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The Optical Resolution of Racemic Chlorpheniramine and
Its Stereoselective Pharmacokinetics in Rat Plasma
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Abstract—An ovomucoid-conjugated column has been developed for the chiral stationary-phase liquid
chromatographic resolution of racemic chlorpheniramine with a quantitation limit of 0-05 uyg mL~!. The
assay was used to study the stereoselective kinetics of chlorpheniramine enantiomers in rats. After bolus
intravenous administration of racemic chlorpheniramine maleate (20 mg kg~'), plasma concentration of
the (—)-form was higher than that of the (+)-form. In the elimination phase, the concentrations of (+ )- and
(—)-chlorpheniramine in the plasma declined biexponentially with half-lives of 182 and 50-0 min,
respectively. Although there was no significant difference in blood-to-plasma concentration ratio of both
enantiomers, the apparent total blood clearance of (+ )-chlorpheniramine was twice as large as that of the
(—)-isomer. Binding of (—)-chlorpheniramine to rat plasma protein was stronger than that of (4)-
chlorpheniramine suggesting stereoselective pharmacokinetics may be due to a difference in the plasma

protein binding.

Chlorpheniramine (Chp) is a widely used potent histamine
Hj-receptor blocker with two optical isomers (Nauta &
Rekker 1978). (4 )-Chp has been shown to be some 200 times
more effective than its enantiomer in-vivo in protecting
guinea-pig against histamine (Roth & Govier 1958). More-
over, in studies of inhibition of [PH]mepyramine binding in-
vitro and in-vivo in guinea-pig brain, (+)-Chp was 100-fold
more active than the (—)-isomer (Hill et al 1978). On the
other hand, this compound may be a potential antiparkinso-
nian agent besides the antihistamines, as Chp significantly
decreased levels of 3,4-dihydroxyphenylacetic acid (dopac),
although it had no effect on the levels of dopamine in mouse
brain (Shishido et al 1991). However, it was previously
reported that there is a lack of stereospecificity in reducing
dopac levels, suggesting a lack of stereospecificity in inhibi-
tion of dopamine uptake in the regional parts of rats (Sakurai
et al 1991). Thus, those studies suggested stereoselectivity in
the disposition of the drug.

The intention of this study was to investigate stereoselec-
tive relations between plasma kinetics and plasma protein
binding in rats.

Material and Methods

Materials

(+)-Chp maleate (Kowa, Nagoya, Japan), (+ )-Chp maleate
(Yoshitomi Pharmaceutical Industry, Osaka, Japan) and
(—)-Chp maleate (Schering Corporation, New Jersey, USA)
were kindly supplied from their respective companies. All
other reagents were of the highest grade available.

Animal experiments

Male Wistar rats, 250-300 g (Japan SLC Inc., Hamamatsu,

Japan) were starved for 18 h before the experiments and were

anaesthetized with pentobarbitone sodium (40 mg kg, i.p.).

(+)-Chp maleate in 0-9% NaCl (saline) was rapidly injected
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into the femoral veinat a dose of 20 mgkg~! (14-1 mgkg ! of
free base equivalent). Blood samples were collected by
cardiocentesis into heparinized-vacutainers at 2, 5, 135, 30, 60
and 90 min after drug administration. The plasma was
promptly separated by centrifugation at 3000 rev min~! for
10 min. The plasma was deproteinized in an ice bath in 2 vol
of ice-cold 0-4 M perchloric acid. The deproteinized sample
was centrifuged at 10000 revmin-! for 20 minat4°C, and the
supernatant stored at —20°C until assayed.

Analytical methods

The concentrations of Chp enantiomers in the plasma were
determined by HPLC as follows: supernatant (I mL) was
mixed with 1 mL of 5 M sodium hydroxide and 7 mL of
benzene in a centrifuge tube. The mixture was vigorously
shaken for 10 min and centrifuged for 10 min at 3000 rev
min~'. Five mL of the organic layer was evaporated to
dryness under reduced pressure. The residue was redissolved
in 100 uL of acetonitrile—0-05 m phosphate buffer (pH 5-6)
(9:1, v/v) and a 20 uL sample was injected onto the HPLC-
column. The HPLC was carried out with a L-5000 (Yanagi-
moto, Kyoto, Japan) apparatus equipped with a UV detector
(UV-8 model II, Tosoh) and an ovomucoid-conjugated
column (Ultron ES-OVM, 150 x 4-0 mm i.d., Shinwa Kako,
Kyoto, Japan). Material was eluted with acetonitrile—0-05 M
phosphate buffer (pH 5:6) (9:1 v/v) at a flow rate of 1-0 mL
min~!at 30°C, and the absorbance at 228 nm was measured.
The retention times of (—)- and (+)-Chp were 11-9 and 17-8
min, respectively.

In-vitro plasma protein binding

Normal plasma (0-9 mL) was incubated with 0-1 mL of (+ )-
Chp solution in 0-01 M phosphate buffer (pH 7-4) at a final
concentration of 20 to 400 uM for 20 min at 37°C (Ueda et al
1988). After ultrafiltration using an Ultracent-10 membrane
(Tosoh, Tokyo, Japan), the unbound concentrations of ( +)-
and (—)-Chp were'determined as described in the analytical
methods. Protein concentrations were estimated by the
method of Lowry et al (1951).
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Blood_to-plasma concentration ratio
The whole blood was collected via a jugular artery 30 min
after injection of heparin at a dose of 0-1 mL/100 g (100 units)
(Terasaki et al 1982). Small samples (10 ul.) of isotonic
solutions containing various amounts of ( 1+ )-Chp (50 to 400
) were added to test tubes containing 2-0 mL of blood
reincubated for 3 min at 37°C. The tubes were incubated
with shaking (2 Hz) for 5 min at 37°C. The plasma was then
Separated by centrifugation at 3000 rev min~! for 10 min and
the concentrations of both enantiomers in the plasma were
determined. Metabolism during incubation was negligible;
no decrease was observed in the plasma concentrations of
(4)-or (—)-Chp up to 30 min. There was also no chiral

inversion.

Data analysis

Plasma concentration-time curves were analysed by a two-
compartment model according to the non-linear least-
squares regression analysis program MULTI for biexponen-
tial decline (Yamaoka et al 1981). The area under the plasma
concentration-time curve (AUC) and the mean residence
time (MRT) were calculated by standard linear trapezoidal
integration with extrapolation to infinite time. The binding
data were also fitted using a non-linear least-squares analysis
program MULTI (Yamaoka et al 1981). Values are pre-
sented as mean+s.e. of means for n experiments and
enantiomeric differences were analysed for their significance
by Student’s ¢-test.

Results

Simultaneous determination of Chp enantiomers in plasma
Fig. 1 shows chromatograms of benzene extracts of plasma
obtained 30 min after rapid intravenous injection of saline
(A) or racemic Chp (B). There are no interfering peaks in the
region with a retention time corresponding to that of (—)-
Chp (11:9 min) or (4)-Chp (17-8 min) in the chromatogram.
Each enantiomer peak is symmetrical and well separated
from other peaks. The calibration curve for each enantiomer
was linear over a range from 0-05 to 10 uyg mL~' with a
correlation coefficient of more than 0-99 (n=8) (data not
shown), and the lower limit for quantitation was 0-05 ug
mL-!,

Time course of decrease in plasma concentration of Chp

Fig. 2 shows the time course of changes in plasma concentra-
tion of each enantiomer after rapid intravenous injection of
racemic Chp maleate (20 mg kg~!). The pharmacokinetic
Parameters of Chp enantiomers are listed in Table 1.

In-vitro plasma protein binding

The unbound fractions (fy) of (+)- and (—)-Chp in rat
Plasma were 0.15-0.29 and 0-11-0-25 at a concentration of 25
to 200 M, respectively. The Scatchard plots (Fig. 3) of both
€nantiomers binding to rat plasma protein revealed a high-
a.nd a low-affinity component. The binding parameters are
ll§ted in Table 2. The dissociation constant of (+)-Chp in the
hlgh-afﬁnity component was higher than that of (—)-Chp.
The numbers of binding sites (n;) of (+)- and (—)-Chp in the
loW-ai’ﬁnity component for binding to rat plasma protein,
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FiG. 1. Chiral stationary-phase liquid chromatograms of extracted
samples of plasma of rats after i.v. injection of racemic chlorphenira-
mine. (+)-Chlorpheniramine (14-1 mg kg~' as the free base) in
saline (500 uL kg ~ ') was injected i.v.; 30 min later the rats were killed
and the blood was obtained. Control rats were treated with saline
only. Plasma was deproteinized with 0-4 M perchloric acid, and
chlorpheniramine enantiomers in the extracts were determined by
HPLC as described in Materials and Methods. A, control samples;
B, racemic chlorpheniramine-treated samples.

determined by ultrafiltration, were found to be 4-92 and 7-39
nmol (mg prot)~!, respectively. No inhibition of (+)-Chp
binding by (—)-Chp or inhibition of (—)-Chp binding by
(+)-Chp to plasma protein was observed.
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FIG. 2. Plasma concentration of each enantiomer after i.v. injection
of racemic chlorpheniramine maleate (20 mg kg™') into rats.
Conditions were as for Fig. | except that blood was obtained at the
indicated times after injection of racemic chlorpheniramine. Each
point is the mean+s.e. of 5 experiments. O, (+)-enantiomer; @,
(—)-enantiomer.
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Table 1. Plasma pharmacokinetic parameters of each enantiomer after rapid intravenous administration of racemic
chlorpheniramine maleate (14-1 mg kg~! of free base equivalent) to rats.

Value
Parameter Meaning (+ )-enantiomer (— )-enantiomer Unit
A Defined in the equation below 3-03+0-41 2744016 ug mL~!
B Defined in the equation below 2144003 1:50+0-182 ug mL~!
« Defined in the equation below 0-41110-099 0-123+0024*°  min~'
B Defined in the equation below 0-038 +0-001 0-014+0-0032 min~!
k2 Transfer rate constant from C* to P* 0-178 +0-061 0-050 4 0-009* min~!
ky) Transfer rate constant from P* to C* 0-191 £0-03¢ 0-0531+0-0152 min~!
ke1 Elimination rate constant from C* 0-080 1 0-008 0-037 4 0:0042 min !
\'7 Volume of distribution of C* 1369-24+ 1181 16589 +8-2% mL kg~!
Vv, Volume of distribution of P* 1221-6 +133-6 1611-74+178-92 mL kg~!
\;SS Steady state volume of distribution (V| + V3) 2590-8+ 155 3270-6 + 187-12 mL kg !
13, Half-time of distribution phase 1-8+0-5 59+1-28 min
t3, Half-time of elimination phase 182403 50-0+9-4° min
AUC Area under the plasma concentration-time curve 61:2+34 1199+ 54 ug min mL !
MRT Mean residence time 23-4+16 52:04+0-9% min

A bolus dose of racemic Chp maleate was administered intravenously and the plasma Chp enantiomer concentrations
were measured for 90 min at the times shown in Fig. 2. The data were fitted by the equation, C=A<e~*+ B-e~# for the
plasma concentration, C,, at time t, and pharmacokinetic parameters (average of 4-5 experiments) were calculated as
described in the Method. C* and P* represent the central and peripheral compartment, respectively. P < 0-01.

0.3+ Table 3. Blood-to-plasma concentration ratio and apparent total
blood clearance of racemic chlorpheniramine.
CL_loLBIa D
Rg (mL min~ Y(g‘ h
0.2} (+)-Enantiomer 138 030 83-5+4-7
(—)-Enantiomer 1-50+0-21 3924 1-8*

Each result represents the mean +s.e. of 5 experiments. R, blood-
to-plasma concentration ratio; CLioBapp.. apparent total blood
clearance. *P <0-01.

B/F (mL (mg protein)-1)
o

0§ 1 L " 1 N Using Ry and the parameters listed in Table 1 CL ot .4pp Of
! 2 3 4 5 6 7 8 (+)- and (—)-Chp were calculated to be 83-5+4-7 and

Bound (nmol (mg protein)-1) 39-241-8 mL min~! kg, respectively.

F1G. 3. Scatchard plots of racemic chlorpheniramine binding to rat
plasma protein. Each point represents the mean for 4 experiments. Discussion

O, (4 )-enantiomer; ®, (—)-enantiomer.
Several studies have demonstrated the disposition of Chp

(Miyazaki & Abuki 1976; Vallner et al 1979; Huang & Chiou
1981; Thompson & Leffert 1980; Kotzan et al 1982; Rumore
1984). Miyazaki & Abuki (1976) reported the stereochemical
differences in the disposition of this drug using mass
fragmentography with the aid of the stable isotope technique
in healthy subjects. However, this technique requires one
enantiomer to be labelled previously with stable isotope. In
this study, we have established a simple method for the chiral
stationary-phase liquid chromatographic resolution of race-

Dose a) mic Chp using an ovomucoid-conjugated column with a
RpAUC, quantitation limit of 0-05 ug mL-!; the stereoselective

In-vitro blood-to-plasma concentration ratio
The values of 1-38+0-30 and 1-50+0-21 (n=5) were
obtained for the blood-to-plasma concentration ratios (Rg)
of (+)- and (—)-Chp, respectively (Table 3), and no
concentration dependency was observed in the blood con-
centration range from 69 to 550 ng mL ~! of each enantiomer.
The apparent total blood clearance (CLiopapy) can be
expressed as
CL!O!.B.app =

Table 2. Binding parameters of racemic chlorpheniramine to rat plasma protein.

Kd] n nl/Kdl Kdz n; nz/Kdz

(um) (nmol (mg protein)~") (mL (mg protein)~!) (uM) (nmol (mg protein)~!) (mL (mg protein) ')
(+)-Enantiomer ~ 9-38+0-36 0-54+0-03 0-058 +0-006 1439486 492+011 0-035+0-001
(—)-Enantiomer  7-201+0-31* 0-70 +0-002* 0-098 £ 0-004* 162°6+2-4 7:39+0:06** 0-046 £0-001**

Each result represents the mean +s.e. of 4 experiments. Kd,, Kd,: dissociation constants, n;, ny: number of binding sites, n;/Kdy, ny/Kda:
binding. * P<0-05, ** P<0-01.
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harmacokinetics of Chp in rat plasma could then be
measured- L N

Our results indicate stereoselectivity in the disposition of

hp after intravenous injection of racemic Chp in rat and
suggest that this stereospecificity may be due to a difference
in rat plasma protein binding. The low affinity components
of plasma protein binding of the enantiomers will be
negligible under the conditions of the pharmacokinetic study
as the peak plasma concentrations were only about 10 um.

However, Fujiwara et al (1989) reported that in dogs there
was no difference in the plasma levels of Chp when (+)- or
(_)-Chp was injected intravenously, but plasma levels of
(+)-Chp brought about by oral administration of (+)-Chp
were evidently higher than those from (—)-Chp. Those
authors considered that this discrepancy was due neither toa
difference in the elimination rate nor a distribution volume,
put rather due to a first-pass effect in the absorption process.
It has also been shown that in man the concentration of (+)-
Chp after simultaneous oral administration of hexadeuter-
jum-labelled (4 )-Chp and non-labelled (—)-Chp was higher
than that of (—)-isomer and the biological half-lives were 24
and 15 h, respectively (Miyazaki & Abuki 1976). Although
the discrepancy in pharmacokinetics of Chp enantiomers
may be explained by interspecies differences, further investi-
gation will be necessary on plasma protein binding and
metabolism of both enantiomers to elucidate the stereoselec-
tive pharmacokinetics of Chp.
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