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Summary

AG-85, a lipophilic drug synthesized by rational drug design, is inhibitory to cellular growth in vitro by inhibition of the enzyme
thymidylate synthase which catalyses the rate-limiting step in the de novo synthesis of thymidine nucleotides (Appelt et al., J. Med.
Chem., 34 (1991) 1925-1934). A pharmaceutically elegant anhydrous topical formulation of AG-85 was developed for treatment of
psoriasis (Pavliv et al., Int. J. Pharm., (1994) in press). Benzyl alcohol was used as a preservative in the topical formulation. HPLC
methods were developed and validated to quantitate AG-85, AG-85 impurities, and benzyl alcohol. Precision, accuracy, limit of
quantitation (for Category II quantitative), selectivity, linearity range, and ruggedness were the analytical parameters addressed for
these methods. The validated methods meet current GMP requirements.

Introduction

Validation of new analytical methods of analy-
sis for pharmaceutical products is a requirement
of Current Good Manufacturing Practice (cGMP)
regulations, [21 CFR 211.194(a)]. Accuracy and
reliability of test methods must be demonstrated
before use to determine compliance of pharma-
ceutical products with established specifications.
Suitability of test methods must be verified under
actual conditions of use in accordance with cGMP
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requirements. Analytical methods have different
validation requirements depending upon the spe-
cific use of the assay. The USP defines three
categories of assays. Category I assays are meth-
ods for quantitating the major components of
bulk drugs or active ingredients in drug products,
including preservatives. Category II assays are
methods for quantitating impurities and/ or
degradation products, in bulk drugs and drug
products. Two types of limits tests are included:
limit of quantitation for low concentration of
impurities, degradation products, etc.; and limit
of detection to determine the lowest level of
analyte detectable in a sample. Category III as-
says are analytical methods for evaluating perfor-
mance characteristics (USP XXII, 1990).
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Precision, accuracy, selectivity, linearity range,
and ruggedness are the analytical parameters
which require validation for Category I assays.
Category II assays require validation of limit of
quantitation or limit of detection, depending on
usage, in addition to those parameters required
for Category I assays. A Category III assay re-
quires validation for precision and ruggedness,
and any of the other parameters that may be
applicable for that particular method (USP XXII,
1990).

The analytical method for AG-85 and AG-85
impurities was validated for Categories 1 and 11
(quantitative only) assays, respectively, according
to the USP. The analytical method for benzyl
alcohol was validated as a USP Category I assay.
The limits of detection (Category I1, Limit Tests)
were not addressed by either method as these
methods were not intended for trace analyses
(USP XXII, 1990).

Anhydrous topical formulations of AG-85 were
developed for treatment of psoriasis. The first
stage of manufacturing requires AG-85 to be
dissolved in solubilizers, prior to addition of the
semisolid ingredients. This is referred to as the
in-process solution. HPLC methods using a Gilson
HPLC equipped with a UV detector and au-
tosampler were developed and validated to assay
in-process solutions for AG-85 and final product
for AG-85 at 1.25% and benzyl alcohol at 2.0%.
The method for AG-85 was also developed to
separate and quantitate the synthetic intermedi-
ates, I5 and 16, which could be present as impuri-
ties in the drug product, since they have been
detected in bulk drug lots. A multi-step isocratic
elution method and a single step isocratic method
were developed and validated to quantitate AG-
85 and AG-85 impurities, and benzyl alcohol,
respectively, in anhydrous topical formulations.

Materials and Methods

Materials

The bulk chemical, AG-85, N-(N*(3,4-dihy-
dro-2-methyl-4-oxo-6-quinazolinyl)methyl)-N *-
(prop-2-ynyl)sulfanilylindole, is manufactured by
Agouron Pharmaceuticals, Inc. The structure of
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AG-85

Fig. L. Structure of AG-85.

AG-85 is shown in Fig. 1. The drug product, a
topical cream containing 1.25% AG-85, was de-
veloped at Agouron Pharmaceuticals, Inc. Multi-
ple lots of bulk drug with varying impurity pro-
files and final drug product were used for devel-
opment and validation of the assay methods.

Inactive excipients consisted of saturated
polyglycolyzed glycerides (Labrafil® M-2130CS),
PEG 8 caprylic/ capric triglycerides (Labrasol®),
diethylene glycol monoethyl ether (Transcutol®),
glyceryl behenate (Compritol® 888 ATO), all from
Gattefosse Corp., Westwood, NJ, glyceryl monos-
tearate and polyoxyethylene stearate (Arlacel®
165) from ICI Americas, Inc., Wilmington, DE,
lauryl lactate (Ceraphyl® 31) from Van Dyk &
Co., Inc., Belleville, NJ, benzyl alcohol NF, and
butylated hydroxytoluene FCC (BHT), from
Spectrum Chemical Mfg Corp., Gardena, CA
(Pavliv et al., 1994). Formulations with varying
concentrations of AG-85 and benzyl alcohol were
prepared for the validation studies, along with
placebos to demonstrate no interference of excip-
ients with the methods.

Acetonitrile, methanol, ammonium acetate,
and water were HPLC grade (Fisher Scientific,
Fair Lawn, NJ). Potassium phosphate monobasic,
sodium phosphate dibasic buffer salt, pH 7.41,
was Fisher certified. Buffer solutions were fil-
tered and degassed with FP-Vericel PVDF 0.45
um filters (Gelman Sciences, Ann Arbor, MI).
Acetonitrile and methanol were degassed by soni-
cation.

Gelman nylon Acrodisc 13, 0.45 um syringe
filters and Whatman nylon, 0.45 um Uniprep



filters (Whatman, Inc., Clifton, NJ) were used
interchangeably for filtering the sample solutions.

HPLC conditions

A Gilson HPLC equipped with a variable UV
detector, two pumps, dynamic mixer, dilutor, au-
tosampler, and 20 wl sample loop, was used as
the primary instrument. Detector sensitivity was
set at 0.2 absorbance units full scale (AUFS) with
an injection volume of 100 wl. (A 100 wl injection
volume was used to overfill the 20 ul sample loop
to ensure adequate flushing.) Peak width was set
at 1.00 min with a minimum area of 100. Column
temperature was not controlled.

The following conditions are suggested param-
eters. Baseline separation of the critical band
pair, AG-85 intermediates, 15 and 16, is the de-
termining factor for optimizing instrument condi-
tions. Retention time may vary depending on
mobile phase preparation and column efficiency.

AG-85 and AG-85 impurities A reverse phase
CN column (Zorbax, 250 X 4.6 mm, 5 um) was
used, with a reverse phase CN guard column
(Zorbax, 12.5 X 4.0 mm, 5 um). The detector was
set at 300 nm, with a 0.5% peak sensitivity. A
multistep isocratic elution was used with an initial
composition of 45% acetonitrile, 55% 0.1 M am-
monium acetate; for 9.50 min; then ramp up to
60% acetonitrile in 0.20 min; 60% acetonitrile,
40% 0.1 M ammonium acetate from 9.70 to 17.00
min; then ramp up to 100% acetonitrile in 0.20
min; 100% acetonitrile for 17.20 to 20.00 min;
ramp down to 45% acetonitrile in 0.20 min; 45%
acetonitrile, 55% 0.1 M ammonium acetate from
20.20 to 25.00 min total run time with a 2.0
mi/ min flow rate.

Benzyl alcohol A reverse phase C8 column
(Zorbax, 250 X 4.6 mm, 5 xm) was used, with a
reverse phase C8 guard column (Zorbax, 12.5 X
4.0 mm, 5 um). The detector was set at 220 nm
with a 2.0% peak sensitivity. The mobile phase
was isocratic; 67% methanol, 33% 0.01 M phos-
phate buffer with a 1.0 ml/ min flow rate and 20
min run time,

Standards preparation
AG-85 stock solution, approx. 200 ug /mi 20
mg of AG-85 were accurately weighed to the
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nearest 0.01 mg into a 100 ml volumetric flask,
methanol added to volume and sonicated 15-30
min to facilitate dissolution.

Benzyl alcohol stock solution, approx. 400 ng /
m!/ 0.4 g of benzyl alcohol were accurately
weighed to the nearest 0.1 mg into a 100 ml
volumetric flask and methanol added to volume.
10 ml were pipetted to a 100 ml flask and diluted
to volume with methanol.

Standard dilutions Serial dilutions were pre-
pared by pipetting 20, 15, 10 and 5 ml of the
AG-85 stock solution and 20, 15, 10 and 5 ml of
the benzyl alcohol stock solution into 25 ml volu-
metric flasks and diluting to volume with
methanol.

Sample preparation

Solutions Three replicates were prepared for
each sample. About 1 ml of AG-85 topical formu-
lation in-process solution was filtered with a 0.45
wm nylon filter; 0.25 g of filtrate was accurately
weighed to the nearest 0.1 mg into a 50 ml
volumetric flask and methanol added to volume.

Topical creams Three replicates were pre-
pared for each sample. Approx. 0.9-1 g of AG-85
topical formulation was weighed to the nearest
0.1 mg into a 100 ml volumetric flask. The flask
was filled to about 1-2 ml below mark with
methanol and placed in a 45-50°C shaker bath at
medium-high speed overnight (12-16 h), cooled
to room temperature; sonicated for about 10 min,
cooled to room temperature, and diluted to vol-
ume with methanol. The extract was then filtered
with a 0.45 pm nylon filter and analyzed.

Multiple HPLC systems

The two methods were run on the following
HPLC systems by a combination of laboratories
and analysts to demonstrate precision, accuracy,
ruggedness and suitability.

System [ Gilson
System 11 HP 1090 M
System III  Shimadzu

Method HPLC system
Intralaboratory HPLC system
Interlaboratory HPLC system

In-process solutions In-process solutions were
tested with the AG-85 method to recover AG-85
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from solutions prepared at three concentrations
of AG-85 and assayed by three analysts using
three different HPLC systems (see Table 1).
Topical creams Topical creams were formu-
lated at three concentrations of AG-85 and ben-
zyl alcohol, extracted and assayed by three ana-
lysts using HPLC systems I and III (see Table 2).

Filter validation

AG-85 Solutions of AG-85 were prepared at
two concentrations: approx. 50 and 2 ug/ml, in
three different solvents: acetonitrile, methanol,
and 60% PEG 400 in water. 3 ml of each solution
were filtered once through a Gelman nylon
Acrodisc 13, 0.45 pm syringe filter. 2 ml each of
the filtrates were filtered four more times for a
total of five filterings, utilizing a new filter for
each filtration. 1 ml of air was pushed through
each filter following the solution, to minimize the
amount of solution lost in the filter at each filtra-
tion. Samples of each solution, unfiltered, filtered

TABLE 1

In-process solution AG-85 assay results ¢

AG-85 Ana-  Sys- Theo- Avg. SD
sample 1D lyst tem? retical Calc. ¢
weight  weight
(%) (%)
356.05.A A 2.50 2.46 ¢ NA
A 11 2.50 245¢ NA
334.86.B A 1 2.50 2.44 0.04
334.86.B B 111 2.50 2.48 ¢ NA
P-07-08202
in-process
solution A 111 2.50 2.44 0.01
334.128.D C 1 2.50 2.41 0.02
334.128.E ¢ C 1 2.00 1.92 0.01
334128 F ¢ C 1 1.50 1.43 0.01

“ Data below condensed for purposes of publication.
b System I Gilson Method HPLC system
System II  HP 1090 M Intralaboratory HPLC system
System III  Shimadzu Interlaboratory HPLC system
¢ Averages are n =13 starting from sample preparation of a
single in-process solution; except where indicated by ¢, then
n=1.
¢ These solutions were prepared as dilutions of solution
334.128D.

once, and filtered five times were analyzed by
HPLC.

Benzyl alcohol Five benzyl alcohol standard
solutions were prepared ranging from 85 to 429
pg/ml in methanol. A 3 ml aliquot of each
standard solution was filtered once. 2 ml each of
the filtrates were filtered four more times for a
total of five filtrations. Samples of each standard
solution were placed in a shaker bath overnight
at 43-45°C. Samples of each standard, unfiltered,
filtered once, filtered five times, and heated
overnight with shaking (unfiltered) were analyzed
by HPLC.

Assay

Each set of standards was injected from lowest
to highest concentration. Samples were bracketed
between sets of standards.

Calculations

The coefficients for the linear equation y = mx
+ b were calculated using the linear regression
least-squares method for the five standards where
y is the peak area and x denotes the concentra-
tion in pug/ml of AG-85 or benzyl alcohol. Ac-
ceptance criteria of 2 not less than 0.985 and
the relative standard deviations (RSDs) of the
standards not to exceed 4.00% were followed.

The concentration x for each sample was cal-
culated using the calculated values for m and b
and the AG-85 or benzyl alcohol peak area for y:

_ Y peak areag,mpic
X g AG-85/ml =

m

The percent AG-85 or benzyl alcohol was cal-
culated using the following equation:

AG-85/ml)(Volume
% AG-8S — (ug /ml)( mi) - 100

(8sampie)(10° ng/g)

The area percent for each impurity was calcu-
lated for each sample cream/standard analyzed.
The average area percent was calculated for each
impurity for each sample cream/standard where
replicate samples were prepared and tested. The
average total impurities were calculated for each
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Topical cream assay results
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Sample ID Ref.®  Analyst System AG-85 Benzyl alcohol
Theoretical Avg. Calc. SD Theoretical Avg. Calc. Sh
weight (%) ¢ weight (%) ¢ weight (%) ¢ weight (%) ¢

356.06.A 1 A 1 1.23 1.22 0.02 200 212 0.02
356.06.B 1 A 1 1.23 1.22 001 2.00 2.05 0.16
356.06.C 1 A i 1.23 1.24 001 200 2.12 0.01
334 86A 2 A 1 1.22 1.19 005 200 2.04 0.05
334.86.A [repeat] 2 A 1 1.22 1.21 001 - - -
P-02-06042 B 111 1.24 1.20 0.01  2.00 2.04 0.03
334.87 2 A I 1.22 1.23 0.01 200 1.95 0.04
334.88 2 A 1 1.22 1.25 0.00 2.00 2.09 0.01
334.89 2 A H 1.22 1.25 001 200 2.08 0.03
334.89 [repeat] 2 A 1 1.22 1.23 001 - - -
334.90 3 A I - - - 2.00 1.99 0.04
P-01-06032 B 11} - - ~ 2.00 1.95 0.03
P-06-08192 B 11 - - - 2.00 2.07 0.01
334.103 4 A I - - - 2.00 2.20 0.17
334.105 4 A I - - - 2.00 2.03 0.06
P-07-08202 B m 1.22 1.20 o0 - - -
334,104 5 A 1 1.22 1.24 001 200 2.06 0.04
334.106 5 A 1 1.22 1.26 001 200 2.08 0.02
334.108 5 A 1 1.22 1.26 0.01  2.00 2.08 0.02
334.129.A C I 1.21 1.22 0.00 2.00 212 0.01
334.129.B C 0.96 0.97 0.03 240 2.55 0.04
334.129.C C I 0.71 0.71 0.01 1.60 1.57 .02

? Data condensed for purposes of publication.

b (Ref. 1) All from same parent bulk batch, 356.06, filled into three different tube types. (Ref. 2) All from same parent bulk batch,
P-02-06042, filled into three different tube types and bulk jars. (Ref. 3) From bulk batch, P-01-06032, filled into tubes. (Ref. 4) All
from same parent bulk batch, P-06-08192, filled into two different tube types. (Ref. 5) All from same parent bulk batch, P-07-08202,

filled into three different tube types.

¢ The theoretical weight percent of the cream is based on the average calculated weight percent of the respective in-process

solution.

4 Averages are of triplicate analyses starting from sample preparation of a single cream sample.

sample cream/standard by adding up the aver-
age area percents for each impurity peak.

Results and Discussion

Wavelength

AG-85 AG-85 has a primary A, at 225 nm,
with a secondary A, at 300 nm. The A_,, at 300
nm was selected for quantitation, as there would
be less interference from the excipients, mobile
phase and noise than at 225 nm (see Fig. 2).

Benzyl alcohol Benzyl alcohol has a A, near
210 nm, but the UV cutoff of methanol is about
220 nm, which was the selected wavelength.

Column selection

AG-85 The Zorbax CN column is the column
selected for AG-85 and AG-85 impurities. Inter-
mediates I5 and 16 are the critical band pair.
Separation can be achieved with a C18 column,
but the peaks are quite broad. Use of the more
polar CN column gives better peak shape. Ade-
quate resolution is accomplished by varying the



192

X AGBS8001; absc 488.8- 199.8. pts 211; iwt 1.80; ord -6.008-8.9572; A

inf: #6-85 in Nethanol 9.848 ug/nl (background corrected)
1.8088 -

i
o
4 |

mobile phase composition and the flow rate. A
mobile phase composition of 45% acetoni-
trile:55% 0.1 M ammonium acetate at 2.0 ml/ min
gave acceptable peak shape of the main AG-85

8.7998 - \ . .
‘ N | peak with a resolution, R, of about 1.5 for 15
1 and 16 such that:
B5%% < | |
s | ' = _
l ! | — R (tie = 11s)
L | o : s 7, 1.
8.39%4 IS \“‘ ’/-’ '\\ (tw15 + twlh)
B o §
9.19% | where (5 and ¢}, are the retention times for
| _ peaks I5 and 16 less the dead volume time (¢),
e S and s and t,,, denote the peak widths of I5
T ome 8 .0 8 "8 and 16 (Snyder et al., 1979).
| Repeated analyses of the bulk drug showed a
Fig. 2. AG-85 UV spectrum (9.048 ug/ml). broad impurity peak at a retention time of about
Sample ID: METHANOL BLANK
Loop: 1/10
Peak width: 1.00 min
Peak sensitivity: 0.5%
Data Collection time: 24.70 min
Minimum area: 100
----Area percent report----
Peak Name RT Area Area%t
18.778 10788 29.866
22.076 20361 56.364
22.835 4974 13.770
3 Peaks integrated
™~ - T 1
0.1800 J
0.1600 ‘
0.1400
|
|
0.1200 |
0.1000 -
0.0800-
0.0600 H
i
0.0400 |
0.0200- i \
I | i i
0.0000 7~ — — e |
N - e — B e
0.00 5.00 10.00 15.00 20.00
-~ 115 UV 300nm Min= -0.2 mV, Max= 3.7 mv

Fig. 3. Chromatogram of methanol blank showing responses due to mobile phase changes at 300 nm using the multi-step isocratic
method on the Gilson HPLC system.



20-22 min that was inconsistently integrated. In-
creasing the acetonitrile to 60% after 9.5 min
sharpens this impurity peak and shortens the
clution time to 13.1 min, as well as a previously
undetected impurity peak now eluting at 15.8
min, so that both can be reproducibly integrated
(see Fig. 3, methanol blank chromatogram and
Fig. 4, AG-85 chromatogram).

Benzyl alcohol The C8 column was selected
based on the National Formulary method for
analyzing benzyl alcohol for benzaldehyde (NF

Sample ID: AGB5 GPM/3/261

Loop: 12/31

Peak width: 1.00 min

Peak sensitivity: 0.5%

Data Collection time: 24.70 min
Minimum area: 100

-~==-Area percent report=me-

Peak Name RT Area
3.174 482

3.478 380

4.684 1028

5.400 292

AGBS 6.070 610696
7.990 225

9.293 3388

10.073 3131

13.103 127

15.843 2309

18.761 7923

22.125 99812

22.389 4615

13 Peaks integrated
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XVII, 1990). A chromatogram of benzyl alcohol
along with other ingredients from the cream ex-
tract is shown in Fig. 5.

Guard columns Multiple analyses of cream
samples deteriorate the columns, causing a short-
ening of retention times and increased tailing
with some peak splitting of the main peak on the
CN column. The C8 column would give broad
peaks and an unstable baseline. Use of guard
columns of the same column material helped
eliminate these effects. Guard columns must be

Areal
0.066
0.052
0.140
0.040
83.155
0.031
0.461
0,426
0.017
0.314
1.079
13.591
0.628

*Reference

Scaled Plot of C:\GILSON\WILKE.USR\AG85.088\DAT012.DTI

AGS85 GPM/3/261
Inject time: Wed Jul 08 1992 03:03:52

1.2000

1.0000

0.8000-

©.6000- |
i ?

0.4000

|
0.2000- ;
i
]

0.0000———"- y

0.00

115 UV 300nm Minw

T
10.00

-0.2 mV, Max=

I I
15.00 20.00

24.0 mV

Fig. 4. Chromatogram of AG-85 in methanol at 300 nm, using the multi-step isocratic method on the Gilson HPLC system, showing
separation of I5 and 16 at 9.39 and 10.26 min, respectively.
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replaced frequently prior to saturation with the
excipients, to protect the analytical column
(Snyder et al., 1988).

Integration parameters

AG-85 The detector and peak sensitivities
were varied to determine the optimum settings
for the concentrations in the range of about 40-
200 wg/ml of AG-85 in methanol. It was found
that a detector sensitivity of 0.2 AUFS gives the
most consistent integration of the AG-85 peak
over the specified concentration range, as is
demonstrated by a coefficient of determination,
r?, of greater than 0.985. The peak sensitivity of
0.5% maximizes the number of reproducibly de-

tectable impurity peaks that can be detected at
these concentrations. A minimum area count of
100 eliminates false peaks due to noise.

Benzyl alcohol The detector sensitivity at 0.2
AUFS and peak sensitivity at 2.0% gives consis-
tent integration of the main peak over the speci-
fied concentration range, as is shown by a coeffi-
cient of determination, r2, of greater than 0.985.

Linearity range

AG-85 Five standard solutions containing
concentrations of AG-85 between 40 and 200
pg/ml were assayed five times in ascending or-
der of concentration. Nine topical cream samples
were assayed between each set of five standard

0.00+
2.00 -
>
S
4.00 —
!
| e
6.00- 6.01
7.20
8.00
10.00
10.36
12.00 L\
j‘ TTTe———
14.00 i
16.00- [

18.00

|
|
1

e 777_Benzyl Alcohol 4.40

f;:]aces 14.06

Fig. 5. Chromatogram of benzyl alcohol in topical cream extract at 220 nm using the single-step isocratic method on the Gilson
HPLC system.



solutions to emulate actual test conditions. The
parameters of linear regression for peak area vs
concentration of the standard solutions were cal-
culated. The linearity of the method was deter-
mined by simple least-squares analysis of data.
The coefficient of determination, r?, was calcu-
lated as 0.996. RSDs ranging from 2.18 to 3.69%
for the various concentrations demonstrate ac-
ceptable reproducibility. The linearity range of
AG-85 has been validated by verifying that stand-
ards at the extremes of the 40-200 ng/ml con-
centration levels give acceptable results in terms
of accuracy and precision.

Benzyl alcohol Five standard solutions con-
taining concentrations of benzyl alcohol between
75 and 400 pwg/ml were assayed five times in
order of ascending concentration. Nine topical
cream samples were assayed between each set of
five standards to emulate actual test conditions.
The parameters of linear regression for the
standard solutions were calculated. The linearity
of the method was determined by simple least-
squares analysis of the data. The coefficient of
determination, r2, was calculated as 0.994. RSDs
ranging from 0.84 to 2.27% for the various con-
centrations demonstrate acceptable reproducibil-
ity across the range. The linearity range of benzyl
alcohol has been validated by verifying that
standards at the extremes of the 140-420 ug/ml
concentration levels give acceptable results in
terms of accuracy and precision. However, linear-
ity below the 140 pug/ml will require further
optimization of conditions.

Precision

AG-85 Precision was determined by review-
ing data from standards injected on three differ-
ent days, using three different CN columns. Nine
topical cream samples were assayed between each
set of standard solutions. The linear regression
analyses of the HPLC assay for AG-85 standard
solutions using three different CN columns gave
r? values of 0.996, 0.997, and 0.999. The percent
relative standard deviations (%RSD) on three
different days for each AG-85 concentration
ranged from 0.59 to 3.69.

Benzyl alcohol Precision was determined by
reviewing data from five sets of standards at five
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concentration levels assayed on three different
days, using three different C8 columns. Nine topi-
cal cream samples were analyzed between cach
set of standards. The linear regression analyses of
the HPLC assay for benzyl alcohol standard solu-
tions using three different C8 columns gave r?
values of 0.994, 0.988, and 0.995. The %RSDs on
three different days for the benzyl alcohol stand-
ards ranged from 0.75 to 5.08. Reanalysis of the
linear regression of the data with an r? value of
0.988 (and unacceptable RSDs above 4.00%) by
bracketing the first three, second three and third
three sets of standards gave r2 values of 0.995,
0.995, and 0.992 with RSDs ranging from 0.52 to
3.90 in the 140-420 pug/ml range, and met the
acceptance criterion of RSDs not exceeding
4.00%.

Accuracy

AG-85 Accuracy of the method, including the
extremes of the assay range, was determined by
comparing one set of standards with a second set
of standards on three days using three CN
columns. The percent difference of theoretical
value vs assay value at the extremes of the assay
range was —0.73 to 1.92% for 40 ug/ml; and
—0.30 to 0.65% for 200 png/ml.

Benzyl alcohol Accuracy of the method, in-
cluding the extremes of the assay range, was
determined by comparing one set of standards
with a second set of standards on three days
using three C8 columns. The percent difference
of theoretical value vs assay value was —8.08 to
—10.63% at 75 ug/ml concentration. Standards
at 140 pg/ml assayed from —1.57 to —2.97%
difference from theoretical value; and 420 pg/ml
standards assayed from —0.68 to —1.16% differ-
ence from theorectical value. This method is not
accurate below 140 pg/ml.

Ruggedness

AG-85 Ruggedness of the method was previ-
ously demonstrated by comparing two series of
standards tested five times on three different
days with three different CN columns. Samples
were run between each set of standards. Rugged-
ness of this method was further demonstrated by
showing the results of the linear regression analy-
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sis from an outside laboratory using a Shimadzu
system and a fourth CN column, also assaying
samples between each set of standards. The sam-
ple results are reported in Tables 1 and 2, run on
System III. The linear regression analysis of the
assay (outside laboratory) for AG-85 standard
solutions gave an r? value of 1.000 with a percent
relative range for each AG-85 concentration
ranging from 0.19 to 0.65.

Benzyl alcohol Ruggedness of the method was
previously demonstrated by comparing three se-
ries of standards tested five times on three differ-
ent days with three different C8 columns. Nine
topical cream sample solutions were assayed be-
tween each set of standards. Based on consistent
results over three days the method is demon-
strated to be rugged.

Limits of quantitiation of impurities

AG-85 Quantitation of impurities for AG-85
concentrations below 80 wg/ml would require a
change of the detector sensitivity setting and fur-
ther validation. The average area percent of AG-
85 ranged from 98.17 to 98.64% with standard
deviations ranging from 0.08 to 0.30 for the vari-
ous AG-85 concentrations above 80 wg/ml over
the 3 day period.

Selectivity

AG-85: In-process solutions Selectivity was
demonstrated at three concentrations of AG-85
assayed by three different analysts utilizing three
different HPLC systems. The AG-85 concentra-
tions assayed at 95.3-98.4% recovery of the theo-
retical concentrations. The AG-85 in-process so-
lution values were consistently lower than the
theoretical weight percent. The theoretical weight
percent is used to calculate the actual batch
weight and is not adjusted to compensate for any
losses or degradation that occurs during the ardu-
ous batch processing. The in-process solution data
for AG-85 are summarized in Table 1.

AG-85: Topical creams Creams were ex-
tracted and assayed by three different analysts
utilizing two different HPLC systems. The AG-85
concentrations assayed at 96.8-103.3% recovery
of the theoretical concentrations. Recovery within
+ 3% of theoretical is considered acceptable con-

sidering the extraction process required to re-
cover AG-85 from the cream formulations. The
topical cream data for AG-85 are summarized in
Table 2.

Benzyl alcohol Creams were extracted and as-
sayed by three different analysts utilizing two
different HPLC systems. The benzyl alcohol con-
centrations assayed at 97.5-110% recovery of the
theoretical concentration. The benzyl alcohol val-
ues determined tended to be slightly higher than
the theoretical values. The theoretical weight
percent is used to calculate the actual batch
weight and is not adjusted to compensate for
material losses during batch processing prior to
the addition of benzyl alcohol. The topical cream
data for benzyl alcohol are summarized in Table
2.

Filter validation

AG-85 The filtration study was performed to
show that AG-85 does not bind to the nylon
filters used to filter the cream extracts. Binding of
AG-85 to the nylon filter was negligible.

Benzyl alcohol A similar study was performed
to show that benzyl alcohol does not bind to the
nylon filters and is stable during the extraction
process for the cream formulations. There was no
loss of benzyl alcohol due to binding on the
filters, or loss or decomposition during the simu-
lated extraction process.

Extraction from creams

AG-85 Heating the creams in acetonitrile or
methanol to 45-50°C and shaking overnight leads
to an AG-85 recovery of 98-99%. However, AG-
85 in acetonitrile shows degradation within 2
weeks under 5°C storage conditions, whereas
AG-85 in methanol is stable for at least 4 weeks
at 5°C (data not shown). No AG-85 interfering
peak was detected for placebo creams extracted
under these same conditions. Spike recoveries
from placebo creams were not performed, as
AG-85 must be dissolved in a solubilizer prior to
cream formulation. However, creams were formu-
lated at AG-85 concentrations of 0.71, 0.96, and
1.21% with AG-85 recovery of 100.0, 101.0 and
100.8%, respectively.



Benzyl alcohol Initial extraction studies of
benzyl alcohol from the cream formulations
showed complete recovery. No interfering peaks
were detected for creams prepared without ben-
zyl alcohol.

Conclusions

AG-85 The HPLC method was validated for
assaying the concentration of AG-85 and AG-85
impurities in the topical formulations according
to the USP requirements for Category I and II
quantitative assays (USP XXII, 1990).

Benzyl alcohol The HPLC method was vali-
dated for assaying benzyl alcohol concentration in
the topical formulations as per the USP require-
ments for Category I assays (USP XXII, 1990).
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