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ABSTRACT:

Background: Several factors compromise the normal operating
capacity of the colon. Ulcerative colitis is one of the most frequent
forms of gastrointestinal disorders that requires long-term treatment.
Probiotic supplementation is increasingly used to treat and prevent
gastrointestinal problems. The strong antioxidant N-acetylcysteine
(NAC) increases intracellular cysteine and glutathione levels and
scavenges reactive oxygen species (ROS).

Aim of the work: To compare the therapeutic effects of probiotics
versus NAC in adult albino rats with induced UC.

Material and Methods: Six groups of sixty animals were
separated: control group (), sub-group, la and Ib, Probiotic treated
group (1), N-acetylcysteine treated group (I11), Induced colitis group
(IV); colitis treated with probiotics group (V); and colitis treated with
NAC group (VI). After two weeks, blood samples were collected to
assess the levels of oxidative stress markers (MDA), (SOD), and (CAT).
Colon  samples were prepared for histological and
immunohistochemical examinations as well as for scanning electron
microscopy (SEM).

Results: The induced colitis group exhibited a significant
reduction in mucosal thickness, with loss of surface epithelium, cells
with pyknotic nuclei, and vacuolated cytoplasm. The number of goblet
cells was markedly decreased, and cellular infiltration and fibrotic
alterations were observed. SEM revealed a widening of the crypt
openings. A significant decrease in Ki 67 and an increase in caspase 3
immunoreactivity were also observed. Moreover, the administration of
probiotics had more ameliorating effects on these changes than N-
acetyl cysteine.

Conclusion: Probiotics exhibited superior improvements in
biochemical, histological, and morphometric results compared to NAC
in inducing colitis through their anti-inflammatory, anti-oxidative, and
anti-apoptotic effects
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INTRODUCTION:

Ulcerative colitis and Crohn’s disease are
long-standing diseases called inflammatory
bowel diseases (IBDs) with a chronic
aggressive progressive course and systemic

problems. The incidence of this condition is
increasing worldwide. Symptoms include
severe abdominal cramps and bloody
diarrhea M. Several etiological factors,
including genetic, immunological, environ-
mental, and microbial factors, are involved in
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these diseases. Several pro-inflammatory
mediators (cytokines) are produced as a result
of these diseases, including Interleukins (IL)
(IL1, ILe6, IL9, IL13, and IL33), while anti-
inflammatory  mediators  (Transforming
growth factor (TGF), interleukins (IL 10, and
37) are downregulated ?I. During mucosal
inflammation, disruption of the intestinal
barrier leads to abnormal morphology and
modification of apical connections, with
increased gut permeability ¥, There is no
definitive cure for IBDs, and conventional
pharmacological drugs have partial efficacy
and lack long-term clinical suppression. In
addition, prolonged use of pharmacological
treatments leads to many side effects.
Therefore, new therapeutic alternatives,
especially those with antioxidant properties,
are needed 41,

Clinical studies have shown greater
levels of tumor necrosis factor (TNF) in the
intestinal mucosa, feces, and serum of UC
patients. TNF is known to induce apoptosis
and an inflammatory response in intestinal
epithelial cells and may contribute to the
initiation and development of disorders of the
intestinal barrier 31,

Probiotics are beneficial bacteria that can
be ingested or administered into the body.
The beneficial effects of probiotic micro-
organisms on the intestinal epithelium 6 are
very important. Genera strains, which are the
most frequently researched and used
probiotics, are Bifidobacterium (Bifido-
bacterium, Longum adolescentis, Animalis,
and Breve) and Lactobacillus (acidophilus,
johnsonii, paracasei, casei, fermentum,
gasseri, rhamnosus, Plantarum, and
salivarius)’l. These bacteria are components
of the gut microflora and are particularly
helpful when digesting dairy products such as
milk, cheese, and yogurt. The beneficial
effects of probiotics on GIT function are
ascribed to the repair of microbiota, improved
adherence to the intestinal mucosa, and
simultaneous  inhibition = of  pathogen
adhesion!®l. Probiotics can modulate the

gastrointestinal mucosal immune system.
Additionally, the competitive exclusion of
pathogenic microorganisms, the formation of
antibiotic compounds, and an increase in the
synthesis of protective intestinal mucusl®l.
Enhancement of the immune function barrier
and a decrease in inflammatory cytokines are
two of the most advantageous consequ-
ences!1?l,

The mucolytic properties of N-
acetylcysteine make it useful for treating
cystic fibrosis, pneumonia, bronchitis, and
paracetamol overdose ", As glutathione
levels in the body increase when consumed,
it exhibits antioxidant and anti-inflammatory
properties because it can eliminate reactive
oxygen species (ROS)'2l. N-acetylcysteine
exerts indirect anti-inflammatory effects
through its antioxidant activity, which in turn
suppresses the pro-inflammatory trans-
cription factor NFkBI13I,

AIM OF THE STUDY:

This study aimed to explain the structural
changes in induced colitis and to compare the
possible therapeutic effects of probiotics
against N-acetylcysteine in adult male albino
rat colon with induced colitis using
biochemical, histological, and immune-
histochemical techniques.

MATERIAL AND METHODS:

Fifty adult male albino rats (12 weeks)
were used, each weighing, 180-200 gm. This
research was conducted by the guidelines of
the Ethical Committee for the Use of LAB
Animals NO 6/2023HIST 14, Menoufia
University.

Reagents:

1- Probiotic capsule: - contains
(Bifidobacterium longum, Lactobacillus
acidophilus, and  Bifidobacterium
bifidum), with one and a half billion cells
in each capsule (RITE AID pharmacy,
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USA). Each capsule contains 1.5 %109
CFU per 0.2179 g. Feeding per oral
requires 1 x109 CFU dose, which
contains 0.145 gm of probiotic ['4],

2- N. acetylcysteine: - (imported by
SEDICO Pharmaceutical Company,
cited on 6th of October City, Egypt), was
prepared by immersing 0.5 grams of
NAC powder into 1 ml distilled water. It
was administered orally (1 g/kg/day) as a
gavage (orogastric gavage) [,

3- Acetic acid preparation: - was prepared
at the Faculty of Medicine, Menoufia
University, by adding 3 ml of acetic acid
to 97 ml of distilled water (3 %
concentration) and mixing for use in the
experimental groups to induce colitis [,

Induction of Experimental Colitis:

The animals were fasted overnight and
provided plenty of water. A fine rubber
catheter was used for intrarectal injection
while the rat was in the supine position, and
only minimal ether anesthesia was used; 2 ml
of acetic acid was infused into the anal verge
to a maximum length of 6 cm. During the
outward removal of the catheter, 2 ml of air
was administered to ensure that the solution
was thoroughly distributed throughout the
colon 171,

Experimental design:

Fifty animals were divided into six groups;
this study took two weeks to complete.

1-  Group 1, (control groups) including 10
animals was divided into two subgroups.
Each group had the same number of
animals.

- Subgroup Ia: received a balanced diet
and water without medication by oral
gavage.

- Subgroup Ib: Each ingested distilled
water with a balanced diet by oral

gavage.
2- Group II, (probiotic treated): 5 rats
received probiotics; 0.145 gm of

probiotic dissolved in 2 ml distilled water
by oral gavage once daily for 14 days
(just before meal) 141,

3- Group III, (NAC treated): 5 rats received
NAC, prepared by immersing 0.5 grams
of NAC powder into 1 ml of distilled
water. It was administered orally (1
g/kg/day) by orogastric gavage [*],

4- Group IV, (colitis group): 10 rats received
2 ml of 3 % Acetic acid was used to
induce colitis as previously mentioned.

5- Group V, (colitis received probiotics):
include 10 animals, colitis was induced
then after 24 h. The rats received
probiotics, as previously mentioned.

6- Group VI, (colitis received NAC): 10
rats with induced colitis were treated
with NAC, as mentioned previously.

After two weeks, ether inhalation (2 ml)
was utilized for anesthesia in a transparent
acrylic jar for roughly 2 minutes 81, Blood
samples were taken and centrifuged for 10
minutes in heparinized tubes. Plasma samples
were kept at -20 °C for biochemical exami-
nation. A cut was made in the abdomen to
expose the intestine, and six centimeters of
the colon, just two centimeters above the anal
margin, were obtained and processed for
examination using histological, scanning
electron microscopy (EM), and immune-
histochemical studies.

I- Biochemical studies were conducted in
the Central LAB linked to the
Biochemistry Department, Menoufia
Faculty of Medicine. MDA, SOD, and
CAT are indicators of lipid oxidation and
oxidative stress %],

II- Histological study, longitudinal colon
sections from each rat were preserved in
10% formaldehyde and treated as
paraffin blocks, and slices of the tissue
about 5-6 um thickness were acquired for
H and E staining to demonstrate the
histological structure, and Mallory
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trichrome staining to determine the
amount of collagen present 201,

I11- Scanning EM study Y, sections (1x1
cm) of the colon were cut, preserved in
glutaraldehyde solution 2.5% (pH=7.4)
for two h at room temperature, washed in
PBS, placed in 1% osmium solution,
dried, and coated with gold using sputter
coated SCD/005. Tissues were mounted
in a copper stud and examined using
Philips Scanning EM at Tanta within the
EM unit of Tanta University’s Faculty of
Medicine.

IV- Immunohistochemical study "I

- Immunohistochemical results for Ki-
67 (proliferative marker) expression
using anti-Ki-67 antibodies were nuclear.
Hair follicles were used as positive
controls for Ki-67 expression.

2- Immunohistochemical results for
activated caspase 3 (apoptotic marker)
expression were mainly in the cytoplasm
of immune-positive cells. The positive
control for caspase-3 was obtained from
human tonsillar tissue.

3- (GFAP), glial fibrillary acidic protein
immunohistochemical staining, and
GFAB-positive expression appeared as
brown cytoplasmic staining. Brain tissue
was used as a positive control for GFAP.

V- Morphometry and Statistics:

In the H and E-stained sections, the
whole thickness of the mucosal layer (um)
and goblet cell number were quantified, as
well as the amount of collagen fibers in
various groups using Mallory trichrome
staining. Using a 40x (x 400) objective lens
of light microscopy, the Quantification of KI
67-positive cells, caspase 3 staining strength,
and GFAB intensity were assessed in
immunostained sections. Ten distinct images
were obtained for each animal. An image
analyzer application (Lecia Win, 5 hundred
images analyzing system, England) was used
at the Menoufia Faculty of Medicine. The

mean standard deviation of all data was
calculated and then compared using Student’s
t-test, and analysis of data was performed
using the program of statistical package for
the Social Science (SPSS) software.
Statistical significance was set at P < 0.05[22],

Biochemical results:

Table 1 shows no significant value in
MDA between the Ia, Ib, II, and III groups.
Group IV exhibited a highly significant
elevation (p <0.001) in MDA levels
compared with the control group (Histogram
1). A highly significant reduction (p <0.001)
in antioxidant activities, SOD, and CAT was
observed in group IV. Groups V and VI
exhibited a significant reduction in MDA
levels and a significant elevation in CAT and
SOD activities in the blood (histogram = 1).

Histological results:

In the H and E sections, the colon of the
control groups showed normal histological
structure. The colon wall was composed of
mucosa filled with crypts and covered with
surface epithelium, submucosa composed of
loose connective tissue, and musculosa
contained inner circular and outer
longitudinal smooth muscles (Figure 1). The
colon mucosa surface was intact. It was
bordered by columnar cells with acidophilic
cytoplasm and basal oval basophilic nuclei.
The crypts appeared straight and tubular with
tiny entrances (Figure 2). The crypts were
lined by simple columnar epithelium with
oval vesicular nuclei at the base. The goblet
cells had vacuolated cytoplasm and flattened
nuclei at the base, and the connective tissue
of lamina propria in between the crypts was
also seen (Figure 3). Between the two layers
of the musculosa, Auerbach’s plexus was
found. Enteric glial cells (EGCs), nerve cells,
and unmyelinated nerve fibers comprise the
plexus (Figure 4). Groups (II and III) had
similar structures, more or less like the
control group.

Compared to the control group, the
colitis group exhibited a highly significant
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reduction in mucosal thickness, loss of
normal architecture and exfoliated cells
within the colon lumen. Columnar cells have
vacuolated cytoplasm and pyknotic nuclei.
Degenerated goblet cells with small pyknotic
nuclei were observed. The connective tissue
contained inflammatory cells (Figure 7).
Distortion of the submucosa, muscle layer
separation with laceration, and cellular
infiltration were also observed (Figures 5 and
6). The Auerbach’s plexus showed fewer
nerve cells and EGCs (Figure 8).

In contrast, analysis of group V (colitis-
administered  probiotics) revealed an
improvement in the histological appearance
of the colon. The normal appearance of the
mucosa, crypts, submucosa, and musculosa
was comparable to that in the control group.
However, cellular infiltration was still
observed between the crypts. A nearly normal
surface columnar epithelium and typical
crypt morphology were observed (Figures 9
and 10). Auerbach's plexus in the musculosa
showed obvious nerve cells and EGCs
compared with the induced colitis group
(group IV) (Figure 11).

Examining group VI (colitis treated with
NAC) revealed relatively disrupted crypt
architecture, tall columnar cells with basal
oval nuclei, others with pyknotic nuclei, and
vacuolation of the cytoplasm of some cells.
Cellular infiltration of the connective tissue
of the lamina propria was also observed
(Figures 12 and 13). Auerbach's plexus in the
musculosa showed nerve cells, unmyelinated
nerve fibers, and EGCs (Figure 14).

In addition, Mallory Trichrome-stained
colon sections from the control group
revealed mild collagen fiber deposition in the
lamina propria (Figure 15). Groups (II and
IIT) were more or less like the control group.
However, in Group (IV), fiber abundance was
observed in the submucosa and corium
(Figure 16). Group V was similar to the
control group (Figure 17), whereas Group VI
exhibited moderate collagen deposition
(Figure 18).

Scanning EM results:

Scanning EM of the control group
showed a normal intestinal crypt appearance
and mucosal surface. There were many goblet
cells with mucus on their surface (Fig. 20). A
vast carpet of microvilli was observed on the
surface of the columnar cells (Figure 19).
Groups II and III showed electron
microscopy results similar to those of the
control group.

Induced colitis animals (group 1V)
exhibited widened crypt openings with
shedding of the epithelium giving a
honeycomb appearance, some crypts were
closed by desquamation, an area of the ulcer
was also seen (Figure 21), and collagen fiber
appeared with the presence of extruded
mucous and cracks (Figure 22 and 23). Group
V  (colitis-administered probiotics) had
virtually normal mucosal crypts with intact
surfaces and mucous extruded on the mucosal
surface, similar to the control group (Figure
24). Group VI (colitis treated with NAC)
displayed a widening of the crypt openings,
an increase in goblet cells, and mucous
extrusion on the mucosal surface (Figure 25).

Immunohistochemical analysis

Immunohistochemical results for Ki-
67: The control groups had numerous Ki-67
immune-positive nuclei, the induced colitis
group showed a relative decrease in Ki-67
immune-positive nuclei, the colitis received
probiotics group showed numerous Ki-67
immune-positive nuclei more or less like the
control, and the colitis received NAC group
showed a moderate number of Ki-67 immune
positive nuclei (figure 26).

Immunohistochemical results for
activated caspase 3: The control groups
showed low cytoplasmic intensity of immune
reaction; the induced colitis group, exhibited
strong cytoplasmic intensity; and the colitis
received probiotics group, with low
cytoplasmic intensity as the control group and
colitis received NAC group showed moderate
cytoplasmic intensity (figure 27).
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GFAP immunostaining: Sections of the
colon of control groups revealed myenteric
plexus between muscle fibers, with
strong GFAP-positive  EGCs  exhibiting
strong positive immune intensity in their
cytoplasm and processes, and GFAP-negative
nerve cells. The induced colitis group showed
weak immune intensity for GFAP, and groups
IV and VI showed moderately positive GFAP
immunoreactivity in EGC (Figure 28).

Morphometric results (Table 2 and
Table 3) showed that group IV had a
statistically highly significant (P < 0.001)
reduction in mucosal thickness and the
number of goblet cells compared to the
control group (Table 1). Groups V and VI
showed a statistically significant increase in
mucosal thickness and goblet cell number
compared to group IV (histograms 2 and 3).

Table 4 shows that Group IV had a highly
significant increase in collagen fiber
deposition (P < 0.001) compared to the
control (Table 4). Groups V and VI showed a
significant decrease in collagen fiber

deposition compared to that in Group IV
(histogram 4).

In addition, Table 5 shows that group IV
had a highly significant (P <0.001) reduction
in the Ki-67 immune positive nuclei number
to the control group. However, groups V and
VI demonstrated a significant elevation
compared to the induced colitis group
(histogram 5).

Table 6 also shows that group IV
demonstrated a highly significant (P<0.001)
elevation in the caspase 3 immunoreaction
intensity compared to the control group;
however, groups V and VI demonstrated a
significant ~ (P<0.001)  reduction in
comparison to group II (Histogram 6).

As shown in Table 7, group IV revealed
a highly significant (P <0.001) decrease in
GFAP immunoreaction intensity compared to
the control group. Groups V and VI
demonstrated a  significant  elevation
(P<0.001) in GFAP immune reaction
intensity compared to Group IV (Histogram
7).

Table (1): Effect of colitis on the antioxidant enzyme activities and the level of lipid peroxidation in

the plasma of all groups of rats

MDA 4.25+047 22.5+423%* 3.87 +£0.6* 5.65 £1.46*
(micromolsml)

SOD(u/ml) 43.61 +1.42 15.39 £ 1.29** 37.51 +1.82* 31.49 +(0.93*
CAT(w/ml) 29.62 + 1.04 13.82 £ 1.77** 27.38 £ 1.78* 25.14 £ 1.33*

AN .

CAT(u/ml)

¥ Group 1

¥ Group Il ™ Group Il

SOD(u/ml) MDA (micromolsml)

® Group IV

Histogram (1): The Mean of MDA, SOD, and CAT levels in experimental different groups
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Table (2): Mean + SD Thickness of Mucosal layer (um)in different groups.

Group 1

Group Il

Group 111

Group IV

The thickness of Mucosal layer
(um)

785.5+85 .13

263.34+57.30**

597.166+58 *.188

785.5+£85 .13*

Mean Thickness of Mucosal layer
(um)

597.166

Group Il

Group Il

Group 1

¥ Mean Thickness of Mucosal layer (um)

Histogram (2): Mean of Thickness of Mucosal layer (um) in different groups.

Table (3): Number of goblet cells per field at a magnification of 400x x +SD:

Group 1 Group Il Group 11 Group 1V
Number of goblet cells 80.75+3.751 26.54+11.32%* 83.81+2.15%* 71.124+3.45%
Area % of collagen Deposition
29.25
"
Group IV Group IlI Group Il Group 1
* Area % of collagen Deposition
Histogram (3): The mean number of goblet cells in different groups
Table (4): Mean = SD Area % of collagen Deposition in different groups
Group 1 Group Il Group I11 Group IV
Area % of collagen Deposition 11.93+1.48 29.25+11.64** 13.1627+1.44%* 12.95+1.873*

Group IV

Number of goblet cells
83.81

Group IlI

Group Il

* Number of goblet cells

80.75
—

Histogram (4): the mean area % of collagen Deposition in different groups
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Table (5): Mean + SD Number of ki 67 positive cells in different groups

Group 1 Group Il Group 111 Group IV

Number of ki 67 positive cells 45.5£7.12 6.833£3.54** 55.547.19* 26.21+11.54*

Number of ki 67 positive cells

55.5
— 455

———
Group IV Group Il Group I Group 1

* Number of ki 67 positive cells

Histogram (5): Mean Number of ki 67 positive cells in different groups

Table (6): Mean =+ SD intensity of expression of caspase- 3 in different groups

Group 1 Group 11 Group 111 Group IV

Intensity of expression of 1.6£1.14 58+1.66** 17+1.58* 25.00+1.14*
caspase- 3

Intensity of expression of caspase -

3 58
_

Group IV Group llI Group Il

Histogram (6): Mean of intensity of expression of caspase- 3 in different groups

Table (7): Mean =+ SD of the intensity of GFAP immune reaction of various experimental group

Group 1 Group Il Group 111 Group IV

Intensity of GFAP 53.71+£5.14 7.65+1.86%* 64.56+2.56* 45.915+3.14*
immune reaction
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7.65

Group IV Group IlI Group I

¥ Intensity of GFAP
immune reaction

Histogram (7): Mean of intensity of GFAP immune reaction of various experimental group

Fig. 1: Photomicrograph of the colon section of a control rat (group I) showing normal mucosa (M) formed of
multiple crypts (C) and covered with surface epithelium (arrow), submucosa (SM) composed of loose connective
tissue (CT), and musculosa (MS) formed of inner circular (IC) and outer longitudinal (OL) smooth muscle layers.
(H & E x 100)

Fig. 2: (2a) Photomicrograph of a longitudinal section of the colon of the control group (group 1) showing normal
crypt architecture (C) with columnar cells has basal oval nuclei (arrow). (2b) Transverse section of the control
colon showing normal crypt architecture (C) with a columnar cell with basal oval nuclei (arrow). (H & E x 200)
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Fig. 3: (3a) Photomicrograph of a longitudinal section of the colon of the control group (group 1)
showing simple columnar epithelium with basal oval vesicular nuclei and prominent nucleoli (arrows)
surrounding the tubular lumen (L). Goblet cells are flask-shaped with vacuolated cytoplasm and basally
flattened nuclei (curved arrow). Notice, the connective tissue of lamina propria in between crypts (LP).

926

Fig. 4: Photomicrograph of a section of the
colon of control group (group 1) showing a
well-defined myenteric plexus (MP) present
between the two layers of the musculosa
(M). The plexus consists of numerous nerve
cells (NC), enteric glial cells (GC), and a
network of unmyelinated nerve fibers (NF).
(H & E x 400)

Figs [Re’

Fig. 5: Photomicrograph of a section of the
colon of the colitis-induced group (group
IV) showing loss of mucosal architecture
(M), loss of surface epithelium (arrow),
exfoliated cells in the lumen (arrowhead),
and distortion of the submucosa (SM).
Note the separation of muscle layers with
their laceration (MS) and cellular
infiltrations (Cl)in the lamina propria and
submucosa. (H & E x 100)
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Fig. 6: Photomicrograph of a section of the
colon of induced colitis rat (group V)
showing disturbed crypt architecture (C) as
loss of surface epithelium (arrow). Severe
cellular infiltration (CI), and large blood
vessel congestion (BV) in the corium.

(H & E x 200)
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Fig. 8: Photomicrograph of a colon section from
an induced colitis rat (group 1V) showing a
myenteric plexus (MP) with few nerve cells (NC)
and few enteric glial cells (GC). (H& E x 400)

Fig. 7: Photomicrograph of a section of the colon
of induced colitis group (group 1V) showing
disturbed crypts, lined by columnar cells with a
darkly stained pyknotic nucleus (arrow) and
vacuolation of the cytoplasm (V). The goblet
cells are degenerated (D) and others with small
darkly stained pyknotic nuclei (curved arrow);
note that the connective tissue was filled with
cellular infiltration (ClI), and degenerated muscle
was also observed (star). (H & E x 400)

Fig. 9: A photomicrograph of a longitudinal section
of the colon of group V (colitis-received probiotics)
showing nearly normal crypt architecture (C)
formed of surface epithelium with basal oval nuclei
(arrow). Cellular infiltration (Cl) is observed
between connective tissues. (H&Ex 200)
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Fig. 10: Photomicrograph of a longitudinal section
of the colon of rat group V (colitis-received
probiotics) showing a simple columnar epithelium
with basal oval vesicular nuclei (arrows). Goblet
cells are flask-shaped with vacuolated cytoplasm
and basally flattened nuclei (curved arrow).
Notice, severe cellular infiltrations (Cl) in the
lamina propria. (H&EXx 400)

Fig. 12: A photomicrograph of the colon of group
VI (colitis received NAC) showing slightly
disturbed crypt architecture (C) formed of surface
epithelium with basal oval nuclei (arrow). Cellular
infiltration (Cl) is observed between connective

tissues. (H & E x 200)
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Fig. 11: A photomicrograph of a section of the colon
from a group V rat (colitis received probiotics)
showing a relatively normal-shaped myenteric
plexus (MP) in the musculosa, with an apparent
increase in the number of nerve cells (NC) and
enteric glial cells (GC). (H & E x 400)

Q"‘V X
o

- ..."_w;‘;:
Fig13 B o Lol

Fig. 13: A photomicrograph of the colon with a
longitudinal section of group VI (colitis received
NAC) showing simple columnar epithelium with
basal oval vesicular nuclei (arrows) but others with
pyknotic nuclei (notched arrow). Notice, still
cellular infiltrations (CI) in the lamina propria and
vacuolation of the cytoplasm of some cells are also
seen (V). (H & E x 200)
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Fig. 14: A photomicrograph of a section of a colon
from a rat of group VI (colitis received NAC)
showing slightly disturbed myenteric plexus (MP) in
the musculosa, with an increase in the number of
nerve cells (NC), disturbed enteric glial cells (GC)
and unmyelinated nerve fibers (NF). (H&Ex 400)

Fig. 16: Photomicrograph of Mallory Trichrome-
stained sections of group IV section of the colon
showing severe collagen fibers deposition in lamina
propria (arrow), and submucosa.  (MT x 200)

Fig 15: A photomicrograph of Mallory Trichrome-
stained sections of the colon of group I exhibiting
mild collagen fibers deposition (as tinge blue
colored strips), in the lamina propria (arrow).

(MT x 200)

Fig. 17: A photomicrograph of Mallory Trichrome-
stained sections of the colon of group V showing
mild collagen fibers deposition in the lamina
propria and submucosa, (arrow) more or less like
the control group. (MT x 200)

929




Seham Ahmed Mohammed Abdel Aziz & Reham Abdallah Mahmoud

Fig. 18: A photomicrograph of Mallory Trichrome-
stained sections of the colon of group VI showing
moderate collagen fibers in the submucosa, and
lamina propria (arrow). (MT x 200)

Fig. 20: A scanning electron- micrograph, of the
control rat (group 1) showing normally shaped
mucosal crypts opening (star) with the intact
mucosal surface, and numerous goblet cells (curved
arrows) Notice: the extruded mucous (M) on the

surface of the mucosa. (SEM x 3500)

Fig. 19: A scanning electron micrograph, of the
control rat (group 1) showing the vast carpet of
microvilli (MV) covering the surface columnar
cells. (SEM x 3500)

Fig. 21: A scanning electron — micrograph, of the
colon of group 1V, showing the widening of the
openings of the crypts (stars) with the shedding of the
epithelium giving a honeycomb appearance, some
crypts are closed by desquamation (arrowhead).
Note, the presence of an area of ulcer (arrow) and

collagen fibers appearance (C).  (SEM x 3500)

930



Probiotics Versus N.Acetylecysteine On Induced Colitis

Fig. 22: (22a) A scanning electron - micrograph, of the colon of group 1V, showing the area of the ulcer (arrow)
and multiple cracks also seen (ellipse). (22b) A scanning electron - micrograph, of the colon of group I1, showing
the same as 22b. (SEM x 3500)

Fig. 23: A scanning electron- micrograph, of the Fig. 24: A scanning electron - micrograph, of the
colon of group IV showing multiple areas of ulcers colon of group V (colitis received probiotics)
(arrow) widening of the crypts (star), and showing nearly normal-shaped mucosal crypts
desquamation of the cells (curved arrow). opening (star) with intact mucosal surface and

(SEM x 3500) extruded mucous (M) on the surface of the mucosa.

(SEM x 3500)
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Fig. 25: A scanning electron — micrograph, of the
colon of group VI (colitis received NAC),
showing the widening of the openings of the
crypts (stars), numerous goblet cells (curved
arrow), and extruded mucous (M) on the surface
of the mucosa. (SEM x 3500)

Fig. 26: Ki 67 immunohistochemical staining of the colon showing: (a) Control group (group I) showing numerous
Ki-67 immune positive nuclei (arrows). (b) Group IV (induced colitis) shows a relative decrease in Ki-67 immune-
positive nuclei (arrows). (C) Group V (colitis-received probiotics) showed numerous Ki-67 immune-positive
nuclei (arrows). (d) Group VI (colitis received NAC) showed a moderate number of Ki-67 immune-positive nuclei
(arrows). (K1 67 x 200 immunostaining)

Y \*’ =

Rig2? ﬂﬁ&ﬁ;ﬂ";‘ ik

Fig. 27: Caspase 3 immunohistochemical staining, of the colon showing: (a) Control group with low caspase — 3
immunoreaction intensity (arrows). (b) Group IV (colitis induced) showed high immunoreaction intensity (arrows) (c)
Group V (colitis received probiotics) showed low immunoreaction intensity (arrows) (d) Group VI (colitis received NAC)
showed moderate immunoreaction intensity (arrows). (Caspase 3 x 400 immunostaining)

932



Probiotics Versus N.Acetylecysteine On Induced Colitis

Fig. 28: - a- photomicrograph of a section of the colon of a control rat (group I) showing myenteric plexus
(MP) in between muscle fibers, containing numerous GFAP positive enteric glial cells exhibited as strong
positive immunoreactions in their cytoplasm and their processes (arrows) and GFAP negative nerve cells
(star). b- indued colitis (group IV') showing disturbed myenteric plexus( MP ) with few GFAP positive enteric
glial cells which have weak positive immunoreactions(arrow) surrounding immune-negative nerve cells
(star) C- induced colitis treated with probiotics (group V ) showing myenteric plexus( MP ) with moderate
positive GFAP immune- reaction in enteric glial cells (arrow)surrounding immune-negative nerve cells (star)
d- induced colitis treated with acetylcysteine (group VI ) showing myenteric plexus( MP ) with moderate
positive GFAP immune- reaction in enteric glial cells (arrow)surrounding immune-negative nerve cells (star).

DISCUSSION:

UC 1is a chronic, relapsing IBD. It is
caused by interactions between genetic,
environmental, nutritional, oxidative stress,
immunological, proinflammatory, and gut
microbiome variables 2. Acetic acid
injection-induced colitis is a widely studied
animal model of UC because it induces
pathological and clinical changes similar to
those of UC in humans 241,

The induced colitis group exhibited a
highly significant elevation in MDA, which
indicates an elevation of oxidative stress and
lipid peroxidation, as explained by 231, Colitis
significantly decreases the levels of SOD and
CAT, which have an essential protective
response against oxidative stress 261,

The induced colitis group exhibited a
significant decrease in mucosal thickness
compared to group I, disturbed mucosal
architecture, loss of surface epithelium,
exfoliated cells into the lumen and columnar
epithelium with small pyknotic nuclei and

(GFAP x 400)

vacuolated cytoplasm. Degenerated goblet
cells with small pyknotic nuclei are also seen.
Distortion of the submucosa and cellular
infiltrations. These results are consistent with
those reported by ', who used an animal
model of UC.

Desquamation and loss of epithelial cells
may be caused by the production of ROS in
the intestinal mucosa, which impairs blood
flow 1271, Columnar cells with pyknotic nuclei
and vacuolated cytoplasm may be the result
of an imbalance between loss by apoptosis
(cell death) and the production of new cells
through mitosis (proliferation)?8. During
inflammation, adhesion molecules related to
intercellular and mucosal endothelial cells are
released and are responsible for leukocyte
recruitment in colitis ). The statistically
proven decline in goblet cell number was
caused by an increase in interleukin 18
signaling in the intestinal mucosa, resulting in
the gradual depletion of these cells.
Interleukin 18 also suppresses goblet cell
maturation by modulating the transcriptional
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pathway responsible for the formation of
goblet cells B% with decreased mucous
secretion impairing the intestinal barrier,
which protects the intestinal epithelium
against microorganisms, intestinal flora, and
any chemicals or noxious agents attacking it.
One of the most aggressive pathogenic
processes in UC is mucosal ulceration 311,

Compared to the control group,
Auerbach's plexus had fewer nerve cells and
fewer EGCs. These results are in agreement
with a study by[322n93317 who postulated that
induction of UC leads to alterations in
intestinal contraction and reduced neuronal
density due to necrosis, apoptosis, and cell
death; abnormalities in neurotransmission
were also observed. This group's disrupted
myenteric plexuses and nerve cells resulted in
the constricted colonic wall in certain
sections, and enterocolitis, fecal impaction,
ulceration, necrosis, and disruption and
separation of the colon's wall 34 as seen in
this study.

Collagen fibers were abundant in the
corium and submucosal connective tissues in
the induced colitis group. This is in line with
the findings of 1, who demonstrated elevated
fiber deposition within the corium and
submucosa in the UC model. This is due to
elevated collagen protein deposition and pro-
collagen mRNA expression observed in
experimental colitis 35736l explained that this
recurrent inflammation in IBDs resulted in
significant tissue fibrosis and colonic
stiffness, impeding fluid absorption and
peristalsis.

Regarding scanning EM results, induced
colitis animals exhibited widened crypt
openings with shedding of the epithelium
giving a honeycomb appearance, some crypts
were closed by desquamation, the presence of
an area of wulcer, and collagen fiber
appearance, these results were with 135 @14 371,
This can be explained by the effects of free
radicals and ROS produced during UC P71,
The inflammatory process, upregulation of
proinflammatory mediators, and down-
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regulation of anti-inflammatory mediators
cause attenuation of the intestinal epithelium
and consequent injury & and damage 138&39],

Immunohistochemical results for Ki-67
showed that group IV (induced -colitis)
showed a relative decrease in Ki-67 immune
positive nuclei this goes with 4% who found
that Anti-KI-67 antibody reveals a reduction
in epithelial proliferative activity in the UC
model.

Immunohistochemical  staining  for
caspase 3 in group IV (induced -colitis)
showed extensive caspase-3 expression,
which was with 1, who found increased
expression of caspase 3 in UC induced by
acetic acid. This could be explained by the
increase in intestinal epithelial cell apoptosis,
which occurs in UC and plays an important
role in disease development 421,

Immunostaining for GFAP revealed mild
GFAP immunoreactions. This may be due to
the negative effects of IBDs on the cellular
constituents of ENS 431, Both components of
the myenteric plexus, ganglion cells, and
EGCs show degeneration in IBD due to
inflammation, immune modulation, and
oxidative stress 1441,

Biochemical analysis revealed that the
administration of probiotics for induced
colitis resulted in a significant reduction in
MDA levels and a significant increase in
oxidative markers compared to those in group
IV. 191 reported that Lactobacillus plantarum
21 improved oxidative stress in rats with
induced UC. Probiotics do not bind to
steroids;  therefore, their  antioxidant
properties may be used as an adjunct to
conventional treatments 1451,

Treatment with probiotics improved the
histological picture of the colon by light and
EM results compared to the induced colitis
group, and a mild amount of collagen fibers.
Immunostaining showed numerous Ki-67
immune-positive nuclei, mild caspase 3
expression, and moderate GFAB expression.
This can be explained by the ability of




Probiotics Versus N.Acetylecysteine On Induced Colitis

probiotics to enhance mucosal barrier
function and decrease the inflammatory
response in the gastrointestinal tract by
decreasing inflammatory markers (tumor
necrosis factor (TNF) alpha, interferon (INF)
and interleukin (IL8)) and increasing anti-
inflammatory cytokines (IL10 and tumor
growth factor (TGF) beta) 461,

Probiotics have been scientifically
shown to alleviate UC by stimulating primary
immunity and changing the inflammation-
induced pathogenic process [47! by increasing
short-chain fatty acid (SCFA) production,
especially butyric acid, and by increasing
mucin-3 expression and enhancing the
intestinal mucus layer!*8l, which results in the
activation of natural killer cells, lymphocytes,
and stimulation of both interferon production
and immature leukocytes*l. Another study
done by showed that probiotics have
several antioxidant effects as they increased
levels of antioxidant enzymes and intestinal
disaccharidases, and reduced oxidants.

Numerous studies have shown that
probiotics diminish the negative feedback in
the intestine by reducing anti-inflammatory
cytokines and neutrophil infiltration
mechanisms 511,

In addition to their anti-inflammatory
effects, probiotics can reduce colitis-induced
systemic inflammation. Numerous studies
have shown that increased gut permeability
and vascularity facilitate the transfer of
bacterial toxins and luminal microbiota
throughout the systemic circulation, resulting
in general inflammation 32, Probiotics are
useful in the prevention and treatment of UC
by modulating gut flora. The favorable effect
of probiotics on colitis shown in this study
may have been related to the alteration in the
structure of the gut microbiota, which was not
studied in this investigation. Therefore, more
studies are required to evaluate the feedback
of natural and sensitized probiotics on the
GIT microbiota, flora, and metabolites in
animal models and humans. Previous
research has shown that the use of probiotics

reduces the formation of ROS, such as H»O»,
thus lowering intestinal damage and
inflammation and predicting tumor invasion
and proliferation 331, This could be explained
by the anti-apoptotic effects of probiotics on
both the small and large intestines by
increasing SCFA production 341,

In this study, group VI (colitis received
NAC) showed improvement in the
biochemical, light, and EM picture except for
a slight disturbance of crypt architecture,
some pyknotic columnar epithelium nuclei,
and vacuolation of the cytoplasm. Cellular
infiltrations in the connective tissue corium.
Auerbach’s plexus in the musculosa showed
a slight arrangement in the nerve cell, the
unmyelinated nerve fibers, and EGCs. This
advancement is consistent with that of.lll,
who reported that NAC improves the
histopathological features of acetic acid-
induced colitis by acting as an anti-
inflammatory agent, epithelial regeneration
stimulant, and replenishing goblet cells with
mucous secretion 12 reported that NAC
administration led to a significant reduction
in intestinal toxicity. NAC activates GSH,
leading to the removal of ROS 321,
Additionally, NAC can improve the intestinal
barrier 531, NAC exerts an anti-inflammatory
effect by modulating proinflammatory

cytokine production and inhibiting its release
[56]

The antioxidant properties of N-
acetylcysteine are related to its proliferative
nature and modulation of the intracellular
redox milieu in damaged cells 1571, Recently,
Wu et al. 138l revealed that, by scavenging
ROS and free radicals, the free thiol group of
NAC is responsible for its antioxidant action,
since it reacts with RONS 31, Moreover, the
antioxidative capacity of NAC may be
described by its capability to provide cysteine
for enhanced glutathione production [60],
Antioxidants such as glutathione play a
pivotal role in cellular health. Glutathione
protects the nucleus from ROS by preventing
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the breakdown and degeneration of RNA and
DNA integrity (61,

Conclusion:

Probiotics showed more  potent
biochemical, histological, and morphometric
effects than NAC, as probiotics improve
surface columnar cells, goblet cells, and
myenteric plexus by minimizing
inflammation and oxidative stress markers
and free radicals associated with UC, which
IS mediated by boosting antioxidants,
modulating inflammatory mediators, and
increasing antioxidant/oxidant abnormalities.
Probiotics could serve as an alternative
therapy for UC, as they disable caspase3 and
enhance IL-1 signaling pathways, resulting in
anti-inflammatory and anti-apoptotic effects,
and healthy proliferation. This work is an
experimental study, and the results belong to
albino rats; therefore, further studies are
needed to be clinically applied to humans.
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