
The pancreas is both an endocrine gland that produces the peptide 
hormones insulin, glucagon and somatostatin, and an exocrine gland 
that produces digestive enzymes. The peptide hormones are secreted 
.From cells located in the islets of Langerhans (P- or B-cells produce 
insulin, a2- or A-cells produce glucagon, and a l -  or D-cells produce 
somatostatin). These hormones play an important role in regulating 
the metabolic activities of the body, and in doing so, help maintain tlie 
homeostasis of blood glucose.' Hyperinsulinemia (due, for example, 
to an insulinoma) can cause severe hypoglycemia. More commonly, a 
relative or absolute lack of insulin (such as in diabetes mellitus) can 
cause serious hyperglycemia. Administration of insulin preparations or 
hypoglycemic agents (Figure 26.1) can prevent morbidity and reduce 
mortality associated with diabetes. 

!I. DIABETES MELblTUS 

Diabetes is not a single disease. Instead, it is a heterogeneous group 
of syndromes all characterized by an elevation of blood glucose 
caused by a relative or absolute deficiency of insulin. Frequen,tly the 
inadequate release of insulin is aggravated by an excess of glucagon. 
Diabetes afflicts about 10 million individuals or about 5% of the popu- 
lation of the United States, and is the eighth leading cause of death in 
this country. Diabetics can be divided into two groups based on their 
requirements for insulin: insulin-dependent diabetes mellitus (IDDM or 
Type I) and non-insulin-dependent diabetes mellitus (NIDDM or Type 
I I ) . ~  About one to two million patients have IDDM; the remaining 80 to 
90% of diabetic patients have NIDDM. Figure 26.2 surr~marizes tlie 
characteristics of Types I and II diabetes. 

1 HYPOGLYCEMIC 
DRUGS 

1 Insulin zinc suspension 

1 lsophane insulin suspension 

Protarnine zinc insulin 

Semilente insulin 

Llltralente insulin 

Zinc insulin 

ORAL HVPOGLYCEMlC 

- Acetohexamide 

- Chlorpropamide 

- Glipizide 

- Glyburide 

- Metformin 

- Tolazamide 

- Tolbutamide 

Figlare 26.1 
Summary of hypoglycemic agents. 

1-2 See p. 262 for lnfolink references to other books in this series. 
Lippincon's illustrated Reviews: Pharmacology, Second Edition. 
by Maly J. Mycek, Richard A. Harvey and Pamela C. Champe. 
Lippincon-Raven Publishers, Philadelphia. PA O 1997. 255 
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Figure 26.2 
comparison of insulin-dependent 
diabetes and non-insulin-dependent 
diabetes. 
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A. Type I diabetes (insulin-dependent diabetes mellitus, IDDM) 

Insulin-dependent diabetes most commonly afflicts juveniles, but 
IDDM can also occur among adults (Figure 26.2). The disease is 
characterized by an absolute deficiency of insulin caused by mas- 
sive p-cell lesions or necrosis. Loss of p-cell func1:ion may be due 
to invasion by viruses, the action of chemical toxins, or usually, 
through the actions of autoimmune antibodies directed against the 
pcei;. AS d .- resiiibfthe desiiudioii 6; /;-csils, the paiiciaas faik to 

respond to ingestion of glucose, and the Type I diabetic shows 
classic symptoms of insulin deficiency (polydipsia, polyphagia and 
polyuria). Type I diabetics require exogenous insulin to avoid 
hyperglycemia and life-threatening ketoacidosis. 

1. Cause of Type I diabetes: A burst of insulin secretion normally 
occurs after ingestion of a meal in response to transient 
increases in the levels of circulating glucose and amino acids. In 
the postabsorptive period, low, basal levels of circulating insulin 
are maintained through p-cell secretion. However, the Type I 
diabetic has virtually no functional p-cells, and can neither 
respond to variations in circulating fuels nor maintain even a 
basal secretion level of insulin (Figure 26.3). The development 
and progression of neuropathy, nephropathy and retinopathy 
are directly related to the extent of glycerr~ic control (most often 
measured as blood levels of hemoglobin AIC).~ 

2. Treatment of Type I diabetes: A Type I diabetic must rely on 
exogenous (injected) insulin in order to control hyperglycemia, 
maintain acceptable levels of glycosylated hemoglobin (HbA,,), 
and avoid ketoacidosis. [Note: The rate of formation of HbAlc is 
proportional to the average blood glucose concentration over 
the previous several months; thus, HbAlc provides a measure 
of how well .treatment has normalized blood glucose in diabet- 
ics.] The goal in administering insulin to Type I diabetics is to 
maintain blood glucose concentrations as close to normal as 
possible-al.td~--avoibwideswide-swings-in-blood-glueose-level-~~h& 
may contribute to long-term complications. The use of portable 
blood glucose analyzers facilitates close self-monitoring and 
treatment. 

- 

B. Type !I diabetes (non-insulin-dependent diabetes mellitus 
NIDDM) 

Most diabetics are in this category. Genetic factors rather than 
viruses or autoimmune antibodies are apparently causal. The 
metabolic alterations observed are milder than those described for 
IDDM (for example, NIDDM patients typically are not ketotic), but 
the long-term clinical consequences can be just as devastating 
(for example, vascular complications and subsequent infection 
can lead to amputation of the lower lir~bs). 

1. Cause of Type 10 diabetes: In NIDDIVI, the pancreas retains some 
p-cell ,Function, resulting in variable insulin levels that are insuffi- 

in diabetic pa1:ients. cient to maintain glucose homeostasis (see Figure 26.3). 

3 
See p. 262 for lnfolink references to other books in this series. 



111 . Insulin 257 

Patients with Type II diabetes are often obese. Type II diabetes is 
frequently accompanied by target organ insulin resistance that 
limits responsiveness to both endogenous and exogenous 
insulin. In some cases, insulin resistance is due to a decreased 
number or mutations of insulin receptors. However, an as yet 
undefined defect in the events that occur after insulin binds to its 
receptor is believed to account for resistance in most patients. 

2. Treatment of Type II diabetes: The goal in treating Type II dia- 
betes is to maintain blood glucose concentrations within normal 
limits and to prevent the development of long-term complications 
of the disease. Weight reduction, exercise and dietary modifica- 
tion decrease insulin resistance and correct the hyperglycemia of 
Type II diabetes in some patients. However, most are dependent 
on pharmacologic intervention with oral hypoglycemic agents 
(Figure 26.4). lnsulin therapy may be required to achieve satis- 
factory serum glucose levels. [Note: See Figure 26.2 for a sum- 
mary comparison of Type I and Type II diabetes rnellitus.] 

Insulin [IN suh lin] is a small protein consisting of two polypeptide 
chains that are connected by disulfide bonds. It is synthesized as a 
precursor protein (pro-insulin) that undergoes proteolytic cleavage to 
form insulin and peptide C, both of which are secreted by the p-cells 
of the pan~ reas .~  [Note: Normal individuals secrete less pro-insulin 
than insulin, whereas NlDDM patients secrete high levels of the pro- 
hormone. Since radioirnniu~ioassays do not distinguish between the 
two insulin types, NlDDM patients may have lower levels of the active 
hormone than the assay indicates. Thus measurement of circulating C 
peptide provides a better index of insulin levels.] 

A. lnsulin secretion 

lnsulin secretion is regulated not only by blood glucose levels but 
also by other hormones and autonomic mediators. Secretion is most 
commonly triggered by high blood glucose which is taken up and 
phosphorylated in the p-cells of the pancreas. Adenosine triphos- 
phate (ATP) levels rise and block K+ channels, leading to membrane 
depolarization and an influx of Ca++, which causes pulsatile insulin 
exocytosis. [Note: Glucose given by injection has a lower effect on 
insulin secretion than does gl~~cose taken orally, because orally taken 
glucose stimulates production of digestive hormones by the gut, 
which in turn stimulate insulin secretion by the pancreas.] 

B. Sources of insulin 

Insulin is isolated from beef and pork pancreas. However, human 
insulin is replacing the animal hormone for therapy. Human insulin 
is produced by a special strain of Escherichia &i that has been 
genetically altered to contain the gene for human insulin. Pork 
insulin is closest in structure to human insulin, differing by only 
one amino acid. 

Impaired 
alucose 

Normal tGlerance +Type ll diabetes 4 

I I I I 
No treatment Diet Diet plus Combin- Multiple 

sulfonyl- ation injections 
urea therapy of insulin 

Increasing severity of disease 

Figure 25.4 
Duration of non-insulin-dependent 
(type II) diabetes mellitus, sufficiency 
of endogenous insulin, and 
recommended sequence of therapy. 

4See p. 262 for lnfolink references to other books in this series. 
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C. llns~alin administration 

Symptoms caused 
by hypogllycemia 

Figure 26.5 
Adverse effects observed with insulin; 
Note: lipodystrophy is a local atrophy 
or hypertrophy of subcutaneous fatty 
tissue at the site of injections. 

Because insulin is a protein, it is degraded in the gastrointestinal 
tract if taken orally. It is therefore generally administered by subcu- 
taneous injection. [Note: In a hyperglycemic emergency, regular 
insulin is injected intravenously.] Insulin is inactivated by the reduc- 
ing enzyme, insulinase, found mainly in the liver and kidney. Insulin 
preparations vary primarily in their times of onset of activity and 
duratirri of sctivi;j;. This is due ir; large psri ti; ;he size arid cc;;;;po- 
sition of the insulin crystals in the preparations. [Note: The less sol- 
uble an insulin preparation is, the longer it acts.] Dose, site of 
injection, blood supply, temperature and pliysical activity can affect 
the duration of action of the various preparations. Human insulin is 
absorbed more quickly from its site of injection than are the beef or 
pork hormones. Thus, the duration of action of human insulin is 
shorter, and doses must be adjusted accordingly. 

D. Adverse reactions to insulin 

The symptoms of hypoglycemia are the most serious and com- 
mon adverse reactions to an overdose of insulin (Figure 26.5). 
Long-term diabetics often do not produce adequate amounts of 
the counterregulatory hormones (glucagon, epinephrine, cortisol, 
and growth hormone) that normally provide an effective defense 
against hypoglycemia. Other adverse reactions include lipodystro- 
phy and allergic reactions. [ Note: P-Blockers (p. 74) cause hypo- 
glycemia. Because they inhibit the adrenergic physiologic 
symptoms of hypoglycerrria, except for sweating, these drugs can 
mask the onset of insulin coma.] 

IVm IINSLBLIM PREPARATIONS 

Most of the insulins derived from beef and pork have been largely 
replaced by the human form synthesized utilizing reco-mbinant 
-tee-hnology- -- 

A. Rapid actlon lnsuiin preparations 

- - - - -- - -- -- - -. -- . - - - - - -- 
Regular insulin isB short-acting solu6le crystalline r i nc  iiEulin. It 

-- -- 

is usually given subcutaneously (or intravenously in emergencie 
and lowers blood sugar within minutes (Figure 26.6). It is the o 
insulin preparation suitable for intravenous adm 
buffered form is used 7n external insulinpump 
recombinant and animal source insulin are availble in this form. A 
new type of insulin, which contains a modification in the amino 
acid sequence of naturally occuring insulin, has recently been 
approved. This insulin acts faster than regular insulin. 

B, intermediate action insulin preparations 

1. Semilente insulin suspension:: This insulin is an amorphous pre- 
cipitate of insulin with zinc ion in acetate buffer that is not suit- 
able for intravenous administration. Its onset of actions and peak 
effect are rapid, but somewhat slower than for regular insulin. 
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1 REGULAR INSULIN I I @ Only insulin that is soluble. I 
Qa Can be given IV for emergencies, 

e.g., treatment of ketoacidosis. I 
Usually mixed with other, 
slower-acting insulins. 

A I J 
- 

NPH -\ 
insulin 

m 

LENTE INSULIN 
8 Consists of 70% ultralente and 30% semilente. 

b) Most widely used form of insulin. 

@ Sometimes given with regular insulin to 
provide a more rapid onset of action. 

E Ultralente insulin 1 
- 

0 12 24 36 

Hours Hours 

Figure 26.6 
Extent and duration of action of various types of insulin (in a fasting diabetic). NPH= neutral protamine Hagedorn. 

2. lsophane insulin suspension: This insulin, sometimes called 
neutral protamine Hagedorn, NPH, is a suspension of crystalline 
zinc insulin combined at neutral pH with the positively charged 
polypeptide, protanline. Its duration of action is intermediate. 
This is due to delayed absorption of the insulin because of conju- 
gation of the insulin with protamine to form a less soluble com- 
plex. The NPH should only be given subcutaneously (never IV), 
and is useful in treating all forms of diabetes except diabetic 
ketoacidosis or emergency hyperglycemia. 

3. bente insulin: This insulin is a mixture of 30% semilente insulin 
(prompt acting) and 70% ultralente insulin (prolonged acting). 
This combination provides a relatively rapid absorption, with a 
sustained action making lente insulin the most widely used of the 
lente series of insulins. It is given only subcutaneously. 

4. lnsulin combinations: Combinations of human insulins such as 
70% isophane + 30% regular, or 50% of each of these are also 
available. 

C. Prolonged action insulin preparations 

Ultralente insulin is a suspension zinc insulin (porcine or human) 
crystals in acetate buffer that is composed of large particles which 
are slow to dissolve, producing a slow onset of action and a long- 
lasting hypoglycemic effect. 

D. Standard treatment vs. intensive treatment: 

Standard treatment of patients with diabetes mellitus involves 
injection of insulin twice daily resulting in mean blood glucose lev- 
els in the range of 225 to 275 mg/dL, with HbAlc of 8 to 9% of 
total hemoglobin. In contrast, intensive treatment seeks to normal- 
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m 60 - ize blood glucose through more frequent injections of insulin 
C m 
.$ 50 (three or more times daily in response to monitoring blood glucose 
a -= levels). Mean blood glucose levels of 150 mg/dL can be act-~ieved, gi 40 with an HbAlc of approximately 7% of total hemoglobin. [Note: 
aE  30 
8s Normal mean blood glucose is approximately 110 mg/dL, and 
s5 20 HbAlc is 6% or less.] Thus, total normalization of blood glucose 
$2 lo levels is not achieved even in intensively treated diabetic patients. 
a 

0 Nonetheless, patients on intensive therapy show a 60% reduction 
0 1 2 3 4 5 6 7 8 9  in the lofig-term ~oi- ip! i~biof is of' diabeias-retiiiop~thy, i-iephro- 

Year of study pathy, and neuropathy--compared to patients receiving standard 

Figure 26.7 care (Figure 26.7). However, the frequency of hypoglycemic 
Effect of standard and intensive episodes, coma, and seizures due to excessive insulin is particu- 
care on the long-term complications larly high with intensive treatment regimens . 
of diabetes. 

\I. ORAL HYPOGLYCEMIC AGENTS 
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Reduce hepatic metabolism 
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Dicumarol 
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Bhenylbutazone 

These agents are useful in the treatment of patients who have 
non-insulin-dependent diabetes (NIDDM) but cannot be managed 
by diet alone. The patient most likely to respond well to oral hypo- 
glycernic agents is one who develops diabetes after age 40 and 
has had diabetes less than 5 years. Patients with long-standing 
disease may require a combination of a hypoglycemic drug and 
insulin to control their hyperglycemia. Oral hypoglycemic agents 
should not be given to patients with Type I diabetes. Figure 26.8 
summarizes some of the interactions of oral Iiypoglycemic agents 
with other drugs. 

The mechanisms of action of the sulfonylureas include: (1) stimu- 
lation of insulin release from the p-cells of the pancreas, (2) reduc- 
tion of serum glucagon levels, and (3) increased binding of insulin 
to target tissues and receptors. The primary drugs used today are 

-fo7bufamidiF[foIe BY00 ta mide], and the second generation 
der-ivatives;-gl~m'de-[GI:\CE-byooride]and-g/ipizide-[G L-l P-i-zide] . 
Given orally, they bind to serum proteins, are metabolized by the 
liver, and are excreted by the liver or kidney. These drugs are con- 
traindicated in patients with hepatic or renal insufficiency, because 

elayed excretion of the drug, resulting in its accumulation, may - - 

cause hypoglycemia. Renal impairment is a particular problem in 
--- 

the case of those agents that are metabolized to active com- 
pounds. The sulfonylureas traverse the placenta and can deplete 
insulir;-from-the-fztal-pzncieas; -therefore-the-NIGG -pregnant- 
women should be treated with insulin. [Note: Acetohexamide [a 
seat oh HEX a mide], and tolazamide [tole AZ a mide] are rarely 
used today. Chlorpropamide [klor PROE pa mide] should be 
avoided in the elderly. Its effects are very long lasting and it has 
the highest incidence of side effects in this drug group, causing 
hyponatremia, hypoglycemia, and if taken with alcohol, a disulfi- 

Figure 26.8 
Drugs interacting with sulfonyl- 
urea drugs. 
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ram reaction (see p. 96) and hypotension.] Figure 26.9 summa- 
rizes some properties of the hypoglycemic drugs and Figure 26.10 
illustrates some of the common adverse effects of these agents. 

B. Biguanides 

Metformin [MET for min] is now available in the United States. A 
biguanide, it differs from the sulfonylureas in not stimulating insulin 
secretion. The risk of hypoglycemia is less than with sulfonylurea 
agents. Metformin may be used alone or in combination with the 
sulfonylureas. Metformin acts primarily by decreasing hepatic glu- 
cose output, largely by inhibiting gluconeogenesis. A very impor- 
tant property is its ability to reduce hyperlipidemia (LDL and VLDL 
cholesterol concentrations fall and HDL cholesterol rises). The 
patient often loses weight. Metformin is considered by some 
experts as the drug of choice in newly diagnosed Type II diabetics. 
Metformin is well absorbed orally, is not bound to serum proteins 
and is not metabolized. Excretion is via the urine. Adverse effects 
are largely gastrointestinal. Rarely, potentially fatal lactic acidosis 
has occurred. [Note: Phenformin, a previous biguanide hypo- 
glycemic agent, was withdrawn for this reason.] Long term use 
may interfere with Bq2 absorption. The drug is contraindicated in 
renal and hepatic insufficiency. 

C. a-Glucosidase inhibitor 

Recently, acarbose [ay KAR bose] has been approved as an orally 
active drug for the treatment of patients with IVIDDM and as a pos- 
sible adjunct to insulin for those with IDDM. Acarbose inhibits a- 
glucosidase in the intestinal brush border and thus decreases the 
absorption of starch and disaccharides. Consequently the post- 
prandial rise of blood glucose is blunted. Unlike the other oral 
hypoglyceniic agents, acarbose does not stiniulate insulin release 
from the pancreas nor does it increase insulin action in peripheral 
tissues. Thus acarbose does not cause hypoglycemia. The drug 
car1 be used as monotherapy in those patients being controlled by 
diet or in combination with oral hypoglycemic agents, or with 
insulin. It is poorly absorbed and its major side effects are flatu- 
lence, diarrhea, and abdorr~i~ial cramping. 

, 
Durallon of action 

,' U S U ~ ~ - ~ O S ~  

a : 
opamide -- - {!!?I 

I 

Especially likely to 

Figure 26.9 
Summary of the properties of oral 
hypoglycemic agents. 

Figure 26.10 
Sun-~rnary of the adverse effects observed with oral hypoglycemic agents. 
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Choose the ONE best answer. 

26.1 Which one of the following statements is correct? 

A. Sulfonylureas decrease the secretion of insulin. 
B. Tolbutamide is effective in Type I diabetics. 
C. Sulfonylureas increase both the release of insulin 

and the insulin-sensitivity of target tissue. 
D. Glipizide increases glucagon secretion. 
E. Chlorpropamide blocks insulin receptors. 

r 
Correct answer = C. Sulfonylureas increase both 
insulin release and target tissue sensitivity. 
Sulfonylureas cannot act to increase insulin 
secretion in Type I diabetics because these indi- 
viduals have no 
glycemic agents 
glucagon release. 

\ 

p-cell fur 
often cal 

iction. 0 
Jse a dec 

ral hypo- 
:rease in 

26.2 Which one of the following statements is correct? 

A. lnsulin can be administered orally. 
6. lnsulin is always required therapy in Type II diabet- 

ICS. 

C. Protamine is added to insulin to decrease the rate 
of absorption of the hormone. 

D. Sulfonylureas are useful in the treatment of ketoaci- 
dosis. 

E. lnsulin acts by binding to receptors in the nucleus of 
target tissue. 

insulin to form an insoluble complex that is slowly 
absorbed. lnsulin is not administered orally 
because it is destroyed by proteases in the GI 
tract'. Diet therapy~d/o~sulfonylureas are often - - - - - - - 

effective without additional insulin in the theraov 
-- 

ing consequence of Type I d~abetics a 
adequate treatment w~th insulin, not s 
as. lnsulin acts by bindlng to speci 
rs in the cell membrane, not In t 

26.3 All of the following are correct EXCEPT: 

A. One of the most common side effects of oral hypo- 
glycemic agents is gastrointestinal disturbance. 

B. 'The most serious consequence of insulin overdose 
is hypoglycemia. 

C. Weight reduction is often of therapeutic help in 
obese Type II diabetics. 

D. Sulfonylureas are contraindicated in patients with 
hepatic insufficiency. 

E. lnsulin and glucagon have similar effects on 
metabolism. 

' Correct choice = E. lnsulin and glucagon have ' 
opposite effects on metabolism. The other state- 
ments are correct. 

/ 

26.4 A female patient with non-insulin-dependent diabetes 
has been maintained on an oral sulfonylurea hypo- 
glycemic agent. She becomes pregnant. The doctor 
switches her to insulin. This is necessary for all of ,the 
following reasons EXCEPT: 

A. Sulfonylureas can traverse the placenta and act on 
the islet cells of the pancreas of the fetus to deplete 
them of insulin. 

B. Sulfonylureas may provoke pregnancy-induced 
hypertension. 

C. lnsulin does not pass through the placenta. 
D. There is a greater demand for insulin in pregnancy 

than can be provided by sulfonylureas. 

sulfonylurea, othewlse the infant IS born hypo- 

e. The fact that lnsul~n does not pass 
the placenta allows the fetus to develop 

With the growth of the fetus, there are 
ernands on all body processes and thus 

of hormonal regulation of metabolis 
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1. OVERVIEW 

STEROID 1 HORMONES 

Steroid hormones include the sex liormones (androgens, progestins 
and estrogens), and the hormones of ,the adrenal cortex, Sex hormones 
produced by the gonads and adrenals are necessary for conception, 
embryonic maturation, and development of primary and secondary sex- 
ual characteristics at puberty, The gonadal hormones are used thera- 
peutically in replacement therapy and, in the case of estrogen, for Ethinyl estradiol 
contraception and osteoporosis. The adrenal cortex produces two major 
classes of steroid hormones: 'the adrenocorlicosteroids (glucocorticoids 
and mineralocorticoids) and the adrenal androgens. Their synthesis is 
stimulated by corticotropin (previously called adrenocorticotropic hor- 
mone, ACTH, see p. 247). Hormones of the adrenal cortex are used in 
replacement therapy, in the treatment and management of inflammatory 
diseases such as rheumatoid arthritis, in the treatment of severe aller- 

functions in which these con-~pounds are pr6duced in e 
27.1 lists the steroid h~rmones referred to in this chapter 

Estradiol [ess tra DYE ole] is the most potent estrogen produc 
wonie9 the other major estrogens, estrone [ESS trone] and estriol 
[essTRI olek have about one tenth the potency of e ~ t r a d i o l ~ T h e s e m -  
rally occurring steroids are subject to a large first-pass hepatic 
metabolisni and when admistered ora.lly show low bioavailability. 

Fluoxymesterone 

[ETH eye nil ess tra DYE ole], undergo less first-pass Testosterone cypionate 
thus are effective when adrninistered'orally at lower 

Summary of steroid horniones. 
(figure continues on next page.) 

Lippincon's Illustrated Reviews: Pharmacology, Second Edition. 
by Mary J. Mycek, Richard A. Harvey and Pamela C. Charnpe. 
Lippincott-Raven Publishers, Philadelphia, PA Q 1997. 263 



27. Steroid Hormones 

Cyproterone acetate 
Finasteriae 
Flutamide 

GORTICCBSTEROIDS 

- Beclomethasone 
- Betamethasone 
- Cortisone 
- Desoxycorticosterone 
- Dexamethasone 
- Fludrocortisone 
- Hydrocortisone 
- Methylprednisolone 
- Paramethasone 
- Prednisolone 
- Prednisone 
- Triamcinolone 

ADRENOCORTICOID 

I- - 
Aminoglutethimide - 
Mefyrapone 
Mifepristone 
Spironolactone 

. --- - "- 

Figure 27.1 (cont'6ued) 
Summary of steroid hormones. 

A. Mechanism of action 

Steroid hormones diffuse across the cell membrane and bind with 
high affinity to specific nuclear receptor proteins (see p. 393). 
Affinity for the receptor varies with the particular estrogeb[Note: 
The estrogen receptor is a member of a superfamily of receptors 
that include those fordhyroid hormones and vitamin Dl as well as 
ligands not yet identified. The attachment' 

hormone-speci,fic RNA synthesi~ resulting in the synthesis of spe- 
cific proteins that mediate a number of physiologic functions. [Note: 
The steroid hormones may elicit the synthesis of different RNA 
species in diverse target tissues and are therefore both receptor- 
and tissue- specific^ 

B. Therapeutic uses of estrogens 

The most frequent uses of estrogens are for contraception (see 
p. 268), for postmenopausal hormoiie therapy and for osteoporosis. 
Estrogens are also used extensively for replacement therapy in 
patients deficient in this hormone. Such a deficiency can be due to 
lack of development of the ovaries, menopause, or castration. 

1. PostmenopausaO hormone therapy:: I n  the past, estrogen therapy 
was reserved for postmenopausal women experiencing " U t  

and wrefhral chargjes, and women' wish- 
. Today, evidence is accumu- 

lating that all (except for pecific contraindications, such 
as a history of estrogen-dependent cancer) may experience multi- 

effects seen in women takin'g estrogen for contraceptkye pur- 
poses$Delivery of esyradiol by transdermal patch is also effective 
in treating postmenopausal symptoms. Replacemenf: therapy is 
not universally beneficial; the risk of breast and endometrial cancer 
is slightly increased and gallbladder disease is more common in 
women receiving estrogen,However, if these adverse affects are 
balanced against the favorable a~tions-particularly the cardiopro- 
tective effect-the cumulative effect of estrogen therapy is strongly 
beneficial. Figure 27.3 summarizes some of the agents useful in-' 

, the treatment of osteoporosisg a 
1 

* 2. Prima% hypogonadism: Estrogen thehpy rnirriiqking the natural 
s insti- 
stics in 

7-- --__ /-- 
1 
See p. 278 for lnfolink references to other books in this series. 



@ Estrogen decreases the resorption of bone 
but has no effect on bone formatione 

Estrdgen decreases frequency of hip 
fracture. [Note: Dietary calcium (1,000 to 
1,500 mg daily) and weight-bearing exercise 
also slow loss of bone.] 

@ Treatment with estrogens must begin 

UROGENITAL T 
@ Estrogen treatment re-establishes 

Estrogen treatment reverses feed,-back on hypothalamic control of 
postmenopausal atrophy norepinephrine secretion, leading to 
of vulva, vagina, urethra, and decreased frequency of "hot flashes." 

Figure 27.2 ' " 
Benefits associated with postmenopausal estrogen replacement. 

v 

@. Pkermacokinetics 

1. Naturally occurring estrogens: These agents and their esterified. 
or conjugated derivatives are readily absorbed through the gas- 
trointeslinal tracb skint and mucous membranes* Estrogen is also 
quickly absorbed when administered intramuscularly,Administered 
orally, estradiol is rapidly metabolized (and partially inactivated) by 
the rr~icrosomal enzymes of the liver 

I d 
1 inhibits bone resorption. 

Generallv considered safe, but 

2. The synthetic estrogen amalogsbThese compounds; for example, 
a 

ethinyl estradiol and mestranol [MES tra n~le]) ,  are well absorbed ., 
after oral administration/ an 
branes, Mestranol is qu~ckly 
metabolized more slowly th - .. 
by the liver and peripheral tissues. Being fat soluble, the; are 
stored in adipose tissue from which they are slowly released. 
Therefore, the 
action and high 

3. Metabolism: Estrogens are transported in the blood bol~nd to 
serum albumin and sex hormone-binding globulin. They are 
hydroxylated in the liver to derivatives that are sybsequently glu- 
curonidated or sulfated. These inactive products are,excreted in 
the urine. [Note: In individuals with liver damage, serum estrogen 
levels may increase due to reduced metabolism, causing femi- 
nization in males or signs of estrogen excess in females.] 

approximatkly 1,200 mglday. 
Minimizes loss of calcium from bones. 
Must be accompanied by adequate 
intake of vitamin D ., 

1 Estrogens 
A progestin is usually included, since 
the combination reduces the risk of 
endometrial carcinoma associated 
with estrogen treatment alone. 
Decreases the incidence of spine 
fractures by 70% and hip fractures 

Figure 27.3 
Drugs and dietary supplements 
used in the treatment of 
osteoporosis. 
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D. Adverse effects 

Nausea and vomiting are the mostlcommon adverse effects of estro- 
gen therapy. Other effects of estrogen are shown in Figure 27.4. 
Diethylstilbestrol has been implicated as the possible cause of a rare, 

Antiestrogens, which niodify or oppose the action of estrogens, 

pounds are equally 

flushesj and visual disturbances. 

. 

of progesterone released during the second half of the menstrual cycle 
(the luteal phase) inhibit the production of gonadotropin, and therefore, 
further ovulation, If conception takes place# progesterone con1:inues to 

Figure 27.4 be secretes maintaining the endometrium in a favorable state for the 
Some adverse effects associated continuation of ,the pregnancy and reducing uterine contractions. If con- 
with estrogen therapy. ception does not take place, the release of progesterone from the corpus 

luteum ceases abruptly,This decline stimulates the onset of menstrua- 
,tion. (See Figure 27.5 for a summary of the Iiorrnones produced during 
the menstrual cycle.) 



Ill. Oral and Imp 

A. Therapeutic uses off progestins 

The major clinical use of progestins is in which th& 
are generally used with estrogens. ation or in a 
sequential manner, Progesterone by itself is not used widely thera- 
pel~tically because of its rapid metabolism, resulting in its low bioavail- 
ability@Synthetic progestins used in contraception are more stable to 
first-pass metabolism, allowing for lower doses when administered 
orally. These agents include medroxyprogesterone acetate [meh 
DROX ee proe JESS ter one], hydroxyprogesterone acetate [hye 
DROX ee proe JESS ter one], norethindrone [nor eth IN drone], and 
norgestrel [nor JESS trel]. [Note: Norethindrone and norgestrel are 
sometimes called the nortestosterone progestins because of their 
structural similarity to the androgen. They also possess some andro- 
genic activity.] Other clinical uses of the progestins are in the control 
of dysfunctional uterine bleeding, the treatment of qly-a, 
suppression of- and the management of 
endometriosis+They are also used to treat endometrial carcinomas. 

Progesterone is rapidly absorbed after its administration by any 
route. It has a short half-life in the plasma, since it is almost coni- 
pletely metabolized in one passage through the liver. The glu- 
curonidated metabolite (pregnanediol glucuronide) is excreted by 
the kidney. Synthetic progestins are less rapidly metabolize3 

C. Adverse effects - 
The major adverse effects associated with the use of progestins are 
edema and depression. The androgen-like progestins can increase 
the ratio of LDL to HDL cholesterol, cause thrombophlebitis and pul- 
\ monary e6bolisml as w e m i  hirsutism and weight gain. 

F 
D. Antiprogestin 

Mifepristone (also designated RU 486) is a progestin antagonist with 
partlal agoMst activity. [Note: Mifepristone is also a potent antigluco- 
corticoid (see p. 277M Administration of this drug to females early in 
pregnancy results in most cases (85%) in abortion of the fetus due to 

ility of an incomplete abortion. 
However, administration of prostaglandin El intravaginally, or miso- 
prostol [miss oh PRQH stol] orally, qfier a single oral dose of mifepri- 
stone, effectively terminates gestatioli, Mifepristone can also be used 
as a contraceplive, given once a monthsuring the midluteal phase of 
the cycle when progesterone is normally high (Figure 27.5), 

1V. ORAL AND IMPLANTABLE CONTRACEPTIVES 

Ovulation 

t Days of menstrual cycle 

- - -- 

Figure 27.5 
Menstrual cycle showing plasma levels 
of pituitary and ovarian hormones, and 
a schematic representation of changes 
in the morphology of the uterine lining. 
FSH, follicle-stimulating hormone; LH, 
luteirlizing hormone. 

Drugs have been identi,fied that decrease fertility by a nurrlber of differ- 
ent mechanisms, for example, preventing ovulation, impairing gameto- 
genesis or gamete maturation, or interfering with gestation. Currently, 
.'interference with ovulation is the most common pharmacologic interven- 
tion for preventing pregnancy (Figure 27.6). 
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I A. Major classes of orat co~traceptives 

Figure 2'7.6 2. Progestin pills: Products ~ontaining a proges*tin only, usually 
Comparison of contraceptive use among norethindrone or norgestrer(called a 'mini-pill"), are taken daily 
U.S. women ages on a continuous schedule. Progestin-only pills deliver a low, con- 

tinuous dosage of drug. These preparations Are less effective 
than the combination pill (Figure 27.7) and may produce irregular 
menstrual cycles more frequently than the combination product. 
The progestin-only pill has limited patient acceptance because of 
anxiety over the increased possibility of pregnancy and the fre- 
quent occurrence of menstrual irregularities. 

Y Method of 
contraception 

Sterilization 

Oral contraceptive 

Condom 

Spermicide 
.eC:l<- vvar~ldi~f$al 

I 
Percent 

use 1. Combination pills: Prpducts containing a combination of estrogen 
and a pfogestin are the qost common type of oral contraceptives. 

b - - . -  13.3 The estrogen component suppresses ov~lation while the pro- 
, - - 1 3 2  gestin'prevents implantation in the endometrium and makes the 
- 1 1 7  -- cervical mucus impenetrable to sperml, Combination pills contain 
- 

_ -1 6 a constant low dose of estrogen given over 21 days pius a con- 
current low but increasing dose of progestin given over 3 succes- 

Norgestrel implants less than 0.2 P 

Diaphragm p6 sive 7-day periods (called the regimen"). The pills are 
taken for 21 days followed by a period to induce 

Periodic abstinence menses. [Note: Estrogens that are commonly present in the com- 
lntrauterine device (IUD) bination pills are ethinyl estradiol and mestranol.] These prepara- 

Douche 1 tions are highly effective in achieving contraception (Figure 27.7). 

Contraceptive 
method 

Oral contraceptive 
combination estrogen 

Progestin only 1.2 

Relative 
failure rate 

Intrauterine 
device (IUD) 1-9 1.4 

Diaphragm 

Condom 

6.7 

3. Bpgestin implants: Subdermal capsules containing levo- 
norgestrel offer long-term contraception. Six capsules, each the 
size of a match stick, are placed subcut~~eously in the upper 
arm. The progestin is slowly released from the capsules providing 
contraceptive protection for approximately 5 years. 'The implant is 
cheaper than oral contraceptives, nearly as reliable as steriliza- 
tion, and totally reversible if.the implants are surgically removed. 
Once the,prog.estin-containing capsuled are implanted, this 
method of contraception does not rely on patient compliance. This 
may, in part, explain the low failure rate for the method of contra- 

~ p t i o n - b r - e x a m p ~ _ E i g ~ _ e 2 7 7 S L s b ~ f _ b a t t t h i ~ S ~ e  of levo- 
norgestrel (NORPLANT) implants by adolescent msthe'rs results in 
significantly lower rates of new preg~iancies when compared to 
women using oral contraceptives. Principal side effects of the 
imdhtnts are=irreguBr menstrual bleding snheadaches. - 

%. a*.". ", * 4. Postcoital contraception: A fourth type of contraceptive strategy - - - .  
, ethinyl estradiol or diethy- 

of coitus .and continued 
Alternatively, two 

en within 72 hours 
of coitus, followed by inother two doses 12-hours later. A single 
dose of mifepristone has also been used, 

Rhythm n(y  
B. Mechanism ~f action 

Figure 27.7 The mechanism of action of these contraceptives is not completely 
Comparison of failure rate for various understood. It is likely that the combination of estrogen and progestin 
methods of contraception. Longer bars administered over approximately a 3-week period inhibits ovu@ory 
indicate a higher failure rate, that is, 
more pregnancies. 
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[Note: The estrogen provides a negative feedback on the release of 
thus preventing ovulation, The 
g at the end of the menstrual 

cycle4 Thickening of cervical mucus preve~?ts access by the sperm. 
& . -  c . ,  

C. Adverse effects 

Most adverse effects are believed to be due to the estrogen compo- 
nent, but cardiovascular effects reflect the action of both estrogen 
and progestin. The incidence of side effects with oral contraceptives 
is relatively low and is determined by the specific compounds and 
combinations used. . L 

1. Major adverse effects: The major side effects are breast fullness, 
depression dizzines~adema headache naus 6 &@ I 

2. Cardiowascular:~:The most serious side effect of oral contracep- 
tives is cardiovascular disease, including thromboembolism, 
thrombophlebitis, hypertension* and increased incidences of 
myocardial infarction and cerebral and coronary thrombosisd 

JThese adverse effects are most common among women who 
smoke and who are over 35 years of age although they may 
affect women of any agQ I ., 

3. Carcinogenicity: Oral contraceptives have been shown to decrease 
the incidence of endometrial and ovarian cancer, Their ability to 
induce other neoplasms is controversialJhe production of benign 
tumors of the liver that may rupture and hemorrhage is rare. 

4. Metabolic: Decreased dietary carbohydrate absorption by the 
intestine is sometimes associated with oral contraceptives, along 

nce of abnorp&&cose tolerance tests 
-&-- 7 

5. Serum lipids: The combination pill causes a change in the serum 
lipoprotein profile: estrogen causes an increase in HDL and a 
decrease in LDL-a desirable occurrence-whereas progestins 
have the'opposite effect. [Note: The potent progestin, norgestrel, 
causes the greatest increase in the LDUHDL ratio. Therefore, 
estrogen-dominant preparations are best for individuals with ele- 
vated serum cholesterol.] Cholestatic jaundice, cholecystitis and 
cholangitis are also encountered. 

6. Contraindications: Oral contraceptives -5%-'co%&indicated in the 
presence of cerebrovascular and thromboembolic disease, estro- 
gen-dependent neoplasms, liver disease, and migraine headache. 

/- 

V. ANDROGENS 

w \ The androgens are a group of steroids that have anabolic and/or nias- 

Oral contraceptlve 

Months 

Figure 27.8 
Superiority of levonorgestrel in 
preventing pregnancy in adolescent 
mothers. 

culinizing effects in both males and females. Testosterone [tess TOSS 
ter one], the most important androgen in humans, is synthesized by 
Leydig cells in the testes, and, in smaller amounts, by cells in the ovary 
of the female and in the adrenal gland. In adult males, testosterone 
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secretion by Leydig cells is controlled by hormonal signals from the 
hypothalamus (Gn-RH), by way of the pituitary gland secretion of FSH 
a n d 9  (which was originally known as interstitial cell-stimulatin'g hor- 
moneg (ICSH) in males). [Note: 
Leydig cell whereas FSH is ne 
nesls. esrosterone o m  met + 
see later) inhibits production of these specific trophic liorniones and 
thus regulates testosterone production (Figure 27.9). Synthetic modifi- 
cations of the androgen structure are desianed to (1) modify solubility 
and susceptibility to enzymatic breakdown (t 
of the hormone), and (2 

A. Mechanism of action 
I b* f C 

Like the estrogens and progestins, androgens bind to a specific 
nuclear receptor in a target cell, Although tkstosterone itself is the 
active ligand in niuscle and liver, in other ,tissues it must be nietabo- 
lized to derivatives such as DHT. For example, after diffusing into 

'4: the cells of the prostate, seminal vesicles, epididymis and skin, 
testosterone is converted by 5-a-reductase to DHT, which binds to 
the receptor, In the brain testosterone is biotransformed to estradiol. 
The hormonelreceptor complex binds to DNA and stimulates the 
synthesis of specific RNAs and  protein^.^ [Note: Testosterone 
analogs that cannot be converted to DHT have less effect on the 
reproductive system than they do on the skeletal musculature.] 

B. Therapeutic uses 

Anterior 1. Androgenic effects: Androgenic steroids are used in males with 
inadequate androgen secretion. [Note: Hypogonadism can be due 
to Leydig cell dysfunction or, secondarily, to failure of the hypotha- 
lamic-pituitary unit. In each instance, androgen is indicated.] 

2. Anabolic effects: Anabolic steroids can be used to treat senile 
osteoporosis and severe burn%, to speed recovery from surgery 
orfrom-eh rsn-ie-debi l i tati mg-d ~se-asef;-~tnd to-CXN n terac#heee 
catabolic effects of externally administered adrenal cortical hor- 
monesb 

- ==-STGrowtht Androgens-are-used-in conjunction-with ~ther~hormone 

. Endsrnetrissis: Danazo: IDA-na zole], a mild-androgen, is used in - 

the treatment of endometriosis (ectopic growth of the 
endometrium). 

z l , ,  , . 
Testosterone 5. Unapproved use: Androgenic steroids are used to increase lean 

or DHB body mass, muscle strength and aggressiveness in athletes and 

Fig la re 27.9 body builders (see "Adverse Effects"). 

Regulation of secretion of testosterone. 

'see p. 278 for lnfolink references to other books in this series. 
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C. Pharmacokinetics 

1. Testosterone: This agent is ineffective orally because of inactiva- 
tion by first-pass metabolism. As with the other sex steroids, 
testosterone is rapidly absorbed by the liver and other tissues, 
and is metabolized to relatively or completely inactive compounds 
that are excreted primarily in the urine but al{o in the feces. 
Testosterone and its C-17-esters (for example, testosterone cypi- 
onate or enanthate) are administered intramusculqrly. [Note: The 
addition of thegsterified lipid makes the hormone more lipid-solu- 
ble, thereby increasing its duration of aclion.] Testosterone and its 
esters demonstrate a 1 :1 relative ratio of androgenic to anabolic 
activity. 

2. Testosterone derivatives: Agents such s fluoxymesterone [floo ox 
ee MESS te rone] and danazol also have a longer half-life in the 
body than does the naturally occurring androgen. Fluoxymesterone 
is effective when given orally, and it has a 1 :2 androgenic to 
anabolic ratio. Because it is not r'eadily converted to DHT, it is less 
active than testosterone in the reproductive system and does not 
induce puberty. It has a longer half-life than does testosterone. 

ID. Adverse effects 

1. In females: Androgens can cause masculinization with acne, 
growth of facial hair, deepening of the voice, male pattern bald- 
ness, and excessive muscle development. Menstrual irregularities 
may also occur. Testosterone should not be used by pregnant 
women, because of the possible virilization of the female fetus. 

2. In males: Excess androgens can cause ' impotence, 
decreased spermatogenesisland gynecomastiQ 

3. In children: Androgens can cause growth disturbances resulting 
,from premature closing of the epiphyseal plates and abnormal 
sexual maturation. 

4. General effects: Androgens increase serum LDL and lower serum 
HDL levels; therefore they increase the LDUHDL ratio and poten- 
tially increase the risk for premature coronary heart disease. 
Androgens can also cause 'fluid retention leading to edema. 

5. In athletes: Use of anabolic steroids, (for example, nandrolone 
[nan DRO lone] or stanozolol [sta NO zo loll, by athletes can 
cause premature closing of the epiphysis of the long bones, which 
interrupts development. The high doses taken by these young 
athletes may result in hepatic abnormalities, increased aggression 
("roid rage"), and psychotic episodes, as well as the other adverse 
effects described above. 

Testosterone 
and its esters 

Fluoxymesterone 
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Hypothalamus n 

Anterior 
pituitary 

Aldosterone 

Zona 

Androgens 

Adrenal 
medulla 

Figure 27.10 
Regulation of corticosteroid 
secretion. 

E. Antiandrogens 

Antiandrogens counter male hornional action by interfering with the 
synthesis of androgens or by blocking their receptors. For example, 
at high doses, the antifungal ketoconazole (see p. 340) inhibits sev- 
eral of the c tochrome P-450 enzymes involved in steroid synthesis. 
Finas e fin AS ter eyed], the steroid-like drug recently approved w or e treatment of (BPH), inhibits 5-a- 
reductase; ,the resulting decrease in formation of DHT by the .., 
prostate leads to a reduction in prostate sizeBAntiandrogens, such' 
as cyproterone acetate [sih PROE ter one] and flutamide [FLOO ta ; ' ' 

mide] (see p. 395), act as competi.tive inhibitors of androgens.   hey.' 
inhibit the action of the androgens at the target cell. cyproterone 
acetate has been used to treat hirsutism in females; wherease flu- 
tamide is used in the treatment of prostatic carcinoma in males. 

VII. ADRENAL CORTICOSTEROIDS 

-The adrenal cortex is divided into three zones that synthesize various 
steroids from cholesterol and secrete them (Figure 27.10). The outer 
zona glomer~~losa produces mineralocorticoids (for example, aldos- 
terone), which are responsible for regulating salt and water metabolism. 
Production of aldosterone is regulated primarily by the renin- 
angiotensin system (see p. 180). The middle zona fasciculata synthe- 
sizes glucocorticoids (for example, cortisol [KOR ti sol]), which are 
concerned with normal metabolism and resistance to stress. The inner 
zona reticularis secretes adrenal androgens, such as dehy- 
droepiandrosterone. Secretion by the two inner zones, and to some 
extent, the outer zone, is controlled by pituitary corticotropin, which is 
released in response to the hypothalamic corticotropin-releasing hor- 
mone (CRH,, see p.247). Glucocorticoids serve as feedback inhibitors of 
corticotropin and-corticotropin-releasing factor (CRF) secretion (Figure 
27.1 0). 

A. Mechanism of adion 
---- __ 

The adrenocorticoids bind to specific intracellular cytoplasmic 
receptors in target tissues. The receptor-hormone complex then 
translocates into the nucleus where it acts as a transcription factor 
to turn genes on oruff; depending on-the tissue. This mechanism - =  

requires time to produce an effect. There are other glucocorticoid 
effects, such as their requirement for catecliolamine-mediated dila- 
tion of vascular and bronchial musculature or lipolysis, whose 
effects are immediate. The bases for these actions are unknown. 

Some normal actions and some selected mechanisms of adrenocor- 
ticoids are described in this section. Understanding these actions 
aids the reader in better comprehending the results of adrenal insuf- ' 
ficiency and the uses of adrenocorticoids as therapeutic agents in a 
variety of disorders. 
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1. Glucocorticoids 

a. Promote normal intermediary metabolism: Glucocorticoids 

and energy needed for glucose synthesis. [Note: Gluco- 
corticoid insufficiency may result in Iiypoglycemia, for example, 
during stressful periods or fastingd 

r .  ,*:y ' " 
i,. b. Increase resistance to stress: By raising plasma glucose lev- 

els, glucocorticoids provide the body with the energy it requires 
t to combat stress cause5 for example, by trauma, fright, infec- 

t i 03  bleeding, or debilitating disease. Glucocorticoids can 
cause a modest rise in blood pressure, apparently by enhanc- 
ing the vasoconstrictor action of adrenergic stimuli on small 
vessels. [Note: Individuals with adrenal insufficiency may 
respond to severe stress by becoming hypotensive.] 

c. Alter blood cell levels in plasma: Glucocorticoids cause a 
decrease in eosinophils, basophils, monocytes, and lympho- 
cytes by redistributing them t$ lymphoid tissue from the circu- 
lation, In contrast, they increase the blood levels of 
hemoglobin( erythrocytes, platelets and olymorphonuclear 
leukocytesrp[Note: The decrease in circulating - ymp ocytes 
and macrophages compromises the body's ability to fight 
infectionsrtlowever, this property is important in the treatment 
of leukemia (see p. 393),] 

d. Anti-inflammatory action: The most important therapeutic 
property of the glucocorticoids is their ability to dramatically 
reduce the inflarr~matory response and to suppress immunity. 
The exact mechanism is complex and incompletely under- 
stood. However, it is known that the lowering and inhibition of 
peripheral lymphocytes and macrophages play a role. Also 
involved is the indirect inhibition of phospholipase A:! (due to 
the steroid mediated elevation of lipocortin), which blocks the 
release of arachidonic acid, the precursor of the prosta- 
glandins and leukotrienes, from membrane-bound phospho- 
lipid (see p. 403). 

e. Affect other components of the endocrine system: Feedback 
inhibition of corticotropin production by elevated glucocorti- 
coids causes inhibition of further glucocorticoid synthesis as 
well as t h y r o i d m t i n g  hormone production, whereas 

prowth h m o n e  produson is ~ncfGsed. 

f. Effects on other systems: These are mostly associated with 
the adverse effects of the hormones~High doses of glucocorti- 
coids stimulate gastric acid and pepsin production and may 
exacerbate ulcers. Effects on the central nervous system that 
influence mental status have been identified. Chronic glucocor- 
ticoid therapy can cause severe bone loss. Myopathy leads 
patients to complain of weakness. 
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2. Mineralocorticoids 

Mineralocorticoids help control the body's water volume and con- 
centration of electrolytes, especially sodium and potassium. 
Aldosterone acts on kidney tubule cells, causing a reabsorption 
of sodium, bicarbonate, and water. Conversely, aldosterone 
decreases reabsorption of potassium, which is then lost in the 
urine. [Note: Elevated aldosterone levels may cause alkalosis and 
hypokalemia, whereas retention of sodium and water leads to an 
ir~crease in isioosi volume and blood pressure (see p. ?SO- 
Hyperaldosteronism is treated with spironolactone (see p. 2 3 2 ) . ] n  

,I,) 
C. Therapeutic uses of the adrenal corticosteroids 

Several semisynthetic derivatives of the glucocorticoids have been 
developed that vary in their anti-inflammatory potency, the degree to 
which they cause sodium retention, and their duration of action. 
These are sunimarized in Figure 27.1 1. 

1. Replacement therapy for primary adrenocortical insufficiency 
(Addison's disease): This disease is caused by adrenal cortex dys- 
function (as diagnosed by the lack of patient response to corti- 
cotropin administration). ~ydrocortisone [hye droe KOR ti sone], 
which is identical to the natural cortisol, is given to,correct the defi- 
ciency. Failure to do so results in death The dosage of hydrocorti- 
sone is divided so that two thirds of the normal daily dose is given in 
the morning and one third in the afternoon. [Note: The goal of this 
regimen is to approxinlate the daily hormone Levels resulting from 
the circadian rhythm exhibited by cortisol, which causes plasma 
levels to be maximal around 8 A.M. and then to decrease through- 
out the day to their lowest level around 1 A.M,] Administration of 
fludrocortisone [floo droe KOR ti sone], a synthetic mineralocorti- 
coid with some glucocorticoid activity, may also be necessary to 
raise the mineralocorticoid activity to normal levels. 

2. Replacement therapy for secondary or teitiai'y adrenocortical 
ins~# ieiene~These-def'ieieneiesar~used-wefst-eitherin 
CRF production by the hypothalamus or corticotropin production 
by the pituitary (see p. 247). [Note: Under these conditions, the 
adrenal cortex synthesis of mineralocorticoids is less impaired 

- - - - - = than that-of glucocorticoids.] The adrenal-cortex=responds to colrti- -- -- 

cotropin administration by synthesizing and releasing the adrenal 
corticosteroids. Hydrocortisone is also used for these deficiencies. 

3. Diagnosis of Cushiiigzs syirndrome: Cushing's syndrome is 
caused by a hypersecretion of giucocoriicoids that is due to either 
excessive release of corticotropin by the anterior pituitary or to an 
adrenal tunio@The dexamethasone suppression test is used to 
diagnose the cause of an individual's case of Cushing's syn- 
drome. This synthetic glucocorticoid suppresses cortisol release 
in individuals with pituitary-dependent Cushing's syndrome, but it 
does not suppress glucocorticoid release from adrenal tumors. 

4. Replacement therapy far congenital adrenal hyperplasia (@AH): 
This is a group of diseases resulting from an enzyme defect in the 

? *  
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Short-acting glucocorticoids 

Anti-inflammatory effect 
1 I Salt-retaining effect 

Intermediate-acting glucocorticoids 

Prednisone " 
Prednisolone P 

1 0.8 

Long-acting glucocorticoids 

Betamethasone 

Dexamethasone 

Paramethasone 
I, 0 

Mineralocorticoids 

Fludrocortisone F v C D  
-- 1 1 2 5  

Deoxycorticosterone 
1 20 

Figure 27.1 6 
Pharmacologic properties of some commor~ly l~sed natural and synthetic corticosteroids; 
activities are all relative to hydrocortisone = I .  Time refers to duration of action. 

synthesis of one or more adrenal steroid hormones. Treatment of 
this condition requires administration of sufficient corticosteroids 
to normalize the patient's hormone levels. Choice of replacement 
hormone depends on the site of the lesion. 

5. Relief of inflammatory symptoms: Glucocorticoids dramatically 
reduce the manifestations of inflammations (for example, rheuma- 
toid and osteoartliritic inflammations, inflammatory condi'tions of 
the skin), including the redness, swelling, heat, and tenderness 
that are commonly present at the inflammatory site. The effect of 
glucocorticoids on the inflammatory process is the result of their 
effects on the distribution, concentration, and function of leuko- 
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0 M 
Cortisone 
Desoxycorticosterone 
Triamcinolone 

IV, IM 
Dexamethasone 
Hydrocortisone 

&c/omefhasone mfh~wednisolone 
Flunisolide Prednisolone 
Fluticasone 
Triamcinolone 
can be administered 

Beclomefiasohe 
Dexamethasone 
Hydrocortisone 
Triamcino!one 

Flgure 27.12 
Routes of administration and 
elitmination of corticosteriods. 

cytes. These effects include an increase in the concentration of 
neutrophils; a decrease in the doncentration of lymphocytes (T 
and B cells), basophils, eosinophils and monocytes; and an inhibi- 
tion of the ability of leukocytes and macrophages to respond to 
mitogens and antigens. Glucocorticoids also influence the inflam- 
matory response by their ability to reduce the amount of his- 
tamine released from basophils and to inhibit the activity of kinins. 
[Note: The ability of glucocorticoids to inhibit the immune 
response is also a. result of the other actions described above.] 

6. Treatment of allergies: Glucocorticdids are useful in the treatment 
of the symptoms of drug, serum, and transfusion allergic reac- 
tions, bronchial asthma, and allergic rhinitis. These drugs are not, 
however, curative. [Note: Beclomethasone dipropionate [be kloe 
METH a sone], triamcinolone [tri am SIN o lone] and others are 
applied topically to the respiratory tract through inhalation from a 
metered dose dispenser (see p. 219). This minimizes systemic 
effects and allows the patient to significantly reduce or eliminate 
the use of oral steroids.] 

1. Absorption and metabolism: Naturally occurring adrenal corticos- 
teroids and their derivatives are readily absorbed from the gas- 
trointestinal tract. Selected compounds can also be administered 
intravenously, intramuscularly, topically, or as an aerosol (Figure 
27.12). Greater than 90% of the absorbed glucocorticoids are 
bound to plasma proteins: most to corticosteroid-binding globulin, 
and the remainder to albumin. Corticosteroids are metabolized by 
the liver microsomal oxidizing enzymes. The metabolites are con- 
jugated to glucuronic acid or sulfate, and the products are 
excreted by the kidney. [Note: The half-life of adrenal steroids may 
increase dramatically in individuals with hepatic dysfunction.] 

2. Dosage: In determining the dosage of adrenocortical steroids, 
m;tny-fa~tor+need-to-be-taken-into-sonsideration,-including~luco~---~ 
corticoid versus mineralocorticoid activity, duration of action, type 
of preparation, and the time of day that a steroid is administered. 
For example, when large doses of the hormone are required over 

tended period of time (more than 2 weeks), suppression of - 

thalamic-pituitary-adrenal (H PA) axis occurs. To prevent 
erse effect, a regimen of alternate-day administration of 

the adrenocortical steroid may be useful. This schedule allows the 
HPA axis to recover/function on the days the hormone is not 
taken. 

E. Adverse effects 

The common side effects of long-term corticosteroid therapy are 
summarized in Figure 27.1 3. [Note: lncreased appetite is not neces- 
sarily an adverse effect, since it is one of the reasons for the use of 
prednisone in cancer chemotherapy.] The classic Cushing-like syn- 
drome-redistribution of body fat, puffy face, increased body hair 
growth, acne, insomnia and increased appetite-are observed when 
excess corticosteroids are present. lncreased frequency of 



VI. Adrenal Corticosteroids 

cataracts also occurs with long-term corticosteroid therapy. 
Withdrawal from the drugs can be a serious problem, because if the 
patient has experienced hypothalamic-pituitary-adrenal suppres- 
sion, abrupt removal of the corticosteroids causes an acute adrenal 
insufficiency syndrome that can be lethal. This fact, coupled with the 
possibility of psychological dependence on the drug and the fact 
that withdrawal might cause an exacerbation of the disease, means 
that the individual schedule for withdrawal may be based on tria.1 and 
error. The patient must be carefully monitored. 

F. Inhibitors of adrenocorticoid biosynthesis 

Several substances have proven to be useful as inhibitors of the 
synthesis of adrenal steroids: metyrapone [me TEER a pone], 
aminoglutethimide [a mee noe g lu TETH i mide], ketoconazole [kee 
toe KON a zole], and spironolactone. Mifepristone competes with 
glucocorticoids for the receptor. 

1. Metyrapone is used for the treatment of Cushing's syndrome and 
can be used for tests of adrenal function. [Note: Dexamethasone 
suppression is now used more commonly for diagnosis.] 
Metyrapone interferes with corticosteroid synthesis by blocking 
the final step (1 1 -hydroxylation) in glucocorticoid synthesis, lead- 
ing to an increase in 1 I-deoxycortisol as well as adrenal andro- 
gens and the potent mineralocorticoid, 1 1 -deoxycorticosterone. 
The adverse effects encountered with metyrapone include salt 
and water retention, hirsutism, transient dizziness, and gastroin- 
testinal disturbances. 

2. Aminogluitethlrnide acts by inhibiting the conversion of cholesterol 
to pregnenolone. As a result, the synthesis of all hormonally 
active steroids is reduced. Aminoglutethimide has been used 
therapeutically in the treatment of breast cancer to reduce or elim- 
inate androgen and estrogen production. In these cases it is used 
in conju nctio~i with dexamethasone. Aminoglutethimide may also 
be useful in the treatment of malignancies of the adrenal cortex to 
reduce the secretion of steroids. 

3. Ketoconazole (an antifungal agent, see p. 340) strongly inhibits all 
gonadal and adrenal steroid hormone synthesis. It is used in the 
treatment of patients with Cushing's syndrome. 

4. Nlifepristane is a potent glucocorticoid antagonist as well as an 
antiprogestin (see p. 267). It forms a corr~plex with the glucocorti- 
coid receptor, but the rapid dissociation of the drug from the 
receptor leads to a faulty translocation into the nucleus. Its poten- 
tial use in the treatment of Cushing's syndrome is being explored. 

5. Splronolactone competes for the mineralocorticoid receptor and 
thus inhibits sodium reabsorption in the kidney (see p. 232). It can 
also antagonize aldosterone and testosterone synthesis. It is 
effective against hyperaldosteronism. The drug is also useful in 
the treatment of hirsutism in women, probably due to interference 
at the androgen receptor of the hair follicle. 

Figure 27.1 3 
Some commonly observed effects of 
long-term corticosteroid therapy. 
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Choose the ONE best answer. 

27.1 All of the following statements about glucocorticoids 
are correct EXCEPT: 

A. They niay produce peptic ulcers. 
B. They are useful in the treatment of refractory 

asthma. 
C. They are contra.indicated in glaucoma. 
D. They are used in the treatment of Addison's ais- 

ease. 
E. They exert their effect by binding to receptors in 

the cell membrane. 

Correct answer = E. All steroid hormones bind to 
receptors in the nucleus or the cytosol. 

27.2 Which one of the following statements is true? 

A. Diethylstibestrol enhances fertility by blocking the 
inhibitory effect of estrogen on the pituitary. 

B. Tamoxifen is an estrogen antagonist. 
C. Dexamethasone has weak anti-inflammatory prop- 

erties. 
D. Estrogens are mainly excreted unchanged in the 

urine. 
E. Tamoxifen is used to treat infertility. 

thetic estrogen,that acts directly on target tis- 
sues. Estrogens are secreted as sulfated or 
alucuronidated metabolites. Tamoxifen is used ( b the treatment of advanced breast cancer. 1 

27.3 All of the following are adverse effects associated 
with the use of oral contraceptive agents EXCEPT: 

A. restores bone loss accompanying osteoporosis. 
B. may induce "hot flashes". 
C. may cause atrophic vaginitis. 
D. is most effective if instituted at the first signs of 

menopause. 
E. requires higher doses of estrogen than are 

required with oral contraceptive therapy. 

- - - * " -  ' 
Correct answer = D. Estrogens decrease oui do I not restore the age-related loss of bone. 'I 

omotor symptoms of menopause, such as 
flashes, are decreased with estrogen 

acement therapy. Symptoms of menopause, 
h as atrophic vaginitis, are decreased with 

27.5 Progestins 

A. are not produced in males. 
B. increase HDL and decrease LDL. 
C. attenuate the increased risk of endometrial cancer 

associated with estrogen-only oral contraceptive 
agents. 

D. such as progesterone are widely used in oral con- 
traceptives. 

E. commonly induce weight loss. 

\ 

The correct answer = C. Progesterone is syn- 
thesized by the testes in males. Progestins 
decrease HbL and Increase LDL. When orally 
administered, progesterone is-largely inactivated 

- by hepatic first-pass metabolism. Weight gain is 
one of the side effects of progestins. 

'. J 

A . - E d e m a .  -- 
I . o ~ t m ~ - ~ f - t l t e f o l b i n g i s a - s y n t M ~ t m g e n  

B. Breast tenderness. used in oral contraceptives? 
C. Nausea. 

A. Mestranol. 
D. Increased frequency of migraine headache. 

B. Norgestrel. 
ased-risk- of-ovarian cancer. - - - - - - - - ---- 

C. Ckmiphene. 
f \ 

Correct choice = E. Oral contraceptive agents 
decrease the incidence of ovarian and endome- 

-triaLca.flcers. - _ - - -- - -- 

D. Estradiol. 
E. Norethindrone. 

27.4 Estrogen replacement therapy in menopausal women antiestrogen. €itradio1 is largely inactivated by 
first-pass metabolism when administered orally. 

d.) for a di! )r a discus In Bfochernlstry (2nd ed.) fc  
cription of eukaryotic genes. 



,7-> - . . ~ 

- i t  . - - - , - ' ' ., , ?>., -: .--, , . , " :- <-- { T i ,  ,.;, r- .,,, .. (4-  --- ,. - , ,(:<- . .  1 ;I ;I- ~ 2 ,  L,.; L.;~: I : 3 I i!.~, ;G: ~ i ~ j  e,J:L\Ly 1 ,~7j LLj.:~it.'!<; 
- > -  

Antimicrobial drugs are effective in the treatment of infections because 
of their selective toxicity-the ability to kill an invading microorganism 
without harming the cells of the host. In most instances, the selective 
toxicity is relative, rather than absolute, requiring that the concentration 
of the drug be carefully con,trolled to attack the microorganism while still 
being tolerated by the host. Selective antimicrobial therapy takes advan- 
tage of the biochemical differences that exist between microorganisms 
and human beings. 

III. SELECTIION OF ANTIMPCRQBIIAL AGENTS 

Selection of the most appropriate antimicrobial agent requires knowl- 
edge of (A) the organism's identity and its sensitivity to a particular 
agent, (B) the site of the infection, (C) the safety of the agent, (D) 
patient factors and (E) the cost of therapy. However, some critically ill 
patients require empiric therapy, that is, immediate administration of 
drug(s) covering infections by both gram-positive and gram-negative 
microorganisms (Figure 28.1). 

A. Empiric therapy prior to organism identification 

Empiric therapy: 
Coverage by a combination of antibiotics such as, 

ciindamycin plus gentamicin, 
effective against gram-positive, gram- 

negative and anaerobes,. 
or 

A single broad-spectrum 
antibiotic, such as, 
imipenem/cilastatin . 

Receive cullure report 
with seositivities 

Continue aram- 
positive coverage, 
discontinue gram- Continue 

therapy as 
. . . . . . - . - - 

anaerobic coverage 11 

t' I 
V 

Continue grarn- 
negative coverage, 
discontinue grarn- 
positive and 
anaerobic coverage 

Ideally, the antimicrobial agent used to treat an infection is selected Continue anaerobic 
coverage, discontinue 

after the orgar~ism has been identified and its drug sensitivity estab- gram-positive and 

lished. However, in the critically ill patient, such a delay could prove gram-negative coverage 

fatal and immediate empiric therapy is indicated. 
Figure 28.6 

1. The acutely ill patient: Acutely ill patients with infections of ~hera~eut ic  strategy in treating 
unknown origin for example, a neutropenic patient (one who has a patients with an infection of 
reduction in neutrophil count, possibly indicating bacterial unknown origin. 

Lipp~ncoff's Illustrated Reviews: Pharmacology, Second M t i o n  
by Mary Mycek, Richard A. Harvey and Pamela C. Champe. 
Lippincott-Raven Publishers, Philadelphia, PA O 1997. 279 
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u 
Organism to 
be cultured 

infection), or a patient with severe headache, a rigid neck, and 
sensitivity to bright lights (symptoms characteristic of meningitis) 
require immediate treatment. Therapy is initiated after specimens 
for laboratory analysis liave been obtained but before the results 
of the culture are available. 

2. Selecting a drug: The choice of drug in the absence of sensitivity 
data is influenced by site of infection and patient history, for exam- 
pla, wf;z:f;er the ir,facticr, :.:as hccplfe!- cr s~mmuni t \ l -acn~~i r~r l  J ----.. - - ,  

whether the patient is immunocompromised, as well as the 
patient's travel record and age. Empiric therapy with a cornbina- 
tion of antibiotics or a single drug covering infections by both 
gram-positive and gram-negative microorganisms may be started 
initially. Figure 28.1 summarizes a typical therapeutic strategy for 
a patient with a suspected bacterial infection of unknown origin. 

4 B. ld~ntlficalCon and sensitivity of the organism 

different antibi 

Incubate 
24-48 hours 
(antibiotics 
diffuse into 

agar) 
Zone of 

inhibition 

inhibition inhibition 

Organism is Organism is 
resistant to sensitive to 

antimicr~bial agent antimicrobial agent 

Characterization of the orgal- ism is central to the selection of the 
proper drug. A rapid assessment of the nature of the organism can 
sometimes be made on the basis of differential stains, such as the 
Gram stain, but it is generally necessary to culture the infective organ- 
ism in order to arrive at a conclusive diagnosis and to determine the 
sensitivity of the bacteria to antimicrobial agents. Thus, it is essential 
to obtain a sample culture of the organism prior to initiating treatment 
if possible. Newer methods that use molecular biological techniques 
to identify microorganisms are making a public health impact in identi- 
fication of the source of an outbreak of infectious diseases. 

C. Laboratory methods of identification 

The most commonly used method to test susceptibility to antibiotics 
has been disk diffusion, in which disks containing antibiotics are 
placed on culture dishes inoculated with the microorganism to be 
tested, and the organism's growth (resistance to the drug), or lack of 

----grwt k-(sensitiui ty-to-t k e d  rcrg)-is-then-mmitor_ed_CF& ~reB~a--- 
Although this method is still employed in some clinical laboratories, 
it is being replaced by miniaturized automated procedures that are 
much faster and more cost effective. In these procedures, plates, 

== called panels, consist of wells containing reacta.ntsythattpermjt _ - 
assessment of unique characteristics of the organism (for example, 

glucose). Other wells may hold various concentra 
tions of clinically useful antibiotics. Results are obtained and printed 
automatically, identifying the organism and the minimal inhibit 
concentration of the antibiotics to which it is susceptible. 

D. The effect of the site of Infection on therapy 

Adequate levels of an antibiotic must reach the site of infection in 
order for the invading microorganism to be effectively eradicated. 

Figure 28.2 Natural barriers such as those described below may cause inade- 
Disk diffusion method for determining quate penetration of the drug into certain tissues such as the brain, 
the sensitivity of bacteria to anti- 
microbial agents. prostate, and bone, although inflammation can influence the 

response to drug therapy in these tissues. 
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1. Blood-brain barrier: Treatment of central nervous system infections, 
such as meningitis, depends on the ability of a drug to penetrate 
into the cerebrospinal fluid (CSF). The blood-brain barrier (see p. 8) 
ordinarily excludes many antibiotics. However, inflammation facili- 
tates penetration and allows sufficient levels of many (but not all) 
antibiotics to enter the CSF. [Note: For cure of meningitis, it is 
important that a bactericidal rather than a bacteriostatic effect is 
achieved in the CSF. Yet, this is not without its problems, since rapid 
bacteriolysis in the infected CSF will liberate high concentrations of 
bacterial cell walls and lipopolysaccharide that can exacerbate the 
inflammation. This has led to the use of adjunctive (simultaneous 
administration of) corticosteroids, which diminish the inflammatory 
process and neurologic sequelae.] 

2. Prostate: Bacterial prostatitis is difficult to cure, probably because 
of the fa.ilure of many antibiotics to cross the prostatic epithelium, 
and, therefore, not entering the prostatic fluid and tissue. 
Furthermore, the pH of prostatic fluid is relatively acidic (pH 6.4) 
compared to the plasma (pH 7.4). Trimethoprim, a basic anti- 
microbic with a pK, of 7.3 is effective in bacterial prostatitis. About 
50% non-ionized in the plasma, and with good lipid solubility, the 
drug diffuses into the prostate and concentrates due to ion trap- 
ping in the relatively more acidic prostatic fluid (Figure 28.3). In 
contrast, acidic antibiotics tend to be predominantly ionized at 
plasma pH in the plasma and do not cross into the prostatic fluid. 
For example, consider penicillin G, which is poorly lipid soluble 
and has a pK, of 2.7. The calculated ratio of charged to 
uncharged drug in the plasma is about 100,000, so it is not sur- 
prising that it is ineffective in the treatment of prostatitis even in 
susceptible organisms (see ion trapping, p. 24). 

E. Status of the patient 

In selecting an antibiotic, attention must be pa.id to the condition of the 
patient. For example, the status of the patient's immune system, kid- 
neys, and liver must be considered. In women, pregnancy or breast- 
feeding an infant also affect the selection of the antimicrobial agent. 

1. Immune system: Elimination of infecting organisms from the body 
depends on an intact inimune system. Antibacterial drugs 
decrease the microbial population (bactericidal), or inhibit further 
bacterial growth (bacteriostatic, p. 283), but the host defense sys- 
tem must ultimately eliminate the invading organisms. Alcoholism, 
diabetes, infection with the human immunodeficiency virus (HIV), 
malnutrition, or advanced age can affect a patient's immunocom- 
petency, as can therapy with immunosuppressive drugs. Higher 
than usual doses of bactericidal agents or longer treatment are, 
required to eliminate the infective organisms in these individuals. 

2. Renal dysfunction: Poor kidney function (10% or less of normal) 
causes accumulation of antibiotics that are ordinarily eliminated 
by this route. This may lead to serious adverse effects unless con- 
trolled by adjusting the dose or the dosage schedule of the antibi- 
otic. Although serum creatinine levels are sometimes used as an 
index of renal function for adjustment of drug regimens, direct 
monitoring of serum levels of some antibiotics is preferred to 

Jenicillin is largely ionized 
tnd bound to plasma 
~roteins at pH = 7.4 and thus 
ails to benetrate into prostate. 

. 

. Proaa 
:= nult 
; (pH =I 

llk 
i 
5.4) 

,.- ." 
. ... . . . - . -. .- 
s:. . Pros!atk 

pH.7.4) :>. lluld 
(pH=-) T i  

Approximately 50% of trimethoprim 
is non-ionized at pH = 7.4 and there- 
fore the drug penetrates into prostate 
In acidic prostatic fluid trimethoprim 
is protonated and this ionized form is 
trapped-the drug cannot diffuse 

Figure 28.3 
A. Diffusion of non-ionized form of a 
penicillin through prostatic membrane; 
B. Diffusion of non-ionized form of 
trimethoprim through prostatic 
membrane. 
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Wholesale cost for 
14 days' treatment 

Tetracycline [1 $5 

Bismuth 
subsalicylate 

Amoxicillin $1 7 

Clarithromycin - - 1 $120 

Figure 28.4 
Cost of some drugs for treatment of 
peptic ulcers caused by Helicobacter 
pylori. 

--- 

lo6 r Control 

Addition 
of drug 

identify maximum and minimum values. Rising minimum values 
alert the physician to potential toxicity. [Note: The number of func- 
tioning nephrons decreases with age. Thus elderly patients are 
particularly vulnerable to accumulation of drugs eliminated by the 
kidneys. Antibiotics that undergo extensive metabolism or are 
excreted via the biliary route are favored in such patients.] 

3. Hepatic dysfunction: Antibiotics that are concentrated or elimi- 
mted by the !I\!er (fnr ~?ulmp!e, ~r~/th!-~.mycin, ?etrzcyclh~) are 
contraindicated in treating patients with liver disease. 

4. Poor Perfusion: Decreased circulation to an anatomic area, as in 
the lower limbs of the diabetic, reduces the amount of antibiotic 
that reaches the extremities and makes infections notoriously diffi- 
cult to treat. 

5. Pregnancy: All antibiotics cross the placenta. Adverse effects to 
the fetus are rare, except for tooth dysplasia and inhibition of bone 
growth encountered with the tetracyclines. However, some ant- 
helmintics are embryotoxic and teratoger~ic (p. 359). Amino- 
glycosides should be avoided in pregnancy because of their 
ototoxic effect in the fetus. 

6. Lactation: Drugs administered to a lactating mother may enter the 
nursing infant via the breast milk. Even though the concentration 
of an antibiotic in breast milk is usually low, the total dose to the 
infant may be enough to cause problems. 

7. Age: Renal or hepatic elimination processes are often poorly 
developed in newborns, making neonates particularly vulnerable 
to the toxic effects of chloramphenicol (see p. 320) and sulfon- 
amides (see p. 289). Young children should not be treated with 
tetracyclines (see p. 31 1) which affect bone growth, or fluoro- 
quinolones (see p. 323), which interfere with cartilage growth. 

Many of the antibiotics, such as the penicillins, are among the least 
toxic of all drugs because they interfere with a site unique to the 

-growth of-rnieroorganisms.-Other antimicrobial-agents (for-examplei---- 

[ ~ o t e :  Safety is related not only to the inherent nature of the drug but 
also to patient iaciors ihai can predispose to toxicity (see Section E).] 

& X % ~ h & i p Y  

Figure 28.5 
Effects of bactericidal and 
bacteriostatic drugs on the 
growth of bacteria in vitro. 

Often, several drugs may show similar efficacy in treating an infec- 
tion, but vary widely in cost. Figure 28.4 illustrates the cost of some 
antibacterial agents showing similar efficacy in eradicating the gram- 
negative bacillus Helicobacter p&i from the gastric mucosa. None 
of these agents shows a clear therapeutic superiority and thus a 
combination of metronidazole with bismuth subsalicylate plus one 
other antibiotic is usually employed. Selecting clarithromycin would 
have a considerable cost impact. 



IV. Chemotherapeutic Spectra 

811. BACTERBOSTATIC VERSUS BACTERICIDAL 
DRUGS 

Antimicrobial drugs are classified as either bacteriostatic or bactericidal. 
Bacteriostatic drugs arrest the growth and replication of bacteria at 
serum levels achievable in the patient, thus limiting the spread of infec- 
tion while the body's immune system attacks, immobilizes, and elimi- 
nates the pathogens. If the drug is removed before the immune system 
has scavenged the organisms, enough viable organisms may remain to 
begin a second cycle of infection. For example, Figure 28.5 shows a 
laboratory experiment in which the growth of bacteria is arrested by the 
addition of a bacteriostatic agent. Note that viable organisms remain, 
even in the presence of the bacteriostatic drug. By contrast, addition of 
a bactericidal agent kills bacteria and the total number of viable organ- 
isms decreases. Though practical, this classification may be too simplis- 
tic because it is possible for an antibiotic to be bacteriostatic for one 
organism and cida.1 for another, (for example, chloramphenicol is static 
against gram negative rods and cidal against Pneumococci). 

I\/. CHEMOTHERAPEUTIC SPECTRA 

The chemotherapeutic spectrum of a particular drug refers to the 
species of organisms affected by that drug. In this book, bacteria that are 
commonly encountered as infectious agents are presented in pie charts 
in which each segnient represents a general class of microorganisms, 
for example, gram-positive cocci (Figure 28.6A). In each section of the 
text covering a particular antibiotic, the microbial classes that are gener- 
ally treated with that agent are highlighted (Figure 28.6B). [Note: One 
section of the pie chart is labeled "Other" and represents any of several 
microorganisms specifically covered in different chapters.] 

A. Marrow spectrum 

Chemotherapeutic agents acting only on a single or a lirr~ited group 
of microorganisms are said to have a narrow spectrum. For example, 
isoniazid is active only against Mycobacteria (Figure 28.6B). 

5. Extended spectrum 

Extended spectrum is the term applied to antibiotics that are effec- 
tive against gram-positive organisms and also against a significant 
number of gram-negative bacteria. For example, ampicillin is consid- 
ered to have an extended spectrum because it acts against grarn- 
positive and some gram-negative bacteria. 

C. Broad spectrum 

Drugs such as tetracycline and chloramphenicol affect a wide variety 
of rr~icrobial species and are referred to as broad spectrum antibiotics 
(Figl~re 28.6C). Administration of broad spectrum antibiotics can dras- 
tically alter the nature of the normal bacterial flora and can precipitate 
a superinfection of an organism, such as candida whose growth is 
normally kept in check by the presence of other microorganisms. 

m Medically important 
microorganisms 

Isoniarid: A narrow- 
spectrum antimicrobial d n ~ g  

bacteria 

m Tetracycline: A broad- 
spectrum antimicrobial drug 
,---I 

plasma 

bacilli 

Figure 28.6 
A. Medically important bacterial species. 
B. Isoniazid, a narrow-spectrum 
antimicrobial agent. C. Tetracycline, 
a broad-spectrum antimicrobial agent. 
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I-' 

When mixed infections 
are present. 

In the treatment of entero- 
coccal endocarditis with 
penicillin and streptomycin 
or cryptococca! meningitis 
infections with ampho- 
tericin 83 in combination 
with flwcytosine. 

When there is a risk of 
developing resistant 
organisms, for example, 
isoniarid plus pyrazinamide 
and rifampin in the 
treatment of tuberculosis. 

When the greatest anti- 
microbial coverageis - 
desirable (for example, 
sepsis, meningitis) or 
in infections of unknown 

Figure 228.7 
Some clinical situations in which 
combinations of antimicrobial drl~gs 
are indicated. 

- 

Vm COMBINATIONS OF ANTIMICROBIAL DRUGS 

It is therapeutically advisable to treat with the single agent that is most 
specific for the infecting organism. This strategy reduces the possibility 
of superinfection, decreases the emergence of resistant organisms (see 
section VI), and minimizes toxicity.. However, situations in which combi- 
nations of drugs are employed do exist, for example, the treatment of 
tuberculosis benefits from drug combinations (p. 331). 

A. Advantages of dru~g combinations 

Certa.in combinations of antibiotics,such as p-lactams and aminogly- 
cosides, show synergism, that is, the combination is more effective 
than either of the drugs used separately. Because such synergism 
among antimicrobial agents is rare, they should only be used in spe- 
cial situations summarized in Figure 28.7) 

B. Disadvantages of drug combinations 

A number of antibiotics act only when organisms are growing. Thus, 
concomitant administration of a second agent that results in bacterio- 
stasis may interfere with the action of the first drug that is bactericidal. 

VI. DRUG RESISTANCE 

Bacteria are said to be resistant if their growth is not halted by the maxi- 
mal level of an antibiotic that is tolerated by the host. Some organisms 
are inherently resistant to an antibiotic. For example, gram-negative 
orgar~isms are resistant to vancomycin. However, microbial species nor- 
mally responsive to a particular drug may develop resistant strains. 
Many organisms have adapted, through spontaneous mutation or 
acquired resistance and selection, and developed more virulent strains 
many of which are resistant to multiple antibiotics. The emergence of 

-t hese-resistant-strains-has-been-ascr-ibed-to-the-imprudent-and-inapplro- 
priate use of antibiotics in conditions that might resolve without treat- 
ment or which are not amenable to antibiotic therapy, for example, the 
common cold. Health professionals are obligated to use antibiotic 
agents with thoughtful restraint. 

A. Genetic alterations leadlng to drug resistance 

Resistance develops due to the ability of DNA to: 1) undergo spon- 
taneous mutation, or 2) move from one organism to another. In the 
first instance, chromosomal alteration may occur by insertion, dele- 
tion or substitution of one or more nucleotides within the genome1. 

1. Spontaneous mutations of DNA: The resulting mutation may per- 
sist, be corrected, or be lethal to the cell. However, if the cell sur- 
vives, it may replicate and transmit properties to daughter cells, 
thus producing resistant strains that may proliferate under certain 

'see p. 288 for lnfolink references to other books in this series. 
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selective pressures. An example is the emergence of rifampin- 
resistant lVlvcobacterium tuberculosis when rifampin is used as a 
single drug ( see p. 334) . 

2, DNA transfer off drug resistance: Of particular clinical concern is 
resistance acquired due to DNA transfer from one organism to 
another. Resistance properties are usually encoded in extrachro- 
mosomal R factors (plasmids). These may enter cells by pro- 
cesses such as transduction (phage-mediated), transformation or, 
most importantly, bacterial conjugation. 

B. Altered expression of proteins in drug-resistant organisms 

Drug resistance may be mediated by a variety of mechanisms, such 
as lack of or an alteration in a target site, lowered penetrability of the 
drug due to decreased permeability, or increased efflux or presence , 
of antibiotic-inactivating enzymes (Table 28.1). 

1. Modification of target sites: Alteration of the target site through 
mutation can confer resistance as occurs with the penicillin bind- 
ing proteins in methicillin-resistant S. aureus, or the enzyme 
dihydrofolate reductase, which is less sensitive to inhibition in 
orgar~isms resistant to trimethoprim. 

Drugs showing 
resistance dare to 
altered targets 

resistant due to the 
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Prevention of strepto- 
coccal infections in 
patients with a histoy of 
rheumatic heart disease. 
Patients may require 20 
years of treatment. 

Pretreatment of patients 
undergoing dental 
extractions who have 
implanted prosthetic 
devices, such as artificial 
heart valves, to prevent 
seeding of prosthesis. 

Prevention of tuber- 
culosis or meningitis 
among individuals who 
are in close contact 
with infected patients. IT:. - 

'1 I 

Treatment prior to certain 
surgical :Isurgery, produres joint (such fl ,@= 

[.i-;' r',, 
replacement and some 2- , 
gynecologic inter- 
ventions) to prevent 

' 'A2- - - 

Treatment of the mother 
with zidovudine to protect 
the fetus in the case of an 
HIV-infected pregnant 
woman. 

Figure 28.8 
Some clinical situations where 
prophylac1:ic antibiotics are indicated. 

2. Decreased accumulation: Decreased penetrability of an agent 
can protect organisms against that antibiotic because it is unable 
to gain access to the site of action due to the presence of either a 
lipopolysaccharide layer (gram-negative bacteria) or of an efflux 
system that pumps out the drug (tetracyclines, primaquine) . 

3. Enzymic Inactivation: The ability to destroy or inactivate the 
antimicrobial agent also can confer resistance on microorgan- 
i s m .  Fnr example, p-!acfarn2.~es desf r~y many penicillins znd 
cephalosporins and an acetyltransferase can convert chloram- 
phenicol to an inactive compound. 

VII. PROPHYLACTIC ANTIBIOTICS 

Certain clinical si,tuations (Figure 28.8) require the use of antibiotics for 
the prevention rather than the treatment of infections. Since the indis- 
criminate use of antimicrobial agents can result in bacterial resistance 
and superinfection, prophylactic use is restricted to clinical situations in 
which benefits outweigh the potential risks. The duration of prophylaxis 
is dictated by the duration of the risk of infection. 

VIII. COMPLICATIONS OF ANTIBIOTIC THERAPY 

Selective toxicity to the invading organism does not insure the host 
against adverse effects, since the drug may produce an allergic response 
or be toxic in ways unrelated to the drug's antimicrobial activity. 

A. Hypersensitivity 

Hypersensitivity reactions to antimicrobial drugs or their metabolic 
- products frequently occur. For example; the penicillins; despite their 
2 W C a b C u - t ~ e c t w e r n i c t r o b i  al-t oxid~ty,-ca.n-causeserious 

hypersensitivity problems, ranging from urticaria (hives) to anaphy- 
lactic shock. 

5. Direct ~ toxicity ~ 

~ ---- ~ - .. ~.~ .. .-- .~ .. -. .~ .. 

- High serum levels of certain antibiotics may cause toxicity by aff 
ing cellular processes in the host directly. For example, aminoglyco- 

the hair cells of the organ of Corti. 

Drug therapy, particularly with broad spectrum antim~icrobials or com- 
binations of agents, can lead to alterations of the normal microbial 
flora of the upper respiratory, intestinal and genitourinary tracts, per- 
mitting the overgrowth of opportunistic organisms, especially fungi or 
resistant bacteria. These infections are often difficult to treat. 
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IX. CLASSIFICATION OF ANTIMICROBIAL AGENTS 

Antimicrobial drugs can be classified in a number of ways, for exaniple, 
according to their chemical structure (p-lactams, aminoglycosides), 
mechanism of action (cell wall synthesis inhibitors), or activity against 
particular types of organisnis (bacteria, fungi, viruses). The following 
chapters will be organized by the mechanisms of action of the drug 
(Figure 28.9) or according to the type of organisms affected by the drug. 

CELL MEMBRANE 

Chloramphenicol 

Figure 28.9 
Classification of some antimicrobial agents by their sites of action. 

Study Qluestlsns 

Choose the ONE best answer. 

28.1 All of the following clinical indications may require a 
combination of antibiotics (rather than a single agent) 
EXCEPT: 

A. treatment of mixed infections. 
6. treatment of enterococcal endocarditis. 
C. treatment of tuberculosis. 
D. treatment of cryptococcal meningitis. 
E. treatment of gonorrhea. 
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28.2 Which one of the following patients is least likely to 28.4 A 60-year old woman who had undergone chemother- 
require antimicrobial treatment tailored to the individ- apy for lymphoma the week previously is brought to 
ual's condition? the emergency room. She has a fever of 101 O F  and is 

A. Patient undergoing cancer chemotherapy. 
B. Patient with kidney disease. 
C. Elderly patient. 
D. Patient with hypertension. 
E. Patient with liver disease. 

Correct answer = D. Elevated blood pressure 
would not be expected to markedly influence the 
type of antimicrobial treatment employed. 
Anticancer drugs often suppress the immune 
function, and these patients require additional 
antibiotics to eradicate infections. Impaired renal 
function may lead to accumulation of toxic levels 
of antimicrobial drugs. Renal and hepatic function 
are often decreased among the elderly. Impaired 
liver function may lead to the accumulation of 

I toxic levels of antimicrobial drugs. 1 

28.3 In which one of the following clinical situations is the 
prophylactic use of antibiotics NOT warranted? 

A. Prevention of meningitis among individuals in close 
contact with infected patients. 

B. Patient with a heart prostliesis having a tooth 
removed. 

C. Presurgical treatment for implantation of a hip pros- 
thesis. 

D. Patient who complains of frequent respiratory ill- 
ness. 

E. Presurgical treatment in gastrointestinal proce- 
dures. 

such a-ser 
lrgery tha 
,d . 

)lication of 
xctic anti- 

confused: ~ e s ~ i r a t i o n  is rapid and blood pressure is 
78/40. She is neutropenic. Gram stains of the urine 
and sputum are negative. Which one of the following 
actions is most likely to be beneficial to this patient? 

A. Send a clinical sample to the laboratory for identifi- 
cation and then administer an appropriate antibi- 
otic. 

B. Administer a broad spectrum antibiotic like tetracy- 
cline. 

C. Administer a combination such as clindamycin and 
an aminoglycoside 

D. Administer clindamycin 
E. Administer aztreonam. 

Correct answer = C. This patient Is seriously ill 
and to wait for identification and sensitivity of the 
organism would no doubt lead lo a worsened con- 
dition. Tetracycline is not indicated because it is 
bacteriostatic and the patient Is neutropenic. Its 
spectrum of activity also does not cover infections 
due to Pseudomom aemghxa, a frequent 
cause of infection in lhese patients. Therefore, 
empiric therapy is required that would employ an 
antibiotic or a combination of antibiotics to: (1) 
cover both gram positive and gram negative 
organisms as well as anaerobes; (2)  be bacterici- 
dal; (3) cover Pseudomonas amghcm; and (4) 
have good penetrability into tissues. Neither clin- 
damycin or aztreonam by themselves meet these 
criteria, whereas clindamycin plus an aminoalvco- 
side is appropriate. 

- 

biotics. Meningitis is a sufficiently contagious and 
serious disease to warrant prophylactic use of 
antibiotics. Following a tooth extraction bacteria of 

_th&-cavity- cla~ceadily-enter-thecirculation 
and colonize on a prosthesis, causlng a serious 
and often fatal infeciion. Infection following 
~mplantation of a hip prosthesis IS such a serious 
complication that prophylactic antibiotics are war- 
ranted. Infection is 

'see p, 390 ~n Blochemlstry (2nd ed.) for a discussion 
utations in DNA. 



Folic acid coenzymes are required for the synthesis of purines and 
pyrimidines (precursors of RNA and DNA) and other compounds 
required for cellular growth and replication. In the absence of folic acid, 
cells cannot grow or divide. The sulfa drugs are inhibitors of folic acid 
synthesis. They originated from the dye prontosil, which was shown in 
the early 1930's to be effeclive against hemolytic streptococcal infections 
because the body converted it to sulfanilamide [sul fa NIL a mide]. Many 
congeners of the latter compound were synthesized and found to be 
effective in the treatment of infectious diseasese Today, particularly in 
developing countries, the sulfas are still employed because of their low 
cost and efficacy in certain bacterial infections such as those of the uri- 
nary tract, a~ id  trachoma. However, due to the emergence of resistant 
bacterial strains, development of patient allergies, and the advent of the 
penicillins, the sulfas were less frequently prescribed for a time, until 
their synergistic effect with trimetho~rim w9s recognized. With the intro- 
duction in the mid-1970s of the synergistic combination of sulfa- 
methoxazole [sul fa meth OX a zole] with trimethoprim [try METH oh 
prim] (generic name, co-trimoxazole [co try MOX a zole]), there has 
been a renewed interest in the sulfon~mid oxazole is effective 
in treating conditions such a@neumocvs eumonia, or ampi- 
cillin- or chloramphenicol-resaant syste a infections. [Note: 
Inhibitors of the reduction of folate to its active cofactor form, such as 
methotrexate, are also used in the treatment of certain rapidly growing 
cancers (see p. 378).]. 

All sulfonamides in clinical use are synthetic structural analogs of 
p-aminobenzoic acid (PABA)@They differ from each other not only in their 
chemical and physical properties but also in their pharniacokinetics, 

A. Mechanism of action 

Being impermeable to folic acid, many bacteria must rely on their abil- 
ity to synthesize folate from PABA, pteridine, and glutamate. In con- 
trast, human beings cannot synthesize folic acid and must obtain 
preformed folate as a vitamin in their diet, Because of their structural 
similarity to PABA, the sulfonamides compete with this substrate for 
tlie enzyme dihydropteroate syrrtlietase, thus preventing the synthesis 

FOLATE 1 ANTAGONISTS I 
INHIBITORS OF - 

I 1 Mafenide 

I 1 Silver sulfadiazine 

I 1 Sulfacetamide 

I 1 Sulfadiazine 

I I Sulfamethoxazole 

I Sulfisoxazole 

IMHlBlTORS OF 
FOLATE REDUCTION n 

I I - Pyrimethamine 

I L Trimethoprim 

Figure 29.1 
Summary of folate antagonists. 

Lippincon's Illustrated Reviews: Pharmacology, Second Edition. 
by Mary Mycek, Richard A. Harvey and Pamela C. Champe. 
Lippincott-Raven Publishers, Philadelphia, PA 0 1997. 289 
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H2N 0 COOH 
I/ 

p-Aminobenzoic acid (PABA) 

Pteridine precursor 

of bacterial folic acid and formation of its one-carbon carrying cofac- 
tors.' This deprives the cell of essential cofactors f o r m e ,  =mi- 

and amino acid synthesis (Figure 29.2, see also Figure 29.5). 

B. Antibacterial spectrum 

The sul fas, including co-trimoxazole (sulfamethoxazole plus trimetho- 
prim, see p. 293), are bacteriostatic. These drugs are active against 01- NHR 
selected ~terobacter ia ,  chlamydila, Pneumocvstis, and nocardia. - - =  

~ ~ 1 1 1 1 1 1 1 1 1 1 1 1  H N Typical clinical applications are sho 9.3. In addition, 
Dihydro- 0 sulfadiazine [sul fa DYE a zeen] in combination with the dihydrofolate 
pteroate 
synthetase redl~ctase inhibitor pyrimethamine [py ri VIE-TH a meen] is the only 

Sulfanilamide 
(and other effective form of chemotherapy for toxoplasmosis (p. 353). 

8 

sulfonanaides) 
C. Resistance 

Only organisms that synthesize their own folate are sensitive to the 
Folic acid sulfonamides. Bacterial resistance to the sulfas can arise from plas- 

mid transfers or random mutations. The resistance is generally irre- 
Figure 229.2 versible and may be due to any of the following three possibilities. 
Competitive inhibition of folic [Note: Organisms resistant to one member of this drug family are 
acid synthesis by sulfonamides. resistant to all, but they may be susceptible to co-trimoxazole.] 

@ Solfacetamide, silver sulfadiazine, or 
mafenide rare used in prevention of 
colonization of burns and wounds. 

' 
Mocardia is an actinomycete that causes 
pneumonia and brain abscess, particularly 
in immunosuppressed or debilitated patients. I I 
Treatment: sulfisoxaaole or sulfadiazine 
or a tetracycline. 

r, Advanced cases may require coadministration 
/7 of ampicillin or erythromycin. I I 

i - --, - -- 

-. . - 

@ Causative agent, Chlamvdia trachoma 
grows in conjunctival cells 
causing chronic inflammation, 
scarring, and eventual blindness. 

@ Trachoma is the most c 
of preventable blindnes 

I 

Figure 29.3 
Typical therapeutic applications of sulfonamides. UTI= urinary tract infection. 

1 
See p. 296 for lnfolink references to other books in this series. 

1 
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1. Altered enzyme: Bacterial dihydropteroate synthetase can 
undergo niutation or be transferred via a plasmid to result in a 
decreased affinity for the sulfas. The drugs therefore become less 
effective competitors of PABA, 

2. Decreased uptake: Permeability to sulfas may be reduced in 
some resistant strains. 

3. Increased PABA synthesis: Enhanced production of the natural 
substrate, PABA, by the microorganism through selection or muta- 

' tion can overcome the inhibition of the dihydropteroate synthetase 
by the sulfas,, , 

D. Pharmacokinetics 

1. Administration: Most sulfa drugs are well absorbed after oral 
administration. Sulfasalazine [sul fa SAL a zeen], when adminis- 
tered orally or as a suppository, is reserved for treatment of 
chronic inflammatory bowel disease (for example, Crohn's dis- 
ease, or ulcerative colitis), because it is not absorbed. Similarly, 
succinylsulfathiazole [suks in ill sul fa THI a zole] is used for the 
treatment of salmonella and shigella carriers* Intravenous sulfon- 
amides are generally reserved for patients who are unable to take 
oral preparations@ Because of the risk of sensitization, sulfas are 
not usually applied topically, In burn units, creams of mafenide 
acetate (p-aminomethylbenzensulfonamide) or silver sulfadiazine 
have been effective in reducing bl~rn sepsis. However, superinfec- 
tions with resistant bacteria or fungi may occur. 

2. Distribution: Sulfa drugs are distributed throughout body water 
and penetrate well into cerebrospinal fluid, even in the absence of 
inflammation. They can also pass the placental barrier and into 
breast milk. Sulfa drugs are bound to serum albumin in the circu- 
lation; the extent of binding depends on the particular agent. 

3. Metabolism: The sulfas are acetylated at N4, primarily in the liver. 
The product is devoid of antimicrobial activity, but it retains the 
toxic potentia.1 to precipitate at neutral or acidic pH, causing crys- 
talluria ("stone formation") and therefore potential damage to the 
kidney (Figure 29.4),Sulfasalazine is effective in the treatment of 
inflammatory bowel disease because local intestinal flora split the 
drug into sulfapyridine and 5-aminosa1icylate.-rhe latter exerts the 
antiinflammatory effect, Absorption of sulfapyridine can lead to 
toxicity in patients who are slow acetylators. 

the urine 

Figure 29.4 
Inactivation of sulfonamides. 

4. Excretion: Elimination of sulfas is by glomerular filtration. 
Therefore, depressed kidney function causes accumulation of d)2p  R . 
both the parent compounds and their metabolites. 

E. Adverse effects 

1. Crystalluria: Nephrotoxicity develops as a result of crystalluria. 
Adequate hydration and alkalinization of urine prevent the prob- 
lem by reducing the concentration of drug and promoting its ion- 
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ization. Newer agents, such as sulfisoxazole [sul fi SOX a zole] 
and sulfamethoxazole are more soluble at urinary pH than are the 
older sulfonarrlides (for example, sulfadiazine) and are less liable 
to cause crystalluria. 

2. Hypersensitivity: Hypersensitivity reac,tions, such as rashes, 
angioedema, and Stevens-Johnson syndrome, are fairly common. 
The latter occurs more frequently with the longer acting agents. 
[;dote. Ma-, driigs ai'a derive; fraiii "ife Sii/;tis and 

genicity has been reported for the diuretics, acetazolamide, thi- 
azides, furosemidq bumetanide, diazoxide (see p. 226) and the 
sulfonylurea hypoglycerr~ic drugs (see p. 260)d -. 

3. Hemopoietic disturbances: Hemolytic anemia is encountered in 
patients with 
(p. 351 ). Gran 

4. Mernicterus: This disorder may occur in newborns because sulfas 
displace bilirubin from ites on ,serum albumin,The biliru- 
bin is then free to pass into the central nervous system, 

\ 

5. Drug potentiation: Transient potentiation of the hypoglycemic effect 
of tolbutamide (see p. 260) or the anticoagulant effect of warfarin or 
of bishydroxycoumarin (see p. 199) results:.from their displacement 
from binding sites on serum albumin. Free methotrexate (see p. 
378) levels may also rise through displacement, - 

6. Contralndications: Sulfas sho~lld be avoided in newborns and 
infants less than 2 months old as well as pregnant women at term, 
due to the danger of kerrlicterus; ~ecause sifonamides condense 
with formaldehyde, they should not be given to patients receiving 
methenamine (see p. 327) for urinary tract infections, 

Mlcroorg - 
enzolc act 
\BA) 

\ 
Ilc acid - '. 

c Tetrahy 
follc a 

nans and 
organism! 

/ -- -- - - - - - ' Tr--  -- - - m l n o  ac~d 
H 2 ~iosynthesis 

Dihydro- Dihydro- 
H pteroate lolate 

synt hetase a Pteridlne precursor + d + -0d Fol Purine 
synthesis 

0 0 
4 4 

'Brimethop, 

. .~ 

dro- 
cid - - 

Pyrlrnldlne 
synthesls 

Figure 29.5 
Inhibition of tetrahydrofolate synthesis by sulfonamides and trimethoprim. 

'see p. 296 for lnfolink references to other books in this series. 



IV. Co-Trimoxazole 

Trmethoprim [trye METH oh prim], a potent inhibitor of bacterial dihy- 
drofolate'reductase3, exhibits an antibacterial spectrum similar to the 
sulfonamides~ However, trimethoprim is most often compounded wi,th 
sulfamethoxazole. 

A. Mechanism of action 

The active form of folate is the tetrahydro-derivative that is formed 
through reduction by dihydrofolate reductase.This enzymatic reac- 
tion (Figure 29.5) is inhibited by trimethoprim, leading to a decrease 
in the folate coenzymes for purine, pyrimidine, and amino acid syn- 
thesis. Bacterial reductase has a much stronger affinity for trimetho- 
prim than does the mammalian enz~rne~which accounts for the 
drug's selective toxicity, [Note: Examples of other folate reductase 

which is used with sulfonarnides in 
nd m-e, which is used in 

B. Antjbacterlal spectrum 

The antibacterial spectrum of trimethoprim is similar to that of sulfa- 
methoxazole (see p. 290); however, trimethoprim is 20 to 50 times more 
potent than the sulfonamide, Fimethoprim may be used alone in acute 
urinary tract infections and in the treatment of bacterial prostatitis 
(though fluoroquinolones are preferred), 

C. Resistance , 

Resistance in gram-negative bacteria is due to the presence of an 
altered dihydrofolate reductase that has a lower affinity for the drug. 

89. Pharmacokinetics 

The pharmacokinetic characteristics of trimethoprim are similar to 

E. Adverse effects 

Trmethoprim can produce the effects of folate deficiency, that is, 
megaloblastic anemia, leukopenia, and granulocytopen~a. These 

'reactions can be reversed by the simultaneous administration of 
folinic acid, which does not enter bacteria (see p. 379). 

Trimethoprim 

*..,. I.... 
,,* _.,.. -..- 

4 Both drugs ___.__._.__.__.-...------- 
5 10 

Hours 

Trimethoprim is most often compounded with the sulfa drug, sulfa- 
mefhoxazole. The resulting combination, called co-trimoxazole, shows 
greater antimicrobial activity than equivalent quantities of either drug 
used alone (Figure 29.6). The combination was selected because of the 
sirr~ilarity in the pharmacokinetics of the two drugs4 

Figure 29.6 
Synergism between trimethoprim 
and sulfamethoxazole on the 
inhibition of growth of Escherichia cxlJ 

3 
See p. 296 for lnfolink references to other books in this series. 
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/ PHEUMOCYSBBS CARlNll PNEUMONIA (PCP) I 
C, Pneumoc~stis carinii is the fungus responsible for 

a mild respiratory infection common in infants. 

6, PCP is the most common opportunistic 
infection complicating AIDS. 1 

I b Mortality in immunocompromised patients, 
s - r o r ,  .nri(.h r m - f r i m ~ v a . m l a  trsatman+ ic Ova-  En% , -."-... ...... '.. ......-... ---.-. ..-...... C. ..., ." .". " " I " .  

I GENITAL llUFECBBONS 1 
@ Co-trimoxazole is useful in the ' 

treatment o acute qonococcal 
urethritis inboth men and wornn. 

I @ Drua is effective as oral thera~v of I 

m > m w .  -., mrn * 
\ Protozoa 

\ 

/'\\\ 

RESPURATORY lNFECTBONS 

TRACT lNFECTlONS 

e Trimefhoprim concentrates 
In prostate and vaginal fluids 
making it effective in treating 
infections at these sites. 

@3 Chronic and recurrent urinary 
tract infections respond to 

@ Co-trimoxazole is useful in the treatment 
of shigellosis and non-typhoid salmonella. 

Figure 29.7 
Typical therapeutic applications of GO-trimoxazole (sulfamethoxazole plus trimethoprim) . 

I 

The synergistic antimicrobial activity of co-trimoxazole results from 
- its inhibition oi two sequential sieps in the synthesis ofteirahydro- - -- 

folic acid: sulfamethoxazole inhibits the incorporation of PABA into 
folic acid, and trimethoprim prevents reduction of dihydrofolate to 
tetrahydrofolate (see Figure 29.5). Co-trimoxazole exhibits more 
potent antimicrobial activity than sulfamethoxazole or trimethoprim 
alone (seed Figure 29.6). 

8 Drug is also effective in the management 
of carriers of Salmonella l*. J - - 

- - - - - -- - - 
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B. Antibacterial spectrum 

The combination of trimethoprim-sulfamethoxazole has a broader 
spectrum of action than the sulfas (Figure 29.7). 

C. Resistance 

Resistance to the trimethoprim-sulfamethoxazole combination is 
less frequen,tly encountered than resistance to either of the drugs 
alone because it requires simultaneous resistance to both drugs. 

D. Pharmacokinetics 

1. Administration and metabolism: Trmethoprim is more lipid-solu- 
ble than sulfamethoxazole and has a greater volume of distribu- 
tion. Administration of 1 part of trimethoprim to 5 parts of the sulfa 
drug produces a ratio of the drugs in the plasma of 20 parts of 
sulfamethoxazole to 1 part trimethoprim, This ratio is optimal for 
the antibiotic effect. Co-trimoxazole is generally administered 
orally. An exception involves intravenous administration to patients 
with severe pneumonia caused by Pneumocvstis carinii, or to 
patients who cannot take ,the drug by mouth, 

2. Fate: Both agents distribute throughout the body. Trimethoprim 
concentrates in the relatively acidic milieu of prostatic and vaginal 
fluids and accounts for the use of the trimethoprim-sulfamethoxa- 
zole combination in infections at these sites. Both parent drugs 
and their metabolites are excreted in the urine, 

Drug crosses 
blood-brain 

E. Adverse effects 

1. Dermatologic: Reactions involving the skin are very common and 
may be severe in the elderly. 

2. Gastrointestinal: Nausea, vomiting as well as glossitis, and stom- 
atitis are not unusual. 

3. Hematologic: Megaloblastic anemia, leukopenia, and thrombocy- 
topenia may occur; all of these effects may be reversed by the 
concurrent administration of folinic acid (see p. 379), which pro- 
tects the patient and does not enter the microorganism. Hemolytic ' 
anemia may occur in patients with glucose-6-phosphate defi 
ciency due to the sulfamethoxazole (see p. 351). 

4. HIV patients: These immu~iocomproniised patients with 
Pneumocvstis pneumonia frequently show drug-induced fever, 
rashes, diarrhea and/or pancytopenia. 

5. Drug Interactions: Prolonged prothrombin times in patients 
receiving warfarin lhave been reported. Plasma half-life of pheny- 
toin (see p. 147) may be increased due to an inhibition of its 
metabolism. Methotrexate (see p. 378) levels may rise due to dis- 
placement from albumin binding sites by the sulfamethoxazole. 
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Choose the ONE best answer. 

29.1 Sulfonarr~ides are useful in the treatment of which 
one of the following? 

A. Influenza. 
B. Gonorrhea. 
C. Most streptococcal infections. 
D. Urinary tract infections. 
E. Meningococcal infections. 

" *" .- .- - " .. 
Correct answer = D. Sulfonamides at one time 
were the mainstay of the treatment of uncompli- 

- cated infections of the urinary tract. 
/ 

29.2 Trimethoprim: 

A. is less potent than sulfamethoxazole. 
B. ir~hibits the enzyme dihydropteroate synthetase. 
C. lowers the ratio of tetrahydrofolate to folate in the 

organism 
D. resistance has not been observed in microorganisms. 
E. stimulates purine synthesis. 

f \ 
Correct answer = C. Trimethoprim is 20 to 50 
times more potent than sulfamethoxazole. It 
inhibits the enzyme dihydrofolate reductase, 
thus preventing both purine and pyrimidine syn- 
thesis. Trimethoprim resistance has been 
observed in gram-negative bacteria caused by 
the presence of a plasmid that codes for an 
altered dihydrofblate reductase with a lower 
affinity for the drug. 

L / 

/ 
and are most effective against growing microor- ' 
ganisms, where they are competitive inhibitors 
of dihydropteroate synthetase. Allergic reactions 
and.cr_ystalluria are the two most common 
adverse effects associated with sulfonamide - Treatment. The sulfonamides tend to have low 
solubilities and to form crystals in the kidney or I 

bladder, particularly if urinary output is low. 
/ 

29.4 Sulfonamides increase the risk of neonatal ker- 
nicterus because they 

A. diminish the production of plasma albumin. 
B. increase the turnover of red blood cells. 
C. inhibit the metabolism of bilirubin. 
D. compete for bilirubin binding sites on plasma albumin. 
E, depress the bone marrow. 

f \ 

Gorrect answer = D. Increased release of albumin- 
bound b~lirubin increases the plasma concentration 
of free bilirubin, which can penetrate the CNS. 

\ / 

Questions 29.5 - 29.7: For each phrase, select the ONE 
drug (A-E) that is most closely associated with it. 
Each drug (A-E) may be selected once, more than 
once, or not at all. 

A. Sulfasalazine 
B. Sulfacetamide 
C. Trimethoprim-sulfamethoxazole 
D. Mafenide acetate 
E. Sulfisoxazole 

29.5 It is used to prevent infections amorlg burn patients. 

Correct answer = D. Creams containing 
29.3 All of the following statements concerning sulfon- mafenide acetate are used in burn units where 

amides are correct EXCEPT: they are used prophylactically to protect against 
- infedtion with a variety-of gram-negative and- - 

A. They require actively growing c~~l tures for maxi- [ .  gram-positive microorganisms. 
mumantimicrobialcKty. 

B. Alleraic reactions are freauent adverse effects. 

enzyme dihydropteroate synthetase. 

.., 
C. Treatment of patients with severe renal insuffi- 29.6 It is used in the treatment of ulcerative colitis. 

29.7 It is effective in the treatment of pneumonia caused 
by Pneumocvstis carinii. 

anticoagulant effect of vitamin K antagonists, 
such as warfarin or bis-hydroxycoumarin, results 

/ 
Correct answer = C. cb-trimoxazole is currently ' 

from their-displacement from binding sites on the drug of choice. although high doses are 
required. 

J 

ciency may lead to crystalluria. 
D. They diminish act iv6 of wal fzn.  - 

I 'See 
of s 
Carl 

I p. 250 in 
ynthesis ol 
mn carryin 

E. They compete with p-aminobenzoic acid for th J 

Correct answer = A. Sulfasalazine is reserved for 
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