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Abstract

Apoptotic signals, inflammatory mediators, and oxidative stress are up-regulated in ulcerative colitis (UC), which increases
the risk of colon cancer. In UC, oils are being investigated as protective agents. Therefore, the current study is concerned with
comparing the potential effectiveness of grape seed oil (GSO) and flaxseed oil (FSO) in modulating the risk factors associated
with UC condition induced by acetic acid (AA). Twenty-four adult male rats were divided into four groups/6 rats each;
control group received distilled water, UC group intrarectal treated with a single dose of 4% AA; GSO and FSO groups
administrated 5 mL/kg body weight of grape (Vitis vinifera L.) seed oil or flaxseed (Linum usitatissimum L.) oil, respectively
for three weeks before the induction of the UC. Protective effects were determined by measuring tissue Hemoxegenase 1,
Monocyte chemoattractant protein 1, Myeloperoxidase, Tumor necrosis factor alpha and Interleukin-10 as well as serum
oxidative markers, such as malondialdehyde, and total antioxidant capacity. In addition, macroscopic, histopathological and
immunohistochemical examinations of colon tissues. The findings showed that inducing UC in rats activated the pro-
inflammatory, apoptotic, and lipid peroxidation pathways. However, the exacerbated effects of ulceration on the colonic
mucosa could be effectively reversed by GSO and FSO. Surprisingly, FSO was more efficient to exert its colo-protective
effect, as confirmed by histopathological/immunohistochemical changes. Therefore, FSO may be a promising therapy for
treating UC.
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1. Introduction mucosal T-cell immune response, stimulating the

Ulcerative colitis (UC) is a chronic inflammation
of the colonic mucosa that causes abdominal pain,
weight loss, nausea, and rectal bleeding, all of which
diminish the quality of life [1]. If left untreated, UC
can raise the chance of developing colorectal cancer
and result in death [2]. Due to modern lifestyle, the
prevalence of idiopathic inflammatory bowel disease
(IBD), including UC, is remarkably high, with an
estimated 25 individuals per 10,000 people in the
west, as well as, in other regions of the world [3].

The etiology of IBD tends to be the result of an
intricate relationship between genetic, environmental,
microbial and immunogenic factors that activate in

release of inflammatory mediators such as reactive
oxygen species (ROS) and reactive nitrogen species
(RNYS), decline of antioxidant enzymes of the colonic
mucosa, loss of mucosal barrier integrity, anti-
inflammatory cytokines, cell
infiltrations, and NF-xB activation, which lead to

markers  and

apoptotic injuries in the colon [4]. Apoptosis has
been involved in the pathophysiology of IBD in
many studies [5]. Inflammatory response could alter
the mucosal barrier function and intestinal integrity
resulting in apoptosis [6].

A plant-based diet provides more butyrate and
other short chain fatty acids (SCFAs), as well as
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phytochemicals ~ with  anti-inflammatory  and
antioxidant properties that can alleviate UC with
fewer and no adverse effects [7]. Dietary lipids,
which are major modulators of the IBD risk, are
among the dietary factors that may affect UC disease.
Plant-based oils have significant pharmaceutical and
food manufacturing interests because they are used as
food flavoring agents in a variety of food items [8].

Grape (Vitis vinifera L.) seeds oil serves several
functions, including cooking (as a food ingredient),
cosmetics, disease prevention, and wound healing
[9]. Grape seed contains between 8 and 20% oil, as
well as varied amounts of phenolic compounds,
flavonoids, and unsaturated fatty acids depending on
the grape type. Grape seed oil active ingredients have
been demonstrated to have a variety of
pharmacological activities. The therapeutic effect of
grape seed oil on IBD is attributed to its powerful
antioxidant action [10].

Flaxseeds (Linum usitatissimum L.) oil is
frequently used for baked goods like bread, cookies,
cakes, and other items [11]. Flaxseed oil is a strong
source of a-linolenic acid, which has been shown to
inflammatory cytokines produced by
macrophages and monocytes as well as improve
diarrhea and constipation [12].

The purpose of this study is to determine the
bioactive components in grape seed and flaxseed oils
and investigate their potential protective role against
colonic inflammatory insult induced by acetic acid in
rats, which mimic the symptoms of the serious
inflammatory bowel disease "ulcerative colitis" and
introduce a new functional anti-inflammatory food
supplement.

reduce

2. Material and methods
2.1 Chemicals

All the research chemicals used in the present
study were obtained from Sigma Chemical Company
in Cairo, Egypt including acetic acid (4%), potassium
phosphate buffer (pH 7.5), and formalin (10%).

2.2 Plant Oils

The oils of Grape seed (Vitis vinifera L.) and
Flaxseed (Linum Usitatissimum L.) were obtained
from the Agricultural Research Center (Giza, Egypt).

2.3. High performance liquid chromatography
analysis for plants oils

An Agilent 1260 series was used for the HPLC
analysis. Zorbax Eclipse Plus C8 column (4.6 mm x
250 mm id., 5 um) was used for the separation.
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Water (A) and 0.05% trifluoroacetic acid in
acetonitrile (B) were the components of the mobile
phase, and the flow rate was 0.9 ml/min. The linear
gradient was sequentially programmed into the
mobile phase as follows: 0 min (82% A); 0—1 min
(82% A); 1-11 min (75% A); 11-18 min (60% A);
18-22 min (82% A); 22-24 min (82% A). At 280 nm,
the multi-wavelength detector was observed. The
injection volume was 5 pl for each sample solution
and the column temperature was maintained at 40°C.

2.4. Animals

The Research Ethics Committee, Ain Shams
University, Egypt [scil432304002, approved the
experimental plan. All experiments were carried out
in accordance with the ethical standards for the use of
experimental animals. Twenty-four adult male
Sprague-Dawley rats, each weighing 200+20g, were
procured from the Cairo University's oncology unit in
Egypt. To maintain the essential recommended
dietary allowances, rats received a standard
commercial pellets diet and free access to water.
Animals were housed individually in stainless steel
cages under controlled conditions [13]. Animals were
prevented from food for sixteen hours with free
access to water prior to the induction of the ulcer.

2.5. Animal Design and Grouping

Animals were randomly divided into four
categories (6 rats/group); Group 1: Control, Group 2:
Ulcerative colitis (UC), Group 3: Grape seed oil
(GSO) treated group and Group 4: Flaxseed oil
(FSO) treated group. The control and UC groups
received distilled water, while GSO and FSO groups
received grape seed oil and flaxseed oil, respectively
at 5 mL/ kg b.wt. [14, 15] by oral gavage daily for
3 weeks before induction of UC. After that animals
were fasted for 16 h except providing them with
water ad libitum, and anesthetized intraperitoneally
with valium (10 mg/kg) and ketamine (50 mg/kg)
mix for induction of UC.

2.6. Induction of Ulcerative Colitis

A single dose of 2 ml acetic acid (4%) was
administered intrarectally to induce ulcerative colitis
[16] with the aid of flexible plastic catheter (diameter
= 2 mm) that was inserted 8 cm into the colon
through the anus, then the animals were kept with
their heads down for 5 minutes to prevent from the
solution leakage. In the control group, distilled water
was instilled. Seventy-two hours after the induction
of colitis, oil treatment was discontinued, rats were
sacrificed, and the colon tissues were collected.

2.7. Blood and Tissue Sampling
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Rats were sacrificed at the end of the trial and
serum was obtained from blood samples by allowing
them to stand at a temperature of 37°C for 15
minutes, centrifugation for 20 minutes at 4000 rpm,
and then removing the serum and storing it in plastic
vials at -20°C until it was used to measure the
antioxidant and oxidative stress indices. Colon was
removed from the anus to the ileocecal junction and
washed with saline solution for measurement of its
weight and length and for macroscopic examination.
After examination it was homogenized in a potassium
phosphate buffer solution (pH 7.5) and the
homogenate centrifuged at 6000 rpm for 15 minutes
at 4°C and the supernatants were collected for
additional biochemical analyses. For histological and
immunohistochemical analysis, colonic tissues were
kept in 10% formalin.

2.8. Assessments of Colitis
2.8.1.  Evaluation of the Disease Activity index
(DAI)

During the experimental trial, the disease activity
index (DAI) was assessed to determine the severity of
ulcerative colitis by an investigator who recorded the
stool consistency, body weight, and rectal bleeding of
each animal according to previously described
protocol [17]. The DAI score was calculated as the
sum scores of all the parameters mentioned.

2.8.2.  Assessment of Colon Weight-to-Length Ratio
(W/L)

The anus to caecum of rats' colons were removed
and emptied before being weighed. Each rat's colon
weight and length were measured, and the relative
colon weight to length ratio—which serves as a
marker of disease-related oedema and wall
thickening-was computed by dividing the wet weight
of colon by its length [18].

2.8.3. Macroscopic colonic
damage

Colons from the animals were examined
macroscopically to score the visible injuries in each
group using a scale extending from zero to four, as 0
for normal coloration with no damage, + for slight
injury, + + for haemorrhagic streaks, + + + for
moderate ulceration, and + + + + for severe ulcerated
colon [19].

examination  of

2.9. Determination of the pro- and anti-inflammatory
markers levels in colon tissue
Inflammatory markers levels: Hemoxegenase 1
(HO-1), Monocyte chemoattractant protein 1 (MCP-
1), Myeloperoxidase (MPO), Tumor necrosis factor
alpha (TNF-a) and Interleukin-10 (IL-10) were
quantified in colonic tissues using ELISA Kkits
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(Catalog No. MBS764989, CSB E(07429r, RDR-
MPO-Ra, CSB E11987r, and MBS764911) according
to the manufacturer’s protocol and absorbance was
measured at 450 nm.

2.10.  Determination of Oxidative Stress and
Antioxidant biomarkers in serum

Lipid Peroxidation biomarker; malondialdehyde
(MDA) and the antioxidant biomarker; total
antioxidant capacity (TAC) levels were estimated in
serum using a colorimetric assay kit (Sigma Aldrich
Chemical Co., St. Louis, USA) following the
manufacturer’s instructions.

2.11.  Histological Examination

The colon samples were fixed with 10% buffered
formalin and embedded in paraffin. From each block,
sections of 3um thickness were submitted, mounted,
stained by hematoxylin and eosin (H&E), scanned,
and photographed. Colon sections were examined
blindly for Histopathological findings and scored
semi-quantitatively as follows [20]: inflammation
(none = 0, slight = 1, moderate = 2, and severe = 3),
hemorrhage (none = 0, slight = 1, moderate = 2, and
severe = 3), inflamed area/extent (mucosa = 1,
mucosa and submucosa = 2, and transmural = 3),
crypt damage (none = 0, basal 1/3 damaged = 1, basal
2/3 damaged = 2, only the surface epithelium is intact
= 3, and entire crypt and epithelium are lost = 4), and
percent involvement (1-25% = 1, 26-50% = 2, 51—
75% = 3, and 76-100% = 4). The histopathological
changes were evaluated from 20 random microscopic
fields per treatment group using light microscopy
(magnification 40x).

2.12.  Immunohistochemical preparation

The immunohistochemical staining for Nuclear
Factor Kappa B (NF-xB) and Caspase 3 were
performed using 10% goat serum to block the
unspecific binding, followed by using either the
specific anti- NF-xB or anti-caspase 3 antibodies to
detect their cellular content in colon tissue [21].
Brown color indicated Positive reaction. Reactivity
area percentage was estimated using Image J
software, Japan from 20 random fields/treatment.

2.13.  Statistical Analysis

The Statistical Package for Social Science (SPSS)
version 16.0 was used to statistically analyze the
results. The software used was SPSS Inc. and
Microsoft Windows. Data were expressed as (mean +
SD) using mean and standard deviation. The
statistical ~ differences between groups were
determined by using the ANOVA test followed by
Duncan's test [22], and the significance was
determined at P<0.05.
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3. Results
3.1 HPLC analysis of bioactive components in GSO
and FSO

In case of grape seed oil, the phenolic compounds
identified were 48% gallic acid, 11% chlorogenic
acid, 9% syringic acid, 6% methyl gallate, 5%
catechin, 5% ferulic acid, 5% vanillin, 5%
naringenin, 3% daidzein, 2% coumaric and 1%
cinnamic acid as shown in Fig 1. The phenolic
compounds identified in flaxseed oil, were 60% gallic
acid, 8% vanillin, 6% caffeic acid, 5% rosmarinic
acid, 4% rutin, 4% quercetin, 3% syringic acid, 3%
naringenin, 2% coumaric acid, 2% ferulic acid, 2%
daidzein and 1% cinnamic acid as shown in Fig 2.
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Fig. 2 Bioactive components of FSO

3.2 Effect of GSO and FSO on disease activity index
(DAI)

Rectal bleeding, stool consistency, and percentage
of weight loss were used to assess the severity of the
disease and how effectively the response to the
treatment. Based on the findings in Fig 3, the mean
DAI was substantially higher in the UC group as
compared to the control group (p<0.05). In contrast
to UC group, pretreatment with GSO and FSO
significantly reduced the UC’ DAI (p<0.05).
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Fig. 3 Mean values of DAI in the different experimental groups.
Different superscript letters indicate significant difference at P <
0.05 using ANOVA followed by Duncan’s

3.3 Effect of GSO and FSO on colon weight to length
ratio (W/L)

The ratio of rat colon weight to length (g/cm) was
calculated for each group and it was found that the
W/L ratio of the control group was 0.34+0.03 which
increased considerably to 0.44+0.03 in the UC group
(Fig. 4) however, this was reduced to 0.37+£0.09 and
0.33+0.04 in GSO and FSO groups, respectively
when compared to the UC group (p<0.05).
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Fig. 4 Mean values of W/L ratio in the different experimental
groups. Different superscript letters indicate significant difference
at P <0.05 using ANOVA followed by Duncan’s.

3.4 Effect of GSO and FSO on colon macroscopic
examination

The intestinal mucosa in the control group
exhibited no lesions or redness (score 0), whereas the
intestinal mucosa in the UC group had a severe
ulcerated colon with haemorrhage (score + + + +).
The GSO group displayed haemorrhagic streaks
(score + +), while the FSO-treated group displayed
slight colon injury (score +). Based on the findings of
the macroscopic evaluation of colons, FSO was more
successful in restoring the intestinal mucosal integrity
to a level that was like that of the normal intestinal
mucosa (Fig. 5).



COLO-PROTECTIVE EFFECT OF GRAPE SEED AND FLAXSEED OILS... 539

= =i

Lo s |

Fig. 5 Macroscopic examination of rat’s colons in the experimental groups: (a) control group showed normal colored colon without any
damage (score 0); (b) UC group showed severe ulcerated colon (score + + + +); (c) GSO group showed haemorrhagic streaks (score + +); (d)

FSO group showed slight injury (score +).

3.5 Amelioration of the pro- and anti-inflammatory
markers levels in colon tissue

The obtained results in Table 1 demonstrated that
acetic acid instillation significantly increased (p<
0.05) the inflammatory mediators; MPO activity,
TNF-a and MCP-1 levels in colonic tissue of UC
group as compared to the control group. However,
the anti-inflammatory cytokine IL-10 and the
antioxidant biomarker HO-1 are significantly
decreased (p< 0.05) in colonic tissue of UC group
when compared to the control group. It was obvious

that oral administration of GSO and FSO had an anti-
inflammatory effect reflected by a significant (p<
0.05) reduction in MPO activity, TNF-a and MCP-1
levels, by 45.1%, 61.7% and 37.3%, respectively
with GSO and 51%, 61.7% and 43.1% respectively
with FSO as compared to UC group. On the other
hand, GSO significantly elevated IL-10 by 108.8% as
well as HO-1 by 189.7%. Whereas FSO raised IL-10
by 106.7% and HO-1 by 175.9%, respectively when
compared to UC group.

Table 1: Effects of GSO and FSO on pro- and anti-inflammatory markers of UC induced by AA

Group HO-1 (ng/mg) MCP-1 MPO TNF-a IL-10
(pg/mg) (pg/mg) (pg/mg) (pg/mg)
Control 11.1£0.65 * 116.9+1.00 ¢ 38.7+4.40 ¢ 22.2+1.89° 190.1+2.90
uC 2.9+0.27 261.4+5.70 116.3+2.70 * 88.1+5.88 * 79.6+4.86 €
GSO + UC 8.4+0.46° 163.8+6.59 ° 63.8+1.03° 33.7+3.13° 166.2+0.69 °
FSO + UC 8.0+£0.58 " 148.846.34 ¢ 57.0+3.39°¢ 33.7+3.51° 164.5+0.96 °

The results are presented as mean + SD (n = 6) per group. Mean values with different superscript letters within the same column are
significantly different at P<0.05 using ANOVA followed by the Duncan’s.

3.6 Modulation of oxidative stress and antioxidant
parameters in serum

Table 2 illustrates the oxidative stress and the
antioxidant biomarkers estimated in serum. There
was significant (p<0.05) reduction in TAC level in
UC group by about 54.8% comparing to the control
group. Regarding lipid peroxidation marker MDA,
there was significant elevation in its level of about
206.9 % as compared with UC group. While

treatment with GSO and FSO resulted in significant
(p<0.05) raise in antioxidant biomarker with
significant reduction in lipid peroxidation marker. In
GSO and FSO groups the percentage of increment in
TAC level were 80.4 % and 88.2%, while the
percentages of decrement in MDA level were 57.4%
and 58.5%, respectively as compared with their
corresponding UC group levels.

Table 2: Effects of GSO and FSO oxidative stress and antioxidant biomarkers of UC induced by AA

Group MDA (nmol/ml) TAC (mM/L)
Control 60.9+4.01 © 107.1£1.60°
UC 186.9+0.28 * 48.4+4.68 ¢
GSO + UC 79.7+3.82° 87.3+2.17
FSO + UC 77.5+1.07° 91.1+1.86°

The results are presented as mean + SD (n = 6) per group. Mean values with different superscript letters within the same column are

significantly different at P<0.05 using ANOVA followed by Duncan’s.
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3.7 Histological examination

Sections of control colon tissue showed normal
structure with few inflammatory cell’s infiltration
(Fig. 6a), while colon of the UC group showed severe
histological alternation including focal surface

significant changes when compared to UC group,
surface epithelium was restored was no crypt
distortion but still exhibit focal area of drop out
glands and edema with chronic inflammatory cells
infiltrate within submucosa (Fig. 6d). However, FOS
group showed restoration of the colon tissue to its

ulceration, formation of lymphoid follicles, with
areas of drop out glands. Distortion of glands and
crypts, areas of edema with chronic inflammatory
cells infiltrate within lamina propria were also
recorded (Fig. 6b-c). The GOS group revealed
normal structure (Fig. 6e). Pretreatment with natural
oils under investigation remarkedly protects against
UC stimulate colon tissue damage. It was noticed that
the protective effect of FSO was noticeably higher
than that of GSO as evidenced by the

histopathological scoring (Table 3).

Fig. 6 Histopathological examination of colon tissue from all experimental groups stained with H&E. (a) control group showing uniform
colonic tissue with regular epithelial cell covering (black arrow), overlying lamina propria showing few chronic inflammatory cell infiltrates
(arrowheads) and uniform mucous secreting colonic glands (red arrows). (b&c) UC group exhibited focal surface ulceration with focal area of
drop out glands (black arrow), with underlying dense chronic lympho-palsmacytic infiltrate involving submucosa and lamina propria, forming
lymphoid follicles (red arrows), distortion of the glands and crypts (red arrowheads), edema with chronic inflammatory cells infiltrate within
lamina propria (blue arrows) and hemorrhage (star). (D) GOS group displayed restored surface epithelium (black arrow) with focal area of
drop out glands (black arrowheads). There is edema and chronic inflammatory cells infiltrate within submucosa (blue arrows). (e) FSO group
showing complete restoration of colon tissue with regular epithelial cell covering (black arrow) and colonic glands (red arrows)

Table 3 Histological observation for all experimental groups

Treatment Inflammation Inflamed Crypt Percent involvement
area/extent damage

Control 0 0 0 0

ucC +++ +++ +++ +++

GSO +UC ++ ++ 0 ++

FSO + UC + + 0 +

3.8 Immunohistochemical expression of Caspase 3
and NF-xB

Immunohistochemical evaluation of Caspase 3
and NF-kB showed lowest expressions in the control
group, while its expression was significantly (p<0.05)
increased in the UC group as evidenced by the strong
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immunopositivity reaction indicated by the area of
brown color staining. However, pretreatment with
GSO and FSO significantly (p<0.05) reduced the
immunohistochemical expression of Caspase-3 and
NF-«xB in the tissue. It was minimal in the tissue
pretreated with FSO (Fig.7-8).



COLO-PROTECTIVE EFFECT OF GRAPE SEED AND FLAXSEED OILS... 541

8 8

% area of mmunohistochemical [N
experission of Caspase 3 o
3

Experimental groups

Fig. 7 Immunohistochemical evaluation of active caspase 3 in the
colon of different experimental groups (200x). (a) Control, normal
level of caspase 3 expression; (b) UC group showing extensive
expression of caspase 3 (brown staining) (c) minimal expression,
(d) FSO group showing weak expression; (e) Histogram of the
mean percentage areas of caspase 3, in the colon tissue of different
experimental groups. Different superscript letters indicate
significant differences at p<0.05.

@
x
=
k]
E.S
3
38
; ®

o > g < <

<« ) N 0N}

& & &

Experimental groups

Fig. 8 Immunohistochemical evaluation of active NF-xB in the
colon of different experimental groups (200x). (a) Control, normal
level of NF-xB expression; (b) UC group showing extensive
expression of NF-kB (brown staining) (c) minimal expression, (d)
FSO group showing weak expression; (e) Histogram of the mean
percentage areas of NF-kB, in the colon tissue of different
experimental groups. Different superscript letters indicate
significant differences at p<0.05.
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4. Discussion

UC is one of the most common types of IBD
which mainly targets colon and rectum [23]. The
main cause for the disease is unknown but it could be
related to environmental and genetic factors
activating  inflammatory and  immunological
responses in the colon [24]. The use of natural or
herbal medicines as therapeutic agents has recently
drawn significant interest on a global scale for the
prevention and/or treatment of several disorders [25].
The colo-protective properties of GSO and FSO and
their key pathways in decreasing damage in the AA-
induced UC in rats. The results of the current study
emphasized that no abnormalities were observed in
rats after grape seed oil or flaxseed oil treatment
during the experiment, suggesting that the dose of
these oils employed in the current study may be
suitable for use in animal experiments.

The acetic acid induced UC rat model is a well-
established rodent model that exhibits multiple
characteristics of human UC, including weight loss,
mucosal ulcerations, bloody stools, severe diarrhea,
colonic shortening, and inflammation of the cells
lining the mucosa [26]. Therefore, to assess the
activity of UC and treatment response, the percentage
of stool consistency, body weight loss, and rectal
bleeding were taken into consideration. DAI
measures the severity of inflammation and
contributes to intestinal mucosa damage [27].
Hyperosmolarity in the intestinal lumen and/or
enhanced permeability of the intestinal cells may be
the causes of the diarrhea encountered in UC rats
after AA induction [28]. Additionally, weight
assessment is considered a reliable indicator of the
severity of intestinal inflammation therefore, the
noticed weight reduction has a strong association
with the clinical and biochemical alterations
associated with UC. According to the assessment of
DAI, the presence of acute bleeding promotes the
medical condition to worsen [29]. The observed
improvement in DAI and the protective activities of
GSO and FSO against UC may be attributed to their
bioactive components (as shown in Fig. 1 and 2)
which have beneficial antioxidant and anti-
inflammatory activities, thus functioning in lowering
oxidative stress and inflammation leading to
protection against bowel injury [30, 31].

The crypt abscess, in which the crypt epithelia are
damaged, is the characteristic pathology of UC.
Polymorphonuclear leukocytes invade the lamina
propria. Colon mucosal architecture is destroyed
because of the injured crypts; thus, the colon shortens
due to severe scarring. As a result, the proportion of
the colon W/L would rise. In this context, it is noted
that AA-induced increment in the W/L ratio has been
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greatly mitigated by GSO and FSO which may be
due to the beneficial anti-inflammation activity.
Although inflammation causes edema, GSO and FSO
were able to remove the inflammatory cells from the
site of the inflammation, and this enhanced removal
may also be responsible for the decreased colon
weights in the treatment groups [9, 32].

Colon visualization was also used to assess the
macroscopic damage and it was found that colon
ulcerations and erosions were among the features
reported. AA is known to cause ulcers, reddening,
and bleeding in the colon. Pretreatment with GSO
and FSO markedly improved wound healing and
repaired colon damage on a macroscopic level. The
production of pro-inflammatory cytokines like TNF-a
and IL-6, which are responsible for the disease's main
signs and symptoms, may be exacerbated by
persistent inflammation causing a damage in the
tissues surrounding the site of inflammation [33].
GSO and FSO significantly lowered the
proinflammatory cytokines which might help explain
the overall protective impact observed. Additionally,
oxidative stress plays a significant role in the
development of UC [16]. In this context, GSO and
FSO antioxidative function in lowering ROS may
boost their anti-inflammatory function and increase
protection against colon injury due to presence of
gallic acid which is the main phenolic acid in both
oils as well as several bioactive components as
shown in Fig. 1 and 2 with good anti-inflammatory
and antioxidant effects. These results were confirmed
by the histological evaluation in which the AA-
treated group exhibited severe colonic injury,
evidenced by the formation of lymphoid follicles,
with areas of drop out glands, distortion of glands
and crypts, edema with chronic inflammatory cells
infiltrate. These results are in harmony with previous
studies [6, 25]. However, pretreatment with GSO and
FSO obviously alleviated AA-induced colonic
damage and preserved the whole functional colon
structure, however, FSO exhibited more protective
effect than GSO. This may indicate the ability of
GSO and FSO to protect the colon and prohibit the
disease progression.

Our findings clarified that AA causes UC by
increasing inflammatory cytokines and mediators
while lowering anti-inflammatory cytokines and
biomarkers. These findings are consistent with an
early study [1]. MPO is a peroxidase enzyme found
mostly in neutrophil granulocytes. It is an excellent
indicator of tissue inflammation, damage, and
neutrophil infiltration. Acetic acid increased colonic
MPO levels, indicating neutrophil infiltration. It
specifies that neutrophil accumulation contributes to
the UC induce oxidative injury [34]. Acetic acid
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causes UC by causing widespread intracellular
acidification, which leads to the erosion of mucosal
barriers and eventually destroys the colonic
epithelium, which increases the activation of
inflammatory cytokine-releasing cells such as
monocytes and  macrophages.  Inflammatory
cytokines generate a variety of chemokines and
enhance chemotaxis [35].

Pretreatment with GSO and FSO before UC
induction exerted anti-inflammatory and anticolitic
effects through up regulation of IL-10 and HO-1
levels and downregulation of inflammatory
mediators. In addition, amelioration to neutrophil
infiltration as evidenced by diminished the colon
MPO level and development of histological features
[7, 9]. These oils significantly reduced leucocyte
infiltration, downregulated neutrophil infiltration, and
dramatically attenuated histopathological alterations.
So that, these oils exert a protective effect against
AA-induced UC [36]. Gallic acid (GA) which is
present at high concentration in both oils, suppressed
the MPO level and pro-inflammatory cytokines IL-
1/6and TNF-a, as well stimulated the release of anti-
inflammatory cytokines IL-4/10 by inhibiting the
IkB/NF-xB pathway. Through inhibiting the NF-xB
signaling pathway, the pro-inflammatory factors
COX-2 and iNOS are consequently reduced [37].
Other mechanisms by which GA protects against UC
include decreased IL-21 and IL-23 expression,
activation of the Nrf2 gene and its downstream, and
hence increased HO-1 levels [38]. GA also promotes
deoxyribose oxidation and neutralizes free radicals
while also providing anti-oxidative properties and
suppressing the regulation of proinflammatory
cytokines [39].

Furthermore, FSO contains roughly 57% of the
Omega-3 fatty acid alpha-linolenic acid (ALA),
which is six times more than typical fish oil.
Eicosapentaenoic acid (EPA) is the precursor of the
PG3a class of anti-inflammatory prostaglandins and
resolvins. Docosahexaenoic acid (DHA) is the
precursor of docosanoids, also known as 'resolvins' or
‘protectins,’ which are similar to eicosanoids in their
anti-inflammatory and immune-regulatory properties.
DHA is thought to have anti-inflammatory effects in
the intestine and to lower the risk of colon cancer,
which may be mediated through interactions with
certain signaling proteins in membranes [40].

MDA, a commonly used biomarker of lipid
peroxidation and oxidative stress, was shown to be
increased in the UC group, although TAC was
significantly reduced [41]. Oxidative stress can occur
because of an increase in oxidant levels and/or a
decrease in the antioxidant system and is
hypothesized to be involved in the development of
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chronic diseases such as UC [42]. It has been shown
that elevated levels of NF-kB relate to increased
levels of oxidative stress and inflammatory cytokines,
as well as depletion of antioxidant biomarkers, all of
which are the causes of greater colon epithelial
damage, which contribute to UC. Furthermore, MPO
uses H,O, to generate hypochlorite, an action that
contributes to ROS generation and consequent tissue
damage.

Interestingly, pretreatment with the tested oils
GSO and FSO has significantly reduced MDA and
elevated TAC levels to modulate the harmful effect
induced by AA in UC models. This was
demonstrated by a decrease in oxidative and
inflammatory status because of the antioxidant and
anti-inflammatory bioactive components found in
those oils. Chlorogenic acid present in GSO may
possibly exert its action through potentiating the
antioxidant Nrf-2 pathway that may be the main
cause for minimizing the histopathological
alternation changes in colon tissue [43]. In harmony
with a previous observation [44], FSO demonstrated
an important antioxidant property that could increase
the antioxidant status of the gut. In vivo, a-linolenic
acid can be converted to DHA and EPA, which can
boost the production of antioxidant biomarkers.

Furthermore, the immunohistochemical detection
in the current work revealed extensive expression of
NF-«B and caspase-3 in A.A treated group as
compared to the normal control group. The elevated
level of NF-kB in our study was connected to
increased levels of oxidative stress and inflammatory
cytokines, both of which are the causes of increased
colon epithelial injuries. Mucosal barrier function and
intestinal integrity can be altered by this
inflammatory action, leading to apoptosis through
upregulation of pro-apoptotic caspase 3, leading to
colitis [1, 45].

On the other hand, pretreatment with GSO and
FSO greatly reduced apoptotic damage while also
maintained the intestinal integrity and mucosal
barrier functions by decreasing the expression of NF-
kB and caspase 3. Gallic acid, the principal active
ingredient in both oils, is a very safe phenolic acid
with anti-inflammatory properties. It has been found
that GA suppressed inflammation and apoptosis via
suppressing phosphorylation of NF-kB and therefore,
inhibiting the NF-«kB pathway, in addition, down
regulating caspase 3 level [46].

5. Conclusion

The current study showed that both GSO and FSO
markedly protected rats from developing UC caused
by AA, but FSO exhibited higher efficiency. The
favorable effect may have been due to the control of
the inflammatory factors and/or antioxidant activity.

Egypt. J. Chem. 67, No. 7 (2024)

Moreover, the use of FSO as a preventative
medication may be advantageous, and its brief
administration may result in the desired colo-
protective effect. However, to clarify GSO and FSO
use and dosage for people, more studies on toxicity
and safety should be carried out.
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