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Determination of Centchroman in Human Serum and
Application to Single-Dose Pharmacokinetics'

Jyoti Kumar Paliwal,” Ram Chandra Gupta,> Pyara Krishen Grover,>* Omkar P. Asthana,*
Jagdishwar Sahai Srivastava,* and Swaran NityaNand*

Received October 19, 1988; accepted June 7, 1989

A simple and sensitive (2 ng/ml) HPLC method with fluorescence detection has been developed to
measure serum concentrations of centchroman, a new nonsteroidal antifertility agent. The method was
sufficiently sensitive to follow the drug over 21 days in human volunteers. Pharmacokinetic parame-
ters of centchroman were determined after a single oral dose of 60 mg (2 X 30-mg tablets) in two
healthy female volunteers. Centchroman is slowly eliminated from serum, showing a biexponential
disappearance curve from serum. The terminal half-life of centchroman in the two volunteers was 168

and 175 hr, respectively.
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INTRODUCTION

Centchroman (1), (1-2-[4-(3,4-dihydro-3,4-trans-7-
methoxy-2,2-dimethyl-3-phenyl-2H-1-benzopyran-4-yl)-
phenoxy] ethylpyrrolidine hydrochloride; Fig. 1) is a new
nonsteroidal, once-a-week (2), orally effective, postcoital
antifertility agent (3,4) in humans, which is also useful for the
treatment of breast cancer (5). In the present study an HPLC
method has been developed to determine concentrations of
centchroman in human serum. The method has been suc-
cessfully employed for the study of basic pharmacokinetic
parameters of unchanged drug in normal healthy female vol-
unteers after 60 mg (2 X 30-mg tablets) per oral dose. The
blood samples were collected over 24 days after the dose.
This study was limited to two volunteers because of the long
sampling schedule.

MATERIALS AND METHODS

Reagents and Materials

Potassium dihydrogen orthophosphate, orthophospho-
ric acid, and acetonitrile were analytical-grade reagents.
Acetonitrile was glass distilled before use. Diethyl ether

! CDRI Communication No. 4377.

2 Pharmacokinetics and Metabolism Division, Central Drug Re-
search Institute, Lucknow-226001, India.

3 To whom correspondence should be addressed.

4 Clinical and Experimental Medicine Division, Central Drug Re-
search Institute, Lucknow-226001, India.

0724-8741/89/1200-1048$06.00/0 © 1989 Plenum Publishing Corporation

(anesthetic grade ip) was used after purification. Centchro-
man free base (Pure reference standard) was supplied by the
Pharmaceutics Division of this institute.

Extraction Procedure

Aliquots of serum (1-2 ml) were transferred into a 20-mi
glass test tube 15 X 150 mm and extracted three times with
3-ml volumes of diethyl ether, after vortexing for 15 sec
followed by centrifugation for 5 min at 1700 rpm. The ether
layer was separated into a 15-ml conical glass centrifuge tube
after snap-freezing the aqeous layer in liquid nitrogen. The
combined ether extracts were evaporated to dryness under
nitrogen at 35 = 2°C, and the residue was reconstituted into
100 pl of methanol.

Apparatus and Chromatographic Parameters

A Kontron 600 liquid chromatograph equipped with a
Shimadzu RF-530 variable-wavelength fluorescence detec-
tor was used. Peak area was integrated by a Shimadzu CR1B
Chromatopac integrator-plotter. Separation was accom-
plished on a 4.6-mm-I1.D. X 110-mm Spherisorb cyano 5-pm
cartridge analytical column with a 4.6-mm-1.D. X 30-mm
cyano 10-pm guard column (Kontron AG, Switzerland). The
mobile-phase flow rate was 1 ml/min and the fluorescence
detector was set at 279-nm excitation and 305 nm-emission
wavelengths. Quantitation was done by the external stan-
dard method.

The mobile phase was prepared by mixing acetonitrile,
10 mM potassium dihydrogen orthophosphate, and 0.3 mM
orthophosphoric acid at a ratio of 60:32:8, respectively. It
was filtered and degassed before use.
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Fig. 1. Centchroman.

Calibration Graph

Standard solutions containing 30, 40, 60, 80, 100, 200,
400, 600, and 800 ng/ml of centchroman in mobile phase were
prepared by dilution of a 15 pg/ml methanolic stock solution.
Each standard solution was analyzed on HPLC five times
and a calibration curve was obtained using the mean area of
the five values at each point.

Extraction Recovery and Assay Reproducibility

The recovery of centchroman from serum was deter-
mined at three different concentrations. Known amounts of
centchroman were added to drug-free serum and the area
responses of centchroman in extracted spiked samples were
compared with those obtained by direct injection of standard
solutions containing equivalent amounts of centchroman.

Assay reproducibility was assessed at low, medium, and
high concentrations of centchroman. Within-day reproduci-
bility was calculated from five replicate analysis. Day-to-day
reproducibility was determined from duplicate analysis on 3
different days.

Subjects

Approval for the study was obtained from the local eth-
ical committee and was in accordance with the regulations of
the drug controller of India. Two healthy females aged 39
and 41 years and with body weights of 62 and 52 kg, respec-
tively, participated in this study after providing written in-
formed consent. These subjects were selected for study after
passing a physical examination demonstrating no evidence
of disease and after passing a laboratory survey consisting of
hematocrit, red and white blood cell counts, differential
platelet estimate, SGOT, SGPT, serum bilirubin, serum
urea, fasting serum glucose, serum creatinine, serum choles-
terol, serum albumin, and serum globulin. All the tests were
repeated after 21 days. Pulse rate and BP were also moni-
tored prior and up to 8 hr post centchroman administration.

Drug Administration

Each subject was given a single 60-mg (2 x 30-mg tab-
lets) dose orally in the morning with 250 ml of water. Food
and fluids were allowed 2 hr after the oral dose.

Blood Samples

Blood samples (10 ml) were drawn at 0, 0.5, 1,2, 4, 6, 8,
12,24, 36, 48, 72, 96, 120, 168, 240, 336, and 504 hr after drug
administration. Samples up to 12 hr were drawn from the
anterior cubital vein by a long indwelling Becton-Dickinson
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intravenous catheter which was implanted into the forearm
vein prior to the start of the study. Later samples were col-
lected by venipuncture in glass tubes. Serum was separated
and stored at —20°C in glass tubes until analyzed.

Pharmacokinetic Data Analysis

Pharmacokinetic analysis of serum concentration—time
data was done on an IBM PC/XT microcomputer using the
statistical package STATIS2 (6). Initial parameter estimates
for nonlinear regression analysis were obtained by a curve
stripping program, ESTRIP (7). The criteria (F test) dis-
cussed by Boxenbaum and co-workers (8), Akaike’s infor-
mation criteria (9), and Schwarz criteria (10) were used in
deciding on the most appropriate model describing the con-
centration—time data. In addition, the residuals (observed
concentration — calculated concentration) were examined
using the run test to check for bias in curve fitting (11). A
two-compartment open model with first-order absorption
and elimination rate constants gave the best description of
data. The following equation has been employed to describe
the time course of such a drug in the body (see Ref. 12).

C = Ale-—u(t—-to) + Aze—B(t—to)
- (A, + Aye Kl

where

>
'

. = first-order absorption rate constant,
o and B = apparent first-order fast and slow
disposition rate constants,

A, and A, = corresponding zero-time intercepts,
C = concentration of drug in serum at any
time t,
t, = time lag.

Maximum plasma concentration (C,,,,) and time to
reach the maximum (7,,,,) were determined from the exper-
imental points. Total apparent oral clearance of the drug
(Cl,,/F) was calculated as D/AUC (0—=), where D is the oral
dose and AUC (0—=) is the area under the serum concentra-
tion-time curve extrapolated from 0 to infinity. Apparent
volume of distribution (V,/F) was calculated as V/F =
(Cl,/F). The half-life (#,,) was calculated from the quotient
as ty, = 0.693/corresponding slope.

RESULTS AND DISCUSSION

Chromatography

Figure 2 illustrates a typical chromatogram of serum
from a normal and a centchroman-receiving volunteer. Un-
der the chromatographic conditions the retention time of
centchroman was 6.2 min. Extracted serum constituents did
not interfere since they eluted either at the solvent front or
after the peak of interest.

Absolute recoveries (mean = SD) of centchroman from
human serum using the described extraction procedure were
95 + 4.8, 96 = 3.2, and 96 £ 2.7 at 2, 50, and 150 ng/ml
levels, respectively.

Reproducibility was excellent for both within-day and
day-to-day analysis. Coefficients of variation for within-day
analysis (N = 5) were 1.5% at 150 ng/ml, 3.7% at 50 ng/ml,



1050

6.22

N

Fig. 2. High-performance liquid chromatograms of (A) blank human
serum and (B) centchroman in serum.

and 7.9% at 2 ng/ml. The corresponding values for day-
to-day analysis (N = 6) were 2.3, 5.7, and 9%.

A calibration curve of centchroman in standard solu-
tions was plotted each day before sample analysis. Linear
least-squares regression analysis of the calibration graph
demonstrated linearity between the peak area response and
the corresponding centchroman concentration in the exam-
ined concentration range of 30 to 800 ng/ml of drug. A typical
standard curve could be described by y = 6.988 x + 7.413
(r = 0.9999).

The limit of the assay sensitivity was 30 ng/ml in stan-
dard solution and 2 ng/ml in serum samples (when 2 ml of
serum was extracted and reconstituted in 100 pl), with an

Serum Concentration (ng/ml )

428

0 84 168 262 336
Time (Hr)

Fig. 3. Serum levels of centchroman in two volunteers after a single
60-mg oral dose.

Paliwal et al.

Table I. Pharmacokinetic Parameters of Centchroman in Two Vol-
unteers After a Single Oral Dose of 60 mg (2x 30-mg Tablets)

Volunteer

Parameter SM SS
A, (ng/ml) 124 91.7
A, (ng/ml) 52.9 19.7
K, (L/hr) 0.777 1.78
o (L/hr) 0.133 0.0305
B (L/hr) 0.00412 0.00397
t, (hr) 0.411 0.0237
ty, absorption (hr) 0.892 0.389
ty, a (hr) 5.21 22.72
ty, B (hr) 168.2 174.56
AUC (0—) (ng/ml » hr) 13500 7910
CVF (L/hr) 4.44 7.58
V4/F (L) 1077 1909
Tnax (hr) 4 4
Cax (N8) 129 121

acceptable precision as indicated by within-day and day-
to-day analysis variations.

Pharmacokinetics

Pharmacokinetics of centchroman was studied in two
normal healthy female subjects. Normal status prior to and
at the end of study was ensured by physical and laboratory
investigations. Figure 3 depicts the serum time course of
centchroman in two subjects after a single dose of 60 mg (2
% 30-mg tablets) orally. Table I contains the estimated phar-
macokinetic parameters. Serum concentration-time data for
both the volunteers were best described by a two-compart-
ment open model with first-order absorption and elimination
rate constants. There is a good agreement between the cal-
culated and the actual serum concentrations of the drug. A
time lag of 0.41 and 0.02 hr was needed to fit the data, indi-
cating a delayed absorption of drug from GI tract. The half-
life of absorption was 0.77 and 1.78 hr, respectively. Good-
ness of fit of the data to the selected equation is indicated by
R values of 0.981 and 0.980, respectively.

The terminal disposition half-life of drug was calculated
to be 168 and 174 hr (approximately 7 days). Maximum se-
rum concentrations of centchroman were 121 and 129 ng,
respectively, at 4 hr. Absolute bioavailability of centchro-
man in serum could not be determined due to nonavailability
of its parenteral formulation. The apparent oral clearance
(CI/F) and F volume of distribution (V4/F) in Table I are the
measured values divided by the bioavailability (F). Centch-
roman appears to be extensively distributed in the tissues as
evidenced by the high values of the apparent volume of dis-
tribution.

The terminal centchroman half-life of 7 days suggests
that it can be used as a once-a-week oral contraceptive. It
may thus be more readily accepted than steroid contracep-
tives which have to be taken daily.
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