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Metabolism of irinotecan and its active metabolite
SN-38 by intestinal microflora in rats
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Abstract. One of the dose-limiting toxicities of irinotecan
(CPT-11) is delayed-onset diarrhea, which is the greatest
barrier to treatment with CPT-11-containing regimens.
CPT-11 is converted to its active metabolite, SN-38, which is
conjugated by hepatic uridine diphosphate glucuronosyl
transferase to SN-38 glucuronide (SN-38G). SN-38G, once
excreted in the intestinal lumen via bile, is extensively decon-
jugated by bacterial B-glucuronidase with the regeneration of
SN-38 in the intestinal lumen, which may cause diarrhea.
However, the metabolism of CPT-11 and its metabolites by
intestinal microflora are yet to be reported. This study was
carried out to investigate the microbial transformation of
CPT-11 and SN-38 using an anaerobic mixed culture of rat
cecal microorganisms. No reaction in the mixed cultures was
observed when CPT-11 or SN-38 lactone was added to the
culture medium. When CPT-11 was added to the culture broth,
a significant amount of water-soluble CPT-11 was detected
in the spent culture medium. In contrast, only a slight amount
of SN-38 was found in the supernatant when SN-38 lactone
was added to the broth. A significant quantity of SN-38 was
found in the sediment. In conclusion, these results strongly
suggest that SN-38 produced from SN-38G by the action of
bacterial B-glucuronidase is rapidly adsorbed by the intestinal
bacterial cell walls in the sediment because of the hydro-
phobic and lipophilic nature of SN-38, and a small amount of
SN-38 remains in the intestinal luminal fluid. Thus, we need
to reconsider the role of SN-38 in the intestinal lumen in
CPT-11-induced late-onset diarrhea.
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Introduction

Irinotecan (CPT-11) is a water-soluble camptothecin derivative
that inhibits topoisomerase I by stabilizing the enzyme-DNA
‘cleavable complex’, thus causing single-strand DNA breaks
(1). CPT-11 has been demonstrated to show significant anti-
tumor activity against various human malignancies, and the
therapeutic role of CPT-11 as a single agent or in combination
with other drugs has been investigated in several solid tumors,
including colorectal, small and non-small cell lung, gastric,
cervical and ovarian cancer (2). CPT-11 sometimes causes
unpredictable and severe neutropenia and/or diarrhea, which
constitute the drug's dose-limiting toxicity (3). High-dose
loperamide can ameliorate CPT-11-induced diarrhea, but is
not always adequate. In a randomized trial of small-cell lung
cancer, grade 3/4 diarrhea occurred in 16.0% of the patients
(4). The hydrophobic active metabolite, SN-38, is generated
from CPT-11 by carboxylesterase, and then conjugated to
SN-38 glucuronide (SN-38G) by hepatic uridine diphosphate
glucuronosyltransferase. SN-38G is the inactive metabolite
and is secreted in the duodenum (5-7). Many authors consider
that the intestinal bacterial microflora are responsible for the
damage to the intestinal mucosa, because intestinal bacterial
B-glucuronidase can deconjugate SN-38G into active SN-38,
which causes mucosal damage in the small intestine thus
causing toxic diarrhea (8-13).

However, there is no study, thus far, on the biotrans-
formation of CPT-11 and SN-38 by the intestinal microflora,
even though this knowledge is essential for the understanding
of the precise mechanism by which CPT-11 induces late-
onset diarrhea. Therefore, we report on our study of the
transformation of CPT-11 and its metabolite, SN-38, using
mixed microbial cultures of the rat cecal contents.

Materials and methods

Animals. Male wistar rats (12-week-old, weighing res-
pectively 294 and 308 g) were obtained from Japan SLC
(Hamamatsu, Japan). The animals were reared in cages with a
wire-mesh bottom in a temperature- and humidity-controlled
animal facility under a 12-h light-dark cycle. The animals
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Figure 1. Changes in the percent composition of CPT-11 during the course
of incubation. A 1:100 suspension (a) or 1:10 suspension (b) of the cecal
contents grown in broth containing CPT-11 for up to 24 h. Samples were
removed for assay at the indicated times. White, CPT-11 in the supernatant
and black, CPT-11 in the sediment.

received a steam-sterilized commercial diet, and had free
access to feed and water during the acclimated period.

Cecal contents. Two rats were sacrificed by exsanguination
under pentobarbital anesthesia. The cecum was removed with
its contents which were collected and transferred to an
anaerobic chamber (Coy Laboratories, Grass Lake, MI)
within 5 min. Cecal contents (5 g) were diluted 10-fold in
45 ml of sterile pre-reduced peptone-yeast extract broth (see
below) under flushing with N,. After vortex-mixing briefly,
the cecal contents were further diluted to 100-fold (volume/
volume) in peptone-yeast extract broth.

Culture experiment. The basal medium used in this experiment
was peptone-yeast extract broth, which consisted of 1 g
polypeptone (Daigo-Eiyo Chemical Co.); 1 g yeast extract
(Difco Laboratories); 4 ml of the salt solution recommended
by Holdeman et al (14); and 1-cysteine-HCI, 0.05 g per 100 ml
in 0.02 M phosphate buffer at pH 7.5, sterilized at 120°C
for 15 min. A 1:10 or 1:100 suspension of the cecal contents in
the peptone-yeast extract broth was incubated for a specified
period of time under an atmosphere of pure N, after adding
CPT-11 or its metabolite SN-38. The culture medium was
then analyzed.
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Figure 2. Changes in the percent composition of SN-38 during the course of
incubation in the 100-fold (a) or 10-fold diluted (b) cecal contents. The
lactone form of SN-38 was added to the culture medium, and incubated
anaerobically under N, for up to 24 h. Dark blue, SN-38 lactone in the
sediment; light blue, SN-38 lactone in the supernatant; yellow, SN-38
carboxylate in the supernatant and orange, SN-38 carboxylate in the sediment.

Camptothecin-containing medium. CPT-11 was dissolved in
distilled water at 10 mg/ml and an SN-38 lactone form was
prepared by dissolving SN-38 in dimethylsulfoxide at 1 mg/ml.
After sterilization by passage through a 0.45-ym membrane
filter, 0.1 ml of CPT-11 solution or 0.1 ml of the solution of
SN-38 lactone form was added to 10 ml of the cecal content
suspension (1:10 or 1:100). The medium was then dispensed
in 1.5-ml aliquots and in four 15x105-mm test tubes.

Incubation. For anaerobic growth, the tubes containing CPT-11
or its metabolite, SN-38, were inoculated under flushing
with N,, tightly stoppered and incubated for 1, 3, 6, or 24 h
at 37°C. The N, gas was used after removal of the residual
oxygen by passing over a heated copper gauze.

Extraction and HPLC analysis of CPT-11 and its metabolites.
The inoculated tubes were assayed for CPT-11 or its meta-
bolite at various time-intervals during incubation under N,
for up to 24 h. For the whole culture medium assay, 0.1 ml of
the spent culture medium was mixed with 0.4 ml of methanol
and centrifuged at 15,000 rpm for 1 min at 0°C. For the assay
of the supernatant fluid, 1 ml of the spent culture medium was
centrifuged at 15,000 rpm for 1 min at 0°C; 0.05 ml of each
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supernatant was diluted with 0.2 ml of 0.15 M H;PO, and
0.25 ml of the internal standard solution containing 1 pg/ml
of camptothecin. The concentrations of CPT-11 and SN-38
were determined using a high-performance liquid chromato-
graphic (HPLC) method with a fully automated on-line solid
phase extraction system (Prospect, Spark Holland, Emmen,
The Netherlands), as previously described (15). The quantifi-
cation limit for CPT-11 and SN-38 was 0.5 and 0.05 mg/ml,
respectively.

For the SN-38 lactone and carboxylate form analysis,
0.3 ml of the culture medium or its supernatant was added
to 0.3 ml of methanol chilled in a dry-iced isopropanol bath.
The mixture was then vortexed for 10 sec, and immediately
centrifuged at 15,000 rpm for 1 min at -10°C. The supernatant
obtained was rapidly filled in the vial, set on an autosampler
at 4°C and analyzed in an HPLC system. The concentrations
of the SN-38 lactone and carboxylate forms were determined
using HPLC by the methods of Kaneda et al (16). The lower
limits of quantification for the SN-38 lactone and carboxylate
forms were 1 and 10 ng/ml, respectively.

Chemicals. CPT-11 (Lot no. 115A100) and SN-38 (Lot no.
300917R) were kindly donated by Yakult Honsha Co. Ltd.
(Tokyo, Japan). Camptothecin was purchased from Sigma,
St. Louis, MO. Other chemicals were of the highest commer-
cially available grade.

Results

Adsorption of CPT-11 by bacterial cells. The 10- or 100-fold
diluted cecal contents were grown anaerobically in broth in
the presence of CPT-11. No metabolites of CPT-11 were
found even after 24 h of incubation. In the 100-fold dilution
broth, almost all of the CPT-11 was found in the supernatant
but was barely detectable in the sediment (Fig. 1a). Even in
the more densely re-suspended culture (10-fold dilution), the
percentage of CPT-11 in the supernatant was ~80%, and
~20% of CPT-11 was adsorbed by the bacterial cells from the
solution during the period of the study, reflecting the water-
soluble nature of CPT-11 (Fig. 1b).

Disappearance of the lactone form of SN-38 from the culture
solution. When the lactone form of SN-38 was added to the
culture medium, a significant amount of SN-38 disappeared
very rapidly from the supernatant fluid (Fig. 2a and b). This
SN-38 was apparently adsorbed mainly onto the bacterial
cells in the sediment. The adsorption of SN-38 on the bacterial
cells was extremely rapid and achieved a plateau within 1 h.
The plateau remained stable for up to 24 h. Since the lactone
form of SN-38 was highly water-insoluble, SN-38 was rapidly
and tightly bound to the hydrophobic bacterial cell wall,
resulting in sparse free SN-38 remaining in the lactone form,
either in the supernatant of the 10- or the 100-fold diluted
culture.

Discussion
One of the major dose-limiting toxicities of CPT-11 is diarrhea,

which may be early- or late-onset diarrhea (<24 or >24 h
after CPT-11 administration, respectively) (2,17). Early-
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onset diarrhea is observed soon after CPT-11 infusion, and is
presumably due to the inhibition of acetylcholinesterase
activity by CPT-11. Late-onset diarrhea has a median onset of
5 and 11 days in the 3-weekly and weekly dosing schedule of
CPT-11 (11), and has the potential to cause life-threatening
dehydration and electrolyte imbalance. Since SN-38G, once
excreted in the intestinal lumen, is extensively hydrolyzed by
bacterial -glucuronidase to free SN-38, it was thought that
direct intestinal damage by the free intestinal luminal SN-38
was responsible for the delayed-onset diarrhea. Takasuna et al
(10,18) reported on the good correlation between the fecal
concentration of SN-38 and the anatomic damage of the
intestinal mucosa in mice, as well as a greater degree of histo-
logical damage in the intestinal segments where the bacterial
B-glucuronidase activity was prominent (caecum and colon).
However, our knowledge of the precise mechanism involved
in the latter is far from complete.

No metabolic conversion of CPT-11 or SN-38 occurred in
the mixed cecal cultures under anaerobic growth conditions.
Since CPT-11 is a water-soluble derivative of camptothecin,
a significant quantity of CPT-11 was detected in the super-
natant (Fig. 1). It is noteworthy that insufficient free SN-38
was found in the cell-free supernatant when the cecal contents
were grown in broth in the presence of the lactone form of
SN-38 (Fig. 2). A significant amount of SN-38 was detected
in the bacterial cell pellets. Due to the highly hydrophobic
and lipophilic nature of SN-38, it appears to get sufficiently
adsorbed onto the hydrophobic areas of the cell wall and
membrane, as well as onto the dietary fibers in the cecal
contents. It has been reported that ~14% of the lipid content of
the E. coli cell wall is readily extractable, and that the greater
the amount of lipid present in the bacterial cell wall, the
greater the uptake of the hydrophobic drug (19). Bacterial
cell walls can adsorb SN-38 produced from SN-38G by the
action of bacterial B-glucuronidase. This may potentially
reduce the availability of the active metabolite, SN-38, to the
intestinal mucosa, thereby preventing SN-38 from acting
directly on the intestinal tissue. Furthermore, the amount of
SN-38 absorbed into the bloodstream would be reduced and
so decrease the probability of tissue damage. More SN-38
would also be expected to be excreted in the feces. Khanna
et al (20) reported that CPT-11 is converted to SN-38 by the
carboxylesterase present in the small intestine. Taking these
results into consideration, the local conversion of CPT-11 to
SN-38 in the intestinal cells, especially the crypt cells, may
be more important in determining the severity of diarrhea
caused by the administration of CPT-11 than the amount of
SN-38 in the intestinal lumen.

In conclusion, we demonstrated that a significant quantity
of SN-38 was adsorbed onto intestinal microflora, but a small
amount of SN-38 was detected in the supernatant in vitro.
Further studies are needed to identify the exact role of the
intestinal microflora in CPT-11-induced late-onset diarrhea.

References

1. Hsiang YH, Hertzberg R, Hecht S and Liu LF: Camptothecin
induces protein-linked DNA breaks via mammalian DNA
topoisomerase . J Biol Chem 260: 14873-14878, 1985.

2. Masuda N, Kudoh S and Fukuoka M: Irinotecan (CPT-11):
pharmacology and clinical applications. Crit Rev Oncol
Hematol 24: 3-26, 1996.



730

10.

11.

12.

. Hecht JR: Gastrointestinal toxicity of irinotecan. Oncology 12:

72-78,1998.

. Noda K, Nishiwaki Y, Kawahara M, Negoro S, Sugiura T,

Yokoyama A, Fukuoka M, Mori K, Watanabe K, Tamura T,
Yamamoto S and Saijo N: Irinotecan plus cisplatin compared
with etoposide plus cisplatin for extensive small-cell lung
cancer. N Engl J Med 346: 85-91, 2002.

. Iyer L, King CD, Whitington PF, Green MD, Roy SK, Tephly TR,

Coffman BL and Ratain MJ: Genetic predisposition to the
metabolism of irinotecan (CPT-11). Role of uridine diphosphate
glucuronosyltransferase isoform 1A1 in the glucuronidation of
its active metabolite (SN-38) in human liver microsomes. J Clin
Invest 101: 847-854, 1998.

. Rivory LP and Robert J: Identification and kinetics of a beta-

glucuronide metabolite of SN-38 in human plasma after
administration of the camptothecin derivative irinotecan. Cancer
Chemother Pharmacol 36: 176-179, 1995.

. Itoh T, Takemoto I, Itagaki S, Sasaki K, Hirano T and Iseki K:

Biliary excretion of irinotecan and its metabolites. J Pharm
Pharm Sci 7: 13-18, 2004.

. Ikegami T, Ha L, Arimori K, Latham P, Kobayashi K, Ceryak S,

Matsuzaki Y and Bouscarel B: Intestinal alkalization as a possible
preventive mechanism in irinotecan (CPT-11)-induced diarrhea.
Cancer Res 62: 179-187, 2002.

. Ikuno N, Soda H, Watanabe M and Oka M: Irinotecan (CPT-11)

and characteristic mucosal changes in the mouse ileum and
cecum. J Natl Cancer Inst 87: 1876-1883, 1995.

Takasuna K, Hagiwara T, Hirohashi M, Kato M, Nomura M,
Nagai E, Yokoi T and Kamataki T: Involvement of beta-
glucuronidase in intestinal microflora in the intestinal toxicity of
the antitumor camptothecin derivative irinotecan hydrochloride
(CPT-11) in rats. Cancer Res 56: 3752-3757, 1996.

Alimonti A, Gelibter A, Pavese I, Satta F, Cognetti F, Ferretti G,
Rasio D, Vecchione A and Di Palma M: New approaches to
prevent intestinal toxicity of irinotecan-based regimens. Cancer
Treat Rev 30: 555-562,2004.

Saliba F, Hagipantelli R, Misset JL, Bastian G, Vassal G,
Bonnay M, Herait P, Cote C, Mahjoubi M, Mignard D and
Cvitkovic E: Pathophysiology and therapy of irinotecan-induced
delayed-onset diarrhea in patients with advanced colorectal
cancer: a prospective assessment. J Clin Oncol 16: 2745-2751,
1998.

13

14.

15.

16.

17.
18.

19.

20.

YAMAMOTO et al: ADSORPTION OF SN-38 BY INTESTINAL MICROORGANISMS

. Michael M, Brittain M, Nagai J, Feld R, Hedley D, Oza A, Siu L
and Moore MJ: Phase II study of activated charcoal to prevent
irinotecan-induced diarrhea. J Clin Oncol 22: 4410-4417, 2004.

Holdeman LV, Cato EP and Moore WEC: Anaerobe Laboratory
Manual. 4th edition, Virginia Polytechnic Institute and State
University, Blacksburg, 1977.

Kurita A and Kaneda N: High-performance liquid chromato-
graphic method for the simultaneous determination of the
camptothecin derivative irinotecan hydrochloride, CPT-11, and
its metabolites SN-38 and SN-38 glucuronide in rat plasma with
a fully automated on-line solid-phase extraction system,
PROSPEKT. J Chromatogr B Biomed Sci Appl 724: 335-344,
1999.

Kaneda N, Hosokawa Y and Yokokura T: Simultaneous deter-
mination of the lactone and carboxylate forms of 7-ethyl-10-
hydroxycamptothecin (SN-38), the active metabolite of irinotecan
(CPT-11), in rat plasma by high performance liquid chromato-
graphy. Biol Pharm Bull 20: 815-819, 1997.

Pizzolato JF and Saltz LB: The camptothecins. Lancet 361:
2235-2242,2003.

Takasuna K, Hagiwara T, Hirohashi M, Kato M, Nomura M,
Nagai E, Yokoi T and Kamataki T: Inhibition of intestinal
microflora beta-glucuronidase modifies the distribution of the
active metabolite of the antitumor agent, irinotecan hydro-
chloride (CPT-11) in rats. Cancer Chemother Pharmacol 42:
280-286, 1998.

Meincke BE, Kranz RG and Lynch DL: Effect of irgasan on
bacterial growth and its adsorption into the cell wall. Microbios
28: 133-147, 1980.

Khanna R, Morton CL, Danks MK and Potter PM: Proficient
metabolism of irinotecan by a human intestinal carboxy-
lesterase. Cancer Res 60: 4725-4728, 2000.



