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Biliary excretion of irinotecan and its metabolites.
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ABSTRACT. PURPOSE: The aim of this study was
to investigate the excretion of irinotecan hydrochlo-
ride (CPT-11) and its metabolites into the gastrointesti-
nal lumen via the biliary route after intravenous
administration of lactone and carboxylate forms of
CPT-11. METHODS: Biliary excretions of CPT-11
and its metabolites, SN-38 and SN-38-glucuronide,
were investigated by an iz vivo administration study
using rats. The biliary excretion profiles for both the
lactone and carboxylate forms of CPT-11 and its
metabolites were determined. RESULTS: After the
1.v. injection of the lactone form of CPT-11, the cumu-
lative biliary excretion of SN-38-glucuronide was much
greater than that of CPT-11 and SN-38, and biliary
excretion of SN-38 was less than that of CPT-11. Fur-
ther, CPT-11 and SN-38 were mainly excreted into bile
as carboxylate forms. After the administration of the
CPT-11 carboxylate form, biliary excretion of SN-38-
glucuronide was significantly smaller than that after
the administration of CPT-11 lactone form. On the
other hand, biliary excretion of CPT-11 and SN-38 was
greater after dosing with the CPT-11 carboxylate form
than that after the CPT-11 lactone form. CONCLU-
SIONS: The results suggest that the rate of conversion
of lactone to carboxylate forms of CPT-11 and its
metabolites plays a major role in the biliary excretion
of these compounds.

INTRODUCTION

Irinotecan hydrochloride, 7-ethyl-10-(4-[1-piperidino]-
1-piperidino)-carbonyloxy-camptothecin (CPT-11), is a
synthetic derivative of the plant alkaloid camptothe-
cin, which has demonstrated pronounced antitumor
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activity. The mechanism of action of CPT-11 involves
inhibition of mammalian DNA-topoisomerase-I, caus-
ing stabilization of cleavable complexes during DNA
replication transcription and repair, and, ultimately,
cell death (1, 2). CPT-11 is converted into its active
metabolite, 7-ethyl-10-hydroxycamptothecin (SN-38),
by carboxylesterase in the liver (3). SN-38 has strong
anti-tumor activity. However, SN-38 is not only asso-
ciated with antitumor activity of CPT-11 but also with
CPT-11-induced toxicity (4). The major dose-limiting
toxicity after administration of CPT-11 is severe diar-
rhea that is often unresponsive to common antidiar-
rheal agents (5). SN-38 is further metabolized by UDP
glucuronosyltransferase 1A1 (UGT1A1) to its inactive
form, SN-38 glucuronide (SN-38-Glu), and subse-
quently secreted into the intestine via bile (6). Some
studies have shown a correlation between late-onset
diarrhea and biliary secretion of SN-38 (7). It has been
suggested that beta-glucuronidase derived from entero-
bacteria may play a major role in the development of
CPT-11-induced diarrhea by mediating hydrolysis of
SN-38-Glu to form the active SN-38 (8). Therefore,
SN-38-Glu is thought to be associated with the severe
diarrhea occurring after irinotecan therapy because of
the enteric injury caused by SN-38 (9). Theoretically,
modulation of CPT-11-induced delayed-type diarrhea
by coadministration of an inhibitor of beta-glucu-
ronidase can be advantageous (4). Sodium bicarbonate
is used to prevent diarrhea because it inhibits absorp-
tion of SN-38 by alkalization of the small intestine
(10). All of these agents work intraluminally. How-
ever, intestinal toxicity following CPT-11 administra-
tion is due to the biliary excretion of SN-38 and SN-38-
Glu. It has been reported that cyclosporin A inhibits
P-glycoprotein (P-gp/Abcb1) -mediated biliary excre-
tion of CPT-11 and its metabolites and causes dramatic
increases in blood concentration of these compounds
(11). Generally, a substrate of P-gp is thought to be a
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lipophilic and neutral or cationic drug (12). However,
blood pH (approx 7.4)-dependent hydration converts
lactone-form compounds into carboxylate-form com-
pounds (Figure 1)

CPT-11 (lactone)
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acid
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Figure 1: Hydrolysis and lactonization of CPT-11.

Multidrug resistance associated protein 2 (Mrp2/
Abcg2) recognizes glucuronide conjugates and non-
conjugated organic anions (13). We focused on these
hepatic organic anion transporters because SN-38-Glu
and carboxylate forms of both CPT-11 and SN-38 are
substrates of Mrp2 (14). In the present study, we inves-
tigated the effect of the chemical formation of CPT-11
on the biliary excretion of CPT-11 and its metabolites
using 7 vivo administration. We compared the biliary
excretion of CPT-11 and its metabolites after intrave-
nous administration of CPT-11 lactone form and that
of carboxylate form.

MATERIALS AND METHODS
Chemicals

All chemicals and reagents used were of analytical
grade. Both CPT-11 and SN-38 were kindly donated
by Daiichi Pharmaceutical (Tokyo, Japan). Camptoth-
ecin and beta-glucuronidase (from E. coil) were pur-
chased from Sigma Chemical Co. (St Louis, MO). SN-
38 was dissolved in DMSO (2% w/v final concentra-
tion) due to its hydrophobic property and poor solu-
bility in water. The other compounds were dissolved
in distilled water. For preparation of lactone and car-
boxylate forms of CPT-11 or SN-38, each compound
was dissolved in 10 mM potassium phosphate (pH 2.5

and 9.0, respectively) and the sample was left over-
night.

Animals

Male Wistar rats, aged 6 to 7 weeks (180-230 g in
weight), were obtained from Japan SLC (Hamamatsu
Japan). Animals were used without fasting before all
The experimental protocols
reviewed and approved by the Hokkaido University

experiments. were
Animal Care Committee in accordance with the
“Guide for the Care and Use of Laboratory Animals”.

Disposition Studies

Experiments on excretion of CPT-11 were performed
in rats in which a cannula (Intramedic PE-50; Clay
Adams, Parsippany, NJ) had been implanted into the
bile duct under ether anesthesia. The animals were
kept in a warm operating table, and CPT-11 (100 pg/
body) was administered through the femoral vein. The
volume of drug solution injected into each animal was
] ml. Bile samples were collected at specified times and
prepared immediately.

Preparation of Samples

For determination of lactone forms of CPT-11 and SN-
38, bile (40 pl) was mixed with 20 ul of DMSO, 20
u of diluted water, 40 ul of 2 pg/ml camptothecin
as an internal standard, and 0.4 ml of diethyl ether and
then vortexed (3 min). After centrifugation of the mix-
ture (5,000 X g for 2 min), the upper aqueous layer was
transferred to a microtube and evaporated to dryness.
Two hundred pl of 50 mM of monobasic potassium
phosphate (pH 2.5) was added to the tube. For deter-
mination of total forms of CPT-11 and SN-38, bile (40
ul) was mixed with 0.4 ml of 1 M aqueous zinc sul-
fate/methanol/ethylene glycol (1/1/2, v/v), 20 ul of
DMSO, 20 pl of diluted water and 40 ul of 2 pg/ml
camptothecin and then vortexed (30 sec). After centrif-
ugation of the mixture (5,000 X g for 2 min), 100 ul of
the upper aqueous layer was transferred to a micro-
tube. One hundred pl of 50 mM of monobasic potas-
sium phosphate (pH 2.5) was added. After vortexing
briefly, the sample was left overnight at 37°C. SN-38-
Glu was determined as SN-38 by the same manner,
except that the addition of diluted water containing
10000 U/ml beta-glucuronidase and the sample was left
3 hour at 37°C, to ensure complete deconjugation of
SN-38-Glu.
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Analytical Procedures

An HPLC equipped with a fluorescence detector was
used to determine the lactone and carboxylate forms of
both CPT-11 and SN-38 in the bile according to a
described technique (15). The column was a C8 col-
umn (250 x 4.5 mm, 5 um; GL Sciences). A mobile
phase consisting of [50 mM monobasic potassium
phosphate (pH 2.5), 7 mM tetrabutylammonium bro-
mide]: acetonitrile (70: 30, v/v) was used. Column tem-
perature and flow rate were 40 °C and 0.8 mL/min,
respectively. The fluorescence detector (F1000; Hita-
chi) was operated at excitation and emission wave-
lengths of 355 nm and 515 nm, respectively, which
yielded the optimum signal-to-noise ratio for all com-
pounds.

Statistics

Student's t-test was used for statistical analysis, and a
value of P < 0.05 was considered significant.

RESULTS

Biliary excretion of CPT-11 and its metabolites after
administration of the lactone form of CPT-11.

Biliary excretion of CPT-11, SN-38 and SN-38-Glu
after administration of the lactone form of CPT-11 was

investigated.
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Figure 2: Time profiles for cumulative biliary excretion of
CPT-11 and its metabolites after i.v. administration of the
lactone form of CPT-11 into rats. The time profiles for
cumulative biliary excretions were determined after i.v.
injection of the lactone form of CPT-11 (100 [ig/body).
Each value is the mean with S.D. of three determinations.

As shown in Figure 2, the cumulative amount of SN-
38-Glu excreted into bile over a period of 3 hr after i.v.
injection of the lactone form of CPT-11 was much
greater than the cumulative amounts of CPT-11 and
SN-38, and the cumulative biliary excretion of SN-38
was less than that of CPT-11. It has been reported that
Mrp2 recognizes glucuronide conjugates and non-con-
jugated organic anions. We compared the biliary excre-
tion of lactone forms with that of carboxylate forms.
CPT-11 and SN-38 were mainly excreted into bile as
carboxylate forms.

Biliary excretion of CPT-11 and its metabolites after
administration of the carboxylate form of CPT-11.

Most of pharmacokinetic and pharmacodynamic stud-
ies on CPT-11 have been performed only by adminis-
tration of the active lactone form (16-18). We
investigated the biliary excretion of CPT-11, SN-38
and SN-38-Glu after administration of the carboxylate
form of CPT-11. In this experiment, lactone forms of
CPT-11 and SN-38 could not be detected in bile sam-
ples. Unlike that in the case of administration of the
lactone form of CPT-11, biliary excretion of CPT-11
was much greater than that of both SN-38-Glu and SN-
38 (Figure 3).
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Figure 3: Time profiles for cumulative biliary excretion of
CPT-11 and its metabolites after i.v. administration of the
carboxylate form of CPT-11 into rats. The time profiles
for cumulative biliary excretions were determined after
i.v. injection of the carboxylate form of CPT-11 (100 Lig/
body). Each value is the mean with S.D. of three
determinations.
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The amount of biliary excretion of SN-38-Glu in dos-
ing with the CPT-11 carboxylate form was signifi-
cantly smaller than that with its lactone form (Table

1).

Table 1: Comparison of biliary excretion of CPT-11 and
its metabolites after i.v. administrations of CPT-11

lactone and carboxylate forms (100 Lig/body) in rats.

SN-38-Glu CPT-11 SN-38

Corapound

HE

CPT-11 lactone 157177 281£250 792+£122 126092 153+024 334039

CPT-11 catboxylate  290+0.14" 101173 3664455 4042667° 611+035" 7342042"

CPT-11 {100 pg/body) was injected through the femoral
vein. Bile specimens were collected at the specified times.
Xbile 0-1hr and Xbile 0-3hr represent the cumulative amounts
excreted into bile over periods 0 to 1 hr and 0 to 3 hr,
respectively. Each value is the mean with S.D. per 180
minutes (n=3). *P < 0.05 vs i.v. administration of lactone
form.

Cumulative biliary excretion of CPT-11 and SN-38 are
shown in the total values in Table 1. On the other
hand, biliary excretion of CPT-11 and SN-38 was
greater in dosing with the CPT-11 carboxylate form
than that with its lactone form. During the first 1 hr,
large amounts of both CPT-11 and SN-38 were
excreted into bile after i.v. dosing with the CPT-11 car-
boxylate form.

DISCUSSION

Although CPT-11 is a potent and novel anticancer
drug, severe side diarrhea has been observed as a side
effect in some patients during its clinical use (1-5). To
understand the mechanism of this side effect, it is
important to clarify the pharmacokinetics of CPT-11.
It has been reported that CPT-11 and its metabolites
are mainly excreted via biliary route (6). CPT-11 is
converted into SN-38, an active metabolite, in the
liver. SN-38 is further conjugated to inactive SN-38-
Glu and subsequently secreted into bile. It has been
reported that hydrolysis of SN-38-Glu into SN-38 by
enterobacteria may play a major role in the develop-
ment of CPT-11-induced diarrhea (8, 9). The purpose
of this study was to clarify the mechanism of biliary
excretion of CPT-11 and its metabolites with the aim
of finding a means to reduce the side effects associated
with CPT-11 administration.

After dosing with the lactone form of CPT-11, biliary
excretion of SN-38-Glu was much greater than that of
CPT-11 or SN-38. It has been reported that Mrp2 is
responsible for the biliary excretion of CPT-11 and its
metabolites and that Mrp2 has higher affinity for SN-
38-Glu than for CPT-11 and SN-38 (14, 19). These
reported findings support our results.

Mrp2 recognizes glucuronide conjugates and non-con-
jugated organic anions (13). At blood pH (approx 7.4),
the equilibrium favors hydrolysis to open the lactone
ring and yield the carboxylate form (20). The hydroly-
sis reaction of CPT-11 lactate is more than 10-fold
faster than the lactonization reaction of CPT-11 car-
boxylate. In addition, hydrolysis of lactone rings pro-
ceeded under the condition of alkalescent bile. Since
SN-38-Glu and the carboxylate forms of CPT-11 and
SN-38 have organic charges, we hypothesized that the
biliary excretion of these anionic compounds plays a
major role in the biliary excretion of CPT-11 and its
metabolites. Therefore, we determined the biliary
excretion profiles of individual carboxylate and lactone
forms of CPT-11 and SN-38. CPT-11 and SN-38 were
mainly excreted into bile as carboxylate forms. These
results indicate that most of SN-38 and CPT-11 is
excreted through the canalicular membrane as two
types of hydrophilic anion created by hydration of the
lactone ring or glucuronidation of the 10-hydroxyl

group.

The antitumor activities of the carboxylate form of
CPT-11 and its derivatives have been shown to be
weaker than those of the lactone form (21). However,
most of pharmacokinetic and pharmacodynamic stud-
ies have been performed only by administration of the
active lactone form (16-18). In this study, we focused
on the pharmacokinetic behaviors of the carboxylate
forms of CPT-11 and SN-38. At the end of this study,
we used the carboxylate form of CPT-11 as a model
compound to reduce the contribution of the hydroly-
sis reaction of the lactone form of CPT-11. After
administration of the carboxylate form of CPT-11, bil-
iary excretion of CPT-11 was much greater than that
of SN-38-Glu or SN-38. The present study showed that
carboxylate forms of CPT-11 and SN-38 were excreted
into bile more rapidly than were the lactone forms.
Moreover, it has been reported that the carboxylate
forms of CPT-11 and SN-38 have a higher affinity for
Mrp2 than do the lactone forms (14, 19). These results
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suggest that administration of the carboxylate form of
CPT-11 accelerates the active excretion of the carboxy-
late forms into bile by Mrp2 before converting into
lactone form. On the other hand, biliary excretion of
SN-38-Glu after dosing with the carboxylate form of
CPT-11 was significantly less than that after dosing
with the lactone form of CPT-11. The conjugation of
SN-38 to SN-38-Glu by UGT1A1 was considered to be
decreased due to the rapid excretion of the carboxylate
forms of SN-38 and CPT-11.

In this study, we demonstrated that the excretion of
SN-38-Glu and the carboxylate forms of CPT-11 and
SN-38 was greater than that of other non-carboxylate
forms of compounds. It is likely that hydrolysis of lac-
tone rings and glucuronidation of SN-38 are the key
factors underlying the transition of CPT-11 into the
gastrointestinal lumen through hepatocytes.

Maintenance of a high serum level of the lactone form
of CPT-11 is important because of the poor antitumor
activity of its carboxylate form (16, 17, 21). In this case,
biliary excretion of SN-38-Glu is thought to be greater
than that of CPT-11 or SN-38. Thus, it is important to
inhibit the deconjugation of SN-38-Glu by beta-glucu-
ronidase (4). It has been reported that oral alkalization
is useful in preventing CPT-11-induced diarrhea (10).
Sodium bicarbonate inhibits absorption of SN-38 by
alkalization of the small intestine and has been used to
prevent diarrhea. However, high-dose oral administra-
tion of sodium bicarbonate could also induce alkaliza-
tion of blood and subsequently convert lactone forms
of these compounds to carboxylate forms due to the
fact that the rate of hydrolysis of CPT-11 and its
metabolites is greatly increased between pH 7.0 and
pH 8.0 (20). It is possible that only a small change in
blood pH affects the antitumor activities and pharma-
cokinetics of CPT-11. Unlike sodium bicarbonate,
magnesium oxide is absorbed in the stomach and
directly enters the intestinal lumen. Magnesium oxide
therefore has little effect on blood pH. It is possible
that oral administration of magnesium oxide is more
useful than sodium bicarbonate in preventing the

occurrence of severe delayed diarrhea induced by CPT-
11.

In summary, our results suggest that the rate of conver-
sion of lactone to carboxylate forms of CPT-11 and its
metabolites plays a major role in the biliary excretion

of these compounds. Our results are considered impor-
tant data to call for the reasonable use of CPT-11 in
clinical practice.
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