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F R ] + |5 the whentity of the drug in the formubated product comect?
T b « What is the pereentage of the stated content of & drug present in a formulation?
FEE- . i = Tioes this foemulation contain solely the active ingredient or are addinonal impunties

present?

+ What is the stability of 4 drog in the formaiation ind hence the shellife of the produce?

= Apwhas pare s the drug releasad from itz formelation 5o that it can be absorbed by the
houly?

« [ha the idencity and purity of & pune drg substance o be ased o the prepacation of @
[orenulation meel specificanon?

v 130 the denlity and pucity of excipients e be used in the proparation of a formmlation
meer speei featinn?

= What are the concentrations af specificd mmpurities in the pure drug substance?

= What is the vencentration of the dmg in a sampls of tissue ar biological flud?

= What are the pRa valuels), partition coellicients, solubilities and swbility of 3 dreg
substanes under developmens?

Introduction

Pharmaceutical analysis procedures may be used to answer any of the questions
outlined in Box 1.1 above, The guality of a product may deviate from the standard
reguired but in carrying oul an analysus one also has w be certain that the quality of
the analvsis 1self 13 of the standard required. Quality control is integral to all
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modemn industriel processes and the phiurmaceutical industry is no exception. Testing
a pharmaceutical product invulves chemical, physical and semetimes
microbiclogical agalyses, Tt has been estimated that £10 billion is spenl gach vear on
analyses in the UK alone and such analytical processes cuan be Townd in industries as
diverse as those producing food, beverages, cosmetics, detergents, metals, paints,
water, agrochemicals, biotechnological products and pharmaceulicals. With such
large amounts of money being spent on analytical quality control, great importance
st he placed on providing avcurate and precise analyses. Thus it is appropriate 1o
begin a book on the wpic of phurmaceutical analysis by considering, al a basic level,
the eriteria which are wsed 1o judge the guality of an analysis, The lerms used in
defining analytical quality foem a rather clegant vocabulary that can be used to
describe quality in many fields and in writing this bouk the author would hope to
describe each Lopic under cunsideration with accuracy, precision and most
importantly with reproducibility so that the information included in it can be readily
assimilated and reproduced where required by the reader. The following sections
provide an imtroduction o the control of analytical quality, More detailed treatment
of the topic is given in the reference cited at the emd of the chapter.!

Control of errors in analysis

A quantitative analysis is nol a great deal of use unless there is some estimation of
hew: prone W error the analylical procedure is. Simply accepting the analytical result
could lead to rejection or acceptance of @ product on the basis of a faulty analysis.
For this reason it is usual w make several repeat measurements of the same sample
iy order to determine (he degree of agreement between them. There are three types of
errors which may oconr in the course of an analysis: gross, systematic and random.
Giross ervors ure sasily recopnizsed since they involve o major breakdown in the
anadyvtical process such as samples being spilt, wrong ditulions being prepared or
instruments breaking down or belng used In the wrong way. [F 2 2ross ermror ocours
the results are rejected and the analysis is repeated from the beginning. Random and
sysrematic ermors can be distinguished in the following example:

A bateh of paracetmnol tablets are stated to contain 500 my of paracetamaol per
tablet; for the purpose of this example it is presumed that 100%: of the swated content
15 the correct snswer. Four students camy out g spectrophoiomelric analysis of an
extract from the tableis and obrain the following perceniages of stated content for the
repeat analvsis of paracetamal in the tahlets:

Student 1: 99 5%, 99.9% 100.2%. 99.4%, 100.5%
Student 2: 95.6%:, U 1%, 95. 2%, 95.1%, 96.1%
Srudenr 57 93.3%:, 98 3%, 92.5%, W2.3%. 97.6%
Stuadere 4094 4%, [HL2%, 1(4.5%, 97 4%, 102.1%

The meuans of these resulis can be simply caloulated according to the fonmula:
Ey
g i Equation 1
23 [Eq |

Where 3 1s the arithmetic mean, x; is the individual value and # is the number of
TRCASUTETIENS,
These resulls can he seen diagrammatically in Figure 1.1,
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Stucdent | has obtained a set of resalts which are all clustered close w [00% of the
stuled comtent and with 4 mean for the fve measurements very close to the cormeet
answer, In this cuse the measurements made were both precise snd aceorate and
chyviously the steps in the sssay have been controlled very carcfully.
Studenr 2 has obtained 2 set of results which are closely ¢lustered but give & mean
which is less than the correcr answer. Thuos although this assav is precise it is not
completely accurste, Such a set of resuls indicates that the analy st has not produced
rundonn errors which would produce # large seatter in the results bul has produced an
analysis containing 4 systematic error. Such erors might include repeated inaceuracy
in the measurement of 4 volume or Bsilure to zero the speetrophotometer correctly
prior o taking the set of readings. The analysis has been mainly well controlled
exeept for probably one step which has cavsed the inaccuracy and thus the assay |s
precisely inaceurate,
Sturfers 3 has obtained @ set of resolis which aré widely scattered and hence
imprecise, and which give s mean which 1% less than the correct answer. Thuos the
analysis containg random errors or possibly; looking ai the spread of the results, three
defined errors which have been produced randomly, The analysis was thus poorly
controlbed and o would reguire more work than that reguired in the case of student 2
Lo elimyinate the errors, In such g simple analysis the random resulls mizht simply be
procucesd by, [or instance, o poor pipeling lechnigue where volumes both higher and
Tovbver than That regquired were mensured,
Stufent 4 has obtained a sel of results which are widely scattered vet g mean which
is chose 1o the correct answer It s probably only chance thal separates the results of
sludent 4 from these of student 3 and althoomgh the anseer obtained is aecarate, il
would not be wise o drust 1010 always be so,

The best assay was carried out by student Fand stedent 2 prodoced an assay
which might be improved with a e work,

In pragtice it might be e difficolt w el whether student | or student 2 bad
cartied oul The best analysis since il is rare, unless the sample is o pure analytical
standard. that the exact content of @ sumple 15 koown. In order to detenmine whether
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siudent 1 or 2 had careied oot the best assay it might be necessary to get other
analysrs to obtain similar sets of precise results in onder o be absolulely sure ol the
correct answer. The factors leading to imprecision and inaceuraey in assay resulls are
outlined in Box 1.2

Tp————

"Box 1.2 §mnaiacmrs gwwg :ii&m me&lsiﬁn and macmrang rx‘
‘an assay

T L g ECE LR s

« [neorreet woighing and trensfer of snalytes and standards

= [nelficient eatraction of the analyte fram g matriz, e.g. tablots

» [neorrect wde of pipeties, burettes or volumetric flasks for volume measurement

s Moasaroment carmied oul using mopropecly calibrated stromentation

» Failure 1o use an anabieal blank

= Gelection ol assay comdilieis that canse degradation of the analyte

+ Failurc toallow for ar te remove mterference by excipients i the measmement of an
artalyle

Self-test 1.1

Suggest how the following might give rise ta enior in an analytical procediine:

i1 Analysiz of a sucrose-based efixir wsing a pipetta ta measu e aliquots of the alixir for
analysis.

(i) Weighing out 2 mq of an snalysicsl standard e a feur-place analytical balance which
weighs a mnimurn of 01 ma,

(i} Use of an analytical standard thal absarks meisture fram the atmasphere.

{iv] Incomptlete powdering of coated tablets priar ta extraction.

(v} Extraction of an ointment with asalvent inwhich il s poady saluble,

fwil Use of a burette that has not beer rinsed free of traces of & detergeant.
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Accuracy and precision

The masl fundamental reguirements of an analysiz arc that it should be sccurate and
precise. [4s presumed, although it cannot be proven. that 4 series of moysurements
() oFthe same sample will be normally distributed about a mean () 1.e. they fall
inlo & Gaussian patiern as showe in Figare 1.2

¥ s Fig. 1.2 .
The Gaussian
b distribirtion.
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I'he distance & shown in Figure 1.2 appears 1o be ngarly 0.5 of the width of
dismribution, however, bocause the function of the curve is exponential it tends to
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reroand does not actually meet the v axisantil imfinty where there s an
infinitesimal probability that there may be a value for x. For practical purposcs
approximately 68% of a senes of measurements should fall within the distance o
either side of the mean and 95% of the mreasvrements should lic wath 2 of (he
mear. The aim in an analysis is to make oF as small o percentage of the valug ol gas
possible. The value of & can be estimated vsing the Byoation 2:

fao - o
[ O .
= = (1]
"‘.,.'I o) [Equation 2]

= shanehird devinlion
i = number of saumples
X =values obtained for cach measurcment
x=mein of the measurements

Sometimes 2 rather than 5 - 1 1% used in the eguation but, particularly for small
samples. it ends w produee an underestimate of &, Fora small pumber ol values it
simple to work out 5 using a calvolator and the sbove eguation, Most caleulators
have a function wiich coables calealaton of 5 directy and on caleulaors o
estimiated using the above equation 15 usually labelled as o, _ . For instance il the
example of results obtained by student |, where the mean 35 caloulated to be 99.9%,
are substituted into equation 2 the following caleulation results:

L]

Il'lf@@..‘i 90.9) +(29:9 000y £ (1002 - 90.97% + (29,4 - 00.9) +
11003 999y

B (3 1)
_ [S080 4 (00 4 (03) 4 (0.5 + (067
Y 4
|r ! I|'_:
_ I"Illlllli_:l.ll,‘_l+ 0+ 1] .l:_.'l‘l: + 4125 & (L2G _ \Jl' [J.4f1 = oJ T3S =46

&= (h4a%: of smted conent

‘The calculated valve for 5 provides o formal cxpression of the scatter in the
results from the analysis rather than the visval judgement usesd in Figure 1, From
the figure obusined for the standard deviation {30 we cun say that 68% of the resuly
of the analysis will lie within the range 99.9 + (0.46% (+ @) or within the range
O 441003 3607, If we re-examing the figures obtained by student | it can be seen
that 6% of the results fall wirthin this range. with two owside the rapge inchuling
one only very stightly below the range, The range based on + o defines the 68%
confidence hmits; for 95% conldence £ 20 must be wsed, el B35 of the results of
student | lic within 999 = 0,02% or 98,98 100.82%, T can be seen that this ronge
includes all the results ebtained by studem L,

The precision of an analysis is often expressed ay the + relative standarid
deviation (£ BSDN (Equation 34

RSD = % 1005 | Equation 3|
X

The conlidence lumits in this case are often pot guoted bue since it is che SD that
i an estimate of o which is being used they are usually 65'%. T'he advantage of



Pharmaceutical Analysis

expressing priscision in this way is that 1 climinates sny wnite and cxpresses the
precision as a perccntage of the mean, The results olrtained from the assay of
paracetam] eablets ane shown m Table 1.1

Tabbe 1.1 Results abtained for the analysis of paracet amal.tablets by four analysts

Mean (% of stated 5 (% of stated + RSO (6R% confidence)
Student content) content)
1 99,9 0.5 + 0.5%
Z 936 05 + 0.5%
3 LR 4.0 = 4.4 5%
4 94,7 4.0 = 4.0%
Self-test 1.2 T ity Y
bl S ! | 3

Faur analysts obtain the Toliowirg data for a spectrashatormatric analysis of an injecticn
conta ning the lotal anassthetic bupivacaine. The stated contert of the injection is 0.25%
weight in volemae ().

Anglyst 10 0.245% wi, 0.230% waie, 0.283% wiv, 0761 vty DLZ33 % i,

Analpst 2 0.236% wiv, O.268% vy, D247 % iy, 0.2 75 % wfy, 0.285% wiv

Analyst 300248 % woiv, 0. 207 % wehy, 0.048% Wiy 0. 289% w2337 wiv

Analyst & 0,230 % vy, 0,233 % ey, 00227 % sty 0 230%, iy, 0L229% wikt

Calculzte the mean percentage of statod content and R3O for each set of results at the GE%
contidence level, Assuming the contesd really is a3 stated or the label, comment on the
accurany and precisian of each set af resulte. Calcubate the predision nf gach assay with regand
to 954% canfidence limits.

2LE = (I SIREHUOT 1556 T eiadd PUE SIRInARU L9560 F HELE

AR TRLE | T = O PIlEpgucD w0 ¥ rasiaaad pul DIEINIIE A0 F WOEE E et ST
'35 | F = CSH DIUBPIUTS 856 ¥ asosad i pUR BIEINIARE Sl L FEPOL 0 PR o
= (5H A1UDPLOD % ER 1T hpaadu gng e SgeInIae (MR F 9686 1 JRAEU [IEAEUY

Repeatability and reproducibility

In arder lor an assay 1o be valid it must be possible to get it to wark on cvery
necasion, The terms ol repeatability and reproducibility an oflen inther poorly
defined 1o the axtent that they don’t add very much o the genvral concept ol
precision. [n order te prevent overlap of the termg it 18 necessary ocextend (hew
scope, Fiest 1t 1s necessary to define in more specific terms what is meant by the
precision of an assay,

Within-assay precision -

The precision of an aisay is a measure of its ability 1o produce close agreement
Berween the results Tor severnl determinations of the same sample. Precision 15.a
fairly general term since it appliss to the assay as it is deseribed and the extent of the
details miven for an assay may vary. There is no general arreement as to whether all
the operations within an assay are being asscssed m detcrmining precision. For
instance in a spectrophommetric assay a single waiphing and extraction ol a sample
may be made and then several aliquots of the extract may be taken and difuted to the
coneentration required for analysis in order 1o assess the precigion of the method.
The precision of the weighing and extraction steps 1s not assessed. This 1s
undersiandable since if the precision of every aspect of an dssay were assessed then a
very large number of samples would be generaled. For instance i five samiples of
tablets were powdered and from each batch of powdered tablets five samples were
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weighed oul sand extacted separately and then lve dilutions were prepared from
cach extract. a total of 125 samples would be gencrated. which is rather an overkill,
Even in relatively simple assavs such s Gilndions the question arises as oo whetler or
not one should make up several solutions of the tirint and standardise all of them
buefvre currying out the assay. This precision ol an assay caninol be a ixed term and
il is an assessment of the assay as it was carded out and as such should be called the
within-assav precision. If the number of operulions which were assessed in order 1o
determine the within-assay precision was insdeguate then it would exhibit poor
repeatabitity. For inscince, iF it really was necessary 1o assess the precision of the
exfriction step in the assay of paracetamcl tublets then this would confound attempts
torepeul the analysis on another cecasion and achieve the same aceuracy and
precision. Thus it is useful to distinguish belween repeatability and within-wsvey
precizton since it cnables the routing assay 10 be Bmited o a sensible number ol
repelitive steps.

Repeatability
This dhilfers from simple within-assay precision o thal il might be considered to
compare the sum total of the operations carried out in an assav of a particular sample
From the beginning. carvied ont by a single operutor, wilh the same sum total of al|
critical operations, carried out by the swne uperstor, probably in sequence with the
imitinl dssay and certsinly within the same day.

Where repeatability 15 being assessed the suim lotl of operations in an assay
right be considered o include the follewing:

tiy  The weighing oot of all standards and samples

(i Fresh preporation and standardisation of all solwions involved in the
guantitative aspects of The dssay

i) Alldilonon and extraction steps irvelved in the assay being carried out from
the beginning.

Thus repeatabilicy is a carchi-all term and albows Tor the sssessment of the
precision of some of the steps which may hove been missed from the routine assay.
If repeatabilicy 15 poor some extra operations may within the routine assay need 1o be
assessed for precision.

Between-day repeatability
This concept is simply as suggested in the term that the repeatability is assessed on
separdle davs or even separated by several days Ty the sumie operator.

Within-laboratory reproducibility

Ruproducibility is often used in the way that repeatability hus been defined above hut
this docs not leave room for a term defining what huppens when an snslytical
procedure i handed over to another analyvse. Since in the ar world reprodoction
relates (o copying of an onginal by another artist 31 woukl seem appropriate to usc
the term in the same way in analvdeal chemistry, 1F an assay is dorried o ma
lubaoratory by several analysts it is unlikely that these analysts will weigh out
identical umounts of sample and vse identical items of eguipment. A clearly defined
assay provedure should be capable of being reproduced by a numbier of analysts ina
laboritory, Furthermore, having confidence in its reproducibility shoulbd Gacilitane
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stafl trainime and ghve conlidence i the overall control of other parts of the
analytical process such as calibraton and handling of & range of cquipment.

Between-laboratory reproducibility

IT a laboearery was fully confident in a particular assay 14 might submit it for lesting
by several laboratones, which would give 3 measure of how reproducible the assay
was ina wider sense with different operators and couipment. For an assay to succeed
i this type of exercise it would have to very sebest. For example pharmacoposial
moneeraphs are designed, in theory, to be sufficiently robust e be reproduced
relatively easily by many laborstorics. However, the toeleranees for the precision ol
suich assiays might be quite wide.

Standard operating procedure (SOP) for the assay of

paracetamol tablets

The terms defined above arc perhaps illustrated by using the example of 1he sitple
assay which we have menttoned before. The assay in Box 1.3 3 id oul o the stvle
of 2 SO This particular section of the operating procedure describes the sssay isell
hut there would also be other sectionz in the procedure dealing with safety issues, the
preparation and storgge of the solutdons used for extraction and dilution, the
glassware required and a specification of the instrumentation to be used,

S-S TR |- ] '__E_T'_‘.

. Bax 1.3 ‘Extract from a‘standard upuaﬂng pmcedurt, *ﬁurthe "
analysis of paragetaniol tablets, ' © & 0 % = 8w o i
B Axvay proceduee

K.l Llse a calibrated halance

E.2 Weigh 20 mahlos

£.3 Ponder the 20 paracelamol tablois and weigh Sy difftrence a guantiey of tablet powder
eouivadent e 125 - 10 g ol paracetarmnal

B4 Shake the tablet poweder sample with ea 130 ml of acetie acid (005 My for 10 min ina
SO0 anl volurzerric Nask and thes adjost the volume te S04 and with more aceticacid

(SR {50

B.5 Filter e 1R el of the solution into a conizal flask and then trunsfer lve separate 5 ml
aliquots of the filteate to L 00 ml volametmic flasks ard adiest the valimes to 100 mlwath
el acod (0.05 M)

B.6 Tahe two readings of cach dilonon using a LY spectropholometer and aing the
priscedurs specttied in Section 9

The assay descrbed  Box 1.3 assesses (he precision of some of the operalions
withim the assay, 15 & singlhe unulyst was (o assess the repeadiability of the assay,
mstructions might be wsued b the efliot the assay as described was (o be repeated
five times 10 seguence. e compleling one gssay belore commencing another. 1F
between-day repearabiline were 1o be assessed 1he process wsed Tor determining the
repeatability would be repeated on bwo separate days, 11 the within-fabartory
reprodieciilin were o be assessed Lwo or more analvses woueld be assigned o carry
oul the repeatabdiy procedure, [ ardving ata S0P such as the one described in
Box 1.3 there should be some justification in leaving adt certain steps in the
complete assay, For imstanee, weighing s often the most precise step in the process
and thus repeul weighings of sumples of tablel poswder woudd not be necessary to
suarantee precision; the precision of the extraction might be more open 1o question.
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Each of the secctions within an assay would have other SOPs associzted with them
govverning, for instance, the correct use and cure of bulunces as listed oo Thox L4,

. Box1.4 Prmdwa ﬁ@r the usm:f a :ahbrated balante
SOP/ODTAIOT.

& o o

Fhis halance 15 & high-prade analvticel balunce, 1t carries ool itermal calibration Tar as o
double check it is checked with certified check weights. Any devintion of the check weight
values from thoses expeeted indicates need Tor serviciog of the balance, Chock weighe
calibration should be carried oul smee @ week sceonding wothe istructions i

SOTHEILCAM,

Cantion The loghaok {form SOPOR ARA must be Alled . Any spillages on the
bBulence must be cleaned up inmediately and recorded inse Tog. This halence i< o he
nsedd anty for analytical grade weighings.

Crperation
1. When carcving our wiighing of amounts < 50 mg use baeerers W handle the weigliig
vessel
2, Make sure the doer of the badasce 15 shul Switch o the balanee and allow it to undergo
its internal calibration proccdone. Whon it s ready: the digttal read-out will be (L0
Wil M) s toensoe tal the reading has stabilised,
Imtrodiece the waesighmg vessel onie the baloece pan. Close the door Wi 3 s to ensure
Uit Al redding fas stahilised and teen send the rending to the prinier.
1T the tare 15 used 10 the weaghing procedure, press the tare button and wait until the
halance reads GO0 Wil 3005 w ensure that the reading has stabilised, TF i dritrs,
which vnder normat civcumstances 18 should nol, press the e hatton gz aod wait fo
a slable reading.
5, Remewe the weighing wvessel Trome the bulance, introduce the simpla inta the vessel and
prul i Back onte the balanoe pan. Clase the doar and note the resding,
1. Bemowe the sample and adjust the sanple size te bring it closer 1o the required amount.
Re-amtroduee the sample onto the balance pan. Close the door amd note the neading,
7. Repeat step 3 oneil the arget weight is reached. When the reguired weipht ts seachod
weail b s 10 ensure that the reading bas stabilised. Scad the reading oo the prnter.

M.B: An unstable reading nay ingicats that malstore s being lose or gaimed and thl the
sattle must be weighad inoa capped vessel.

I¥ate of issne: oF RIS Signalure:

Compound random errors

Swyetematic crrors in analvsis can usoally e eliminated but rrue random errors ane
due to operations in an sy which are not compleiely contralled. A common type
of random crror arises from the aeceplance of manufacturers” lerances for
olassware. Table 1.2 gives the RSO values specified for certain items of grades A and
B plassware,

Table 1.2 Manufacturers toleranoes on seme items of glassearne

Htem of glassware Grade A Grade B
1 mi bulb pipetie & 0.7% =1.5%
5 mi bulb plpette + 0.3% = 0.6%
100 ml valurmetric flask & 0.08% = 0.15%
500 ml walumetric flask + [(1.05% = {0.1%

full 25 ml burette + 0.2% = 0.4%
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An estimate of compound random errers i obtained from the syuare rool of 1he
sum ef the squares ol the BSDs alivibuled o each component or aperaton in the
analysis, [Fthe analysis of paracetamnol described in Bos 1.3 65 considered then,
assuming (he slems of glassware are used correctly. Assuming the items of plassware
are used cormectly the errors involved in the dibetion seps can be simply estimated
from lhe toleranues given for the pipette and solumetrie flasks. The British Standards
Institution {BST lelerances Mor The grade A glassware wsed in the assay are as follows:

A0 mal volumetrie Mask 5060 mil + (5%
P00 mal velumetme Mask 109 il + (L08%
5 mml 2ne mark pripetie 3ml £ 3%
Standard deviation of ermor fram plassware =

SILOS 4+ 008 + 0.3 = TES = 0.31%

Thus il can be seen thal the compoursd eeror From the glasswaree differs little from
Ihe: Tamgest error in the process, OF course the glassware errors can be eliminiated by
calibration of the glassware prioe 1o use but in general apalvsts will acccpt
manulacturers olerances. The wlerated randon ermor from zlassware could be
readily eliminated: other random errors such as variation in the extraction efficiency
are more dificolt le centrol,

Self-test 1.3 S e

G e
s

Estimate the campaound random errar in the folicedng asay with respect ta the dilution steas
described and calcu/ate the error as 50 of the wiv peroertage of the irjecticn assaming itis
exactly 2% v

A 2% wily injaction was diluted twice using grade A 3 mi bulb pipettes and grade & 500 m!
wolurmetric flasks as follows:

Difudion 7: 5 to 100 ml

Ditwtion & 5t 100 ml

The uncertainty ir the soectrophotomedric reading was = 0.2%,

AL 5 LI00 + PuE SRAED T Lo

Reporting of results

In cabeulating ananswer fionn the data obtained inan analysis i s important o nol
inelicate o higher level of precision than was actually possible in the assay. As
mignioned the proviows sechion, when considering the accuracy of glassware used
wilh the assumption thal it complied with the BS grade A standard, it was obvious
that there was some aicerlaingy in any fgure < 1. Tt might be possible 10 improve
un this degree of preciaion by calibrating glasswans; however, any Improvemend in
precision in the real world would take time and henee have cost implications. Thus
[ur the purposes ol most analyses, and for the purpeses of the caleulations in this
bk, 1 would seen sensible o report four significant figwres. Lo to 9.1%. In the
process of carrying out calculations, five figures can be retained and rovnded up o
lesur Npures at the end of the calculation. Since in pharmaceutical analyses the
percentage of the stated conent of a drug in 4 formulation may be reported as being
Tretweeen 90 and 99.9% if the ficst sipnifcant figure is 9 then at the end of the
calvulation a more realistic estimate of precision 15 given by rounding the unswer up
W e signaficant figures. The S1 o RSD reporeed with the answer should reflect
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the nomber of significant feures given: since there is usually unecriainty in figures
< 1% of the answer the RSI should nat be reported 1o = 11.14%. "Taking this into
consideration the comeet and incorrect ways of roporting scine InSwers ane yven in
Table 1.3,

Table 1.3 Significant figures in the reparting of analytical results

Answer s 5 [ncorrect R5SD Amswer £ 5 Correct RSD
% af stated content = 99.2 = 022 (.22 % of stated content =992 + 0.2 0.2
v af stated content = 101,15 = Q.35 035 4 of stated content = 1012 = 0.4 0.4
02534 & B.O04438% wiv 1.75 02534 + 00084 % wiv .7
1060057 & 00063 % vl .63 1.005 £ 0.006% wivw {6
1784 £ 01242 pgfml [oR: L) 1788 & 0124 pa'ml 0

Other terms used in analytical procedures control
Analytical blank

This consists of 2]l the rearents or selvents uscd moan anaiyas without any ol the
analyte heing present. A trie analytical blank should refect all the operations o
which the analyte in ateal sample is subjected. Tt is wsed for example in checking
that reagents of indicators do nol contribute to the volume of titrant required for 4
litration, including sercing spectrophotometers or in cheeking for chromatographic
inlerferance.

Calibration

The calibrativn ol a method myvolves comgarison of the value or values of a
particular parameter measured by the system under strictly defined conditions with
pre-sel standard values, Examples mclude: calibration of the wavelength and
ahsorhance scales of 2 UV/visible spectophotometer «Ch. 40, calibeation of the
wivelength scale of an TR spectromeler (Ch. 33 and construction ol chromatographic
calibration curves (Che B2).

Limit of detection
This is the smallest amounnt of an analyle which can be detccted by a parlicular
method, 1t is formally defined as follows:

v— Ky = iy

Where & 15 the signal from the sample, 1, is the signal from the analyvtical blank
and 5, 15 the SI¥ of the reading for the analytical blank. In other words the criterion
for a reading reflecting the presence of an analyte in a sample is that the difference
between the reading taken and the reading for the blank should be three times the D
of the blank reading. The SD ol the signal from the sample cun be disregarded sinve
the sample and the blank should have Teen prepared in the same manner so that it
and the sample produce o similar $13 i their readings, A frue linil of detection
should reflect all the processes o which the analyte in a real assay is subjected and
nol he a simple dilution of & pure standard for the analyte vntil it can no longer be
ditueaied.
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Self-test 1.5 St A SR L
bE Uil Su | [l
Irvwiich of the tollawing cases has the Irmit of detaction been reached?
Sigral from samphe Sample 50 Signal from analytical blank Analytical biank 5D
1, Abs 0.0063 00003 .05 0.0003
4. Abs 00075 a7 QMG 00018
3. k235 ngdml 0.045 ngfmi D045 ngfml 0.037 ngdmi
T dSsLE
Linearity

Mest analytical metheds are based on provesses where the method produces a
response that is lirear and which increases ordecreases linearly with analyte
concebiation. The equation of o straight ling tukes the form:

v=a+hy

where a Is the intercept of the straight Jing with the v axis und b i the slope of the
line. Taking a simple example, o three-poinl culibration curve is constructed through
resdings of absorbance agains procuine concentration ( Table 1.4).

Table 1.4 Data used far the constaiction of a calibration curve for the spectrophotometric
determination of pracaine

Procaine concentration mg/ 100 ml Absorbance reading
0.8 0,604 '
1.0 0.761

1.2 0N

The best fir of 4 struight line through these values can be determined by
determining a and b from the [ollowing equations:

E_[.r. —x Wy =)
=
: Lir—x )
N

where x, are the individual values for o, ¥ is the mean value of v, ¥, are the individoal
vilues for v and v is the mean of v,
From the daga in Table 1.3

- g+ 10412
oL
3
o Db 1J.?_F’~: AL |
A0 — LONDA04 - D.766)+41.0 - LON0T63 - 0.766) + (1.2 - LOYN0.93] —0.766)
(08— LO¥ +(1.0- LO¥+11.2-1.07
_D.0524 4 (4 0,033

TR L
=T 088 = [L.0= 0052

= 1.1

b

Thus the equation for the bese fit (s

¥= 0818y - 0052
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The statistical measare of the goodness of i of the line theough the data s e
correlation coeflicient r. A comrelation coelicient of > 0.99 is regarded as indicating
limearity, The correlation coellicienl is determined [romthe following cquation:

Pl x vyl

QT
Substitofing the values from Table 1.3
P =
0.8 L0604 0.766) + (1.0 — L0763 = 07661+ (1.2 — | UNHEYAT —0.766)
I."[:G.E — L0+ (10 LI+ (1.2 < 1OF[0.604 — 0.7665 + (10.763 = 1, T6) +
0831 0.766)%)
s 00324 + 04 0033

e —————

LR AL

= ].(W}

Thus o three significant Agures the straight Tine i tbrough the values in Table |3
is perfect. For a fuller treatinent of the mathematicnl determinstion und significancs
of a corelation coeliicien see relerence 1, The cguation for the comelation
cuellivient 15 very uselulin that il can be applicd 1o comrelations between curves of
any shape and thus il can be used for speciral comparisons such as those carmied ow
hetwesn diode array spectra obtnined during high-pressuere liquid chrematography
(Ch. 12 p 2517,

Range

The ramge of a method 15 relged to s sesitivioy, although there are methods such os
inmuncassavs which are capable of measunng very small amounts of marerial, bo
are not very sensifive in that they measare over g restricted rnge of low
concentration. This, some rypes ol detection have very wide dynamic ranges and
others may omly funclion over g resiricted range before neariny 1s lost. AUV
detector has a dynaoic range of about 1 = 10 and for o purtcular compound (v might
measure concentralions between O, ] and 100 ge'ml, In contrast & lame photometer
has a range nor much greater than 1 x 1. Sample concenirtions must be adjesied o
that they fall into the range of the equipment psed (o make the measurement.

Robustness

This term refers o how resistant the precision and accorsey of an assay 15 e small
varigfions in e method, eog, chunges of mstrumentation. slight vanstions m
exlruction provedures, sensilivily o minor impernitics in reagents. cte. Robust assavs
enay nol be cupable of the highest precision or specificity but they are regarded as fit
for the purpose for which they are designed.

Selectivity

The sclectiviey of a method i5 o measure of low capable 31 is of measuring the
analyie alone in the presence of other componnds comtaited 0 the sample, The miost
selective analvtical metheds involve a chiomalographic separalion, Deteclion
methods can be ranked according to their selectivity, A simple comparison is
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petween fluorescence spectrophotometry and LTV spearophoiometry; there are many
more vompounds which extubit UV absorption than there are those which exhibi
sivong [Tuoreseence, thus fluorescence speetophomometry 18 a more scloctivi methiod.
Beeguse setective methods are based on more complex principles than non-selective
miethods they may be less robust, cog, Myorescence spectrophotometry is more
affecied by changes in the analytical method than LY spectrophotometry,

Sensitivity

The sensiliviey of method indicates how responsive it is o a small change in e
coneentration of an analyte. Tt can be viewed as the slope on a response curve and
may hea function of the method isellorol the way in which the instrumentation has
been calibeated, In Figure 1.3 the method having a Freer response y = 2.5 % 153
times mure sensitive than the method cxhibiting a linear responsc v = 8.5x,
Sensitivity and thie limit of detection ol a method are often confused. The limit of
deteetion is due toa combination of rege and sersitiy.

LR e Fig. 1.3
Sensitivity asa functicn
w0 L-'./’ of the slopral
v = L300 response curee
44 |—|/V
L
,-A [ Response

/1—: S Flesoome

Fanpuane:

| Gonmendranon

Weighing by difference
Weighing by difference is used to minimise weighing errors in an analytical
procedure, The sample is weighed in 4 suilable vessel. e.g. a glass weighing hovat
with # spoul, and then transforred immediately to the vessel in which it 15 poing to be
anadysed or dissolved. The weighing vessel is then reweighed and the difference
belween the weights before and afier tranafer gives the weight ol the sample. This
methud of weighing minimises errors due to, for example, the absorption of moisure
onto the surface of the vessel. T alse means that there is not a reguirement for
complete transfer of the sample that i to be analysed.

The points lisced in Boxes 1.5 and L6 indicate hos: pharmaceitical preparations
may comne to be oul of specilication.
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Bl:m 15 SﬂBrtEE uf impurnies in pharrnaceutlr.af manufacture:

+ During the course of the manufacture of s pure drog substance, impuritics msy anse 95
fallows:
{11 Preseanl o the svmletc slarting maderials
{1} Result from residual amounts of chemical intermedianes osed anthe syothetic
process and from wnnended side reactions
i Resull from reagents, sobvents and catalysts wied in manufacture
» The process ysed to praduce the formulated drug substanes may infraducs impueri fies az
Tl lioapes:
{11 Particulate matler frooe the atmasphere, machines and devices wsed m the
manufactunng process and from comemers
(1) Impuritics that ave present in the excipients wsed in the formulaton
(011 Cross contaminaliom may gceur from other processes carricd out using the same
cquipment, o.g, from mixers
(] Microbiol contamination ray occur
(w1 The deug may react with the exciprents used i the formulaticn
(1) Impuaritics may he inbroduced from packaging, ooz, polvmeric monamers.

i an "E’ ? ?essleadl ng»‘t-:- the deviation of the actual content
Frotn th 3

contentof ‘adrug ina formulation

= Incomplete mixing of drog with formulation exeipients prior to compression inte tahlcos
or filling ante capsules

s [Physical wnstabilive of the dosepe Gocr: ablets that disintegrate tow readilys creams or
suspensions that seperate and over- or andereampression of ablers leading to deviation
from the required weight

= Chericad breakdewn ol the drog reswitmg from its resctoion with aar, weater, light,
excipients in g fnrmulation or with packaging materizls

= Parlitioping of the drog ot packaging matenials,
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