable that this effect also
occurs with drugs that are metabolized in
similar fashion to theophylline. Diet type,
including starvation and intake of certain
vegetables (brussels sprouts, cabbage, broc-
coli), has been shown to influence the me-
tabolism of certain drugs. Coadministration
of large quantities of grapefruit juice (at least
1 quart daily) may result in increased plasma
levels of some of the HMG-CoA reductase
inhibitors and increase the patient’s risk of
myopathy. Consequently, concurrent use of
grapefruit juice should be avoided. Finally,
exposure to other drugs or chemicals, such
as pesticides, alcohol, and nicotine, and the
presence of disease states, such as hepatitis,
have all demonstrated an influence on drug
metabolism and consequently the pharmaco-
kinetic profile of certain drugs.

Excretion of Drugs

The excretion of drugs and their metabo-
lites terminates their activity and presence
in the body. They may be eliminated by
various routes, with the kidney playing the
dominant role by eliminating drugs via the
urine. Drug excretion in the feces is also im-
portant, especially for drugs that are poorly
absorbed and remain in the gastrointestinal
tract after oral administration. Exit through
the bile is significant only when reabsorption
from the gastrointestinal tract is minimal.
The lungs provide the exit for many volatile
drugs through the expired breath. The sweat
glands, saliva, and milk play only minor
roles in drug elimination. However, if a drug
gains access to the milk of a mother during
lactation, it can easily exert its effects in the
nursing infant. Drugs that do enter breast
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milk and may be passed on to nursing infants
include theophylline, penicillin, reserpine,
codeine, meperidine, barbiturates, diltiazem,
and thiazide diuretics. It is generally good
practice for the mother to abstain from taking
medication until the infant is weaned. If she
must take medication, she should abide by a
dosage regimen and nursing schedule that
permit her own therapy yet ensure the safety
of her child. Not all drugs gain entrance into
the milk; nevertheless, caution is advisable. A
summary of drug safety in lactations, includ-
ing biopharmaceutic parameters, calculation
of infant exposure, and a listing of drugs and
their risk assessment, may be found at the
following Web site: http://www.medsafe.
govt.nz/Profs/PUarticles/lactation.htm.

Manufacturers’ package inserts contain
product-specific information (usually in the
section on precautions) on drug migration
into breast milk.

The unnecessary use of medications dur-
ing the early stages of pregnancy is likewise
restricted by physicians, because certain
drugs are known to cross the placental barrier
and gain entrance to the tissues and blood of
the fetus. Among the many drugs known to
do so are all of the anesthetic gases, many
barbiturates, sulfonamides, salicylates, and a
number of other potent agents like quinine,
meperidine, and morphine, the latter two be-
ing narcotic analgesics with great potential
for addiction. In fact, it is fairly common for
an infant to be born addicted because of the
addiction of its mother and the passage of the
drugs across the placental barrier.

The kidney, as the main organ for the
elimination of drugs from the body, must be
functioning adequately if drugs are to be effi-
ciently eliminated. For instance, elimination
of digoxin occurs largely through the kidney
by first-order kinetics; that is, the quantity of
digoxin eliminated at any time is proportional
to the total body content. Renal excretion of
digoxin is proportional to the glomerular fil-
tration rate, which when normal results in a
digoxin half-life that may range from 1.5 to
2 days. When the glomerular filtration rate
is impaired or disrupted, however, as in an
anuric patient, the elimination rate decreases.
Consequently, the half-life of digoxin may be

4 to 6 days. Because of this prolongation of
digoxin’s half-life, the dosage of the drug
must be decreased or the dosage interval
prolonged. Otherwise, digoxin toxicity will
occur. The degree of impairment can be esti-
mated by measurements of glomerular filtra-
tion rates, most often by creatinine clearance
(CrCL). Usually, however, this is not feasible,
and the patient’s serum creatinine value is
used within appropriate pharmacokinetic
equations to help determine a drug’s dosage
regimen.

Some drugs may be reabsorbed from the
renal tubule even having been sent there for
excretion. Because the rate of reabsorption
is proportional to the concentration of drug
in un-ionized form, it is possible to modify
this rate by adjusting the pH of the urine. By
acidifying the urine, as with the oral adminis-
tration of ammonium chloride, or by alkalin-
izing it, as with the administration of sodium
bicarbonate, one can increase or decrease the
ionization of the drug and thereby alter its
prospect of being reabsorbed. Alkalinization
of the urine has been demonstrated to en-
hance the urinary excretion of weak acids
such as salicylates, sulfonamides, and pheno-
barbital. The opposite effect can be achieved
by acidifying the urine. Thus, the duration of
a drug’s stay within the body may be mark-
edly altered by changing the pH of the urine.
Some foods, such as cranberry juice, can also
acidify the urine and may alter drug excre-
tion rates.

The urinary excretion of drugs may also
be retarded by the concurrent administration
of agents capable of inhibiting their tubular
secretion. A well-known example is the use
of probenecid to inhibit the tubular secretion
of various types of penicillin, thereby reduc-
ing the frequency of dosage administrations
usually necessary to maintain adequate ther-
apeutic blood levels of the antibiotic drug.
In this particular instance, the elevation of
penicillin blood levels, by whatever route
the antibiotic is administered, to twofold and
even fourfold levels has been demonstrated
by adjuvant therapy with probenecid. The
effects are completely reversible upon with-
drawal of the probenecid from concomitant
therapy.
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The fecal excretion of drugs appears to
lag behind the rate of urinary excretion,
partly because a day or so elapses before
the feces reach the rectum. Drugs adminis-
tered orally for local activity within the gas-
trointestinal tract and not absorbed will be
eliminated completely via the feces. Unless
a drug is particularly irritating to the gas-
trointestinal tract, there is generally no ur-
gency about removing unabsorbable drugs
from the system by means other than nor-
mal defecation. Some drugs that are only
partially absorbed after oral administration
will naturally be partly eliminated through
the rectum.

PHARMACOKINETIC PRINCIPLES

This section introduces the concept of phar-
macokinetics and how it interrelates the
various processes that take place when
one administers a drug to a patient, that is,
ADME. 1t is not intended to be comprehen-
sive, and thus, for further information about
the subject, the reader is referred to other ap-
propriate literature.

A problem encountered when one needs
to determine a more accurate dosage of a
drug or a more meaningful interpretation of
a biologic response to a dose is the inability
to determine the drug concentration at the
active site in the body. Consequently, the
concept of compartmental analysis is used to
determine what has become of the drug as
a function of time from the moment it is ad-
ministered until it is no longer in the body.
Pharmacokinetic analysis uses mathematical
models to simplify or simulate the disposi-
tion of the drug in the body. The idea is to
begin with a simple model and then modify
as necessary. The principal assumption is
that the human body may be represented by
one or more compartments or pools in which
a drug resides in a dynamic state for a short
time. A compartment is a hypothetical space
bound by an unspecified membrane across
which drugs are transferred (Fig. 5.12). The
transfer of drugs into and out of this com-
partment is indicated by arrows that point in
the direction of drug movement into or out
of the compartment. The rate at which a drug

is transferred throughout the system is des-
ignated by a symbol that usually represents
an exponential rate constant. Typically, the
letter K or k with numeric or alphanumeric
subscripts is used.

Several assumptions are associated with
modeling of drug behavior in the body. It is
assumed that the volume of each compart-
ment remains constant. Thus, an equation
that describes the time course of the amount
of drug in the compartment can be converted
to an equation that depicts the time course of
the drug concentration in the compartment
by dividing both sides of the equation by the
volume of the compartment. Second, it is as-
sumed that once a drug enters the compart-
ment, it is instantaneously and uniformly
distributed throughout the entire compart-
ment. Thus, it is assumed that a sampling
of any one portion of the compartment will
yield the drug concentration of the entire
compartment.

In compartment models, it is assumed that
drug passes freely into and out of compart-
ments. Thus, these compartmental systems
are known as open systems. Typically, drug
transport between compartments follows
first-order kinetics, wherein a constant frac-
tion of drug is eliminated per unit of time
and can be described by ordinary differen-
tial equations. In these linear systems, the
time constants that describe the rate at which
the plasma or blood concentration curve of
a drug decays are independent of the dose,
the volume of distribution, and the route of
administration.

The simplest pharmacokinetic model is
the single-compartment open-model system

Drug ——2—

Vy

Where:

C, is the drug concentration in plasma

Vg4 is the volume of the compartment or volume
of distribution

FIGURE 5.12 A one-compartment system.
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(Fig. 5.12). This model depicts the body as
one compartment characterized by a certain
volume of distribution (V,) that remains
constant. Each drug has its own distinct vol-
ume of distribution, and this can be influ-
enced by factors including age and disease
status. In this scheme, a drug can be instan-
taneously introduced into the compartment,
that is, via rapid intravenous administra-
tion, or gradually, as with oral administra-
tion. In the former case, it is assumed that
the drug distributes immediately to tissues
and instantly attains equilibrium. In the lat-
ter case, the drug is absorbed at a certain rate
and is characterized by the absorption rate
constant K . Finally, the drug is eliminated
from the compartment at a certain rate that
is characterized by an elimination rate con-
stant, K .

It is relevant at this point to consider the
volume of distribution, V,, a proportionality
constant that refers to the volume into which
the total amount of drug in the body must
be uniformly distributed to provide the
concentration of drug actually measured in
plasma or blood. This term can be mislead-
ing because it does not represent a specific
body fluid or volume. It is influenced by the
plasma protein binding and tissue binding
of a drug. These then influence the distribu-
tion of the drug between plasma water, ex-
tracellular fluid, intracellular fluid, and total
body water. Furthermore, because a drug
can partition between fat and water accord-
ing to its unique partition coefficient, this
can also influence the volume of distribu-
tion. Because of these phenomena, pharma-
cokineticists find it convenient to describe
drug distribution in terms of compartmental
models.

To determine the rate of drug transfer
into and out of the compartment, plasma,
serum, or blood samples are drawn at pre-
determined times after the drug is adminis-
tered and analyzed for drug concentration.
Once a sufficient number of experimental
data points are determined, these are plotted
on semilogarithmic paper, and an attempt is
made to fit the experimental points with a
smooth curve. Figure 5.13 depicts the plasma
concentration-time profile for a hypothetical

drug following rapid intravenous injection
of a bolus dose of the drug with instanta-
neous distribution. For drugs whose distri-
bution follows first-order one-compartment
pharmacokinetics, a plot of the logarithm of
the concentration of drug in the plasma (or
blood) versus time will yield a straight line.
The equation that describes the plasma decay
curve is

C,= Ce (Equation 5.1)
where

Kel is the first-order rate of elimination of
the drug from the body,

CP is the concentration of the drug at a
time equal to t, and

Cg is the concentration of drug at time
equal to zero, when all the drug adminis-
tered has been absorbed but none has been
removed from the body through elimination
mechanisms, for example, metabolism and
renal excretion.

The apparent first-order rate of elimina-
tion, K, is usually the sum of the rate con-
stants of a number of individual processes,
for example, metabolic transformation and
renal excretion.

For the purpose of pharmacokinetic calcu-
lation, it is simpler to convert Equation 5.1 to
natural logs:

LnC, = Lan, -K, () (Equation 5.2)
and then to log base,;:
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FIGURE 5.13 Plot of the plasma concentration-time
data. (Adapted with permission from Rowland M, Tozer
TN. Clinical Pharmacokinetics. 2nd Ed. Philadelphia,
PA: Lea & Febiger, 1989.)
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Log C,=Log C) -K,(t)/2.303

(Equation 5.3)
Equation 5.3 is then thought of in terms of
the Y-intercept form:

Y=b+mX
Log C,=Log C; —K,,/2.303(t)

and interpreted as such in the semiloga-
rithmic plot illustrated in Figure 5.14. Most
drugs administered orally can be adequately
described using a one-compartment model,
whereas drugs administered by rapid intra-
venous infusion are usually best described
by a two-compartment or three-compart-
ment model system.

Assuming that a drug’s volume of distri-
bution is constant within this system, the to-
tal amount of drug in the body (Q,) can be
calculated from the following equation:

Q, =[C21[Vd]

Usually, Cg is determined by extrapolating
the drug concentration-time plot to time
Zero.

In this simple one-compartment system, it
is assumed that the administered drug is con-
fined to the plasma (or blood) and then ex-
creted. Drugs that exhibit this behavior have
small volumes of distribution. For example,
a drug such as warfarin sodium, which is ex-
tensively bound to plasma albumin, will have
a volume of distribution equivalent to that of
plasma water, about 2.8 L in an average 70-
kg adult. Some drugs, however, are initially
distributed at somewhat different rates in
various fluids and tissues. Consequently,
these drugs’ kinetic behavior can best be il-
lustrated by considering an expansion of the
one-compartment system to the two-compart-
ment model (Fig. 5.15).

In the two-compartment system, a drug
enters into and is instantaneously distrib-
uted throughout the central compartment.
Its subsequent distribution into the second
or peripheral compartment is slower. For
simplicity, on the basis of blood perfusion
and tissue—plasma partition coefficients for
a given drug, various tissues and organs are
considered together and designated either

(Equation 5.4)
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FIGURE 5.14 A semilogarithmic plot of plasma concen-
tration versus time of an intravenous drug that follows
first-order two-compartment pharmacokinetics.

central compartment or peripheral compart-
ment. The central compartment is usually
considered to include the blood, the extra-
cellular space, and organs with good blood
perfusion, such as the lungs, liver, kidneys,
and heart. The peripheral compartment usu-
ally comprises tissues and organs that are
poorly perfused by blood, such as the skin,
bone, and fat.

Figure 5.16 depicts the plasma drug con-
centration—time plot for a rapidly adminis-
tered intravenous dose of a hypothetical drug
that exhibits kinetic behavior exemplifying a

Drug
Central Peripheral
compartment Kep compartment
—_—
Kec
Q¢ Ve Qp Vo
Where:

Q. = Quantity of drug in central compartment

V. = Volume of the central compartment

Qp = Quantity of drug in peripheral compartment
V,, = Volume of the peripheral compartment

FIGURE 5.15 A two-compartment system.
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two-compartment system. Note the initial
steep decline of the plasma drug concentra-
tion curve. This typifies the distribution of
the drug from the central compartment to the
peripheral compartment. During this phase,
the drug concentration in the plasma will
decrease more rapidly than in the postdis-
tributive or elimination phase. Whether this
distributive phase is apparent depends on the
timing of the plasma samples, particularly in
the time immediately following administra-
tion. A distributive phase can be very short, a
few minutes, or last for hours and even days.

A semilogarithmic plot of the plasma con-
centration versus time after rapid intrave-
nous injection of a drug best described by a
two-compartment model system can often
be resolved into two linear components. This
procedure can be performed by the method
of residuals (or feathering), shown in Figure
5.16. In this procedure, a straight line is fitted
through the tail of the original curve and
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FIGURE 5.16 The logarithm of the drug concentration
in plasma plotted versus time (solid line) after intrave-
nous administration of a drug whose disposition can be
described by a two-compartment model.

extrapolated to the Y-axis (the value obtained
is B). A plot is then made of the absolute dif-
ference values of the original curve and the
resultant extrapolated straight line. The slope
of the feathered line (-a/2.303) and the ex-
trapolated line (-b/2.303) and the intercepts,
Aand B, are determined. The following equa-
tion describes a two-compartment system:
C,= Ae™ +Be™ (Equation 5.5)

This is a two-exponential equation that
describes the two-compartment system. In
this scheme, the slope of the line, —a/2.303,
obtained from feathering vyields the dis-
tributive rate of the drug. The slope of the
terminal linear phase or elimination phase,
—-b/2.303, describes the rate of loss of the drug
from the body and usually is considered to
be a reflection of the metabolic processes and
renal elimination from the body. Appropriate
pharmacokinetic formulas allow the clinician
to calculate the various volumes of distribu-
tion and rates of distribution and elimination
for drugs whose pharmacokinetic behav-
ior is exemplified by the two-compartment
system.

Half-Life

The half-life (t/2) of a drug describes the
time required for a drug’s blood or plasma
concentration to decrease by half. This
fall in drug concentration is a reflection of
metabolic processes and/or excretion. The
biologic half-life of a drug in the blood may
be determined graphically from a pharma-
cokinetic plot of a drug’s blood concentra-
tion—time plot, typically after intravenous
administration to a sample population.
The amount of time required for the con-
centration of the drug to decrease by half
is considered its half-life. The half-life can
also be mathematically determined. Recall
Equation 5.3 and rearrange the equation as
follows:

K, t .
FEB=L0gCP - LogC, =

Log C,
C

p

(Equation 5.6)
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Then, if it assumed that C_is equal to half of
c?,
P

LogC?
Kat _ 9% = =Log2 (Equation 5.7)
2303 0.5C,
Thus,
2.303Log2 0.693 .
e = < = (Equation 5.8)

el el

If this equation is rearranged, the half-life
finds utility in the determination of drug
elimination from the body, provided of
course that the drug follows first-order kinet-
ics. Rearranging the prior equation,

_0.693

t1/2

K (Equation 5.9)

el

First-order elimination rate constants are
reported in time™'!, for example, minutes~' or
hours™'. Thus, an elimination constant of a
drug of 0.3 hour™! indicates that 30% of the
drug is eliminated per hour.

The half-life varies widely between
drugs; for some, it may be a few minutes,
whereas for others, it may be hours or even
days (Table 5.9). Data on a drug’s biologic
half-life are useful in determining the most
appropriate dosage regimen to achieve and
maintain the desired blood level. These
determinations usually result in recom-
mended dosage schedules for a drug, such
as every 4, 6, or 8 hours. Although these
types of recommendations generally suit
the requirements of most patients, they
do not suit all patients. The most excep-
tional patients are those with reduced or
impaired ability to metabolize or excrete
drugs. These patients, most of whom have
liver dysfunction or kidney disease, retain
the administered drug in the blood or tis-
sues for extended periods because of their
decreased ability to eliminate the drug. The
resulting extended biologic half-life of the
drug generally necessitates an individual-
ized dosage regimen calling for either less
frequent administration than usual or the
usual dosage schedule but a decrease in the
amount of drug administered.

Asmentioned previously, digoxin presents
a good example of a drug having a half-life

[lefe]CXR*A SOME ELIMINATION HALF-
LIFE VALUES

ELIMINATION HALF-LIFE®

DRUG PRODUCT

Amoxicillin (Amoxil) 1h
Cimetidine (Tagamet) 2h
Digoxin (Lanoxin) 1.5-2d
Diltiazem (Cardizem) 25h
Esomeprazole (Nexium) 1-1.5h
lbuprofen (Motrin) 1.8-2h
Nitroglycerin 3 min

Phenytoin sodium (Dilantin)  7-29 h

Propoxyphene (Darvon) 6-12h
Propranolol HCI (Inderal) 4h
Ranitidine (Zantac) 2.5-3h
Ropinirole (Requip) 6h
Rosuvastatin (Crestor) 19h
Tadalafil (Cialis) 17.5h

Tobramycin sulfate (Nebcin) 2 h
Zolpidem fartrate (Ambien) 2.6 h

“Mean, average, or value ranges taken from product
information found in Physicians’ Desk Reference. 65th
Ed. Montvale, NJ:Thompson PDR, 201 1. Half-life values
may vary with patient characteristics (e.g., age, liver
or renal function, smoking habits), dose levels, and
routes of administration.

that is affected by the patient’s pathologic
condition. Digoxin is eliminated in the urine.
Renal excretion of digoxin is proportional to
glomerular filtration rate. In subjects with
normal renal function, digoxin has a half-life
of 1.5 to 2.0 days. In anuric patients (absence
of urine formation), the half-life may be pro-
longed to 4 to 6 days. Theophylline’s half-life
also varies from population to population. In
premature infants with immature liver en-
zyme systems in the cytochrome P-450 fam-
ily, the half-life of theophylline ranges from
14 to 58 hours, whereas in children aged 1 to
4 whose liver enzyme systems are more ma-
ture, the theophylline half-life ranges from 2
to 5.5 hours. In adult nonsmokers, the half-
life ranges from 6.1 to 12.8 hours, whereas in
adult smokers, the average half-life of the-
ophylline is 4.3 hours. The increase in the-
ophylline clearance from the body among
smokers is believed to be due to an induction
of the hepatic metabolism of theophylline.
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The half-life of theophylline is decreased,
and total body clearance is enhanced to such
a degree in smokers that these individuals
may actually require a 50% to 100% increase
in theophylline dosage to produce effective
therapeutic results. The time required to nor-
malize the effect of smoking on theophyl-
line metabolism in the body once the patient
stops smoking may range from 3 months to
2 years. Because theophylline is metabolized
in the liver, the half-life of theophylline will
be extended in liver disease. For example,
in one study of nine patients with decom-
pensated cirrhosis, the average theophylline
half-life was 32 hours.

The half-life of a drug in the bloodstream
may also be affected by a change in the
extent to which it is bound to blood protein
or cellular components. Such a change in
a drug’s binding pattern may be brought
about by the administration of a second
drug having a greater affinity than the first
drug for the same binding sites. The result
is displacement of the first drug from these
sites by the second drug and the sudden
availability of free (unbound) drug, which
may pass from the bloodstream to other
body sites, including those concerned with
its elimination. Displacement of one drug
from its binding sites by another is gener-
ally viewed as an undesired event, since
the amount of free drug resulting is greater
than the level normally achieved during
single-drug therapy and may result in un-
toward drug effects.

Concept of Clearance

The three main mechanisms by which a drug
is removed or cleared from the body include
(a) hepatic metabolism, that is, hepatic clear-
ance, Cl, of a drug to either an active or
inactive metabolite; (b) renal excretion, that
is, renal clearance, Cl, of a drug unchanged
in the urine; and (c) elimination of the drug
into the bile and subsequently into the in-
testines for excretion in feces. An alternative
way to express this removal or elimination
from the body is to use total body clearance
(Cly), which is defined as the fraction of
the total volume of distribution that can be
cleared per unit of time. Because most drugs

undergo one or more of these processes, the
total body clearance, Cl,, of a drug is the sum
of these clearances, usually hepatic, Cl,, and
renal, Cl. Clearance via the bile and feces is
usually not significant for most drugs.

These processes of elimination work to-
gether, so a drug that is eliminated by renal
excretion and hepatic biotransformation
will have an overall rate of elimination. K
is the sum of the renal excretion, k, and
hepatic biotransformation, k_. In the one-
compartment model described earlier, total
body clearance is the product of the volume
of distribution, V, and the overall rate of
elimination, K ;:

Cl, = Vyx k, (Equation 5.10)
But recall that Kel equals 0.693/t%. If this
is substituted in Equation 5.10 and the half-
life, t'%, solved for, the following equation is
obtained:

~ 0.693V,

ti,= al, (Equation 5.11)

Total body clearance is a function of one or
more processes, so if a drug is eliminated
from the body through hepatic biotransfor-
mation and renal clearance, Equation 5.11
becomes

0.693V,

12 = m (Equation 512)

Thus, a drug’s half-life is directly propor-
tional to the volume of distribution and
inversely proportional to the total body
clearance, which consists of hepatic and renal
clearance. In infants and children, who ex-
hibit larger volumes of distribution and have
lower clearance values, most drugs have a
longer half-life than in adults.

A decrease in the hepatic or renal clear-
ance will prolong the half-life of a drug. This
typically occurs in renal failure, and conse-
quently, if one can estimate the percentage
decrease in excretion due to renal failure,
one can use Equation 5.11 to calculate the
new half-life of the drug in the patient.
Thus, an adjusted dosage regimen can be
calculated to decrease the chance of drug
toxicity.
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Dosage Regimen Considerations

The previous chapter mentions factors that
can influence the dosage of a drug. It is not
easy to determine how much drug and how
often to administer it for a desired therapeu-
tic effect. There are two basic approaches to
the development of dosage regimens. The
first is the empirical approach, which entails
administration of a drug in a certain quan-
tity, noting the therapeutic response and
modifying the amount and interval of dos-
age accordingly. Unfortunately, experience
with administration of a drug usually starts
with the first patient, and eventually, a suf-
ficient number of patients receive the drug
so that a fairly accurate prediction can be
made. Besides the desired therapeutic ef-
fect, it is necessary to consider the occur-
rence and severity of side effects. Empirical
therapy is usually employed when the drug
concentration in serum or plasma does not
reflect the concentration of drug at the re-
ceptor site in the body or the pharmacody-
namic effect of the drug is not related (or
correlated) with drug concentration at the
receptor site. Empirical therapy is used for
many anticancer drugs that demonstrate

effects long after they have been excreted
from the body. It is difficult to relate the se-
rum level of these drugs with the desired
therapeutic effect.

The second approach to the development
of a dosage regimen is through the use of
pharmacokinetics, or the kinetic approach. This
approach is based on the assumption that the
therapeutic and toxic effects of a drug are re-
lated to the amount of drug in the body or to
the plasma (or serum) concentration of drug
at the receptor site. Through careful phar-
macokinetic evaluation of a drug’s ADME
after a single dose, the levels of drug attained
from multiple dosing can be estimated. One
can then determine the appropriateness of a
dosage regimen to achieve a desired thera-
peutic concentration of drug in the body and
evaluate the regimen according to therapeu-
tic response.

Pharmacokinetics is but one of a number
of factors that should be considered in the
development of a dosage regimen. Table 5.10
illustrates a number of these. Certainly, an
important factor is the inherent activity,
that is, pharmacodynamics and toxicity. A
second consideration is the pharmacokinet-
ics of the drug, which are influenced by the

[[elolSX-MICA FACTORS THAT DETERMINE A DOSAGE REGIMEN

ACTIVITY, TOXICITY

Minimum therapeutic dose
Toxic dose s
Therapeutic index
Side effects

Dose-response relationships

CLINICAL FACTORS

Clinical State of Patient

Age, weight, urine pH

Condition being treated
Existence of other disease states

Dosage
Regimen

Multiple drug therapy
Convenience of regimen
Compliance of patient

PHARMACOKINETICS
' Absorption

Distribution
Metabolism

Excretion

OTHER FACTORS

Management of Therapy

Tolerance-dependence
Pharmacogenetics-idiosyncrasy
Drug interactions

Life style factors, for example,
diet, recreational drug use

Reprinted with permission from Rowland M, Tozer TN. Clinical Pharmacokinetics. 3rd Ed. Baltimore, MD: Lippincott

Williams & Wilkins, 1995.
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dosage form. The third factor focuses upon
the patient to whom the drug will be given
and encompasses the clinical state of the pa-
tient and how the patient will be managed.
Finally, atypical factors may influence the
dosage regimen. Collectively, all of these fac-
tors influence the dosage regimen.

The regimen of a drug may simply involve
a single dose, as with pinworm medication,
or may call for multiple doses. In the latter
instance, the objective of pharmacokinetic
dosing is to design a regimen that will con-
tinually maintain a drug’s therapeutic serum
or plasma concentration within the therapeu-
tic index, that is, above the MEC but below
the MTC.

Frequently, drugs are administered one
to four times per day, most often in a fixed
dose, for example, 75 mg three times daily
after meals. As mentioned earlier, after a
drug is administered, its level within the
body varies because of the influence of all
of the processes, ADME. A drug will ac-
cumulate in the body when the dosing in-
terval is less than the time needed for the
body to eliminate a single dose. Figure 5.17
illustrates the plasma concentration for a
drug given by intravenous administration
and oral administration. The 50-mg dose of
this drug was given at a dosing interval of
8 hours. The drug has an elimination half-
life of 12 hours. As one can see, with contin-
ued dosing, the drug concentration reaches
a steady-state or plateau concentration. At this
limit, the amount of drug lost per interval is
replenished when the drug is dosed again.
Consequently, the concentration of drug in
the plasma or serum fluctuates. Thus, for
certain patient types, it is optimal to target
dosing so that the plateau concentration re-
sides within the therapeutic index of a drug
to maintain a MEC. For example, the asth-
matic patient maintained on theophylline
must have a serum concentration between
10 and 20 mg/mL. Otherwise, the patient
may be susceptible to an asthma attack.
Thus, when dosing the asthmatic patient,
it is preferable to give theophylline around
the clock four times daily to sustain levels
at least above the MEC. If this medicine is
administered only every 4 hours during the

Plasma drug concentration (mg/L)

Plasma drug concentration (mg/L)
N
|

0 12 24 36 48
Hours

FIGURE 5.17 Plasma concentration of a drug given
intravenously (top) and orally (bottorm) on a fixed dose
of 50 mg and fixed dosing interval of 8 hours. The half-
life is 12 hours. The area under the plasma concentra-
tion—time curve during a dosing interval at steady
state is equal to the total AUC for a single dose. The
fluctuation of the concentration is diminished for oral
administration (half-life of absorption is 1.4 hours), but
the average steady-state concentration is the same as
after intravenous administration, since f = 1. (Adapted
with permission from Rowland M, Tozer TN. Clinical
Pharmacokinetics. 3rd Ed. Baltimore, MD: Lippincott
Williams & Wilkins, 1995.)

waking hours, it is possible that the mini-
mum concentration will fall below effective
levels between the bedtime dose and the
morning dose. Consequently, the patient
may awaken in the middle of the night and
have an asthma attack.

Patients can be monitored pharmacoki-
netically through appropriate plasma, se-
rum, or blood samples, and some hospital
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pharmacies have implemented pharmacoki-
netic dosing services. The intent is to maxi-
mize drug efficacy, minimize toxicity, and
keep health care costs at a minimum. Thus,
complications associated with overdose are
controlled, and known drug interactions,
such as between smoking and theophylline,
can be accommodated. In these services, once
the physician prescribes a certain amount of
drug and monitors the clinical response, it is
the pharmacist who coordinates the appropri-
ate sample time to determine drug concentra-
tion in the appropriate body fluid. After the
level of drug is attained, it is the pharmacist
who interprets the result and consults with
the physician regarding subsequent dosages.

Pharmacokinetic research has demon-
strated that the determination of a patient’s
dosage regimen depends on numerous
factors, and daily dose formulas exist for
a number of drugs that must be adminis-
tered on a routine maintenance schedule,
for example, digoxin, procainamide, and
theophylline. For certain drugs such as di-
goxin, which are not highly lipid soluble,
it is preferable to use a patient’s lean body

FIGURE 5.18 Computed gas chromatography mass
spectrometry used in bioanalytical studies. Consists
of Hewlett Packard Gas Chromatograph (Model 5890
A) and VG Mass Spectrometer (Model UG 12-250).
(Courtesy of Elan Corporation, plc.)
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FIGURE 5.19 Assay of product samples using high-
performance liquid chromatography. (Courtesy of
Paddock Laboratories.)

weight (LBW) rather than total body weight
(TBW) to provide a better estimate of the
patient’s volume of distribution. On the
other hand, estimating a patient’s CrCL for
initial vancomycin dosing uses TBW accord-
ing to Equation 5.13:

CrCL (male)mL/min=
(140 age)x TBW(kg)
72xScrx0.82 for females

Subsequent doses then must be calculated
based on obtaining a trough vancomycin
level 30 minutes before the next scheduled
dose. In addition, the dosing interval (in
hours) is based upon the patient’s calculated
CrCL (9).

Alternatively, even though pharmacoki-
netic dosing formulas may exist, one must be
cognizant that patient factors may be more
relevant. For example, with the geriatric pa-
tient, it is advisable to begin drug therapy
with the lowest possible dose and increase the
dosage as necessary in small increments to
optimize the patient’s clinical response. Then
the patient should be monitored for drug ef-
ficacy and reevaluated periodically. Examples
of bioanalytical research laboratories are dem-
onstrated in Figures 5.18 and 5.19.
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APPLYING THE PRINCIPLES AND CONCEPTS

Group Activities

1.

List the partition coefficients for erythro-
mycin and its related chemical entities and
predict comparable effectiveness when
administered in a topical dosage form.

. Create a listing of five prodrugs used ther-

apeutically and describe the rationale for
the use of each prodrug.

. Select a drug available in various chemical

moieties that dictate varying parenteral
dosage forms and describe the effect of
chemical formula on its onset of activity,
duration of activity, etc., of the drug.

. Given a serum concentration—-time curve

for a specific drug, determine the peak
height concentration, the time of the peak
concentration, and the serum (or blood or
plasma) area under the curve.

. Given a blood concentration versus time

plot, perform various pharmacokinetic
calculations.

. Given comparative bioavailability data

and cost information for identical drug
products from different manufacturers,
select a product for the hospital formulary
and provide a rationale for your decision.

. Make a listing of drug products whose

brand names include the term “elixir,”

but have little or no Alcohol USP in their
formulations.

Individual Activities

1.

Explain, with examples, how a drug’s
particle size influences its dissolution rate
and solubility.

. List four clinically available drugs that

demonstrate either amorphous or crystal-
line forms, and describe the rationale for
using a specific form for therapy.

. Describe patient situations where one

drug delivery approach would have ad-
vantages over another drug delivery
approach.

. Given a patient’s data, calculate pharma-

cokinetic parameters.

. Develop a listing of drugs dosed on peak

and trough levels, and given patient data,
demonstrate calculations for one such
drug.

. Given a patient case, select appropriate

drug therapy, and determine an appropri-
ate dosage regimen for the patient. Also,
the selection of appropriate drug therapy
should include flavor preference and dis-
cussion if a pediatric patient. Provide your
rationale.
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