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Abstract
Aim: To investigate the effect of breast cancer resistance protein (BCRP) 
inhibitors and pharmaceutical excipients on reducing the biliary excretion 
of camptothecins (CPT), ameliorating delayed-type diarrhea and intestinal 
mucosa damage induced by CPT.  Methods: The cumulative biliary excretion 
of irinotecan (CPT-11) and hydroxycamptothecin (HCPT) with or without 
BCRP inhibitors and excipients was investigated in rats.  The gastrointestinal 
toxicity, assessed as the diarrheal score, body weight change and microscopic 
pathological damage was also determined in rats.  Results: Breast cancer 
resistance protein (BCRP) exhibited important effects on the biliary excretion of 
CPT.  Coadministration of BCRP inhibitors such as GF120918 and cyclosporin 
A reduced the biliary excretion of CPT-11 and HCPT.  Pharmaceutical excipients 
such as Pluronic F68 and PEG 2000 stearate also showed inhibitory effects on 
BCRP and similarly reduced CPT biliary excretion.  The observed gastrointestinal 
toxicity was ameliorated by coadministration of BCRP inhibitors and excipients 
compared with injection of CPT-11 and HCPT alone.  Conclusion:The use of 
excipients as inhibitors of BCRP is safe and relatively non-toxic, and may lead 
to important pharmacotherapeutic benefits by decreasing the gastrointestinal 
toxicity of CPT.

Key words 
breast cancer resistance protein; irinotecan; 
CPT-11;  hydroxycamptothecin;  bi l iary 
excretion; diarrhea; gastrointestinal toxicity
  
1 This work was supported by the Knowledge 
Innovation Program of the Chinese Academy of 
Sciences (SIMM0709QN-10).
4 Correspondence to Dr Yong GAN.
Phn/Fax 86-21-5080-6600, ext 2122.
E-mail simm2122@vip.sina.com

Received  2008-06-17
Accepted  2008-08-05
 
doi: 10.1111/j.1745-7254.2008.00883.x

Full-length article

Effects of breast cancer resistance protein inhibitors and pharmaceutical 
excipients on decreasing gastrointestinal toxicity of camptothecin 
analogs1

Xin-xin ZHANG2,3, Wei-san PAN3, Li GAN2, Chun-liu ZHU2, Yong GAN2,4

2Shanghai Institute of Materia Medica, Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences, Shanghai 201203, China; 3School of 
Pharmacy, Shenyang Pharmaceutical University, Shenyang 110016, China

Introduction
Camptothecin (CPT) is a promising antitumor agent 

that inhibits nuclear enzyme topoisomerase І[1].  Inhibition 
of topoisomerase І blocks DNA replication and thus 
selectively affects cancer cells.  The major dose-limiting 
toxicity of CPT is myelosuppression and delayed-type 
diarrhea[2,3].  Severe delayed-type diarrhea, however, 
exhibits a large degree of interpatient variability[4,5] and 
does not always respond adequately to conventional 
antidiarrheal agents[6].  For example, irinotecan (CPT-11)-
induced delayed-type diarrhea has been reported to be 
severe (NCI-CTC grade 3–4) in ~25% of patients[7], and 
less severe diarrhea might even influence continuation of 
CPT-11 therapy.  10-Hydroxycamptothecin (HCPT), which 
is commonly used in China, also induces severe diarrhea, 

and 38% of patients treated with HCPT were associated 
with delayed-type diarrhea[3].  To date, there is no generally 
accepted prophylactic treatment for delayed-type diarrhea 
caused by CPT.

Biliary excretion is a major elimination pathway for 
CPT and their metabolites.  After administration, the 
parent compound of CPT-11 is mainly excreted in bile 
both in rats (>32%) and humans (>26%)[8,9].  Its active 
metabolite SN-38 is further conjugated to SN38-Glu in 
the liver and mainly excreted via the bile duct[9].  SN38-
Glu can be deconjugated by intestinal microflora to 
regenerate SN-38, which may cause diarrhea[10,11].  As 
reported[12], 61% of the prototype HCPT was excreted 
via the bile duct and eliminated from feces within 48 h 
of administration.  The gastrointestinal toxicity of this 
agent was related to injection dose and the amount of 



1392

 Acta Pharmacologica Sinica ISSN 1671-4083Zhang XX et al

drug excreted[13].  Therefore, it was proposed that the 
mechanism of toxicity was related to the biliary excretion 
of CPT and its metabolites[10].  In light of this mechanism, 
it is likely that inhibition of the biliary excretion of 
CPT and their metabolites could reduce gastrointestinal 
toxicity and severe diarrhea.  Horikawa[14] reported 
that coadministration of probenecid reduced the biliary 
excretion of CPT-11 and its metabolites, and ameliorated 
the intestinal toxicity provoked by irinotecan.  However, 
long-term coadministration of these micromolecular drugs 
may cause systemic toxicity to other organs, and their 
mechanisms of action have not been identified.

The breast cancer resistance protein (BCRP, gene 
symbol ABCG2) is an ATP-binding cassette (ABC) 
transporter[15].  It confers high levels of resistance to a wide 
variety of antitumor drugs including mitoxantrone and 
the CPT (e.g. topotecan and irinotecan) in several drug 
resistant cell lines[16,17].  Recent studies have demonstrated 
that BCRP is expressed in various normal tissues in the 
body[15].  In particular, BCRP is highly expressed in the 
apical membrane of small intestine epithelium, in liver 
canalicular membrane, and in the apical membrane of 
placental syncytiotrophoblasts.  Consistent with this 
pattern of tissue localization, BCRP has been shown 
to play a significant role in the absorption, distribution 
and elimination of BCRP substrates.  Therefore, BCRP 
inhibitors may increase the systemic exposure of drugs 
that are BCRP substrates[18–20].  Indeed, inhibition of 
BCRP by GF120918 increased the oral bioavailability of 
topotecan from 40% to 97% in a clinical study[18].  These 
data suggest that the highly expressed BCRP in liver 
canalicular membrane is likely to be the main reason for 
excessive CPT biliary excretion and their following severe 
gastrointestinal toxicity.  GF120918[21], cyclosporin A[22], 
and some pharmaceutical excipients[23] (e.g. Pluronic P85 
and Tween 20) have been reported to be effective inhibitors 
of BCRP.

In this study, GF120918, cyclosporin A and some safe 
pharmaceutical excipients were used to investigate whether 
these BCRP inhibitors could reduce the biliary excretion 
of CPT and decrease delayed-type diarrhea rate.  Pluronic 
F68 and PEG stearate are acceptable for pharmaceutical 
use as solubilizing agents and emulsifying agents.  These 
agents have minor systemic toxicity compared with 
micromolecular BCRP inhibitors.  Whether pharmaceutical 
excipients can act as BCRP inhibitors and decrease 
gastrointestinal toxicity is also investigated in this study.  

Materials and methods
Materials  Hydroxycamptothecin (HCPT) was 

purchased from Junjie Biotechnology Co, Ltd (Shanghai, 
China).  Irinotecan (CPT-11) was obtained from ZhongShuo 
Pharmaceutical Technology Development Co, Ltd (Beijing, 
China).  GF120918 was provided by GlaxoSmithKline 
(Uxbridge, Middlesex, UK).  Cyclosporin A (CsA) was 
obtained from Ruibang Laboratories (Zhejiang, China).  
Pluronic F68 was a gift from BASF (Germany) and PEG 
2000 stearate was purchased from Sigma-Aldrich (St 
Louis, MO, USA).

Animals  Male Sprague–Dawley rats, weighing 200±20 
g, were obtained from Shanghai Institute of Materia Medica 
(Shanghai, China).  The room in which the animals were 
housed was maintained at a temperature of 23±2 °C and 
a relative humidity of 55%±15%, with a 12-h light-dark 
cycle.  Food and water were freely available throughout the 
acclimatization and experimental periods.  All experiments 
were carried out under standard guidelines for animal care.  

Study of drug biliary excretion  Male Sprague–
Dawley rats were anesthetized by a single intraperitoneal 
injection of 20% ethylurethane solution (approximately 0.6 
mL/100 g of body weight) without prior fasting.  After each 
rat was anesthetized completely, the abdomen was opened 
along the longitudinal midline.  The liver was checked 
for any obvious tumors or signs of inflammation.  The 
common bile duct was visualized and separated.  A small 
incision was made on the anterior wall using microscissors.  
The common bile duct was then cannulated with a fine 
cannula, 0.50 mm in diameter, and secured into position 
with a cotton thread.  Bile samples were collected in tubes.  
During the experiments, the rats were placed in restrictive 
cages under anesthesia and their body temperature was 
maintained at 37 °C.

The preparations listed in Table 1 were injected 
intravenously into the tail vein 20 min after bile duct 
cannulation.  Briefly, CPT-11 and HCPT injection were 
given 10 min after injection of BCRP inhibitor (CsA, 
GF120918, Pluronic F68 and PEG2000 stearate) solutions.  
Two types of solutions in each group were injected 
intravenously from different tail veins of rats.  Bile samples 
were collected every 30 min for 5 h, and their volumes 
were measured.

HPLC analysis of HCPT and CPT-11 in bile  The 
concentrations of HCPT and CPT-11 in bile samples were 
assayed using reversed-phase HPLC with a LC-20A system 
(Shimadzu, Japan).  

Determination of HCPT concentration was carried 
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out by HPLC as follows: Briefly, the column used was a 
ZORBAX SB-C18 5 µm, 150×4.6 mm (Agilent, Santa 
Clara, CA, USA), and the mobile phase consisted of 55:45 
mixtures of 50 mmol/L triethylamine-acetate buffer (pH 
6.0) and methanol.  The flow rate was set at 1.0 mL/min 
and HCPT was monitored at 382 nm.  200 µL of bile 
was sampled at selected time intervals and transferred to 
polypropylene tubes.  10 µL of orthophosphoric acid and 
50 µL of CPT (100 µg/mL) as an internal standard were 
added and stored away from light for 2 h.  1.5 mL of ethyl 
acetate was added to the samples and extracted for 5 min.  
The mixture was centrifuged at 5000 r/min for 10 min.  
The clear supernatant of 1.2 mL was dried under nitrogen 
and dissolved in 150 µL mobile phase.  The solution 
was centrifuged at 8000 r/min for 15 min prior to HPLC 
analysis.

The concentration of CPT-11 was determined as 
follows: The column was a ZORBAX SB-C18 5 µm, 
150×4.6 mm (Agilent), and the mobile phase consisted of 
acetonitrile-50 mmol/L dipotassium hydrogen phosphate 
buffer containing 10 mmol/L sodium 1-octane-sulfonate, 
with the pH adjusted to 3.0 with orthophosphoric acid 
(25/75, v/v).  The mobile phase was delivered at a flow-rate 
of 1.0 mL/min, and the column effluent was monitored at 
370 nm.  10 µL of orthophosphoric acid and 50 µL of CPT 
(100 µg/mL) as an internal standard were added to 200 µL 
of bile sample and stored away from light at 37 °C for 2 h.  
200 µL of ice-cold methanol was added, vortex mixed (5 
min) and centrifuged (8000 r/min for 15 min).  The clear 
supernatant (50 µL) was injected onto the HPLC.

Monitoring of CPT-induced diarrhea  Sprague-
Dawley rats were given CPT-11 (50 mg/kg) and HCPT 
(10 mg/kg) intravenously into the tail vein once a day 

for 10 consecutive days according to the published 
reports[24].  In the BCRP inhibitor group, 1.25 mg/kg of 
GF120918 and 125 mg/kg of PEG 2000 stearate were 
coadministered, respectively.  Diarrhea observed after the 
final administration (beginning from d 5) was considered 
delayed-type diarrhea.  The severity of diarrhea was 
scored according to the following standard as described 
previously:

•  Normal (0, normal stool)
•  Slight (1, slight wet stool without staining of the coat)
•  Moderate (2, wet and unformed stool with moderate 

perianal staining of the coat)
•  Severe (3, watery stool with severe staining of the 

coat around the anus)
The mean score and the body weight of rats each day 

were calculated.
Histological evaluation of intestinal damage  The 

effects of coadministered GF120918 and PEG 2000 
stearate on CPT-induced intestinal epithelial injuries in rats 
were evaluated by examining the histological changes at 
the microscopic level.  The experimental Sprague–Dawley 
rats were killed on d 10, and the intestinal tissues (ileum, 
cecum and colon) were collected and fixed in 10% neutral 
buffered formaldehyde.  After routine processing, segments 
were embedded in paraffin wax using a paraffin embedding 
machine (Thermo Shandon Ltd).  Slices of 4 µm were 
obtained using a rotary microtome (Leica RM2135, 
Leica Microsystem AG, Wetzlar, Germany), stained 
with hematoxylin-eosin (H&E) and subjected to light 
microscopic examination (Olympus Microscope, Tokyo, 
Japan).  All microscopic and histological assessments were 
carried out using a blind method to prevent observer bias.

Statistical analysis  All data represent at least 3 

Table 1.  Preparations intravenous injected into rats to investigate the biliary excretion of CPT-11 and HCPT.

                                                                                                                                            Dose (mg/kg)
             Treatment                                             CPT-11                 HCPT             CsA                    GF120918             Pluronic F68          PEG2000 
                                                                                                                                                                                                                                   stearate
 
 CPT-11 15.00   –   –   –    –    –
 CPT-11+CsA 15.00   – 1.25   –    –    –
 CPT-11+GF120918 15.00   –   – 1.25    –    –
 CPT-11+Pluronic F68 15.00   –   –   – 125.00    –
 CPT-11+PEG2000 stearate 15.00   –   –   –    – 125.00
 HCPT    – 2.50   –   –    –    –
 HCPT+CsA    – 2.50 1.25   –    –    –
 HCPT+GF120918    – 2.50   – 1.25    –    –
 HCPT+Pluronic F68    – 2.50   –   – 125.00    –
 HCPT+PEG2000 stearate    – 2.50   –   –    – 125.00
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independent experiments and are expressed as the 
mean±SD unless otherwise indicated.  Statistical 
comparisons for multiple groups were carried out using 
a one-way ANOVA followed by comparisons using the 
Origin 6.0 program.  Differences between the 2 groups 
were analyzed using unpaired Student’s t test.  The 
probability of P<0.05 and P<0.01 were considered to be 
statistically significant.

Results 
Effects of micromolecular BCRP inhibitors on 

the biliary excretion of CPT  CsA and GF120918 
were intravenously injected into the tail vein of rats to 
investigate whether BCRP affects biliary excretion of CPT.  
The results (Figure 1) showed that the biliary excretion of 
CPT-11 and HCPT was significantly reduced following 
coadministration of CsA and GF120918 (P<0.05, P<0.01).  
The cumulative biliary excretion of CPT-11 in 5 h was 
decreased from 26.5% to 20.0% and to 15.9% after 

coadministration of CsA and GF120918, respectively.  
HCPT cumulative biliary excretion was decreased 
from 31.4% to 23.6% and to 22.0%, respectively.  The 
cumulative volumes of biliary excretion have no significant 
differences among these groups (data not shown).  This 
indicated that CsA and GF120918 decreased the biliary 
excretion rate and concentration of CPT-11, and inhibited 
the burst excretion of HCPT within 2 h of administration.  
The concentrations of CPT-11 and HCPT in intestine were 
thus diminished following coadministration of CsA and 
GF120918.  

Effects of pharmaceutical excipients on the biliary 
excretion of CPT  Whether pharmaceutical excipients can 
be used as BCRP inhibitors and reduce the biliary excretion 
of CPT-11 and HCPT was considered in this study.  After 
coadministration of 150 mg/kg P l u r o n i c  F 6 8  a n d 
PEG 2000 stearate with CPT-11 and HCPT, bile samples 
from the rats were collected and determined at designated 

Figure 1.  Effects of CsA and GF120918 on the biliary excretion of 
CPT-11 (A), and HCPT (B).  15 mg/kg CPT-11 and 2.5 mg/kg HCPT 
were intravenously injected with CsA (○) or GF120918 (▲) at a dose 
of 1.25 mg/kg.  Each data point represents the mean±SD of 3 different 
rats.  bP<0.05, cP<0.01, significantly different form the CPT-11 or HCPT 
injection group.

Figure 2.  Effects of Pluronic F68 and PEG2000 stearate on the biliary 
excretion of CPT-11 (A), and HCPT (B).  15 mg/kg CPT-11 and 2.5 
mg/kg HCPT were intravenously injected with Pluronic F68 (○) and 
PEG2000 stearate (▲) at a dose of 125 mg/kg.  Each data point represents 
the mean±SD of 3 different rats.  bP<0.05, cP<0.01, significantly different 
form the CPT-11 or HCPT injection group.
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times (Figure 2).  The concentration of CPT (CPT-11 or 
HCPT) in biliary excretion after coadministration with 
Pluronic F68 and PEG 2000 stearate were significantly 
lower than non-excipient-treated groups (P<0.05, P<0.01), 
and the biliary excretion volumes of these groups were 
almost the same.  The results revealed that the excipients 
decreased CPT biliary excretion similar to that of the 
BCRP inhibitors (GF120918 and CsA).  PEG 2000 stearate 
was more effective in decreasing biliary excretion than 
Pluronic F68.  

Effects of BCRP inhibitors on CPT-induced delayed 
diarrhea in rats  GF120918 and PEG 2000 stearate have 
been reported as BCRP inhibitors and were found to reduce 
the biliary excretion of CPT-11 and HCPT in the above 
experiments.  In addition, these agents were more efficient 
than CsA and Pluronic F68.  Therefore, we examined 
GF120918 and PEG 2000 stearate as BCRP inhibitors 
to demonstrate the importance of biliary excretion in 
delayed-type diarrhea induced by CPT-11 and HCPT 
in rats.  Injection of CPT-11 (20 mg/kg) alone resulted 
in severe (grade 2–3) delayed diarrhea from d 5 to d 10 
(Table 2).  When GF120918 and PEG 2000 stearate were 
coadministered, a diarrheal score of 1–2 was observed 
(Table 2).  The diarrheal score for CPT-11+GF120918 
was not obviously different from that for CPT-11+PEG 
2000 stearate, but was significantly lower than that for 
CPT-11 alone.  Administration of HCPT caused delayed 
diarrhea (grade 1–2), which occurred from d 6 to d 10.  A 
lower diarrheal score of around 1 was observed following 
coadministration of GF120918 and PEG 2000 stearate; 
however, no significant differences were observed.

In the control group, the body weight increased 
continuously, whereas the body weight of rats treated 
with CPT-11 injection started to fall at d 3–4, and 
this reduction was more marked at d 5 (Figure 3).  

Compared with the CPT-11 alone injection group, 
coadministration of GF120918 and PEG 2000 stearate 
with CPT-11 significantly ameliorated the body weight 
loss (P<0.01).  Although the body weight of rats in the 
HCPT injection group increased within 10 d, the growth 

Table 2.  Incidence of chronic diarrheal symptoms caused by CPT-11, HCPT, with or without GF120918 and PEG2000 stearate, in rats.

                                                                                                                                                Mean delayed diarrheal score
              Treatment                                      Dose
                                                                       (mg/kg)              D 5    D 6              D 7    D 8            D 9                 D 10
 
 Saline (control)   0 0 0 0 0 0 0
 CPT-11 50 1.5 2.3 2.3 2.5 2.7 2.8
 CPT-11+GF120918 50 1.2 1.5 1.8 1.8 2.0 2.0
 CPT-11+PEG2000 stearate 50 1.3 1.5 1.7 1.8 1.8 2.3

 HCPT 10 0.8 1.3 1.5 1.8 1.8 2.3
 HCPT+GF120918 10 0.5 0.7 0.8 1.0 1.2 1.3
 HCPT+PEG2000 stearate 10 0.7 0.8 1.0 1.0 1.2 1.2

Figure 3.  Effect of GF120918 and PEG2000 stearate on body weight 
loss in rats after intravenous administration of CPT-11 (A) and HCPT 
(B).  1.25 mg/kg GF120918 (▲) and 125 mg/kg PEG2000 stearate (▽) 
were coadministered with CPT-11 and HCPT at a dose of 50 mg/kg and 
10 mg/kg for 10 d.  Each data point represents the mean±SD of 6 different 
rats.  cP<0.01, significantly different form the CPT-11 or HCPT injection 
group.
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rate was dramatically lower than that in the groups 
coadministered with GF120918 and PEG 2000 stearate 
(P<0.01).  There were no significant differences between 
the HCPT+GF120918 and the HCPT+PEG 2000 stearate 
groups.

BCRP inhibitors reduced CPT-induced intestinal 
mucous membrane damage  Marked microscopic 
pathological differences were observed in the intestinal 
tissues of rats receiving CPT-11 and HCPT injection with 
or without BCRP inhibitors (Figure 4).  Administration 
of CPT-11 and HCPT resulted in severe damage to the 
intestinal mucosal membrane which was characterized by 
stubby villi and patches without villi, goblet cell mucus 
depletion, destruction of normal mucosal architecture, 
epithelial vacuolation, degeneration of crypts, crypt 
abscesses and inflammatory cellular infiltration.  However, 
gastrointestinal toxicity in rats coadministered with 
GF120918 and PEG 2000 stearate decreased significantly 

Discussion
In the present study, we found that coadministration 

of CsA and GF120918 could reduce the biliary excretion 
concentration of CPT-11 and HCPT.  It is worth mentioning 
that GF120918 reduced the biliary excretion of CPT-11 
and HCPT more than CsA (Figure 1).  It is reasonable 
that GF120918 (IC50=0.3 μmol/L) was more efficient in 
inhibiting BCRP compared with CsA (IC50=26.1 μmol/L).  
The actions of these BCRP inhibitors have also been 
shown to be dose-dependent[22].  GF120918 and CsA were 
administered at the same dose in our experiments.  Thus, 
GF120918 displayed more efficiency than CsA in inhibiting 
BCRP.  Although GF120918 and CsA are effective 
inhibitors of both BCRP and P-gp, CPT such as topotecan, 
CPT-11, and SN-38 are poor P-gp substrates [25,26].  
In contrast, CPT are high affinity substrates of BCRP.  
Therefore, the inhibitory effects of GF120918 and CsA on 
BCRP are presumed to influence the metabolic processes of 
CPT-11 and HCPT.  Coadministration of BCRP inhibitors 
will result in reduced biliary excretion of CPT.

 The result in Figure 2 shows that Pluronic F68 and 
PEG 2000 stearate could reduce the biliary excretion 
of CPT-11 and HCPT.  Yamagata[27] has reported on the 
inhibitory effects of fifteen excipients on BCRP, Pluronic 
P85 and polyoxyethylene stearate significantly increased 

Figure 4.  Micrographs (magnification×100) of ileum and colon showing 
histological damage on d 0 and 10 in rats.  The rats were intravenously 
injected with CPT-11 and HCPT treated with or without GF120918 and 
PEG2000 stearate.
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the uptake of mitoxantrone in BCRP overexpressed MDCK 
cells.  The coadministration of Pluronic P85 and Tween 20 
improved the oral bioavailability of BCRP substrates by 
inhibiting BCRP function in the small intestine[23].  These 
studies demonstrated that some excipients such as Pluronic 
and polyoxyethylene stearate might be potent BCRP 
inhibitors.  The exact mechanism by which excipients 
inhibit efflux transporters is unknown.  It has been reported 
that Pluronic P85 significantly reduces intracellular ATP 
levels, and this correlates well with the inhibition of efflux 
transporters[28].  The results suggest that pharmaceutical 
excipients can decrease the biliary excretion of CPT-11 
and HCPT due to inhibition of BCRP in liver canalicular 
membrane.  In addition, these excipients or surfactants are 
commonly used in human pharmaceutical formulations 
and are considered safe and relatively non-toxic.  The use 
of excipients as inhibitors of BCRP may lead to important 
pharmacotherapeutic benefits.  

It has been proposed that the severe gastrointestinal 
toxicity induced by CPT-11 and HCPT results from 
exposure of intestinal tissues to SN-38 and HCPT, and 
this is due to the excessive biliary excretion of CPT.  
We investigated a potential strategy to inhibit biliary 
excretion and to reduce exposure of the intestines to CPT.  
The observed gastrointestinal toxicity, assessed as the 
diarrheal score and body weight change, was ameliorated 
by coadministration of GF120918 and PEG 2000 stearate 
compared with injection of CPT-11 and HCPT alone (Table 
2, Figure 3).  This was consistent with the results on biliary 
excretion (Figures 1, 2).  CPT-11 induced more severe 
body weight loss than HCPT.  This is probably because 
the CPT-11 metabolites SN-38 and SN-38G caused more 
severe cell damage on the intestinal mucous membrane 
than HCPT.  Similar results have also been obtained in 
clinical studies[12,29,30].

The histological evaluation of intestinal damage 
revealed that coadministration of GF120918 and PEG 
2000 stearate could reduce CPT-induced intestinal mucous 
membrane damage.  The mechanisms for CPT-11- and 
HCPT-induced intestinal mucous membrane damage 
are unclear, but appear to be associated with intestinal 
exposure to these drugs, which induce epithelial apoptosis 
characterized by the generation of DNA fragments through 
the action of endogenous endonucleases.  These drugs cause 
severe intestinal inflammatory damage with hypersecretion 
of pro-inflammatory cytokines.  The homeostatic balance 
between proliferation and apoptosis is essential for 
intestinal epithelium to function as a physiological and 
structural barrier.  Disruption of this balance leads to villus 

atrophy and loss of normal absorptive function.  Cytotoxic 
drugs (e.g. CPT-11 and HCPT) can disrupt this mucosal 
barrier with increased epithelial apoptosis, and cause severe 
intestinal mucosal membrane damage.  Coadministration 
of GF120918 and PEG 2000 stearate can inhibit BCRP 
function and decrease the biliary excretion of CPT-11 and 
HCPT, subsequently diminishing epithelial apoptosis of the 
intestinal mucosal membrane.

Conclusion
The present study demonstrates that BCRP exhibits 

important effects on the biliary excretion and gastro-
intestinal toxicity of CPT.  Coadministration of BCRP 
inhibitors such as GF120918 and CsA reduced the biliary 
excretion of CPT-11 and HCPT.  Pharmaceutical excipients 
such as Pluronic F68 and PEG 2000 stearate also showed 
inhibitory effects on BCRP and similarly reduced CPT 
biliary excretion.  The observed gastrointestinal toxicity, 
assessed as the diarrheal score, body weight change 
and microscopic pathological damage was ameliorated 
following coadministration of the BCRP inhibitors 
and excipients compared with injection of CPT-11 
and HCPT alone.  The use of excipients as inhibitors of 
BCRP is safe and relatively non-toxic, and may lead to 
important pharmacotherapeutic benefits by decreasing the 
gastrointestinal toxicity of CPT.
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