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Abstract
Introduction Irinotecan (CPT-11) is an inhibitor of DNA
topoisomerase I and is clinically eVective against several
cancers. A major toxic eVect of CPT-11 is delayed diarrhea;
however, the exact mechanism by which the drug induces
diarrhea has not been established.
Purpose Elucidate the mechanisms of induction of
delayed diarrhea and determine the eVects of the cytokine
production inhibitor pentoxifylline (PTX) and thalidomide
(TLD) in the experimental model of intestinal mucositis,
induced by CPT-11.
Materials and methods Intestinal mucositis was induced
in male Swiss mice by intraperitoneal administration of
CPT-11 (75 mg/kg) daily for 4 days. Animals received sub-
cutaneous PTX (1.7, 5 and 15 mg/kg) or TLD (15, 30,
60 mg/kg) or 0.5 ml of saline daily for 5 and 7 days, starting

1 day before the Wrst CPT-11 injection. The incidence
of delayed diarrhea was monitored by scores and the ani-
mals were sacriWced on the 5th and 7th experimental day
for histological analysis, immunohistochemistry for TNF-�
and assay of myeloperoxidase (MPO) activity, tumor
necrosis factor-� (TNF-�), interleukin-1� (IL-1�) and KC
ELISA.
Results CPT-11 caused signiWcant diarrhea, histopatho-
logical alterations (inXammatory cell inWltration, loss of
crypt architecture and villus shortening) and increased
intestinal tissue MPO activity, TNF-�, IL-1� and KC level
and TNF-� immuno-staining. PTX inhibited delayed diar-
rhea of mice submitted to intestinal mucositis and reduced
histopathological damage, intestinal MPO activity, tissue
level of TNF-�, IL-1� and KC and TNF-� immuno-
staining. TLD signiWcantly reduced the lesions induced by
CPT-11 in intestinal mucosa, decreased MPO activity,
TNF-� tissue level and TNF-� immuno-staining, but did
not reduce the severity of diarrhea.
Conclusion These results suggest an important role of
TNF-�, IL-1� and KC in the pathogenesis of intestinal
mucositis induced by CPT-11.

Keywords CPT-11 · Mucositis · Intestine · 
Pentoxifylline · Thalidomide · Cytokine

Introduction

Irinotecan (CPT-11, 7-ethyl-10[4-[1-piperidino-1-piperi-
dino]carbonyloxycampto-thecin), a potent DNA topoisomerase
I inhibitor, is used clinically to treat colorectal, gastric,
lung, breast, ovarian cancers, pancreatic and malignant
lymphoma [7, 21, 27, 30]. CPT-11 is a prodrug which is
activated by carboxylesterases to a 100- to 1000-fold more
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cytotoxic metabolite SN-38 (7-ethyl-10-hydroxycampothe-
cin). SN-38 is further converted to its glucuronide (SN-
38G) by uridine diphosphate glucuronosyltransferase 1A
isoforms, which can be converted back to SN-38 by intesti-
nal microbial �-glicuronidase and undergo enterohepatic
recycling. SN-38 is considered to be the main cause of diar-
rhea [7, 36, 40, 42]. A second less important metabolic
pathway of CPT-11 is cytochrome P450. Biliary excretion
is the major elimination route for CPT-11 and its major
metabolites, with the urinary excretion being a less impor-
tant pathway [15, 40].

The main clinically important toxic eVects or dose-limiting
factors of CPT-11 are severe delayed diarrhea and leukope-
nia [7, 18]. CPT-11 causes two types of diarrhea, Wrst an
early secretory diarrhea which is cholinergic in nature and
can be prevented by the administration of atropine and sec-
ond, a delayed diarrhea which has high incidence, and
when it is serious, may limit the eVectiveness of the treat-
ment, since it is usually necessary to reduce or even inter-
rupt its administration [12, 31].

Previous studies have demonstrated that thalidomide
(TLD) signiWcantly reduces CPT-11-induced intestinal toxic-
ity and showed that TLD interferes with the pharmacokinetics
and pharmacodynamics of CPT-11, decreasing the systemic
exposure of SN-38, reducing half-life of this metabolite and
diminishing the billiary excretion and cecal exposure of CPT-
11, SN-38 and SN-38G. These actions could, at least par-
tially, explain TLD preventive eVect on CPT-11-induced
intestinal lesions [41, 42]. Additionally, the same authors
demonstrated that TLD inhibits CPT-11-induced production
of cytokines, such as tumor necrosis factor-� (TNF-�), inter-
leukin-1�((IL-1�) and interferon-� (IFN-�) [41].

Thus, drugs that modulate cytokine synthesis may serve
as potential therapeutic tools. Pentoxifylline (PTX) is a
methylxanthine derivative which reduces the expression of
pro-inXammatory cytokines such as TNF-�, IL-1�, and IL-8
[16, 26, 37]. TLD, an �-N-phthalimidoglutarimide, is a syn-
thetic glutamic acid derivative which inhibits TNF-� pro-
duction by enhancing the degradation of its messenger RNA
[24, 33] and alters plasma pharmacokinetics of CPT-11 and
SN-38 [41, 42]. Based on this background, the aim of the
present study was to investigate the mechanisms underlying
CPT-11-induced delayed diarrhea and determine the eVects
of the cytokine inhibitors PTX and TLD on the mouse
experimental model of CPT-11-induced intestinal mucositis.

Material and methods

Animals

Male Swiss mice, weighing 25–35 g, from the Federal
University of Ceará, were used in the present study. The

animals had free access to drinking water and food. All
procedures and animal treatment were conducted in accor-
dance with guidelines set forth by the US Department of
Health, Education and Welfare [25] and were approved by
our local ethics committee for experimental animal use.

Drugs

The following drugs were used: irinotecan hydrochloride
(CPT-11, Camptosar®, Pharmacia and Upjohn Co, Kalama-
zoo, EUA, 100 mg ampoule); pentoxifylline (Trental®, Hoe-
chst, São Paulo, Brazil, 100 mg ampoule); thalidomide
(Talidomida®, CEME, Minas Gerais, Brazil, 100 mg tablet).

Induction of experimental intestinal mucositis

Experimental intestinal mucositis in mice was based on a
model previously described by Ikuno et al. [18] and modi-
Wed for our experimental conditions. Saline or CPT-11
(75 mg/kg) was administered intraperitonally (i.p.), for four
consecutive days. On days 5 and 7, the mice were killed by
cervical dislocation.

Experimental design

Mouse groups with intestinal mucositis were treated subcu-
taneously (s.c.) with PTX (1.7, 5 and 15 mg/kg or saline—
0.5 ml) or TLD (15, 30 and 60 mg/kg or saline-DMSO
2%—0.5 ml) daily for 7 days, starting 1 day before the Wrst
CPT-11 injection.

Diarrhea assessment

The severity of diarrhea was monitored throughout the
experimental period. Diarrhea observed after the Wnal
administration was considered to be delayed-onset diarrhea.
The severity of the diarrhea was scored as described by
Kurita et al. [20] as follows: 0—normal, normal stool or
absent; 1—slight, slightly wet and soft stool; 2—moderate,
wet and unformed stool with moderate perianal staining of
the coat; and 3—severe, watery stool with severe perianal
staining of the coat.

Histopathological analysis

On day 7, after killing, the intestines (duodenum, jejunum
and ileum) were dissected. In each experiment, samples
were removed for histopathological analysis. The speci-
mens were Wxed in 10% (v/v) neutral-buVered formalin,
dehydrated and embedded in paraYn. Sections were cut and
stained with haematoxylin and eosin (H&E) and examined by
light microscopy (photomicrographs at £100 and £400
magniWcation). Blind method was used to avoid observer
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bias. The severity of mucositis was graded using the fol-
lowing criteria previously described: grade 0, no lesion;
grade 1, <10% crypts contain individual necrotic cells,
grade 2, >10% crypts contain necrotic cells but the crypt
architecture is intact; grade 3, >10% crypts contain necrotic
cells showing focal loss of crypt architecture (<20%), villi
are shortened, and variable hypertrophy/hiperbasophilia
apparent in the remaining crypt cells; and grade 4, same as
grade 3 except that the loss of crypt architecture and villous
shortening are more extensive [39].

Intestinal morphometry

In the morphometric analysis a Nikon microscope with 10£
objective lenses and micrometric 10£ Leitz Wetzlar ocular
lenses were used. The measures were made by the NIH
image software for analysis of the histological sections. An
average of 5 to 10 diVerent linear measurements of crypt
depth and villus height was considered. Height of the villus
was considered from the top to the bottom, which corre-
sponds to the junction of the crypt/villus; and the depth of
the crypts, deWned as invagination between adjacent villus.

Myeloperoxidase (MPO) assay

MPO activity, a marker for neutrophils in inXamed tissue,
was measured in mice intestine, using a modiWed version
from Bradley et al. [5]. The animals had a sample of intes-
tine removed on day 7 for analysis of MPO activity. The
specimen was stored at ¡70°C until required for assay. The
mucosa was weighed and triturated using a Polytron Ultra-
turrax in ice-cold buVer solution (0.1 M NaCl, 20 mM
NaPO4, 15 mM NaEDTA), and the homogenate was centri-
fuged at 4°C for 10 min (4,200 rpm). The supernatant was
collected for analyses in the enzyme-linked immunosor-
bance assay (ELISA) and values were expressed as units of
MPO per mg of tissue.

Detection of cytokines (TNF-�, IL-1�, KC) 
in duodenum tissue

The animals had a sample of their intestine removed on day
5 and day 7 for analysis of cytokines. The specimen was
stored at -70°C until required for assay. The tissue collected
was homogenized and processed as described by SaWeh-
Garabedian et al. [32]. The detection of TNF-�, IL-1� and
KC concentrations was determined by ELISA, as described
previously [8]. BrieXy, microtiter plates were coated over-
night at 4°C with antibody against mice TNF-�, IL-1� and
KC (2 �g/ml). After blocking the plates, the samples and
standard at various dilutions were added in duplicate and
incubated at 4°C for 24 h. The plates were washed three
times with buVer. After washing the plates, biotinylated

sheep polyclonal anti-TNF-� or anti-IL-1� or anti-KC
(diluted 1:1000 with assay buVer 1% BSA), was added to
the wells. After further incubation at room temperature for
1 h, the plates were washed and 50 �l of avidin-HRP
diluted 1:5000 were added. The color reagent o-phenylen-
ediamine (OPD; 50 �l) was added 15 min later and the
plates were incubated in the dark at 37°C for 15–20 min.
The enzyme reaction was stopped with H2SO4 and absor-
bance was measured at 490 nm. Values were expresses as
picograms/milliliter (pg/ml).

Expression of TNF-� in duodenum tissue

Immunohistochemistry for TNF-� was performed using the
streptavidin-biotin-peroxidase method [17] in formalin-
Wxed, paraYn-embedded tissue sections (4 �m thick),
mounted on poly-L-lysine-coated microscope slides. The
sections were deparaVinized and rehydrated through xylene
and graded alcohols. After antigen retrieval, endogenous
peroxidase was blocked (15 min) with 3% (v/v) hydrogen
peroxide and washed in phosphate-buVered saline (PBS).
Sections were incubated overnight (4°C) with primary anti-
TNF-� antibody (polyclonal goat anti-mouse) diluted 1:200
in PBS plus bovine serum albumin (PBS-BSA). The slides
were then incubated with biotinylated goat anti-IgG, diluted
1:200 in PBS-BSA. After washing, the slides were incu-
bated with avidin-biotin-horseradish peroxidase conjugate
(Strep ABC complex by Vectastain® ABC reagent and per-
oxidase substrate solution) for 30 min, according to the
Vectastain protocol. TNF-� was visualized with the chro-
mogen 3,3�diaminobenzidine (DAB). Negative control sec-
tions were processed simultaneously as described above but
with the Wrst antibody being replaced by PBS-BSA 5%.
None of the negative controls showed TNF-� immunoreac-
tivity. Slides were counterstained with Harry’s haematoxy-
lin, dehydrated in a graded alcohol series, cleared in xylene,
and coverslipped.

Table 1 Delayed diarrhea after administration of CPT-11 of mice
treated with pentoxifylline (PTX) and thalidomide (TLD)

PTX (1.7 and 5 mg/kg) signiWcantly inhibit delayed diarrhea CPT-11-
induced. Data represent median values of scores and were analyzed by
using Kruskal–Wallis and Dunn’s test (n = 8). #P < 0.05 statistical
diVerences compared to normal mice. *P < 0.05 statistical diVerences
compared to mice submitted to intestinal mucositis and treated with
saline

Day Normal CPT-11 (75 mg/kg)

Saline PTX (mg/kg) TLD (mg/kg)

1.7 5 15 15 30 60

5 0 (0–0) 0(0–3) 0(0–3) 0(0–3) 1(0–3) 0(0–3) 0(0–3) 0(0–3)

6 0 (0–0) 3(0–3)# 1(0–3) 1(0–2) 2(0–3) 1(0–3) 1(0–3) 1(0–3)

7 0 (0–0) 3(3–3)# 0(0–3)* 0(0–3)* 2(0–3) 1(0–3) 1(0–3) 1(0–3)
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Statistical analysis

The data are presented as means § standard error of the
mean (SEM) or medians, where appropriate. Analysis of
Variance (ANOVA), followed by Bonferroni’s test, was
used to calculate the means, and Kruskal–Wallis followed
by Dunn’s test was used to compare medians. A P-value of
<0.05 was considered as indicating signiWcant diVerences.

Results

PTX, but not TLD reduced delayed diarrhea 
induced by CPT-11

CPT-11 (75 mg/kg) caused signiWcant diarrhea (P < 0.05)
on the 6th and 7th day after its Wrst administration. PTX
(1.7 and 5 mg/kg) signiWcantly reduced the severity of the

delayed diarrhea induced by CPT-11 in the 7th experimen-
tal day. TLD failed to prevent CPT-11-related delayed diar-
rheal symptoms (Table 1).

PTX and TLD reduced the histopathological alterations 
induced by CPT-11 on intestinal mucosa

CPT-11 induced shortened of the villi, loss of architecture
the crypt and inWltration of inXammatory cells in the lamina
propria (Fig. 1d, e, f), characterized mucositis grade 4. PTX
(Fig. 1g, h, i) and TLD (Fig. 1j, k, l) signiWcantly reduced
the histopathological alterations observed in intestinal
mucositis induced by CPT-11. The treatment with PTX in
the 1.7 and 5 mg/kg and TLD in the 60 mg/kg, during
7 days, starting 1 day before of the mucositis induction,
reduced the shortening of the villi, the inWltration of inXam-
matory cells and the alteration of crypt size and architec-
ture. When the histological score was used it was observed

Fig. 1 Photomicrographs of 
duodenum. Normal mice, show-
ing the preservation of villi (a, b) 
and crypts (c). Mice submitted to 
intestinal mucositis by CPT-11, 
showing villi shortened recov-
ered with Xattened and vacuo-
lated cells (d, e; arrow), loss of 
crypt architecture and inWltration 
of inXammatory cells in the lam-
ina propria (f; arrowhead). Mice 
submitted to intestinal mucositis 
by CPT-11 and treated with pen-
toxifylline (1.7 mg/kg), showing 
preservation of the villi and 
crypts (g, h, i). Mice submitted 
to intestinal mucositis by CPT-
11 and treated with thalidomide 
(60 mg/kg), showing a smaller 
shortening of the villi (j, k) and 
preservation of the crypts (l). 
H&E staining (£100 and £400 
magniWcation)
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that PTX in the 1.7 mg/kg dose reduced grade of CPT-11-
induced mucositis in the duodenum, jejunum, ileum (grades
1, 2 and 3, respectively). On the other hand, the dose of
5 mg/kg had a better eVect at duodenum and jejunum than
in ileum. TLD (60 mg/kg) signiWcantly reduced the histo-
logical alterations observed in duodenum (grade 1)
(Table 2).

The results of the morphometric analysis of the animals
with CPT-11-induced intestinal mucositis treated or not
treated with PTX or TLD as observed in Fig. 2. CPT-11
signiWcantly (P < 0.05) shortened both the villus height and
crypt dept in all intestinal segments. PTX treatment signiW-
cantly (P < 0.05) enlarged the depth of the intestinal crypts
in the segments of the duodenum, jejunum and ileum. It

Fig. 2 PentoxyWlline (PTX 1.7 
and 5 mg/kg) and thalidomide 
(TLD 60 mg/kg) reduced the 
shortening of the villi and in-
crease the depth of the duode-
num crypts in mice submitted to 
intestinal mucositis. Bars repre-
sent the mean § standard error 
of the mean (SEM). #P < 0.05 
statistical diVerence compared to 
normal mice. *P < 0.05 statisti-
cal diVerence compared to mice 
submitted to intestinal mucositis 
treated with saline. The number 
of animals in each group was a 
least six. ANOVA and Bonfer-
roni’s test

µ

µ

µ µ

µ

µ

Table 2 Histological grading of mucositis for intestine of mice treated with pentoxifylline (PTX) and thalidomide (TLD) on day 7 after CPT-11
administration

PTX (1.7 and 5 mg/kg) and TLD (60 mg/kg) signiWcantly reduced grade of CPT-11-induced intestinal mucositis. Data represent median values of
scores and were analyzed by using Kruskal–Wallis and Dunn’s test (n = 8). #P < 0.05 statistical diVerences compared to normal mice. *P < 0.05
statistical diVerences compared to mice submitted to intestinal mucositis and treated with saline

Day Normal CPT-11 (75 mg/kg)

Saline PTX (mg/kg) TLD (mg/kg)

1.7 5 15 15 30 60

Duodenum 0 (0–0) 4(3–4)# 1(0–4)* 2(0–3)* 3(1–4) 2(1–4)# 2(1–4) 1(1–4)*

Jejunum 0 (0–0) 4(4–4)# 2(0–4)* 2(0–4)* 4(0–4)# 4(1–4) 3(1–4)# 3(1–4)#

Ileum 0 (0–0) 4(4–4)# 3(0–4)* 4(3–4)# 4(3–4)# 2(1–4) 4(1–4)# 4(1–4)#
123
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was also observed that PTX in the 1.7 and 5 mg/kg signiW-
cantly (P < 0.05) reduced the shortening of the villi in the
duodenum and jejunum. On the hand, in the ileum, only the
smaller dose (1.7 mg/kg) signiWcantly (P < 0.05) reduced
the shortening of the villi. TLD (60 mg/kg) treatment sig-
niWcantly increase (P < 0.05) the depth of the intestinal
crypts and the villi height in the duodenum.

MPO activity inhibition by PTX and TLD 
in CPT-11-induced intestinal mucositis

MPO activity was measured in intestinal tissue as an indi-
cator of neutrophil inWltration. Our results showed that
CPT-11 (75 mg/kg) induced a signiWcant increase in MPO
activity at day 7 after mucositis induction, in comparison to
non-treated animals. PTX (1.7, 5, 15 mg/kg) and TLD (15,
30, 60 mg/kg) administered daily for 7 days, starting 1 day

before CPT-11 treatment, signiWcantly blocked (P < 0.05)
this elevation in MPO activity (Fig. 3).

Inhibition of the pro-inXammatory cytokine production 
by PTX and TLD in CPT-11-induced intestinal mucositis

CPT-11 (75 mg/kg) signiWcantly (P < 0.05) increased the
intestinal tissue level of TNF-� on days 5 and 7. It was also
observed that mice submitted to CPT-11-induced intestinal
mucositis on day 7 increase levels of IL-1� and KC
(Fig. 4). PTX (1.7 mg/kg) by 7 days reverted the raise of
TNF-�, IL-1� and KC level induced by administration of

Fig. 3 PentoxyWlline (PTX 1.7, 5 and 15 mg/kg) and thalidomide
(TLD 15, 30 and 60 mg/kg) inhibit myeloperoxidase (MPO) activity in
intestine of mice submitted to intestinal mucositis. Bars represent the
mean § standard error of the mean (SEM) expressed as units of MPO
per mg of tissue. #P < 0.05 statistical diVerence compared to normal
mice. *P < 0.05 statistical diVerence compared to mice submitted to
intestinal mucositis treated with saline. The number of animals in each
group was a least six. ANOVA and Bonferroni’s test
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Fig. 4 CPT-11 increased the intestinal tissue level of TNF-�, IL-1�
and KC in the duodenum of mice. Bars represent the mean § standard
error of the mean (SEM) of the concentration in pg/ml. #P < 0.05 sta-
tistical diVerence compared to normal mice. *P < 0.05 statistical diVer-
ence compared to mice submitted to intestinal mucositis treated with
saline. The number of animals in each group was a least Wve. ANOVA
and Bonferroni’s test
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CPT-11 on day 7 (P < 0.05). TLD (60 mg/kg) inhibited
TNF-� tissue level without aVecting IL-1� and KC (Fig. 5).

Immunohistochemical reation for TNF-�

The duodenum of mice submitted to mucositis by CPT-11
showed marked immuno-staining for TNF-�. Areas of
intense staining corresponded with areas of surface epithe-
lium and lamina propria (Fig. 6c). Moderate TNF-� stain-
ing was seen in epithelial cells of the normal duodenum
(Fig. 6b). PTX (1.7 mg/kg) and TLD (60 mg/kg) caused
decrease of TNF-� immuno-staining in the duodenum tis-
sue when compared with group of animals subjected to
experimental mucositis that did not receive treatment
(Fig. 6d and e).

Discussion

In this study, it was demonstrated that treating mice with
CPT-11 caused signiWcant intestinal mucositis presenting
mucosa damage with small denuded areas. Most of the villi
were Xattened, the intestinal epithelial cells were vacuo-
lated and the crypts were necrotic or shortened. The lamina
propria presented intense inWltration of inXammatory cells.
These data are in accordance with previous studies, show-
ing similar aspects of intestinal mucositis induced by CPT-
11 [11, 18, 20]. These authors have shown that CPT-11
treatment caused severe intestinal damage with villus and
crypt hypoplasia and apoptosis in crypts of the small and
large intestines [11].

The observation that CPT-11 treatment caused increase
in MPO activity, in comparison with non-treated animals,
demonstrated the combination of mucosal injury with neu-
trophil inWltration, supporting the hypothesis of the occur-
rence of an inXammatory phase in the mucositis
pathological process [35]. Neutrophil migration represents
a central component of the immune response, employing
potent eVect mechanism such as phagocytosis, production
of reactive oxygen species and the release of inXammatory
mediators [29].

We also demonstrated that delayed diarrhea symptoms
caused by CPT-11 began on 6th to 7th experimental day.
Consistently, pathological change in the gastrointestinal
tract was most profound at this stage. These data were cor-
roborated by other authors [18, 20]. Diarrhea may be caused
by abnormalities of intestinal absorption or secretion due to
a change in intestinal microXora, increased peristalsis or
drug-induced epithelial damage [11, 18, 36, 40]. Further-
more, this model reproduces important signs and symptoms
seen in chemotherapy-induced intestinal mucositis in
patients, and has therefore been extensively used in the
study of this condition. Despite considerable eVorts to treat

chemotherapy-induced intestinal mucositis adequately, this
pathological disorder continues to be an important dose-
limiting complication cancer chemotherapy.

In the present investigation, it was demonstrated that
PTX signiWcantly reduced the CPT-11-induced lesions in
the intestinal mucosa, improving the recovery of crypts and
villi. The lowest doses of PTX (1.7 and 5 mg/kg) had a bet-
ter protector eVect in intestinal structures and reduced the
severity of CPT-11-induced diarrhea. However, the highest
dose (15 mg/kg) did not reduce diarrhea nor intestinal
mucositis grade, determined by the histopathological score,
despite the fact that this dose reduced the CPT-11-induced
crypt morphometric alterations. So a protector eVect of this

Fig. 5 PentoxyWlline (PTX 1.7 mg/kg) and thalidomide (TLD 60 mg/
kg) reduced TNF-�, and PTX also decrease IL-1� and KC intestinal
tissue level in mice submitted to intestinal mucositis. Bars represent
the mean § standard error of the mean (SEM) of the concentration in
pg/ml. #P < 0.05 statistical diVerence compared to normal mice.
*P < 0.05 statistical diVerence compared to mice submitted to intesti-
nal mucositis treated with saline. The number in each group was a least
Wve. ANOVA and Bonferroni’s test
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dose may be considered since improvement in morphomet-
ric alterations may precede the recovery of functional alter-
ations in intestinal mucositis [35].

The microscopic eVects were associated with reduced
neutrophil inWltration detected by MPO activity. This eVect
of PTX is consistent with previous reports showing that
PTX has inhibited the migration of neutrophils in the peri-
toneal cavity induced by Clostridium diYcile toxin A [6]
and in the synovial cavity induced by ovalbumin [4]. A
number of investigators have also described anti-inXamma-
tory eVects of PTX. The treatment with a single dose with
PTX signiWcantly attenuates inXammatory response in
experimental pancreatitis induced by cerulean [13]. The
administration of PTX in patients submitted to transplant
bone marrow reduced the severity of mucositis and reduced
the need of total parenteral nutrition [3]. Later reports have
not proven this clinic beneWt [10]. Recently, it was shown
that PTX and TLD protects hamsters from oral mucositis
induced by 5-Xuorouracil [22]. However, the eVect of PTX
on CPT-11-induced delayed diarrhea was not yet studied.

Here, the lowest doses of PTX had better anti-inXamma-
tory eVect. Accordingly Abdel-Salam et al. [1] demon-
strated that administration of PTX in rats 30 min before
injection of carrageenan reduces paw edema. However,
higher doses of PTX, although causing marked early

suppression of the inXammatory response, has its eVects
sustained for only two hours, with return of inXammation to
control levels by the end of experimental period. This
might suggest that the reduction in anti-inXammatory
eVects seen with the higher doses of the drug is a conse-
quence of a marked vasodilator activity leading to
increased functional lumen, intravascular pressure and
microvascular permeability. In addition, release of prosta-
cyclin or nitric oxide [28], following the higher doses of the
drug could have induced inXammatory exudation [1].
Besides, PTX shows a regulator eVect of IL-10, an anti-
inXammatory cytokine which seems to be drug concentra-
tion dependent. In vitro and in vivo, higher concentrations
of PTX inhibit IL-10, while lower concentrations induce
higher synthesis of this cytokine [23].

TLD, in a similar manner to PTX signiWcantly reduced
the lesions induced by CPT-11 in intestinal mucosa and
neutrophil inWltration detected by MPO activity, but did not
reduce the severity of diarrhea. The more eVective inhibi-
tory action of PTX compared with TLD may be in part
explained by distinct eVects other than inhibiting TNF-�. It
has been demonstrated that PTX reduces production of
cytokines, such as TNF-�, IL-1� and IL-8 [16, 26, 37].
TLD was shown to inhibit TNF-� production [24, 33] with-
out aVecting the production of either IL-1� [19, 24, 33] or

Fig. 6 Representative examples 
of TNF-� immunohistochemis-
try in the duodenum of mice 
(£400 magniWcation). b Moder-
ate TNF-� staining was seen in 
epithelial cells of normal duode-
num. c The duodenum of mice 
which received CPT-11 and sa-
line, presented intense immuno-
staining for TNF-� on the sur-
face epithelium (arrow) and on 
lamina propria cells (arrow 
head). d, e The treatment with 
pentoxifylline (1.7 mg/kg) and 
thalidomide (60 mg/kg) consid-
erably reduced the immuno-
staining in the surface epithe-
lium and lamina propria. a Neg-
ative control represents a sample 
of the duodenum where the Wrst 
antibody was replaced by PBS-
BSA 5% and no staining was de-
tected
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IL-8 [19]. In the present study, we demonstrated that CPT-
11 increases TNF-� in 5th and 7th experimental day. CPT-
11 increase IL-1� and KC level in intestinal tissue on day 7.
Thus, the protective eVect of PTX found in the present
study could be explained by its capacity to inhibit the
production of these three inXammatory cytokines (TNF-�,
IL-1� and KC).

Clinical trial demonstrated that TLD with CPT-11 ame-
liorated the gastrointestinal toxicity and enhanced the anti-
tumor activity of CPT-11 in colorectal cancer patients [14].
However, others studies did not conWrm its anti-diarrhea
activity [2]. In rats, TLD inhibited TNF-� production intes-
tinal, epithelial apoptosis and reduced CPT-11-induced
diarrhea [41]. Other studies showed that these preventive
eVects of TLD were associated with changes in CPT-11
pharmacokinetic and pharmacodynamic [41, 42].

In accordance to our data, it has been demonstrated that
cytokines regulate and amplify the immune response,
induce tissue injury and mediate complications such as
diarrhea [34]. Williams [38] reported that inXammatory
cytokines, such IL-1, IL-6, TNF-�, IFN-� and IL-2 contrib-
ute to the severity and maintenance of injury in the intesti-
nal mucositis. De Koning et al. [9] demonstrated that
mucosal immune response has an important role during
methotrexate-induced mucositis, TNF-� contributes to and
IL-10 regulates mucosal damage by restricting excessive
mucositis. It is also known that IL-1�, IL-1� and TNF-�
stimulate secretion of others cytokines, metabolites of ara-
chidonic acid and proteases by macrophages, neutrophils,
smooth muscle cells, Wbroblast and epithelial cells [34].
KC, the mouse ortholog of human IL-8, is an important
chemokine in the intestinal inXammatory process, recog-
nized as a powerful neutrophils chemotaxic factor [29].

In conclusion, TNF-�, IL-1� and KC are important
mediators in pathogenesis of intestinal mucositis. PTX and
TLD showed a protector eVect in intestinal structures.
However, only PTX, reduced the severity of CPT-11-
induced diarrhea. This result may be explained by TLD
more selective TNF-� inhibition. The possibility of using
these drugs in the treatment of humans merits further inves-
tigation.
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