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ABSTRACT

Ulcerative colitis (UC) is an inflammatory bowel disease (IBD) and it is
characterized by high recurrence and relapsing risk. UC affects millions of people
worldwide but its pathophysiology remains unclear. In this study, the UC models of
BABL/c mice were induced by dextran sulfate sodium (DSS) [3.5% (w/v) for 7 days
(acute UC) or 1.5% (wi/v) for 2 weeks (chronic UC)]. Herein, we aimed to determine the
expression levels of nuclear factor kB (NF-xB ), interleukin-1p (IL-1p), nuclear factor
erythroid 2—related factor 2 (Nrf2), Superoxide dismutase (SOD) and nitric oxide (NO)
production during acute and chronic DSS-induced colitis in mice and to assess their
possible role in the pathogenesis of the disease. Our results showed an increased level of
NF-«xB, IL-1p and NO in ulcerative colitis group while the levels of both Nrf2 and SOD
were markedly decreased. Also, we found a significantly increased levels of NF-xB
during the acute and chronic experimental colitis, (P < +.+5 and P <0.01 respectively)
compared to control. Moreover, the level of pro-inflammatory cytokine IL-1 was
increased in response to the elevated level of NF-xB in both the acute and chronic UC
(P < +.+1). Interestingly, we found a significant variation in the expression levels of IL-
1B between the acute and chronic DSS-induced colitis (P < +.+1) that seems to be
essential for the development of the UC from the acute to the chronic phase. These
findings suggested that changing in NF-xB and Nrf2 pathways may be contributed in
the development of both the acute and chronic DSS-induced UC in mice. Also, both of
NF-kB and IL-1B enhance the development of UC and the progression of the acute
intestinal inflammation into the chronic phase. Additionally, IL-1B could be used as
diagnostic biomarkers to differentiate between the acute and chronic UC.
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INTRODUCTION

Ulcerative colitis (UC) and Crohn’s disease (CD) are the two major forms of
inflammatory bowel disease (IBD) (Kaser et al., 2010). UC is a kind of chronic
intestinal inflammation mediated by an immune system disorder (Ungaro et al., 2017).
As an autoimmune disease, UC has become known as a universal health problem and
has been documented by the World Health Organization (WHO) as a refractory disease
(da Silva et al., 2014). The main pathological features of UC include local ulcers and
chronic inflammation of the colon, difficult to cure, and it is likely to recurrent attacks
(Linetal., 2019).

Epidemiological studies of IBD have showed that over 2 million individuals in
the North America, 3.2 million in Europe, and millions more worldwide have been
diagnosed with IBD (Ananthakrishnan et al., 2020). The incidence of UC has been
high, not only in Western countries, but also has been increasing year by year in
developing countries with an annual growth rate of 14.9% (Ng et al., 2018). In Egypt, a
study investigating IBD incidence from 1995 to 2009 showed a constant rise in the
incidence of IBD, specially UC (Esmat et al., 2014).

One of the most common IBD-related models is the dextran sulfate sodium
(DSS)-induced colitis. The administration of DSS polymers in drinking water induces
colitis and is useful for studying the involvement of innate immune mechanisms.
Indeed, the great majority of published papers have used animal models in acute
periods, but as well-known UC is chronic a disease. Therefore an important feature of
this model is that the administration of DSS at high dose for a short period leads to
acute colitis while the administration of low dose DSS for a long period leads to chronic
intestinal inflammation, which permits important observations about the adaptive
immune system (Okayasu et al., 1990; Tanaka et al., 2003) and allows studies of
mediators involved in the chronic process of IBD.

The pathogenesis of UC is not yet clear and may involve genetic, environmental,
immune, infectious and other factors (Scarpa et al., 2014). Despite this, activation of
the nuclear transcription factor kappa B (NF-xB ) signaling pathway and the initiation
of related inflammatory factors such as tumor necrosis factor alpha (TNF-o) and
interleukin 1 beta (IL-1 B) play critical roles in promoting the development of
inflammatory disease (Yadav et al., 2016).

NF-kB has the ability to promote the expression of various pro-inflammatory
cytokines like interleukine-6 (IL-6) and interleukine-1p (IL-1p) (Atreya et al., 2008).
IL-1P acts as an amplifier of immune reactions and it can modulate the function of both
immune and non-immune cells through its action on IL-1 receptors (IL-1R) (Coccia et
al., 2012; Dinarello, 2014). Also, it promotes the activation of dendritic cells,
macrophages, and neutrophils and the expressions of other inflammatory cytokines
facilitating the neutrophil infiltration (Wu et al., 2015).

Amongst the immune-regulatory factors, oxidative stress is one of the major
contributing factors involved in the development of the chronic disease and may be
secondary to inflammation (Hamouda et al., 2011). Nitric oxide (NO) is a lipophilic-
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free radical, which plays a key role in regulating homeostasis of many biological
systems (Avdagic et al., 2013). Elevated levels of NO may be toxic and may damage
healthy tissue (Kolios et al., 2004; Palatka et al., 2005; Avdagic et al., 2013).

The nuclear factor erythroid 2—related factor 2 (Nrf2) is a key transcription
factor which regulates the expression of cytoprotective genes in response to oxidative
stress (Bai et al., 2016). Under conditions of homeostatic cell growth, the cytoplasmic
protein Keap 1 interacts with Nrf2, and represses its function. However, under oxidative
stress conditions, Nrf2 is released from Keap 1 and translocate into the nucleus, then
binds to antioxidant responsive element (ARE), resulting in the activation of various
antioxidant enzymes, such as Superoxide dismutase (SOD) (Harder et al., 2015).

Moreover, Superoxide dismutase (SOD) has been demonstrated to play a
critical role in the redox modulation in acute disease; where it convert the superoxide
anion (O;"), into the easily diffusible and stable metabolite hydrogen peroxide (H,O,)
and then catalase acts on H,O, and neutralizes it into H,O (Pravda, 2005; Karp and
Koch, 2006).

The aim of the present study was to evaluate the alterations in the levels of NF-
kB, IL-1B, NRF2, NO and SOD during acute and chronic DSS-induced colitis in mice
and to study their possible role in the progression of the disease.

MATERIALS AND METHODS
Chemicals and reagents

Dextran sulfate sodium (DSS, CAS no. 9011-18-1, molecular weight of
approximately 40,000 Daltons) was provided by Bio-diagnostics Company (Giza,
Egypt). NF-xB p65, IL-1B, Nrf2 and p-actin were supplied by Santa Cruz
Biotechnology, (Texas, USA), BCIP/NBT substrate detection Kit (South San Francisco,
USA). All other reagents used were of analytical grade.

Animals

Twenty-four 8-10-week-old specific pathogen-free male BALB/c mice,
weighing approximately 12 g, were obtained from the animal house (Assiut University,
Egypt). The mice were allowed to acclimatize for 2 weeks. Rats were housed (2 per
cage) in a regulated environment (temperature, 20-22°C; humidity, 50 £5%; night/day
cycle, 12 hours) with free access to standard diet pellets and sterile tap water ad libitum.
Handling and experimentation were performed in accordance with The International
Ethical Guidelines concerning the care and use of laboratory animals and the
experimental protocol was approved by the Scientific Research Ethics committee of
Faculty of Pharmacy, Assiut University.

Experimental design and induction of colitis by DSS in mice

After 2 weeks of acclimatization, the animals were randomly divided into three
groups 8 for each, the first one served as the control and given autoclaved tap drinking
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water. In group 2 acute colitis was induced by administering 3% (w/v) DSS in the
drinking water for 7 days. The last group was fed with 1.5% DSS for 14 days to induce
chronic UC (Nishihara et al., 2006; Perse and Cerar, 2012; Chassaing et al., 2014).
Mice were weighed every day, body weights of mice in the three groups were
determined and recorded every day, and body weight change was calculated as a
percentage of the initial weight on day 1 as follows:

body wieghtof day x

Body weight change on day x (%) = X 100

body wieght of day 1
Assessment of colon damage by histopathology study

Animals were sacrificed 24 h fasting after the last day of the study (7" day for
acute and 15™ for chronic), after termination, colon tissue samples were isolated from
the mice, fixed in neutral buffered formalin 10% and processed by paraffin embedding
technique. Transverse sections of 4-5 pm thick were prepared and stained with
Haematoxylin and Eosin (Bancroft and Gamble, 2008) for light microscopic
examination. A semi-quantitative histological assessment of colon lesions was carried
out, three sections of hematoxylin/ eosin-stained colon were examined using a light
microscope (Olympus BX45. The severity of histopathological alterations was blindly
scored by an experienced pathologist.

Western Blotting Assessments of NF-xB p65, IL-1# and Nrf2 Proteins

Proteins were harvested from colon tissue samples with Lysis Buffer
supplemented with protease inhibitor and phosphatase inhibitor. Total protein content in
the supernatant was determined by using biuret reaction method (Gornall et al., 1949).
The denatured protein samples were subjected to sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE). Fifty microgram proteins were
separated by 12% glycine sodium dodecyl sulfate polyacrylamide gel electrophoresis
and transferred to polyvinylidene fluoride (PVDF) membranes. Membranes were
blocked with 5% Defatted milk in tris-buffered saline containing 0.1% Tween 20
(TBST) for 1 hour at room temperature and incubated overnight at 4°C with primary
antibodies targeting NF-«xB p65 (1: 5000; Santa Cruz Biotechnology, Inc), IL-1B (1:
5000; Santa Cruz Biotechnology, Inc) and Nrf2 (1: 5000; Santa Cruz Biotechnology,
Inc). The blots were then incubated with secondary antibodies for 1 hour at room
temperature and the membrane bound antibodies were detected with a commercially
available BCIP/NBT substrate detection Kit (Genemed Biotechnologies, Inc., USA).
Normalization was performed by B-actin (1:5000; Santa Cruz Biotechnology, Inc). Each
analysis was repeated to assure reproducibility of results. Quantification of each
corresponding analysis was further performed using Image J software and expressed as
the relative band density to the -actin.

Determination of nitric oxide and superoxide dismutase in colon tissue
The NO concentration in colon tissues was determined by measuring nitrite

concentration, a stable metabolic product of NO with oxygen. The nitrite concentration
was determined by classic colorimetrical Griess reaction, stander curve of sodium nitrite
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was constructed to calculate the concentration of NO in our samples (Montgomery and
Dymock, 1961; Ibragic et al., 2012).

Estimation of SOD activity in the colon tissues was carried out by a Kinetic
procedure that based on the ability of SOD to inhibit the auto-oxidation of pyrogallol
(Marklund, 1985). The enzymatic activity is directly proportional to the activity of
SOD in the tested sample and was expressed as U/mg protein.

Statistical analysis:

Data were expressed as the mean + standard deviation (SD). The statistical
differences between groups were determined by means of one-way ANOVA followed by
Tukey’s multiple comparison test. Statistical analyses were performed with Graph Pad
Prism 8 software (Graph Pad Software Inc., San Diego, CA). A P value of less than 0.05
(P < 0.05) was considered to be statistically significant.

RESULTS
Ulcerative colitis-induced body weight loss

Body weights of mice in the three groups were determined and recorded every
day, and body weight change was calculated as described in the material and methods.
Our results demonstrated that induction of UC by DSS caused marked stepwise body
weight decrease. Several factors may have contributed to this weight loss; mice bled
through their anus and suffered from bloody diarrhea. In addition, their daily food
intake was lower than that of the healthy mice in the control group. In contrast, mice in
the control group gained weight throughout the study period (Fig. 1A) (Fig. 1B). Mice
with DSS-induced colitis showed massive body weight loss, diarrhea, and gross anal
bleeding with an increased disease activity index (DAI) score that peaked at day 7 in the
acute colitis group (Fig. 1C) and day 15 in the chronic group (Fig. 1D).
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Figure 1: Weight change and disease activity index during the progression of DSS-

induced colitis: Data are reported as means + S.D. of six mice per group.
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Table 1: Disease activity index (DAI) scoring system

DAI scores Weight loss Stool consistency | Occult/gross
(%) bleeding

0 0 Normal None

1 1-5 Normal None

2 6-10 Loose stools Slightly bleeding

3 11-20 Loose stools Slightly bleeding

4 >20 Diarrhea Gross bleeding

DAI scores were determined by combining scores of body weight loss, stool
consistency and Gross bleeding.

Macroscopic changes and Histopathological findings in the three experimental

groups:

The length of colon is a classical marker of intestinal pathology in colitis. the DSS
groups had remarkably shorter colons than the normal control (Fig. 2), suggesting a
marked intestinal pathological condition induced by drinking of DSS. Histopathological
investigation revealed that colon tissue specimens from the control group demonstrate
normal histological and glandular structures of the mucosa, submucosa, and muscularis.
In contrast, colon tissue specimens from the disease groups showed focal ulceration in
the mucosal lining epithelium with underlying necrosis and inflammatory cell

infiltration in the lamina propria, as well as crypt damage.

Figure 2: Representative Macroscopic changes and Histopathological findings in: (A)
Colon of normal control mice showing the normal histological architecture (mucosa, Crypts
of Lieberkiihn, submucosa and muscularis layers) (H & E, scale bar 100um). (B) Colon of
mice treated with DSS (3%) for 7 days showing focal mucosal necrosis (short arrow),
submucosal edema (long arrow) and inflammatory cells infiltration (arrow head) (H & E,
scale bar 100um). (C) Colon of mice treated with DSS (1.5%) for 2 weeks showing marked

mucosal necrosis, crypt abscesses and ulcers (arrow) (H & E, scale bar 100um).
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Effect of UC induction on tissue expression of NF-xB, IL-1$ and Nrf2

Western blot was used for evaluation of NF-xB, IL-1B, and NRF2. The results of
this study showed that NF-xkB was increased significantly in both acute and chronic
DSS induced UC (P < +.+5; P < 0.01 respectively) compared with the control group
(Fig. 3A). Similarly, western blot analysis revealed that IL-1p expression was
significantly increased (P < +.+1) in the two groups of disease induced by DSS (Fig.

3B).

Also, we examined the protein expression of Nrf2 in colonic tissue during the
exposure of mice to DSS. The western blot analysis showed a significant decrease in
Nrf2 protein expression in the ulcerative groups (P < 0.01) (Fig. 3C).

144 [ Control

kel
T Rt g 1.29 *k -
A Control Acute UC Chronic UC °C‘ I 0 Acute
! £ 10 5
g is ¥ 8 Chronic
NFiB a
L e e DO S e < os
)¢ - 3.? 044 —
. w 0.4
[t — — ey S @ e z 0
0.04 ‘
Groups
#
o 83 i O Control
B Control Acute UC Chronic UC Z o6 O Acute UC
£ o5 Chroni
. 8 044 | Ucromc
T 0.
ILIE e e o o ——— @ g
@ 02
Pracn e — e —————— 4 o
0.0 . ;
Groups
° 144 (1 Control
9
g 1.2 [ Acute
C Control Acute UC Chronic UC né 1.04
g 0.8 8 Chronic
. a - ‘P 8
N2 ga-—ﬂ-“n— @ 06 ** **
‘ g 04 ;
[actin  —— — ——-——— Z 02 :
00 . ‘

Groups

Figure 3: The Expression patterns of NF-«B , IL-1f and Nrf2 protein levels in colon
tissue of DSS treated and untreated mice (n = "samples per group): (A) Expression of
NF-«xB tissues were normalized to [-actin. (B) Expression of IL-15 in colon tissues
were normalized to f-actin.(c) Expression of Nrf2 in colon tissues were normalized to f3-
actin. Data are reported as means * S.D. of six mice per group *P < 0.05; **P < 0.01
compared with the control group and *P < 0.05 compared with the acute UC group.
The data come from three independent experiments.
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Colon tissue concentration of nitric oxide and Superoxide dismutase

Compared to the Control group, the Mean of the colon tissue NO significantly
increased in both groups of DSS-induced colitis (P < 0.05) for acute UC and (P <
0.001) chronic UC (Fig. 4A). On the contrary, the concentration of SOD in the acute
and chronic UC significantly decreased (P < 0.01 and P < 0.001 respectively) (Fig. 4B).
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Figure 4: The Nitric oxide and Superoxide dismutase level in colon tissues of mice
treated with DSS and control. Data are reported as means £ S.D. of six mice per group
*P <0.05; **P <0.01 and ***P < 0.001 compared with the control group.

DISCUSSION

IBD is an autoimmune disease affecting the gastrointestinal tract characterized
by chronic relapsing remitting inflammation, which is accompanied by bleeding in the
stools, and can eventually progress to colorectal carcinoma (CRC). The current study
showed a stepwise decrease in the body weight of DSS-treated colitis mice along the
progression of disease since day 4 in acute group and day 6 in the chronic colitis and did
not recover at the end of the experiment. Whereas, the normal healthy control group
exhibited profound body weight gain at the end of the experiment (Fig. 1). The severity
of manifestations was progressively intensified towards the termination of experiment,
where mice exhibited watery feces and gross bleeding on the anus site (Fig. 1).

Several factors may responsible for this observation including bloody diarrhea
and the loss of appetite and consequently negative effect on the food intake where the
daily food intake in UC groups was noticeably deceased comparing to the normal
control group. Other causes of weight loss include, the inflammatory state in UC which
results in mal-absorption of nutrients; a generalized catabolic state; and alterations in the
levels of metabolic hormones (Hwang et al., 2012). These results was in agreement
with some of the previous studies, Tsai et al. showed that treatment of C57BL/6 mice
with 3% DSS for 5 days, resulted in significant weight loss compared to control mice
who did not receive DSS at all (Tsai et al., 2016). Additionally, Zhou, Tan et al.
reported that induction of acute ulcerative colitis by adding of DSS to the drinking water
to a final concentration of 3% (weight/volume) for seven consecutive days also lead to
significant decrease in the body weight of mice (Zhou et al., 2017).

DAI scores have been reported to be a main parameter in the evaluation of
severity of UC (Zhang et al.,, 2019). In the current study, DSS administration
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significantly increased the of DAI scores (Fig. 1C and 1D) indicating a clinical
inflammation-exacerbation effect of DSS in the disease groups.

In the present study, we found that induction of UC in mice treated with DSS
(3%) for 7 days (Fig. 2B) resulted in focal mucosal necrosis, sub-mucosal edema and
inflammatory cells infiltration, while in case of mice treated with DSS (1.5%) for 2
weeks (Fig. 2C), they showed marked mucosal necrosis, sub-mucosal edema crypt
abscesses and ulcers and inflammatory cells infiltration compared to the normal control
group. These results were in accordance with Chassaing, Aitken et al. who reported that
UC is usually associated with abnormalities in the histological structure of the intestine
like ulcerations, loss of crypt architecture, and inflammatory cell infiltration (Geboes,
2003).

Over the past 20 years much research has highlighted the importance of
understanding the pathogenesis of IBD for the development of efficient and safe
pharmacological treatments. In this context, we investigated some of the immunological
events that occur during acute and chronic phases. previous studies reported that NF-xB
signaling pathway plays an important role in the process of inflammation; owing to its
effects on the regulation and maintenance of homeostasis of pro-inflammatory cytokines
as IL-1p and TNF-a (Niu et al., 2015; Liu et al., 2017). In the present study we
examined the NF-xB signaling pathway protein in mouse colon tissue. Our results
showed that compared with normal control group, the expression level of NF-xB p65
was significantly increased in both the acute and chronic phases of UC groups when
compared with control (P < +.+¢ and P < 0.01; respectively) (Fig. 3A). These results
demonstrating that the NF-«xB signaling pathway in model group mice was significantly
activated and related with the severity of UC. Similar studies were reported that the NF-
kB signaling pathway was abnormally activated in both IBD patients and DSS-induced
acute UC mouse models (Atreya et al., 2008; Liu et al., 2018)

To investigate the downstream effect of NF-kB we estimated the expression of
IL-1B  since its synthesis and release are tightly regulated by NF-xB pathway
(Dinarello, 1996). Our results showed that the colonic tissue expression level of IL-1
was significantly increased in the ulcerative groups (Figure 3B) and it was related to the
degree of disease progression where the maximum expression level of IL-1p was seen
in the chronic UC group. This result was consistent with the results reported by Coccia,
Harrison et al. 2012 who reported that the chronic intestinal inflammation correlates
with increased local secretion of IL-1p in mice (Coccia et al., 2012). Interestingly, there
was a significance difference (P < 0.05) in the expression levels of IL-1p between the
two groups of UC. These data suggest that IL-1 could be used as a tool in the
differentiation between the acute and chronic phases of UC.

Early studies have indicated that oxidative stress is one of the most important
causative factors of UC (Lee et al., 2010). Oxygen species are produced in large
amounts by infiltrating leukocytes in the inflamed mucosa and are crucial contributors
to mucosal and, eventually, submucosal tissue destruction (Rieder et al., 2007). It is
well known that Nrf2 signaling pathway is a defense system that mainly regulates the
expression of antioxidant proteins in the body such as HO-1 and SOD to scavenge
oxidants, thereby protecting cells from oxidative stress damage (Mohan and Gupta,
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2018; Yuan et al., 2019). the results of the current study showed that the expression
level of Nrf2 in colon tissues of mice in ulcerative groups was significantly reduced and
reached to its lowest level in the chronic UC group (Fig. 3C). The result obtained from
the present study is in consistent with the finding of Trivedi and Jena who reported that
exposure to DSS results in decreased expression of Nrf2 in mice (Trivedi and Jena,
2013).

In the current study SOD the downstream target of Nrf2 was estimated. We
observed a depletion of enzymatic antioxidants in DSS-induced UC in mice where the
level of SOD was significantly decreased in the acute and chronic DSS-induced UC (P
< 0.01 and P < 0.001 respectively) (Fig. 4B). This finding indicated that treatment of
mice with DSS lead to depletion of SOD and weakness of the anti-oxidant enzymatic
defense system. Previous study revealed that

animal model of DSS induced colitis showed a significant decrease in SOD activity in
the colon, compared with the control group (Wang et al., 2019). An early study
documented that the activity of SOD is increased in IBD pathogenesis as a reaction to
protect the tissue against oxidative damage under the condition of inflammation and
oxidative stress in IBD (Tian et al., 2017). In the present the low level of colonic SOD
may be related to the low expression level of Nrf2.

It is proposed that NO is one of the possible etiological factors in the IBD
(Kolios et al., 2004) and may be responsible for some of the overall effects of oxidative
stress, including the release of cell contents and cell death, which cause tissue and organ
damage (Kolios et al., 2004; Lee et al., 2010). In our study, a significantly increased
level of NO was observed in DSS-induced UC in mice comparing to control group (P <
0.05) for acute UC and (P < 0.001) for chronic UC (Fig 4A). This finding indicated that
DSS may induce colitis in mice partially through the enhancement of the production of
NO; leading to colonic mucosal injury and cell death.

As a result of increased content of NO in colon tissues and the exhaustion of
antioxidant enzyme SOD; the state of oxidative stress is enhanced and potentiate the
inflammatory process in the colonic mucosa and development of UC. The present study
revealed that the increased NF-«kB expression level was accompanied by an increased in
the expression level of IL-1pB and colon tissue concentration of NO. Additionally, as a
result of the low level of colonic Nrf2 the concentration of SOD in colon tissue was
markedly decreased. This finding attractively reflects the central function of NF-xB and
Nrf2 in the induction of UC via controlling of pro-inflammatory cytokines and oxidative
stress levels. These data suggested that both of NF-kB and Nrf2 may be involved in the
exacerbation of DSS-induced colitis and exert their destructive effect in the colonic
mucosa partially through the induction of high expression of IL-1p, increasing the
synthesis of NO and lowering the production of the cytoprotective SOD.

In conclusion, our data demonstrated that the alteration in NF-xB and Nrf2
pathways are contributed in the development of both the acute and chronic DSS-induced
UC in mice and its effect may be largely due to its stimulation of IL-1B and NO
production by NF-xB and diminished SOD production as a result of low Nrf2
expression. Therefore, any drugs that can inhibit NF-xB or enhance Nrf2 pathways
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might be a new and attractive preventive agent for UC. Additionally, the different in the
expression levels of IL-1B among the acute and chronic UC making the prospect of
using it as a diagnostic marker to differentiate between the acute and chronic UC is of
interest.

REFERENCES

Ananthakrishnan A. N., Kaplan G. G. and Ng S. C. (2020): Changing global
epidemiology of inflammatory bowel diseases-sustaining healthcare delivery
into the 21st century. Clinical gastroenterology and hepatology : the official
clinical practice journal of the American Gastroenterological Association.
S1542-3565(1520)30107-30105.

Atreya I., Atreya R. and Neurath M. (2008): Nf-kb in inflammatory bowel disease.
Journal of Internal Medicine. 263(6): 591-596.

Avdagic N., Zaciragic A., Babic N., Hukic M., Seremet M., Lepara O. and Nakas-
Icindic E. (2013): Nitric oxide as a potential biomarker in inflammatory bowel
disease. Bosnian Journal of Basic Medical Sciences. Udruzenje Basicnih
Mediciniskih Znanosti. 13(1): 5-9.

Bai X., Chen Y., Hou X., Huang M. and Jin J. (2016): Emerging role of nrf2 in
chemoresistance by regulating drug-metabolizing enzymes and efflux
transporters. Drug Metabolism Reviews. 48(4): 541-567.

Bancroft J. D. and Gamble M. (2008). Theory and practice of histological techniques,
Elsevier health sciences.

Chassaing B., Aitken J. D., Malleshappa M. and Vijay-Kumar M. (2014): Dextran
sulfate sodium (dss)-induced colitis in mice. Current Protocols in Immunology.
104: 15.25.11-15.25.14.

Coccia M., Harrison O. J., Schiering C., Asquith M. J., Becher B., Powrie F. and
Maloy K. J. (2012): 1l-1B mediates chronic intestinal inflammation by
promoting the accumulation of il-17a secreting innate lymphoid cells and
cd4(+) th17 cells. The Journal of experimental medicine. 209(9): 1595-1609.

da Silva B. C., Lyra A. C., Rocha R. and Santana G. O. (2014): Epidemiology,
demographic characteristics and prognostic predictors of ulcerative colitis.
World Journal of Gastroenterology: WJG. 20(28): 9458.

Dinarello C. (1996): Biologic basis for interleukin-1 in disease. Blood. 87(6): 2095-
2147.

Dinarello C. A. (2014): An expanding role for interleukin-1 blockade from gout to
cancer. Molecular Medicine. 20 Suppl 1: S43-58.



88 Az. J. Pharm Sci. Vol. 61, March, 2020.

Esmat S., El Nady M., Elfekki M., Elsherif Y. and Naga M. (2014): Epidemiological
and clinical characteristics of inflammatory bowel diseases in cairo, egypt.
World journal of gastroenterology: WJG. 20(3): 814.

Geboes K. (2003): Histopathology of crohn's disease and ulcerative colitis.
Inflammatory Bowel Disease.

Hamouda H. E., Zakaria S. S., Ismail S. A., Khedr M. A. and Mayah W. W. (2011):
P53 antibodies, metallothioneins, and oxidative stress markers in chronic
ulcerative colitis with dysplasia. World Journal of Gastroenterology. 17(19):
2417-2423.

Harder B., Jiang T., Wu T., Tao S., Rojo de la Vega M., Tian W., Chapman E. and
Zhang D. D. (2015): Molecular mechanisms of nrf2 regulation and how these
influence chemical modulation for disease intervention. Biochemical Society
Transactions. 43(4): 680-686.

Hwang C., Ross V. and Mahadevan U. (2012): Micronutrient deficiencies in
inflammatory bowel disease: From a to zinc. Inflammatory Bowel Diseases.
18(10): 1961-1981.

Ibragic S., Sofic E., Suljic E., Avdagic N., Bajraktarevic A. and Tahirovic I. (2012):
Serum nitric oxide concentrations in patients with multiple sclerosis and
patients with epilepsy. J Neural Transm (Vienna). 119(1): 7-11.

Karp S. M. and Koch T. R. (2006): Oxidative stress and antioxidants in inflammatory
bowel disease. Disease-a-Month. 52(5): 199-207.

Kaser A., Zeissig S. and Blumberg R. S. (2010): Inflammatory bowel disease. Annual
Review of Immunology. 28: 573-621.

Kolios G., Valatas V. and Ward S. G. (2004): Nitric oxide in inflammatory bowel
disease: A universal messenger in an unsolved puzzle. Immunology. 113(4):
427-437.

Lee I. A, Park Y. J,, Yeo H. K., Han M. J. and Kim D. H. (2010): Soyasaponin i
attenuates tnbs-induced colitis in mice by inhibiting nf-kappab pathway. Journal
of Agricultural and Food Chemistry. 58(20): 10929-10934.

LinJ.C.,WuJ.Q.,,Wang F., Tang F. Y., Sun J., Xu B., Jiang M., Chu Y., Chen D.
and Li X. (2019): Qingbai decoction regulates intestinal permeability of
dextran sulphate sodium-induced colitis through the modulation of notch and
nf-xb signalling. Cell Proliferation. 52(2): e12547.

Liu D., Huo X., Gao L., Zhang J., Ni H. and Cao L. (2018): Nf-kappab and nrf2
pathways contribute to the protective effect of licochalcone a on dextran
sulphate sodium-induced ulcerative colitis in mice. Biomedicine and
Pharmacotherapy. 102: 922-929.



Az. J. Pharm Sci. Vol. 61, March, 2020. 89

Liu T., Zhang L., Joo D. and Sun S.-C. (2017): Nf-kb signaling in inflammation.
Signal transduction and targeted therapy. 2: 17023.

Marklund S. L. (1985): Pyrogallol autoxidation. Handbook of methods for oxygen
radical research. CRC Press, Boca Raton. 243-247.

Mohan S. and Gupta D. (2018): Crosstalk of toll-like receptors signaling and nrf2
pathway for regulation of inflammation. Biomedicine and Pharmacotherapy.
108: 1866-1878.

Montgomery H. and Dymock J. (1961): Colorimetric determination of nitric oxide.
Analyst. 86: 414-417.

Ng S., Shi H., Hamidi N., Underwood F., Tang W. and Benchimol E. (2018):
Panaccione., r.; ghosh, s.; wu, jcy; et al. Worldwide incidence and prevalence of
inflammatory bowel disease in the 21st century: A systematic review of
population-based studies. Lancet. 390: 2769-2778.

Nishihara T., Matsuda M., Araki H., Oshima K., Kihara S., Funahashi T. and
Shimomura 1. (2006): Effect of adiponectin on murine colitis induced by
dextran sulfate sodium. Gastroenterology. 131(3): 853-861.

Niu X., Zhang H., Li W., Wang Y., Mu Q., Wang X., He Z. and Yao H. (2015):
Protective effect of cavidine on acetic acid-induced murine colitis via regulating
antioxidant, cytokine profile and nf-kappab signal transduction pathways.
Chemico-Biological Interactions. 239: 34-45.

Okayasu I., Hatakeyama S., Yamada M., Ohkusa T., Inagaki Y. and Nakaya R.
(1990): A novel method in the induction of reliable experimental acute and
chronic ulcerative colitis in mice. Gastroenterology. 98(3): 694-702.

Palatka K., Serfozo Z., Vereb Z., Hargitay Z., Lontay B., Erdodi F., Banfalvi G.,
Nemes Z., Udvardy M. and Altorjay I. (2005): Changes in the expression and
distribution of the inducible and endothelial nitric oxide synthase in mucosal
biopsy specimens of inflammatory bowel disease. Scandinavian Journal of
Gastroenterology. 40(6): 670-680.

Perse M. and Cerar A. (2012): Dextran sodium sulphate colitis mouse model: Traps
and tricks. Journal of Biomedicine & Biotechnology. 2012: 718617.

Pravda J. (2005): Radical induction theory of ulcerative colitis. World Journal of
Gastroenterology. 11(16): 2371-2384.

Rieder F., Brenmoehl J., Leeb S., Scholmerich J. and Rogler G. (2007): Wound
healing and fibrosis in intestinal disease. Gut. 56(1): 130-139.

Scarpa M., Castagliuolo I., Castoro C., Pozza A., Scarpa M., Kotsafti A. and
Angriman 1. (2014): Inflammatory colonic carcinogenesis: A review on



90 Az. J. Pharm Sci. Vol. 61, March, 2020.

pathogenesis and immunosurveillance mechanisms in ulcerative colitis. World
journal of gastroenterology: WJG. 20(22): 6774.

Tanaka T., Kohno H., Suzuki R., Yamada Y., Sugie S. and Mori H. (2003): A novel
inflammation-related mouse colon carcinogenesis model induced by
azoxymethane and dextran sodium sulfate. Cancer Science. 94(11): 965-973.

Tian T., Wang Z. and Zhang J. (2017): Pathomechanisms of oxidative stress in
inflammatory bowel disease and potential antioxidant therapies. Oxidative
Medicine and Cellular Longevity. 2017: 4535194-4535194.

Trivedi P. P. and Jena G. B. (2013): Role of alpha-lipoic acid in dextran sulfate
sodium-induced ulcerative colitis in mice: Studies on inflammation, oxidative
stress, DNA damage and fibrosis. Food and Chemical Toxicology. 59: 339-355.

Tsai H. F., Wu C. S., Chen Y. L., Liao H. J,, Chyuan I. T. and Hsu P. N. (2016):
Galectin-3 suppresses mucosal inflammation and reduces disease severity in
experimental colitis. Journal of Molecular Medicine (Berlin, Germany). 94(5):
545-556.

Ungaro R., Mehandru S., Allen P. B., Peyrin-Biroulet L. and Colombel J. F.
(2017): Ulcerative colitis. Lancet. 389(10080): 1756-1770.

Wang R., Luo Y., Lu Y., Wang D., Wang T., Pu W. and Wang Y. (2019): Maggot
extracts alleviate inflammation and oxidative stress in acute experimental colitis
via the activation of nrf2. Oxidative Medicine and Cellular Longevity. 2019:
4703253.

Wu P., Guo Y., Jia F. and Wang X. (2015): The effects of armillarisin a on serum il-
1B and il-4 and in treating ulcerative colitis. Cell Biochemistry and Biophysics.
72(1): 103-106.

Yadav V., Varum F., Bravo R., Furrer E., Bojic D. and Basit A. W. (2016):
Inflammatory bowel disease: Exploring gut pathophysiology for novel
therapeutic targets. Translational Research. 176: 38-68.

Yuan Z., Yang L., Zhang X., Ji P., Hua Y. and Wei Y. (2019): Huang-lian-jie-du
decoction ameliorates acute ulcerative colitis in mice via regulating nf-kb and
nrf2 signaling pathways and enhancing intestinal barrier function. Frontiers in
Pharmacology. 10: 1354-1354.

Zhang Z., Shen P., Xie W., Cao H., Liu J., Cao Y. and Zhang N. (2019): Pingwei
san ameliorates dextran sulfate sodium-induced chronic colitis in mice. Journal
of Ethnopharmacology. 236: 91-99.

Zhou J., Tan L., Xie J., Lai Z., Huang Y., Qu C,, Luo D., Lin Z., Huang P., Su Z.,
et al. (2017): Characterization of brusatol self-microemulsifying drug delivery



Az. J. Pharm Sci. Vol. 61, March, 2020. 91

system and its therapeutic effect against dextran sodium sulfate-induced
ulcerative colitis in mice. Drug Delivery. 24(1): 1667-1679.

o -RS (5 958 Jaladl —y g A ) Jalay (laial) (g 958l Jaladl 5 2 gl ) ghad A S L
A A Gl Gl 8 B a g guall Sl S O iaSn Aa) g Eiatiucall pa jall g 3ala)
okl

S - s deal gl - T al de dese e - 'S0 cn )y Bila aeal aaid) ae Cadalllae
lLé\AAAmJ}AM)AQ_ * xaal )g)zj\.).\c

Lol - a5 dasls - Alapall LS - pal) cleSl) o’
L sl Anala - Qlall 2S - G gual) plias) ol
Lo gl Faalas — Q) IS aningll Sleall s 3 lall Glabiall il aud®
3 ALl daals — gkl lall 3K a1 U aud
abdomonem796@gmail.com : (i 1 Gaalall 5 g IV & il
: padld)

Jleal) (8 s iy 2 Jasha Ulel) oy (53 slaa¥) gl (i pe g (ol (5 581 gl
e okl e g sl o8l el | el Had g Alal) Eigas Jare gl L adiy g gl
Lulyall oda A aidis V) Cs daal s e J1 55 Y Goapall 138 a8 (S0 alladl el auan 8 )
Y 32l o a3 gaall Gl 5 Gl S0 0 70 3.5 G sllaely @llhg )yl a8l sl 3 ga C“_a\_\.;g
3l o g paall L S Gl s (e /) 0 gllae] a3 Ledy sl a8l 6l 8l alal) Elaay el g Ll
Jalall iy givne 3aa 58 Al all o3 e Ciagl (IS5 dal) aEl) sl ) gl Slany Gue s
S5l Jalall e S S giasa cpat ) ALYl ey il a5 Ly -1 GSSEY) (o LS ()
and s Ganiall ajalls alall sl @l el Wi U pansdll auSY) Bsds 2-25 50 Jalas Galaiall
> A O A el saa L 8 RS 5 Jainall L 53 ity Ol (8 o s geall Sl S ) S
LS sl Jalall ieall el il giona 85305 g 1) Al jll oda geilin 5 5La0 o)) il Canindll
o2 il B LE) 8 b o uSall ey ol il a2l Jane plii) Gy Uy 1 S5l Yy (o
el ey, U sannall 2nSYI (985 2-29 5 ) dalay Blaiall (g5 5ill Jalall il ghuse aléss) ) 4l all
Al s U =-S5 D ad) el Gl s 8 Wl BRI & yedal Adlall Al jall geilis 4l alaaaU
O3V sl il shail (555 i Uiy -1 (S S EY) (5 satia g lE)) () () ads Las Gl 5 dadl 51 sl
Jalall il s 33031 (06K 38 a0 Al )l o A ) Ala el ) saladl As ) e )
Glaiall (555l Jalall il giasa Galiail ) ALaYL ol il sl g U -1- GSsEY s 2 -US (55
(o> A Al el Sasan g ) gl (G Al 54y saa ] 50 SU sansall 2uSYI (5585 2-2 9 5% ) dalay

SOD ¢IL-1B ¢ Nrf2 ¢ B¢-NF ¢oa il & sl il gl o 53 saall iy 5 o) yinon ¢ dpalidal) cilaldl



