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ABSTRACT

A simple model for the validation of HPLC analytical methods, to be carried out in a typical
laboratory within the constraints of time and cost, is described by reviewing currently available va-
lidation methods. The statistical techniques employed in assessing the accuracy, precision, selectivi-
ty, reproducibility, sensitivity and validity of a non-official assay method in comparison with the
compendial method are reviewed and demonstrated.
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INTRODUCTION

A variety of reasons demand validation of
analytical methods. However, two especially 1m-
portant reasons should be stressed. The first 1s
that an analytical method should be scientifically
rational and reliable. Since the method selected
plays an integral role in obtaining the observed
data. it must be accurate and free from bias.
The objective of method validation 18 to produce
the best analytical results possible. The second
reason is that current good manufacturing pra-
ctice regulations (CGMPs) require assay valida-
tion.

Regarding this regulatory issue, there was
no explicit mention of validation in the 1971
CGMPs (U.S.A.). However, paragraph 133.11
states that laboratory controls should include
the establishment of scientifically sound test pro-

cedures, and paragraph 133.11(f) mentions ac-
curacy and precision in relation to laboratory
test procedures'’’. The word “‘validation™ 1s ex-
plicitly used in the 1979 CGMPs paragraph 211.
165(e); where regulations call for proof that each
method used in testing meets proper standards
of accuracy and reliability, and that the suitabili-
ty of all testing methods should be verified un-
der actual conditions of use. Regulations also re-
quire all analytical methods used for stability te-
sting to be validated to demonstrate any indica-
tions of instability’®. These guidelines are quite
similar in Japan’s GMPs.
Youden®# and Mandel®
acknowledged as the pioneering contributors to
the literature of the design and analysis of assay
validation experiments. Their investigations sho-
wed the effect on test results of variables such as
analysts. time, equipment, reagents, laboratories

have been

etc. These papers gave examples of balanced
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sampling designs and demonstrated the analysis
of data, utihlzing statistical methods. Two re-
ferences targeted primarily for the pharmaceut-
ical industry in validating the analytical methods
were the Greenbrier Procedure'® and the Rose-
mont Procedure!”. The procedures were named
for papers presented respectively at Greenbrner,
North Carolina in 1973 and at Rosemont, Pe-
nnsylvania in 1982. The Greenbrier and Rose-
mont Procedures focused on validation of alter-
native assays in multiple system and assay preci-
sion involving interlaboratories. The methods
depend largely on the asymptotic variance and
at best are a large-sample approximation. How-
ever, the methods can be adopted for use in any
assay validation program in a quality control la-
boratory.

In Europe, a validation guideline called
“GVP : Good Validation Practice” was presen-
ted by FIP in 1980®®. GVP did not focus on the
validation of analytical methods specitically;
however, 1t stated that during the development
phase, the analytical procedures for chemical,
galenical and biological tests must be validated,
i.e. the methods had to be checked for correct-
ness, accuracy and reproducibility and thus, for

Table 1. Data elements required tor assay validation

their rehability. Validation for the chroma-
tography assay methods was discussed in a se-
ries of technical reports on vahdation in Japan
in 1983, The compendial issues in the experi-
mental error and tests of assay vahdity were dis-
cussed in the biological assays section of the
USP XX,

Since 1982 U.S. FDA officers have de-
scribed and explained the requirements of assay
method validation, documentation and laborato-
ry evaluation of proposed NDA nad ANDA
analytical methodology in FDA 1n a series of re-
ports''? 710 In 1987, FDA disclosed the guideli-
nes for submitting samples and analytical data
for methods validation! ?. A guidance note on
analytical vahdation was also published by the
Commuttee for Proprietary Medicinal Products,
U.S.A. in 19888 Validation of compendial as-
say methods 1s for the first time described in the
general information section of the USP XXII
(1990)'%. Typical analytical performance para-
meters for assay validation such as precision, ac-
curacy, limit of detection, limit of quantitation,
selectivity, range, linearity, ruggedness are de-
fined; the procedures to determine the system
suitability are also briefly described in the USP

Analytical Assay Assay Category 11 Assay
Performance Category | Category 111
Parameter Quanti- Limit
tative Tests
Precision Yes Yes No Yes
Accuracy Y¢s$ Yes * *
Limit of NoO NO Yes *
Detection
Limit of No Yes NO *
Quantitation
Selectivity Yes Yes Yes *
Range Y¢s Yoes * *
Linearity Yes Yes NO *
Ruggedness Yes Yes Yes Yes

+ May be required. depending on the nature of specific test.
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XXII. Analytical methods are divided into three
categories : Category I is the method used 1n the
quantitation of drug in bulk form and in fim-
shed products; Category Il refers to the stability
-indicating assay method; Category III 1s the
method for determination of performance char-
acteristics. The data elements required for assay
validation for each category are specified, (Table
1).

These documents and guidelines, as 1t was
pointed out by Carr and Wahlich“?, are often
vague and rarely provide the detailed procedures
required in the validation exercise because the
analytical methods used in drug analysis are so
diverse that general procedures suitable for va-
lidating all kinds of analytical methods are for
pharmaceuticals practically impossible.

In general, procedures for analytical me-
thods validation can be divided mto two parts:
single-system validation and dual- or multiple-
system validation. Single-system validation 1s di-
rected primarily to a single assay method. The
validation is used to demonstrate that this me-
thod is accurate and reliable, but without re-
ference to other methods. Multiple-system va-
lidation intends to compare (1) the standard or
compendial and the alternative methods; (2) the
same method tested in two or more different la-
boratories; (3) the ornginal condition and the
perturbed condition; (4) the same method con-
ducted by two or more different analysts etc.

The validation of an analytical method 18
generally carried out by extensive statistical

%

evaluation of the analytical methods pertforman-
ce characteristics. Duarte and Vest'!' reported a
model for mixed factonial analysis of vanance
for obtaining detailed information about the
srecision and accuracy of methods being va-
idated in comparison with the compendial me-
thod. Carey et al.??' and Lawton et al.'*?’ also
described a method using principal component
analysis to obtain data concerning accuracy and
precision. Koopmans et al.”*' reported the me-
thod to estimate the precision using confidence
intervals method. Westgard and Hunt=>" de-
monstrated the use and interpretation of statist-
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ical tests in method-comparison studies. There
are many descriptions in the literature of sophi-
sticated statistical methods and their application
in the evaluation of method accuracy and preci-
sion. However, most of these methods require
advanced techniques and a large numbers of as-
say determinations which are usually beyond the
capability of a typical laboratory. The main pur-
pose of the present work is to abstract the es-
sence of the current state-of-the-art validation
methodology, and to propose a simple model
focusing on the HPLC assay method for model-
ing the collection, analysis and interpretation of
the valid data. This simple model of method va-
lidation can be performed in a typical laborato-
ry within the constraints of time and cost, and
complies with both the CGMPs and the com-
pendial requirements. It should be pointed out
that when this proposed simple validation me-
thod is applied, it is not possible to obtain all of
the relevant information which would be desir-
able to learn working of an assay. Nevertheless,
these procedures may provide a scientific ration-
ale for an assay method.

ASPECTS OF VALIDATION

I. Svstem Suitability''®->¢

[t is necessary to determine the adequacy
and suitability of an HPLC analytical system
during method development and, after the me-
thod has been validated the established system
suitability specifies the adequate conditions for
band retention, selectivity, resolution, measured
plate number and tailing factor for a proposed
HPLC assay method.

( 1). Capacity Factor (K)
Capacity factor (k) 1s defined as

K'= (1, — t)/t,

where t. is column dead-time and . 1s the
retention time of the analyte.

In general, k' value is preferably between 2
to 8 for the band of analyte. In case of trace
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measurement, 1<k’<3 is preferable, if reso-
lution from possible interference permits. For
the stability-indicating assay, k’>4 may be
adequate. The constant k’ can be taken as the
indication of column equilibrium, and 1s the sy-
stem parameter to be checked first.

(II). Selectivity (o)
Selectivity («) 1s defined as
- k%
K’

X

where K’y and k’: are the capacity factors
of analyte 1 and 2, respectively. The adequate o
value 1s between 1.05 to 2.0.

(III). Resolution (R,)
Resolution (R,) is defined as

2t — t) LLI8(t: — th)
Wi+W:  [Wie] T [Waen)]

where t; and t: are the retention time; W,
and W: are the bandwidth; Wi(2) and W:(2)
are the bandwidth at half-height for band | and
band 2, respectively.

A resolution (R.) of not less than 1.5 1s
strongly recommended for quantitative analysis
in the baseline resolution of the interest band
from the adjacent noise bands and the bands of
its related substances (impurities, degradants,
metabolites etc). Nevertheless, resolution not less
than 1.2 may be tolerable where assaying sa-
mples such as biological specimens. Specificity
requires the analytical system to provide separa-
tion of the analyte from process impurities, de-
gradants, excipients, packaging extractables, and
analytical artifacts. The specificity of the method
can be delineated by the resolution of the in-
tegrity bands. The integity of a band determined
by multiple UV wavelength  detection  (e.g.
photodiode array detector or ratio between two

R.

wavelengths) may not always be reliable, since
many degradants and metabolites may have
chromophores similar to the intact drug. Band
purity can be assessed with a higher degree of
certainty only by band collection, followed by

analysis using significantly different chromato-
graphic procedures and using IR, NMR and
Mass spectrometry. However, this is often dif-
ficult if not impracticable in typical laboratories
at present. In the simplest approach, the normal
phase preparative TLC is carried out and each
band i1s collected respectively to run a reverse
phase HPLC to determine the integrity of a
band by the ratio between two wavelengths.
This approach is suitable for analysis of the sa-
mples with known constituents.

For cases where bands overlap moderately,
a convenient measurement of R, has been pro-
posed by Snyder and Kirkland*”. This appro-
ach is based on the height of the valley between
the two bands (h) as described in Figure 1 and
Table 2. Quantitation with Ri<1 is generally
less precise, particularly since R, will vary from
day to day and from lab to lab.

(1V). Measured Plate Number (N)
Measured plate number (N) 1s defined as

t t
N=16(7) =5.54(3 )’

where t. 1s the retention time, W and W.
are the bandwidth and the bandwidth at half-
height for the band of the analyte. N value
should be measured under the analytical condi-
tion for the analyte band and can be used as an

Figure 1. Measurement of height of the valley be-

tween two overlapping bands.
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indicator of the column efficiency in routine
analytical practice. If the N value decreased sig-
nificantly after a certain time period of analyt-
ical practice, decrease of the column efficency
should be suspected. When significant tailing of
a band exists, then the plate number measured
by the above equation will be artificially high.
The Dorsey-Foley equation should be used to
estimate the plate number : N=41.7(t;/Wo.)*/(A:
+1.25), where Wy, and A, are defined in the
following section (tailing factor).

(V). Asymmetry Factor or Tailing Factor
(T or A)

Asymmetry Factor, T is defined in the USP
XXII as

T = Wos/ 2f

where Woos and f are defined in Figure 2.

A majority of the T values for the HPLC
analysis of drugs complied in the USP XXII are
1.5 to 2.0. The T values of a few drugs are spec-
ified as less than 1.5 (e.g. Flunisolide, T <1.0),
whereas some other drugs are allowed to have
relatively large T values (e.g. Famotidine, T <3.
0; Ciprofloxacine HCl, T<4.0). Another mea-
surement of band asymmetry, the tailing factor
(A.) is used in the journals. The A 1s defined as

Table 2. Estimating resolution from the height of the valiey between two adjacent bands

h,/h; R, for Indicated Ratio of Band Size (h./h)
(%) 1/1 2/1 4/1 8/1
10 1.22 1.26 1.30
20 1.07 1.13 1.17 31
30 0.97 1.05 1.10 .22
40 0.89 0.99 1.05 1.13
50 0.83 0.92 1.01 1.07
60 0.78 0.86 0.96 1.01
70 0.74 0.82 0.91 0.96
80 0.70 0.77 0.86 0.92
90 .66 0.74 0.82 0.89
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Figure 2. Asymmetrical chromatographic peak
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A;=BC/AC (Figure. 2). A. 1s preferably between
0.9 to 1.3, to ensure accuracy and precision of
analytical results. A will increase under in-
adequate HPLC conditions and with decreasing
column efficiency. If the assay 1s performed un-
der a value of A, larger than 1.5, 1t 1s very dif-
ficult to meet requirements of accuracy and pre-
cision.

I1. Linearity

Linearity 1s conducted to justify the single
point ratio calculation method (SPRC method)
of which the analyst 1s assuming a lhinear respo-
nse with zero intercept. In some methods, e.g.
fluorescence or atomic absorption spectrometry
or the detectors used in the GC, this assumption
cannot be true. It should be shown that the
cahbration curve has a satistactory slope sen-
sitivity over the range of interest.

To validate linearity between the response
and the concentration, a series of standard pre-
parations are used to construct the standard
calibration line which serves as evidence that the
analytical system 1s adequate, and that systema-
tic and proportional biases are absent. In addi-
tion, tests of linearity using spiked placebo sa-
mples must be performed to show that the re-
spon.e 1s directly proportional to the concentra-
tion of the analyte in the presence of excipients,
since the objectives of the assay are the samples
containing excipient matrix. Table 3. depicts the
Design of Experiment and the equations relevant
to the linear regression.

The regression model and regression equ-
ation are:

= g + hX + ¢, € = N(O, Cf)

/ZY ZX° - ZX XXY/
[mn LX° — (XX)?°]

where ¢ =

- [mn XY - XX XY
[min ZX°* — (X£X)°]

It should be pointed out that the simple li-
near regression using nonweighted-least-squares
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method 1s adequate only for the concentration
spans around a 100-fold range in absorbance
spectrometry (in case of fluorometry, this may
be a few 10-fold ranges), in which the homogen-
eity of variance at each concentration may be
assumed. For the linear regression in which the
concentration spans a 1000-fold range or more,
or the heteroscedasticity of data 1s suggested,
welghted regression should be carried out.

The test of homoscedasticity can be pertfor-
med to the test of null hypothesis, ¢° =0,
(equivalency of variances for a single level and
the regression line). The test statistic F, for the
hypothesis 1s:

S%y
F, = q? ~ Fatimenoos
TY? - (Z}:E) - b[EXY — XffY]
where S, ° = -
sy - 2V
y H2
S ne — |

In case heteroscedasticity 1s suggested, the
weighted regression equation would be:

Y =a+ bX + e, e=N(0 o0.°)

[EWY > TWY - TWX TWXY]
[EW ZWX? — (ZWX) )

q =

[EW SWXY - TWX IWY]
[IW TWX? - (IWX) ]

Table 3. Design of experiment for the test of

linearity
Cause (X) X, e X e X
Response (Y) YooYy Y,
Y, - C Y Y
TY e TY e Y
n=5m=6 "
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I

where W: weight = 3

It 1s important to note the coefficient of
correlation (r) does not test the linearity of two
variables. Although it has barely been practiced
correctly in the pharmaceutical literatures, the
mususe of the coefficient of correlation has been
criticized for some time'?%?%732  The proper
test for linearity is the Lack-Of-Fit test®?); ano-
ther convenient alternative test is the Quadratic
Regression test'3*.

( I). Lack-Of-Fit Test

When a set of data X and Y are fitted to a
regression model, there i1s always danger of us-
ing a regression model which is a poor appro-
ximation of the true functional relationship and
1s thus inadequate, the Lack-Of-Fit test may be
used to support the adequacy of the regression
model. The hypothesis to be tested is:

H.:'The linear model adequately fits the
data.

H.:The linear model does not fit the data.

The test involves partitioning the residual
sum of squares (S:) into the sum of squares of
pure experimental error (See), and the sum of
squares of the Lack-Of-Fit to the regression mo-
del (Sior). The test statistic for Lack-Of-Fit, F.
IS:

Y. = a + bX

S = Z(Y; o .?a)g

Sf‘ii. — EEZZ E‘E%(Ym o ?1)2
Sior =S¢ — Spe

Seor/ (M2)
Sei - (NM~1M)

£y i mia

If the null hypothesis of model adequacy is
rejected, then the model must be abandoned si-
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(Se) =

data. On the other hand,

nce no linear raltionship exists between two va-
ribales. If the null hypothesis cannot be rejceted
(p>«), then there 1s no apparent reason to
doubt the adequacy of the regression model, so
that the linearity is imphed.

(II). Quadratic Regression Test

The quadratic regression test 1s proposed
by the NCCLS (National Committee for Chin-
ical Laboratory Standards)©®*#. The data are fi-
tted to a quadratic model first and if the results
show a poor fitting in comparison with a first
order model, the adequacy of the linear model 1s
suggested. The manual algorithms for the quad-
ratic regression were described respectively by
Cardone et al,*% and Burnett3>.

Forasetofdataof XandY

Y Y, cereeenens Y;Yn
Premise

Y'E bﬂ + le + bEXZ +63
= N(0.07)

bo = Y — biX = by(X ?)/n]

TIX -X(X ) P E-RNY-9)-EX-KIEX (X
T(X-K)EX -5(X

)mlEX -EX
Yl -ZX-KEX X )’

i][Y-Y]

S

_ SX-XZX X ) nffZlY-Y)-E[X X njZX-X)Y-Y)
XK IX z *}nf[zxm[x X))

?; = b, + bX + bzXf

LYY ) i(n-3)
e (EX Y -2nEXe ZX S EXHEXPEX [PEXn(EXY]

YXEXT)

The test statistic for b-=0, F, 1s:

Fo = () /(Sh)

e
FI T-30.08

In a statistical sense, the Lack-Of-Fit test is
more useful than the quadratic regression test
because a showing of no significant Lack-Of-Fit
indicates that the model is adequate to fit the
the quadratic re-
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Table 4. Design of experiment in the evaluation of
recCovery

% Amount Found (Y) % Amount Added (X)

Y
. 50
Yin

YE }
80
YZn

Y
100
Y;‘in

Y
120

150

gression test merely shows that the quadratic
model is not significantly better than the first
order model, whereas both may be inadequate.
However, sets of replicate measurements arenee-
ded for the Lack-Of-Fit test, whereas the quad-
ratic regression test may utilize the data of si-
ngle determination to select the regression order.

Il. Regression Line Passing Through the Origin

In LC procedure employing absorbance
spectrometry, plots that pass through the origin
should be the general rule. Namely, the response
must be zero, if the concentration of analyte 1S
zero. A nonzero intercept suggests the presence
of matrix effects (interfering substances) in the
sample being analyzed and constant bias may
exist. A statistical test using the null hypothesis:
(the intercept 1s zero) can be done to suggest a
zero intercept.

The test statistic for the null hypothesis, t
IS:

168

d
tc_} — Sa - t(nn‘t*z.xfz)
>(Y-Y)! 1 X ?
g = 2 |

nm-2 ‘nm  Z(X-X)

If t, is smaller than Student’s tum2.2 value,
it is likely that the apparent Y-intercept 1s an ar-
tifact of experimental imprecision; then the re-
gression; equation passing through the origin
may be expressed in the form of Y =[ZXY/ZX"]
X. If the test statistic t, is larger than tom2.2, the
real nonzero intercept may exist. Thus, depe-
nding on the condition of the sample when 1n-
jected (degree of cleanup, composition of excipi-
ents--etc), the size of the intercept varies. There-
fore, this may lead to the reduced precision and
should be avoided if possible. If it is impossible
to improve the analytical system to obtain a
zero intercept, the method of standard additions
(MOSA) is useful to confirm that matrix eftect
are not important. The method is performed
with the addition of known amounts of the ana-
lyte to samples to that a predictable increase in
analyte concentration, as assayed by the HPLC
procedure, would result. The test is applied to
several different samples to make sure that the
matrix effects are the same for a representative
group of samples. The test of zero intercept em-
ploying Student’s t-test may not be reliable
sometimes, since the test is based on the magni-
tude of the stadard error. If the standard error
appears to be relatively large, then relative vari-
ation of the regression may provide the preci-
sion of the assay method.

. Accuracy

Accuracy refers to the closeness of an in-
dividual observation or mean to the true value.
The accuracy of an assay method can be evalua-
ted by the test of recovery. Recovery 1s es-
tablished by the analysis of spiked placebo at
sub- and super-potent amounts. It 1s important
to make sure the drug is incorporated into the
placebo matrix just the same as into the real sa-
mple product. Bohidar and Peace'*® recommen-
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ded an experimental design as shown in Table 4
to test a 100% recovery. The standard labeled
amount of the analyte is taken as 100% and the
samples containing theoretical amounts of 50 to
150% are assayed. The percent amount found
by the HPLC assay and the percent amount ad-
ded are subjected to the statistical equality test.
Recoveries can be determined by either external
or internal standard methods. The external sta-
ndard method 1s the straightforward method but
the precise control of injection volume 1s man-
datory. If 1t i1s difficult to control the injection
error to a degree not greater than 0.2%, then
the internal standard method may be preferred.
An mternal standard must be completely re-
solved from all other bands in the chromat-
ogram, have similar solubility behavior and aci-
dity with the interest analyte. It 1s desirable that
the internal stadard elutes near the interest ana-
lyte and the detector response are similar to the
iterest analyte. The internal standard enables
compensation for sample losses during extract-
10on, cleanup and injection volume errors.

A linear regression model of Y=a+bX +e,
e =N(0,0.°) is employed to fit the data in Table
4. The joint hypothesis to test a 100% recovery
are:

I

Hl_“hr

f{i 0 H;;#O
b= {E);él

The test statistic F, for a 100% recovery 1s:

F.=[M(a-a)’ + X X *(b-b)’ +2N X(a-a)(b-b)]
/(28 7) ~ Fanons

where a=Y-bX:b=X(Y-Y)(X-X)/Z(X-X)*:
S*=2(Y-a-bX)*/(N-1)
N:number of paired data.
If the test statistic F. is smaller than Fino.,
then the point a=0,b=1 is contained in the (I-
z) confidence ellipse, suggesting a 100% reco-

very of the assay method. Hence, there 1s no ap-
parent reason to doubt the absence of the const-
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ant and proportional biases based on the (1-x)
confidence region.

Howerer, 1t 1S not uncommon to observe
incomplete recovery in trace measurements and
in the assay of biological specimen. In such ca-
ses, the acceptable criteria proposed by FDA are
80-100% recovery for the concentration above
100 ppb and 60-110% recovery for the concen-
tration below 100 ppb‘'%, with satisfactory re-
producibility.

II. Precision

Observations relatively close in magnitude
are considered to be precise as reflected by a
small standard deviation. Relative standard dewi-
ation (RSD) or coefficient of vanation (CV) 1s
used to describe the precision. RSD or CV can
be estimated by the following equation.

RSD (or CV)% = l;O [Z(X-X)*/(N-1)]"

where N: number of replications, preferably
fewer than 5.

The concept of precision involves parallel
assay, repeatability and reproducibility of an
analytical method. The RSD .of parallel assay 1s
the vanability of the determunation of a sample
solution in repeated measurements, which refle-
cts the injection and detection errors. Re-
peatability 1s assessed by replicate determina-
tions with the same sample and reprocessing, us-
ing the same instrument--etc; whereas repro-
ducibility refers to the stability of replicate de-
terminations with different samples, analysts, in-
strument or interlaboratory trials. The RSD
should be estimated at least for the high, me-
dium and low concentrations within the dynam-
ic lineanity range for intraday and interday va-
riability in terms of repeatability (using the same
sample and reprocessing) and reproducibility
(resampling tests). Tables 5a and 5b depict use-
ful forms for the determination of intraday and
interday variability. The 95% confidence interv-
als of the repeatability and reproducibility for
the expected assay concentration are useful
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Table 5a. Intraday and interday variability

Concentration
Day Replication Low mcg/mi Medium mcg/ml High mcg/mi
| Repeat. Reprod. Repeat. Reprod. Repeat.  Reprod.

5

Mean=®SD

Intraday CV%

l

5

Mean*SD

Intraday CV%

l

d

Mean=®SD
Intraday CV%

* Repeatability: use the same sample but repeated preparation of sample solution

processing the sample preparation.

: Reproducibility: resampling and re-

Table 5b. Low, medium, high conc.__ mcg/ml
Day l 2 3
Replication Repeatability/Reproducibility
I X Xoi X
2 X X X
3 X X X
4 X X Xu
5 Xis Xos Xis
T = T, + T + T,
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Analysis of Variance (ANOVA)

SV SS df MS
Interday Si=[T+ T2 +T:/5-TY15 , V,=S,/2
Iﬂtraday S: = Z(Xzii Froees + X23ﬁ) 12 V.= Sz/] 2

T2 +T4H+TA)/5

information of the precision. In general, the
'RSD should not be greater than 1.5% for the

mon. Especmlly when trace medsurements are
required, 5 to 15% RSD or CV may be toler-
able.

% 2X;
15
Interday CV, %= X X100
NA'Z
Interday CV, %= X 100

X

95% Confidence interval of Interday

=X Ft20; Vi
3

ﬁ

95% Confidence interval of Intraday

— X + Lanos V;

VL Sensitivity

Sensitivity of an analytical method refers to
the limit of detection (LOD) as well as the limit
of quantitation (LOQ) in the USP. The limit of
detection 1s typically determined at low concen-
trations and in the middle of the normal range
of testing. To determine sensitivity at low con-
centrations, the concentrations are prepared be-
ginning with a control of zero dose, and the
concentrations are increased by appropriate in-
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crements. If a concentration shows a statistically
significant response that is different from the
control, then that difference in concentration is
considered detectable. When determination of
sensitivity at higher concentrations is performed,
a sample of concentration near the middle of the
normal range of testing replaces the zero con-
trol, and concentrations of about this value
which vary by incremental amounts are prepared
and tested. The significant difference is deter-
mined by Dunnett’s t statistic for comparing a
set of means with a control. The test statistic t.
1S:
- Y-Y.
\/ 2S */n
where Y.:mean for the control.
Y:mean for the i-th concentration.
n:numbers of response at each concentra-
tion.

S*:pooled estimate of the veriation within
the concentration.

K

Z 2(Y,- V) Y/[2 o - K

where Yi:J-th value for the i-th concentra-
tion.

K:numbers of concentration including the
control.

n:numbers of response for the i-th concen-
tration.

The test statistic t, is compared with a crit-
1cal value obtained from Dunnett’s table. Acco-
rding to IUPAC®7?, Sy (standard deviation of
noise bands) is estimated with one-fifth of the
sum of the peak height of maximum positive

and negative noise bands. The LOD is expressed
as 3 * Sg/b and LOQ is 10 * Sg/b, where b is the
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Table 6. Design of experiment in assessing the ruggedness of an analytical method

Subtle Treatment Combination

Condition | 2 3 4 5 6 7 8
X, +- + + + — - - —
X + + — — + + — —
X, 1 _ _ 4 — " _
X + — — - — + +
X + - + — — + — +
Xe + — — + + — -
X3 + — — +- — -+ + —

Assay Value Y, Y: Y: Y, Y Y. Y Y

slope of the standard calibration line. These de-
finitions are also adopted by the USP XXIIL
Another general rule of thumb in estimating the
limit of quantitation is the use of a signal-to-no-

detection of not less than 3:1. Nevertheless, the
physical meaning of the limit of quantitation
can only be interpreted under a specific level of
accuracy and precision.

ise ratio_of not less than 5:1, and the limit of

VI. Ruggedness

Considerable ruggedness against a small
perturbation of experimental variations may be
required for an assay method, especially when
the method will be used in multiple laboratories
where the sources of solvents, reagents, analyt-
ical columns and the models of apparatus may
be different. The test of ruggedness of an analyt-
ical assay method can be carried out by using
the experimental at model developed by Box et
al.”®.

The model provides seven subtle conditions
(X~ X-*X7) for eight determinations. Each
subtle condition or factor takes two levels (+
/—). These subtle factors represent different
brands of reagents, columns, solvents, appara-
tus, small change in flow rate, pH value, amou-
nts of bulffers and different analysts ar labora-

tories* -etc. The proposed experimental at design
is depicted 1n Table 6.
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The size of the difference due to i1-th factor,
determines the degree of effectiveness of the fa-
ctor. Namely, the larger the magnitude of the
difference, the greater is the influence of the fa-
ctor on the assay value. An estimate of the va-
riance (S%) is obtained by:

|
where Xu = ‘Z‘“[ZY;i )

_ 1
Xi-) :“Z{ZYI‘{ -

Any difference due to i-th factor that is la-
rger than (t..n) S/v8 may be regarded as a
factor significant for the result of the assay
(p<a), and should be carefully specified and
controlled.

VIll. Validation of a Dual-System

The dual-system validation can be applied
to analytical comparisons such as (1) performan-
ce of two analysts; (2) validity of two different
assay methods; (3) suitability of two models of
instrument and (4) comparison of the assay re-
sults between two laboratories:--etc. In most ca-
ses, the requirement for validating the dual assay
system is to test the validity of a nonofticial me-
thod in comparison with the compendial me-
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thod. In a practical sense, most of the official
assay methods for drugs compiled 1n the USP
and other Pharmacopeia are very good i1n
ruggedness, but are often unsatisfactory in terms
of the specificity and sensitivity for stability and
pharmacokinetic sutdies. Usually, a more sensi-
tive and specific analytical assay method than
the compendial method i1s needed to carry out
stability and pharmacokinetic studies. Although
the more sophisticated alternative method can
be validated by the single-system validation pro-
cedure presented in this report, 1t 1s often nece-
ssary to show the scientific rationale between
two methods. This can be done by statistical
evaluation of the means and the vanances ob-
tained from the two methods. If the assay re-
sults from a series of standard solutions within
the dynamic linearity range of the standard me-
thod are statistically equivalent for the two as-
say methods, there 1s no apparent reason to
doubt the validity of the alternative method. Ta-
ble 7 depicts the design of experiment for me-
thod validation in the dualsystem.

A series of standard solutions with different
concentrations are assayed by the compendial
and the alternative methods respectively. The as-
say data are fitted to a linear model of Y=a+
bX+e, e=N(0,6."). The validity of the alterna-
tive assay method 1s tested for the joint null
hypothesis of a=0 and b=1 as the method de-
scribed 1n the test of accuracy. This test will su-
ggest an equal mean.

Equal vanance between the two assay re-

Table 7. Design of experiment for dual system validation

sults can be suggested by the Pitman-Morgan F
test>?. The test statistic F, for equal variance i1s:

2 2

n-2 ( S,

Fo=| - DA - r'y 7] ™ Frea
S,

where S.° and S,° are the variances of data
X and Y respectively; n is the numbers of paired
data and r’ is the coefficient of determination of
Xand Y.

If the F., value i1s smaller than F,...,x value,
there 1s no apparent reason to suggest the two
variances are not equal.

Since there is no statistical difference be-
tween the means and between the variances of
the two assay results, the validity of the alterna-
tive assay method in comparison with the com-
pendial method can be established.

IX. Qudlification of Analysts

Any validated analytical method will not
function properly if the system is unstable and/
or the analyst i1s unqualified. Table 8 depicts the
major error sources and their acceptable criteria
for an HPLC assay. The total RSD or CV value
estimated from this table can serve as a guide to
validate the system and the analyst. The total
RSD for the assay involving biological specimen
(BIO) can be estimated:

RSD{SiaL =[0.2°+0.5° + 5 +0.2* + 1+ 1°]"=5.23%

System repeatability is usually evaluated by

Theoretical Found Concentration

Concentration Compendial (X) Alternative (Y)
A Xii. X, X Y, Y, Y
B X1, X::. X Yo, Yo, Y
C X, X, X Y, Y, Y n
D X, Xz X Y, Yo, Y
E X1, X, X<y Y, Ys, Y5
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Table 8. Error sources and acceptable criteria in the
HPLC assay operation®

Error Source Acceptable Limit (RSD)

Sample weighing <0.2%

Sample processing <0.5%

Sample cleanup <5.0%

Sample mnjection <0.2%

Total imprecision due to < 1.0%
glassware and pipet

Detection < 1.0%

parallel assay, using six replicate determinations
of a standard solution. The RSD of the six
chromatographic responses should not be grea-
ter than 1.5%. The total RSD for the assay of a
pharmaceutical product or a simple chemical sa-
mple (SCS) can be estimated:

RS O”EAL—[O.22+0.52+0.22+12+12r}21.53ﬁ/{}

Therefore, any analyst whose RSDiora is
larger than 2% in five replicate determinations
may be regarded as unquahfied. In general, 2%
RSD cntena is applied to the intraday re-
peatability of the assay of the relatively simple
chemical sample at its optimum concentration,

and not to the reproducibility of the assay of

complicated sample or trace measurements.
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