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Oat B-glucan alleviates 5-Fluorouracil-induced
intestinal barrier dysfunction in vivo
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Abstract: Oat B-glucan has been recognized as a functional ingredient in human and animal nutrition. This study
was aimed to reveal whether it was also a protective agent in 5-Fluorouracil (5-Fu)-induced intestinal barrier dys-
function in vivo. 5-Fu (150 mg/kg) was intraperitoneally (IP) injected into Sprague Dawley (SD) rats, and then 0.125
g/kg, 0.25 g/kg and 0.5 g/kg oat B-glucan were given for the next continual 7 days. On the day 4 and day 8, rat’'s
body weight, diarrhea, ileum and colon weight were recorded, intestinal histopathology was detected, and the con-
tent of endotoxin and antioxidant indexes were assessed. Dramatical weight losses of body, ileum and colon organs
were observed in 5-Fu pre-treated rats, and these rats had severe diarrhea. 5-Fu caused substantial changes in the
intestinal mucosal layer, including flattened epithelial layer, shortened villi and lamina propria with inflammatory
cells infiltration. Besides, 5-Fu increased the productions of endotoxin, malondialdehyde (MDA), total antioxidant
capacity (T-AOC), myeloperoxidase (MPO), NO and NOS. More importantly, oat 3-glucan could alleviate these abnor-
malities induced by 5-Fu, in both time- and dose-dependent manner. These results demonstrated that oat B-glucan
protected against 5-Fu-induced intestinal barrier dysfunction in vivo.
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Introduction function, intestinal permeability and the molec-

ular architecture of tight junctions [5]. Mauger

Nowadays, chemotherapy has been widely
used in the treatment of many cancers, includ-
ing breast cancer, stomach cancer, bladder
cancer and colorectal cancer. Chemotherapeu-
tic agents have strong cytotoxicity through
dividing cancer cells rapidly. However, major
problems still remain in using chemotherapy
that cytotoxic side effect on normal tissues and
organs remains a serious drawback [1]. Studies
have demonstrated chemotherapy can induce
intestinal barrier dysfunction [2], which tremen-
dously disrupt mucosal immune system, that a
normal intestinal barrier function regulates
transport and host defense mechanisms at the
mucosal interface with the outside world [3].

5-Fluorouracil (5-Fu) is a common used chemo-
therapeutic agent, acts by inhibiting DNA syn-
thesis of not only malignant cells, but also rap-
idly dividing cells lining the intestinal mucosa
[4]. It's a cytotoxic agent on mucosal barrier

et al., have demonstrated that 5-Fu caused
intestinal villi atrophy, intestinal mucosa ulcer
and intercellular space largened in dark agouti
rats [6], while these pathological changes may
lessen or resolve after 5-Fu treatment is
stopped [7, 8].

Oats, one of the most popular foods worldwide,
is rich in the soluble dietary fiber B-glucan which
is a nonstarch polysaccharide composed of
(1-3) (1-4)-B-D-glucan and B-glucan [9]. Oat
B-glucan has been recognized as a functional
ingredient in human and animal nutrition [10].
Study in weaned pigs has revealed that, oat
B-glucan generally enhanced gastrointestinal
available bacteria numbers and activity, which
may be favourable for intestinal development
[11]. Lowry et al., demonstrated a purified
B-glucan feed additive modulated the balance
of oxidate substances and reduction substanc-
es, and thus decreased the incidence of
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Salmonella enteric serovar Enteritidis organ
invasion in immature chickens [12]. Less is
known about the effects of dietary oat 3-glucan
on intestinal barrier function, particularly on
5-Fu-induced intestinal barrier dysfunction.

Therefore, in the present study 5-Fu was intra-
peritoneally (IP) injected into Sprague Dawley
(SD) rats to mimic an intestinal barrier dysfunc-
tion model. Then three different concentrations
of oat B-glucan were given for the next continu-
al 7 days. The changes in the body weight, diar-
rhea, ileum and colon weight, intestinal histo-
pathological morphology, endotoxin, and anti-
oxidant indexes were assessed, to ask whether
oat B-glucan exhibited a protective role in
5-Fu-induced intestinal barrier dysfunction.

Materials and methods
Animals

Sixty specific pathogen-free grade (SPF) of SD
rats (weighted 200 + 10 g) were purchased
from Guangdong Medical Laboratory Animal
Center (Guangdong, China; certification No.
0015571). The rats were housed in polycarbon-
ate cages under a 12 h/12 h light-dark cycle
with continuous access to food and water. This
study was approved by the Animal Experimental
Ethical Committee of our local Hospital and
was performed in accordance with the ethical
standards.

Experimental design

These sixty SD rats were randomly assigned to
5 groups (n = 12 per group), namely control
group, 5-Fu group, 0.125 g/kg group, 0.25 g/
kg group and 0.5 g/kg group. Animals were
acclimated to the new housing environment for
three days before 5-Fu and oat B-glucan
administration.

Rats in 5-Fu group were IP injected with 150
mg/kg 5-Fu (Tianjin Jinyao Amino Acid, Tianjin,
China) which is dissolved in normal saline. Rats
in control group were IP injected with the same
dose of normal saline. Rats in 0.125 g/kg
group, 0.25 g/kg group and 0.5 g/kg group
were IP injected with 150 mg/kg 5-Fu in the
first day and were respectively given to continu-
al intragastric administration of 0.125 g/kg,
0.25 g/kg and 0.5 g/kg oat B-glucan for the
next 7 days. Oat B-glucan with the purity of 80%
purchased from Jiangxi Ben Tian Science and
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Technology (Jiangxi, China) were also dissolved
in normal saline. Rats in 5-Fu and control
groups were intragastric administration the
same amounts of normal saline from the sec-
ond day to the eighth day. The following mea-
sures were carried out after 4 days and 8 days
of administration, which were performed at the
same time of the day (9 a.m.; £ 2 h).

Sample collection

At the 4 days and 8 days of administration, 6
rats were randomly selected from each group
and were weighted and dissected after anes-
thetization by IP injection with chloral hydrate
(3 mL/kg; Qingdao Yulong Seaweed, Qingdao,
China). Blood sample was drawn from heart
and collected into the pyrogen-free heparin-
anticoagulant tubes (151 IU/mL). Following a
centrifugation at 225xg for 10 min, serum was
collected and stored at -20°C before use. lleum
and colon were dissected out and after wash-
ing with normal saline, these tissues were dried
by the filter paper and weighted. Part of the tis-
sues was fixed in 10% formalin and the other
was stored in -80°C.

Diarrhea assessment

All rats were checked three times daily and
diarrhea recorded. This was graded as O, no
diarrhea; 1, mild diarrhea (staining of anus); 2,
moderate diarrhea (staining over top of the legs
and lower abdomen) and; 3, severe diarrhea
(staining over legs and higher abdomen, often
associated with continual oozing) [13].

Histopathology assessment

lleum and colon tissues removed from the for-
malin were routinely transferred into paraffin
blocks and microtome sectioned at 4-6 uym.
Sections were then stained by hematoxylin and
eosin (H&E) for general histological examina-
tion. Pathological score of ileum was rated on
the following scale: O = no necrosis; 1 = slight
submucosal and/or lamina propria separation;
2 = moderate separation of submucosa and/or
lamina propria and/or edema in submucosal
and muscular layers; 3 = severe separation of
submucosa and/or lamina propria and/or
severe edema in submucosal and muscular lay-
ers and regional villus sloughing; 4 = loss of villi
and necrosis [14]. For colon, the following scale
was used: (1) infiltration of acute inflammation
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Figure 1. Oat B-glucan alleviates 5-Fu-induced body weight loss, diarrhea, and ileum and colon weight loss. (A)
Graph of the timeline for the 5-Fu and oat B-glucan treatment in rats. (B) Rat’s body weight, (C) diarrhea, and (D)
ileum and colon weight were respectively recorded. *P < 0.05 when compared to the control group. #P < 0.05 when

compared to the 5-Fu group.

cell, 0 = none, 1 = slight increase, 2 = marked
increase; (2) Infiltration of chronic inflammation
cell, 0 = none, 1 = slight increase, 2 = marked
increase; (3) Fibrin deposition, O = absent, 1 =
present; (4) Submucosa, O = nil, 1 = patchy, 2 =
confluent; (5) Epithelial necrosis, O = nil, 1 =
localised, 2 = extensive; (6) Epithelial ulcer-
ation, O = absent, 1 = present [15].

Endotoxin and antioxidant index detection

Serum endotoxin levels were measured by
using Chromogenic End-point Tachypleus
Amebocyte Lysate (Xiamen Limulus Reagent
Demonstration Plant (Xiamen, China) following
the manufacturer’s instructions.

Zero point five grams of ileum and colon tissues
were put into homogenizer to grind into tissue
homogenate, and then centrifugated under
300x%xg for 20 min. The supernatant was col-
lected and for use in the detection of glutathi-
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one (GSH), malondialdehyde (MDA), superoxide
dismutase (SOD), total antioxidant capacity
(T-AOC), myeloperoxidase (MPQO), NO and NOS
by using the corresponding kit according to the
manufacturer’s instructions. GSH assay Kkit,
MDA assay kit, SOD assay kit, and T-AOC assay
kit were purchased from Nanjing Jiancheng
Bioengineering Institute (Nanjing, China). MPO
Enzyme-linked immunoassay (ELISA) kit, NO
ELISA kit, and NOS ELISA kit were purchased
from Xiamen Huijia Biotechnology (Xiamen,
China).

Statistical analysis

Data were presented as means * standard der-
ivations (SD) from six independent assays.
Statistical analysis was performed using SPSS
13.0 (SPSS Inc., Chicago, IL, USA) and one-way
analysis of variance (ANOVA). P-value < 0.05
was considered as statistical significance.
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Figure 2. Oat B-glucan alleviates 5-Fu-induced histopathological changes in ileum.

Results
Weight and diarrhea assessment

In order to explore the effects of oat 3-glucan
on 5-Fu-induced intestinal barrier dysfunction,
oat B-glucan was used to treat rats following by
5-Fu administration (Figure 21A). Numerous
studies have shown that 5-Fu causes signifi-
cant body weight loss [16]; this was also con-
firmed in our study. The weight of rats in 5-Fu
group was much lower than those in control
group (P < 0.05; Figure 1B). More importantly,
after administration with 0.25 g/kg and 0.5 g/
kg oat B-glucan for continual 7 days, the body
weight loss induced by 5-Fu was slightly allevi-
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ated, and there was no significant difference
between 0.25 g/kg or 0.5 g/kg group and the
control group (P > 0.05).

The diarrhea of rats was recorded, and no diar-
rhea was observed in the control group (Figure
1C). 5-Fu induced a severe diarrhea, and this
diarrhea was relieved by oat B-glucan adminis-
tration. Surprisingly, after a 7-day continuous
administration with 0.5 g/kg oat B-glucan, the
score of diarrhea was significantly reduced
when compared to the 5-Fu group (P < 0.05).

Besides, we asked whether oat B-glucan could
alleviate 5-Fu-induced intestinal weight loss.
5-Fu significantly reduced the weight of both

Int J Clin Exp Pathol 2017;10(4):4312-4320
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Figure 3. Oat B-glucan alleviates 5-Fu-induced histopathological changes in colon.

ileum and colon (P < 0.05; Figure 1D); more-
over, 0.25 g/kg and 0.5 g/kg oat B-glucan
could alleviate 5-Fu-induced weight loss of
both ileum and colon, although the impacts of
oat B-glucan on colon did not reach statistical
significance.

Histopathology analysis

Next, we examined the histopathological
changes in ileum and colon tissues. As expect-
ed, 5-Fu caused substantial changes in the
intestinal mucosal layer (Figures 2 and 3),
including flattened epithelial layer, shortened
villi and lamina propria with inflammatory cells
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infiltration. In consistent with these results,
data in Figure 4A and 4B showed that, the his-
tological scores of ileum and colon were both
dramatically increased by 5-Fu (P < 0.05). Oat
B-glucan administration could normalize 5-Fu
induced histopathological changes; interest-
ingly, it seemed that oat B-glucan impacted
these two tissues in both time- and dose-
dependent manner.

Blood and tissue factors analyses
As shown in Figure 5A, the endotoxin content in

serum was much higher in the 5-Fu group in
comparison to the control group (P < 0.05).

Int J Clin Exp Pathol 2017:10(4):4312-4320
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Figure 4. Oat B-glucan alleviates 5-Fu-induced histopathological changes. A. Quantitative results based on Figure
2. B. Quantitative results based on Figure 3. *P < 0.05 when compared to the control group. #P < 0.05 when com-

pared to the 5-Fu group.

High concentrations (0.25 g/kg and 0.5 g/kg)
of oat B-glucan could reduce 5-Fu-induced toxic
action, although this protective effect was no
longer reach statistical significance on day 8.

Antioxidant indexes in ileum and colon tissues
were determined. GSH content in ileum and
colon tissues was not significantly changed by
5-Fu or oat B-glucan (P > 0.05; Figure 5B). MDA
content was significantly increased in ileum tis-
sue after 5-Fu exposure, while was reduced
after administration with 0.25 g/kg and 0.5 g/
kg oat B-glucan at day 4 or day 8 (all P < 0.05;
Figure 5C); however, no significant change in
MDA content was observed in colon. On day 4,
0.5 g/kg oat B-glucan significantly increased
SOD level in ileum when compared with control
group and 5-Fu group (both P < 0.05; Figure
5D), while this increase was not that obvious at
day 8; no significant change was found in colon.
Moreover, 5-Fu-induced higher levels of T-AOC,
MPO, NO and NOS (Figure 5E-H). High concen-
trations of oat B-glucan, i.e., 0.25 g/kg and 0.5
g/kg, partially recovered these abnormal
increases induced by 5-Fu, although same of
these impacts did not reach statistical
significance.

Discussion

5-Fu is a kind of chemotherapeutic agent,
which is used for colon cancer, esophageal
cancer, stomach cancer and pancreatic cancer.
Numerous studies showed that 5-Fu subverted
intestinal mucosa and enhanced wall intestinal
permeability [17-19]. The administration of 5-Fu
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to rats caused body weight loss and epithelial
barrier dysfunction of the small intestine [18].
Furthermore, studies have revealed that IP
injection of 5-Fu (150 mg/kg) caused intestinal
mucositis [6, 19]. In the present study, 150
mg/kg 5-Fu remarkably induced body weight
loss and diarrhea, as well as abnormal patho-
logical changes in the intestinal mucosal layer,
which were consistent with previous findings.

B-glucan is the major soluble fiber in oats and is
thought to be the active component responsi-
ble for its blood-glucose and cholesterol-lower-
ing properties [20, 21]. In addition, it has been
studied and confirmed extensively that, orally
administered B-glucan has antitumor and
immune stimulation effects [22]. Recent stud-
ies has also evidenced that B-glucan has ben-
eficial effects on intestinal barrier function. For
instance, dietary B-glucan alleviated intestinal
mucosal barrier impairment in broiler chickens
challenged with Salmonella Typhimurium [23].
Cereal B-glucan exerted favorable effects on
improving intestinal functions and health; more
interestingly, the gut-health-promoting effects
of oat B-glucan were better than those of barley
B-glucan [24]. In the present study, we found
that high concentrations of oat B-glucan admin-
istration alleviated 5-Fu-induced weight loss
and diarrhea, as well as relieved 5-Fu-induced
impairment for ileum and colon. To our knowl-
edge, our study provides the first evidence that
oat B-glucan exhibits protective effect on
5-Fu-induced intestinal barrier dysfunction.

To further confirm the functional effects of oat
B-glucan on intestinal barrier function, endo-

Int J Clin Exp Pathol 2017:10(4):4312-4320
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Figure 5. Oat 3-glucan alleviates 5-Fu-induced endotoxin overproduction and redox imbalance. The detection of (A)
endotoxin content, (B) glutathione (GSH) content, (C) malondialdehyde (MDA) content, (D) superoxide dismutase
(SOD) content, (E) total antioxidant capacity (T-AOC) content, (F) myeloperoxidase (MPO) content, (G) NO content,
and (H) NOS content in ileum and colon tissues. *P < 0.05 when compared to the control group. #P < 0.05 when

compared to the 5-Fu group.

toxin content in rat’s serum was detected. In
line with the previous literature [25], a signifi-
cant increase of endotoxin content was found
in 5-Fu pre-treated rats. More importantly, oat
B-glucan could partially recover 5-Fu-induced
increase in endotoxin content to some extent,
revealing that oat B-glucan protected intestinal
barrier function possibly through reducing
serum endotoxin.

It is well established that overproduction of
reactive oxygen species plays vital roles in the
pathogenesis of intestinal mucosal damage
[26]. Oxidative stress in the cellular environ-
ment results in the formation of highly reactive
and unstable lipid hydroperoxides and that ulti-
mately produces MDA [27]. Thus, MDA has
been identified as an important indicator to
evaluate the degree of intestinal free radical
injury [28, 29]. In this study, MDA content in
ileum tissues were remarkably increased by
5-Fu treatment, while were decreased when
oat B-glucan was added, implying oat B-glucan
could protect ileum against 5-Fu-induced oxida-
tive damage. Similar results have been report-
ed in previous study [12], in which B-glucan sig-
nificantly reduced the MAD content in the intes-
tinal tissues of immature chickens.

Normally, homeostasis is maintained by two
coordinated actions of oxidation and antioxi-
dants. In this study, increases of MDA, T-AOC,
MPO and NO contents were observed in 5-Fu
administrated ileum, and oat B-glucan alleviat-
ed these abnormal increases, this finding fur-
ther confirmed the hypothesis that oat B-glucan
could protect the intestinal barrier function.
However, both 5-Fu and oat B-glucan had no
significant impacts on GSH, SOD and NOS con-
tents. We hypothesized that the unaltered GSH,
SOD and NOS levels might be a result of the
complicated modulations of multiple factors.
More work still urgently needed to elucidate the
deep mechanisms of which oat B-glucan
impacts these indexes. In addition, there were
less significant changes of peroxidation index-
es were found in colon tissues, implying the
protective effects of oat B-glucan on colon was
not that obvious as ileum.
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In conclusion, this study demonstrates a pro-
tective role of oat B-glucan in 5-Fu-induced
intestinal barrier dysfunction in vivo. This study
provides a novel understanding of oat 3-glucan
and evidences oat B-glucan is beneficial for
adjuvant chemotherapy.

Disclosure of conflict of interest
None.

Address correspondence to: Junsheng Peng and
Xiaobin Wu, Department of Gastrointestinal Surgery,
The Sixth Affiliated Hospital of Sun Yat-Sen
University, No. 26 Yuancunerheng Road, Guangzhou
510655, China. E-mail: pengjunshengb56@126.
com (JSP); wuxiaobin154@126.com (XBW)

References

[1] Evdokiou A, Bouralexis S, Atkins GJ, Chai F, Hay
S, Clayer M and Findlay DM. Chemotherapeutic
agents sensitize osteogenic sarcoma cells, but
not normal human bone cells, to Apo2L/TRAIL-
induced apoptosis. Int J Cancer 2002; 99:
491-504.

[2] Beck PL, Wong JF, Li Y, Swaminathan S, Xavier
RJ, Devaney KL and Podolsky DK. Chemother-
apy- and radiotherapy-induced intestinal dam-
age is regulated by intestinal trefoil factor.
Gastroenterology 2004; 126: 796-808.

[3] Baumgart DC and Dignass AU. Intestinal barri-
er function. Curr Opin Clin Nutr Metab Care
2002; 5: 685-694.

[4] Bajic JE, Eden GL, Lampton LS, Cheah KY,
Lymn KA, Pei JV, Yool AJ and Howarth GS.
Rhubarb extract partially improves mucosal in-
tegrity in chemotherapy-induced intestinal mu-
cositis. World J Gastroenterol 2016; 22: 8322-
8333.

[5] Wardill HR and Bowen JM. Chemotherapy-
induced mucosal barrier dysfunction: an up-
dated review on the role of intestinal tight junc-
tions. Curr Opin Support Palliat Care 2013; 7:
155-161.

[6] Mauger CA, Butler RN, Geier MS, Tooley KL
and Howarth GS. Probiotic effects on 5-fluoro-
uracil-induced mucositis assessed by the su-
crose breath test in rats. Dig Dis Sci 2007; 52:
612-619.

[7] Khan SA and Wingard JR. Infection and muco-
sal injury in cancer treatment. J Natl Cancer
Inst Monogr 2001; 31-36.

Int J Clin Exp Pathol 2017:10(4):4312-4320


mailto:pengjunsheng556@126.com
mailto:pengjunsheng556@126.com
mailto:wuxiaobin154@126.com

(10]

(11]

[12]

(13]

(16]

(17]

(18]

Effects of oat B-glucan on intestinal barrier

Filicko J, Lazarus HM and Flomenberg N.
Mucosal injury in patients undergoing hemato-
poietic progenitor cell transplantation: new ap-
proaches to prophylaxis and treatment. Bone
Marrow Transplant 2003; 31: 1-10.

Zheng J, Shen N, Wang S and Zhao G. Oat be-
ta-glucan ameliorates insulin resistance in
mice fed on high-fat and high-fructose diet.
Food Nutr Res 2013; 57.

Lynch MB, Sweeney T, Callan JJ and O’Doherty
JV. Effects of increasing the intake of dietary
beta-glucans by exchanging wheat for barley
on nutrient digestibility, nitrogen excretion, in-
testinal microflora, volatile fatty acid concen-
tration and manure ammonia emissions in
finishing pigs. Animal 2007; 1: 812-819.
Metzler-Zebeli BU, Zijlstra RT, Mosenthin R and
Ganzle MG. Dietary calcium phosphate con-
tent and oat beta-glucan influence gastrointes-
tinal microbiota, butyrate-producing bacteria
and butyrate fermentation in weaned pigs.
FEMS Microbiol Ecol 2011; 75: 402-413.
Lowry VK, Farnell MB, Ferro PJ, Swaggerty CL,
Bahl A and Kogut MH. Purified beta-glucan as
an abiotic feed additive up-regulates the in-
nate immune response in immature chickens
against Salmonella enterica serovar Enteritidis.
Int J Food Microbiol 2005; 98: 309-318.
Gibson RJ, Bowen JM, Inglis MR, Cummins AG
and Keefe DM. Irinotecan causes severe small
intestinal damage, as well as colonic damage,
in the rat with implanted breast cancer. J
Gastroenterol Hepatol 2003; 18: 1095-1100.
Dvorak B, Halpern MD, Holubec H, Williams
CS, McWilliam DL, Dominguez JA, Stepankova
R, Payne CM and McCuskey RS. Epidermal
growth factor reduces the development of nec-
rotizing enterocolitis in a neonatal rat model.
Am J Physiol Gastrointest Liver Physiol 2002;
282: G156-164.

Millar AD, Rampton DS, Chander CL, Claxson
AW, Blades S, Coumbe A, Panetta J, Morris CJ
and Blake DR. Evaluating the antioxidant po-
tential of new treatments for inflammatory
bowel disease using a rat model of colitis. Gut
1996; 39: 407-415.

Forsgard RA, Korpela R, Holma R, Linden J,
Frias R, Spillmann T and Osterlund P. Intestinal
permeability to iohexol as an in vivo marker of
chemotherapy-induced gastrointestinal toxici-
ty in Sprague-Dawley rats. Cancer Chemother
Pharmacol 2016; 78: 863-874.

Kohout P, Cerman J, Bratova M and Zadak Z.
Small bowel permeability in patients with cyto-
static therapy. Nutrition 1999; 15: 546-549.
Hirata K and Horie T. Changes in intestinal ab-
sorption of 5-fluorouracil-treated rats. Pharma-
col Toxicol 1999; 85: 33-36.

4320

(19]

[20]

(21]

[22]

(23]

(24]

(25]

[26]

[27]

(28]

[29]

Carneiro-Filho BA, Oria RB, Wood Rea K, Brito
GA, Fujii J, Obrig T, Lima AA and Guerrant RL.
Alanyl-glutamine hastens morphologic recov-
ery from 5-fluorouracil-induced mucositis in
mice. Nutrition 2004; 20: 934-941.

Frank J, Sundberg B, Kamal-Eldin A, Vessby B
and Aman P. Yeast-leavened oat breads with
high or low molecular weight beta-glucan do
not differ in their effects on blood concentra-
tions of lipids, insulin, or glucose in humans. J
Nutr 2004; 134: 1384-1388.

Wang Q and Ellis PR. Oat beta-glucan: physico-
chemical characteristics in relation to its
blood-glucose and cholesterol-lowering proper-
ties. BrJ Nutr 2014; 112 Suppl 2: S4-S13.
Heinsbroek SE, Williams DL, Welting O, Meijer
SL, Gordon S and de Jonge WJ. Orally delivered
beta-glucans aggravate dextran sulfate sodi-
um (DSS)-induced intestinal inflammation.
Nutr Res 2015; 35: 1106-1112.

Shao Y, Guo Y and Wang Z. beta-1,3/1,6-Glu-
can alleviated intestinal mucosal barrier im-
pairment of broiler chickens challenged with
Salmonella enterica serovar Typhimurium.
Poult Sci 2013; 92: 1764-1773.

Shen RL, Dang XY, Dong JL and Hu XZ. Effects
of oat beta-glucan and barley beta-glucan on
fecal characteristics, intestinal microflora, and
intestinal bacterial metabolites in rats. J Agric
Food Chem 2012; 60: 11301-11308.

Ye YJ, Lu YS, Zhou X, Chen HY, Xue SY and Kuai
L. [Protective effects of acupuncture interven-
tion against damage of intestinal mucosal bar-
rier induced by 5-fluorouracil in rats]. Zhen Ci
Yan Jiu 2016; 41: 95-99.

Al-Asmari AK, Khan AQ, Al-Asmari SA, Al-Rawi A
and Al-Omani S. Alleviation of 5-fluorouracil-in-
duced intestinal mucositis in rats by vitamin E
via targeting oxidative stress and inflammatory
markers. J Complement Integr Med 2016; 13:
377-385.

Yoshino F, Yoshida A, Nakajima A, Wada-
Takahashi S, Takahashi SS and Lee MC.
Alteration of the redox state with reactive oxy-
gen species for 5-fluorouracil-induced oral mu-
cositis in hamsters. PLoS One 2013; 8:
e82834.

Horton JW and Walker PB. Oxygen radicals,
lipid peroxidation, and permeability changes
after intestinal ischemia and reperfusion. J
Appl Physiol (1985) 1993; 74: 1515-1520.
Czyrko C, Steigman C, Turley DL, Drott HR and
Ziegler MM. The role of reperfusion injury in
occlusive intestinal ischemia of the neonate:
malonaldehyde-derived fluorescent products
and correlation of histology. J Surg Res 1991;
51: 1-4.

Int J Clin Exp Pathol 2017;10(4):4312-4320



