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Abstract Purpose: The aim of this study was to investi-
gate the transport mechanisms of transporters that
contribute to the intestinal uptake of 7-ethyl-10-hy-
droxycamptothecin (SN-38). Methods: Human intestinal
epithelial Caco-2 cells were used to investigate the
mechanistic basis of transepithelial uptake of SN-38. We
investigated the characteristics of SN-38 uptake into
Caco-2 cells. The effects of baicalin and sulfobromoph-
thalein (BSP) on the uptake of SN-38 by Caco-2 cells
were examined. Results: Uptake of SN-38 was signifi-
cantly reduced at 4�C. Baicalin inhibited the uptake of
SN-38 in a concentration-dependent manner. BSP sig-
nificantly reduced the uptake of SN-38. However, pro-
benecid, pravastatin and grepafloxacin did not affect the
uptake of SN-38. Conclusions: The results suggest that a
specific transport system mediates the uptake of SN-38
across the apical membrane in Caco-2 cells.
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Introduction

Irinotecan hydrochloride, 7-ethyl-10-(4-[1-piperidino]-1-
piperidino)-carbonyloxy-camptothecin (CPT-11), is a
synthetic derivative of the plant alkaloid camptothecin,

which has demonstrated pronounced antitumor activity.
[7]. Unlike other clinically used camptothecin analogs,
CPT-11 is a prodrug with very little inherent antitumor
activity that needs to be hydrolyzed by a carboxyles-
terase to form the active metabolite 7-ethyl-10-
hydroxycamptothecin (SN-38) [15]. SN-38 subsequently
undergoes glucuronic acid conjugation to form the
corresponding glucuronide, SN-38 glucuronide (SN-38-
Glu) [3].

The major dose-limiting toxicity after administration
of CPT-11 is severe diarrhea that is often unresponsive to
common antidiarrheal agents [1]. There is no generally
accepted prophylactic treatment for the delayed-type
diarrhea. Many pharmacokinetic analyses in humans
have been performed to predict the incidence of delayed-
type diarrhea, with conflicting results. The SN-38-Glu
excreted in the gut via bile is hydrolyzed to SN-38 by
beta-glucuronidase, and consequently it impairs the gut
[16]. Takasuna et al. examined the possible inhibitory
effect of a Chinese herbal medicine (Hange-Shashin-To;
Tsumura Company, Tokyo, Japan) on CPT-11-induced
chronic diarrheal symptoms and verified the efficacy of
the medicine, which may be based on a competitive
inhibition of beta-glucuronidase by baicalin, a major
component of the medicine [19].

Recently, we have shown that sulfobromophthalein
(BSP) inhibits the secretion of SN-38-Glu into the gas-
trointestinal lumen but does not affect the plasma con-
centration of the active metabolite SN-38 [9]. Moreover,
it has been reported that coadministration of probenecid
with a reduced dose of CPT-11 potently reduces CPT-
11-induced late-onset toxicity in gastrointestinal tissues
[6]. However, little is known about the transport mech-
anisms or transporters that contribute to the intestinal
absorption of SN-38. The human colon adenocarcinoma
cell line Caco-2 has been used as a model in which to
study intestinal absorption or secretion of various drugs
[5]. This cell line spontaneously differentiates in culture
into polarized cell monolayers with many enterocyte-like
properties of transporting epithelia. Caco-2 cells retain
various transporters expressed in the intestine. Using
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this model, a number of studies have been performed to
characterize the intestinal transport mechanism.

In this study, we investigated the characteristics of
SN-38 uptake into Caco-2 cells. The effects of baicalin
and BSP on the uptake of SN-38 by Caco-2 cells were
also investigated.

Materials and methods

Chemicals

All chemicals and reagents used were of analytical grade.
Baicalin was purchased from Wako Pure Chemicals
(Osaka, Japan). BSP was obtained from Sigma (St
Louis, Mo.). Pravastatin was kindly supplied by Sankyo
(Tokyo, Japan). Grepafloxacin was kindly supplied by
Otsuka Pharmaceutical (Tokyo, Japan). SN-38 was
kindly supplied by Daiichi Pharmaceutical (Tokyo,
Japan). SN-38 was dissolved in DMSO (2% w/v final
concentration) due to its hydrophobic property and
poor solubility in water. The upper limit of SN-38
concentration was 25 lM.

Cell culture

Caco-2 cells obtained form American Type Culture
Collection (Rockville, Md.) were maintained in plastic
culture flasks (Falcon, Becton Dickinson, Lincoln Park,
N.J.) as described previously [8]. For the uptake study,
Caco-2 cells were seeded at a cell density of 6·105 cells/
cm2 on six-well plastic plates (Corning Costar, Cam-
bridge, Mass.). The cell monolayers were fed with fresh
growth medium every 2 days and were then used at 4–
6 days for the uptake experiments.

Uptake studies

SN-38 uptake was measured using monolayer cultures
grown in six-well plastic plates. The incubation medium
used for the uptake study was a modified Hank’s bal-
anced salt solution (HBSS), pH 7.4, containing 137 mM
NaCl, 5.4 mM KCl, 1.3 mM CaCl2, 0.8 mM MgCl2,
0.4 mM KH2PO4, 0.3 mM NaH2PO4, 25 mM D-glucose
and 10 mM HEPES/Tris. After removal of the growth
medium, cells were preincubated at 37�C for 15 min with
1 ml incubation medium. After removal of the medium,
1 ml incubation medium containing SN-38 was added.
The monolayers were incubated for stated times at 37�C
or 4�C. For inhibition studies, monolayers were incu-
bated with 1 ml incubation medium containing SN-38
(25 lM) for 10 min at 37�C in the presence or absence of
various inhibitors. Each cell monolayer was washed
rapidly twice with an ice-cold incubation medium at the
end of the incubation period. The cells were solubilized
with 0.5 ml 1 N NaOH and neutralized with 0.5 ml 1 N
HCl. After centrifugation of the mixture (5000 g for

2 min), a part of the upper aqueous layer (100 ll) was
transferred to a fresh tube and 100 ll 50 mM monobasic
potassium phosphate (pH 2.5) was added. After vor-
texing briefly, the sample was left overnight at 37�C.

Analytical procedures

An HPLC system equipped with a fluorescence detector
was used to determine SN-38 as described previously
[10]. The column was a C8 column (250·4.5 mm, 5 lm;
GL Sciences). A mobile phase consisting of (50 mM
monobasic potassium phosphate, pH 2.5, 7 mM tetra-
butylammonium bromide)/acetonitrile (70:30, v/v) was
used. The column temperature and flow rate were 40�C
and 0.8 ml/min, respectively. The fluorescence detector
(F1000; Hitachi) was operated at excitation and emission
wavelengths of 355 nm and 515 nm, respectively. The
lower limit of quantitation for SN-38 was 50 pmol/ml.
Protein concentrations were measured by the method of
Lowry et al. with bovine serum albumin as a standard
[13]. Student’s t-test was used for statistical analysis, and
a P values <0.05 were considered significant.

Results

Uptake of SN-38 by Caco-2 cells

In the first part of this study, the uptake of SN-38 by
Caco-2 cell monolayers was measured. Figure 1 shows
the time courses of the uptake of SN-38. The uptake of
SN-38 increased linearly over a period of 15 min and
was markedly lower at 4�C than at 37�C. SN-38 uptake

Fig. 1 Uptake of SN-38 by Caco-2 cells. Cells were incubated for
the indicated periods at 37�C (open circles) or 4�C (closed circles)
with SN-38 (25 lM). Each value is the mean with SD of three
determinations

421



at 10 min was used to determine concentration-depen-
dence and effects of various inhibitors. The concentra-
tion-dependence of the uptake of SN-38 was determined.
However, the uptake of SN-38 was not saturated up to
25 lM (data not shown).

Effect of baicalin on the uptake of SN-38 by Caco-2 cells

The effect of baicalin on the uptake of SN-38 was
examined. As shown in Fig. 2, baicalin reduced the
uptake of SN-38 in a concentration-dependent manner.
The highest inhibition (60%) was observed at 1 mM.

Effects of various compounds on the uptake of
SN-38 by Caco-2 Cells

The effects of various compounds on the uptake of SN-
38 by Caco-2 cells were determined. It has been reported
that cotreatment of CPT-11 with BSP and probenecid
decreases CPT-11-induced chronic diarrheal symptoms
[6, 9]. As shown in Table 1, BSP significantly reduced
the uptake of SN-38. However, probenecid had no effect
on the uptake of SN-38. Several studies have suggested
the involvement of specific transporters in intestinal
absorption of organic acids [11]. Pravastatin, an inhibi-
tor of organic anion transporting polypeptide (OATP),
and grepafloxacin, a new quinolone transport system
substrate, do not affect the uptake of SN-38 [12, 23].
Moreover, probenecid and pravastatin are known to be
monocarboxylate transporter (MCT) inhibitors [4, 21].

Discussion

Due to the unpredictable severe diarrhea observed in
patients treated with CPT-11, the clinical use of this
anticancer agent has remained limited [1]. It has been
proposed that the severe gastrointestinal toxicity results
from exposure of intestinal tissues to SN-38, due to its
biliary excretion and/or deconjugation of SN-38-Glu [3,
20]. Therefore, it is considered possible to prevent CPT-
11-induced delayed diarrhea by using an inhibitor of
beta-glucuronidase [15]. Hange-Shashin-To contains the
beta-glucuronidase inhibitor, baicalin. It has been
reported that Hange-Shashin-To can prevent diarrhea
caused by CPT-11 [17, 18]. However, little is known
about the transport mechanisms that contribute to the
intestinal absorption of SN-38.

Drug discovery, development and targeting require
knowledge of transporters that play a role in the dis-
position of a drug and its subsequent effects. In the
current study, we obtained important data that provide
an insight into the pathogenesis, and thus means for
preventing, CPT-11-induced delayed-type diarrhea. In
the first part of this study, SN-38 uptake by Caco-2 cell
monolayers was measured. The fact that uptake of SN-
38 was significantly reduced at 4�C suggests the
involvement of a transporter or a carrier-mediated
process. We examined the effect of baicalin on the
uptake of SN-38 by the human intestinal cell line Caco-
2. Baicalin inhibited the uptake of SN-38 in a concen-
tration-dependent manner, suggesting that baicalin
inhibits not only microbial beta-glucuronidase activity
but also intestinal absorption of SN-38. It is possible
that both inhibitions are responsible for the clinical
usefulness of Hange-Shashin-To.

It has been reported that cotreatment of CPT-11
with BSP and probenecid decreases CPT-11-induced
chronic diarrheal symptoms [6, 9]. We examined the
effect of BSP and probenecid on the uptake of SN-38.
BSP inhibited the SN-38 uptake, suggesting that BSP
inhibits not only the secretion of SN-38-Glu into the
gastrointestinal lumen but also the intestinal absorption
of SN-38. On the other hand, no effect of probenecid
was observed. A number of foreign weak electrolytes are

Fig. 2 Inhibitory effects of baicalin on the uptake of SN-38 by
Caco-2 cells. The uptake of SN-38 (25 lM) by Caco-2 cells was
determined in the presence or absence of baicalin at defined
concentrations. Each value is the percentage of the uptake in the
absence of baicalin, and is the mean with SD of three or four
determinations. **P<0.01, vs absence of baicalin

Table 1 Effects of various compounds on the uptake of SN-38 by
Caco-2 cells. Cells were incubated with SN-38 (25 lM) for 10 min
at 37�C in the presence or absence of inhibitors. Each value is the
mean with SD of three to five determinations

Compound Concentration
(mM)

Relative
uptake (% of control)

Control 100±18.9
BSP 0.05 95.6±6.70

0.2 40.2±9.95**
1 34.1±7.26**

Probenecid 1 86.8±13.2
Pravastatin 1 89.9±31.4
Grepafloxacin 1 98.1±28.4

**P<0.01, vs control.
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thought to penetrate the intestinal mucosal barrier by
passive diffusion of the nonionized drug species across a
lipoidal membrane according to the pH-partition theory
[11]. However, the rate of diffusion of monocarboxylate
forms of SN-38 is greatly increased between pH 7.0 and
pH 8.0 [2]. Participation of transporter-mediated intes-
tinal absorption has also been demonstrated both
directly and indirectly for organic anion compounds.
Several monocarboxylates have been reported to be
absorbed via MCTs [11, 22]. We examined the contri-
bution of MCTs to the uptake of SN-38. Pravastatin, a
MCT inhibitor, do not affect SN-38 uptake [21].
Moreover, probenecid is known to be an MCT inhibitor
[4]. These results suggest that MCT does not contribute
to absorption of SN-38.

Grepafloxacin is well absorbed from the intestine
after oral administration. Its physicochemical features
are incompatible with rapid absorption by passive dif-
fusion, suggesting that grepafloxacin is absorbed via a
specific transport system(s) in the intestine. It has been
reported that grepafloxacin uptake is mediated by a
specific transport system distinct from those for organic
anions, amino acids, dipeptides and monocarboxylates
[23]. We examined the contribution of this transport
system to the uptake of SN-38. Grepafloxacin had no
effect on the uptake of SN-38, suggesting that the
grepafloxacin transport system does not contribute to
absorption of SN-38. It is known that mRNAs of
OATPs are expressed in human intestine. However, only
little information is available on intestinally expressed
OATPs in humans [11, 22]. It has recently been shown
that OATP-B (SLC21A9) plays a role in the absorption
of anionic compounds across the apical membrane of
human intestinal epithelial cells [12]. In our study, pra-
vastatin did not affect SN-38 uptake, suggesting no
contribution of OATP-B.

Information on the functional characteristics of drug
transporters is important for improvements in drug
delivery or drug design by targeting specific transporter
proteins [14, 22]. It is thought that regulation of the
functions of transporters will enable development of
highly efficient drugs with ideal pharmacokinetic profiles
and that approaches using intentional drug–drug inter-
actions (positive drug interactions) may become more
important in the future. It is possible that coadminis-
tration of an intestinal SN-38 transporter inhibitor with
CPT-11 will reduce the late-onset diarrhea that occurs
during treatment with CPT-11. Thus, strategic applica-
tion of intestinal SN-38 transporter inhibitors may lead
to more effective oral chemotherapy with CPT-11. The
expression system of transporters would be an efficient
tool for screening the activity of individual transport
processes. However, this transport system has not yet
been elucidated at the molecular level. Further studies
are needed to elucidate the mechanism of intestinal up-
take of SN-38.

In conclusion, our results suggest that a specific
transport system mediates the uptake of SN-38 across
the apical membrane in Caco-2 cells. Baicalin and BSP

inhibit this transporter. Inhibition of this transporter
would be a useful means for reducing late-onset diar-
rhea.
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