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Ulcerative colitis (UC) is an inflammatory bowel disease with high morbidity. Acetic acid-induced dam-
age of colonic mucosa in rats is a commonly used experimental animal model of UC. This research aimed
to explore for the first time the ameliorative effect of dietary supplementation with fava bean on the inci-
dence of UC in rats fed with sucrose containing diet. Rats were divided into five groups as follows: G1,
control healthy rats; G2, colitic rats; G3, colitic rats fed diets containing 30% sucrose, G4, healthy rats
fed diets containing 30% sucrose and G5, colitic rats fed diets containing 30% sucrose supplemented with
dried ground fava bean. Colonic injury and inflammation were evaluated through a disturbance of oxida-
tive biomarkers, a significant increase in inflammatory biomarkers and inflammatory cytokines, and his-
tological abnormalities in colonic tissues accompanied by colonic mucosal DNA damage. Colitic rats fed
on sucrose containing diet demonstrated additional histological, biochemical, and DNA alterations in
colonic mucosa of rats. Dietary supplementation with dried ground fava bean significantly corrected
the impaired oxidative and inflammatory biomarker levels and modulated histological features and
DNA alterations. Finally, fava bean attenuated the oxidative damage and colonic injury induced by acetic
acid, which confirmed its high anti-oxidant and anti-incendiary properties.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Inflammatory intestinal disease is a chronic gastrointestinal
tract disease (Rohr et al., 2018). It has two main profiles: epithelial
ulceration and ulcerative colitis (UC). Various etiological factors
may predispose to UC, such as genetic, environmental and
immunological factors (Jiao et al., 2018). It affects the quality of a
patient’s life and increases the incidence of colon cancer
(Abraham et al., 2017).

UC only includes the rectum and colon. Although its aetiology
is not fully understood, UC has been linked to lowered anti-
oxidant capacity and raised production of free radicals, which
are responsible for lipid peroxidation (LPO) and may lessen the
ability of intracellular anti-oxidants, thus ultimately leading to
prominent colonic inflammation. In numerous studies, UC patho-
genesis indicated an important relationship between excessive
inflammation and oxidative stress. Improving LPO and free scav-
enging of radicals afford a valuable, protective, and therapeutic
treatment for UC (Scioli et al., 2014). Various risk factors are
associated with UC, including long duration of the disease, low
energy activity, complicated primary sclerosing cholangitis or
stenotic disease and insufficient pharmacological therapy
(Abdin, 2013).

Approximately 50% of patients with UC undergo removal of part
of their colons because of failure of conservative medicinal treat-
ments. In addition, these patients are not sufficiently strong to
maintain long-term remission (Santos et al., 2020). However, treat-
ments are linked to serious adverse side effects, such as abdominal
cramps, diarrhoea, fever and increased blood pressure. New thera-
peutic selections with lower toxicity and slight side effects need to
be developed (Nguyen et al., 2020).

Colonic inflammation has been widely used in numerous chem-
ically induced animal models to elucidate its primary pathophysi-
ological mechanisms and to assess the potential of chemicals that
induce UC, such as acetic acid (AA) (Dothel et al., 2013). Colitis
induced by AA is a common model of experimental colitis used
to examine inflammatory bowel disease. This model is generated
via intra-rectal injection of AA, to induce inflammation and ulcer-
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ation in the rat rectum and colon. Oxidative destruction in this sit-
uation is thought to be a pathogenic factor, and this damage is also
observed in the colon’s gross morphology (Cagin et al., 2016).

It has been demonstrated that dietary factors are responsible for
the pathogenesis of different conditions, including colon cancer
and celiac disease; thus, the diet presumably involves in etiology
of inflammatory bowel disease (Costello et al., 2020). Diets rich
in fibre, such as those rich in cereals, fruits and vegetables have a
positive effect on health, due to their effect on reducing the inci-
dence of different types of diseases as it increase the volume of
fecal bulk, reducing the time of intestinal transit, cholesterol and
glycaemic levels, also fibres was able to trap harmful substances
(mutagenic and carcinogenic agents), stimulating the proliferation
of the intestinal flora. (Dhingra et al., 2012).

Legumes are an important source of nutrients and occupy an
important part in traditional diets in many countries. In addition,
they can be eaten in processed or raw forms (Singh et al., 2013).
They are rich in dietary fibre, protein, starch, fatty acids, vitamins,
trace minerals and phenolic anti-oxidants (Alcázar-Valle et al.,
2020).

The fava bean (Vicia faba L.) FB, commonly referred as broad
bean, belongs to the Fabaceae family. In the Mediterranean, it is
considered a chief winter crop, whereas in other regions of Europe
and South America it is considered a spring crop. Fava beans con-
sist of 12% fibre, 22.4%–36% protein, 1.2%–4% lipids and 57.8%–61%
carbohydrates (Bouchenak and Lamri-Senhadji, 2013). They are
considered an appropriate food for diabetic patients and can pro-
tect against heart disease and reduce blood glucose levels
(Lonnie et al., 2020). Moreover, they are rich in l-3,4 dihydrox-
yphenylalanine (l-DOPA), which is a precursor to neurotransmitter,
catecholamine (Ramya and Thaakur, 2007). This study aimed to
examine for the first time the effect of dietary supplementation
of fava beans in experimental UC rats fed on high-sucrose diet.
2. Materials and methods

2.1. Materials

Fava beans were purchased from local markets in Jeddah, Mak-
kah Province, washed, let to dry, and then ground to a fine powder
before use.

2.2. Induction of ulcerative colitis

Colitis was induced in colon tissues via an intracolonic single
administration of 4% AA (2 mL) through a soft paediatric lubricated
catheter under a low dose of ether anaesthesia. Rats were kept in a
horizontal position after AA administration for 2 min, to prevent
the draining of AA. The same procedure was performed in control
animals using equal volumes of saline solution; treatments were
started after colitis induction (Shanmugam et al., 2020).

2.3. Experimental design

Fifty male albino rats weighing 150–175 g were housed at the
King Fahd Medical Research Center Animal Facility Breeding Col-
ony were allowed free access to basal diet (the basal diet was pre-
pared according to AOAC (2000)) containing 10% corn seed oil, 10%
casein, 70% corn starch; 4%salt mixture, 5% cellulose, 1% vitamin
mixture, 1%; and water ad libitum. The Ethical Committee of King
Fahd Medical Research Center, Jeddah, KSA. approved the study.

Rats were randomly divided into five groups (10 animals/group)
as detailed below. Group 1: a healthy control that received normal
saline (2 mL) once intrarectally and was fed the basal diet for
21 days; Group 2: a colitic group that received the AA intraperi-
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toneally as a single administration and was fed the basal diet for
21 days; Group 3: colitic rats fed the basal diet supplemented with
30% sucrose (sucrose was replaced with corn starch, to keep the
concentrations of other nutrients and carbohydrates constant) for
21 days; Group 4: healthy rats that were fed the basal diet supple-
mented with 30% sucrose, with dietary administration of dried
ground fava seeds as a 252 g/kg diet according to León-Espinosa
et al. (2016) (dried ground fava seeds were replaced with casein
to keep the concentration of protein in the diet constant) for
21 days; and Group 5: colitic rats that were fed the 30% sucrose
containing basal diet as well as dried ground fava seeds (252 g/
kg) for 21 days.

At the end of the experimental regimen, the final body weight
and the food intake were recorded. Rats were sacrificed, and serum
was separated from the obtained blood samples by centrifugation.
Serum samples were stored at � 20 �C for later use in biochemical
analyses and a tissue specimen was obtained from the distal colon
and stored in saline solution for DNA analysis and histological
investigation.
2.4. Assessments of colitis

2.4.1. Calculation colon/body weight ratio
Eight-cm-long part from the rear of the colon was removed and

longitudinally opened. Colon was emptied of faecal materials by
spraying 0.9% saline blotted dried and weighed. The oedema index
was determined from ratio of colon segment to body weight
(Distrutti et al., 2009).
2.4.2. Estimation of anti-oxidant and inflammatory biomarkers in
colon homogenates

The collected colorectal tissue was homogenised in 10 mM Tris-
HCl buffer (pH 7.1). The obtained colon homogenate was used to
measure anti-oxidant enzyme levels, including the following:
non-protein sulfhydryl (NP-SH) and total glutathione sulfhydryl
(T-GSH), according to Sedlak and Lindsay (1968), and catalase
(CAT) activity and nitric oxide (NO) using commercial kits (Biovi-
sion, USA). Protein carbonyl contents (PCOs) in colon homogenates
were determined spectrophotometrically according to Levine et al.
(1990) based on the reaction of the carbonyl group with 2,4-
dinitrophenylhydrazine. Colonic myeloperoxidase (MPO) activity
was determined according to Krawisz et al. (1984), whereas colo-
nic alkaline phosphatase (ALP) activity was measured using dis-
odium p-nitrophenol phosphate as the substrate (Dorai and
Bachhawat, 1977).
2.4.3. Determination of colonic mucosal cytokines
Inflammatory mediators including IL-6, IL-b and TNF-a and

prostaglandin E2 (PGE2), were determined in colon tissues by
ELISA based assays in accordance with the (Kamiya Biomedical
Co. CA. USA) supplier’s instructions.
2.4.4. Determination of colon mucosal DNA
Colonic DNA was isolated from colon mucosal tissue following

the guidelines of manufacturer (QIAGEN, USA). About 25 mg of
colon tissues were minced into smaller pieces to facilitate com-
plete lysis. To the tissue lysate, 180 ll of ATL buffer, 20 ll of pro-
teinase K were added and incubated at 56 �C. The sample was
vortexed during incubation, to homogenate it, or placed in a shak-
ing water bath and then vortexed for 20 s. Next, to this sample
mixture, 200 ll of AL buffer and 200 ll of absolute was added,
and vortexed to mix thoroughly. Finally, DNA purity and content
were measured and further analysed by agarose gel
electrophoresis.
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2.4.5. Macroscopic assessment
Several parameters were assessed for microscopic scoring. Each

of the studied parameters including mucosal and submucosal
inflammatory cell infiltration, mucosal oedema, and necrosis of
the mucosa was allotted a grade (+++, severe; ++, moderate; +,
mild; and –, no change) based on the shift in its severity in relation
to respective parameter in control.
2.4.6. Histopathological investigations
Following excision, colon tissue was fixed in 10% formalin. Tis-

sue samples were embedded into blocks of paraffin wax and cut
into thin sections. They were then stained with haematoxylin
and eosin H&E and examined under light microscope.
2.5. Statistical analysis

Data were analysed by (SPSS program for windows, version 20)
(SPSS Inc., Chicago, IL, USA). The difference between groups was
made using One Way ANOVA (LSD) test. The data were presented
as means ± SD. The p < 0.01 was considered as statistically
significant.
3. Results

3.1. Anthropometric parameters and food intake

Data on the effects of treatments on anthropometric parameters
and food intake in control and colitic rats are presented in Table 1.
Food intake in colitic rats was not affected by the presence of col-
itis, as it was comparable to that observed in control rats. However,
food intake in normal and colitic rats fed a diet with 30% sucrose-
supplementation was significantly (p < 0.01) augmented compared
with normal diet fed control and colitic rats without supplementa-
tion. The final body weights of normal rats that fed on a 30%
sucrose supplemented diet was significantly elevated (p < 0.01)
compared those in control rats. In contrast, body weights of colitic
rats were significantly decreased (p < 0.01) compared with control
rats. However, the administration of a 30%-sucrose-supplemented
diet to colitic rats led to a significant increase (p < 0.01) in their
body weights compared with colitic rats. The body weights of col-
itic rats fed a sucrose-supplemented diet were further increased
after the supplementation of their diets with FB, compared with
colitic rats fed a diet with or without supplementation with
sucrose. The colon-to-body weight ratio was significantly
(p < 0.01) higher in normal rats fed on a diet supplemented with
30%-sucrose. Similarly, matched to control rats, colitic rats fed with
or without the sucrose-supplemented diet had significantly
(p < 0.01) elevated colon to body weight ration. Conversely, colitic
rats fed a diet added with both sucrose and FB had a significantly
(p < 0.01) lower colon-to-body weight ratio.
Table 1
Effects of treatments on body weight and food intake in control and colitic rats.

Control 30% sucrose Co

Food intake (g) 260 ± 18.7 285 ± 19.9ab* 26
Final body weight (g) 310 ± 21.2 350 ± 19.4a* 25
Colon/body weight ratio 5.1 ± 0.94 6.2 ± 0.96a* 6.

FB, fava beans; acompared with the control; bcompared with the colitic group; ccomp
itic + 30%sucrose and colitic + 30% sucrose + FB groups. The data are shown as the mea
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3.2. Oxidative stress markers

The effects of different treatments on oxidative stress markers
in colon tissues are listed in Table 2. Compared with the control
animals, T-GSH, NP-SH and CAT levels were significantly decreased
(p < 0.01), and NO, PCO, MPO and ALP levels were significantly
increased (p < 0.01) in colitic rats. Feeding of a 30%-sucrose-
supplemented diet to colitic rats further downregulated GSH, NP-
SH and CAT levels and further augmented the NO, PCO, MPO and
ALP levels significantly compared with colitic rats that were fed a
normal diet. Conversely, supplementation of the diet of colitic rats
with FB together with 30% sucrose led to a significant reversal
(p < 0.01) in the levels of the studied oxidative stress markers com-
pared with those detected in colitic rats fed on a diet with or with-
out supplementation with 30% sucrose. Compared with control,
normal healthy rats fed on a sucrose-supplemented diet showed
no significant change in any of the studied oxidative stress
markers.
3.3. Inflammatory markers

The effects of various treatments on inflammatory indices are
presented in Table 3. Colitic rats had significantly elevated levels
of IL-6, TNF-a, PGE2 and IL-1b (p < 0.01) compared with control
rats. Colitic rats fed on a diet containing 30%-sucrose exhibited a
further increase (p < 0.01) in these markers matched to those in
colitic rats that were fed a normal diet. In contrast, colitic rats
fed on a diet supplemented with sucrose as well as FB exhibited
significantly decreased levels (p < 0.01) of all the studied inflam-
matory markers compared with colitic rats fed on diet with or
without sucrose supplementation. Conversely, the levels of studied
inflammatory markers were comparable between control and nor-
mal rats that were given a 30%-sucrose containing diet.
3.4. Histopathological analysis

The scores of the histological analysis of colonic mucosa are
illustrated in Table 4. A significant necrosis of colonic mucosa, infil-
tration of inflammatory cells in mucosa and submucosa and sub-
mucosal oedema was noted in colitic rats as well as in colitic rats
fed a 30%-sucrose-supplemented diet. Necrosis of the mucosa
and submucosal inflammatory cell infiltration were more severe
in colitic rats that were fed a normal diet compared with colitic
rats fed on a diet with 30% sucrose. In contrast, submucosal
oedema was more pronounced in colitic rats that were fed a
sucrose containing diet compared with colitic rats fed with a diet
without 30% sucrose supplementation. Moreover, rats fed with a
diet mixed with sucrose as well as FB exhibited a significant
improvement in necrosis of mucosa, oedema and mucosal inflam-
matory cell infiltration. No significant changes were noticed in nor-
mal healthy rats fed a 30%-sucrose containing diet compared with
control rats (Table 4).
litic Colitic + 30% sucrose Colitic + 30% sucrose + FB

4 ± 17.9 280 ± 19.5ab* 282 ± 18.4ab*

0 ± 17.8a* 266 ± 19.5b* 280 ± 20.4bc*

8 ± 0.99a* 7.1 ± 0.81a* 5.8 ± 0.91d*

ared with the colitic + 30% sucrose group; dcompared with the 30% sucrose, col-
n ± SD (N = 10). *p < 0.01.



Table 2
Effect of different treatments on oxidative stress parameters in rat colon tissues.

Control 30% sucrose Colitic Colitic + 30% sucrose Colitic + 30% sucrose + FB

T-GSH (nmol/L/mg protein) 5.2 ± 0.94 4.9 ± 1.1a* 3.4 ± 0.82b* 1.8 ± 0.09abc* 4.2 ± 1.2d*

NP-SH (nmol/L/mg protein) 3.34 ± 0.9 3.1 ± 0.77a* 2.6 ± 0.82b* 1.5 ± 0.72abc* 2.9 ± 0.9d*

CAT (U/mg protein) 22.7 ± 7.5 20.3 ± 7.3a* 9.1 ± 1.9b* 6.8 ± 1.2abc* 15.5 ± 5.5d*

NO (lg/mg wet tissue) 23.5 ± 8.4 21.5 ± 7.5a* 64.6 ± 12.5b* 79.4 ± 15.7abc* 16.3 ± 4.7d*

PCO (nmol/mg protein) 0.9 ± 0.04 1.1 ± 0.92a* 1.89 ± 0.09b* 2.6 ± 0.99abc* 1.2 ± 0.94d*

MPO (U/mg protein) 64.6 ± 15.3 79.7 ± 16.2a* 152.3 ± 22.2b* 188.4 ± 26.7abc* 138.5 ± 24.3d*

ALP (U/I) 4.9 ± 1.9 5.3 ± 1.9a* 23.5 ± 8.6b* 30.7 ± 9.4abc* 13.7 ± 2.7d*

FB, fava beans ,T-GSH, total glutathione sulfhydryl; NP-SH, non-protein sulfhydryl; CAT, catalase; NO, nitric oxide; PCO, protein carbonyl content; MPO, myeloperoxidase, ALP,
alkaline phosphatase. aCompared with the control; bcompared with the control and 30% sucrose group; ccompared with the colitic group; dcompared with the colitic and
colitic + 30% sucrose group. The data are expressed as the mean ± SD (N = 10). *p < 0.01).

Table 3
Effects of different treatments on colonic mucosal inflammatory markers.

Control 30% sucrose Colitic Colitic + 30% sucrose Colitic + 30% sucrose + FB

TNF-a (pg/g of tissue) 1715 ± 34 1748 ± 36a* 3910 ± 48b* 4160 ± 54c* 2235 ± 39d*

IL-1b (pg/g of tissue) 2250 ± 32 2230 ± 37 a* 4653 ± 59b* 4875 ± 52c* 3125 ± 42 d*

IL-6 (pg/g of tissue) 76 ± 9.5 80 ± 9.4 a* 320 ± 18.3b* 390 ± 18.6c* 180 ± 11.5 d*

PGE2 (pg/mg of tissue) 252 ± 11.9 270 ± 12.5 a* 1456 ± 21.2b* 1570 ± 24.5c* 950 ± 17.7 d*

FB, fava beans, TNF-a, tumour necrosis alpha; IL-1b, interleukin-beta; IL-6, interleukin-6; PGE2, prostaglandin-E2. a Compared with the control; b compared with the control
and 30% sucrose group; ccompared with the colitic group; d compared with the colitic and colitic + 30% sucrose group. The data are expressed as the mean ± SD (N = 10)
*p < 0.01.

A.A. Eskandrani Saudi Journal of Biological Sciences 28 (2021) 3497–3504
3.5. Histology of mucosal tissue

The histological observations performed via H&E staining of
mucosal tissues of rats collected after the different treatments
are provided in Fig. 1. A significant mucosal necrosis accompanied
by submucosal and mucosal infiltration of inflammatory cells and
oedema in submucosa were observed in both colitic rats fed on a
normal diet and in colitic rats fed with a normal diet supplemented
with 30% sucrose compared with control rats, in which normal his-
tology of colonic mucosa and absence of submucosal oedema and
inflammatory cell infiltration were observed. In turn, colitic rats
that were given a normal diet exhibited more severe mucosal
necrosis and submucosal infiltration of inflammatory cells com-
pared with colitic rats that were provided with a diet with sucrose
supplementation. Submucosal oedema was more pronounced in
colitic rats fed a sucrose diet than it was in those without the
sucrose diet. In contrast, a significant improvement in mucosal
necrosis, submucosal and mucosal inflammatory cell infiltration
and oedema in submucosa were noted in colitic rats given a diet
supplemented with FB.
3.6. DNA damage

The effects of the different treatments on mucosal DNA frag-
mentation are presented in Fig. 2. Relatively, 55% and 68% frag-
mentation of mucosal DNA was noticed in colitic rats fed a
normal diet and in colitic rats given a normal diet supplemented
with 30% sucrose, respectively, compared with the 1% fragmenta-
tion of colonic DNA detected in control rats. Colitic rats fed on a
diet supplemented with 30% sucrose and FB showed a marked
Table 4
Scores of histopathological parameters in control and different treatment groups.

Histological observations Control 30% sucrose

Necrosis of the mucosa � �
Mucosal inflammatory cell infiltration � �
Submucosal inflammatory cell infiltration � �
Submucosal oedema � �

FB, fava beans; (�), no change; (+), mild change; (++), moderate change; (+++), severe c
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reduction in colonic DNA fragmentation, as only 42% of DNA was
found to be fragmented, indicating a significant protection of FB
against DNA damage. Rats that were fed a 30% sucrose diet exhib-
ited 7% DNA fragmentation, which was comparable to the 1% frag-
mentation of colonic DNA found in control rats.
4. Discussion

Acetic-acid-induced UC is a widely used animal model for ulcer-
ative colitis (Ashry et al., 2016). It is similar to human UC in terms
of histopathological characteristics, pathogenesis and the inflam-
mation, rendering it to be a useful tool for anti-colitic drug screen-
ing (Randhawa et al., 2014).

In this study, AA elicited an inflammatory response in colon tis-
sues, as evident from the reduction of anti-oxidant biomarkers (T-
SH, NP-SH and CAT) and the increase of NO, PCO, inflammatory
cytokines and inflammatory markers. Here, a high-sucrose diet
was administered and the results of the G2 colitic group and the
G3 colitic group were compared. We found that this diet generated
multiple effects on the occurrence of colon inflammation caused by
a single dose of AA. Because of the hydrolysis of sucrose into
monosaccharides, a rat feeding study reported that sucrose
increased the proliferation of colon cells to a greater extent than
fructose and glucose did shortly after its ingestion (Wang et al.,
2009). A study performed by Chen et al. (2015) confirmed that
sucrose acts as a co-initiator or promoter of colon tumour forma-
tion. Pettan-Brewer et al. (2011) demonstrated that sucrose aug-
ments inflammation markers and acts as a proinflammatory
agent. Epidemiological studies presented important correlations
between inflammation of the colon and high intake of sucrose.
Colitic Colitic + 30% sucrose Colitic + 30% sucrose + FB

+++ ++ �
+++ +++ +
+++ ++ +
++ +++ +

hange



Fig. 1. Histopathological examination of haematoxylin and eosin H&E-stained
ulcerative colitis rat tissues. G1: A normal histology of mucosa, submucosa,
mucosa and serosa and absence of inflammatory cell infiltration were found in
control rats; G2: colitic rats exhibited a marked mucosal necrosis associated with
inflammatory cell infiltration in submucosa and mucosa; G3: colitic rats + 30%
sucrose showed a more severe mucosal necrosis accompanied by nuclear enlarge-
ment as an indication of degenerative changes in response to the sucrose-
supplemented diet; G4: colitic rats + 30% sucrose displayed a normal histology of
mucosa, comparable to that of the control; G5: colitic rats + 30% sucrose + FB
dietary supplementation exhibited a significant reversal in the mucosal necrosis
and mucosal and submucosal inflammatory cell infiltration (Magnification X100).

Fig. 2. Mucosal DNA fragmentation analysis by agarose gel electrophoresis. Lane
1, 2000 bp DNA marker; lane 2, G1 normal healthy rats, 1% fraction; lane 2, G2
colitic rats, 55% fraction; lane 3, G3 colitic rats + 30% sucrose, 68% fraction; lane 4,
colitic rats + 30% sucrose, 7% fraction; and lane 5, G5 colitic rats + 30% sucrose + FB
dietary supplementation, 42% fraction.
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Different studies have recently demonstrated that increased con-
sumption of sucrose correlated with a raised colon cancer risk
(Rawla et al., 2019). In an animal study sucrose elevated the rate
3501
of mutations in the colon, and also changed oxidative stress by gly-
coxidation and changed the colonic environment, leading to a vari-
ation in pH and short-chain fatty acids, which are fermentation
products, a central supply of colonic epithelium energy (Gu et al.,
2019).

The results indicated that UC negatively affected the final body
weight; this may be attributed to an impairment in the absorption
of water in the inflamed mucosa, contributing to diarrhoea in this
animal modelin cases of human inflammation of the intestines
(Bitiren et al., 2020). The weight/length ratio was also used to
determine the weight gain caused by oedema or chronic inflamma-
tion shortening, which are indices of the severity of colitis (Ağıs�
et al., 2015). The increase in body weight in sucrose-
supplemented groups may have led to an increase in palatability
because of the effect of sucrose. In addition, a body weight increase
was detected in G5 (colitic rats + 30% sucrose supplemented with
FB), which was due to the effect of FB seeds on palatability and
their high protein and carbohydrate content (Basheer-Salimia
et al., 2014).

The increased colon to body weight ratio is considered a sensi-
tive and reliable index for assessing severity of ulcers, oedema and
increased levels of inflammatory cytokines, such as TNF-a and IL-6
(Palla et al., 2016). In this study, AA-treated rats exhibited a signif-
icant increase in the weight ratio of the colon to the body weight.
Oxidative stress is a driving force in the initiation and pathogenesis
of IBD. AA causes vascular dilation and the accumulation of white
blood cells (WBCs), and elevates flow of blood, resulting in higher
production of reactive oxygen species. Bitiren et al. (2020) demon-
strated the role of free radicals in the etiology of mucosal injury. AA
reduced the content of anti-oxidant biomarkers (T-SH, NP-SH, CAT,
NO and PCO). In contrast, the absence of significant differences
between the G1 and G4 control groups appears to indicate the role
of AA in augmented oxidative stress in lieu of sucrose.

Earlier studies reported that sucrose causes colon, liver or
plasma oxidative stress (Van Hecke et al., 2019). Several studies
proved that intra-rectal AA administration decreases the defensive
anti-oxidant system, including GSH and catalase activity (Krishnan
et al., 2014). ROS produce several inflammatory cytokines that
exacerbate tissue damage in different tissues. Free radicals cause
severe cell damage due to lipid peroxidation (Jena et al., 2012).
GSH is an important anti-oxidant intracellular enzyme that is
expressed in the gut of mammals, and plays crucial role tissue
repair because of its ability to inhibit ROS. Inflammation causes
decrease in GSH, and the colon mucosa is severely degraded.
GSH, therefore, plays pivotal role in intestinal cell protection and
abrogating inflammation (Zińczuk et al., 2020). GSH or NP-SH pep-
tide sulfhydryl groups are widely used in all biological systems and
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act as an enzyme-free anti-oxidant. GSH due to its sulfhydryl group
directly negates ROS and protects oxidative related injuries and it
can also indirectly participate in ROS detoxification as a coenzyme
or cofactor (Bai et al., 2019).

Nitric oxide and nitric oxide synthase NOS are potential colitis
facilitators. The inflammatory reactions observed during colitis,
such as enhanced interstitial oedema and intestinal wall thicken-
ing, are linked to inflammatory molecules, such as NO (Gillberg
et al., 2012). Clinically, colonic tissues of patients with colitis
release ROS and NO, which lead to increased membrane peroxida-
tion and DNA attacks (Venkatachalam et al., 2020). Our results
indicate that dietary supplementation with dried fava beans can
restore the oxidative status of colitic rats in colon homogenates.
Ganesan and Xu (2017) indicated that the anti-proliferative and
anti-oxidant potentials of legumes were correlated with the occur-
rence of different classes of phenolic compounds.

Fava bean pods also contain up to 100 mg/kg of caffeoyl-L-malic
acid. Similarly, earlier studies (Xu and Chang, 2010) have demon-
strated that pro-anthocyanidins are important phenolic com-
pounds present in fava beans. Pro-anthocyanidins can, however,
alleviate oxidative stress by scavenging free radicals and altering
signalling pathways (Puiggròs et al., 2014).

In human, animal and culture studies, which have collectively
demonstrated the potential of PCs to prevent or treat oxidative-
stress-related diseases, the anti-oxidant efficacy of PCs has been
verified (Casassa et al., 2013). MPO is a neutrophilic enzyme; its
activity therefore, correlates to neutrophil population in the
inflamed tissue. MPO activity measurement was, therefore, consid-
ered to be a sensitive test for the detection of acute intestinal
inflammation (Molodecky et al., 2012). The increased activity of
MPO is considered a neutrophil infiltration index and indicates
the formation of potent cytotoxic oxidants, such as H2O2,
hydrochloric acid and chloride ions (Costello et al., 2020). The dis-
turbed redox system can also be reflected in the increased levels of
the protein carbonyls PCO and LPO (Garcia et al., 2019). Acute
administration of AA through the rectal route increased the MPO
and PCO activities, which were reduced after fava bean dietary
supplementation in colitic rats. The modelling effect of fava beans
on inflammatory markers was linked to the high content of power-
ful phenolic compounds and other bioactive compounds that could
protect the mucosal tissue by increasing its immunity
(Esmaillzadeh and Azadbakht, 2012). In this work, AA was
adversely affected by inflammatory reaction after colonic injury,
leading to a massive intracellular acidification that caused
immense epithelial damage (Hall et al., 2020). Cytokines mediate
immune responses after AA administration and manage the expan-
sion of colonic mucosal damage (Pearl et al., 2013).

UC was related to an impaired immune response followed by
the release of inflammatory molecule, IL-1b, which is expressed
as inactive pro-IL-1b and is activated under caspase-1 control
(Opipari and Franchi, 2015). Of note, Lazaridis et al. (2017)
reported that, in the inflamed colonic mucosa, IL-1b was obviously
enhanced and correlated with the severity of the disease. TNF-a is
an important pro-inflammatory cytokine that in early inflamma-
tion is secreted from lymphocytes and macrophages. It was
reported that inflammatory bowel disease plays an integral role
in the pathogenesis of UC (Sheng et al., 2020). Earlier human stud-
ies (Dai et al., 2020; Zhang et al., 2020) indicated that TNF-a and IL-
6 were increased in inflammatory bowel conditions and suggested
that these factors play an integral role in their pathogenesis. In this
study, the obtained histological findings and oedema formation
caused by the elevated cytokines and epithelial cell necrosis were
as reported previously by clinical studies (Tahan et al., 2011).

The results of elevated colonic PGE2 levels in colitic rats
obtained here were consistent with those of Yu et al. (2019). Fur-
thermore, many pro-inflammatory cytokines induce apoptosis in
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intestinal epithelia during the intestinal inflammation process. In
colonic tissues, pro-inflammatory cytokines are involved in T-cell
growth and B-cell proliferation (Santos et al., 2020). However, Bai
et al. (2020) and Cibor et al. (2020) reported that IL-6 serum levels
were significantly high and proportional to the intensity of colonic
mucosal injury.

Fava bean is rich in pro-anthocyanidins, which have anti-
oxidant and anti-inflammatory properties. Several studies have
demonstrated that pro-anthocyanidins can have a beneficial effect
on endothelium injury, platelet aggregation and inflammation
caused by systemic disease pathogenesis (Huang et al., 2014). In
this study, the histological examinations confirmed the biochemi-
cal measurements, i.e., that AA caused marked mucosal necrosis
and inflammatory cell infiltration. The study reported by Pastrelo
et al. (2017) demonstrated that acetic-acid-induced colitis leads
to different lesions in the colonic mucosa and necrosis associated
with neutrophils. Evidence suggests that peroxides and hydroxyl
groups destabilize cell-membrane, cause damage to DNA and cell
death due lipid peroxidation (Krzystek-Korpacka et al., 2020).

Regarding the results of colonic mucosal DNA, the supplemen-
tation of the diet with sucrose led to changes in the colonic muco-
sal DNA. According to Guercio et al. (2018) dietary sucrose played a
role of promoter or co-initiator of colon tumour formation. Geno-
toxic and mutagenic potential of sucrose in colonic tissues was
attributed to oxidative stress induced DNA damage or derailed
DNA repair mechanism (Van Hecke et al., 2019). Notably, Yu
et al. (2018) concluded that a diet rich in sucrose doe dependently
contributed to increased mutation rate in rat colon directly or indi-
rectly, and lowers DNA levels. In addition, Heredia-García et al.
(2019) found that sucrose promoted DNA damage in the colon,
indicating pro-carcinogenic nature of sucrose. In contrast, fava
beans have anti-mutagenic effects because of their high phenolic
and flavonoid content, thus exerting a protective effect against
DNA damage (Siah et al., 2012).

5. Conclusions

Increased levels of inflammatory mediators in the rat colon
indicated that acetic acid triggered an inflammatory state in colon
tissues. In addition, high-sucrose diets increase colonic inflamma-
tion and induce histological and mucosal DNA alterations. Dietary
supplementation with dried ground fava bean significantly cor-
rected the impaired oxidative and inflammatory biomarker levels
and modulated histological features and DNA alterations. Finally,
fava bean attenuated the oxidative damage and colonic injury
induced by acetic acid, which confirmed its high anti-oxidant and
anti-incendiary properties.
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