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Abstract

Background: Idiopathic Inflammatory bowel diseases remain chronic progressive major health problem with no
effective line of treatment. The aim of this work is to study the protective effects of both N. acetylcysteine (NAC) and
ginger in acetic acid induced colitis model.

Material and methods: Fifty adult male Sprague Dawley albino rats were divided into five groups: control
group (Gl), group Il (Gll); acetic acid induced colitis group performed by giving 4% acetic acid intrarectally, group
Il (GlII); NAC treated rats from colitis, group IV (GIV); Ginger treated rats from colitis, and group V (GV); combined
NAC and ginger treated rats from colitis. NAC and ginger were given by orogastric gavage. Histological and
immunohistochemical studies using PCNA and i.NOS antibodies and morphometric analysis were performed.

Results: Colitis model group (Gll) showed extensive inflammatory degenerative changes including mucosal
ulceration, sloughing of epithelial cells, decreased goblet cell number and inflammatory cellular infiltration with
enhanced mucosal and submucosal fibrotic changes. Also, it showed decreased PCNA positive cells and increased
inflammatory i.NOS immunoexpression. NAC mildly decreased the fibrotic changes, however, ginger clearly restored
the structural degenerative changes with an obvious increase in PCNA and reduction of i.NOS immunoexpression.
Moreover, the colitis group, treated with both NAC and ginger, revealed the best regenerative effects.

Conclusion: Ginger showed superior protective effects than NAC as an anti-inflammmatory agent and a

stimulant of epithelial regeneration.
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Introduction

Inflammatory bowel diseases (IBD), mainly Crohn’s disease
and ulcerative colitis are increasingly worldwide in their incidence
and prevalence, posing a significant morbidity and poor quality of
patient life [1]. They are chronic progressive diseases with persistent
inflammation of the bowel. The aetiology of IBD is multifactorial,
involving bacterial translocation through the injured mucosa. In
addition, genetic, immunological factors and oxidative stress factors
are involved [2,3]. Several experimental IBD in vivo studies have
showed increased antioxidant enzymes to metabolize the oxidative
toxic intermediates [4,5]. Currently, there is no curative treatment
and conventional pharmacological drugs had partial efficacy, being
unable to maintain a long-term clinical remission [4,6,7]. New
therapeutic alternatives are in need. In addition, the long-term use of
the pharmaceutical drugs results in numerous side effects [8]. So, new
therapies such as the nutritional ones, especially those with antioxidant
properties are suggested for the treatment of such disorders.

Ginger (Zingiber officinale) is a frequently used herbal medicine
throughout the world, especially in most of the Asian countries, and
one of the most commonly used dietary substances [9,10]. Native
Americans have also used wild ginger rhizome to regulate menstruation
and heart beats [11]. It has been used traditionally as carminative,
diaphoretic, antispasmodic and antiemetic [12]. It has analgesic effects
[13], antineoplastic effects [14,15] and interestingly ginger possesses
antioxidant activity [16], as well as significant anti-inflammatory
property [17]. It inhibits the structural changes in diabetes induced
brain damage [18]. It also has a potential ability to scavenge a number of
oxygen free radicals and to protect cell membrane lipids from oxidation

[19]. The anti-inflammatory properties of ginger are mediated by
inhibiting the production of nitric oxide, inflammatory cytokines and
arachidonic acid [20]. It also modulates the lymphocytes function, so it
might exert beneficial effects in a number of clinical conditions such as
chronic inflammation and autoimmune diseases [21].

N. acetylcysteine has been used in the treatment of acetaminophen
toxicity [22] and as a mucolytic therapy [23]. It is a potent antioxidant,
acting by raising the intracellular concentration of cysteine and
glutathione and scavenging reactive oxygen species [24]. It replenishes
hepatic glutathione depleted by drug conjugation [25]. Recently,
clinical studies reported its potential antioxidant activity in protection
against contrast induced nephropathy [26] and thrombosis [27]. Also,
it has anti-inflammatory properties reported in several tissues like in
cerebral and pulmonary inflammation [28,29].

The present study utilized acetic acid-induced colitis model,
for investigating the protective effects of both ginger, used as a
nutritional supplement, and NAC, used as a pharmaceutical drug and
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a nutritional supplement, using histological, immunohistochemical
and morphometric techniques. They have been selected due to their
anti-inflammatory and anti-oxidant properties aiming to find new
therapeutic approaches for the treatment of IBD.

Material and Methods
Materials

Acetic acid (4% concentration, ready-made, VACSERA, Egypt) is
used to induce colitis in the experimental groups [30].

N. acetylcysteine (NAC) (SEDICO Pharmaceutical Company, 6
of October city, Egypt) was prepared by dissolving 500 mg powder in
1 ml saline.

Ginger preparation and extraction: Limed peeled ginger rhizomes
were purchased from herbal stores in Beni Suef, Egypt. Identity and
purity was confirmed by microscopical examination of the powdered
drug in the Department of Pharmacognosy, Faculty of Pharmacy, Beni
Suef University. The dry powdered plant (0.7 Kg) was subjected to
exhaustive extraction by percolation with 70% ethanol for 24 hours (3
times 1.5 L each) at room temperature. The crude ethanol extract was
filtered by Whatman No.1 filter paper and concentrated under vacuum
at a temperature not exceeding 45° C. The dried total crude extract gave
a yield of 22 g which was stored at 4°C. Five grams of the plant residue
was reconstituted in 10 ml saline affording a final concentration of 500
mg/ ml [31].

Induction of experimental colitis: Acute colitis was induced by
acetic acid. After 36 hours fasting, with access to water ad libitum, each
rat was lightly anesthetized by an intramuscular injection of ketamine
and xylazine, at doses of 40 and 5 mg/kg body weight, respectively.
Lubricated rubber Nelaton catheter (size 8) was inserted inside the
colon 8 cm above the anus. The procedure was performed by injecting
0.5 ml of 4% acetic acid into the colon followed by injection of 2 ml air
to ensure adequate spreading of the acetic acid inside the colon. The
rats were maintained in a head down position for 5 minutes to prevent
leakage [32].

Experimental design

Animals: Fifty adult male albino rats with an average weight
of 200-250 g were used in this study. They were locally bred at the
animal house at Faculty of Medicine, Cairo University, Egypt. The
animals were housed at room temperature and had access to food and
water ad libitum. The animals were given two weeks acclimatization
period before starting the experiment. The study was approved by the
Ethics Committee, Faculty of Medicine, Cairo University. All animal
procedures followed the ethical guidelines of experimental animals and
all the efforts to ensure minimal animal sufferings were taken.

The animals were equally and randomly divided (n=10) into the
following groups.

Group I (Control group): The rats received 0.5 ml saline followed
by 2 ml air intrarectally by Nelaton catheter (size 8).

Group II (Colitis model group): Induction of experimental colitis
with acetic acid was performed.

Group IIT (NAC treated group): Rats, with acetic acid-induced
colitis, were treated with NAC (1 g/kg/day) by orogastric gavage [33].

Group IV (Ginger treated group): Rats, with acetic acid-induced
colitis, were treated with ginger (500 mg/kg body weight) by orogastric
gavage [18].

Group V (Combined NAC and ginger treated group): Rats, with
acetic acid-induced colitis, were treated by both NAC and ginger with
the same route and dose given to the preceding two groups.

Both NAC and ginger were given one day after induction of colitis.
Two weeks from the beginning of the experiment, all animals were
euthanized by intraperitoneal injection of sodium pentobarbital (120
mg/kg body weight). Segment of the distal colon 6 cm length and 3 cm
from the anus was excised for histological and immunohistochemical
studies.

Light microscopic examination: The colon was removed and
rapidly fixed in 10% formol saline solution, processed, embedded
to obtain paraffin blocks and cut at 5-6 micron thickness sections.
Sections were subjected to the following stains:

1- Routine Haematoxylin and Eosin (H & E) stain [34].

2- Periodic acid-schiff (PAS) reaction to demonstrate the
polysaccharides in goblet cells [35].

3- Masson’s trichrome stain to show the collagen fibers [36].

Immunohistochemical staining: Sections were cut at 5-6
micron thickness and collected on poly-L-lysine coated slides,
deparaffinized in two changes of xylene, 10 minutes each, then
hydrated through graded washes of ethanol in water, ending in
a final rinse in pure water. Nonspecific endogenous peroxidase
activity was blocked by treatment with 0.9% hydrogen peroxide
in absolute methanol for 10 min. Antigen retrieval was performed
by heating the sections in 10 mM sodium citrate buffer, in a water
bath at 95-100°C for 30 minutes. Sections were rinsed twice in PBS
Tween 20 for 2 minutes, then blocked with 5% normal goat serum
for 30 minutes at room temperature. They were incubated with the
the following primary antibodies for 30 minutes: 1. Proliferating cell
nuclear antigen (PCNA), rabbit polyclonal IgG (FL-261; catalog#
sc-7907, 200 pg/ml, dilution 1:50, Santa Cruz Biotechnology, USA)
which is a cofactor of DNA polymerase delta involved in DNA
replication. 2. Nitric oxide synthase 2 inducible (i.NOS), rabbit
polyclonal antibody (Product GTX15323; dilution 1:100, Gene
Tex, USA) which is expressed in activated macrophages. Then, a
biotinylated goat anti-polyvalent secondary antibody (Catalog # TP-
060-BN, Thermo Scientific, USA) was applied for 60 min at room
temperature. Immunodetection was carried out with the horseradish
peroxidase-avidin-biotin complex method using a VECTASTAIN1
Elite ABC kit (Vector Laboratories Inc., Burlingame, CA) and DAB
was applied as the chromogen. Localization was visualized with
DAB and counter-stained in Meyer’s hematoxylin, dehydrated, and
mounted. Negative control sections were performed with the same
procedure mentioned before except that the primary antibody was
replaced by non-immune rabbit serum [35].

Morphometric study and statistical analysis: The following
parameters were measured in different fields with fixed field area 4 x
10* pm?

1. The number of goblet cells per field in PAS stained sections.

2. The area percent of colonic collagen fibers and iNOS
immunpositive expression. They were measured by selecting a
positive localized area from the field required to be measured
and the software system detected its colour and then scanned
the whole field for the areas with the same colour and calculated
them out of total field area.
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3. PCNA proliferation index was measured as the percentage
number of PCNA positively labelled cells to the total number
of cells per field.

The measurements were done in ten non overlapping fields per
specimen at a magnification of 400, using Leica LAS V3.8 image
analyzer computer system (Switzerland). The data obtained for all
groups were expressed as mean and standard deviation (+ SD) and
subjected to statistical analysis using “SPSS 22” software. One-way
analysis of variance (ANOVA) for comparison between the different
groups was done. Results were considered significant when p value was
<0.05 [37].

Results

Histological results

Haematoxylin and Eosin stained sections: Sections in the colon
of control group showed normal histological structure of the mucosa
which was arranged into deep narrow spaced intestinal crypts, lined
with both simple columnar epithelium and goblet cells, resting on a
thin continuous layer of muscularis mucosa. Narrow submucosal layer
separated the mucosa from the muscle layer and extended in the core
of the colonic mucosal folds (Figures 1a and 1b).

Acetic acid induced colitis group exhibited extensive microscopic
damage with disturbed histological architecture of the mucosa
and submucosa of the colon. The mucosa showed pyknotic nuclei,
sloughed epithelial cells with widened submucosa and capillary
congestion (Figures 2a and 2b). Irregular intestinal surface epithelium
with shallow and dilated intestinal crypts was lined by cells with
vacuolated cytoplasm. The mucosa showed inflammatory cellular
infiltration (Figures 2c and 2d). Dilated congested lymphatic vessels
and submucosal inflammatory infiltration were seen (Figure 2e).

NAC treated group showed dilated intestinal crypts, lined by
vacuolated cells with areas of sloughed epithelium among normal
surface epithelium and submucosal inflammatory cellular infiltration
(Figures 3a and 3b). Ginger treated group expressed intact intestinal
epithelium and few inflammatory cells (Figures 3c and 3d).

NAC and ginger treated group showed normal appearance of
colonic mucosa with few inflammatory cells, preservation of columnar
epithelium and intact mucosal surface (Figures 4a and 4b).

1. PAS stained sections: Sections in the colon of control group
revealed large number of goblet cells within the intestinal

Figure 1: Photomicrographs of sections in the colon of control group showing:
(a) the mucosa arranged into deep narrow spaced intestinal crypts, lined by
simple columnar epithelial cells (arrows), resting on a thin continuous layer of
muscularis mucosa (thick arrow). Narrow submucosal layer (sm) separates
the mucosa from the muscle layer (M) and extends in the core of the colonic
mucosal folds. (b) The intestinal crypts are lined with both simple columnar
epithelium (arrow) and Goblet cells (arrow heads). (H & E, (a) 100X; (b) 400X).

Figure 2: Photomicrographs of acetic acid colitis group showing: (a, b)
sloughed epithelial cells (arrowheads), pyknotic nuclei (encircled in b) and
widened submucosa (sm) with capillary congestion (thick arrow). (c) Irregular
intestinal surface (arrows) and dilated intestinal crypts lined by vacuolated
cells (thick arrows). The mucosa shows inflammatory cellular infiltration (arrow
heads). (d) Shallow intestinal crypts (arrow) and mucosal inflammatory cellular
infiltration (arrow heads). (e) Dilated congested lymphatic vessels (arrows)
within widened submucosa (sm). (H & E, 400X).

Figure 3: Photomicrographs of NAC treated group (a,b) and ginger treated
group (c,d) showing: (a) dilated intestinal crypts (arrows) and areas of
sloughed and interrupted epithelium (arrow heads) among normal surface
epithelium. (b) Dilated intestinal crypts lined by vacuolated cytoplasmic cells
(arrow) and submucosal inflammatory infiltration (arrow head). (c,d) Intact
intestinal epithelium (arrow heads) and dilated crypts (arrow). There are few
inflammatory cells (wavy arrows). (H & E, (a,b,c) 400X; (d) 1000X).

mucosa, however, their number was markedly decreased in
colitis model group, then it was increased in all treated groups,
especially in ginger treated and both NAC and ginger treated
groups (Figure 5).
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2. Masson’s trichrome stained sections: Sections of the colon of
control group showed minimal fibrous tissue arranged within
the lamina propria of the mucosa and within the submucosa.
Increased fibrous tissue deposition in both mucosa and
submucosa was seen in acetic acid colitis and NAC treated
groups. However, ginger treated group exhibited reduced
fibrous tissue deposition. NAC and ginger treated group had
minimal fibrous tissue similar to control group (Figure 6).

Immunohistochemical results

NOS stained sections: Control group revealed a small number
of iNOS immunostained cells dispersed throughout the mucosa and
within the fibrous tissue lamina propria with diffuse cytoplasmic
staining. In acetic acid induced colitis group the number of positive
cells propagated sharply. Both NAC treated and ginger treated groups
had a marked decrease in immunopositive cells; more in ginger group.
NAC and ginger treated group showed few number of immunopsitive
cells among all the treated colitis groups (Figure 7).

- )

Figure 4a, 4b: Photomicrographs of colon sections of NAC and ginger
treated group showing the mucosa lined with normal intestinal epithelial
cells (arrows) with intact mucosal surface. Few inflammatory cells (arrow
heads) are dispersed within the mucosa. (H & E, 400X)

¥ \

Z‘s# z ‘ _’lx‘g’m-
Figure 5: Photomicrographs of sections in the colon showing (a) control
group with large number of goblet cells (arrows) within the intestinal
mucosa. (b) Markedly reduced goblet cell number (arrows) in acetic
acid colitis group. (c,d,e) Increased goblet number (arrows) in all treated
groups, especially in ginger treated group (d) and in NAC and ginger

treated group (e). (PAS, 400X)

e

Figure 6: Photomicrographs of sections of the colon showing: (a)
minimal fibrous tissue (arrows) arranged within the lamina propria of
the mucosa and in the submucosa. (b,c) Acetic acid colitis group and
NAC treated group respectively with increased fibrous tissue deposition
in both mucosa and submucosa (arrows). (d) Ginger treated group
with reduced fibrosis in mucosa and submucosa (arrows). () NAC and
ginger treated group with minmal fibrous tissue deposition in mucosa
and submucosa (arrows). (Masson’s trichrome, x 400).

Figure 7: Photomicrographs of sections in the colon showing: (a)
control group with small number of i.NOS stained cells dispersed
throughout the mucosa and within the fibrous tissue of the lamina
propria with diffuse cytoplasmic staining (arrows). (b) Acetic acid
colitis group with large number of i.NOS stained cells (arrows). (c,d)
NAC treated and ginger treated groups respectively, with marked
decrease of immunopositive cells (arrows), more in ginger group. (e)
NAC and ginger treated group with mild number of immunopsitive
cells (arrows). (i.NOS immunostaining, 400X)
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PCNA immunostaining: Sections in the colon of the control
group showed a large number of PCNA stained nuclei throughout
the mucosa. Acetic acid colitis group had weakly stained few PCNA
cells in the basal cells of intestinal crypts. NAC treated group revealed
increasing number of densely stained PCNA cells within the basal
and mid-regions of intestinal crypts and in the fibrous tissue within
the lamina propria. Similarly, ginger treated group showed increasing
number of PCNA stained cells in all parts of intestinal crypts from the
base up to mucosal surface. NAC and ginger treated group had the
largest distribution of positive cells (Figure 8).

Morphometric results and statistical analysis

The number of goblet cells compared to the control group was
significantly reduced in acetic acid colitis, NAC treated and ginger
treated groups but increased to show no difference in NAC and
ginger treated group (Table 1 and Bar chart 1). The area percent
of fibrous tissue significantly increased in both acetic acid colitis
and NAC treated groups and was reduced markedly to show
nonsignificant difference in ginger treated and combined NAC
and ginger treated groups (Table 2 and Bar chart 2). Similarly, the
area percent of the inflammatory mediator i.NOS was significantly
increased in both acetic acid colitis and NAC treated groups and
declined to show nonsignificant difference in ginger treated and
both NAC and ginger treated groups (Table 3 and Bar chart 3). The
PCNA proliferation index significantly declined in acetic acid colitis
group but increased to nonsignificant difference from control in the
rest of treated groups (Table 4 and Bar chart 4).

control group with large number of densely PCNA stained nuclei
(arrows) throughout the mucosa. (b) Acetic acid colitis group with
weakly stained few PCNA cells in the basal cells of intestinal crypts
(arrows). (c) NAC treated group with densely stained PCNA cells
within the basal and mid-regions of intestinal crypts (arrows) and
in fibrous tissue within the lamina propria (arrow heads). (d) Ginger
treated group with large number of PCNA stained cells in all parts of
intestinal mucosal crypts from the basal up to intestinal surface on
the top (arrows). (€) NAC and ginger treated group with the largest
distribution of positive cells (arrows). (PCNA immunostaining, 400X) .

Discussion

The chronic and intermittent nature of IBD and inability of the
current drugs to sustain long term remission made a continuous need
to testify new drugs aiming to minimize the morbidity and to improve
the quality of patient life. Two agents, NAC and ginger, known for
their anti-oxidant and anti-inflammatory properties were tested here
for their potential curative effects in IBD. The acetic acid rat model
applied in the current study is commonly used to produce acute colitis
mimicking the inflammatory response in human IBD. The model
was validated by using several drugs applied in treatment of IBD and
finding similar profile effects in murine and human colonic specimens
[38-40].

The present work demonstrated characteristic histological features
in untreated colitis, essentially loss of intestinal crypt architecture and
sloughing of intestinal cells, reduced goblet cell number and presence
of different inflammatory cell infiltration. These results concord with
recent findings of Lean et al. [41].The submucosa was widened due
to increased collagen fibres deposition and probably from oedema.
Ginger treatment obviously restored the mucosal epithelium integrity
and diminished mucosal and submucosal inflammatory cells; however
NAC had marginal mucosal regenerative effects but no notable
reduction of inflammatory cellular infiltration. The combined ginger
and NAC treatment gave results similar to ginger alone.

The current study found decreased goblet cell number in the colitis
model. Only in combined NAC and ginger treated group, it increased
to normal values. The combined effect of both exceeded the protective
effect of each one alone. The cell number insignificantly increased in
ginger treatment compared to control group. The increased goblet
number was concomitantly associated with intestinal epithelial
regeneration and restoring the distorted intestinal crypts. Goblet cells
continually produce mucins to replenish and maintain the mucus
barrier. It keeps intestinal microbial flora separated from the epithelium
and is involved in immune functions such as antigen presentation

Group Mean + SD p value

Control 31.5+33 -
Acetic acid induced colitis 45+26 0.0012
NAC treated colitis 12.3+5.8 0.0012
Ginger treated colitis 19.3+27 0.0012
NAC and ginger treated colitis 28.2+3.3 0.295

Table 1: Mean values, standard deviation and significance of goblet cell number
per field in different groups.

35
30
25
20

15
10 I
5

0 .

Goblet cell number

Control Aceticacid NAC treated Ginger NAC and
induced colitis treated ginger

colitis colitis treated
colitis

Bar Chart 1: Mean values of goblet cell number per field in different experimental
groups.
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Group Mean + SD p value Group Mean + SD p value
Control 7.92 £0.62 -- Control 46.96 + 19.27 -
Acetic acid induced colitis 29.05+2.19 0.0012 Acetic acid induced colitis 26.03 £ 8.49 0.016°
NAC treated colitis 19.95 + 1.56 0.0012 NAC treated colitis 39.74 £ 12.50 0.788
Ginger treated colitis 1040+ 1.14 0.06 Ginger treated colitis 54.17 £ 10.30 0.739
NAC and ginger treated colitis 8.15+0.74 0.920 NAC and ginger treated colitis 67.86 + 6.09 0.160

a = statistically significant compared to control (p <0.05).

Table 2: Mean values, standard deviation and significance of area percent of
collagen fibres in different groups.

a = statistically significant compared to control (p< 0.05).

Table 4: Mean values, standard deviation and significance of PCNA proliferation
index per field in different groups.

35
1%]
5]
g
= 30
=
(5]
& 25
8
5 20
o
g
g 15
S
2.
< 10
o
—
) 5 I
0
Control  Aceticacid NACtreated Ginger NAC and
induced colitis treated ginger
colitis colitis treated
colitis

Bar Chart 2: Mean values of area percent of collagen fibres in different
experimental groups.

Group Mean + SD p value

Control 3.76 £ 0.56 --
Acetic acid induced colitis 31.33+1.16 0.0012
NAC treated colitis 28.59 + 0.67 0.0012
Ginger treated colitis 4.52 +1.09 0.637
NAC and ginger treated colitis 4.20£0.77 0.826

a = statistically significant compared to control (p<0.05).

Table 3: Mean values, standard deviation and significance of area percent of
i.NOS in different groups.

Area percent of i.NOS
= = ) N w w
(=] (42} (=) wul (=] wu

(31

, N H N

Control Aceticacid  NAC treated Ginger treated NAC and
induced colitis colitis colitis ginger treated
colitis

Bar Chart 3: Mean values of area percent of i.NOS in different experimental
groups.

80
70

60

50
40
30
20
10

0

Proliferation index %

Control Aceticacid NAC treated Ginger NAC and
induced colitis treated ginger
colitis colitis treated

colitis

Bar Chart 4: Mean values of PCNA proliferation index per field in different
experimental groups.

and tolerance [42]. Recently, the compromised mucus barrier role
in pathogenesis of inflammatory bowel disease was highlighted [43].
In consistent with the present results, goblet cell depletion has been
observed in ulcerative colitis patient biopsies [44]. Also, lower levels
of trefoil factor 2, peptides abundantly secreted by goblet cells on the
lumen surface, were reported in mucosal biopsy of children with IBD
[45]. Recently, impaired differentiation of goblet cells from intestinal
stem cells was found in inflammatory bowel diseases and this resulted
in defective mucus layer [46,47]. Contrary to the present results, other
investigators found increased number of goblet cells in dextran sulfate
sodium-colitis rats [48]. The authors explained their findings by the
heterogeneity of colonic inflammation with depleted goblet cell areas
and increased in another areas with mucus overproduction previously
suggested by Nakano et al. [49].

The colitis model showed increased fibrous tissue deposition
within the lamina propria of mucosa and in the submucosa and ginger
treatment managed to reduce the fibrotic changes towards control
values. In accordance with the present results, increased pro-collagen
mRNA expression and collagen protein deposition were reported to
occur in experimental colitis [50-53]. Recurrent inflammation met in
inflammatory bowel diseases led to extensive tissue fibrosis and stift
colon, unable to carry out fluid reabsorption or peristalsis [54]. Also,
ginger expressed ability to decrease fibrotic changes in other conditions
like liver fibrosis [55,56].

Nitric oxide expressed by the inducible nitric oxide pathway was
identified in the epithelium of normal human colonic mucosa in low
levels [57]. Also, it was localized in the inflammatory and normal
mucosa of patients with ulcerative colitis [58]. Schreiber et al. [48]
reported that increased iNOS mediates an increase in mucus layer
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thickness. The current results found marked up-regulation of i.NOS
immunoexpression in induced colitis model accompanied by dense
inflammatory cellular infiltration, mucosal and submucosal. This
was in agreement with the previously reported data at mRNA levels
[59,60]. Interestingly, this up-regulation was reversed with ginger
treatment and not in NAC treated group. It could be perceived from
these findings that ginger could reduce the inflammatory process via
inhibition of .NOS production. In addition to intestinal epithelial and
inflammatory restoration found with ginger treatment. Moreover,
it was found that iNOS could be a potential prognostic marker for
ulcerative colitis. Neutrophil infiltration and inflammatory oedema
were partially decreased using i.NOS inhibitors in colitis rat model
[61]. Nitric oxide played a crucial role in oxidative related disorders.
Ginger suppressed nitrites generation by scavenging oxygen free
radicals and protected cell membrane lipids from oxidation [14]. This
in turn, led to suppression of proinflammatory cytokines released from
inflammatory cells [62].

Intestinal mucosa possesses rapidly proliferating epithelial cells
producing an intact, physical barrier against stresses ranging from
digestive trauma to severe insultslike infection [3]. The standard method
of evaluation of cell proliferation is by using 5-bromodeoxyuridine
(BrdU) immunohistochemistry but has several disadvantages, however
PCNA proved to be highly sensitive and can substitute it [63]. PCNA is
essential in both DNA replication and repair [64]. In the present work
PCNA proliferation index was suppressed in the colitis model and up-
regulated in both ginger and NAC treated groups. The proliferating
effect of both ginger and NAC could be linked to their antioxidant
effects and modulating the intracellulrar redox environment of the
injured colonic cells. In accordance with these results, ginger enhanced
skin cell proliferation [65] and collagen production [66]. It stimulated
the suppressed neurogenesis in diabetic rats [18]. Recently, Wu et al.
[67] reported that NAC reversed the antiproliferative effects of Icariside
11, a metabolite derived from Herba Epimedii, in human melanoma
cell lines and resumed cell-division cycle by scavenging reactive oxygen
species. The current beneficial effects of ginger were evident after short-
term administration, however long-term study is needed. This is to be
sure that these effects are sustainable in treatment of IBD.

Overall, the novelty of this work is: (1) to provide
immunohistochemical evidence of the anti-inflammatory effect of
ginger and the mechanism of its action by suppressing nitric oxide
production in the treatment of experimentally induced colitis. (2) To
show the superior results of ginger than NAC on structural restoration of
colonic mucosa. It enhanced mucosal cell proliferation and suppressed
inflammatory cell recruitments. This conclusion encourages clinical
studies on ginger use as a promising nutritional therapeutic alternative
in the management of inflammatory bowel diseases.

Acknowledgment

The authors would like to thank Dr. Abeer Moawad, Department of
Pharmacognosy, Faculty of Pharmacy, Beni Suef University for preparation of
ginger extract.

References

1. Molodecky NA, Soon IS, Rabi DM, Ghali WA, Ferris M, et al. (2012) Increasing
incidence and prevalence of the inflammatory bowel diseases with time, based
on systematic review. Gastroenterology 142: 46-54.

2. Karp SM, Koch TR (2006) Oxidative stress and antioxidants in inflammatory
bowel disease. Dis Mon 52: 199-207.

3. Abraham C, Cho JH (2009) Inflammatory bowel disease. N Engl J Med 361:
2066-2078.

4. Kuralay F, Yildiz C, Ozutemiz O, Islekel H, Caliskan S, et al. (2003) Effects

20.

2

=

22.

23.

24.

2

[}

26.

of trimetazidine on acetic acid-induced colitis in female Swiss rats. J Toxicol
Environ Health A 66: 169-179.

Liu SP, Dong WG, Wu DF, Luo HS, Yu JP (2003) Protective effect of angelica
sinensis polysaccharide on experimental immunological colon injury in rats.
World J Gastroenterol 9: 2786-2790.

Ademoglu E, Erbil Y, Tam B, Barbaros U, llhan E, et al. (2004) Do vitamin E
and selenium have beneficial effects on trinitrobenzenesulfonic acid-induced
experimental colitis. Dig Dis Sci 49: 102-108.

Triantafillidis JK, Merikas E, Georgopoulos F (2011) Current and emerging
drugs for the treatment of inflammatory bowel disease. Drug Des Devel Ther
5: 185-210.

Vecchi Brumatti L, Marcuzzi A, Tricarico PM, Zanin V, Girardelli M, et al. (2014)
Curcumin and inflammatory bowel disease: potential and limits of innovative
treatments. Molecules 19: 21127-21153.

Stavric B (1994) Antimutagens and anticarcinogens in foods. Food Chem
Toxicol 32: 79-90.

.Demin G, Yingying Z (2010) Comparative antibacterial activities of crude

polysaccharides and flavonoids from Zingiber officinale and their extraction.
Am J Trop Med 5: 235-238.

. Sasidharan I, Menon AN (2010) Comparative chemical composition and

antimicrobial activity fresh & dry ginger oils (zigiber officinale roscoe). Int J Curr
Pharm Res 2: 40-43.

.Ali BH, Blunden G, Tanira MO, Nemmar A (2008) Some phytochemical,

pharmacological and toxicological properties of ginger (Zingiber officinale
Roscoe): a review of recent research. Food and Chemical Toxicology 46: 409-
420.

. Altman RD, Marcussen KC (2001) Effects of a ginger extract on knee pain in

patients with osteoarthritis. Arthritis Rheum 44: 2531-2538.

. Vijaya Padma V, Arul Diana Christie S, Ramkuma KM (2007) Induction of

apoptosis by ginger in HEp-2 cell line is mediated by reactive oxygen species.
Basic Clin Pharmacol Toxicol 100: 302-307.

. Lee DH, Kim DW, Jung CH, Lee YJ, Park D5 (2014) Gingerol sensitizes TRAIL-

induced apoptotic cell death of glioblastoma cells. Toxicol Appl Pharmacol 279:
253-265.

.Shanmugam KR, Mallikarjuna K, Kesireddy N, Sathyavelu Reddy K (2011)

Neuroprotective effect of ginger on anti-oxidant enzymes in streptozotocin-
induced diabetic rats. Food Chem Toxicol 49: 893-897.

.Jeena K, Liju VB, Kuttan R (2013) Antioxidant, anti-inflammatory and

antinociceptive activities of essential oil from ginger. Indian J Physiol Pharmacol
57: 51-62.

. El-Akabawy G, El-Kholy W (2014) Neuroprotective effect of ginger in the brain

of streptozotocin-induced diabetic rats. Ann Anat 196: 119-128.

.Ahmed RS, Seth V, Banerjee BD (2000) Influence of dietary ginger (Zingiber

officinales Rosc) on antioxidant defense system in rat: comparison with
ascorbic acid. Indian J Exp Biol 38: 604-606.

Grzanna R, Lindmark L, Frondoza CG (2005) Ginger--an herbal medicinal
product with broad anti-inflammatory actions. J Med Food 8: 125-132.

.Zhou HL, Deng YM, Xie QM (2006) The modulatory effects of the volatile

oil of ginger on the cellular immune response in vitro and in vivo in mice. J
Ethnopharmacol 105: 301-305.

Green JL, Heard KJ, Reynolds KM, Albert D (2013) Oral and Intravenous
Acetylcysteine for Treatment of Acetaminophen Toxicity: A Systematic Review
and Meta-analysis. West J Emerg Med 14: 218-226.

Tirouvanziam R, Conrad CK, Bottiglieri T, Herzenberg LA, Moss RB, et al.
(2006) High-dose oral N-acetylcysteine, a glutathione prodrug, modulates
inflammation in cystic fibrosis. Proc Natl Acad Sci U S A 103: 4628-4633.

Cetinkaya A, Bulbuloglu E, Kurutas EB, Ciralik H, Kantarceken B, et al. (2005)
Beneficial effects of N-acetylcysteine on acetic acid-induced colitis in rats.
Tohoku J Exp Med 206: 131-139.

.Rushworth GF, Megson IL (2014) Existing and potential therapeutic uses

for N-acetylcysteine: the need for conversion to intracellular glutathione for
antioxidant benefits. Pharmacol Ther 141: 150-159.

Koc F, Ozdemir K, Kaya MG, Dogdu O, Vatankulu MA, et al. (2012) Intravenous

J Cytol Histol

Cytopathology

ISSN: 2157-7099 JCH, an open access journal


http://www.ncbi.nlm.nih.gov/pubmed/?term=Wu J%5BAuthor%5D&cauthor=true&cauthor_uid=25333296
http://www.ncbi.nlm.nih.gov/pubmed/22001864
http://www.ncbi.nlm.nih.gov/pubmed/22001864
http://www.ncbi.nlm.nih.gov/pubmed/22001864
http://www.ncbi.nlm.nih.gov/pubmed/16828361
http://www.ncbi.nlm.nih.gov/pubmed/16828361
http://www.ncbi.nlm.nih.gov/pubmed/19923578
http://www.ncbi.nlm.nih.gov/pubmed/19923578
http://www.ncbi.nlm.nih.gov/pubmed/12653021
http://www.ncbi.nlm.nih.gov/pubmed/12653021
http://www.ncbi.nlm.nih.gov/pubmed/12653021
http://www.ncbi.nlm.nih.gov/pubmed/14992443
http://www.ncbi.nlm.nih.gov/pubmed/14992443
http://www.ncbi.nlm.nih.gov/pubmed/14992443
http://www.ncbi.nlm.nih.gov/pubmed/21552489
http://www.ncbi.nlm.nih.gov/pubmed/21552489
http://www.ncbi.nlm.nih.gov/pubmed/21552489
http://www.ncbi.nlm.nih.gov/pubmed/25521115
http://www.ncbi.nlm.nih.gov/pubmed/25521115
http://www.ncbi.nlm.nih.gov/pubmed/25521115
http://www.ncbi.nlm.nih.gov/pubmed/8132169
http://www.ncbi.nlm.nih.gov/pubmed/8132169
http://www.ncbi.nlm.nih.gov/pubmed/11710709
http://www.ncbi.nlm.nih.gov/pubmed/11710709
http://www.ncbi.nlm.nih.gov/pubmed/17448115
http://www.ncbi.nlm.nih.gov/pubmed/17448115
http://www.ncbi.nlm.nih.gov/pubmed/17448115
http://www.ncbi.nlm.nih.gov/pubmed/25034532
http://www.ncbi.nlm.nih.gov/pubmed/25034532
http://www.ncbi.nlm.nih.gov/pubmed/25034532
http://www.ncbi.nlm.nih.gov/pubmed/21184796
http://www.ncbi.nlm.nih.gov/pubmed/21184796
http://www.ncbi.nlm.nih.gov/pubmed/21184796
http://www.ncbi.nlm.nih.gov/pubmed/24020099
http://www.ncbi.nlm.nih.gov/pubmed/24020099
http://www.ncbi.nlm.nih.gov/pubmed/24020099
http://www.ncbi.nlm.nih.gov/pubmed/24680376
http://www.ncbi.nlm.nih.gov/pubmed/24680376
http://www.ncbi.nlm.nih.gov/pubmed/11116533
http://www.ncbi.nlm.nih.gov/pubmed/11116533
http://www.ncbi.nlm.nih.gov/pubmed/11116533
http://www.ncbi.nlm.nih.gov/pubmed/16117603
http://www.ncbi.nlm.nih.gov/pubmed/16117603
http://www.ncbi.nlm.nih.gov/pubmed/16338110
http://www.ncbi.nlm.nih.gov/pubmed/16338110
http://www.ncbi.nlm.nih.gov/pubmed/16338110
http://www.ncbi.nlm.nih.gov/pubmed/23687539
http://www.ncbi.nlm.nih.gov/pubmed/23687539
http://www.ncbi.nlm.nih.gov/pubmed/23687539
http://www.ncbi.nlm.nih.gov/pubmed/16537378
http://www.ncbi.nlm.nih.gov/pubmed/16537378
http://www.ncbi.nlm.nih.gov/pubmed/16537378
http://www.ncbi.nlm.nih.gov/pubmed/15888969
http://www.ncbi.nlm.nih.gov/pubmed/15888969
http://www.ncbi.nlm.nih.gov/pubmed/15888969
http://www.ncbi.nlm.nih.gov/pubmed/24080471
http://www.ncbi.nlm.nih.gov/pubmed/24080471
http://www.ncbi.nlm.nih.gov/pubmed/24080471
http://www.ncbi.nlm.nih.gov/pubmed/21106264

Citation: Galil TAE, EIGhamrawy TA, Sadik AOE (2015) The Effect of N. Acetylcysteine and Ginger on Acetic Acid Induced Colitis in Adult Male Albino
Rat: Histological, Immunohistochemical and Morphometric Study. J Cytol Histol S3:021. doi:10.4172/2157-7099.S3-021

Page 8 of 8

27.

N-acetylcysteine plus high-dose hydration versus high-dose hydration and
standard hydration for the prevention of contrast-induced nephropathy: CASIS-
-a multicenter prospective controlled trial. Int J Cardiol 155: 418-423.

Chen J, Reheman A, Gushiken FC, Nolasco L, Fu X, et al. (2011)
N-acetylcysteine reduces the size and activity of von Willebrand factor in
human plasma and mice. J Clin Invest 121: 593-603.

49.

50.

Nakano S, Ohara S, Kubota T, Saigenji K, Hotta K (1999) Compensatory
response of colon tissue to dextran sulfate sodium-induced colitis. J Gastroenterol
34:207-214.

Zhu MY, Lu YM, Ou YX, Zhang HZ, Chen WX (2012) Dynamic progress of
2,4 6-trinitrobenzene sulfonic acid induced chronic colitis and fibrosis in rat
model. J Dig Dis 13: 421-429.

28.Uraz S, Tahan G, Aytekin H, Tahan V (2013) N-acetylcysteine expresses 51.Leung G, Wang A, Fernando M, Phan VC, McKay DM (2013) Bone marrow-
powerful anti-inflammatory and antioxidant activities resulting in complete derived alternatively activated macrophages reduce colitis without promoting
improvement of acetic acid-induced colitis in rats. Scand J Clin Lab Invest 73: fibrosis: participation of IL-10. Am J Physiol Gastrointest Liver Physiol 304:
61-66. G781-792.

29. Tobwala S, Khayyat A, Fan W, Ercal N (2015) Comparative evaluation of 52 |j C, Flynn RS, Grider JR, Murthy KS, Kellum JM, et al. (2013) Increased
N-acetylcysteine and N-acetylcysteineamide in _acetaminophen-induced activation of latent TGF-B1 by aVB3 in human Crohn’s disease and fibrosis
hepatotoxicity in human hepatoma HepaRG cells. Exp Biol Med (Maywood) in TNBS colitis can be prevented by cilengitide. Inflamm Bowel Dis 19: 2829-

30. Aslan A, lTemiz M, Atlk E.’ Polat G, Sahinlerl N, et al. (2007) Effectiveness of 53.Li P, Liang ML, Zhu Y, GOng YY, Wang Y, et al. (2014) Resveratrol inhibits
mesalamine and propolis in experimental colitis. Adv Ther 24: 1085-1097. collagen | synthesis by suppressing IGF-1R activation in intestinal fibroblasts.

31.Kar A (2000) Pharmacognosy and pharmacobiotechnology (2ndedn.), New World J Gastroenterol 20: 4648-4661.

Age International (P) Limited, New Delhi, India. 54. Manetti M, Rosa |, Messerini L, Ibba-Manneschi L (2015) Telocytes are
32.Dogan Z, Ergul B, Sarikaya M, Filik L, GonultaAY MA, et al. (2014) The reduced during fibrotic remodelling of the colonic wall in ulcerative colitis. J Cell

protective effect of Echinacea spp. (Echinacea angustifolia and Echinacea Mol Med 19: 62-73.

purpurea) in a rat colitis model induced by acetic acid. Pak J Pharm Sci 27: 55. Motawi TK, Hamed MA, Shabana MH, Hashem RM, Aboul Naser AF (2011)

1827-1835. Zingiber officinale acts as a nutraceutical agent against liver fibrosis. Nutr

33.Ismael MA, Talbot S, Carbonneau CL, Beauséjour CM, Couture R (2008) Metab (Lond) 8: 40.

Elk;ccﬁ;’lel_Of(;;;;s:gyasg”g:;i'me; Z”fatmgelBg})i;:jﬁﬁtfészf;’;izs'%”urbﬁ' 56. Abdulaziz Bardi D, Halabi MF, Abdullah NA, Rouhollahi E, Hajrezaie M, et al.
. ’ (2013) In vivo evaluation of ethanolic extract of Zingiber officinale rhizomes for
Pharmacol 589: 66-72. ; . ) . ) .
its protective effect against liver cirrhosis. Biomed Res Int €918460.

34. Bancroft JD, Gamble M (2008) Theory and practice of histological techniques. o
(6thedn), Churchill, Livingstone, Elsevier, Philadelphia. 57. Perner _A, Anc_ireser_'n L, Nc_>rmarlk M, Rask-Madsen J (2002) Constltutw_e

expression of inducible nitric oxide synthase in the normal human colonic

35. Bancroft JD, Cook HC (1994) Immunohistochemistry. In: Manual of histological epithelium. Scand J Gastroenterol 37: 944-948.
techniques and diagnostic applications. Churchill Livingstone, Edinburgh, . ) . . | .
London, Madrid, Melbourne, New York, Tokyo. 58. C.ollon AL, Menchén L, Lllzlasgaln |, Leza JC, Menc.he.n P, et al. (2000) llnduC|bIe

nitric oxide synthase activity is expressed not only in inflamed but also in normal

36. Carson F (1990) Histotechnology A Self-Instructional Text, (1stedn), ASCP, IIl. colonic mucosa in patients with ulcerative colitis: a potential prognostic marker.

37. Petrie A, Sabin C (2005) Medical Statistics at a Glance, (2ndedn.), Sugden M Am J Gastroenterol 95: 1371-1373.
and Moore K (eds.), Blackwell Publishing LTD., USA. 59. Petersson J, Schreiber O, Steege A, Patzak A, Hellsten A, et al. (2007)

38. Millar AD, Rampton DS, Chander CL, Claxson AW, Blades S, et al. (1996) g’:(;fo":t‘;c;'t"ff\’,é? F‘;‘s"2;;”2%%‘?6312;10_"1323;7b'°°d flow increase. Am J Physiol
Evaluating the antioxidant potential of new treatments for inflammatory bowel Y ’ ’
disease using a rat model of colitis. Gut 39: 407-415. 60. Xu BL, Zhang GJ, Ji YB (2015) Active components alignment of Gegenginlian

39. Gonzélez R, Rodriguez S, Romay C, Ancheta O, Gonzélez A, et al. Anti- dtecoctlanﬁ:otec;s ulcer?t;vng:;gtészbgaattenuatmg inflammatoryand oxidative
inflammatory activity of phycocyanin extract in acetic acid-induced colitis in stress. nopharmaco ) T
rats. Pharmacol Res 39: 55-59. 61. Kankuri E, Vaali K, Knowles RG, Lahde M, Korpela R, et al. (2001) Suppression

40. Low D, Nguyen DD, Mizoguchi E (2013) Animal models of ulcerative colitis and Qf gcgte expenmer?tal colitis by a highly sele(.:hlve inducible nitric-oxide synthase.
their application in drug research. Drug Des Devel Ther 7: 1341-1357. |1n1h2|l;|t$;,3r;l-[3-(am|nomethyl)benzyl]acetamldme. J Pharmacol Exp Ther 298:

41. Lean QY, Eri RD, Fitton JH, Patel RP, Gueven N4 (2015) Fucoidan Extracts . o . .

Ameliorate Acute Colitis. PLoS One 10: €0128453. 62. Kankuri E, Hamglalnen MI Hukkanen M, Sa!menpera P, K|V|Iaal‘<so-E,-e.t.aI.

(2003) Suppression of pro-inflammatory cytokine release by selective inhibition

42.Merga Y, Campbell BJ, Rhodes JM (2014) Mucosal barrier, bacteria and of inducible nitric oxide synthase in mucosal explants from patients with
inflammatory bowel disease: possibilities for therapy. Dig Dis 32: 475-483. ulcerative colitis. Scand J Gastroenterol 38: 186-192.

43. Cornick S, Tawiah A, Chadee K (2015) Roles and regulation of the mucus 63. Muskhelishvili L, Latendresse JR, Kodell RL, Henderson EB (2003)
barrier in the gut. Tissue Barriers 3: €982426. Evaluation of cell proliferation in rat tissues with BrdU, PCNA, Ki-67(MIB-5)

44. Jacobs LR, Huber PW (1985) Regional distribution and alterations of lectin g’%‘é’;‘;ﬂsgﬂﬁes”;f_t%ggd in situ hybridization for histone mRNA. J Histochem
binding to colorectal mucin in mucosal biopsies from controls and subjects with ’ ’
inflammatory bowel diseases. J Clin Invest 75: 112-118. 64. Essers J, Theil AF, Baldeyron C, van Cappellen WA, Houtsmuller AB, et al.

45. Hensel KO, Boland V, Postberg J, Zilbauer M, Heuschkel R, et al. (2014) (2%9%53)5'3“53"‘;2' dynamics of PCNA in DNA replication and repair. Mol Cell Biol
Differential expression of mucosal trefoil factors and mucins in pediatric : B ’
inflammatory bowel diseases. Sci Rep 4: 7343. 65. Chen CY, Cheng KC, Chang AY, Lin YT, Hseu YC, et al. (2012) 10-Shogaol,

46. Gersemann M, Becker S, Kibler I, Koslowski M, Wang G, et al. (2009) an antioxidant from Zipgib.er officinale for skin cell proliferation and migration
Differences in goblet cell differentiation between Crohn’s disease and ulcerative enhancer. Int J Mol Sci 13: 1762-1777.
colitis. Differentiation 77: 84-94. 66. Bhagavathula N, Warner RL, DaSilva M, McClintock SD, Barron A, et al. (2009)

47. Gersemann M, Stange EF, Wehkamp J (2011) From intestinal stem cells to A combination of curcumin and ginger extract improves abrasion wound healing
inflammatory bowel diseases. World J Gastroenterol 17: 3198-3203. in corticosteroid-impaired hairless rat skin. Wound Repair Regen 17: 360-366.

48. Schreiber O, Petersson J, Waldén T, Ahl D, Sandler S, et al. (2013) iNOS- 67. Wu J', Song T, Liu S, Li X, Li G, et al. (2015) Icariside Il inhipits gell proliferatiqn
dependent increase in colonic mucus thickness in DSS-colitic rats. PLoS One and induces cell cycle arrest through the ROS-p38-p53 signaling pathway in
8: €71843. A375 human melanoma cells. Mol Med Rep 11: 410-416.

J Cytol Histol Cytopathology ISSN: 2157-7099 JCH, an open access journal


http://www.ncbi.nlm.nih.gov/pubmed/21106264
http://www.ncbi.nlm.nih.gov/pubmed/21106264
http://www.ncbi.nlm.nih.gov/pubmed/21106264
http://www.ncbi.nlm.nih.gov/pubmed/21266777
http://www.ncbi.nlm.nih.gov/pubmed/21266777
http://www.ncbi.nlm.nih.gov/pubmed/21266777
http://www.ncbi.nlm.nih.gov/pubmed/25245075
http://www.ncbi.nlm.nih.gov/pubmed/25245075
http://www.ncbi.nlm.nih.gov/pubmed/25245075
http://www.ncbi.nlm.nih.gov/pubmed/25245075
http://www.ncbi.nlm.nih.gov/pubmed/18029336
http://www.ncbi.nlm.nih.gov/pubmed/18029336
http://www.ncbi.nlm.nih.gov/pubmed/25362606
http://www.ncbi.nlm.nih.gov/pubmed/25362606
http://www.ncbi.nlm.nih.gov/pubmed/25362606
http://www.ncbi.nlm.nih.gov/pubmed/25362606
http://www.ncbi.nlm.nih.gov/pubmed/8949646
http://www.ncbi.nlm.nih.gov/pubmed/8949646
http://www.ncbi.nlm.nih.gov/pubmed/8949646
http://www.ncbi.nlm.nih.gov/pubmed/10366332
http://www.ncbi.nlm.nih.gov/pubmed/10366332
http://www.ncbi.nlm.nih.gov/pubmed/10366332
http://www.ncbi.nlm.nih.gov/pubmed/24250223
http://www.ncbi.nlm.nih.gov/pubmed/24250223
http://www.ncbi.nlm.nih.gov/pubmed/26083103
http://www.ncbi.nlm.nih.gov/pubmed/26083103
http://www.ncbi.nlm.nih.gov/pubmed/24969297
http://www.ncbi.nlm.nih.gov/pubmed/24969297
http://www.ncbi.nlm.nih.gov/pubmed/25838985
http://www.ncbi.nlm.nih.gov/pubmed/25838985
http://www.ncbi.nlm.nih.gov/pubmed/3965499
http://www.ncbi.nlm.nih.gov/pubmed/3965499
http://www.ncbi.nlm.nih.gov/pubmed/3965499
http://www.ncbi.nlm.nih.gov/pubmed/25475414
http://www.ncbi.nlm.nih.gov/pubmed/25475414
http://www.ncbi.nlm.nih.gov/pubmed/25475414
http://www.ncbi.nlm.nih.gov/pubmed/19281767
http://www.ncbi.nlm.nih.gov/pubmed/19281767
http://www.ncbi.nlm.nih.gov/pubmed/19281767
http://www.ncbi.nlm.nih.gov/pubmed/21912468
http://www.ncbi.nlm.nih.gov/pubmed/21912468
http://www.ncbi.nlm.nih.gov/pubmed/23977158
http://www.ncbi.nlm.nih.gov/pubmed/23977158
http://www.ncbi.nlm.nih.gov/pubmed/23977158
http://www.ncbi.nlm.nih.gov/pubmed/10213120
http://www.ncbi.nlm.nih.gov/pubmed/10213120
http://www.ncbi.nlm.nih.gov/pubmed/10213120
http://www.ncbi.nlm.nih.gov/pubmed/22788928
http://www.ncbi.nlm.nih.gov/pubmed/22788928
http://www.ncbi.nlm.nih.gov/pubmed/22788928
http://www.ncbi.nlm.nih.gov/pubmed/24051933
http://www.ncbi.nlm.nih.gov/pubmed/24051933
http://www.ncbi.nlm.nih.gov/pubmed/24051933
http://www.ncbi.nlm.nih.gov/pubmed/24051933
http://www.ncbi.nlm.nih.gov/pubmed/24782617
http://www.ncbi.nlm.nih.gov/pubmed/24782617
http://www.ncbi.nlm.nih.gov/pubmed/24782617
http://www.ncbi.nlm.nih.gov/pubmed/21689445
http://www.ncbi.nlm.nih.gov/pubmed/21689445
http://www.ncbi.nlm.nih.gov/pubmed/21689445
http://www.nature.com/ajg/journal/v95/n5/full/ajg2000353a.html
http://www.nature.com/ajg/journal/v95/n5/full/ajg2000353a.html
http://www.nature.com/ajg/journal/v95/n5/full/ajg2000353a.html
http://www.nature.com/ajg/journal/v95/n5/full/ajg2000353a.html
http://www.ncbi.nlm.nih.gov/pubmed/17947450
http://www.ncbi.nlm.nih.gov/pubmed/17947450
http://www.ncbi.nlm.nih.gov/pubmed/17947450
http://www.ncbi.nlm.nih.gov/pubmed/11504810
http://www.ncbi.nlm.nih.gov/pubmed/11504810
http://www.ncbi.nlm.nih.gov/pubmed/11504810
http://www.ncbi.nlm.nih.gov/pubmed/11504810
http://www.ncbi.nlm.nih.gov/pubmed/12678336
http://www.ncbi.nlm.nih.gov/pubmed/12678336
http://www.ncbi.nlm.nih.gov/pubmed/12678336
http://www.ncbi.nlm.nih.gov/pubmed/12678336
http://www.ncbi.nlm.nih.gov/pubmed/14623936
http://www.ncbi.nlm.nih.gov/pubmed/14623936
http://www.ncbi.nlm.nih.gov/pubmed/14623936
http://www.ncbi.nlm.nih.gov/pubmed/14623936
http://www.ncbi.nlm.nih.gov/pubmed/16227586
http://www.ncbi.nlm.nih.gov/pubmed/16227586
http://www.ncbi.nlm.nih.gov/pubmed/16227586
http://www.ncbi.nlm.nih.gov/pubmed/22408422
http://www.ncbi.nlm.nih.gov/pubmed/22408422
http://www.ncbi.nlm.nih.gov/pubmed/22408422
http://www.ncbi.nlm.nih.gov/pubmed/19660044
http://www.ncbi.nlm.nih.gov/pubmed/19660044
http://www.ncbi.nlm.nih.gov/pubmed/19660044
http://www.ncbi.nlm.nih.gov/pubmed/25333296
http://www.ncbi.nlm.nih.gov/pubmed/25333296
http://www.ncbi.nlm.nih.gov/pubmed/25333296

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction
	Material and Methods 
	Materials
	Experimental design 

	Results
	Histological results 
	Immunohistochemical results 
	Morphometric results and statistical analysis 

	Discussion
	Acknowledgment
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Table 1
	Table 2
	Table 3
	Table 4
	Chart 1
	Chart 2
	Chart 3
	Chart 4
	References 



