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Abstract: The current status of validation in LC methods for the analysis of pharmaceuticals has been reviewed with 
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Keywords: LC; methods validation; review. 

Introduction 

The use of LC in pharmaceutical stability and 
compatibility studies has expanded over the 
past decade to become the present method of 
choice. These methods have been adopted by 
both manufacturing firms and regulatory auth- 
orities largely because of their stability indicat- 
ing properties, their high sensitivity, their 
automatability and the multiplicity of column 
chemistry and mobile phase combinations 
available. 

The importance of validation of LC methods 
in compatibility studies has been seldom dis- 
cussed in the past despite the fact that these 
methods must be proven experimentally to 
function as claimed. The question of how much 
validation or what kind of validation is necess- 
ary in a study supported by LC data has been 
either unanswered or implicit in a particular 
journal style. For these reasons and because no 
general rules have been proposed or adopted 
as to validation requirements for compatibility 
studies, the present review was written. 

The level or quantity of validation data 
available is quite variable on a scale from a 
mere proof of linearity to full fledged studies as 
would be required by the FDA for methods 
supporting stability of drug products or 
analysis of drugs in biological samples. As a 
minimum it is the duty of the investigator to 
present sufficient experimental evidence to 

support the LC method utilized in the particu- 
lar investigation; to show that the method does 
what it is supposed to do. 

Previous reviews of LC methods validation 
have highlighted their general aspects [l-3], 
gone into some detail on particular aspects 
such as accuracy [4] or ruggedness [S] or 
presented broad but detailed descriptions of 
pharmaceutical validations [6-81. Other re- 
views or guidelines have been published on 
methods validation for drugs in biological 
fluids [9] and in stability testing programmes 
[lo-121 with numerous examples as well as 
detailed descriptions of each phase of a valid- 
ation as practised at the time of publication. In 
the present regulatory atmosphere these 
studies must be supported by all validation 
phases previously outlined and more. 

Compatibility studies as commonly practised 
in the past utilizing HPLC have either given 
reference to the fact that the method was 
stability indicating [13-1.51, provided reference 
and noted retention times of drugs and poten- 
tial degradation products [16-221 or have 
included actual forced degradation studies in 
which drug solutions were subjected to acid, 
base and thermal stress until some decom- 
position was observed [23-311. 

Selected drug stability studies utilizing 
HPLC have in general included more infor- 
mation supporting or validating their claims 
[32-441. These have included precision, linear- 
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ity, separation of analogues and degradation 
products with retention times in addition to 
forced degradations and actual kinetics 
measurements. 

Survey Method 

The actual meaning and utilization of the 
various phases of a validation are exemplified 
by a survey of published methods on LC 
analysis of drug substances and dosage forms. 
These results are shown in Tables l-3 for 
studies on drug substance and solid dosage 
forms; drug substance, solid and liquid dosage 
forms and on studies on liquid dosage forms 
alone including parenterals and aerosols, 
respectively. The field of validation in LC 
analysis is biological samples has been ex- 
cluded altogether. 

The columns in each of Tables l-3 are 
headed with the titles: Linearity, Accuracy, 
Precision, System Suitability, Specificity, Al- 
ternate Methods, Injection Order, Peak 
Height or Area, External or Internal Standard, 
Source and Reference. Linearity (L) indicates 
that a linearity of detector response-concen- 
tration relationship has been established for 
the drug under consideration covering the 
expected range of analysis, while an LI has the 
same meaning for an impurity. Often the 
impurity linearity measurements are made 
between O.l-1.0% of the main component 
since the FDA normally requires analysis of 
impurities down to the 0.1% concentration in 
both drug substance and products. In this same 
column, MQL indicates that a minimum quan- 
tifiable level was measured for the major drug, 
while MQLI has the same meaning for an 
impurity. These may or may not be the same as 
detection limits. 

Accuracy 

Accuracy is usually established through 
spiked placebo studies (simulated samples) in 
which placebo is fortified with drug at various 
concentrations above and below the target 
claim. Frequently 0,80,100 and 120% or 0,75, 
100 and 125% of claim are used. These samples 
are then passed through the processing 
scheme, assayed and the linearity of recovery is 
calculated with appropriate statistical analysis 
shown in the next column. The subscripts SPi, 
SP* . . .) indicate the number of concen- 
trations at which drug was added to placebo, 

not including the blank (0%) if one was used. 
Under certain circumstances use of the spiked 
placebo method is impossible such as in 
academic settings or in government labs, which 
cannot obtain authentic placebo and its exact 
composition is unknown. Here the standard 
addition method (SA) should be used to verify 
accuracy by beginning with a sample and then 
adding known amounts of standard to it in 
order to derive a linearity expression. This 
method is also commonly practised in impurity 
analysis for drug substance in which various 
levels of impurity are added to the lot of bulk 
drug showing lowest impurity levels (SP,). 
Linearity of recovery of degradation products 
likewise can be calculated following their 
addition to placebo for drug products (LRr). 
Recovery studies performed using different 
columns or on different days are designated 
with these respective subscripts. Drug sub- 
stance recovery (DSR) studies have been 
performed which do not relate to method 
accuracy but only to reproducibility of stan- 
dard preparation. 

Precision 

The precision column includes tests for 
precision of the system (PS) which is measured 
by replicate analysis of a single standard 
solution, ordinarily run before initiation of 
sample analysis as part of a system suitability 
test. This precision measurement should be 
carried out on each day a particular analysis is 
performed giving rise to the expression of 
results for different days (PS,). Method pre- 
cision (PM) is shown by replicate analysis of a 
pooled sample such as the thoroughly mixed 
contents from 20 capsules, 20 finely ground 
tablets or five ampules. Each measured aliquot 
is carried through the entire sample prepar- 
ation scheme and assayed. If this measurement 
was done on more than 1 day it is designated 
(PMJ and if it was done using more than one 
column it is designated (PMcolumns). Precision 
of recovery (PR) indicates that multiple 
measurements have been made on placebos 
spiked at one concentration. Precision of 
linearity of recovery (PLR) is the measure 
derived from the linearity of recovery study in 
which percents recovered at each concen- 
tration, possibly in replicate, are analysed to 
give the RSD. Similarly, precision of linearity 
of recovery of impurities (PLI) has the same 
meaning for linearity of recovery of impurities 
or degradation products added to a drug 
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substance or to a placebo for a drug product 
versus a known impurity standard, while PRI 
indicates that a precision measurement was 
obtained on recovery of an impurity at one 
concentration. If a precision determination was 
made on the minimum quantifiable concen- 
tration, this is denoted by PMQL. As part of a 
ruggedness test, the method precision is 
determined by assaying the same set of samples 
in different labs giving PM,. Method rugged- 
ness is also indicated by results from tests in 
which standard mixtures are chromatographed 
using mobile phase variations of lo-20% 
(organic/aqueous) and by use of one mobile 
phase with three to five columns of different 
age for analysis of a standard mixture. A final 
precision measure that has been determined is 
a method precision in which different lots of 
bulk drug are assayed giving PMr. 

System Suitability 

System suitability tests are included in the 
following column which include resolution 
factor (RF), precision of standard analysis 
(system precision, PS) or precision of impurity 
analysis (PI) and can include such measures as 
tailing factor (TF) or standard linearity (L). 
Other parameters measured under system suit- 
ability can include capacity factor (k’), reten- 
tion time (t), relative retention (a), number of 
theoretical plates (iV) or peak symmetry (s). 
These terms have been adequately described in 
previous reviews and in the USP [45]. 

Specifications are usually set in both pre- 
cision and accuracy results for validations 
(+1-20/o) and for each of the parameters 
measured in the system suitability test. For 
example a resolution factor of ~2.0 between 
the peaks for compounds A and B and a system 
precision of <1.5% would show how a system 
performed on a particular day. 

Specificity 

Specificity studies including the subcategory 
selectivity, which are not often distinguished in 
print [6], are shown in the next column. 
Selectivity implies that the method separates 
potential process impurities (I), degradation 
products (D) and structural analogues (A). 
Specificity, as a broader concept, also includes 
peak homogeneity. This means that a particu- 
lar peak corresponds to a single chemical entity 
rather than several different molecules 

whether structural, geometrical or configur- 
ational isomers or unrelated compounds with 
overlapping retentions. This property can be 
indicated by diode-array detection in which 
spectra taken at various times while a peak is 
eluting are compared with standard spectra 
known to be due to a single entity. A second 
means of showing peak homogeneity is to 
collect the fraction as the peak elutes and run 
the sample in an alternate chromatographic 
system such as TLC or a different mode of LC. 
Alternatively a non-chromatographic stability 
indicating method such as capillary electro- 
phoresis or certain electrochemical methods 
may verify that a collected peak and a standard 
substance are the same. When a method is 
shown to be specific for a particular com- 
pound, this implies that the method is stability 
indicating. Further proof of this implication 
comes from stress studies in which drug 
product and/or drug substance are degraded 
chemically (acid, base, oxygen, air), thermally 
and photochemically. These forced degrad- 
ations (FD) give rise to reaction products 
which can be separated from the parent com- 
pound and quantified. If this is done as part of 
a stability study, degradation kinetics (DK) can 
be established. A stressed placebo study can be 
included as well to show that no products 
resulting from possible excipient decom- 
position will interfere with measurement of 
components of interest. 

Alternate Methods 

The use of alternate methods to further 
substantiate the results of newly developed LC 
methods is often useful. This is indicated in the 
next column. Alternate methods have often 
been previous methods such as non-stability 
indicating spectrophotometric or titrimetric 
routines, results of which are listed in tables to 
show that the new method works at least as 
well as the old one did. 

Injection Order 

The following column titled Injection Order 
shows whether or not any particular order of 
injection of samples and standards was speci- 
fied and the number of replicate injections 
required. Although this order is often only 
implied, the exact order of standard and 
sample injections and number of each should 
be clearly specified. In addition, the method of 
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calculation should be given, e.g. bracket one 
sample with two standards, use one standard 
for the next five samples, use a linear relation 
between two standards for the next three 
samples, etc. The symbols used to specify 
injection order and number of injections are: 
bracketed (alternate) single samples with stan- 
dards (B), two samples between two standards 
(B2), six samples between two standards (B6), 
duplicate injections (D), triplicate injections 
(T) and replicate injections of an unspecified 
number (R). While the effect of standard and 
sample injection order has seldom been dis- 
cussed previously [5, 461, the importance of 
number of injections with respect to precision 
measurements and acceptance range has been 
documented [lo]. 

Additional considerations 

The following column shows whether assay 
calculations were made based on peak area (A) 
or height (H) for each study included. The 
merits of each measurement for particular 
applications have been adequately discussed 
elsewhere. 

The use of an internal standard is shown in 
the next column as (I). Alternately use of an 
external standard is symbolized by (E). Where 
neither was specified it is assumed to be 
external and left blank. Generally internal 
standards should be unnecessary in drug 
product or substance stability assays unless 
dictated by extraction difficulties, as occurs in 
biological samples, or longstanding corporate 
policy. 

The second last column gives the source of 
the investigation, either academic (A), indus- 
trial (I) or governmental (G). 

Interpretation 

Since each table was arranged chronologi- 
cally, any trend in published information on 
methods validation should be apparent. The 
only one that is immediately obvious is in 
Table 1 on solids and drug substances that the 
information supplied on system suitability test- 
ing has increased over the 10 years of this 
survey. This has probably been in response to 
regulatory and compendia1 requirements. The 
summary of data presented in Tables l-3 is 
shown in Table 4 where it can be seen that 
most (72%) of the studies on solids provided 
some sort of linearity data, either for the drug 

in question or an impurity. Fewer (40%) gave 
detection limits for the compound of interest or 
an impurity in the solid dosage form and drug 
substance investigations. Methods accuracy 
was supported in 57-87% of the studies with 
the liquids and parenterals showing the highest 
results, whereas precision of some kind was 
discussed in the vast majority of papers. 
Specificity as either forced degradation studies 
or separation of degradation products or struc- 
tural analogues were represented in at least 
half of the papers, some showing data for both, 
while alternate methods were discussed in far 
fewer studies. The order of injection and 
number of standards and samples was most 
often not described and both peak height and 
area measurements were reported. Internal 
standards are still often used with no relation- 
ship to whether the study was conducted in an 
academic, industrial or governmental labora- 
tory. 

The recent FDA guideline on submission of 
samples and analytical data for methods valid- 
ation has suggested that demonstrations of 
accuracy, precision and linearity (80-120% 
theoretical), methods specificity and detection 
limits for degradation products and their struc- 
tures be included in drug substance validations 
[131]. The same information should be 
supplied for dosage form methods plus re- 
covery studies from sample matrix, evidence 
for lack of interference from stressed or un- 
stressed placebo, precision measurements be- 
tween labs, between analysis and between 
columns and information on drug degradation 
with LC separations of those products. 

The USP also has set forth instructions for 
validation of proposed methods [132]. In- 
cluded were definitions and determinations of 
precision, accuracy, limit of detection, limit of 
quantitation and selectivity. Linearity and 
ruggedness were discussed as was a categoriz- 
ation of assay types with different validation 
requirements for each. Category I dealt with 
major components in bulk drug substance or 
the active in drug products while Category II 
concerned degradation products and impur- 
ities. Category III was for dissolution methods. 

Conclusions 

With these directives on drug substance and 
product validation requirements and the 
survey of contemporary validation procedures, 
it is obvious the extent of method validation in 
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support of compatibility studies should be 
expanded. Minimum requirements should in- 
clude linearity, method precision, accuracy and 
specificity studies. The linearity range should 
extend from at least one-half to two times the 
nominal assay concentration while method 
precision can easily be demonstrated by a six- 
fold replicate analysis of a pooled sample. 
Accuracy is best established through analysis 
of simulated samples (spiked placebos) 
although in hospital and academic labs the 
standard-addition method may adequately 
provide this information. Method specificity in 
the broader sense should be proven through 
either forced degradation studies or separation 
of potential degradation products from the 
parent compound. In compatibility studies 
involving more than one drug product the 
possible multiple degradation compounds must 
be adequately separated from each active 
assayed. Typical compatibility studies should 
obviously not require the degree of validation 
necessary to support drug substance and drug 
product stability and release assay procedures 
for INDs and NDAs since the main objective 
of the former studies is to show compatibility 
or incompatibility between commercial or 
prototype admixed components. While the 
clinical importance of these studies should not 
be underestimated the means necessary to 
prove their results should be those available to 
the academic or clinical chromatographer. 
These facilities may not include diode-array 
detectors and sophisticated fraction collectors 
making studies to prove chromatographic peak 
homogeneity more difficult. 

References 

[91 

PO1 

[Ill 

WI 

u31 

1141 

WI 
1161 

1171 

1181 

1191 

PO1 

WI 

SM. Ficarro and K.A. Shah, Pharm. Manufact. 
25-27 (1984). 
J. Guerra, Pharm. Technol. 74-78 (1986). 
M.J. Finkelson, Pharm. Technol. 75-84 (1986). 
J. Kirschbaum, S. Perlman, J. Joseph and J. 
Adamovics, J. Chromatogr. Sci. 22, 27-30 (1984). 
M. Mulholland and J. Waterhouse, J. Chromatogr. 
395, 539-551 (1987). 
D. Lecompte, S. T. P. Pharma. 2, 843-849 (1986). 
S. Ebel, dhromatographia 22, 373-378 (1986). ’ 
E.L. Inman. J.K. Frischmann. P.J. Jimenez. G.D. 
Winkel, M.L. Persinger and ‘B.S. Rutherford, J. 
Chromatogr. Sci. 25, 252-256 (1987). 
M.A. Brooks and R.E. Weinfeld, Drug Dev. Indust. 
Pharm. 11, 1703-1728 (1985). 
E. Debesis, J.P. Boehlert, T.E. Givand and J.C. 
Sheridan. Pharm. Technol. 121-137 (1982). 
J.P. Boehlert, Pharmaceutical Techiolog; Confer- 
ence, pp. 171-175. Aster Publishing Springfield, OR 
(1983). 
J.P. Boehlert, Drug Dev. Indust. Pharm. 10, 1343- 
1371 (1984). 
D.M. Baaske, A.H. Amann, D.M. Wagenknecht, 
M. Mooers, J. E. Carter, H.J. Hoyt and R.G. Stall, 
Am. J. Hosp. Pharm. 37, 201-205 (1980). 
M.F. Smith and N.O. Nuessle, Am. J. Hosp. Pharm. 
XI, 1745-1747 (1981). 
Y.H. Juhl, Am. J. Hosp. Pharm. 43,98-102 (1986). 
E.J. Quebbeman, N.E. Hoffman, R.K. Ausman and 
A.A.R. Hamid, Am. J. Hosp. Pharm. 42, 1750- 
1754 (1985). 
M.J. James and C.M. Riley, Am. J. Hosp. Pharm. 
42, 1984-1986 (1985). 
W.W. Wong, A.B. Maderich, G.P. Polli and L.J. 
Ravin, Am. J. Hosp. Pharm. 42, 1980-1983 (1985). 
R.J. Baptista, J.D. Palombo, S.R. Tahan, A.J. 
Valicenti, B.R. Bistrain, CF. Arkin and G.L. 
Blackburn, Am. J. Hosp. Pharm. 42, 2208-2210 
(1985). 
H.D. Coffman, W.C. Crabbs, R.E. Kolinski and 
D.P. Page, Am. J. Hosp. Pharm. 43, 103-109 
(1986). 
T.J. Michelini, V.O. Bhargava and J.E. Dube, Am. 

The application of findings in the present 
review to submissions involving LC supported 
studies other than compatibility to regulatory 
agencies and for journal publication is not 
excluded and will provide some useful infor- 
mation especially by means of comparison of 
new submissions to those from other sources. 
This will be especially useful in the present 
regulatory environment of increased attention 
to validation portions of submitted methods. 
The major intent of this review, however, was 
to make these results available to investigators 
testing product compatibilities and to suggest 
that results from these recommended studies 
should be included in those publications deal- 
ing with compatibilities. 

J. Hosp. Pharm. 45, 628-630 (1988). 
[22] J.W. Munson, E.J. Kubiak and M.S. Cohon, Drug 

Intell. Clinical’Pharm. 16, 765-767 (1982). 
[23] J.A. Bosso and R.J. Townsend, Am. J. Hosp. 

Pharm. 42, 2211-2214 (1985). 
[24] R.J. Rtachcinski, W.L. Logue, G.J. Burchart and 

R. Venkataramanan, Am. J. Hosp. Pharm. 43, 
94-97 (1986). 

[25] V.D. Gupta, K.R. Steward and S. Nohria, Am. J. 
Hosp. Pharm. 43, 1729-1731 (1986). 

[26] H.A. Montgomery, F.M. Smith, B.E. Scott, S.J. 
White and K.B. Gerald, Am. J. Hosp. Pharm. 43, 
118-120 (1986). 

[27] D.J. Sennett, J.M. Christensen, J.L. Anderson and 
K.A. Parrott. Am. J. Hosu. Pharm. 43. 1726-1728 
(1986). - 

[28] M.C. Nahata, T.F. Hipple and SD. Strausbaugh, 
Am. J. How. Pharm. 43, 384-385 (1986). 

(291 R.J. Ptachcmsky, S. Walker, G.J. Burckart and R. 
Venkataramanan. Am. J. How. Pharm. 4X692-694 
(1986). ’ 1 

[30] N.N. Karnatz, J. Wong, H. Kesler, D.M. Baaske 
and E.R. Speicher, Am. J. Hosp. Pharm. 45, 
368-371 (1988). 



LC METHODS VALIDATION 399 

1671 J.C. Gfeller, R. Haas, J.M. Troendle and F. Erni, J. . ~ [31] S.M. Cano, J.B. Montoro, C. Pastor, L. Pou and P. 
Sabin, Am. J. Hosp. Pharm. 45, 1100-1102 (1988). 

[32] V.D. Gupta, Znt. J. Pharm. 10, 249-257 (1982). 
[33] R.J. Yarwood, A.J. Phillips, N.A. Dickinson and 

J.H. Collett. Drun Dev. Zndust. Pharm. 9, 35-41 
(1983). - 

[34] J.M. Neil, A.F. Fell and G. Smith, Znt. J. Pharm. 22, 
105-126 (1984). 

[35] J.H. Beijnen, O.A. van der Houwen, M.C. Vos- 
kuilen and W.J. Underberg, Znt. J. Pharm. 31, 
75-82 (1986). 

[36] J.H. Beijnen, O.A. van der Houwen and W.J. 
Undergerg, Znt. Z. Pharm. 32, 123-131 (1986). 

[37] S.S. Davis, L. Illum, I.M. Triccas and K.N. Winch- 
comb, Znr. .Z. Pharm. 30, 29-33 (1986). 

[38] B.G. Snider, D.L. Theis and.S.M: Plaisted, .Z. 
Chromutoar. 367. 254-259 (1986). 

[39] R.D. Kirchhoefer, L.K. Thornton and J.F. Allgire, 
Am. J. Hosp. Pharm. 43, 1741-1747 (1986). 

[40] M.A. Kreienbaum and D.P. Page, Am. J. Hosp. 
Pharm. 43, 109-117 (1986). 

[41] Y.H. Tu, M.L. Stiles; L.V. Allen, K.M. Olsen, C.I. 
Barton and R.B. Greenwood. Am. J. How. Pharm. 
45, 1092-1099 (1988). 

[42] C.E. Johnson, ‘C.W: Lloyd, A.I. Aviles and K.L. 
Rvbarz. Am. J. HOSD. Pharm. 45. 609-612 (1988). 

[43] L: Gu,‘H.S. Chiang’and D. Johnson, Znt. J. khar&. 
41, 105-113 (1988). 

[44] L. Gu, H.S. Chiang and A. Becker, Znt. J. Pharm. 
41, 95-104 (1988). 

[45] The U.S. Pharmacopeia (21st edn), p. 1221. The 
U.S.P. Convention, Rockville, MD. 

[46] J.E. Haky and E.A. Domonkos, J. Chromatogr. Sci. 
23,364-369 (1985). 

[47] I.L. Honigberg, J.T. Stewart and M. Smith, J. 
Pharm. Sci. 67, 675-679 (1978). 

[48] J.W. Hsieh, J.K. Ma, J.P. O’Donnell and N.H. 
Choulis, J. Chromatogr. 161, 366-370 (1978). 

[49] J.T. Stewart, I.L. Honigberg and J.W. Coldren, J. 
Pharm. Sci. 68, 32-36 (1979). 

[50] F. J. Sena, J.T. Piechocki and K.L. Li, J. Pharm. Sci. 
68, 1465-1466 (1979). 

[51] J.C. Reepmeyer and R.D. Kirchhoefer, J. Pharm. 
Sci. 68, 1167-1169 (1979). 

1521 C.Y. Ko. K.C. Marziani and C.A. Janicki, J. . 1 

Pharm. Sci. 69, 1081-1084 (1980). 
1531 R.D. Kirchhoefer and W.E. Juhl. J. Pharm. Sci. 69. 
L 1 

548-550 (1980). 
[54] R.D. Kirchhoefer, J. Pharm. Sci. 69, 1188-1199 

(1980). 
1551 M.J. Lebelle, G. Lauriault and W.L. Wilson, J. Liq. . - 

Chromatogr. ‘3, 1573-1578 (1980). 
[56] R.D. Kirchhoefer, J.C. Reepmeyer and W.E. Juhl, 

J. Pharm. Sci. 69,550-553 (1980). 

[Zig 
[591 

P-501 

WI 

[::j 

WI 

1651 

1661 

V.D. Gupta, J. @harm. Sci.‘69, i10-113 (1980). 
D.J. Smith, M. Biesemeyer and C. Yaciw, J. 
Chromatogr. Sci. 19,72-78 (1981). 
S. Barkan and I.W. Wainer, J. Chromatogr. 240, 
547-551 (1982). 
R.K. Gilpin and M.H. Gaudet, J. Chromatogr. 248, 
160-164 (1982). 
C.D. Pfeiffer and J.W. Pankey, J. Pharm. Sci. 71, 
511-514 (1982‘). 
T.D. Wilson, Z. Chromatogr. 243, 99-109 (1982). 
W.E. Wallo and A. D’Adamo. J. Pharm. Sci. 71. 
1115-1118 (1982). 
S.M. Walters and D.B. Stonys, J. Chromatogr. Sci. 
21, 43-45 (1983). 
S. Sa’sa’, A. Rashid and I. Jalal, Talanta 31,397-399 
(1984). 
D.J. Krieger, J. Assoc. Off. Anal. Chem. 67, 
339-341 (1984). 

Chromatogr. 294, 247-259 (1984). 
1681 G.W. Forte. D.T. Martin. R.N. Johnson and B.T. 

Kho, J. Clknatogr. 298,‘459-472 (1984). 
[69] J. Fogel, P. Epstein and P. Chen, J. Chromatogr. 

317,507-511 (1984). 
[70] R.N. Galante, A.J. Visalli and W.M. Grim, J. 

Pharm. Sci. 73, 195-197 (1984). 
[71] R. Thomis, E. Roets and J. Hoogmartens, J. Pharm. 

Sci. 73, 1830-1833 (1984). 
[72] J.C. Tsao and T.S. Savage, Drug Dev. Znd. Pharm. 

11, 1123-1131 (1985). 
[73] S.L. Yang, L.O. Wilken and C.R. Clark, Drug Dev. 

Znd. Pharm. 11, 799-814 (1985). 
[74] M.G. Mamolo, L. Vio and V. Maurich, J. Pharm. 

Biomed. Anal. 3, 157-164 (1985). 
[75] E.G. Lovering and N.M. Curran, J. Chromatogr. 

319, 235-340 (1985). 
[76] J. Fogel, J. Sisco and F. Hess, J. Assoc. Off. Anal. 

Chem. 68,96-98 (1985). 
[77] W.R. Sisco, C.T. Rittenhouse and L.A. Everhart, J. 

Chromatow. 348. 253-263 (1985). 
[78] T.J. Franks, J.D. Stodola,x J.S.’ Walker, P. Tom- 

linson and C.J. Skiller, J. Chromatogr. 353, 379 
(1986). 

[79] V.D. Gupta and J.T. Jacob, Drug Dev. Znd. Pharm. 
13, 113-126 (1987). 

WI 

1831 

1841 

1851 

1861 

1871 

1881 

1891 

t901 

1911 

WI 

[931 

1941 

1951 

[E] 

[981 

1991 
WOI 

11011 

[80] V.D. Gupta and J. Parasrampuria, Drug Devl. Znd. 
Pharm. 13, 147-157 (1987). 

(811 J.H. Miller, C. Pascal and M. Tissieres, J. Chro- 
matoopr. 392. 361-370 (1987). 
M.E_ Hitscherich, E.M. Rydberg, D.C. Tsilifonis 
and R.E. Daly, J. Liq. Chromatogr. 10, 1011-1021 
(1987). 
T. Geria, W.H. Hong and R.E. Daly, J. Chro- 
matogr. 396, 191-198 (1987). 
J.C. Scott and R.A. Soltero, J. Chromatogr. Sci. 25, 
415-417 (1987). 
ES. Moore, J. Assoc. Off. Anal. Chem. 70,834-836 
(1987). 
T.D. Cyr, F. Matsui, R. W. Sears, N.M. Curran and 
E.G. Lovering, J. Assoc. Off. Anal. Chem. 70, 
836-840 (1987). 
A.A. Fatmi and G.V. Williams, J. Liq. Chromatogr. 
10,2461-2472 (1987). 
S.U. Alvi and F. Castro, J. Liq. Chromatogr. 10, 
3413-3426 (1987). 
D.A. Roston, J. Liq. Chromatogr. 10, 3427-3440 
(1987). 
E.S. Walker, J. Assoc. Off. Anal. Chem. 71, 
523-525 (1988). 
U.R. Cieri, J. Assoc. Off. Anal. Chem. 71,515-518 
(1988). 
A.A. Fatmi, G.V. Williams and E.A. Hickson, J. 
Assoc. Off. Anal. Chem. 71, 528-530 (1988). 
S.A. Babhair, J. Liq. Chromatogr. 11, 463-473 
(1988). 
J.W. Munson and E.J. Kubiak, Anal. Lett. 13, 
705-713 (1980). 
J.H. Block, J.W. Avres, D.R. Henrv and H.L. 
Levine, J. Chromatogk 193, 111-117 (i980). 
V.D. Guuta. J. Phnrm. Sci. 69. 113-115 (1980). 
J.W. Munson and T.D. Wilson, J. Phark SC; 70, 
177-181 (1981). 
P. Majlat, P. Helboe and A.K. Kristensen, Znt. J. 
Pharm. 9, 245-255 (1981). 
V.D. Gupta, J. Phaim. &i. 72, 695-697 (1983). 
V.D. Guota and A.R. Heble. J. Pharm. Sci. 73. 
1553-1556 (1984). 
R.G. Lauback, J.J. Rice, B. Bleiberg, N. 
Muhammad and S.A. Hanna, J. Liq. Chromatogr. 
7,1243-1265 (1984). 



400 T.D. WILSON 

[102] E.W. Smith, J.M. Haigh and I. Kanfer, Znr. J. 
Pharm. 27, 185-192 (1985). 

[103] R.K. Jhangiani and A.C. Belle, J. Assoc. Ofl Anal. 
Chem. 68, 523-526 (1985). 

[104] D.C. Tsihfonis, K. WiIk,‘R. Reisch and R.E. Daly, 
J. Liu. ChromatoPr. 8. 499-511 (1985). 

[105] V.D.‘Gupta, Or& Dev. Znd. Ph&m. il, 1931-1937 
(1985). 

[106] S.U. Alvi and F. Castro, J. Liq. Chromatogr. 9, 
2269-2279 (1986). 

[107] H. Cheng and R.R. Gadde, .Z. Chromatogr. 355, 
399-406 (1986). 

[108] L. MacNeil, J.J. Rice, N. Muhammad and R.G. 
Lauback, .Z. Chromatogr. 361, 285-290 (1986). 

[log] T.M. Ryan and P.H. Zoutendam, .Z. Chromatogr. 
357, 207-215 (1986). 

[HO] N. Beaulieu and E.G. Lovering, J. Assoc. Off Anal. 
Chem. 69, 167-169 (1986). 

[ill] J.J. Bergh and J.C. Breytenbach, Z. Chromatogr. 
387, 528-531 (1987). 

[112] D.L. Theis, J. Chromatogr. 402, 335-343 (1987). 
[113] L.L. Ng, J. Assoc. Off. Anal. Chem. 70, 829-833 

(1987). 
[114] G.R. Padmanabhan, N. Mellish, I. Becue and J.B. 

Smith, J. Liq. Chromarogr. 10, 3393-3411 (1987). 
[115] S.I. Sa’sa, I.M. Jalal and H.S. Khalil, J. Liq. 

Chromatogr. 11, 447-462 (1988). 
[116] E.J. Kubiak and J.W. Munson, J. Pharm. Sci. 69, 

152-156 (1980). 

[119] D.J. Smith, J. Chromatogr. Sci. 19,253-258 (1981). 
[120] L. Carvevale, J. Pharm. Sci. 72, 196-198 (1983). 
[121] T.D. Wilson, J. Chromatogr. 298, 131-139 (1984). 
[122] T.D. Wilson, M.D. Forde and A.V. Crain, J. 

Pharm. Sci. 74, 312-315 (1985). 
[123] T.D. Wilson, J. Liq. Chromatogr. 8, 1629-1650 

(1985). 
[124] W.R.’ Sisco, C.T. Rittenhouse, L.A. Everhart and 

A.M. McLauehlin. J. Chromatoer. 354. 355-366 
(1986). v 

[I251 T.D. ‘Wilson, M.D. Forde, A.V. Crain, L.J. Dom- 
browski and M.A. Joyce, Am. J. Hosp. Pharm. 43. 
2218-2220 (1986). 

[126] J.A. De Schutter, W. Van Den Bossche and P. De 
Moerloose. J. Chromatonr. 391. 303-308 (1987). 

[127] T.D. Wilson, J. Chromiogr. 391, 409-41k (1967). 
[128] B. Mopper, J. Assoc. Off Anal. Chem. 71,390-393 

(1988). 
[129] R.C. George and J.J. Contario, J. Liq. Chromatogr. 

11, 475-488 (1988). 
[130] T.D. Wilson and D.F. Fogarty, J. Chromatogr. Sci. 

26, 60-66 (1988). 
[131] Guideline for Submitting Samples and Analytical 

Data for Methods Validation. Food and Drug 
Administration Center for Drugs and Biologics, 
Rockville, MD (1987). 

[132] Validation of compendia1 assays-guidelines, Pharm. 
Forum. 14, 4129-4134 (1988). 

[I171 N. Muhammad and J.A. Bodnar, J. Liq. Chro- 
matogr. 3, 113-122 (1980). 

[118] H.E. Harvey and R.M. Chell,Aust. J. Pharm. Sci. 
10, 115-117 (1981). 

[Received for review 12 September 1989; 
revised version received 4 December 1989; 

final version received 4 May 1990) 


