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Abstract

A reversed-phase high performance liquid chromatographic (HPLC) assay developed for the CP-93,393-1 drug
substance was adapted for use with CP-93,393-1 tablets. Using a novel experimental matrix, validation was performed
to obtain linearity, reproducibility and recovery and to meet current regulatory requirements. Deviations in the
sample preparation procedure were performed to demonstrate the ruggedness of the assay. © 1998 Elsevier Science
B.V. All rights reserved.
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1. Introduction

CP-93,393-1 tablets are currently in clinical tri-
als for the treatment of anxiety and depression.
As such, the chromatographic method used to
evaluate materials for clinical supplies must be
thoroughly validated. Earlier chromatographic
methods for CP-93,393-1 tablets utilized two sep-
arate isocratic, reversed-phase systems: one for
quantitation of impurities and another for quanti-
tation of CP-93,393. These methods were also
incompatible with mass spectrometric detection.

Compatibility with mass spectrometric detection
can be useful when identification of unknown
impurities is required. The chromatographic sys-
tem described here is a single, compound specific,
potency and purity-indicating, isocratic, reversed-
phase chromatographic system that allows con-
comitant quantitation of CP-93,393 and all
potential impurities from the same injection. This
system was adapted from the system used for the
CP-93,393-1 drug substance [1]. This system is
also compatible with mass spectrometric detection
and is more efficient in terms of sample prepara-
tion and analysis time. The validation data pro-
vided here are consistent with the current
USP/NF guidelines for finished pharmaceutical
products [2] and the definitions issued by the
International Conference on Harmonization
(ICH) of requirements for registration for human
use [3].
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Table 1
Experimental matrix used to validate precision, linearity, accuracy and recovery

Nominal concentration (%)

3 5 61 41a 2

40 W1.40 W1.40
a W2.40 W3.40 W4.40

W4.6060 W3.60W1.60 W1.60
a W2.60

W4.8080 W1.80 W1.80
a W2.80 W3.80

W4.100 W5.100100 W1.100 W1.100
a * W2.100 W3.100 W6.100

100b W7.100

W3.120 W4.120120 W1.120 W1.120
a W2.120

140 W1.140 W1.140
a W2.140 W3.140 W4.140

Nominal concentration, 0.1 mg CP-93,393 ml−1.
The column headings (1–6) represent individual weighings.
a Sample solutions prepared without tablet excipients.
b This sample contains 1% spikes of Compound 1, Degradant 1 and Degradant 2.

A novel experimental matrix (Table 1) was used
to validate the chromatographic system. The mul-
tiple weighings used in this approach will identify
potential difficulties associated with sample prepa-
ration and the results obtained are more indica-
tive of the true reproducibility of the method.
Neither the ICH nor USP guidelines stipulate the
use of a sample preparation matrix that incorpo-
rates multiple weighings for validation of analyti-
cal methods. These guidelines state that serial
dilutions made from a single stock solution are
acceptable, covering a range from 80 to 120% of
the test concentration, for determination of linear-
ity. Other articles on the validation of analytical
methods have also been published, none of which
use a multiple weighing matrix approach [4–10].

2. Experimental

2.1. Materials

HPLC grade methanol and reagent grade
glacial acetic acid were purchased from J.T. Baker
(Phillipsburg, NJ). Acetonitrile was purchased
from Fisher Scientific (Fair Lawn, NJ). Reagent
grade ammonium acetate was purchased from
Aldrich (Milwaukee, WI). Standards of CP-
93,393-1, Degradant 1, Degradant 2, and Com-
pound 1 (the penultimate CP-93,393-1 precursor)
were prepared at Pfizer Central Research (Gro-

ton, CT) (Fig. 1). The theoretical potency of
CP-93,393-1 is 90% (10% represents the hy-
drochloride counter-ion portion of the CP-93,393-
1 salt). CP-93,393 is the free base of CP-93,393-1.

2.2. Equipment

Analyses were performed with an HPLC system
consisting of a Waters 510 pump, Waters 717 plus
autosampler, a Waters 486 variable wavelength
detector and Bioanalytical Systems LC-22C
column heater. A Waters Puresil™ C18 column (5

Fig. 1. Structures of CP-93,393, Compound 1, Degradant 1
and Degradant 2.
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m particles, 150 mm×4.6 mm) (part number
WAT044345) was used for all separations. A
Brownlee NewGuard™ scrubber column (part
number 140–601) containing a Brownlee New-
Guard™ C18 insert (part number G18-013) was
used between the pump and the injector to in-
crease column longevity. A Benchmark™ Tablet
Processing Workstation (TPW), made by Zymark,
was used to validate an automated sample prepa-
ration procedure for CP-93,393-1 tablets.

2.3. Chromatographic conditions

The following conditions were used for all sepa-
rations:

Mobile 91/6/3 Buffer*–acetonitrile–
phase: methanol (v/v/v)

*0.05 M aqueous ammonium
acetate, pH adjusted to 4.6 with
glacial acetic acid

Flow rate: 2.0 ml min−1

Detection: UV at 238 nm
Injection: 100 ml
Column tem- 30°C

perature:
0.1 mg CP-93,393 ml−1Sample con-

centration:

2.4. Sample preparation

Following the novel sample matrix (Table 1),
26 individual samples were prepared. For each
sample, approximately 55 mg CP-93,393-1 was
weighed and transferred into a 100 ml volumetric
flask. Each sample was dissolved in and diluted to
volume with the mobile phase, followed by brief
shaking by hand (�30 s) or sonication for 20 s to
hasten dissolution. The concentration of each
stock solution was �0.5 mg CP-93,393 ml−1.
Solutions were diluted according to the scheme
shown in Table 2.

The appropriate aliquot was transferred to a 25
ml volumetric flask and 290 mg of the tablet
excipient mixture was added. The flask was filled
to approximately one half its capacity with the
mobile phase, stoppered and shaken for 30 min

Table 2
Dilutions used for sample preparation

Nominal concentra- Desired CP-93,393
tion (%)

Concentration (mg Dilution
ml−1)

0.04 2�2540
60 0.06 3�25

0.0880 4�25
5�250.10100

0.12120 6�25
140 7�250.14

on a reciprocating shaker at 150 oscillations min−

1. Each sample was diluted to volume with mobile
phase. Solutions were filtered with a Whatman
Autovial (catalog no. AV125UAQU) and injected
into the HPLC system.

2.5. Parameters for the Zymark Benchmate™
TPW

The following steps were used by the TPW for
the automated preparation of CP-93,393-1 tablets:
step 1, dispense 100 ml of the mobile phase into
the homogenizer; step 2, pour the sample into the
homogenizer; step 3, homogenize with 15 pulses,
each 10 s long, at 7 K rpm; step 4, soak for 0.5
min; step 5, prewet the transfer path with 8 ml of
the homogenate; step 6, transfer 8 ml of the
homogenate; step 7, wash the homogenizer for 3
cycles using H2O; step 8, wash the homogenizer
for 1 cycle using the mobile phase; step 9, prewet
with 2 ml of the sample and filter 5 ml into the
next tube; step 10, end.

The setup parameters for the TPW are shown
in Table 3. Tablets were processed starting at rack
1, position 1 until an empty position was encoun-
tered. The homogenate was collected in rack 2.
Sample solutions were placed in rack 3.

3. Results and discussion

With the exception of sample concentration and
injection volume, the chromatographic conditions
selected for validation were identical to those
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employed to determine the potency and purity of
the CP-93,393-1 drug substance. The absolute
amount of CP-93,393-1 is constant in the drug
substance and tablet assays (10 mg). The sample is
injected as a 10 ml aliquot for the drug substance
and as a 100 ml aliquot in the tablet assay. Al-
though large injection volumes may decrease
chromatographic performance, in this case the
effect is insignificant (Table 4). Since the chro-
matographic performance was essentially equiva-
lent for 10 ml or 100 ml injections and the absolute
amount of CP-93,393-1 is the same as in the drug
substance assay, the ruggedness data generated
for the drug substance assay is applicable here.

The validation data generated for this drug
candidate is suitable for a main band chromato-
graphic assay at the third stage of development
(phase III, IV candidates). Validation of a method

Table 4
The effect of injection volume on column performance

Injection Vol- Tailing factorTheoretical plates
ume (ml) (USP)

10 1.74600
20 1.74500

450050 1.7
100a 1.74400
200 4300 1.7

a The specified injection volume was 100 ml at 0.1 mg CP-
93,393 ml−1.

is carried out to demonstrate that it is scientifi-
cally sound and that it has been systematically
evaluated [11]. Ruggedness, vide infra, confirms
that small variations in operating parameters pro-
voke no significant changes in the measured
parameter.

3.1. Validation

The validation data (linearity, recovery, preci-
sion and system suitability) were obtained using a
novel sample matrix (Table 1). The design of this
matrix included 26 individual weighings of the
drug substance CP-93,393-1. The tablet excipients
were added to mimic an actual dosage unit. Since
the amount of CP-93,393 present in each sample
must be known, actual tablets (which have a
range of potencies) could not be used for valida-
tion of the method. After appropriate dilutions
were made, the weighings in the matrix repre-
sented 40–140% of the nominal concentration.
Samples were injected in random order and as-
sayed versus an external standard. The samples in
column 2 of the matrix were prepared from the
same stock solutions as in column 1 without the
tablet excipients and used as reference solutions.
Excipients were used in all other samples to simu-
late the tablet formulation.

3.2. Linearity

The linearity of this method was demonstrated
using the first column of samples (with excipients)
in the matrix. The peak area was plotted against
concentration. The equation of the line was y=

Table 3
Setup parameters for the TPW

Start delay
Start-up delay: 0 h

Flow rates
Aspirate: 0.50 ml s−1

Dispense: 1.00 ml s−1

Internal Standard: 0.12 ml s−1

Mix: 1.50 ml s−1

Air push: 0.15 ml s−1

Autowash parameters
Regent volume: 1.00 ml
Sample volume: 0.20 ml

Dispensing
Liquid driven: yes

Gravimetric parameters
Gravimetric on: yes
Weigh tablets 4 places: yes
Weigh probe holdup: yes
Probe holdup volume: 0 ml
Large tablets: no

Filter parameters
Filter flow rate: 0.10 ml s−1

Filtrate confirm: yes
Filtrate density: 1.00 g ml−1

Minimum amount: 0%
Rinse reagent: 1



M.L. Dumont et al. / J. Pharm. Biomed. Anal. 16 (1998) 1075–1082 1079

Table 5
Recovery from excipients

Nominal concentration (%)Weighing

100* 12040 60 80 140

100 102 100W1,X 9998 100
103 101 99W2,X 102100 100

1009999W3,X 99103 101
98 98W4,X 100 102 102 99
99W5,X

W6,X 99

99 100Average recovery 100 101 101 100
1.31.0 1.8R.S.D. (%) 2.02.0 1.0

X, Nominal concentration (%).

results which are summarized in Table 5 are
within the following range: average recovery =
10092; the relative standard deviation (R.S.D.)
was 52%. For assays developed for the pharma-
ceutical industry, response factors for replicate
standards that are within 2% are considered
equivalent and within the experimental error of
the technique [12].

3.4. System suitability, selecti6ity and precision

System suitability data were collected during
validation. Table 6 summarizes the retention
times, theoretical plates, tailing factors and reso-
lution from six injections of a solution containing
0.1 mg CP-93,393 ml−1 and 1% spikes of
Degradant 1, Degradant 2 and Compound 1. The
R.S.D. of 6 injections of a solution containing 0.1
mg CP-93,393 ml−1 and tablet excipients was
0.06%. The R.S.D. for Degradant 1, Degradant 2
and Compound 1 were 0.3, 0.3 and 0.4%, respec-
tively. The % R.S.D. of these peak areas are
indicative of a well-behaved and stable system. An
example of a typical chromatogram containing
Degradant 1, Degradant 2 and Compound 1 is
show in Fig. 2a. A typical chromatogram of an
actual CP-93,393-1 tablet is shown in Fig. 2b.

(1.87×108)x−327740. The correlation coefficient
was (r2)=0.9993, the y-intercept was 1.8% of the
response at the nominal concentration and the
residuals were within 2% of the area response for
all six concentrations.

3.3. Reco6ery

Recovery from excipients was determined using
the nominal concentration as the reference. The

Table 6
System suitability, selectivity and precision of injection

Plates tangentaRetention time (min) ResolutionTailing factorPlates Foley [13]

Degradant 1
Mean (n=6) 9602.5 1.4 3.61300

830–1200Range 1100–14002.5–2.6
8.20.24 16R.S.D. (%)

Compound 1
1.5 4.7110016003.7Mean (n=6)

Range 3.7–3.7 1500–1800 970–1500
R.S.D. (%) 0.16 7.9 16

Degradant 2
1200 1.42000 5.45.8Mean (n=6)
1100–16001700–24005.8–5.8Range

R.S.D. (%) 150.13 16

CP-93,393
10.2 1400 1200 1.6Mean (n=6)

960–1600Range 10.2–10.3 1200–1700
0.26R.S.D. (%) 2014

a USP method.
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Fig. 2. a, A typical chromatogram of a sample extract contain-
ing CP-93,393-1 and 1% spikes of Degradant 1, Degradant 2
and Compound 1. b, A typical chromatogram of a sample
extract of a CP-93,393-1 tablet.

used to evaluate three standard solutions. Two
contained the drug substance alone and the other
contained the drug substance and 0.2%
Degradant 1, 0.2% Compound 1 and 0.5%
Degradant 2. The system suitability for the three
standards indicated acceptable resolution, peak
shape, retention times and theoretical plates.
Based on the acceptable results, the mobile phase
may be assigned a 3 month expiration.

3.6. Filter 6alidation

Whatman Autovial filters (catalog no.
AV125UAQU) were used to remove insoluble
excipients from the sample preparation. Three
sample solutions were prepared, each contained
0.1 mg CP-93,393 ml−1 and the appropriate ex-
cipients. For each solution, the filtrate was col-
lected after 0, 2, 4, 6 or 8 ml of filtrate had passed
through the filter and assayed. Quantitative (101–
103%) recovery of CP-93,393 from all aliquots
indicated that these filters were suitable for this
analysis. A similar study indicated that Gelman
Acrodiscs (part no. 4497) were equivalent to the
Whatman Autovial filters.

3.7. Variation of sample preparation parameters

The procedure for extracting CP-93,393 from
CP-93,393-1 tablets involved the following steps:
(1) cutting the tablet into quarters, (2) transferring
the pieces of the tablet to an appropriate size
volumetric flask such that the final concentration
was 0.1 mg CP-93,393 ml−1, (3) adding one half
of the flask volume of the mobile phase (e.g. 50 ml
mobile phase to a 100 ml flask) and stoppering,
(4) shaking the solution for 30 min on a reciprocal
shaker, (5) dilution to volume with the mobile
phase, and (6) filtration. The amount of extrac-
tion solvent and shaking time were varied to
determine if small changes would effect assay
results.

Twelve samples were prepared containing 0.1
mg CP-93,393 ml−1 and 290 mg excipients. Three
samples were shaken on a reciprocating shaker for
10, 20, 25 or 30 min. The sample preparation was
then completed as described above and all sam-
ples were assayed. These results, which are sum-

The inter-day and intra-day precision of this
method can be estimated using drug substance
stability data. The sample preparation matrix for
the drug substance is similar to the drug product
matrix and identical chromatographic conditions
were employed. The drug substance data also
were generated by a different analyst using a
different chromatographic system.

3.5. Stability

Solution stability of CP-93,393 was investi-
gated. Two solutions of CP-93,393 were prepared
at a concentration of 0.1 mg ml−1 in mobile
phase. One solution contained tablet excipients,
the other contained no excipients. The solutions
were evaluated versus freshly prepared external
standards for a period of two weeks using the
chromatographic system described here. At the
end of two weeks the solutions indicated 101 and
102% recovery from solution or excipients, respec-
tively.

As a compliance issue, the stability of the mo-
bile phase was also investigated. For this study, a
batch of the mobile phase was prepared, sealed
and stored at ambient conditions on a laboratory
bench for 3 months. The mobile phase was then
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Fig. 3. The effects of shaking time during sample preparation
vs. recovery of CP-93,393.

This sample preparation used a Benchmate™
Tablet Processing Workstation (TPW). Validation
involved using the TPW to prepare 10 tablets
from a batch that had previously been prepared
manually. The TPW samples were then assayed
using the chromatographic system described here.
An interval hypothesis approach was used to test
for equivalence of analytical results [12]. It was
determined that no significant difference existed
between the two sets of data at the 95% probabil-
ity level.

4. Conclusions

The validation data provided here indicated
that the chromatographic assay for CP-93,393-1
tablets is a rugged, transferable method and is
suitable for regulatory filing. The method satisfies
the requirements of linearity, precision and selec-
tivity to quantitate CP-93,393 in a formulated
product.
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