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Purpose. The purpose of this work was to investigate the role of the
hepatic and intestinal P-glycoprotein (P-gp) and canalicular multispe-
cific organic anion transporter /multidrug resistance-associated pro-
tein 2 (cMOAT/MRP2) on both biliary excretion and intestinal ex-
sorption of irinotecan hydrochloride (CPT-11) and its metabolite,
SN-38, in the lactone and carboxylate forms. Cyclosporin A (CsA)
was used to modulate P-gp and cMOAT/MRP2.
Methods. The transcellular transport of CPT-11 and SN-38 was ex-
amined by using LLC-PK1 derivative cell lines transfected with mu-
rine mdr1a both in the absence or in the presence of CsA. The ex-
cretions of the compounds through the biliary and intestinal mem-
brane routes were investigated by in situ perfusion technique.
Results. Basolateral-to-apical transport of CPT-11 lactone in
L-mdr1a cells was significantly decreased by CsA (10 �M). The trans-
cellular transport of SN-38 lactone showed similar behaviors as those
of CPT-11 lactone. The biliary excretion and the intestinal exsorption
of both forms of CPT-11 and SN-38 were significantly inhibited when
the drug was co-administered with CsA.
Conclusions. The transports of CPT-11 and SN-38 via the biliary
route seem to be essentially related with cMOAT/MRP2, whereas
those of both compounds via the intestinal membrane seem to be
related with P-gp.

KEY WORDS: irinotecan; cyclosporin A; intestinal exsorption; bil-
iary excretion; P-glycoprotein.

INTRODUCTION

Irinotecan hydrochloride (CPT-11) is a semisynthetic wa-
ter-soluble analogue of camptothecin (CPT) that exerts a po-
tent antitumor activity by inhibiting topoisomerase I. CPT-11
exerts its antitumor activity after transform in vivo into its
more active metabolite, 7-ethyl-10-hydroxycamptothecin
(SN-38), which shows 100- to 1000-fold more potent antitu-
mor activity in vitro than CPT-11 (1,2). One of the principal
dose-limiting toxicities associated with CPT-11 therapy is se-
vere diarrhea, although there is a great individual difference

in the severity of diarrhea. The cause of the delayed diarrhea
is considered to be as follows. CPT-11 is metabolized in the
liver by carboxylesterase to SN-38, which is conjugated to
SN-38-glucuronide to be excreted in the intestine via bile. The
SN-38-glucuronide excreted in the gut is hydrolyzed to SN-38
by enterobacterial �-glucuronidase, and consequently it im-
pairs the gut (3). These impairments in the gut have a close
relationship with CPT-11 and its metabolites excreted into the
gastrointestinal tract. Excretions of both CPT-11 and SN-38
also depend on the presence of drug-transporting protein,
especially P-glycoprotein (P-gp) and canalicular multispecific
organic anion transporter/multidrug resistance-associated
protein 2 (cMOAT/MRP2), which is present on the bile can-
alicular membrane (4,5). In our previous report, we demon-
strated that significant portions of both CPT-11 and SN-38
were excreted into the gastrointestinal lumen not only via the
biliary route but also via the intestinal membrane route after
intravenous dosing of CPT-11 to rats (6). Our results also
suggested that the gastrointestinal impairment induced by
CPT-11 might also occur as a consequence of the significant
secretion (exsorption) of CPT-11 via the intestinal membrane
in addition to the above-mentioned mechanism. Accordingly,
we should take into consideration the intestinal excretion of
both CPT-11 and SN-38 across the intestinal membrane as
well as the biliary excretion. Several studies on active trans-
port mechanism of CPT-11 and its metabolites have been
made by using membrane vesicles (7), P-gp and/or cMOAT
modulators (8–10), and mutated rats with a genetic deficiency
of cMOAT/MRP2 (11). Most of them were aimed at eluci-
dating the mechanism of the active biliary excretion. There
are few in vivo studies on the active transport of CPT-11
including those on the gastrointestinal exsorption via the in-
testinal membrane.

The present study was aimed at investigating the role of
the hepatic and intestinal P-gp and cMOAT/MRP2 on both
biliary excretion and intestinal exsorption of CPT-11 and SN-
38 in the lactone and carboxylate forms. CsA was used to
modulate P-gp and cMOAT/MRP2, since CsA is known as an
inhibitor of both transporters (12). The present study extends
our previous study on the excretion of CPT-11 and SN-38 into
the gastrointestinal lumen (6).

MATERIALS AND METHODS

Materials and Chemicals

Camptothecin, CPT-11 and SN-38 were obtained from
Daiichi Pharmaceutical Co. Ltd.(Tokyo, Japan). CsA (Sand-
immun®) injections were purchased from a local wholesaler.
CPT-11 in the lactone form for injection (10 mg/mL) was
dissolved in pyrogen-free distilled water (Otsuka Pharmaceu-
tical Co., Ltd., Tokyo, Japan) just prior to use and, if needed,
adjusted with 0.01 N hydrochloric acid to pH 4.0. The con-
version of the carboxylate form into lactone form was virtu-
ally complete at pH 4.0 (>99%) as determined by high-
performance liquid chromatography (HPLC). All other
chemicals were commercially available products and of ana-
lytical grade.

Cell Culture

Murine mdr1a-transfected LLC-PK1 cells (L-mdr1a
cells) were generously donated by St. Jude Children’s Re-
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search Hospital (Memphis, TN, USA). Cells were maintained
in a complete medium consisting of Medium 199 supple-
mented with 10% fetal bovine serum, 1% penicillin and strep-
tomycin, and 640 nM vincristine for L-mdr1a cells. Cells were
grown under an atmosphere of 5% CO2-95% air at 37°C, and
were subcultured every 3 to 4 days using 0.1% trypsin.

Transepithelial Transport

L-mdr1a cells were seeded on polycarbonate membrane
filters inside transwell cell culture chambers (3414, 24 mm in
diameter, 3.0-�m pore size, Costar) at a cell density of 2 × 106

cells/well. Cells were cultured in 2 mL of Medium 199 supple-
mented with 10% fetal bovine serum, 1% penicillin and strep-
tomycin in each chamber in an atmosphere of 5% CO2-95%
air at 37°C for 3 days. The medium was replaced by a fresh
medium after 2 days, and the cells were used in the transport
studies at 3 days after plating. Two hours before transport
experiments, all culture media were replaced with fresh me-
dium. The cell monolayers were preincubated with 2 mL of
Medium 199 on each side for 2 h at 37°C. Transepithelial
transport of CPT-11 and SN-38 was determined using cell
monolayers. Medium on either the basal or apical side of the
monolayers was replaced with 2 mL of a fresh medium con-
taining CPT-11 (10 �M) or SN-38 (2 �M), and that on the
opposite side was replaced with 2 mL of fresh medium alone.
In the inhibition study, CsA (10 �M) was added to the media
of both sides. The monolayers were incubated in 5% CO2-
95% air at 37°C for up to 4 h, and 70-�L aliquots on the other
side were taken at 4 h. The concentrations of CPT-11 and
SN-38 lactone and carboxylate forms in each sample were
measured by HPLC.

Animals

The present study was approved by the Animal Research
and Use Committee of Kumamoto University. Male Wistar
rats were purchased from Kyudou Co. Ltd. (Kumamoto, Ja-
pan). The body weight of rats ranged from 280 to 340 g. The
rats were fasted overnight with free access to drinking water
before experiments.

In Situ Perfusion Studies

In situ perfusion experiments were performed as de-
scribed previously (13). Rats were anesthetized by intraperi-
toneal (i.p.) injection of ethyl carbamate (1.2 g/kg). The small
intestine was exposed by placing a midline abdominal inci-
sion. The upper duodenum and the ileocecal junction were
cannulated with a polyethylene tube. The small intestine was
washed with saline maintained at 37°C and was perfused with
lactated Ringer’s solution at a rate of 1.3 ml/min from the
duodenum through the small intestine to the ileocecal junc-
tion (14). CPT-11 was intravenously (i.v.) administered to rats
at 10 mg/mL/kg via the femoral vein using about 1 min. Prior
to injection of CPT-11, CsA (25 mg/0.5 mL/kg) or saline (0.5
mL/kg) was given intravenously to rats. After the injection, a
5-min perfusion period was allowed because of the lag phase
of the equilibration period. Blood samples (0.2–0.3 mL) were
then collected periodically every 15 min through a cannula
introduced into the femoral artery. Perfusates were also col-
lected every 15 min from the ileal outflow and the bile was
collected separately every 15 min from the cannula intro-

duced into the common bile duct. The serum was separated
immediately by centrifugation at 10,000 g for 2 min at –10°C
and stored at –80°C until assay. After completion of the blood
collection periods, rats were sacrificed, and tissues (liver, kid-
ney, intestine), were removed.

Pharmacokinetic Analysis

The area under the serum concentration-time curves
(AUC) of CPT-11 and SN-38 lactone and carboxylate forms
was calculated by the trapezoidal rule. The apparent biliary
and intestinal clearance of CPT-11 and SN-38 were calculated
by dividing the overall amount of the drugs excreted into the
bile or exsorbed into the perfusate during 4 h by AUC from
0 h to 4 h, respectively. The unpaired t test was used to assess
the pharmacokinetic parameters. A probability level of p <
0.05 was considered significant.

Analytical Method

An HPLC system equipped with a fluorescence detector
was used to determine the lactone and carboxylate forms of
both CPT-11 and SN-38 according to the previously described
technique (15) with minor modifications. Briefly, to 50–100
�L of aliquots in polypropylene tubes (Iuchi Bio Systems Co.,
Osaka, Japan) was added 0.2 mL of cold methanol (−20°C)
containing 0.2 �g/mL CPT as the internal standard and 100
�L of the mobile phase. The tubes were vortex-mixed for 5 s
and centrifuged at 8000 rpm for 2 min at –10°C. A part of the
supernatant (100 �L) was transferred to a fresh tube and 70
�L of the mobile phase buffer was added. The solution was
briefly vortex-mixed and a 50-�L aliquot was injected into the
column. For the analysis of tissue levels, tissue samples were
homogenized in 15-fold volumes (w/v) of cold methanol
(−20°C) and then centrifuged at 3000 rpm for 2 min at –10°C.
The supernatant (100 �L) was transferred into a fresh tube, to
which 70 �L of the mobile phase buffer was added. The so-
lution was briefly vortex-mixed and a 50-�L aliquot was in-
jected into the column. The HPLC system was composed of a
Shimadzu LC-6A Pump (Kyoto, Japan). TSK gel ODS-80TS
column (4.6 × 150 mm, Tosoh Co., Tokyo, Japan) was used
for separation. The mobile phase consisted of 0.075 M am-
monium acetate buffer (pH 6.4)-acetonitrile (8:2, v/v). The
flow rate was 1.5 mL/min at 30°C. Detection was monitored
with an excitation wavelength at 355 nm and an emission
wavelength at 515 nm.

RESULTS

Transcellular Transport Study

We investigated whether P-gp was involved in the trans-
epithelial transport of CPT-11 and SN-38 in lactone and car-
boxylate forms using LLC-PK1 derivative cell lines trans-
fected with murine mdr1a (L-mdr1a) either in the absence or
in the presence of CsA. Figure 1 shows the transcellular trans-
port of lactone and carboxylate forms of both CPT-11 (10
�M) and SN-38 (2 �M) after application of each on the basal
side or the apical side of L-mdr1a cell monolayers in the
absence or presence of CsA (10 �M). In the absence of CsA,
the basolateral-to-apical transports of both forms of CPT-11
and SN-38 were remarkably higher than those of the apical-
to-basolateral direction in L-mdr1a cells. In the presence of
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CsA, the basolateral-to-apical transport of CPT-11 lactone
was significantly decreased in L-mdr1a cells. The transcellular
transport of SN-38 lactone showed behaviors similar to those
of CPT-11 lactone, although these change did not reach sta-
tistically significant level.

In Situ Single-Pass Perfusion Study

Serum Concentration–Time Profile

We examined the effect of CsA on the gastrointestinal
excretion of CPT-11 and SN-38 via the biliary and intestinal
routes by using in situ single-pass perfusion technique. Figure
2 shows the serum concentration–time curves of the lactone
and carboxylate of CPT-11 and SN-38 after i.v. administration
of CPT-11 at a dose of 10 mg/kg with or without CsA (25
mg/kg) in rats. Serum levels of the carboxylate form of CPT-
11 and the lactone and carboxylate forms of SN-38 were sig-
nificantly increased in the presence of CsA. On the other
hand, little difference was seen in the serum levels of CPT-11
lactone form in the presence of CsA.

Biliary Excretion

Figure 3 shows the cumulative biliary excretion curves of
the lactone and carboxylate forms of both CPT-11 and SN-38
after i.v. administration of CPT-11 at a dose of 10 mg/kg with
or without CsA in rats. After i.v. administration of CPT-11,
both CPT-11 and SN-38 were excreted into the bile mostly in
their carboxylate forms. Biliary excretion of CPT-11 and SN-
38 in both forms was significantly inhibited by CsA. The
amounts of CPT-11 lactone and carboxylate excreted via the
bile were decreased by CsA from 7.02 and 59.8% to 2.05 and
27.2% of the dose in 4 h, respectively. Those of SN-38 lactone
and carboxylate were also decreased CsA from 0.37 and
2.16% to 0.084 and 1.58% of the dose in 4 h, respectively.

Intestinal Exsorption

Figure 4 shows the cumulative exsorption curves of the
lactone and carboxylate forms of CPT-11 and SN-38 from
blood into the intestinal lumen across the intestinal mem-
brane after i.v. administration of CPT-11 with or without CsA
in rats. Both CPT-11 and SN-38 were exsorbed into the gas-
trointestinal lumen via the intestinal membrane to an appre-
ciable extent. The exsorption rates of the lactone forms of
CPT-11 were considerably higher than those of their carbox-
ylate forms. The average amount of CPT-11 lactone absorbed
into the intestinal lumen during the first 4 h after administra-
tion was 18.5% of the dose. However, the total amount of
SN-38 absorbed in the lactone and carboxylate forms was less
than 1% of the dose in the first 4 h. These results indicate that
the excretion of CPT-11 into the gastrointestinal lumen oc-
curs not only via the biliary route but also appreciably via the
intestinal membrane route. The exsorption of CPT-11 lactone
was significantly inhibited when CsA was co-administered.
The average amount of the compound absorbed decreased
from 18.5% to 8.84% of the dose in the presence of CsA. The
exsorption of the CPT-11 in the carboxylate form and SN-38
in the lactone and carboxylate forms also tended to be inhib-
ited by CsA.

Pharmacokinetic Analysis

Table I lists the AUC, biliary and intestinal clearance of
CPT-11 and SN-38 following i.v. administration of CPT-11 in
the presence or absence of CsA in rats. The AUC value of
CPT-11 carboxylate during the period from 0 h to 4 h was
increased approximately 2-fold by co-administration of CsA,
whereas little change was seen in that of CPT-11 lactone. The
AUC values of both lactone and carboxylate forms of SN-38
were increased by CsA approximately 1.5-fold. The increase
in the AUC values may be attributable to the significant in-

Fig. 1. Effect of cyclosporin A on transepithelial transport of CPT-11 and SN-38 in lactone and carboxylate forms across
L-mdr1a cell monolayers. The apical to basal (a-to-b) transport and the basal to apical (b-to-a) transport in the presence
of 10 �M cyclosporin A (closed column) was compared with those in the absence of cyclosporin A (open column) at 37°C
for 4 h. Each value represents the mean ± SEM of three monolayers. *p < 0.05, **p < 0.01 (with cyclosporin A vs. without
cyclosporin A).
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hibition of the biliary excretion and the intestinal exsorption
of CPT-11 and SN-38 by CsA.

To evaluate the ability of a system to excrete both forms
of CPT-11 and SN-38, apparent biliary and intestinal clear-
ances were calculated. The biliary clearance values of CPT-11
and SN-38 were 7.5- and 6.3-fold higher in carboxylate forms
than those in lactone forms, respectively. On the contrary, the
intestinal clearance values of CPT-11 and SN-38 were 8.8- and
5.7-fold higher in their lactone forms as compared to those in
the carboxylate forms, respectively. The average biliary clear-
ance values of the lactone and carboxylate forms of CPT-11
were significantly decreased from 66.9 and 499 mL/h to 21.8
and 124 mL/h by co-administration of CsA, respectively. The
corresponding values for lactone and carboxylate forms of
SN-38 were from 123 and 777 mL/h to 23.0 and 326 mL/h,
respectively. The average intestinal clearance values of CPT-
11 lactone and carboxylate were also significantly decreased
from 174 and 19.7 mL/h to 93.9 and 9.65 mL/h by co-
administration of CsA and those of SN-38 lactone and car-
boxylate from 160 and 28.1 mL/h to 17.8 and 5.26 mL/h, re-
spectively.

Tissue Distribution

We determined the tissue levels of the compounds in the
liver, kidney, and intestine after completing the in situ perfu-
sion study. Figure 5 shows tissue levels of CPT-11 and SN-38
at 4 h after i.v. administration of CPT-11 to rats in the absence
or presence of CsA. CPT-11 existed mostly as the parent

compound (CPT-11) in tissues rather than as the active me-
tabolite, SN-38. Furthermore, the levels of CPT-11 lactone in
tissues were higher than those of CPT-11 carboxylate. The
tissue levels of CPT-11 and SN-38 at 4 h after i.v. dosing of
CPT-11 were found to be increased after co-administration of
CsA.

DISCUSSION

CPT-11 and SN-38 have been reported to be the sub-
strates for P-gp and to have moderate affinity to P-gp (8,16).
To confirm the participation of P-gp, we examined the trans-
port of CPT-11 and SN-38 in their lactone and carboxylate
forms by L-mdr1a cells that overexpress P-gp on the apical
membrane. Our results showed that the basolateral-to-apical
transports of CPT-11 and SN-38 by L-mdr1a cells were all
higher than those in the opposite direction (Fig. 1). In addi-
tion, CsA as a P-gp modulator significantly inhibited the ba-
solateral-to-apical transport of CPT-11 lactone, and signifi-
cantly enhanced the apical-to-basolateral transport of the lac-
tone and carboxylate forms of CPT-11 in L-mdr1a cells. These
results suggest that CPT-11 and SN-38 in both forms are the
substrates for P-gp. The enhanced basolateral directional
transport of CPT-11 by CsA may be attributable to the inhi-
bition of the expulsion of CPT-11 across the apical mem-
branes via P-gp that is confined to the apical membrane do-
main of the epithelial cells (17). Thus, it is considered that
P-gp is more or less involved in the active transport of both
lactone and carboxylate forms of CPT-11 and SN-38.

Fig. 2. Serum concentration–time profiles of CPT-11 lactone (a), CPT-11 carboxylate (b), SN-38 lactone
(c), and SN-38 carboxylate (d) after i.v. administration of CPT-11 at a dose of 10 mg/kg in the presence
(closed circles) or absence (open circles) of cyclosporin A (25 mg/kg) in rats. Each value represents the
mean ± SEM of three to four rats. *p < 0.05, **p < 0.01 (with cyclosporin A vs. without cyclosporin A).

Effect of Cyclosporin A on GI Excretion of CPT-11 913



CsA is known as an inhibitor of both P-gp and cMOAT/
MRP2 (12). P-gp and cMOAT/MRP2 are expressed in the
apical domain of various organs such as the kidney, liver,
brain and gastrointestinal tract (18,19), and function as an
ATP-dependent efflux transport pump for a variety of drugs.
P-gp contributes substantially to the transport of a variety of
cationic and non-ionic drugs from the body through intestinal
and hepatobiliary secretion (20,21), whereas cMOAT/MRP2
is responsible for the transport of organic anions and gluc-
uronide conjugates (19). There were significant alterations in
the pharmacokinetics of CPT-11 and SN-38 after co-
administration of 25 mg/kg CsA. Serum levels of CPT-11 car-
boxylate and SN-38 lactone and carboxylate were signifi-
cantly elevated by CsA dosing (Fig. 2). The elevated serum
levels may be attributable to the reduced excretions of CPT-
11 and SN-38 via the biliary route and/or the intestinal mem-
brane route. On the other hand, the serum levels of CPT-11
lactone were little changed by CsA dosing (Fig. 2, Table I).
This may be the result of the greater conversion rates of
CPT-11 from the lactone form to the carboxylate form in the
serum compared with the excretion rates of the lactone
through the biliary and intestinal membrane routes since half-
life of the lactone form of CPT-11 to its carboxylate form at
37°C was 13.7 min in aqueous solution (22).

The biliary excretion rates and the biliary clearance val-
ues of the lactone and carboxylate forms of CPT-11 and SN-
38 were significantly decreased by co-administration of CsA.

Recently, the biliary excretion mechanism of CPT-11 and SN-
38 has been elucidated (7,9,11,23,24). The carboxylate forms
of both CPT-11 and SN-38 have a high affinity to the cana-
licular multispecific organic anion transporter (cMOAT/
MRP2), which is responsible for the biliary excretion of their
carboxylate forms in rats (7,11,24). Thus, since most of CPT-
11 and SN-38 were excreted into the bile in carboxylate forms,
cMOAT/MRP2 may play an essential role in the biliary ex-
cretion of the carboxylate forms of both CPT-11 and SN-38.
On the other hand, P-gp may be involved in the biliary ex-
cretion of the lactone forms of CPT-11 and SN-38 since both
lactone forms have non-ionic charges.

In contrast with the biliary excretion of CPT-11 and SN-
38, the exsorption of CPT-11 and SN-38 from the blood across
the intestinal membrane was higher in their lactone forms
than that in their carboxylate forms. The lactone forms of
CPT-11 and SN-38 are nonionic in the blood, and the non-
ionized forms would be expected to permeate freely through
capillary walls to the gastrointestinal tract. Kobayashi et al.
(25) reported from experiments using hamster intestinal cells
that the lactone forms of CPT-11 and SN-38 were transported
passively, whereas their carboxylate forms were absorbed ac-
tively. However, our in vitro study confirmed that both the
lactone and carboxylate forms of CPT-11 and SN-38 were
more or less the substrates for P-gp (Fig. 1). Furthermore, in
situ perfusion studies showed that the transport of CPT-11
lactone via the intestinal membrane was significantly inhib-

Fig. 3. Cumulative biliary excretion curves of CPT-11 lactone (a), CPT-11 carboxylate (b), SN-38 lac-
tone (c), and SN-38 carboxylate (d) after i.v. administration of CPT-11 at a dose of 10 mg/kg in the
presence (closed circle) or absence (open circle) of cyclosporin A (25 mg/kg) in rats. Each value
represents the mean ± SEM of three to four rats. *p < 0.05, **p < 0.01 (with cyclosporin A vs. without
cyclosporin A).
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ited by P-gp and cMOAT/MRP2 modulator, CsA (Fig. 4).
From these points of view, it appears that P-gp is more in-
volved in the exsorption of both lactone forms across the
intestinal membrane than cMOAT/MRP2.

The tissue levels of CPT-11 and SN-38 in the liver, kidney
and intestine tended to be increased in 4 h after co-
administration of CsA (Fig. 5). P-gp and cMOAT/MRP2 are
expressed in the apical domain of various organs such as he-
patocytes, proximal renal tubular cells and enterocytes of the

proximal small intestine (18,19). Therefore, both transporters
may be involved in the transport of CPT-11 and SN-38 to
these tissues. The increase in CPT-11 and SN-38 levels in
tissue may be associated with increases in the pharmacologi-
cal effect and/or clinical toxicity.

In conclusion, CsA, a P-gp and cMOAT/MRP2 modula-
tor, was found to inhibit the transport of CPT-11 and SN-38
into the gastrointestinal lumen via the biliary and intestinal
routes, keeping their serum and tissue levels high. The trans-

Fig. 4. Cumulative intestinal excretion curves of CPT-11 lactone (a), CPT-11 carboxylate (b), SN-38
lactone (c), and SN-38 carboxylate (d) after i.v. administration of CPT-11 at a dose of 10 mg/kg in the
presence (closed circle) or absence (open circle) of cyclosporin A (25 mg/kg) in rats. Each value
represents the mean ± SEM of three to four rats. *p < 0.05, **p < 0.01 (with cyclosporin A vs. without
cyclosporin A).

Table I. Area under the Curve (AUC), Biliary, and Intestinal Clearance Values of
CPT-11 and SN-38 after Intravenous Administration of CPT-11 (10 mg/kg) Solutions

with or without Cyclosporin A (CsA; 25 mg/kg) to Rats

CPT-11 SN-38

Lactone Carboxylate Lactone Carboxylate

AUC (�g h/mL)
With saline 3.20 ± 0.49 3.61 ± 0.45 0.0945 ± 0.010 0.0916 ± 0.033
With CyA 3.10 ± 0.18 7.72 ± 1.28* 0.141 ± 0.018 0.153 ± 0.024

Biliary CL (mL/h)
With saline 66.9 ± 15 499 ± 7.3 123 ± 20.2 777 ± 87
With CyA 21.8 ± 3.3* 124 ± 17** 23.0 ± 3.70* 326 ± 58**

Intestinal CL (mL/h)
With saline 174 ± 33 19.7 ± 3.0 160 ± 12.2 28.1 ± 9.6
With CyA 93.9 ± 6.8* 9.65 ± 1.6* 17.8 ± 3.9** 5.26 ± 2.4*

Note: Each value represents the mean ± SEM of three to four rats.
* p < 0.05, **p < 0.01 (with saline vs. with CyA).
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ports of CPT-11 and SN-38 via the biliary route seem to be
essentially related with cMOAT/MRP2, whereas those of
both compounds via the intestinal membrane route seem to
be rather related with P-gp. Thus, it can be expected that
reduction in the excretion of CPT-11 and SN-38 into the gas-
trointestinal lumen by P-gp and/or cMOAT/MRP2 inhibitors
may reduce the gastrointestinal toxicity.
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