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ABSTRACT

The present study was carried out to explore the protective effects of probiotic and N-acetylcysteine
(NAC) on acetic acid induced ulcerative colitis. Thirty two adult albino rats were divided into four equal groups;
control group, ulcerative colitis group, Probiotic group and NAC group administered (1.62 g/kg) probiotic and
(108 mg/kg) NAC respectively for 18 days. After one week of the experiment the ulcerative colitis, Probiotic
and NAC groups received intracolonic injection of 2 mL acetic acid 4% for four days for induction of ulcerative
colitis. Probiotic and NAC administration significantly decreased the activity of colonic myeloperoxidase (MPO),
and down-regulated the inflammatory markers gene expression which were up-regulated by acetic acid. In
addition, colonic catalase (CAT) and superoxide dismutase (SOD) activities and glutathione (GSH) concentration
were increased by probiotic and markedly increased by NAC comparing to ulcerative colitis group while
malondialdehyde (MDA) concentration decreased. Moreover, Probiotic and NAC exhibited protective action
against the immunohistochemical and histopathological changes induced by acetic acid in rat colon. In a
conclusion, probiotic and NAC had significant ameliorating effects against acetic acid induced ulcerative colitis
possibly attributed to their anti-inflammatory and antioxidant properties.
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INTRODUCTION

Inflammatory bowel diseases (IBD) are a group of chronic inflammatory disorders of the gastrointestinal
tract including Crohn’s disease (transmural intermittent inflammation and may involve any part of the
gastrointestinal tract) and ulcerative colitis (continuous inflammation, limited to the mucosa and confined to
the colon). They have been a worldwide health care problem with a continually increasing incidence, posing a
significant morbidity and poor quality of patient life [1]. The etiology of IBD is multifactorial, including genetic
susceptibility, bacterial translocation through the injured mucosa and immunological, oxidative stress and
environmental factors contributed in both initiation and progression of the disease [2]. Clinical symptoms
involve diarrhea, blood in the stool, abdominal pain, weight loss, fatigue and extra-intestinal manifestations as
primary sclerosing cholangitis, skin lesions or joint problems [3]. Currently, there is no curative treatment and
most IBD patients need long life treatment [4] therefor, new therapeutic alternatives, especially dietary
supplements with antioxidant properties, are suggested to improve the quality of patient life.

Probiotic is a live organism that exerts beneficial effects to the host when consumed in adequate
quantities. Lactobacilli, bifidobacteria and nonpathogenic yeasts such as Saccharomyces boulardii are the most
commonly used probiotics. They could alleviate lactose intolerance, decrease duration of gastrointestinal
infections, suppress cancer, reduce plasma cholesterol and improve digestion and nutritional value of foods

[5].

N-acetylcysteine (NAC), a small molecule antioxidant containing thiol (SH) group, is widely used in
clinical practice as a mucolytic drug [6] and in treatment of pulmonary oxygen toxicity, paracetamol toxicity,
immunodeficiency viral infection, lung and liver ischaemic damage and toxicity, and experimental ischaemic
skin flaps [7]. It has an anti-inflammatory effect in cerebral and pulmonary inflammation [8]. Also, it has a
potent antioxidant effect through scavenging reactive oxygen species and raising the intracellular cysteine and
glutathione concentrations. It restores glutathione depleted by drug conjugation in liver tissue [9].

MATERIAL AND METHODS
Animal model
Thirty two adult male Wistar albino rats weighing 200-250 g obtained from the animal house of
Faculty of Veterinary Medicine, Benha University, Egypt. They were acclimatized to the laboratory conditions
for two weeks before starting the experiment with free access to standard diet and water. Animal handling
procedures were carried out according to the guidelines of Faculty of Veterinary Medicine, Benha University
Ethical Committee.

Chemicals and Drugs

Acetic acid (4% concentration, ready-made) was obtained from VACSERA, Egypt. Probiotic was
supplied by EI-Nasr pharmaceutical chemicals, Egypt. NAC was supplied by SEDICO pharmaceutical Co, Egypt.

Animals grouping
Rats were randomly and equally divided into four groups (eight animals each).
e  Group 1 administered saline for 18 days and used as control group.
e Group 2, 3, 4 were subjected in the 8" day to the induction of ulcerative colitis by intracolonic injection
of 2 mL acetic acid 4% for four days [10].
e Group 3 (Probiotic group): administered probiotic (1.62 g/kg, oral) and Group 4 (NAC group):
administered NAC (108 mg/kg, oral) for 18 days [11].
Induction of ulcerative colitis
All animals (except control group) were fasted for 6 hours, with access to water ad libitum and

anesthetized by an intraperitoneal injection of 1% sodium pentobarbital in a dose of 50 mg/kg before
induction of colitis. Acetic acid 4% infused for 30 sec using a soft pediatric catheter (6 F in size and 2 mm in
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diameter), inserted through the rectum into the colon up to a distance of 8 cm and maintained in a supine
trendelenburg position for 30 sec to prevent leakage of the intracolonic instill.

Handling of tissue samples

On the 18™ day of the experiment, colon were collected after sacrificing the animals, rinsed in ice cold
saline and divided into three parts. The first part used for biochemical analysis after homogenization,
centrifugation and separation of the supernatant. The second part kept at -80 °C until used for Quantitative
RT-PCR. The third part placed in 10% formalin solution for histopathological and immunohistochemical
evaluation.

Assessment of inflammatory markers

1. Myeloperoxidase (MPO) activity in colon tissue was measured according to Kettle and Winterbourn
[12].
2. Estimation of IL-1B and TNF-a gene expression by RT-PCR:

Total RNA was isolated from rat colon using Gene JET RNA Purification Kit (Thermo Scientific, # K0731,
USA) according to the manufacturer’s protocol. The complementary DNA was synthesized by RevertAid H
Minus Reverse Transcriptase (Thermo Scientific, #£P0451, USA) using 5 ug of total RNA. The primer sequences
used for amplification summarized in (Table 1).

Table 1: Forward and reverse primers sequence for qRT-PCR.

Genes Primers sequences
B-actin F: ACCCACACTGTGCCCATCTA
R: CGTCACACTTCATGATG
IL-1B F: CACCTCTCAAGCAGAGCACAG
R: GGGTTCCATGGTGAAGTCAAC
TNF-a F: GCATGATCCGCGACGTGGAA
R: AGATCCATGCCGTTGGCCAG

Quantitative RT-PCR for IL-1B and TNF-a genes were performed using StepOnePlus RT-PCR system
(Applied Biosystem, USA) with initial denaturation at 95 °C for 10 min, 40-45 amplification cycles at 95 °C for
15 sec, annealing at 60 °C for 30 sec and extension at 72 °C for 30 sec. At the end of the last cycle, the
temperature was increased from 63 to 95 °C for melting curve analysis. The cycle threshold (Ct) values were
calculated for target genes and the housekeeping gene (B actin), and relative gene expression was determined
using 2" method [13].

Assessments of oxidative stress parameters

The oxidative status was assessed by determining CAT [14] and SOD [15] activities, MDA level [16] and
GSH [17] concentration using commercially available kits (Laboratory Biodiagnostics Co. Cairo, Egypt).

Histological and immunohistochemical analysis

Parts of the removed rat colon were fixed in 10% buffered formalin, embedded into paraffin blocks,
processed to obtain sections with 5 um thickness, stained with hematoxylin and eosin (H&E) and examined
with a light microscope.

For immunohistochemical evaluation, paraffin embedded colon sections were de-paraffinized (in

xylene), rehydrated in alcohol and incubated in 3% hydrogen peroxide (H20:2) in methanol to block endogenous
peroxidase activity. Antigen unmasking performed by incubation in citrate buffer (pH 6.0) then 5% normal goat
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serum in phosphate buffered saline. Later, sections were incubated with primary antibodies against inducible
nitric oxide synthase (iNOS) and proliferating cell nuclear antigen (PCNA), followed by specific biotin-
conjugated secondary antibodies (Neo Markers/Lab vision, Fremont, California, USA). For color development,
streptavidin-peroxidase kits were added to the slides and sections were counterstained with Mayer's
hematoxylin. For quantification, positively stained cells (brown-colored) were identified using an image
analyzer computer system.

Statistical analysis

Results were expressed as mean + S.E.M. and analyzed by one way analysis of variance (ANOVA)
followed by Duncan test using SPSS for windows (Version 18). All values at P <0.05 were considered to be
significant.

RESULTS

Effect of probiotic and NAC on the inflammatory and oxidative stress markers in colon tissue of rats with
ulcerative colitis

Intracolonic injection of acetic acid significantly increased colon MPO activity, up-regulated IL-1p and
TNF-a gene expression. Additionally, colon CAT and SOD activities and GSH concentration significantly
decreased while concentration of MDA increased. However, Co-administration of probiotic or NAC decreased
MPO activity, down-regulated IL-18 and TNF-a gene expression, increased antioxidant enzyme activities and
GSH concentration and decreased MDA concentration comparing to ulcerative colitis group. Interestingly,
NAC administration significantly improved the inflammatory and oxidative stress effects in comparison with
Probiotic group as shown in table (2).

Table 2: Effect of Probiotic and NAC on the inflammatory and oxidative stress markers in colon tissue of rats
with ulcerative colitis

MPO CAT GSH MDA

(umg) | "M NP molzg) | SOPY/R) | ngre) | (umol/e)

Group 1 0.07 + 1.00 + 1.00 + 55.68 + 77.04 + 5.23 % 18.11+
0.01¢ 0.07¢ 0.05¢ 2.052 1.35° 0.20? 1.63¢

Group 2 0.63 % 6.41 + 4.59 + 15.44 + 2147 + 0.92 + 62.26 +
0.042 0.38° 0.26° 2.56¢ 2.10¢ 0.05¢ 2.342

Group 3 032+ 3.25+ 2.93+ 25.73 43.80 + 1.82+ 36.15 +
0.03° 0.19° 0.14° 2.38¢ 1.88¢ 0.14¢ 1.49°

Group 4 0.19+ 1.87 + 1.71+ 36.79 + 64.01 + 3.10+ 22.49 +
0.02¢ 0.11¢ 0.10¢ 1.49° 2.32° 0.18° 1.80¢

Group 1: Control group, Group 2: Ulcerative colitis group, Group 3: Probiotic group, Group 4: NAC group.
Mean values with different superscript letters in the same column are significantly different at (P <0.05).

Immunohistochemical results

Acetic acid dramatically up-regulated the iNOS immunoexpression in colon tissue of rats with
experimentally induced ulcerative colitis (Figure 1B). In probiotic and NAC groups, there was moderate (Figure
1C) and weak (Figure 1D) up-regulation of iNOS expression compared to the control group (Figure 1A).
Moreover, Acetic acid obviously suppressed the PCNA immunoexpression (Figure 2B) when compared to
normal submucosa (Figure 2A). On the other hand, oral administration of probiotic and NAC showed moderate
to marked increase in PCNA expression (Figure 2C, D).
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Figure 1: iNOS immunohistochemical expression in colon: A) Control group; B) Ulcerative colitis group:
showed very strong positive iNOS staining (arrowheads) in cells located at the junction of crypts and
submucosa; C) Probiotic group: showed moderate positive iNOS staining; D) NAC group: showed weak
positive iNOS staining (arrowhead), X = 400; E) Quantitative evaluation of iNOS immuno-staining among the
four groups.

,"r &-‘ |

N
glF

o (g > >

Figure 2: PCNA immunohistochemical expression in colon: A) Control group; B) Ulcerative colitis group:
showed very weak positive PCNA staining; C) Probiotic group: showed moderate positive PCNA staining; D)
NAC group: showed strong positive PCNA staining, X= 400; E) Quantitative evaluation of PCNA immuno-
staining among the four groups.
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Macroscopic and microscopic findings

Macroscopic examination revealed severe inflammatory response in the distal colon of ulcerative colitis
group represented by hyperemia, edema, ulceration and hemorrhage (Figure 3A2) compared to the control
group (Figure 3A1). However, probiotic moderately attenuated the macroscopic damage and inflammatory
response (Figure 3As) while administration of NAC alleviated the colonic damage to an extent close to the
normal condition (Figure 3Aa4).

Microscopically, intracolonic injection of acetic acid induced atrophy and/or destruction of intestinal
crypts (Figure 3C) as well as submucosal edema revealed by increase in submucosal thickness (Figure 3D)
compared to the control group (Figure 3B). Moreover, the mucosa, submucosa and crypts showed
inflammatory cellular infiltration (Figure 3C, D, arrowheads). On the contrary, oral administration of probiotic
and NAC exhibited regenerative changes except for slight degree of edema in the submucosa and dilated
lumen of some crypts (Figure 3E, F).

Figure 3: A) Macroscopic appearance of rat colon: 1,2,3,4 refer to control, ulcerative colitis, probiotic and
NAC groups respectively. Microscopic examination of rat colon: B) Control group: showing normal crypt
structure and submucosa (Sub); C, D) Ulcerative colitis group: showing destruction of some crypts with
inflammatory cellular infiltration (arrowheads) and edema of the submucosa; E) Probiotic group; F) NAC

group.(H&E stain, X 400).

DISCUSSION

Intestinal inflammation, edema, and ulceration of the colonic mucosa in UC produce cyclic bouts of
clinical symptoms including diarrhea, rectal bleeding, and anemia [18]. Acetic acid induced colitis is a standard
and popular method to produce an experimental model of UC similar to human in terms of histological
features, increased production of reactive oxygen species, ulceration, inflammation and disturbance in
mucosal permeability [19].

The current study aimed to explore the effects of probiotic and NAC on acetic acid induced colitis and
our results clearly showed that they could inhibit experimental colitis in variable degree. NAC caused a
dramatic reduction in the severity of colitis which was comparable to probiotic. This effect is possibly
attributed to their anti-inflammatory and antioxidant properties as indicated by correction of the increased
inflammatory markers and oxidative stress indices in colon tissue and improved macroscopic and microscopic
features.
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Exposure to acetic acid in our experiment was accompanied by a profound inflammatory response as
shown in (Table 2) which came in agreement with previous studies who reported threefold and sevenfold
increase in MPO activity [20, 21]. Also, significant increase in colonic concentration of IL-1B8 and TNF-a after
colitis induction recorded by the authors of [20, 22].

Acetic acid induced colitis characterized by an increase in MPO activity, an indicator of neutrophils
infiltration into the colon as shown in ulcerative colitis group [23]. Myeloperoxidase, removes H202 and
catalyzes the formation of toxic hypochlorous acid in the presence of chloride ion which produces reactive
oxygen species (ROS) as hydroxyl radicals, singlet oxygen, peroxynitrite, and ozone [24].

Probiotic significantly decreased colonic MPO activity probably through its ability to reduce neutrophil
infiltration in the inflamed colon [25]. Also, it is possible that the alteration in gut flora due to probiotic therapy
decreases the inflammation, which, in turn, lowers the MPO levels [26]. On the other hand, NAC has been
found to be a powerful scavenger of hypochlorous acid (HOCI) which is involved in the inflammatory reaction of
colitis and its scavenging may thus account for the observed protective effect of NAC [27]. Therefore, a
reduction in the MPO activity can be interpreted as a manifestation of the anti-inflammatory activity of
probiotic and NAC.

Ulcerative colitis has been associated with recruitment of inflammatory cells, immunological imbalance
and overproduction of ROS and inflammatory cytokines such as IL-18 and TNF-a [28]. These inflammatory
cytokines play an important in gastrointestinal immune response [29] however, their overproduction
stimulates the secretion of other inflammatory cytokines thereby enhancing and maintaining the inflammatory
reaction [30]. It has been reported that, suppressing release of inflammatory cytokines successfully inhibit
colitis in animal model [22]. In the current work, there is a significant down-regulation in the expression of
inflammatory cytokines in probiotic group when compared to ulcerative colitis group. This could be attributed
to the ability of probiotics to regulate the immune response through down-regulation of pro-inflammatory
cytokines and up-regulation of anti-inflammatory cytokines as IL-10 [31]. This anti-inflammatory cytokine
regulates the TNF-a converting enzyme so it is capable of inhibiting its synthesis [32].

It is important to highlight that, oxidative stress and inflammation are implicated in the pathogenesis of
ulcerative colitis [27] so, antioxidants as NAC minimizing ROS and their negative effects [33]. This is consistent
with our results (Table 2) and the previous observation of Hsu et al. [34] who noted that, NAC administration
to rats with endotoxemia significantly inhibits release of inflammatory cytokines.

The inflammatory reactions observed in ulcerative colitis are associated with nitric oxide (NO) & iNOS,
important pro-inflammatory mediators [35], which mediate the increase in thickness of submucosa [36] as
seen in (Figure 3C). Also, the significant up-regulation of iNOS immunoexpression associated with dense
submucosal inflammatory cell infiltration (Figure 1B) came in accordance with those of Galil and co-authors
[37]. The clinical feature of ulcerative colitis is aggravated through the highly toxic peroxynitrite radical,
produced from the interaction between NO with superoxide, which activates nuclear factor-kB and increases
the iNOS expression [38]. In the present study, administration of probiotic and NAC significantly decreased the
iNOS immunoexpression which could be attributed to their antioxidant properties.

Intestinal inflammation is accompanied by ROS overproduction, from the activated phagocytic
leukocytes and neutrophils, leading to lipid peroxidation and sever tissue damage [39]. Consistent with this
report, we found that, probiotic and NAC supplementation to rats with ulcerative colitis remarkably
attenuated the oxidative stress induced by acetic acid.

It was reported that the antioxidant activity of probiotic may include the following mechanisms. 1)
Stimulating synthesis of antioxidant enzymes. 2) Stimulating the immune system in order to prevent cytokine
induced oxidative stress. 3) Inhibiting intestinal pathogens, to reduce inflammation and associated oxidative
damage. 4) Enhancing the absorption of dietary antioxidants [40, 41]. On the other hand, NAC acts directly by
scavenging ROS and indirectly by synthesis of glutathione [42, 43].

Intestinal mucosa counteracts various stresses through production of intact physical barrier by its

rapidly proliferating cells [2]. Proliferating cell nuclear antigen (PCNA), important index of cell proliferation, is
essential in DNA replication and repair [44] and responsible for decisions of life and death of the cell [45]. In
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the present work, PCNA proliferation index was suppressed in ulcerative colitis group and up-regulated in
groups administered probiotic and NAC. This proliferating effect could be linked to their antioxidant effects
and modulating the oxidant/antioxidant balance of the injured colonic mucosa [37].

The macroscopic and microscopic investigations confirm the findings of our biochemical and
immunohistochemical results. The observed submucosal edema and inflammatory cellular infiltration indicates
sever inflammatory reaction in ulcerative colitis group and goes in parallel with the increased inflammatory
markers. In contrast, concomitant treatment with probiotic or NAC significantly ameliorated all the
pathological changes and these effects were more marked in the NAC group than in probiotic group. It could
be attributed to both strain and dose of probiotic [46] which require further investigation.

CONCLUSION

The results in this study confirm that probiotic and NAC have protective effects on acetic acid induced
ulcerative colitis, related to their anti-inflammatory and antioxidant properties. Therefore, these compounds
may be candidate agents for the development of natural anticolitis therapy.
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