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Introduction

Gastrointestinal toxicity due to Diarrhea, abdominal pain, nausea, vomiting
chemotherapeutic drugs is a major cause of and anorexia, weight loss are the most
morbidity and mortality in cancer patients. significant signs of entero-toxicity (1).
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5-Fluorouracil (5-FU) is a chemotherapeutic
agent commonly used for cancer therapy,
mainly metastatic colorectal cancer (2,3).
Intestinal mucositis is the most prevalent side
effect of 5-FU therapy (4). 5-Fluorouracil is
an analog of uracil and thymine. It is
metabolized in the liver, generating
metabolites which inhibits  thymidylate
synthase enzyme which is DNA synthesis and
cell division (5). The cytotoxic effects of 5-FU
in the GIT cells are a severe problem, as they
decrease the patient’s ability to tolerate
treatment with discontinuation of therapy (6).

Probiotics are live microorganisms that can
maintain a beneficial microbial balance in the
digestive tract (7). They can be found in
yogurt and other fermented foods, dietary
supplements, and certain drugs (8). Probiotics
have the ability to optimize the intestinal
microbiota composition, improve intestinal
immune regulation, and suppress oxidative
stress (9,10).

Recently, probiotics have been investigated as
a therapeutic approach in diarrhea, colitis,
enteric infection, irritable bowel syndrome,
radiation and chemotherapy-induced mucositis
(11). It has been reported that probiotics can
promote crypt cell proliferation, preventing
apoptosis, reduce pro-inflammatory cytokine
production and regulate the intestinal immune
system (12).

Material and methods

Animals:

This experimental study was done on 50
healthy adult male albino rats weighing 180-
200 gram. The rats were obtained from
Faculty of Veterinary Medicine, Benha
University then housed in plastic cages at 20 £
2°C and 14 h: 10 h light: dark, Rats were fed
standard diet and water. The procedures were
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reviewed and approved by the Research
Ethical Committee of Faculty of Medicine,
Benha University. After an accommodation
period of 1 week, experiment was done from 5
may 2022 to 13 may 2022.

Drugs:

5-Fluorouracil: produced by Biosyn,
Arzneimittel, Gmbh, Germany with its trade
name; 5-FU biosyn. It is presented in ampoule
formula, in a concentration of 1000 mg/20 mL
of 5-FU.

Probiotic: Lacteol fort, it was obtained from
the Tenth of Ramadan Co., Egypt in the form
of powder. Every sachet comprises of
Lactobacillus LB (10 billion lactobacillus
delbruekii and lactobacillus fermentum). The
content of sachet was dissolved in sterile
saline to form suspension comprising of 1x10’
colony forming unit (CFU) of the probiotic
cocktail.

Experimental design

Rats were divided randomly into 5 equal
groups:

Group | (control group): Ten rats that were
given standard diet and distilled water only.

Group Il (Probiotic group): Ten rats, each
rat was given 100 pL of the probiotic cocktail
suspension including 1x10” (CFU) daily by
gastric tube for 9 consecutive days (13).

Group Il ( 5-FU group): Ten rats each
received intraperitoneal injection of 50 mg/kg
b.w. 5-FU once daily for 5 consecutive days
from the 1% day of the experiment till the rats
were sacrificed at the 5™ day (14).

Group IV (Probiotic plus 5-FU group): Ten
rats each received intraperitoneal injection of
50 mg/kg b.w. 5-FU once daily (from 1st day
to 5th day) plus 100 pL of the probiotic
cocktail suspension including 1x10” (CFU) by



gastric tube daily for 9 consecutive days of the
experiment.

Group V (Recovery group): Ten rats each
received intraperitoneal injection of 50 mg/kg
b.w. 5-FU once daily for 5 consecutive days
then left without any medication till rats had
been sacrificed at the 9th day the rats (15).

The rats were weighted every day during the
duration of the experiment.

Histological examinations:

At the end of the experiment according to
timing mentioned in each group, the rats were
anesthetized via intraperitoneal injection of
sodium pentobarbital (Nembutal, 30 mg/kg
b.w.) for sacrificing. Jejunum samples have
been prepared for a light microscopic study.
They were fixed in 10 % formalin for 1 day
and were handled to make paraffin sections at
5 wm thickness. The sections were stained
with:

-Hematoxylin and Eosin (H&E) in each
group to demonstrate the general histological
structure (16).

- Alcian blue stain tissue sections were
deparaffinized, soaked in distilled water, kept
in 3% glacial acetic acid solution for 3 min.,
then incubated in Alcian-blue stain (1%
Alcian blue in 3% glacial acetic acid; pH 2.5)
for 30 min. Sections were counter stained with
Nuclear Fast Red for 5 min, soaked in water
and dehydrated (17).

Immunohistochemical analysis:

To evaluate the parameters of inflammation,
apoptosis and proliferation; inducible nitric
oxide synthase (INOS), cleaved caspase -3,
and Ki 67 expression in the intestine were
assessed by immunohistochemical staining.
Formalin-fixed, paraffin-embedded tissues

19

Probiotics and Mucositis Induced by 5-FU, 2023

were cut into 4 m thick sections. Cell
multiplying were determined after stimulation
with HistoVT One , using polyclonal rabbit
INOS antibody, rabbit-raised anti-cleaved
caspase-3, and anti-Ki-67 antibodies
respectively. After activation with HistoVT
One, the immunocomplex was visualized by
the avidin-biotin-peroxide method using the
Vecstatin Elite ABC Rabbit IgG Kit, according
to the manufacturer's instructions. Sections
were counter-stained with haematoxylin
(16,18).

6-Morphometrical study:

Photographs were obtained by an Olympus
IX51 light microscope equipped with a DP72
device camera. The area percent of iNOS,
Caspase-3and ki-67 immunopositive reaction
at a magnification of X 200, X200 and X400
respectively and the number goblet cells at a
magnification of X100 were studied in 6 non
overlapping fields/slide for each group using
Leica Qwin 500 image analyser computer
system (Cambridge, UK).

Statistical analysis

Data were expressed as meant SD. p<0.05
was significant tested by using one-way
analysis of variance (ANOVA) and post hoc
multiple comparisons by using SPSS software
(v.16; Chicago, USA).

Results:

Weight measurement results:

The measurements of the mean body weight
of the rats of all groups presented in histogram
1 . Rats of control and probiotic groups
showed a progressive increase in mean body
weight during all days of experiment. Rats of
5-FU group showed significant loss of mean
body weight, when compared to initial weight
recorded on 1st day of 5-FU injection of this
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group. Probiotic suppressed body weight loss
induced by 5-FU. The mean body weight of
rats of the recovery group in the first days was
significantly decreased, after stoppage of 5-

FU injection there was an increase in body
weight; however, the mean body weight
stayed significantly lesser than that of the
control.
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Histogram (1): Showing mean body weight of rats in the 5 groups

Histological result:

H &E stain:

Sections of intestine of rats stained with H&E
of probiotic group didn't reveal any difference
from control group.

Group | & Il: Sections stained with H&E of
intestine of control and probiotic groups
revealed that the mucosa of jejunum showed
villi and crypts. The villi appeared as finger
like projections thrown into the lumen. The
crypts of Lieberkuhn appeared as tube like
structures opened between the bases of the
villi and extended deeply to the muscularis
mucosa (Fig 1a,1b ). The surface of the villi
was covered by absorptive cells which
appeared tall columnar cells with basal oval
nuclei. The goblet cells were scattered
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between the absorptive cells (Figs 2a,2b).
Paneth cells in the base of crypts, appeared as
pyramidal cells with basal rounded nuclei and
apical eosinophilic secretory granules (Figs
3a, 3b).

Group I11: Sections stained with H&E of
intestine of rats of 5-FU group showed loss of
normal jejunal architecture varying from
broadening, fusion of some villi up to
sloughing into the lumen and areas of
complete erosion of the mucosa. The lamina
propria was separated from absorptive
epithelium and infiltrated with inflammatory
cells (Fig.lc, 1d). The absorptive cells
covering the villi were multi-nucleated with
cubical or rounded nuclei. The surface



epithelium of the villi showed sporadic areas
of erosion. Lamina propria contained
extravasation of RBCs and sub-epithelial
vacuolation. (Fig.2c). Some paneth cells
appeared ballooned with increase in their
apical eosinophilic granules and others were
destructed. The lamina propria showed
vacuolations and inflammatory infiltration.
The mucosa was detached from underlying
muscularis mucosa (Fig.3c).

Group IV:

Sections stained with H&E of intestine of rats
treated with 5-FU plus probiotic showed
preservation of normal jejunal architecture
with broadening of some villi (Fig.1e).Some
absorptive cells covering the villi appeared tall
columnar cells with basal oval nuclei in some
villi and other villi appeared cubical
multinucleated (Fig 2d) .The intestinal crypts
lined with normal absorptive cells and goblet
cells. At its bottom, paneth cells appeared
pyramidal in shape with basal rounded
nucleus. The lamina propria surrounding
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crypts showed inflammatory infiltration
(Fig.3d).

Group V:

Sections stained with H&E of intestine of rats
of the recovery group showed return of normal
jejunal architecture of the mucosa but some
villi were joined (Fig.1f). The absorptive cells
covering the villi appeared tall columnar cells
with basal oval nuclei in some villi and other
villi appeared cubical multinucleated. The
covering epithelium was intact in some areas,
while in other areas was destructed. The
lamina propria showed extravasation of RBCs
(Fig.2e). Some paneth cells appeared
pyramidal in shape with basal rounded
nucleus and apical secretory granules and
some appear ballooned. Rounded cystic
configuration  containing cellular  debris
replaced the normal structure of the crypts.
(Fig. 3e)
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Fig (1): A light micrographs of transverse section (T.S) in rat jejunum: (1a) group | and (1b) group II: showing lining
mucosa of jejunum has tongue like projections called villi (v) and a core of connective tissue called lamina propria (L),
crypts of Lieberkuhn (C). (1c) group Il showing: fusion of some villi (black arrow) and broadening of villi with The
lamina propria is infiltrated with inflammatory cells (). (1d) group Il showing : Sloughing of the villi into the
lumen(green arrow) and broadening of villi(asterisk).The lamina propria is separated from absorptive epithelium(black
arrow). complete erosion of the mucosa(red arrow). (1e) group IV showing: normal jejunal architecture (V) with
broadening of some villi (asterisk). (1f) group V showing: normal jejunal architecture of the mucosa (V) but some villi
are joined (arrow). (H&E X100)
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Fig (2): A light micrograph of T.S in rat jejunum: (2a) group | and (2b) group Il: showing the villi are covered by
absorptive cells (A) with their cubical basal nuclei and mature goblet cells (G) lamina propria (L). (2c) group llI:
showing intestinal villi with its covering absorptive cells are multinucleated with cubical or round nuclei (green
arrow).Sporadic areas of discontinuity of absorptive epithelium (head arrow). subepethelial vacuolation (va) and
extravasation of RBCs (zigzag line). (2d) group IV: Some absorptive cells covering the villi (V) appeared columnar
cells with basal oval nuclei (A) and other absorptive cells appeared cubical multinucleated(red arrow).(2e) group V
showing: covering cells appear tall columnar cells (A) with basal oval nuclei. sporadic areas of discontinuity (head
arrow). Lamina propria shows extravasation of RBCs (zigzag line). (H&E X 400)
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Fig ( 3): A light micrograph of T.S in rat jejunum: (3a) of group I,(3b) of group Il showing crypts of Lieberkuhn
surrounded by lamina propria (L) and are lined with absorptive cells (A) and immature goblet cells (G) paneth cells
(arrow) which appear as pyramidal cells with basal rounded nuclei and apical eosinophilic secretory granules.(3c) Group
111 showing some paneth cells are degenerated (black arrow) and others appeared ballooned with increase in their apical
eosinophilic granules (B). The lamina propria (L) showed vacuolation (va) and inflammatory infiltration (I). Detached
mucosa (red arrow).(3d) group 1V showing: The intestinal crypts lined with normal absorptive cells (A) and goblet cells
(G). Paneth cells are pyramidal in shape with basal rounded nucleus (black arrow). Inflammatory cells infiltration of
lamina propria (I). (3e) group V showing: The intestinal crypts lined with normal absorptive cells (A) and goblet cells
(G). Paneth cells are pyramidal in shape with basal rounded nucleus (black arrow) and some appeared ballooned (B).
Some crypts appeared rounded cystic configuration containing cellular debris (red arrow) . (H&E X400)

Alcian blue stain:

Sections stained with Alcian blue of group I the goblet cells in the villi and aggregations in
(4a) and group 1l (4b) showed the goblet cells the crypts (4c). Group IV showed preservation
containing acid mucin appeared turquoise- of the number of goblet cells (4d). Group V
blue in color and scattered along villi and showed increase of the number of goblet cells
crypts . group Il showed marked depletion of (4e).
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Fig (4): Light micrographs of T.S in rats jejunum : (4a) group | & (4b) group Il showing: goblet cells containing acid
mucin scattered all over villi and crypts.(4c) group Il showing: marked depletion of goblet cells in villi and its
aggregations in the crypts. (4d) group IV & (4e) group V showing: goblet cells scattered all over villi and crypts.

(Alcian blue X 100).

Immunohistochemical findings

Immunostaining of rat intestine using iINOS
antibody (Figure 5). Small intestine of | & Il
groups showed negative iINOS
immunoexpression. Group 111 showed intense
INOS immunoexpression in the cells of
lamina propria of villi and crypts. Group IV
showed minimal iINOS immunoexpression.
Group V showed less marked iINOS
immunoexpression  .Immunostaining of rat
intestine using caspase- 3 antibody (Figure 6).
Both control and probiotic groups showed
negative caspase- 3 expression, while group
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I11 showed intense caspase 3 expression in the
villi and crypts. Group IV showed minimal
caspase -3 expression. Group V showed less
marked caspase -3 expression in the lamina
propria of the villi. Immunostaining of rat
intestine using Ki-67 antibody (Figure 7).
Small intestine of control and probiotic group
showed intense immunoexpression in the cell
lining the crypts. While, group Il showed
weak Ki-67 immunoexpression. Group 1V
showed marked Ki-67 immunoexpression.
Group V showed moderate Ki-67 antibody
immunoreactions.
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Fig (5) An immunostained photomicrograph of rat intestine using iNOS. Small intestine of group | (5a) and group Il
(5b) showing: negative INOS immuno-expression. Group Il (5¢) showing: intense iINOS immuno-expression in the cells
of lamina propria of villi and crypts regions. Group 1V (5d) showing: minimal iNOS immuno-expression. Group V (5¢):
showing less marked iNOS immuno-expression. (iINOS x 200)

Fig (6) An immunostained photomicrograph of rat intestine using caspase -3 antibody. Both group | (6a) and group Il
(6b) showing: negative caspase -3 expressions. Group Il (6¢) showing: intense caspase -3 expressions in the villi and
crypts. (6d) group IV showing: minimal caspase -3 expression. (6e) group V showing: less marked caspase- 3

expression in the lamina propria (Caspase-3x200).
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Fig (7) An immunostained photomicrograph of rat intestine using Ki-67 antibody. The cell lining the crypts of jejunum of group I (7a)
and group Il (7 b) showing: intense Ki-67 immunoexpression, while group 111 (7c) showing: weak immunoreactions. Group 1V (7d)
showing: marked Ki-67 immunoexpression. Group V (7e) showing: moderate Ki-67 immunoexpression.  (Ki-67X 400)

Morphometric results

Both control and probiotic groups had the
same results and there weren't any significant
difference between them in all parameters.
The mean area (%) of number of goblet cells
stained by alcian blue sections represented in
table (1). In group IlI, there was a
significant decrease in area % of number of
goblet cells stained by alcian blue sections in
comparison with control group (P < 0.05). In
IV and V groups, there were significant
increase in area % of number of goblet cells in
comparison with 1ll and significant decrease
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in comparison with control group (P < 0.05).
The mean area % of iINOS immunoreactivity
was represented in table (2). In group IlI, there
was a significant increase in area % of iNOS
immunoreactivity in comparison with control
group (P <0.05). In 1V and V groups, there
were significant decrease in area % of iINOS
immunoreactivity in comparison with III (P <
0.05) but there were in a significant increase
in comparison with control group (P < 0.05).

The mean area % of caspase 3
immunoreactivity was represented in table (3).
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In group 11, there was a significant increase in The mean area % of ki-67 immunoreactivity

Mean + SD control group Probiotic 5-FU treated 5-FU plus Recovery
I group Group probiotic Group
1 11 group 1V v
caspase 6.26 + 1.26 596+ 1.4 30.1+2.38 11.16 £ 3.18 1524 +2.2
Significance < 0.05 With groups 111 With groups With groups With group 11 With groups I,
&V &V LILIV &V IN& 1l

area % of caspase 3 immunoreactivity in
comparison with control group (P < 0.05). In
IV and V groups, there were significant
decrease in area % of caspase 3
immunoreactivity in comparison with III (P <
0.05) . In group IV, there was no significant
difference in comparison with control group
(P <0.05) but in group V, there was significant
increase in comparison with control group (P

for was represented in table (5). In group IlI,
there was a significant decrease in area % of
Ki-67 immunoreactivity in comparison with
control group (P < 0.05). In group IV, there
was significant increases in area % of Kki-67
immunoreactivity in comparison with III (P <
0.05). In group V, there was significant
decrease in area % of ki-67 immunoreactivity
in comparison with control group and group

<0.05). IV (P < 0.05).

Table (1): showing mean values of goblet cells number £ SD in the 5 experimental groups.

Mean + SD control group Probiotic group  5-FU treated 5-FU plus Recovery
I 1 Group probiotic group Group
i v \Y%
Goblet number 261 +8.7 263 +13.07 109 £ 7.02 229+85 184 +7.3
Significance < With groups Ill. With groups  With groups  With groups LIl . With groups |
0.05 v &V HnLv &v LILIV &V I &v dE &IV

Table (2): showing mean values of area % immunoreactivity of iNOs + SD in the 5 groups

Table (3): showing the mean values of area % immunoreactivity of caspase £ SD in the 5 groups.

Mean % + SD control group probiotic 5-FU treated 5-FU plus Recovery

group probiotic group

I Group v Group
1]
i \%
iNOs 4.74+1.7 382122 35.94+3.8 13.02 £ 2.02 157+23
Significance < 0.05 With groups 111, With groups With groups 1,11,IV With groups 1,1l With groups I, 11
vV &V HLIV &V &V &1l &1l
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Table (4) :showing the mean values of area % immunoreactivity of Ki-67 £ SD in the 5 groups.

Mean % + SD control Probiotic 5-FU treated 5-FU plus Recovery
Group Group Group probiotic Group
I 1 1l Group IV \%
Ki-67 35.48+54 34.82+3.1 549+1.9 30.49 £9.18 10.42 £0.75
Significance < 0.05 With groups 111 With groups With groups 1,11 With groups 111 With groups I, 11
&V ne&v &IV &V &IV

Discussion:

5-fluorouracil (5-FU) is an anticancer therapy,
as one of its metabolites is an inhibitor of
thymidylate synthase which is critical in DNA
replication ®. The GIT mucosa in addition to
having an absorptive role, it acts as a physical
and immunological barrier. **?% Many studies
have confirmed that the injury of intestinal
mucosal caused by 5-FU- harms the intestinal
barrier resulting in invasion of the gut flora
into the circulation that lead to systemic
inflammatory response -

The present study has been performed to
assess the histological and immune-
histochemical features of 5-FU induced
cytotoxicity on the rat jejunum and to
investigate the possible protective effect of
probiotics to prevent this cytotoxicity.

In the present study, rats of the 5-FU group
showed progressive body weight loss from the
second day after 5-FU injection. The same
finding was reported before in methotrexate
and 5-FU treated rats (%**?!l Other authors
assumed the cause of body loss is diarrhea and
changed intestinal absorptive capacity *°!. The
treatment of probiotic with 5-FU in our study
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was able to reduce weight loss significantly,
the same as De Jesus et al., 21,

In the present study, histological features of
mucositis following 5-FU administration were
represented by loss of intestinal architecture,
exfoliation, fusion, broadening of villi,
erosions of epithelium and sub-epithelial
vacuolation. Similar findings were reported by
De Jesus et al., ?®1 and Koizumi et al., ?"!

In this study, the lamina propria was
detached from absorptive epithelium covering
the wvilli and showed empty spaces and
extravasation of RBCs. These findings were
similar to finding of Gawish et al., ™. The
mucosal damage in the present study was
found to progress up to complete erosion of
the mucosa. This was in agreement with other
authors [2829:%0],

In this study, intense inflammatory cell
infiltration was seen in the lamina propria in
rats treated with 5-FU, the same finding as
Gawish et al.,™. Cellular inflammatory
infiltration in the lamina propria in 5-FU
treated rat is subsequent to increase
concentrations of the pro-inflammatory


http://ascidatabase.com/author.php?author=S.A.%20Abou-Elez&last=Gawish
http://ascidatabase.com/author.php?author=S.A.%20Abou-Elez&last=Gawish
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cytokines (T-NF a and IL- 6,) in the intestinal
tissue . Neutrophils are the first cells that
arrive at the site of mucositis, and they release
myeloperoxidase (MPQO) in the first hours
after 5-FU administration (> 2,

Mucositis is initiated by 5-FU by
decreasing antioxidant glutathione (GSH) and
increasing extracellular release of MPO which
produces reactive oxygen species (ROS) that
cause intestinal oxidative damage Y. Another
study on the effect of 5-FU on jejunum of rats
concluded that it increased level of
malondialdehyde (MDA) and up regulated of
NF-«xB signaling pathway within the jejunum,
this caused disturbance of gut epithelial
barrier 132331,

Paneth cell is one of stem cells in intestine
and has an important role in intrinsic mucosal
immunity B In this study, 5-FU harmed
paneth cells which appeared either ballooned
or completely damaged. This was in the
harmony with other studies that recorded an
increase of apoptotic index in stem cells of
intestinal crypts after 5-FU treatment B 3¢
Other authors found no notable differences in
the number of the paneth cells in
chemotherapy induced mucositis but in
electron microscopic examination of paneth
cells, the endoplasmic reticulum was disturbed
and decrease mRNA levels of lysozyme 7.

In this study, the probiotic was capable of
preventing intestinal epithelial damage
induced by 5-FU, these results were the same
as Oh et al., P and Bastos et al., B
Probiotics can preserve the cellular junctions
and reduce the paracellular permeability by
modifying the gene expression of tight
junction proteins 17!,
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Probiotic mixture could suppress oxidative
stress by reducing MDA and MPO activites
(41 Probiotics reduced the over-activation of
the NF-kB signaling pathway by inhibition of
expression of TNF-a and IL-6 levels in small
intestine to relieve intestinal inflammation
[4243. 441 "Intake of probiotic in patients treated
with chemotherapy showed marked lessening
of serum pro-inflammatory cytokines; TNF-a
and IL-6 demonstrating an immune-regulatory
capability of Probiotic 1.

Mucin secreted by goblet cells is the most
important factor for the protection of the
epithelium, migration of goblet cells to the
villi is representing a cell renewal M Our
results showed that the number of goblet cells
dramatically diminuted in 5-FU treated rat.
However, rats treated with 5-FU plus probiotic
showed significantly higher goblet cell
numbers. This was the same as reported by
Yeung et al., Y and Ciobanu et al., 7.

In this study, the expression of INOS
immunostaining increased following treatment
with 5-FU, it was particularly observed in
lamina propria cells and the cell lining of the
crypt. While, probiotic treatment with 5-FU
reduced the high INOS expression. These
finding were similar to Costa et al., *% and
Leitdo et al., 1®!,

In the present study, the administration of
5-FU led to increase expression of caspase-3
in intestinal villi, this finding was similar to
those of Ji et al., P and De Barros et al., 1!
.This was abolished by daily administration of
probiotic plus 5-FU, this was in concurrence
with An et al. P% . Other authors found that
Probiotic  down-regulated the increased
expression of cleaved caspase-3 expression
via p38-mediated autophagy .



In this study, the expression of Ki-67
nuclear protein showed marked reduction in
the intestinal crypts of rats that received doses
of 5-FU in contrary when probiotic was
administrated with 5-FU, as the nuclear
expression of Ki-67 was increased. This was
the same as De Avila et al.,"? |

In the present study, signs of intestinal
auto-recovery demonstrated in recovery group
like diminution of body weight loss,
diminution in histological features of
mucositis .There were rise in goblet cell
number, decrease in INOS and caspase-3
immuno-expression and increase  Ki-67
immuno-expression  but in  significant
differences with control group so, it wasn't
considered as complete recovery . Other
investigators stated that the initial recovery
occurred by increase in crypt depth and
mitotic count 6 days after single injection of
5-FU 1 Another study indicated that the
structure and absorptive function of the villi
can return to normal after around 1 week from
the onset of chemotherapy 3. Crypt renewal
varies according to time of drug exposure,
doses, route of administration and type of
chemotherapy 4.

Conclusion:

Oral intake of the probiotic could protect
against 5-FU induced intestinal mucositis in a
rat model.
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