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Therapeutic Effects of Esomeprazole, Curcumin,
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Ethanol-Induced Gastric Ulcer in Female Rats
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Abstract

Introduction: Gastric ulcer (GU) is a prevalent health
issue linked to alcohol consumption, smoking, and
physiological stress. This study aims to assess the
therapeutic effects of esomeprazole (40 mg), curcumin
(40 mg/kg), chitosan (150 mg/kg), and a mixture of
curcumin (40 mg/kg) and chitosan (150 mg/kg) on
ethanol-induced gastric ulcers in female rats. Method:
The study involved 30 female rats with an average weight
of 190-200gm. Rats were divided into two control groups
and four treated groups (esomeprazole, curcumin,
chitosan, and mixture) containing 5 rats. Gastric ulcers
were induced by orally administering 2 ml of absolute
ethanol to All groups, except the negative control, after a
19-hour
evaluated by assessing gastric juice volume and pH, ulcer

fasting period. Therapeutic effects were

index, curative index, and through morphological and
histological examination of the stomach. Results: The
study revealed a significant decrease (p<0.05) in body
weight percentage change in the curcumin-treated
group compared to the positive control. Esomeprazole,

chitosan, and the mixture showed no significant change

(p>0.05). Additionally, esomeprazole, curcumin, chitosan,
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and the mixture demonstrated a significant decrease
(p=<0.05) in ulcer index and gastric juice volume, with a
significant increase (p<0.05) in pH compared to the
positive control. Conclusion: In conclusion,
esomeprazole, chitosan, and the mixture demonstrated
notable protective and therapeutic effects by reducing
ulcer index and gastric juice volume in ethanol-induced
gastric ulcers in female rats.
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Introduction

Increasing intragastric pH and reducing daily gastric secretion
output are two of the most effective ways to decrease gastric acid
secretion. Proton pump inhibitors (PPIs) work by inhibiting the
stomach H'/K*-ATPase enzyme, also known as the proton pump
(Scott et al., 2002; Miner et al., 2003). Clinically available PPIs
include pantoprazole, rabeprazole, lansoprazole, omeprazole, and
esomeprazole. In addition to previous PPIs, another PPI was
added called tenatoprazole has a 5-7 fold longer elimination half-
life than previous PPIs (Al-Judaibi et al., 2010).

Esomeprazole, the S-isomer of omeprazole (a racemic mixture of
S-and R- optical isomers),is the first proton pump inhibitor to be
developed as a single optical isomer, has a better pharmacokinetic
profile and provides greater acid suppression than omeprazole
(Lind et al.,2000).

Curcumin has a long history of administration in the traditional

medicine of China, India, and Iran, and it has been used in
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different folks to treat many diseases such as diabetes, liver
diseases, rheumatoid diseases, atherosclerosis, infectious diseases,
and cancers (Ammon,1991). The turmeric rhizome powder has
been used in cookery, medicine, fabric dying, and cosmetics for
centuries (Tilak et al.,2004). This important spice was introduced
to the Western World in the 14" century (Aggarwal et al., 2007),
and up to now, it is still in use. In ancient Indian medicine,
Ayurveda, a topical agent made of turmeric paste, was used to
treat common ocular infections and inflammations. It has also
been used in wound dressing in conditions such as bites, burns,
and some other skin diseases (Thakur et al., 1989), a curcumin
poultice has been applied to the perineal area to improve the
healing process of any birth canal lacerations, Powdered turmeric
has been consumed with hot milk for cure of cough and related
respiratory problems (Pandeya and Wives,2005) Roasted turmeric
has also been administered as an anti-dysenteric agent. This
ancient medicine has also been used to treat other digestive
disorders, such as indigestion, dyspepsia, flatulence, and gastric
and duodenal ulcers (Noorafshan and Ashkani-Esfahani,2013). It
has also been used for Alleviating the hallucination states induced
by some opioids and psychotropic drugs (Tilak et al.,2004).
Chitosan comprises a linear polysaccharide consisting of B-(1-4)-
linked glucosamine and N-acetyl-d-glucosamine.It is prepared by
alkaline deacetylation of chitin, which is present in the exoskeleton
of marine crustaceans and insects and in the walls of most fungi
and some algae (Ma et al.,2017). It is considered a natural most
promising bio-polymer for future applications, which included the
GRAS (Generally Recognized as Safe) category by the FDA, also
characterized by its excellent biodegradability, biocompatibility,
antimicrobial activity, non-toxicity, and economic advantages
(Ahmed et al.,2014). It exhibits bacteriostatic or bactericidal effects
against many microorganisms, so it possesses numerous
technological and physiological properties useful in foods
(Devlieghere et al., 2004).

However, we aimed to evaluate the therapeutic effects of
esomeprazole, curcumin, chitosan, and a curcumin-chitosan

mixture on gastric ulcers induced by ethanol in rats.

Materials and Methods

Animals

The experimental animals utilized in this investigation
were 30 adult female rats with an average weight of (190-
200 gm) gathered from various sites within the province of
Babylon. They were kept in specially designed rat cages
with adequate cleanliness. The animals were given
unlimited access to food and water. Before the trial began,
the rats had around two weeks to adapt to the new

environment.

The study was conducted following the ethical principles of the
Declaration of Helsinki. A local ethics committee approved the
study protocol according to document 7-17-7922 on November 3-

2022 to get this approval.

Drug and Chemicals

Ajanta Pharma (India) manufactured the esomeprazole drug in
this study. Esomeprazole has been obtained from the local
pharmacy in Hilla-Iraq; each tablet contains 40 mg. The tablets
were pink and oval. Determination of drug doses depended on the
animal’s body weight (Shin et al.,2010). Curcumin (98%) was
purchased from Macklin Company (China). The Chitosan sample
was obtained from Beijing company (china). All other chemicals
were bought from local commercial suppliers.

Preparation of a Chitosan-curcumin mixture

Slowly adding the 150 mg of chitosan dissolved in 10 ml of 0.1M
acetic acid to the 40 mg of curcumin, the mixture was then
triturated to produce
(Kaudkaew et al.,2021).

a uniformly yellow-colored liquid
Study design

Animals were randomly divided into six study groups: two control
groups and four treated groups (5 rats of each) as follows:

Group 1 (Distilled water-negative control group): All rats in this
group received D.W. (2 ml/rat) by oral gavage during the
experimental period.

Group 2 (Ethanol -positive control group): All rats in this group
received ethanol (2ml/rat) by oral gavage in double dose after
fasting for (19 hours) before administration of each ethanol dose.
Group 3 (Esomeprazole group): All rats in this group received
ethanol (2ml/rat) by oral gavage in double dose after fasting for
(19 hours) before administration of each ethanol dose. After one
hour of the last dose, esomeprazole was administrated to the
animals in a single oral daily dose of (40 mg/70kg) dissolved in 2
ml D.W. for 5 successive days.

Group 4 (Curcumin group): All rats in this group received
ethanol (2ml/rat) by oral gavage in double dose after fasting for
(19 hours) before administration of each ethanol dose. After one
hour of the last dose, curcumin was administered to the animals in
a single oral daily dose of (40 mg/kg) dissolved in 2 ml 0.06% (0.1
M) acetic acid for 5 successive days.

Group 5 (Chitosan group): All rats in this group received ethanol
(2ml/rat) by oral gavage in double dose after fasting for (19 hours)
before administration of each ethanol dose. After one hour of the
last dose, chitosan was administered to the animals in a single oral
daily dose of (150 mg/kg) dissolved in 2 ml 0.06% (0.1 M) acetic
acid for 5 successive days.

Group 6 (Mixture group): All rats in this group received ethanol
(2ml/rat) by oral gavage in double dose after fasting for (19 hours)

before administration of each ethanol dose. After one hour of last
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dose, mixture was administered to the animals in a single oral
daily dose for 5 successive days.

Measurement of animal body weight

The body weight of the rats was measured on the day of
commencement of treatment and the 30" day using an electronic
weighing balance. The body weights of the rats were calculated
using the following formula (Obasi et al.,2019):

P T
%ﬁb_w;,b.u. AT)—(bw.BT)
baw.BT

x 100

Where:

%Ab.w.=Percentage change in body weight
b.w.AT=Body weight after treatment on day 30.
b.w.BT=Body weight before treatment on day 0

Measurement of stomach weight

The stomach weight of the animal was calculated after it was
isolated and separated from the abdominal cavity by using
electrical balance and estimated the relative weight according to

the following equation (Mohammad et al., 2021):

organ weight (gm)
x 10
Final body weight({gm)

Relative weight of organ =

Measurement of gastric ulcer index
The gastric ulcer index was estimated according to the method
described by Mohammad et al. (2021). Each gastric cavity was
scrutinized wholly, and the degree of ulceration was graded as
follows: 0: no lesions (normal stomach), 0.5: hyperemia (red
coloration),1: hemorrhagic spots,2: 1-5 small ulcers, 3: many
smAll ulcers, 4: many small and large ulcers, 6: stomach full of
ulcers with perforations

The protective index (PI) was calculated using the following

formula:

ulcer model —ulcer treated
PI= %100
uleer model

Where:
PI: protective index
ulcer model: ulcer index of the ulcer control group.

Ulcer treated: ulcer index of treatment group.

Measurement of pH and volume of the gastric juice

The euthanized animal stomach was immediately dissected, and
the gastric content was collected in sterilized tubes; the pH value of
gastric juice was determined by pH paper and then centrifuged for
10 min at 3000 rpm to isolate the aqueous phase. The volume of
centrifuged gastric juice was measured by a graduated cylinder
and expressed as ml (Dokmeci et al., 2005).

Histopathological study and morphometry

The rat stomachs were removed from the abdominal cavity, fixed
in 10% formalin, then dehydrated in ascending grades of alcohol,
cleared in xylene, and embedded in paraffin. Serial sections of 5um
thick were cut and stained with hematoxylin and eosin (Bancroft
et al, 2013) for histopathological examination. Slides were
examined and photographed using a digital microscope camera.
Multiple measurements of the mucosa layer's thickness were done
using Image ] analysis software (NIH, USA). We took tissue
samples from All animals in the study and measured 10 sections
per tissue sample (Karasov et al., 2004).

Statistical analysis

Statistical Package for Social Science (SPSS) version 23.0 (SPSS,
Chicago, USA) was used to analyze the data. Data was given in the
form of arithmetical mean values and standard error. One-way
analysis of variance (ANOVA) was performed. The means were
separated using the Duncan Multiple Test. The level of

significance was accepted under(P<0.05).

Results

Mortality

The mortality rate in experimental groups is shown in Table (1).
The highest mortality was observed in treated groups with ethanol
(positive control group), esomeprazole, and chitosan (40%). The
lowest mortality was found in the distilled water (negative control
group) and in treated groups with curcumin and mixture (0%).
The therapeutic effect of esomeprazole, curcumin, Chitosan,
and curcumin-chitosan mixture on body weight after 5 days of
treatments in female rats

The results in Table (2) revealed that the percentage change in
body weight in female rats significant increase (P<0.05) in treated
groups with esomeprazole drug (1.074%0.351), chitosan (1.171%-
.335) and mixture (1.329+0.281) as compared withpositive control
group (-2.026+0.345). While the results showed non-significant
changes (p>0.05) in this groups as compared with the negative
control group (2.055+0.488).

The results of this study showed non- significant change (p>0.05)
in the percentage change of body weight for treated group
curcumin (-1.702+0.350), as compared with the positive control
group (-2.026+0.345), but there is significant decrease (p<0.05) as
compared with the negative control group (2.055+0.488).

A significant decrease(0<0.05) was observedin the percentage
change in body weight in the treated groupwith curcumin (-
1.702+0.350) compared to treated groups with esomeprazole
(1.074+0.351), chitosan (1.171+0.335) and mixture (1.329+0.281).
The present study showed that there is no significant change
(p>0.05) in the percentage change of body weight in the treated
group with chitosan (1.71+0.335) compared to treated groups with

esomeprazole and mixture.
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Therapeutic effect of esomeprazole , curcumin. Chitosan and
curcumin-chitosan mixture on stomach weight after 5 days of
treatment in female rats.

Results of this study showed that the relative weight of the
stomach changed non-significantly (p>0.05) in all treated groups
compared to control groups. The relative weight of the stomach in
all the treated groups was found to show no significant change
(p>0.05) when compared between them (Table 3).

The therapeutic effect of esomeprazole, curcumin, chitosan, and
curcumin-chitosan mixture on gastric ulcer index after 5 days
of treatment in female rats

The present study showed that there is a significant increase
(p<0.05) in the gastric ulcer index in the four treated groups,
esomeprazole , curcumin , chitosan and mixture after 5 days from
treatment (the 8" day after ulcer induction) as compared with the
positive control group,but the ulcer index was found to show no
significant change (p>0.05) as compared with negative control
group, also no significant change was observed in the gastric ulcer
index in the four treated groups as compared between them (Table
4).

The therapeutic effect of esomeprazole, curcumin, chitosan and
curcumin-chitosan mixture on volume and pH of gastric juice
after 5 days of treatment in female rats

The results of this study showed that the volume of the gastric
juice not changed significantly (p>0.05) in treated groups with
esomeprazole, curcumin, chitosan, and mixture after 5 days from
treatment, as compared with the control groups, and also no
significant change (p>0.05) was observed in the volume of the
gastric juice in All the treated groups as compared between them
(Table 5).

As shown in Table (6), non - significant change (p>0.05) was
observed in pH of the gastric juice in treatment groups
esomeprazole, curcumin, chitosan (5.333 + 0.333, 5.2000 + 0.2000,
5.000 + 0.5774) respectively, as compared with control groups
(5.400 £ 0.245 and 4.667 + 0.333). While the pH of the gastric juice
in the treated group with the mixture was observed to show a
significant increase (p<0.05)(5.8000 + 0.2000) as compared with
the positive control group (4.667 + 0.333). The results revealed
non-significant differences (p>0.05) in All treated groups
compared to them.

Macroscopic examination of the stomach

Oral administration of two doses from absolute ethanol (2 ml/rat)
for 8 days after the start of the experiment increased the mortality
rate to 40% of the total rats (Table 1). Only a few and small
hemorrhage lesions were observed in 2 rat of 3 rats (66.667%), and
ulcer index and curation were (0.667+0.333 and 0%), respectively
(Table 4) (Figure 1- 2).

The stomach obtained from esomeprazole 40mg, curcumin

40mg/kg, chitosan 150mg/kg, and mixture (curcumin40Omg/kg-

chitosan 150mg/kg) treated groups showed normal external
morphology and intact gastric mucosa without hemorrhage, with
ulcer index and curation (0.00+£0.00 and 100%) respectively, as
distilled water negative control group (Table 4) (Figure 1- 3,4,5,6).
Microscopic examination of the stomach

The histological sections from the stomach of the rat in the
ethanol-treated group showed normal epithelial lining of gastric
mucosa, and there were no significant pathological changes as in
the negative control group (Figure 2A), While there were
histological sections of another rat in the same group showed
hemorrhagic mucosal erosions with little necrosis of gastric
mucosa (Figure 2B)

The histological sections of the stomach of rats in the
esomeprazole 40mg/kg, curcumin 150mg/kg, chitosan 150mg/kg,
and mixture (curcumin 40mg/kg-chitosan 150mg/kg) treated
groups showed no clear lesion and disruption of mucosa (Figure 2
- 3,4,5,6) as in the negative control group (Figure 2).
Morphometric study

Mucosa thickness of the stomach

As shown in Table (7), a significant decrease (p<0.05) was
observed in the mucosa thickness of the stomach in the ethanol
group (positive control group) (60.0214um=+2.16835) as compared
with the distilled water
(68.0178um:+2.27421).

group (negative control group)
The thickness of mucosa in the esomeprazole, curcumin, and
mixture groups (70.2747um+*1.19469, 67.5267um+2.24844 and
69.4963um+2.11946), respectively was found to show no
significant change (p>0.05) as compared with the distilled water
group (68.0178um + 2.27421), but there was a significant increase
(p<0.05) as compared with ethanol group (60.0214pm + 2.16835).
The mucosa thickness of the stomach in the chitosan group
(64.5199um=*0.91793) was observed to show no significant change
(p>0.05) as compared with the distilled water group (negative
control group)(68.0178um+2.27421) and ethanol group (positive
control group) (60.0214pum=2.16835).

The mucosa thickness in all the treatment groups was found to
show no significant change (p>0.05) when compared between
them.

Number and depth of the GUs

As shown in Table (8), a significant increase (p<0.05) was

observed in the number and depth of the GUs in the ethanol

group  (positive  control  group)  (0.6273+0.3151 and
11.4513um=+5.8348), respectively as compared with the distilled
water group (negative control group) (0.00+0.0000 and
0.00pm=0.0000).

The present study results showed that All treatment groups
showed a significant decrease (p<0.05) in the number and depth of

the GUs when compared with the ethanol group (positive control
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Table 1. Mortality in experimental groups of female rats after 5 days of treatment with esomeprazole, curcumin, chitosan and

mixture
Groups Number of rats Mortality Mortality
before treatment | (n) (%)
(n)
Distilled water (Negative control) 5 0 0
Ethanol (Positive control) 5 2 40
esomeprazole 40mg 5 2 40
Curcumin 40 mg/kg 5 0 0
Chitosan 150mg/kg 5 2 40
Mixture (curcumin40mg/kg-chitosan 50mg/kg) 5 0 0

Table 2. Therapeutic effect of esomeprazole, curcumin, chitosan and curcumin-chitosan mixture on Percentage change in body

weight after 5 days of treatments in female rats.

Groups Initial body weight (gm) | Final body weight Percentage change in

Mean+S.E (gm) body weight %
Mean+S.E Mean+S.E.

Distilled water (Negative control group) 195.600+2.839* 199.600+2.713 * 2.055+0.488*
a a b

Ethanol (Positive control group) 193.400+8.091* 188.667+13.421 ** -2.026+0.345**
a a a

Esomeprazole 40 mg 190.200£7.559* 192.000+£10.583** 1.074+0.351**
a a b

Curcumin 40 mg/kg 200.200+£2.354* 196.800£2.577* -1.702+0.350%
a a a

Chitosan 150 mg/kg 201.600+£2.542* 201.667+2.729*¢ 1.171+0.335**
a a b

Mixture (curcumin 40 mg/kg - chitosan150 198.600+3.855* 201.200+3.426* 1.329+0.281*

mg/kg) a a b

Different letteres in same column indicated significant (p<0.05) among groups. *n=5,**n=3

Table 3. Therapeutic effect of esomeprazole, curcumin, chitosan, and curcumin-chitosan mixture on stomach weight after 5 days of

treatments in female rats

Groups

Relative weight of stomach %
Mean+S.E.

Distilled water (Negative control group)

a

1.046+0.072%

Ethanol (Positive control group)

a

0.940£0.1499**

Esomeprazole 40mg

a

1.005+0.194**

Curcumin 40mg/kg

a

1.162+0.074*

Chitosan 150mg/kg

a

1.011+0.358**

Mixture(curcumin 40 mg/kg + chitosan 150mg/kg)

a

1.022+0.005*

Different letters indicated significant(p<0.05) among groups. *n=5,*n=3
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Table 4. Therapeutic effect of esomeprazole, curcumin, chitosan and curcumin-chitosan mixture on gastric ulcer index after 5 days

of treatments in female rats. Different letters indicated significant(p<0.05) among groups. *n=>5,"*n=3

Groups Ulcerated rats % Ulcer index Curation %
Mean+S.E.

Distilled water (Negative control group) 0 0.000+0.00% 100
a

Ethanol (Positive control group) 66.667 0.667+0.333** 0
b

Esomeprazole 40mg 0 0.000+0.000** 100
a

Curcumin 40mg/kg 0 0.000+0.000* 100
a

Chitosan 150mg/kg 0 0.00+0.00** 100
a

Mixture(curcumin 40mg/kg -chitosan 0 0.00+0.00* 100

150mg/kg) a

Table 5. Therapeutic effect of esomeprazole, curcumin, chitosan and curcumin-chitosan mixture on volume of gastric juice after 5

days of treatments in female rats. Different letters indicated significant(p<0.05) among groups. *n=5,"*n=3

Groups Volume of gastric juice
(ml) MeanzS.E.
Distilled water (Negative control group) 1.300+0.200*
a
Ethanol (Positive control group) 1.8333+0.333**
a
Esomeprazole 40 mg 1.333+0.441**
a
Curcumin 40mg/kg 1.800+0.2000%
a
Chitosan 150mg/kg 1.500+0.2887**
a
Mixture(curcumin 40mg/kg -chitosan 150mg/kg) 1.100+0.100*
a

Table 6. Therapeutic effect of esomeprazole , curcumin , chitosan and curcumin-chitosan mixture on pH of gastric juice after 5

days of treatments in female rats. Different letters indicated significant(p<0.05) among groups. *n=>5,**n=3

Groups pH of gastric juice, Mean + S.E.

Distilled water (Negative control group) 5.400+0.245*
ab

Ethanol (Positive control group) 4.667+0.333**
a

esomeprazole 40 mg 5.333+0.333**
ab

Curcumin 40mg/kg 5.2000+0.2000*
ab

Chitosan 150mg/kg 5.000+0.5774**
ab

Mixture(curcumin 40mg/kg -chitosan 150mg/kg) 5.8000£0.2000*
b
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Table 7. Therapeutic effect of esomeprazole , curcumin , chitosan and curcumin-chitosan mixture on mucosa thickness after 5 days

of treatments in female rats. Different letters indicated significant(p<0.05) among groups. *n=>5,"*n=3

Groups Mucosa thickness

(um), Meant+S.E.

Distilled water (Negative control group) 68.0178+2.27421*
b

Ethanol (Positive control group) 60.0214+2.16835**
a

Esomeprazole 40mg 70.2747+1.19469**
b

Curcumin 40mg/kg 67.5267+2.24844*
b

Chitosan 150mg/kg 64.5199+0.91793**
ab

Mixture (curcumin 40 mg/kg + chitosan 150mg/kg) 69.4963+2.11946*
b

Table 8. Therapeutic effect of esomeprazole , curcumin , chitosan and curcumin-chitosan mixture on number and depth of gastric

ulcer after 5 days of treatments in female rats. Different letters indicated significant(p<0.05) among groups. *n=>5,"*n=3

Groups Number of gastric ulcer | Depth of gastric ulcer
Mean=+S.E. (um), MeantS.E.
Distilled water (Negative control group) 0.00+0.0000% 0.00+0.00*
a a
Ethanol (Positive control group) 0.6273+0.3151** 11.4513+5.8348**
b b
Esomeprazole 40mg 0.00+0.0000** 0.00£0.00**
a a
Curcumin 40mg/kg 0.00+0.0000% 0.00£0.00*
a a
Chitosan 150mg/kg 0.00£0.0000** 0.00£0.00**
a a
Mixture (curcumin 40mg /kg - chitosan 150mg/kg) 0.00+0.0000% 0.00+0.00*
a a
https://doi.org/10.25163/angiotherapy.819439 1-12 | ANGIOTHERAPY | Published online Jan 21, 2024
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Figure 1. Morphological examination of the
stomach after 5 days of treatment in female rats. (1):

stomach in distilled water group (negative control

group). A: Normal external morphology. B: Internal

morphology shows intact gastric mucosa. (2):

stomach in ethanol-treated group (Positive control

group) after 8 days from treatment. A: Normal
external morphology. B: Normal internal
morphology. C: Normal external morphology
showing the stomach (orange arrow), and
duodenum(blue arrow). D: Internal morphology
showing few and small hemorrhage lesions in the
gastric mucosa(black arrows).(3): Stomach in
esomeprazole 40mg treated group after 5 days from
treatment A: Normal external morphology. B:

Normal internal morphology.(4): Stomach of
curcumin 40mg treated group after 5 days from
treatment A: Normal external morphology. B:

Normal internal morphology.(5): Stomach of
chitosan 150mg/kg treated group after 5 days from
treatment A: Normal external morphology. B:
Normal internal morphology.(6): Stomach of
mixture (curcumin 40mg/kg - chitosan 150mg/kg)
treated group after 5 days from treatment A:
Normal external morphology. B: Normal internal
morphology.

Figure 2. Histological examination of the stomach
after 5 days of the treatment in the female rats .
(1): Cross sections in the stomach of rat in
distilled water group (negative control group)
showing no clear lesions M: Mucosa (H&E,100X),
(2): Cross sections in the stomach of rat in ethanol

treated group (positive control group) after 5 days
from last dose showing (A): no clear lesions, (B):
mucosal ulceration (black arrows) M: Mucosa, L:
Lumen (H&E,100X), (3): Cross section in stomach
of rat in esomeprazole 40mg- treated group
showing intact gastric mucosa (M), lumen (L)
(H&E,100x), (4): Cross section in stomach of rat
in curcumin 40mg/kg- treated group showing
intact gastric mucosa (M), lumen (L), submucosa
(SM) (H&E,100x).(5): Cross section in the
stomach of rat in chitosan 40mg/kg treated group
showing intact gastric mucosa (M), lumen (L)
(H&E,100x),(6): Cross section in stomach of rat in
the mixture-treated group showing intact gastric
mucosa (M), Lumen (L)(H&E,100x).
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group), but no significant change (p>0.05) as compared with the
distilled water group (negative control group).

The number and depth of the GUs in All treatment groups were
found to show no significant change (p>0.05) as compared

between them.

Discussion

Alcohol-related disease is a major cause of mortality, disability,
and social disruption worldwide (Palmese et al., 2023).

Ethanol is known to have a variety of effects on immune function,
including decreased lymphocyte responsiveness to mitogen,
decreased neutrophil chemotactic and phagocytic functions, and
cytokine
macrophages (Yu & Chaudry, 2009; Castro et al., 2013).

alteration of production by lymphocytes and
In addition, it is well known that ethanol produces a wide range of
effects in the body due to its action on the central nervous system
(CNS) or peripheral organs (Tabakoff et al.,1996). In humans,
ethanol tends to lower body temperature, an effect that depends
on different factors such as the dose, clothing or physical activity
(Kalant & Le, 1984). Generally, ethanol administered by the
peripheral route or intracerebroventricularly (icv) induces a rapid
body temperature in laboratory animals, monitored at normal
ambient or lower temperatures (Mizinga et al.,1995). Ethanol
affects CNS function by several different mechanisms, such as the
induction of primary perturbations of neural membranes,
reduction of calcium influx through voltage-sensitive calcium
channels (Wang et al,1991), alteration in the release of the
neurotransmitters dopamine (Morikawa & Morrisett, 2010),
acetylcholine (Aistrup et al.,1999), norepinephrine (Shefner &
Tabakoff,1985), serotonin (Tabakoff et al.,1977), and alteration in
neurotransmission mediated by inhibitory and excitatory amino
acids (Tabakoff & Hoffman, 1991). Hypothermia induced by
ethanol has been related, at least partially, to neurotransmission
mediated by monoamines (French & Weiner, 1991) and to cellular
Ca® (Paez & Myers, 1989), and may be modulated by other
substances such as PGs (Morato et al.,1986).

On the other hand, ethanol is toxic to vital organs, producing
harmful effects on resistant tissues, such as bones. Therefore,
alcohol consumption is prejudicial to bone tissue integrity, and
hence, it can make it difficult bone repair after traumatic injuries
(Garcia et al., 2015).

Also, ethanol induces several deleterious metabolic changes in the
liver. Its excessive use for a long time leads to the development of
steatosis, alcoholic hepatitis, and cirrhosis, resulting in weight and
volume changes (Kumar et al., 2003; Rehman et al., 2011). At least
80% of heavy drinkers had been reported to develop steatosis, 10-
35% alcoholic hepatitis, and approximately 10% liver cirrhosis
(Saravanan & Nalini, 2007). Recent studies in animal models

suggest that liver injury in chronic alcoholics is due to oxidative

stress that leads to fibrosis, impaired liver functions, and increased
apoptosis (Ronis ef al., 2004). Hence, the death and loss of rats in
therapeutic experiments after the administration of ethanol in
ulcer, esomeprazole, and chitosan groups may be attributed to its
effects, as we mentioned previously.

The present study showed that the ethanol-induced GU-treated
group significantly decreased the whole body weight compared
with the negative control group. This result was accepted for the
ethanol group because it is well-known that ethanol causes
decreased food intake, which leads to weight loss (Aguiar ef al.,
2004).

This result is consistent with another study that showed decreased
body weight in ethanol rats (Piano et al., 2001).

Results showed a significant decrease (p<0.05) in percentage
change of body weight in curcumin rats compared to normal
control rats. This result agrees with the results obtained by
Koboziev et al. (2020), who revealed that mice treated with
curcumin decreased body weight, which may be explained by the
modified serum lipid profile in mice and insulin sensitivity, as
mentioned previously in the protective experiment.

In addition, the results showed non-significant differences in
percentage change of body weight in esomeprazole, chitosan, and
mixture groups after treated for 5 days as compared with the
normal group. This may indicate that neither esomeprazole,
chitosan, or mixture adversely affected body weight.

The data shown in Table (4-10) demonstrated a significant
increase (p<0.05) in the relative weight of the stomach in ulcer rats
treated with two doses of ethanol, and these results are consistent
with Rahman et al. (2020) who revealed that ulcer animals treated
with ethanol showed an increase in stomach weight and stomach
coefficient which may be explained by hemorrhage, edema,
necrosis, and inflammation.

In All treatment study groups in this experiment, the relative
weight of the stomach was not significantly changed after
treatment for 5 days with esomeprazole, curcumin, chitosan, and
mixture as compared with control groups. This enhancement may
reflect the ability of these materials to repair the physiological and
histological defect that causes this organ weight change, as seen in
these results.

Table (4-11) shows that the ulcer index of the stomach in
esomeprazole, curcumin, chitosan, and mixture groups decreased
significantly (0.000+0.000) as compared to the positive control
group (0.667+0.333). As conclusion, treatment of ethanol rats with
these materials for 5 days showed significant enhancement in ulcer
index and could repair the defect that caused the change in the
stomach, which reflected in enhancement of their histological
structure as

confirmed by macroscopic and microscopic

examination.
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We can link these results with other studies, the role of
Bryophyllum pinnatum leaf extract in healing acetic acid-induced
chronic GU model in rats (Araugo et al., 2021) while Kuadkaew et
al.(2021) observed the biological effects of the curcumin-chitosan
mixture in treating indomethacin-induced acute GU and indicated
that a mixture possessed the potent multi-target antioxidant, anti-
inflammatory, gastroprotective and ulcer healing promoting
actions attributed to curcumin and chitosan containing in the
mixture. Also, Ibrahim et al. evaluated in 2019 the curative effects
of curcumin on GU induced by piroxicam in albino rats by
inhibiting lipid peroxidation and TNF-a alongside with activating
of antioxidants enzymes like SOD, CAT and GPX.

All study groups showed non-significant differences in the volume
of gastric juice, which was still within the normal range compared
to the normal control group. This result is in agreement with
Ibrahim et al. (2019), who revealed that the piroxicam-induced
ulcer model in rats showed non-significant changes in the gastric
juice volume.

The data in Table (4-13) demonstrated a significantly higher pH of
gastric juice in ethanol animals after daily oral administration of
(curcumin-chitosan) mixture for 5 days than the positive control
animals, leading to complete suppression of histological changes
in the gastric mucosa. But, the effect of the two compounds in the
mixture was more than that with either of the compounds alone.
This effect of the mixture may be because containing antioxidant
compounds that reduce ROS formation in the stomach induced by
ethanol and enhance the defense antioxidant mechanism against
ROS production in GU. The result of the significant increase in
pH of gastric juice in a mixture of animals is consistent with the
previous study (Kuadkaew ef al., 2021).

This study's macroscopic observation in ethanol control showed
few small hemorrhage lesions with ulcer index (0.667+0.333) and
curation (0%). A probable explanation may be related to oxidative
stress resulting from ethanol decreasing the antioxidant levels and
increasing ROS (Bhattacharyya et al., 2023).

The results observed that daily intake of esomeprazole, curcumin,
chitosan, and mixture for 5 days to ethanol rats showed no
significant differences in the means of ulcer index (0.000+0.000)
compared to negative control (0.000+0.000) and the curation was
(100)% as we mentioned earlier which were confirmed by
microscopical examination.

The present study reveals the efficacy of esomeprazole
(40mg/70kg), curcumin (40 mg/kg), chitosan (150mg/kg), and
(curcumin 40mg/kg-chitosan 150 mg/kg) mixture in healing
ethanol-induced GU model occurs after 5 days from treatment,
which may be attributed to its antioxidant effects. Previous study
confirms that the action of lupeol stearate (1 mg/kg) and

omeprazole (20mg/kg) in healing acetic acid-induced GU model

occurs after 7 days from treatment, whereas ranitidine (100
mg/kg) after ten days (Somensi et al., 2022).

In the experimental model of GU, it was observed that
pentoxifylline administration for 14 days or the first 7 days, but
not the last 7 days, of the 14-day treatment period, accelerated
healing of aceticacid-induced GU in rats by reduced TNF-a
concentration and myeloperoxidase MPO activity in ulcer tissue
(Shimizu et al., 2000).

Based on our morphometric measurements, the changes in the
thickness of gastric mucosa included a significant decrease in ulcer
control group compared to the normal control with a non-
significant change in esomeprazole, curcumin, chitosan and
(curcumin-chitosan) mixture. This may mean that the ethanol
may affect mucosa thickness when given to normal animals as
reflected in histological structure in the stomach which is similar
to the results obtained by Hajrezaie et al. (2015), but when
esomeprazole, curcumin, chitosan and (curcumin-chitosan)
mixture were given to ulcer rats, they could increase the thickness
causing non-significant differences in treated groups for 5 days as
compared to normal control.

Also, the morphometric study revealed an increase in the number
and depth of GU in ethanol control rats. This increase may be
related to the effects of ethanol as we mentioned previously that,
ethanol exposure produced gastric lesions by penetrating and
digesting the gastric wAll due to its proteolytic and hydrolytic
action as well as by endothelial cell damage due to reduction in

blood circulation (Adinortey et al., 2013; Rahman et al., 2020).

Conclusion

The mixture of curcumin (40 mg) and chitosan (150 mg) was
more effective in the treatment of ethanol-induced acute gastric
ulcers in rats than esomeprazole (PPI), a common antiulcer drug.
It was discovered that a curcumin-chitosan mixture has
antioxidant effects. Curcumin and chitosan in the mixture may be

responsible for these therapeutical properties.

Author contribution
J.M.J.A,, FM.A., H.J.O.A. conceived and designed the analysis and

collecting the data, performed the analysis and wrote the Paper.

Acknowledgment
The author would like to thank the University of Babylon, College

of Science.

Competing financial interests

The authors have no conflict of interest.

https://doi.org/10.25163/angiotherapy.819439

1-12 | ANGIOTHERAPY | Published online Jan 21, 2024



ANGIOTHERAPY

RESEARCH

References

Adinortey, M. B., Ansah, C.,Galyuon, I, et al. (2013). In vivo models used for evaluation
of potential antigastrduodenal ulcer model agents. Ulcers, 2013:1-12.

Aggarwal BB, Sundaram C, Malani N and Ichikawa H, 2007. Curcuminn: The Indian
solid gold. Adv Exp Med Biol. 95:1-75.

Aguiar, A.S., Da-Silva, V.A., and Boaventura, G.T. (2004). Can calories from ethanol
contribute to body weight preservation by malnourished rats? Braz J Med
Biol Res (37): 841-846.

Ahmed S, Ahmad M, and Ikram S, 2014. Chitosan a Natural Antimicrobial Agent-A
Review. J. Applicable Chem. 3(2): 493-503.

Aistrup G. L., Marszalec, W., Narahashi, T.(1999). Ethanol modulation of nicotinic
acetylcholine receptor currents in cultured cortical neurons. Molecular
Pharmacology,(55)1:39-49. https://doi.org/10.1124/mol.55.1.39

Al-Judaibi A, Chande N, Dresser GK, Sultan N and Gregor JC, 2010. Gastric Acid-
Related Diseases: Focus on Esomeprazole. Clinical Medicine Insights:
Therapeutics. 2: 439-452.

Ammon H and Wahl MA,1991.Pharmacology of Curcuma longa. Planta Med.57:1-7.

Araugo, E.R.D., Guerra, G.C.B., Andrade, A.W.L., Fernandes, J.M., Silva, V.C.D.,
Tavares, E.D.A., Araujo, A.A.D., Junior, R.F.D.A,, and Zucolotto, S.M.
(2021). Gastric ulcer healing property of bryophyllum pinnatum leaf extract
in chronic model in vivo and gastroprotective activity of its major flavonoid.
frontiers in Pharmacology, 12(744192):1-21

Bancroft JD, Layton C and Suvarna SK, 2013. Bancrofts theory and practice of
histological technique. Seventh edition.Livingstone.Elsevier Limited.

Bhattacharyya, A., Chattopadhyay, R.,Mitra, S., and Crowe, S.E. (2023). Oxidative
stress: An essential factors in the pathogenesis of gastrointestinal mucosal
diseases. Physiol Rev.94(14):329-354.

Castro, C.L., Aguiar-Nemer, A.S., Castro-Faria-Neto, H.C., Barros, F.R., Rocha, E.M.S.
and Slva-Fonseca, V.A.(2013). Effect of chronic ethanol consumption in
females rats subjected to experimental sepsis. Braz J Med Biol Res, 46(12):
1033-1039. http://dx.doi.org/10.1590/1414-431x20133189

Devlieghere F, Vermeulen, A and Debevere J, 2004. Chitosan: antimicrobial activity,
interactions with food components and applicability as a coating on fruit
and vegetables. Food Microbiol. 21: 703—-714.

Dokmeci D, Akpolat M, Aydogdu N, Doganay L. and Turan FN, 2005. L-carnitine inhibits
ethanol-induced gastric mucosal injury in rats. Pharmacology
reports.57:481-488.

French, T.A. & Weiner, N. (1991). Serotonin-ergic involvement in ethanol-induced
alterations of thermoregulation in longsleep and short-sleep mice. Journal
of Pharmacology and Experimental Therapeutics, (259): 833-840.

Garcia, J.A.D., Souza, A.L.T., Cruz, L.H.C., Marques, P.P., Camilli, J.A., Nakagaki, W.R.,
Esteves, A.,Rossi-Junior, W.C.,Fernandes, G.J.M.,Guerra, F.D.,Soares, E.A.
(2015). Effects of ethanol consumption and alcohol detoxification on the
biomechanics and morphology the bone in rat femurs. Braz. J.
Biol.,75(4):983-988. http://dx.doi.org/10.1590/1519-6984.04814

Hajrezaie, M., Salehen, N., Karimian,H., et al. (2015). Biochanin a gastroprotective

effects in ethanol-induced gastric mucosal ulceration in rats. PloS

One,10:e0121529.

Ibrahim, H. A. E. , Metwaly, E. K., Galal, A. A. A, and Sherif, S. A. (2019). Potential
curative of curcumin on gastric ulcer induced by piroxicam in male albino
rats. Zag Vert J,47(4):378-387. doi:10.21608/zvjz.2019.14389.1056

Kalant, H. and L& A.D. (1984). Effects of ethanol on thermoregulation.
Pharmacologyand Therapeutics, (23): 313-364.

Karasov WH, Pinshow B, Starck JM and Afik D, 2004. Anatomical and histological
changes in the alimentary tract of migrating blackcaps (Sylvia atricapilla):a
comparison among fed, fasted,food-restricted, and refed birds.
Physiological and Biochemical Zoology.77:149-160.

Koboziev, I., Scoggin, S., Gong, X., Mirzaei, P.,Zabet-Moghaddam, M., Yosofvand, M.,
Moussa, H., Jones-HAIll,Y.and Moustaid-Moussa, N.(2020). Effects of
curcumin in a mouse model of very high fat diet- induced obesity.
Biomolecules,(10)1368:1-16.

Kuadkaew S, Ungphaiboon S, Phdoongsombut, N, Kaewsuwan, S and Mahattanadul, S,
2021. Efficacy of a chitosan-curcumin mixture in treating indomethacin-
induced acute gastric ulcer in rats. Current pharmaceutical biotechnology.
22:1919-1931.

Kumar V, Cotran R, Robbins S, editors. (2003). Robbins basic pathology. 7th ed.
Philadephlia: W.B. Saunders.

Lind T, Rydberg L, Kyleback A, Jonsson A, Andersson T and Hasselgren G, 2000.
Esomeprazole provides improved acid control vs. omeprazole In patients
with symptoms of gastro-oesophageal reflux disease. Aliment Pharmacol
Ther.14:861-7.

Ma N, Sasaki T, Sakata-Haga H, Ohta K, Gao M, awanishi S and Fukui Y, 2017.
Protective effect of taurine against nitrosative stress in the stomach of rat
with water immersion resistant stress. Adv. Exp. Med. Biol.643:273-283.

Miner PJR , Katz PO, Chen Yand Sostek M, 2003. Gastric acid control with
esomeprazole, lansoprazole, omeprazole, pantoprazole, and rabeprazole: a
five-way crossover study. Am J Gastroenterol. 98:2616—20.

Mizinga, K.M., Stino, F.K.R., Samaan, S.S., Soliman, K.F.A. and Kolta, M.G. (1995).
Hypothermic effect of ethanol in mice selected for differential sleep-time
responses to pentobarbital. Pharmacology, Biochemistry and Behavior,
(51): 525-528.

Mohammad R, Shahid M , Jardan AB and Ansari MA ,2021. Gastroprotective effect of
sinapic acid on thanol-induced gastric ulcers in rats: Involvement of

Nrf2/HO-1 and NF-kB signaling and antiaptotic role. Frontiers in

Pharmacology.12:1-15.

Morato, G.S., Souza, M.L.O., Pires, M.L.N. and Masur, J. (1986). Hypoglycemia and

hypothermia induced by ethanol: antagonism by indomethacin.
Pharmacology, Biochemistry and Behavior, (25): 739-742.

Morikawa, H. and Morrisett, R.A.(2010). Ethanol action on dopaminergic neurons in the
ventral tegmental area: interaction with intrinsic ion channels and
neurotransmitter inputs. Int Rev Neurobiol,(91):235-288
doi:10.1016/s0074-7742(10)91008-8

Noorafshan A. and Ashkani-Esfahani S, 2013. A Review of Therapeutic Effects of
Curcumin. Current Pharmaceutical Design. 19: 2032-2046.

Obasi E, Iheanacho K, Nwachukwu Nc and Chikezie, PC, 2019. Evaluation of body

weight, serum glucose level and oxidative stress parameters of diabetic rats

https://doi.org/10.25163/angiotherapy.819439

1-12 | ANGIOTHERAPY | Published online Jan 21, 2024



ANGIOTHERAPY

RESEARCH

administration phenolic aqueous leaf extract of Vitex doniana . Research
and Therapy.6:3359-3367.

Palmese F., Bonavita, M. E., Pompilil, E., Migliano, M.T., Reggidoril,N., Stefano, C.

D., Grieco, M., Colazzo, S., Tufonil, M., Baldassarre, M, Caraceni, P.,

Foschi, F.G., Giostra, F., Farina G., Toro, R. D., Giorgio Bedogni, G.,
Domenicalil, M. (2023). Mortality and its association with chronic
alcohol-related diseasesin patients admitted to the emergency department
for acute alcoholicintoxication: retrospective cohort study. Internal and
Emergency Medicine , 18:257-263. https://doi.org/10.1007/s11739-022-
03114-6

Pandeya NK and Wives T, 2005. Modern Miracles —Turmeric as Traditional Medicine in
India. Trees for Life J. 1:3.

Piano, M.R., Artwohl, J., Kim,S.D., Gass, G. (2001). The effects of a liguid ethanol diet
on nutritional status and fluid balance in the rat. Alcohol & Alcoholism,
36(4):298-303.

Rahman,Z., Dwivedi,D.K. and Jena, G.B.(2020). Ethanol-induced gastric ulcer in rats
and intervention of tert-butylhydroquinone: Involvement of Nrf2/HO-I
signaling pathway. Human and Experimental Toxicology,39(4):547-562.

Rehman, M.H., Tahir, M., Lone, K.P., Sami, W.(2011). Ethanol Induced Hepatotoxicity in
Albino Rats. Journal of the college of Physicians and Surgeons Pakistan,
21(10):642-643.

Ronis M. J., Hakkak R., Korourian S., Albano E, Yoon S, IngelmanSundberg M, et al.
(2004). Alcoholic liver disease in rat fed ethanol aspart of oral or
intragastric low-carbohydrate liquid diets. Exp Biol Med, 229:351-60.

Saravanan N, Nalini N. (2007) Antioxidant effect of Hemidesmus indicuson ethanol
induced hepatotoxicity in rats. J Med Food, 10:675-82.

Scott LJ, Dunn CJ, MAllarkey G and Sharpe M. 2002. Esomeprazole: a review of its use
in the management of acid-related disorders. Drugs. 62:1503—-38.

Shefner, S.A. and Tabakoff, B. (1985). Basalfiring rate of rat locus coeruleus neurons
affects sensitivity to ethanol. Alcohol, 2: 239-243.

Shimizu,N., Watanabe,T., Arakawa,T., Kuroki,T.(2000).

Fujiwara,Y., Higuchi,K.,

Pentoxifylline Accelerates Gastric UlcerHealing in Rats: Roles of
TumorNecrosis Factor Alpha and Neutrophils during theEarly Phase of
Ulcer Healing. Digestion,(61):157—164.

Shin JW, Soel IC and Son CG, 2010. Interpretation of Animal Dose and Human
Equivalent Dose for Drug Development. Journal of Korean Oriental
Medicine.31:1-7.

Somensi, L. P., Costa, P., Boeing, T. , Mariano, N.,L.,B., Grego” rio, E.,D., Silva,
A.,T.,M.,E., Longo, B., Locatelli, C., de Souza, P., Magalhaes, C., G., Duarte,
L.P. and Silva, L., M., D.(2022). Lupeol stearate accelerates healing and
prevents recurrence of gastric ulcer in rodents, Volume 2022, Article 1D
6134128, 10 pages https://doi.org/10.1155/2022/6134128

Tabakoff, B., Hoffman, P.L. and Moses, F (1977). Neurochemical correlates of ethanol
withdrawal: alterations in serotonergic function. Journal of Pharmacy and
Pharmacology,(29): 471-476.

Tabakoff, B. and Hoffman, P.L. (1991). Neurochemical effects of alcohol. In: Frances RJ

& Miller SI (Editors), Clinical Textbook of Addictive Disorders. Guilford

Press, New York, 501-525.

Tabakoff B., Hellevuo, K. and Hoffman, P.L. (1996). Alcohol. In: Schuster, C.R., Gust,
S.W. and Kuhar, M.J. (Editors), Handbook of Experimental Pharmacology.
Vol. 118. Pharmacological Aspects of Drug Dependence. Springer-Verlag,
Berlin, 373-458.

Thakur R., Puri HS, Husain A,1989. Major medicinal plants of India Medicinal plants;
Materia medica, Vegetable; Traditional medicine; India. Lucknow: Central
Institute of Medicinal and Aromatic Plants. P.585.

Tilak J, Banerjee M., Mohan H and Devasagayam TPA 2004. Antioxidant availability of
turmeric in relation to its medicinal and culinary uses. Phytotherapy
Research.. 18: 798-804.

Wang, X., Lemos, J.R., Dayanithi, G., Nordmann, J.J. and Treistman, S.N. (1991).
Ethanol reduces vasopressin release byinhibiting calcium currents in nerve
terminals. Brain Research, (551): 338-341.

Yu, H. P., Chaudry, I. H. (2009). The role of estrogen and receptor agonists in

maintaining organ function after trauma-hemorrhage. Shock. (31): 227 —

237.doi:10.1097/SHK.0bo13e31818347¢e7.

https://doi.org/10.25163/angiotherapy.819439

1-12 | ANGIOTHERAPY | Published online Jan 21, 2024



