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Abstract

The pharmacokinetics of carbamazepine (CBZ), one of the useful analgesic adjunctive agents for palliative care,
and its major active metabolite, CBZ-10,11-epoxide (CBZ-E), were investigated after the intrarectal and intra-
colostomal administration of CBZ to rabbits with rectal-resection or colostoma-construction. In rectal-resected
rabbits, the bioavailability of CBZ and the plasma level of CBZ-E after rectal administration were significantly lower
than those in normal rabbits, and furthermore these values after intracolostomal administration to colostoma-con-
structed rabbits tended to be lower than those in rectal-resected ones. This decreased bioavailability of CBZ was
thought to be not due to an increased first-pass effect, but to the lower CBZ absorption ability in the upper rectum
and colon, since absorption profile of CBZ was not affected by first-pass metabolism. When the dose was increased
based upon the difference in the absolute bioavailability values in the rectal-resected and colostoma-constructed
rabbits, the decreased plasma levels of CBZ were restored to the control levels incompletely, and the elimination of
CBZ and CBZ-E was retarded. These findings suggest that owing to the similarity of their pharmacokinetics in rabbit
and man, the increment of dosages of CBZ should be avoided, when CBZ suppositories are administered to
rectal-resected or colostoma-constructed patients. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Recently, in Japan, the life style including diet
pattern has been changing, decreased intake of
dietary fiber and increased intake of animal
protein being especially conspicuous. With this,
together with some other factors, the number of
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patients with colorectal tumors has been increas-
ing (The Ministry of Health, Labour and Welfare
Website, 2002). The standard therapy regimens
for rectal tumor consist of surgical operation,
chemotherapy, radiotherapy and thermotherapy
(hyperthermia), depending on the tumor type and
stage (Buyse et al., 1988; Scheithauer et al., 1993;
Dahl et al., 1999; Douilard et al., 2000; van der
Zee et al., 2000). Together with such therapies or
at the terminal stage, on the other hand, palliative
care for pain, fatigue, etc. is necessary for mainte-
nance of a patient’s QOL (World Health Organi-
zation, 1996). In general, pain management is
performed following the guidelines of the WHO,
and several analgesics and analgesic adjunctive
agents are currently administered orally (Schipper
et al., 1984; Zech et al., 1995). For patients who
cannot take medicine orally and who have ileus,
intravenous, subcutaneous or intrarectal adminis-
tration is performed. In particular, considering a
patient’s QOL, the rectal route is one of the most
useful ones, and the intrarectal or intracolostomal
administration of medicine can prolong the pa-
tient’s at-home day because it allows self-adminis-
tration and therefore obviate the need of
intervention of nurses or health professionals for
its administration.

To our knowledge, however, there is very little
information on the pharmacokinetics of anal-
gesics, etc. after rectal administration in patients
whom the rectum is resected or a colostoma is
constructed (Hojsted et al., 1990). Therefore, in
our previous study, we developed a rabbit model
for rectal-resection and colostoma-construction,
and demonstrated that the bioavailability of di-
clofenac sodium, one of the important analgesics
for the management of the pain resulting from
bone metastasis, was decreased after its intrarectal
or intracolostomal administration to our model
rabbits (Nagasawa et al., 2001).

Carbamazepine (CBZ) is a broadly used anti-
epileptic (Levy and Wurden, 1995), and is also
often used as an analgesic adjunctive agent in
palliative care for neuropathic pain due to tumor
insult (Kloke et al., 1991). In our clinical experi-
ence, a CBZ tablet administered rectally to a
consenting patient can relief his neuropathic pain
(unpublished observation). Furthermore, several

studies have demonstrated the usefulness of CBZ
suppositories for palliative care (Walter, 1990;
Ewoud et al., 1991; Storey and Trumble, 1992).
However, whether or not the colorectal resection
affects the bioavailability of CBZ after its in-
trarectal or intracolostomal administration has
not been examined yet.

The aim of this study was to determine the
change in the pharmacokinetics of CBZ and its
major metabolite, CBZ-10,11-epoxide (CBZ-E),
after intrarectal and intracolostomal administra-
tion of CBZ suppositories to our model rabbits.

2. Materials and methods

2.1. Materials

Pure CBZ and CBZ-E were purchased from
Wako Pure Chemical Ind., Osaka, Japan, and
Sigma Chemical Co., St. Louis, MO, USA, re-
spectively. Propentofylline powder (internal stan-
dard for high-performance liquid chromatography
(HPLC)) was a kind gift from Hoechst Japan,
Tokyo, Japan. Witepsol H-15 was obtained from
Maruishi Pharmaceutical Co., Ltd., Osaka,
Japan. All other chemicals were commercial prod-
ucts of reagent grade.

2.2. Animals

Male Japanese White rabbits (Japan SLC Inc.,
Hamamatsu, Japan) weighing 2.0–3.5 kg (mean,
2.5 kg) were used in all experiments. All experi-
ments were approved by the Experimental Animal
Research Committee of Kyoto Pharmaceutical
University and were performed according to the
Guideline for Animal Experimentation of Kyoto
Pharmaceutical University.

In the intravenous (i.v.) and rectal (control, i.r.)
experiments, animals had free access to water and
were fasted overnight (about 24 h) prior to the
experiments.

In the oral (p.o.) administration experiments,
rabbits were pretreated by the method described
by Maeda et al. (1977). Briefly, rabbits were fed a
special diet, which was prepared by removing
alfalfa from a commercial solid diet (RC4; Orien-
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tal Yeast Co., Ltd., Tokyo, Japan), for a week of
conditioning before the oral administration study.
After being fasted overnight with water ad libi-
tum, a rubber stomach tube, 25 cm in length and
5 mm in external diameter with a large hole on
the side of the tip, was inserted into the stomach,
and then 50 ml of warmed saline (37 °C) was
instilled. The fluid in the stomach was then with-
drawn by suction with a syringe. This procedure
was repeated until the fluid withdrawn hardly
contained any solid material. After gastric lavage,
the rabbits were allowed water ad libitum and
muzzled to prevent coprophagy during the night.

2.3. Animal operation

In the experiments involving rectal-resected or
colostoma-constructed rabbits, the rabbits were
surgically operated on as reported previously (Na-
gasawa et al., 2001). Briefly, under pentobarbital
anesthesia (50 mg/kg, i.v.), midline laparotomy
was performed. The arteries and veins in the
mesorectum governing the resected rectum por-
tion (approximately 10 cm length from 10 cm
from the anus) were ligated, and then the portion
in which the governing vessels were ligated was
resected. In the rectal-resected rabbits, the upper
(colonic side) and lower (rectal side) ends result-
ing from the resection were occluded by the Al-
bert–Lembert method. On the other hand, in the
colostoma-constructed rabbits, after resection of
the rectal portion, the remaining lower end (rectal
side) was ligated, and a colostoma was con-
structed using the upper end (colonic side) at the
midline abdomen following the Hartmann
method. After the operation, the rabbits were
allowed water ad libitum and fasted overnight, the
experiments being performed on the next day.
After the experiments, an autopsy was performed,
the leakage of the rectal contents, blood circula-
tion and pathological condition of the operated
portion being examined.

2.4. Animal experiments

An i.v. bolus of a CBZ solution in propylene
glycol–pure water–ethanol (5:3:2; v/v/v, 25 mg/
1.25 ml/kg) was injected via an ear vein. In the

p.o. administration experiments, the CBZ solution
as the same as the case in the i.v. administration
(50 mg/2.5 ml/kg) was administered orally via
gastric intubation. The CBZ suppositories (50 mg/
kg), which were prepared using Witepsol H-15 as
a suppository base as described by Shinoda et al.
(1995) were inserted into the rectum or colostoma,
and the anus or colostoma was immediately
closed with adhesive (Aron Alpha®) to prevent
expulsion of the suppositories. This procedure
resulted in no detectable leakage of the rectal
contents during the experimental period. In all
cases, blood samples (approximately 1.0 ml) were
collected directly from an ear vein in heparinized
disposable plastic syringes at 0.083, 0.25, 0.5, 1, 2,
4, 6, 8, 10 and 24 h after each dose. The samples
were immediately centrifuged, and the extracted
plasma fractions were stored at −20 °C until the
assay.

2.5. Assaying of CBZ and CBZ-E in plasma

The plasma CBZ and CBZ-E concentrations
were determined by HPLC using the method re-
ported previously (Ohnishi et al., 1999). Briefly,
0.1 ml of plasma was placed in a plastic centrifu-
gation tube (1.5 ml), and then 0.5 ml of acetoni-
trile containing propentofylline (internal
standard) (1 �g/ml) was added. After vigorous
shaking for 30 s, the mixture was centrifuged at
14,000 rpm for 5 min at room temperature. Then,
20 �l of the upper liquid phase was injected into
an HPLC apparatus (LC-6A; Shimadzu, Kyoto,
Japan) equipped with an ultraviolet detector
(SPD-6A; Shimadzu). The conditions for analysis
were as follows: column size, 250×4.0 mm i.d.;
packing, STR-ODS-II (Shinwa Chemical Indus-
tries, Ltd., Kyoto, Japan); mobile phase, acetoni-
trile–pure water (24:76; v/v); column temperature,
40 °C; flow rate, 1.0 ml/min; wavelength, 210 nm;
and sensitivity, 0.00125 a.u.f.s. The retention
times of CBZ-E, propentofylline and CBZ were
about 10, 14 and 25 min, respectively. The coeffi-
cient of variation of assay was less than 3%, and
the recovery rates of CBZ and CBZ-E in plasma
averaged over 90%. The calibration curves for
CBZ and CBZ-E (0.5–20 �g/ml) showed good
linearity (r2�0.999). The detection limits for
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CBZ and CBZ-E were approximately 0.5 and 0.2
�g/ml, respectively.

2.6. Pharmacokinetic analysis

The peak plasma concentration (Cmax) and the
time to reach Cmax (Tmax) of CBZ and CBZ-E
were determined from the actual observed data.
The areas under the plasma concentration–time
curves from zero to infinity (AUC) for CBZ and
CBZ-E were calculated by means of the trape-
zoidal rule with extrapolation to infinity with the
elimination rate constant. The mean residence
time from zero to infinity (MRT) of CBZ and
CBZ-E, and the absolute bioavailability (F) of
CBZ were estimated by a Moment analysis.

2.6.1. Statistical analysis
Data are expressed as means�S.E. Compari-

sons between groups were made by means of
one-way analysis of variance (ANOVA) followed
by Fisher’s Protected LSD test. Differences were
considered to be statistically significant when P�
0.05.

3. Results

3.1. i.�. and p.o. Administration

The plasma concentration–time profiles of
CBZ and CBZ-E in rabbits after i.v. and p.o.
administration of a CBZ solution (25 and 50
mg/kg, respectively) are depicted in Fig. 1. The
plasma concentrations of CBZ showed biphasic
decreases for the i.v. and p.o. groups (Fig. 1A).
Table 1 shows the pharmacokinetic parameters
after i.v. and p.o. administration. The total clear-
ance (CLtot) and distribution volume at steady
state (Vdss) of CBZ after its i.v. administration
were 0.563 l/h/kg and 1.28 l/kg, respectively. The
Cmax and Tmax values of CBZ for the p.o. group
were 31.9 �g/ml and 0.667 h, respectively. The F
value of CBZ after p.o. administration was calcu-
lated to be 99.7%, and the MRT value for the p.o.
group was approximately equal to that for the i.v.
group. As shown in Fig. 1B, the plasma concen-
tration–time curve of CBZ-E after p.o. adminis-

tration of a CBZ solution was similar to that after
i.v. administration, and there was no difference in
the MRT value between the i.v. and p.o. groups
(Table 1).

3.2. i.r. and Intracolostomal administration

As shown in Fig. 2A, the time course of the
plasma CBZ level after the i.r. administration of a
suppository (50 mg/kg) was monophasic. On i.r.
administration to rectal-resected rabbits (i.r.r.)
and intracolostomal administration to colostoma-
constructed rabbits (i.s.), similar plasma concen-
tration–time profiles were observed in
comparison with that in the i.r. group, but the
concentrations in the i.r.r. and i.s. groups were
lower than those in the i.r. group. Furthermore,
the plasma CBZ concentrations in the i.s. group
tended to be lower than those in the i.r.r. group.
Also, the plasma concentrations of CBZ-E in the
i.r.r. and i.s. groups were less than that in the i.r.
group, while there was no difference in the plasma
level of CBZ-E between the i.r.r. and i.s. groups.

The Cmax and AUC values of CBZ in the i.r.r.
and i.s. groups were significantly smaller than
those in the i.r. group, and those in the i.s. group
tended to be less than those in the i.r.r. group
(Table 2). The F value for the i.r. group was
significantly lower than those for the p.o. groups
(Tables 1 and 2). The Cmax, AUC and F values
decreased in the order of i.r.� i.r.r.� i.s. Al-
though there were no differences in the Tmax and

Fig. 1. Plasma concentration–time profiles of CBZ and CBZ-
E after i.v. and p.o. administration of a CBZ solution (25 or
50 mg/kg) in rabbits. Each point represents the mean�S.E.
for three rabbits.
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Table 1
Pharmacokinetic parameters of CBZ and CBZ-E after i.v. and p.o. administration of a CBZ solution (25 or 50 mg/kg) in rabbits

CBZParameter CBZ-E

p.o. (50 mg/kg)i.v. (25 mg/kg) i.v. (25 mg/kg) p.o. (50 mg/kg)

31.9�2.7 2.95�0.82Cmax (�g/ml) 7.74�1.97–
0.667�0.167 2.67�0.43– 4.00Tmax (h)

46.0�5.6AUC (�g h/ml) 91.6�10.2 32.0�6.1 69.6�13.7
2.41�0.10 8.14�0.85MRT (h) 7.97�1.662.24�0.12
– –0.563�0.078 –Cltot (l/h/kg)

1.28�0.25Vdss (l/kg) – – –
99.7�11.1F (%) –100�12 –

Each value represents the mean�S.E. for three rabbits.

MRT values among the i.r., i.r.r. and i.s. groups,
the MRT values in these three groups were signifi-
cantly greater than those in the i.v. and p.o.
groups (Tables 1 and 2).

A similar tendency was observed in the parame-
ters for CBZ-E after the i.r., i.r.r. and i.s. adminis-
tration of CBZ suppositories (Table 2). However,
the MRT value of CBZ-E in the i.s. group was
significantly lower than those in the other two
groups.

As a result of increasing the dose (100 mg/kg)
in the i.r.r. groups, the plasma CBZ and CBZ-E
concentrations increased significantly (Fig. 3). The
Cmax value of CBZ tended to increase with the
increased dose, and that of CBZ-E showed a
significant increase (Table 3). The AUC values of
CBZ and CBZ-E were approximately twofold in-
creased, and that of the former was almost equal
to that of the i.r. group (Tables 2 and 3). With the
increased dose, the Tmax value of CBZ tended to
be increase and that of CBZ-E significantly de-
creased, but those of both CBZ and CBZ-E were
approximately the same as those in the i.r. group.
There were no differences in the MRT values of
CBZ and CBZ-E between the 50 and 100 mg/kg
groups.

For the i.s. group, when the CBZ dose was
increased to 150 mg/kg, the plasma levels of CBZ
and CBZ-E were significantly greater than those
of the 50 mg/kg group (Fig. 4). However, the
decreases in their plasma level were retarded in
comparison with in the 50 mg/kg group. The
AUC values of CBZ and CBZ-E in the 150 mg/kg

group were significantly greater than those in the
50 mg/kg group. The Tmax value of CBZ, and the
MRT values of CBZ and CBZ-E in the 150 mg/kg
group were about 2.6- and 1.5-fold, respectively,
increased in comparison with those in the 50
mg/kg group (Tables 2 and 4).

Finally, we examined whether or not saturation
kinetics were observed on the i.r. administration
of CBZ by increasing the dose up to 150 mg/kg
(Fig. 5 and Table 5). The plasma concentrations
of CBZ and CBZ-E increased, and the elimination
of the latter was apparently retarded with increas-
ing the dose. The increase in the dose increased
the Cmax, AUC and MRT of CBZ, and the
increase in the AUC of CBZ was not linear (Table

Fig. 2. Plasma concentration–time profiles of CBZ and CBZ-
E after i.r. and i.s. administration of a CBZ suppository (50
mg/kg) in rabbits with or without rectal-resection or
colostoma-construction. Each point represents the mean�
S.E. for three rabbits. (a) P�0.05; (b) P�0.01; (c) P�0.001
(vs. i.r. group). *P�0.05 (vs. i.r.r. group).
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Table 2
Pharmacokinetic parameters of CBZ and CBZ-E after i.r. and i.s. administration of a CBZ suppository (50 mg/kg) in rabbits with
or without rectal-resection or colostoma-construction

Parameter CBZ-ECBZ

i.r.r. i.s.i.r. i.r. i.r.r. i.s.

8.88�0.70Cmax (�g/ml) 3.05�0.59c 2.58�0.06c 5.23�0.22 1.18�0.21c 1.45�0.31c

1.00b 1.00b 6.00�1.162.67�0.67 8.67�0.67Tmax (h) 6.00�1.16
24.2�3.3c 15.9�1.6c 65.8�9.3AUC (�g h/ml) 17.9�3.8b56.3�3.8 14.7�3.9a

5.86�0.11 7.40�2.21 9.87�0.735.01�0.28 9.43�0.25MRT (h) 7.49�0.49b,*

F (%) 26.3�3.6c61.3�4.2 17.3�1.7 – – –

Each value represents the mean�S.E. for three rabbits.
a P�0.05;
b P�0.01;
c P�0.001 (vs. i.r. group).
* P�0.05 (vs. i.r.r. group).

5). Also, all the parameters of CBZ-E apparently
increased with the increased CBZ dose, and the
Cmax and AUC did not increase linearly.

4. Discussion

In our previous study, we found that the
bioavailability of diclofenac sodium suppositories
after their i.r. and i.s. administration decreased,
and this was thought to be due to an increased
first-pass effect. Moreover, in both rectal-resected
and colostoma-constructed rabbits, the plasma
concentrations of diclofenac were increased to the
normal rabbit level when the dose was increased
based upon the ratio of the F values. These find-
ings demonstrate the usefulness of our developed
model rabbit, and suggest that when diclofenac
sodium suppositories are administered to rectal-
resected and colostoma-constructed patients, the
dose should be increased (Nagasawa et al., 2001).
CBZ is known to be metabolized to CBZ-E by
CYP3A4 and CYP3A6 in man and rabbit, respec-
tively (Lertratanangkoon and Horning, 1982;
Kerr et al., 1994; Levy and Wurden, 1995; Wilkin-
son, 1996; Mesdjian et al., 1999). It has been
reported that the bioavailability of CBZ is 75–
85%, and that the first-pass effect is negligible
(Saints et al., 1991; Kerr et al., 1994). In this

study, we selected CBZ, which is one of the useful
co-analgesics for the treatment of neuropathic
pain and is not affected by first-pass metabolism,
thereby differing from the case of diclofenac, and
examined the pharmacokinetics of CBZ and CBZ-
E in the rectal-resected or colostoma-constructed
rabbits.

As shown in Fig. 1 and Table 1, the plasma
concentration–time profiles of CBZ and CBZ-E
after the p.o. administration were almost the same
as those previously reported in man (Saints et al.,
1991; Kerr et al., 1994), and the F value of CBZ

Fig. 3. Plasma concentration–time profiles of CBZ and CBZ-
E after i.r.r. administration of a CBZ suppository (50 or 100
mg/kg) in rabbits with rectal-resection. Each point represents
the mean�S.E. for three rabbits. (a) P�0.05; (b) P�0.01
(vs. 50 mg/kg group).
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Table 3
Pharmacokinetic parameters of CBZ and CBZ-E after i.r.r. administration of a CBZ suppository (50 or 100 mg/kg) in rabbits with
rectal-resection

Parameter CBZ CBZ-E

100 mg/kg50 mg/kgb 50 mg/kgb 100 mg/kg

3.93�0.71 1.18�0.213.05�0.59 2.55�0.38aCmax (�g/ml)
1.00Tmax (h) 2.67�0.67 8.67�0.67 5.33�0.67a

AUC (�g h/ml) 40.7�2.2a24.2�3.3 17.9�3.8 31.7�7.0
6.41�0.44 9.43�0.25 8.58�0.405.86�0.11MRT (h)

Each value represents the mean�S.E. for three rabbits.
a P�0.05 (vs. 50 mg/kg group).
b Data are cited from Table 2.

after p.o. administration was estimated to be ap-
proximately 100%. These results confirmed that
the kinetics of CBZ and CBZ-E are similar in
man and rabbit, and thus to investigate the phar-
macokinetics of CBZ and CBZ-E in rabbits is
very valid.

Following the i.r. administration of CBZ sup-
positories to normal rabbits, the time course of
the plasma CBZ level was monophasic, differing
from in the cases of i.v. and p.o. administration
(Figs. 1 and 2). This was thought to be due to
that in the case of i.r. administration, the distribu-
tion phase was offset by the absorption phase.
The F value of CBZ after its i.r. administration
was calculated to be 60%, this value being 75% of
the in vitro release rate (about 80%) reported by
Shinoda et al. (1995), whose base for CBZ sup-
positories was Witepsol H-15, i.e. the same as in
our study. The Cmax of CBZ administered via the
rectal route was less than that in the case of the
oral route in non-operated rabbits. On the other
hand, the Tmax value for the i.r. group was
fourfold greater than that for the p.o. one (Tables
1 and 2). These results indicate that CBZ was
well, but slowly, absorbed in the rectum from the
suppositories.

After the i.r.r. and i.s. administration of CBZ
suppositories, the plasma concentration–time
profiles of CBZ and CBZ-E were similar to those
in the i.r. group, but their levels were apparently
lower (Fig. 2). There was a small, but significant,
difference in the plasma CBZ level between the
i.r.r. and i.s. groups, while the plasma CBZ-E

concentrations with i.s. administration were the
same as those with the i.r.r. administration. Al-
though this inconsistency in the plasma level be-
tween the parent compound and the metabolite
was thought to be due to the small difference in
the plasma CBZ levels resulting in no difference in
the CBZ-E levels between the two administration
routes, the detailed mechanisms remain unknown.
Regarding the pharmacokinetics among the i.r.,
i.r.r. and i.s. groups, the plasma level, Cmax,
AUC and F value of CBZ, and the plasma level,
Cmax and AUC of CBZ-E decreased in the order
of i.r.� i.r.r.� i.s. (Table 2). We confirmed that
the temperature (average, 38 °C) of the
colostoma in the colostoma-constructed rabbits
did not differ from the rectum one (average,

Fig. 4. Plasma concentration–time profiles of CBZ and CBZ-
E after i.s. administration of a CBZ suppository (50 or 150
mg/kg) in rabbits with rectal-resection. Each point represents
the mean�S.E. for three rabbits. (a) P�0.05; (b) P�0.01
(vs. 50 mg/kg group).
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Table 4
Pharmacokinetic parameters of CBZ and CBZ-E after i.s. administration of a CBZ suppository (50 or 150 mg/kg) in rabbits with
colostoma-construction

CBZParameter CBZ-E

150 mg/kg50 mg/kgc 50 mg/kgc 150 mg/kg

3.47�0.20a 1.45�0.312.58�0.06 3.01�0.48Cmax (�g/ml)
1.00Tmax (h) 2.67�0.67 6.00�1.15 5.33�1.76
15.9�1.6AUC (�g h/ml) 45.0�6.0b 14.7�3.9 42.8�4.6b

12.0�3.3 7.49�0.497.40�2.21 11.7�0.6bMRT (h)

Each value represents the mean�S.E. for three rabbits.
a P�0.05;
b P�0.01 (vs. 50 mg/kg group).
c Data are cited from Table 2.

37 °C) in the non-operated rabbits, which affects
the melting rate of suppositories. Therefore, the
absorption of CBZ in the upper rectum and colon
was indicated to be poor. The mechanisms con-
cerning the shortening of the Tmax of CBZ and
CBZ-E in the i.r.r. and i.s. groups, and the MRT
in the i.s. group have not been clarified yet (Table
2).

In our previous study (Nagasawa et al., 2001),
we examined the effects of operation, that is,
inflammation, etc. on the pharmacokinetics of
diclofenac in rats, which is not affected by first-
pass metabolism, differing from in rabbits and
human subjects (Peris-Ribera et al., 1991). As a
result, the plasma concentrations of diclofenac in
rectal-resected rats did not change compared with
those in non-operated rats. Furthermore, alfa-1
acid glycoprotein is known to increase with infl-
ammation (Takada, 1987). Hooper et al. (1975)
reported that the majority of CBZ was found to
bind to albumin in plasma. Thus, we thought that
the changes in the pharmacokinetics of CBZ and
CBZ-E in rectal-resected rabbits observed in this
study were not due to the effects of operation.

Furthermore, we investigated whether or not
the decreased plasma concentrations in rectal-re-
sected and colostoma-constructed rabbits could
be reversed by increasing the administration dose.
The dose for correcting the plasma levels of CBZ
was decided by calculation based upon the differ-
ence in the F values between the i.r., i.r.r. and i.s.
groups. In the i.r.r. group, increasing the dose

from 50 to 100 mg/kg resulted in significant in-
creases in the CBZ and CBZ-E concentrations,
but their concentrations, and Cmax and AUC
values were apparently lower than those in the i.r.
group (Figs. 2 and 3, and Tables 2 and 3). More-
over, when the dose was increased from 50 to 150
mg/kg with i.s. administration, the plasma levels,
and Cmax and AUC values of CBZ and CBZ-E
significantly increased, but they did not increase
to the respective values in the 50 mg/kg group
(Figs. 2 and 4, and Tables 2 and 4). On the other
hand, the MRT values of CBZ and CBZ-E in the
i.s. group were significantly prolonged when the
dose was increased to 150 mg/kg. These results

Fig. 5. Plasma concentration–time profiles of CBZ and CBZ-
E after i.r. administration of a CBZ suppository (50, 100 or
150 mg/kg) in rabbits. Each point represents the mean�S.E.
for three or four rabbits. (a) P�0.05; (b) P�0.01; (c) P�
0.001 (vs. 50 mg/kg group).*P�0.05; **P�0.01 (vs. 100
mg/kg).
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Table 5
Pharmacokinetic parameters of CBZ and CBZ-E after i.r. administration of a CBZ suppository (50, 100 or 150 mg/kg) in rabbits

Parameter CBZ-ECBZ

100 mg/kg 150 mg/kg50 mg/kg 50 mg/kg 100 mg/kg 150 mg/kg

13.2�3.6 19.1�1.21a 5.23�0.22Cmax (�g/ml) 13.9�4.798.88�0.70 21.3�3.5a

4.50�1.26 5.33�2.40 6.00�1.152.67�0.67 8.50�0.50aTmax (h) 10.0b

56.3�3.8AUC (�g h/ml) 118�33.3a 282�38b,* 65.8�9.3 248�97 1727�908a

MRT (h) 5.01�0.28 6.35�0.11a 8.53�0.56c,* 9.87�0.73 15.3�2.6 74.0�35.1a

Each value represents the mean�S.E. for three or four rabbits.
a P�0.05;
b P�0.01;
c P�0.001 (vs. 50 mg/kg group).
* P�0.01 (vs. 100 mg/kg group).

indicate that the plasma levels of CBZ could not
be corrected by increase in the dose based upon
the bioavailability. This phenomenon agrees to
the findings of Bernus et al. (1996), Bertilsson
(1978), by whom it was reported that the extent
and rate of CBZ absorption is related to the dose
(Bernus et al., 1996), and high doses can lead to
incomplete absorption and delay in peak time,
probably due to incomplete dissolution of the
compound in the gastrointestinal tract (Bertilsson,
1978). As shown in Fig. 5 and Table 5, in non-op-
erated rabbits, increasing the dose to 150 mg/kg
led to non-linear kinetics of CBZ and CBZ-E, as
indicated by the increased MRT values of CBZ
and, especially, CBZ-E. These findings suggest
that the pharmacokinetics of CBZ are linear up to
the dose of 100 mg/kg and that those of CBZ-E
are linear up to 50 mg/kg in the case of i.r., i.r.r.
and i.s. administration of CBZ. This non-linear
kinetics of CBZ and CBZ-E in rabbits is thought
to be due to saturation of the elimination of CBZ
and CBZ-E including the metabolism of CBZ-E
to further metabolite(s) downstream of the CBZ-
E metabolism pathway, because the elimination of
CBZ-E was apparently delayed. Moreover, CBZ-
E is known to be an active compound and to
contribute to the adverse reaction of CBZ. There-
fore, these findings suggest that the high dose of
CBZ should be avoided and alternatively, increas-
ing number of dose might be recommended.

In conclusion, it appears that the bioavailability
of CBZ and the plasma level of CBZ-E, following

the i.r.r. and i.s. administration of CBZ are de-
creased, and that their decreased plasma concen-
trations cannot be completely restored, and the
elimination of CBZ and CBZ-E is retarded with
an increased dose. Since the pharmacokinetics are
similar to those in man, it is recommended that
when increase of the plasma level of CBZ is
needed, increment of the dosages should be
avoided, when CBZ suppositories are adminis-
tered to rectal-resected or colostoma-constructed
patients.
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