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ABSTRACT

Objective: The present study was initiated to describe the gastroprotective role of quercetin (Qu) and ellagic acid (EA) on aspirin-induced gastric 
ulcer (GU) in rats.

Methods: Forty adult female albino rats of Wistar strain were distributed into: Control group, GU group, Omeprazole group, Qu group, and EA group. 
Gross examination, biochemical analyses including serum adrenocorticotropic hormone (ACTH), serotonin (ST), ferritin, heme oxygenase-1 (HO-1), 
interleukin-2 (IL-2), advanced glycosylation end products (AGEs), and fibronectin (FN) levels were estimated. Moreover, histopathological and 
histochemical examinations of stomach tissue samples were carried out.

Results: Gross examination of gastric mucosa of rats in GU group revealed hyperemia of the stomach mucosa. Furthermore, rats in GU group 
experienced a significant rise in serum ACTH, ferritin, HO-1, IL-2 and AGEs levels accompanied with significant drop in serum ST and FN levels versus 
control counterparts. Pre-treatment of GU group with Omeprazole, Qu or EA caused marked improvement in the measured biochemical parameters. 
Histopathological and histochemical examinations of stomach tissue samples documented the protective action of Omeprazole, Qu and EA with 
different degrees against GU caused by aspirin.

Conclusion: As a conclusion to this study, we can state that both Qu and EA have gastroprotective effect against aspirin-induced GU in rat model. Of 
note, Qu showed superior impact than EA as an antiulcer agent in this study. The corresponding mechanisms are speculated to be associated with 
inhibiting stress-induced gastric lesion, attenuating the oxidative stress, iron chelation and blunting ferritin level, modulating inflammatory cascade, 
and promoting the healing process.
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INTRODUCTION

The incidence of peptic ulcer has steadily declined throughout the 
world [1]. Peptic ulcers are a broad term that includes ulcers of 
gastrointestinal (GI) tract. The formation of peptic ulcers is due to 
the presence of acid, peptic activity in gastric juice and a breakdown 
in mucosal defenses [2]. The pathogenesis of gastric lesions has a 
multifactorial origin including oxidative stress, DNA deterioration and 
a blunting glutathione (GSH) concentration in gastric mucosal cells [3]. 
Nonsteroidal anti-inflammatory drugs (NSAIDs) are recognized as the 
most common etiological factors associated with peptic ulcer [4]. Aspirin 
is one of the NSAIDs which injures the GI mucosa due to oxygen-derived 
free radicals such as superoxide O2•- anion and hydroxyl radical-mediated 
injury of this mucosa [5]. The incidence of serious GI adverse events due 
to aspirin consumption is approximately one case per 1000 persons/year 
in overall population [6]. Despite its relatively low risk for GI bleeding, the 
millions of aspirin users worldwide determine an important increase in 
the number of drug-related GI complications [7].

The functional integrity of gastric mucosa depends on the balance 
between aggressive modulators and protective mechanisms. Thus, 
the success of gastric pharmacological therapy relies not only on the 
blockage of acidic secretion but also on motivation of the protective 
modulators of the gastric mucosa [8]. Proton pump inhibitors 
(PPIs) (H+K+-ATPase inhibitors) such as Omeprazole, Lansoprazole, 
Pantoprazole, and Rabeprazole are a family of prodrugs that can be 
activated by low pH [9]. These are greatly effective in inhibiting acidic 
secretion from gastric cells, and therefore they are highly used in 
the treatment of gastric ulcers (GUs) and reflux esophagitis [10]. In 
addition, PPIs have been reported to exert anti-inflammatory effects 

unrelated to the inhibition of gastric acid release, although the behind 
mechanisms have remained obscure [11].

Phytogenic candidates have traditionally been used by herbalists and 
indigenous healers for treatment of GU. Flavonoids are polyphenolic 
compounds which exhibit different biological activities. Quercetin 
(Qu) (2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxy-4H-chromen-4-one) 
is the most common flavonoid compound biosynthesized by plants. 
Qu has been reported to have a wide range of pharmacological and 
biological functions [12]. It is present in onions, apples, tea as well as 
red wine [13] and has an antioxidant action as it directly scavenges 
the superoxide anion and represses many superoxide-generating 
enzymes such as xanthine oxidase [14] and the neutrophil membrane 
nicotinamide adenine dinucleotide phosphate-oxidase (NADPH) 
oxidase complex [15]. It has been used as traditional therapy for many 
inflammatory disorders [16]. An interesting issue of the antiulcer 
action of Qu is the suppression of Helicobacter pylori growth in a dose-
dependent manner in vitro [17]. Of note, H. pylori and NSAIDs are the 
most causative factors for GU disease [18].

Ellagic acid (EA) (2,3,7,8-tetrahydroxy [1] benzopyrano [5,4,3-cde] [1] 
benzopyran-5,10-dione) is one of the naturally occurring polyphenols 
present in raspberries, strawberries, cranberries, walnuts, Indian 
gooseberries, pecans, pomegranates, and others mainly in the form of 
ellagitannins [19]. EA possesses a wide spectrum of pharmacological 
activities such as anticancer [20], antiallergic [21], antimalarial [22], anti-
wrinkle [23], antiglycative, anti-inflammatory [24], and antioxidant [25]. 
In fact, EA has been found to exhibit a potential scavenging action on 
superoxide anion and hydroxyl anion in vitro [26]. EA can produce a 
dose-dependent bactericidal effect on H. pylori [27]. It provides strong 
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protection to colonic mucosa during the inflammatory response to 
dextran sulfate sodium-induced ulcerative colitis, and it can decrease 
the gross mucosal damage by the inhibition of myeloperoxidase activity 
and lipid peroxidation [28].

The present study was constructed to address the protective role of Qu 
and EA in aspirin-induced GU in rat model with special focus on their 
mechanisms of action.

MATERIALS AND METHODS

Materials
Drugs and chemicals
Aspirin was obtained from German Remedies Ltd., Mumbai, India. 
Omeprazole, QU and EA were purchased from Sigma Chemical Co. St. 
Louis, MO, USA. All other chemicals used in this study were obtained 
commercially, and they were of analytical grade.

Animals and experimentation
This study was conducted in accordance with the principles and 
guidelines of the Ethical Committee for animal care and protection of 
the National Research Centre, Egypt.

Forty adult female albino rats of Wistar strain weighing 130±10 g at 
90 days of age were enrolled in this study. The animals were acquired 
from the Animal House Colony of the National Research Centre, Giza, 
Egypt. The animals were housed in polypropylene cages (8 rats/cage) 
in an environmentally controlled clean air room with a temperature of 
24±1°C, a 12 h light/12 h dark cycle, a relative humidity of 60±5% and 
free access to tap water and standard rodent chow. Rats were allowed 
to adapt to these conditions for 2 weeks before the commencement of 
the experiment. After the acclimatization period, rats were distributed 
into: Group 1: Control group, Group 2: GU group induced by a single 
dose of aspirin (150 mg/kg b.wt) [29], Group 3: Omeprazol group which 
orally received Omeprazol (20 mg/kg b.wt) [30] daily for 1 week before 
induction of GU, Group 4: QU group which orally received Qu (50 mg/kg 
b.wt) [31] daily for 1 week before induction of GU, and Group 5: EA 
group which received orally EA (7 mg/kg b.wt) [32] daily for 1 week 
before induction of GU. After 6 h from aspirin administration, all 
animals were subjected to light anesthesia by diethyl ether according 
to the method of Van Herck et al. [33] Then, the blood samples were 
collected using orbital sinus technique. The blood samples were left to 
clot in a clean, dry test tube and then centrifuged at 1800 ×g for 10 min. 
at 4°C to obtain sera. The clear serum samples were preserved at −20°C 
till the time of use in the biochemical analyses.

After collection of the blood samples, the animals were sacrificed 
by cervical dislocation and the stomach from all experimental 
animals were quickly excised, washed in saline, blotted dry and 
prepared for gross examination, histopathological and histochemical 
investigations.

Methods
Gross examination
Fresh stomach from each rat was taken and opened along the greater 
curvature. The ulcer index (UI) was calculated according to a method 
of Ganguly [34]:

Ulcer index=10/X

Where X=Total mucosal area/Total ulcerated area.

Based on its intensity, the ulcer was given score as follows:

0=No ulcer, 1=Superficial mucosal erosion, 2=Deep ulcer or transmural 
necrosis, 3=Perforated or penetrated ulcer.

The number of ulcers were counted using a magnifying lens and then 
measured with a caliper to determine the diameter. The percentage of 

inhibition with Omeprazole, Qu, and EA in the pre-treated GU groups 
was calculated according to the formula of Suzuki et al. [35]:

−
= ×

UI control UI treated 100
UI cont

% inhib o
rol

iti n

Where UI stands for ulcer index.

Biochemical analyses
Serum adrenocorticotropic hormone (ACTH) level was quantified 
using rat enzyme-linked immunosorbent assay (ELISA) kit purchased 
from DRG international Inc. (USA) according to the method of Odell 
et al. [36] Serum serotonin (ST) level was assessed using rat ELISA 
kit purchased from WKEA, Med Supplies Crop, (China) according 
to manufacturer’s instructions. Serum ferritin level was estimated 
using rat ELISA kit purchased from Immunospec Corporation, CA 
(Netherlands), according to White et al. [37] method. Serum heme 
oxygenase-1 (HO-1), advanced glycosylation end products (AGEs) and 
fibronectin (FN) levels were determined using rat ELISA kits purchased 
from Glory Science Co., Ltd, (USA) according to manufacturer’s 
instructions. Serum interleukin-2 (IL-2) level was measured using 
rat ELISA kit purchased from Diaclone a tepnel Company (France) 
according to manufacturer’s instructions.

Histopathological and histochemical investigations
After recording the ulcer parameters of the stomach of rats in all 
groups, sections of the gastric tissue were fixed in 10% formalin for 
24 h. The fixed specimens were embedded in paraffin, sectioned (5 µm) 
using Leica rotary microtome and stained with hematoxylin and eosin 
for histological assessment of the gastric mucosa changes [38]. Periodic 
acid Schiff method [39] was applied for a demonstration of the mucus 
materials in the mucosa of the stomach.

Statistical analysis
The experimental results were represented as arithmetic means with 
their standard errors (mean±standard error). Data were analyzed 
by one-way analysis of variance using the Statistical Package for the 
Social Sciences (SPSS) program, version 14 followed by least significant 
difference to compare significance between groups [40]. Statistical 
analysis was made with the statistical software Microcal Origin 
(version 14, Microcal Software Inc., Northampton, USA). The level of 
significance was set at p<0.05.

RESULTS

Gross assessment of gastric mucosal injury
No mucosal lesions are recorded in rats of the control group. 
Administration of aspirin displayed remarkable hyperemia in the 
stomach of rats of this group. In the GU groups pre-treated with 
Omeprazole, Qu, or EA, hyperemia appeared to be very slight compared 
to untreated GU group. The UI in GU group was 8.7±0.33, and the 
ulcer indices of rats that pre-treated with Omeprazole, Qu or EA 
were 2.69±0.24, 1.44±0.37 and 1.84±0.34, respectively, representing 
a significant reduction versus the untreated GU group (Table 
1). Percentages of inhibition resulting from pre-treatment with 
Omeprazole, Qu, or EA were 69.08%, 83.44%, and 78.85%, respectively, 
documenting the findings of the ulcer indices. These observations 
indicated that Omeprazole, Qu, and EA exhibited significant protective 
action against gastric injury caused by aspirin.

Biochemical data
The data in Table 2 illustrate the effect of pre-treatment with 
Omeprazole, Qu, and EA on serum ACTH, ST, ferritin, HO-1, IL-2, AGEs, 
and FN levels in GU bearing rats. The GU group revealed significant 
elevation (p<0.05) in serum ACTH, ferritin, HO-1, IL-2, and AGEs levels 
accompanied with significant decline (p<0.05) in serum ST and FN 
levels versus those in the control group. Pre-treatment of GU group 
with Omeprazole led to significant reduction (p<0.05) in serum ACTH, 
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ferritin, HO-1, IL-2, and AGEs levels. Meanwhile, it induced insignificant 
enhancement (p>0.05) in serum ST and FN levels as compared with the 
untreated GU group. GU bearing group pre-treated with Qu experienced 
significant drop (p<0.05) in serum ACTH, ferritin, and HO-1 levels. 
While, it displayed insignificant decrease (p>0.05) in IL-2 and AGEs 
levels associated with insignificant rise (p>0.05) in serum FN level 
relative to the untreated GU group. Treatment with EA prior induction 
of GU evoked insignificant decrease (p>0.05) in serum ACTH and IL-2 
levels accompanied with insignificant increase (p>0.05) in serum 
ST and FN levels in respect with the untreated GU group. However, it 
caused significant suppression (p<0.05) in serum ferritin, HO-1, and 
AGEs levels (Table 2).

Histopathological findings
Histological examination of section of stomach tissue of the control 
rat showed normal structural organization of the stomach (Fig. 1a). 
However, microscopic examination of section of the stomach tissue 
of rat administered aspirin revealed necrosis of the surface mucous 
cells and fundus glands as well as hemorrhage in the mucosal layer. 
Moreover, the mucous cells appeared to be pyknotic and desquamated 
from mucosa and the necrosis extended to the body of the fundus 
glands (Fig. 1b).

Examination of section of the stomach tissue of rat treated with 
Omeprazole prior induction of GU showed areas of hemorrhage and 
a little degenerative superficial epithelial cells and the remaining 

appeared more or less like control (Fig. 1c). Section of the stomach 
tissue of GU bearing rats pre-treated with Qu revealed few degenerative 
areas in the outer surface of mucosa while its lower part showed almost 
normal structure (Fig. 1d). In case of examination of stomach tissue 
section of GU bearing rats treated with EA prior induction of GU, the 
microscopic observation revealed little degenerative epithelial cells 
and the remaining appeared more or less like control (Fig. 1e).

Histochemical analysis of polysaccharides
Histochemical examination of section of stomach tissue of control rat 
showed polysaccharide materials that represent mucus in the gastric 
mucosa are mainly localized in the epithelium lining the stomach 
mucosa. The apical regions of these cells exhibited deep stainability, 
while the other cells of the gastric mucosa acquired pale stainability 
(Fig. 2a). Histochemical investigation of stomach tissue section of GU 
bearing rat showed mucus production in the surface epithelial and 
mucous neck cells as manifested by the pale or depletion of stainability 
(Fig. 2b). Examination of tissue section of stomach of Omeprazole 
pre-treated rat exhibited an increase in the polysaccharides of the 
surface epithelium and the mucous neck cells of the gastric mucosa. The 
degenerative parts of the mucosa displayed weak stainability (Fig. 2c). 
Investigation of stomach tissue sections of rats received Qu, or EA prior 
induction of GU showed heterogeneous staining which is encountered 

Fig. 1: Optical micrograph of stomach tissue sections of 
(a): Control rat showing the normal structure of mucosa, 

(b): Gastric ulcer bearing rat showing a necrosis of surface 
mucous cells and fundus glands (arrows) and hemorrhage in the 

mucosal layer. Necrosis has been shown to be extended to the 
body of the fundus glands. Surface mucous cells are pyknotic and 

desquamated from mucosa (arrowhead), (c): Omeprazole pre-
treated rat showing areas of hemorrhage and a little degenerative 

superficial epithelial cells. The remaining cells appear more 
or less like control, (d): Quercetin pre-treated rat showing few 

degenerative area in the outer surface of mucosa (arrow) while 
its lower part shows almost normal structure (arrowhead), 

and (e): Ellagic acid pre-treated rat showing little degenerative 
epithelial cells. The remaining cells appear more or less like 

control (H and E, scale bar=0 µm)

dc
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e

Fig. 2: Photomicrograph of tissue sections of stomach of 
(a) control rat showing that periodic acid-Schiff (PAS) positive 
materials in the gastric mucosa display dark pink stainability 
in the surface epithelial cells (long arrow) and in the mucous 
neck cells (short arrows). The surface of epithelial cells gives 

more intense stainability than the mucous neck cells. The other 
cells of the mucosa acquire pale stainability, (b) gastric ulcer 

(GU) bearing rat showing that the polysaccharides in the surface 
epithelial and mucous neck cells acquire pale stainability 

(arrow), (c) Omeprazole pre-treated rat showing an increase in 
the polysaccharides of the surface epithelium and the mucous 
neck cells of the gastric mucosa. The degenerative parts of the 

mucosa display weak stainability, (d and e) GU bearing rats 
received quercetin or ellagic acid prior induction of GU showing 

encountered heterogeneous staining where the degenerated 
surface epithelial cells are almost devoided of stainable material, 

and the outer half of the mucosa is densely stained (PAS, scale 
bar=20 µm)

dc
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where the degenerated surface epithelial cells are almost devoided of 
stainable material, and the outer half of the mucosa is densely stained 
(Fig. 2d and e), respectively.

DISCUSSION

In recent years, herbal remedies exhibited man promising impact 
against peptic ulcer. It was, therefore, thought exciting to investigate 
the effectiveness of Qu and EA in the protection against GU induced 
by aspirin in rats. Regarding, the UI, the present data revealed that the 
administration of aspirin elicits severe gastric hemorrhagic erosions. 
Aspirin has been observed to cause mucosal injury by interfering with 
prostaglandin synthesis, enhancing acid secretion and back diffusion of 
H+ ions, leading to overproduction of leukotrienes and other products of 
5-lipoxygenase axis [41].

The GU group pre-treated with Omeprazole showed a significant 
decrease in UI compared to the untreated GU group. It has been 
demonstrated that Omeprazole significantly reduces GU formation 
induced by indomethacin. Omeprazole decreases ulcer formation 
in rabbit model by inhibiting gastric acid secretion. These findings 
indicated that gastric acid plays a key role in the promotion of GU in 
rabbits [42].

The present results indicated that the pre-treatment with Qu in GU 
bearing rats markedly ameliorates the UI caused by aspirin. Alkushi 
and Elsawy [43] cited that QU has antioxidant property and can protect 
gastric mucosa against indomethacin-induced GU.

Pre-treatment with EA in GU bearing rats markedly decreased the UI 
caused by aspirin. These data suggested that EA possesses ulcer-healing 
activity. EA showed the ability to potentiate healing of indomethacin-
induced GU in mice due to its capability to reduce neutrophils 
infiltration. The modulation of COX-pathway by EA helps in amplifying 
mucosal growth factors levels and preserving the balance of pro-/anti-
inflammatory cytokines levels to aggravate ulcer healing [32].

In the current study, significant rise in serum ACTH level in GU group has 
been recorded. This finding is congruent with Virchenko et al. [44]. The 
activation of hypothalamic-pituitary-adrenal (HPA) system under the 
conditions of stress-induced gastric lesion has been known leading to 

the elevated secretion of ACTH and corticosterone [45]. Such intensive 
increase of glucocorticoids in serum results in severe damage of gastric 
mucosa [46]. Hyperactivation of HPA system leads to the deep depletion 
of pituitary and adrenal glands activity and thereafter aggravation of 
ulcers [44]. Furthermore, the secretion of proinflammatory cytokines, 
under the stress conditions-induced gastric lesions, enhances the levels 
of ACTH and corticosterone [47].

Treatment of GU bearing rats with Omeprazole prior induction of GU 
produced significant inhibition in serum ACTH level. PPIs have been 
shown to prevent stress-related GI bleeding [48]. Therefore, the present 
study finding may explain the role of this family of drugs in conducting 
this effect through suppressing ACTH release.

GU group pre-treated with Qu exhibited a significant reduction in 
serum ACTH. Treatment with Qu at different dosages has been found to 
decrease the stress-induced elevation of corticosterone. Furthermore, 
Qu and its metabolites have been shown to influence the swimming 
stress-induced potentiation of HPA axis. Qu showed a potent action 
on the hypothalamus to reduce corticotropin-releasing factor (CRF) 
through downregulating CRF mRNA in the hypothalamus [49]. 
Hypothalamic CRF is the major and essential component of HPA cascade, 
and the reduction of this factor leads to an inhibition in the production 
of ACTH [13].

Pre-treatment of GU group with EA led to an insignificant drop in serum 
ACTH level. Naveen et al. [50] observed that flax seed extract, which has 
many polyphenolic compounds including EA, is capable to significantly 
decrease corticosterone level in mice exposed to chronic mild stress. This 
finding indicates the ability of EA to decrease the production of ACTH.

In this study, significant decrease in serum ST level has been registered 
in GU bearing group. Al Asmari et al. [51] observed that ethanol-
induced gastric mucosal injury causes blunting in the levels of ST 
in gastric tissue. The severity of gastric ulceration was noted to rise 
with a decrease in gastric ST levels in different models of ulcers [52]. 
Furthermore, it has been suggested that the increased basal gastric 
acid in duodenal ulcer (DU) patients is linked to down secretion of 
ST (a probable physiological suppressor of the secretion gastric acid 
secretion) in the stomach [53]. Monoamines, dopamine, and ST which 
are extensively present in the GI tract have an important role in its 
physiological function involving acid and mucus secretions, mucus 
production, gastric motility, mucosal blood flow, and fluid secretion. 
Alterations in their levels have a profound manipulating action on the 
mucosal defense of the GI tract and exacerbation of ulcerations [54,55].

Pre-treatment of GU bearing rats with Omeprazole elicited insignificant 
increase in serum ST level. Omeprazole is used widely in the treatment 
of diseases linked to gastric acid secretion. There are documents from 
studies both in vitro and in vivo indicating that Omeprazole can inhibit 
the activity of cytochrome P-450 isoenzyme CYP2C19 (CYP2C19). It 
has been shown that the selective ST reuptake inhibitors Citalopram, 
Escitalopram, and Sertraline are all metabolized by CYP2C19 [56]. 
This explains the observed elevation in serum ST level on Omeprazole 
administration.

Table 1: Effect of pre‑treatment with Omeprazole, Qu, and EA on 
aspirin‑induced gastric ulcer in rats as indicated by ulcer index 

and percentage of inhibition

Experimental groups Ulcer index Percentage of inhibition
Control group ‑ ‑
GU group 8.7±0.33 ‑
Omeprazole group 2.69±0.24* 69.08
Qu group 1.44±0.37* 83.44
EA group 1.84±0.34* 78.85
Data expressed as mean±SE (n=8). *p<0.05 was considered statistically 
significant when compared to GU group, Qu: Quercetin, EA: Ellagic acid, 
GU: Gastric ulcer, SE: Standard error

Table 2: Protective effect of Omeprazole, Qu, and EA against aspirin‑induced gastric ulcer in rats manifested by biochemical analyses

Experimental groups Parameters

ACTH (pg/ml) ST (pg/ml) Ferritin (ng/ml) HO‑1 (ng/L) IL‑2 (pg/ml) AGEs (ng/L) FN (µg/ml)
Control group 15.14±1.28 57.8±5.7 39.1±1.18 3.7±0.42 0.28±0.014 833.3±55.6 17.7±1.9
GU group 23.7±1.4a 31.0±4.05a 51.75±2.57a 6.8±0.13a 0.5±0.085a 1028.5±39.9a 11.0±1.07a

Omeprazol group 17.14±1.6b 35.7±3.58a 41.5±0.8b 4.5±0.34b 0.32±0.032b 907.1±19.2b 12.6±0.9a

Qu group 19.4±0.94ab 46.3±2.2ab 46.0±0.75abc 4.68±0.31ab 0.47±0.079a 960.0±27.19a 12.7±0.4a

EA group 20.5±1.03a 40.8±3.33a 46.0±0.75abc 5.14±0.26ab 0.43±0.004 920.8±6.1b 13.1±0.47a

Data expressed as mean±SE (n=8), aThe significant at P>0.05 comparing with the control group. bThe significant at P>0.05 comparing with the GU group. cThe significant 
at P>0.05 comparing with Omeprazole group. Qu: Quercetin, EA: Ellagic acid, ACTH: Adrenocorticotropic hormone, ST: Serotonin, HO‑1: Heme oxygenase‑1, IL‑2: 
Interleukin‑2, AGES: Advanced glycosylation end products, FN: Fibronectin, GU: Gastric ulcer
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Treatment with Qu prior GU induction caused insignificant increase 
in serum ST level. Qu has a powerful effect on the modulation of 
serotonergic activity by ameliorating brain mitochondrial monoamine 
oxidase-A (MAO-A) activity. Qu metabolite, Qu 3-glucuronide, could 
attenuate the oxidative stress by counteracting the production of 
hydrogen peroxide associating MAO-A reaction [57]. In general, Qu 
could prevent the alterations in neurotransmitters levels, and this may 
contribute to the neuroprotective role of Qu [58].

In this study, GU group pre-treated with EA experienced insignificant 
enhancement in serum ST level. It has been demonstrated that acute 
oral administration of EA or extract contains EA causes modulation 
of monoaminergic system (serotonergic and adrenergic), and 
this represents the mechanism of the antidepressant activity of 
EA [59,60]. The intimate mechanism by which EA could manipulate 
the monoaminergic system has remained obscure. It may deplete the 
MAO enzymes causing a rise in the quantity of monoamines stored and 
released from the nerve terminals [61].

In this study, serum ferritin and HO-1 levels displayed significant 
elevation in GU group. Ferritin is the major storage protein in the body 
for iron and the most powerful marker for diagnosis of iron deficiency 
anemia [62]. Ferritin is affected by iron deficiency as it reaches to 
12–15 ng/ml without concomitant inflammation and to move than 50 
ng/ ml with concomitant inflammation [63]. Blood loss due to gastric 
lesions and the inhibition of iron absorption as a result of the elevated 
pH of gastric juice is responsible for the onset of anemia in peptic ulcer 
patients [64].

Pre-treatment of GU bearing rats with Omeprazole elicited significant 
regression in serum ferritin level. On the experimental level, it was 
observed that PPI therapy decreases the absorption of iron in animals 
feeding diet with low iron [65]. On the clinical level, patients with long-
term treatment with PPI experienced a decrease in iron absorption with 
a concomitant decrease in serum ferritin level [66]. PPI administration 
could decrease the absorption of non-heme iron from diet, and chronic 
PPI administration leads to a significant reduction in the yearly blood 
volume that needed to be removed to maintain body iron stores at the 
proper level [67].

Treatment with Qu prior GU induction evoked significant decline 
in serum ferritin level. Qu is known as an iron chelator, and it is able 
to decrease ferritin level in Caco-2 cells in vitro. Acute exposure of 
rat duodenal mucosa to Qu elevates apical iron uptake but reduces 
subsequent basolateral iron efflux into the circulation. Qu binds iron 
between its 3-hydroxyl and 4-carbonyl groups and the methylation of 
the 3-hydroxyl group negates both the increase in iron apical uptake 
and the inhibition of basolateral iron release, indicating that the acute 
action of Qu on iron transport may be attributed to iron chelation. The 
increase in duodenal iron content presents an apparent paradox due to, 
in Qu-treated Caco-2 cells, a significant reduction in ferritin levels has 
been observed suggesting a functional cellular iron deficiency rather 
than iron loading [68].

Treatment with EA before the onset of GU in the present study resulted 
in significant decrease in serum ferritin levels. Polyphenolic compounds 
present in the diet possess a wide spectrum of actions in vivo and in 
vitro, involving chelation of elements such as iron. It has been found that 
polyphenols suppress the absorption of non-heme iron by inhibiting 
basolateral iron present rather than by reducing apical iron import in 
the intestinal cells [69].

GU bearing rats exhibited a significant increase in serum HO-1 level. It 
has been observed that the expression of HO-1 is upregulated during 
the inflammatory phase in rats administered acetic acid for induction 
of GU [70]. HO-1 was reported to possess cytoprotective and anti-
inflammatory properties. Its expression is paralleled by the resolution 
of non-immune as well as immune-driven inflammation [71]. The role 
of HO-1 as anti-inflammatory defensive mediator may be attributed to 

its conversion of oxidant heme to antioxidant biliverdin and bilirubin. 
It also increases the level of intracellular free iron to facilitate ferritin 
upregulation [72].

Pre-treatment with Omeprazole in GU bearing rats caused significant 
decrease in serum HO-1 level. PPIs have a gastroprotective effect, 
independent on their antisecretory actions [73], which is probably 
mediated by inhibition of neutrophil functions as well as antioxidant 
actions [74]. The effect of PPIs on HO-1 induction remain controversial; 
Becker et al. [75] showed that both Omeprazole and Lansoprazole 
strongly induce HO-1 expression in gastric epithelial cells in vitro, 
while Takagi et al. [76] mentioned that Omeprazole weakly induces the 
expression of HO-1 in gastric epithelial cell lines. Yoda et al. [77] study, 
on the rat small intestine, was consistent with that of Takagi et al. [76] 
in gastric epithelial cells. The present finding pointed to the reduction 
of HO-1 level in serum of Omeprazole-administered rats indicating the 
anti-inflammatory effect of Omeprazole. However, further studies are 
needed to clarify these discrepancies regarding the effect of PPIs on 
HO-1 induction.

Treatment with Qu prior GU induction in rats caused significant decrease 
in serum HO-1 level. Qu has been found to activate cellular antioxidant 
system by increasing both transcriptional and post-transcriptional levels 
of Nrf-2, a transcription factor which induces expression of various 
antioxidants and Phase II detoxifying enzymes including NADPH quinone 
oxidoreductase 1, glutamate cysteine ligase, HO-1, and many others 
[78]. At the same time, Qu has been shown to reduce the level of Keap1 
that keeps Nrf-2 in cytoplasm and thus blocks its activity through the 
modification of Keap1 protein rather than 26S proteasome degradation 
[79]. These mechanisms explain the depletion in serum HO-1 level on 
pre-treatment with Qu in GU bearing rats in the current study.

Treatment with EA prior GU induction in rats evoked significant decline 
in serum HO-1 level. Garhy et al. [80] have been demonstrated that the 
renoprotection offered by EA is related to the inhibition of HO-1 that 
is elevated in the kidney following cisplatin-induced nephrotoxicity. 
Therefore, the diminished HO-1 level following EA administration could 
be a consequence of the antioxidant/free radical scavenging effect and 
the suppression of transcriptional activation of NF-κB, in addition to the 
anti-inflammatory property of EA [81].

In this study, GU group exhibited significant rise in serum IL-2 level. 
Chuian et al. [82] proved that IL-2 shows significant increase during 
stress-induced GU. IL-2 release is controlled by CD4(+) CD25(+) 
regulatory T cells. In a chronic restraint stress mice model, the 
inhibition of CD4+ CD25+ regulatory T cells by anti-CD25 antibodies 
induced a significant increase in plasma IL-2 [83]. Moreover, IL-2 is also 
thought to potentiate H. pylori-associated gastroduodenal disorders by 
controlling Th1 immune responses [84].

Pre-treatment of GU bearing rats with Omeprazole evoked significant 
drop in serum IL-2 level. Kountouras et al. [85] mentioned that 
Omeprazole controls cytokine pattern in subjects with DU disorder. 
This study proved that the marked downregulation of the pro-
inflammatory cytokines, particularly the common inflammatory 
cytokine IL-2, indicates that the potential cytokine synthesis of the Th1 
profile from peripheral blood lymphocytes is significantly inhibited 
after Omeprazole therapy.

GU group pre-treated with Qu showed an insignificant decline in 
serum IL-2 level. Qu is proposed to manipulate different inflammatory 
responses of macrophages and T lymphocytes. Despite the anti-
inflammatory function of Qu through acting on Th cells, the exact 
mechanism remains unclear. It has been found that Qu suppresses both 
interferon gamma and IL-2 production on T cell receptor stimulation. 
Furthermore, Qu could diminish the expression of IL-2, which is 
essential for positive regulatory loop of IL-2 autoactivation [86].

EA treatment prior induction of GU in rats led to an insignificant 
decrease in serum IL-2 level. Kaul et al. [87] cited that EA possesses 
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anticarcinogenic and anti-inflammatory properties. These investigators 
recorded a significant drop in IL-2 and INFγ expression in EA-treated 
Jurkat T cells. This finding pointed to the link between EA-mediated 
attenuation of Ca2+ influx and the alteration in cytokine expression. 
Thus, the anti-inflammatory action of EA could be attributed to its 
ability to mitigate Ca2+ influx with consequent downregulation of 
cytokine expression.

In this study, significant amplification in serum AGEs level has been 
registered in GU bearing rats. It has been reported that the induction 
of GU increases the immunohistochemical staining of cytoplasmic 
high-mobility group box 1 (HMGB1) and elevates serum HMGB1 levels. 
HMGB1 was initially discovered as a nuclear protein that interacts 
with DNA as a chromatin-associated non-histone protein to stabilize 
nucleosomes and to regulate the transcription of several genes in the 
nucleus. Once actively secreted into the extracellular environment, 
HMGB1 stimulates inflammatory axis by activating multiple receptors, 
involving toll-like receptor 2 (TLR2)s, TLR4, and receptor for advanced 
glycation end products resulting in tissue injury [88].

Omeprazole treatment prior induction of GU in rats caused a significant 
drawback in serum AGEs level. It has been reported that a single dose 
of PPIs prevents the thioglycollate-induced peritoneal infiltrate of 
inflammatory cells. Thioglycollate is stimulated by non-enzymatic 
reactions between proteins and the reduced sugars causing the 
formation of AGEs [89]. This indicates that PPIs are a good line of 
therapy for various types of inflammation.

Pre-treatment of GU rats with Qu led to insignificant reduction in serum 
AGEs level. Methylglyoxal (MGO) and glyoxal (GO) are considered to be 
precursor of AGEs. Therefore, diminishing the levels of MGO would 
be an effective modality to decrease the generation of AGEs. Qu could 
upregulate the expression of glyoxalase I and II and GSH/GSH disulfide 
ratio to potentiate the detoxification of MGO [90]. Furthermore, Qu has 
been reported to strongly suppress the production of AGEs in a dose-
dependent manner through trapping reactive dicarbonyl compounds. 
In bovine serum albumin-MGO/GO system, Qu could trap MGO and GO 
directly and then significantly inhibited the generation of AGEs [91].

GU bearing rats pre-treated with EA experienced an insignificant 
decrease in serum AGEs level. EA was reported to have anti-glycation 
activity by reducing the formation of AGEs [92,93]. EA has been 
found to inhibit MGO and AGE metabolite, which might be one of the 
possible mechanisms for its inhibitory effects on AGEs formation. EA 
could suppress AGEs accumulation in the kidney of diabetic rats and 
ameliorate AGE-mediated pathogenesis of diabetic nephropathy [94].

Rat group afflicted with peptic ulcer experienced a significant decrease 
in serum FN level. FN is found in the mucosal epithelial basement 
membrane. It is a multifunctional extracellular matrix protein that 
plays an important role in cell proliferation, adhesion, and migration, 
all components of the healing process. Levitan et al. [95] stated that 
exacerbation of ulcer occurs parallel to the significant reduction in FN 
concentration which tends to be increased with ulcer healing.

Pre-treatment of GU bearing rats with Omeprazole resulted in 
insignificant increase in serum FN level. Ghebremariam et al. [96] cited 
that PPIs regulate fibrosis marker like soluble collagen, in idiopathic 
pulmonary fibrosis patients. Moreover, it has been demonstrated that 
many signaling axis that is known to be implicated in inflammatory 
process and fibrosis involving members of the collagen family (Col1α2, 
Col3α1, and Col16α1), FN, and matrix metalloproteinases (MMPs) 
(MMP12) are regulated by PPIs.

Treatment with Qu prior induction of GU produced insignificant 
amplification in serum FN level. Qu could enhance the production of 
both collagen and FN which made Qu to be helpful in arthritis, aging 
as well as wound healing [97]. Qu displays many pharmacological 
activities in the gastroprotective area, functioning as antisecretory, 

cytoprotective, and antioxidant agent. Thus, it helps in healing process 
of GUs [98].

GU group pre-treated with EA displayed insignificant enhancement in 
serum FN level. EA is able to accelerate healing in indomethacin GU 
model [32]. Thus, EA may promote GU healing by increasing collagen 
and FN production.

Microscopic examination of section of the stomach tissue of rat 
administered aspirin revealed necrosis of the surface mucous cells and 
fundus glands as well as hemorrhage in the mucosal layer. Moreover, 
the mucous cells appeared to be pyknotic and desquamated from 
mucosa and the necrosis extended to the body of the fundus glands. 
Moreover, histochemical investigation of stomach tissue section of GU 
bearing rat showed mucus production in the surface epithelial and 
mucous neck cells as manifested by the pale or depletion of stainability. 
GU is a common disease, and the manifestation of the disease is shared 
by other inflammatory disorders in the gut, i.e., the migration of 
activated neutrophils and macrophages are the major components of 
active lesions in ulceration [99]. Many of neutrophils and macrophages 
enter the injured mucosa during acute inflammation, resulting in 
overproduction of oxygen free radicals [100], damaging the gastric 
mucosa and induction of perforations that lead to bleeding [32].

Histological examination of stomach tissue section of GU bearing rat 
pre-treated with Omeprazole showed areas of hemorrhage and a little 
degenerative superficial epithelial cells and the remaining appeared 
more or less like control. Furthermore, histochemical examination of 
stomach tissue section of rat in this group showed an increase in the 
polysaccharides the surface epithelium and the mucous neck cells of 
the gastric mucosa. The degenerative parts of the mucosa displayed 
weak stainability. Walan et al. [101] have been showed that Omeprazole 
blocks the action of H+, K+ATPase in the gastric mucosa and thus 
depletes the secretion of hydrochloric acid.

As indicating from histological findings, pre-treatment with Qu could 
preserve the cytoarchitecture of the entire gastric mucosa. Qu displayed 
not only the preservation but also the regeneration of gastric mucosa in 
the injured regions. Previous histological study on the stomach tissue 
section revealed that flavonoids cause rise in mucus production [102]. 
The anti-ulcerogenic potential of flavonoids which is associated with 
the elevated mucus secretion has been established by Beil et al. [17] and 
Khayyal et al. [103]. Therefore, the increased levels of adherent mucus 
content of gastric tissue of rat pre-treated with Qu in this study indicated 
its cytoprotective action on experimentally induced GU. The elevated 
total carbohydrate:protein (TC:P) ratio of rat in this group as manifested 
by the increased polysaccharide content in histochemical examination 
is considered as the direct reflection of mucin activity [104]. The wide 
distribution of adherent mucus content in the GI tract plays a critical 
role in cytoprotection and repairment of the gastric mucosa [105]. In 
addition, Qu has been reported to inhibit hog gastric H+, K+-ATPase, and 
K+-stimulated/j-nitrophenyl phosphatase activity in a dose-dependent 
manner. The inhibition of H+, K+-ATPase by Qu is competitive with ATP 
and is noncompetitive with K+. Thus, Qu can reduce the phosphorylated 
enzyme level by competition with ATP, and thereby inhibit the H+, K+-
ATPase activity [106].

Photomicrograph of stomach tissue section of GU bearing rat pre-
treated with EA showed little degenerative epithelial cells, and 
the remaining appeared more or less like control. Furthermore, 
histochemical examination of stomach tissue section of rat in this 
group showed that the heterogeneous staining is encountered, where 
the degenerated surface epithelial cells are almost devoid of stainable 
material, and the outer half of the mucosa is densely stained. EA showed 
its ability to promote healing in indomethacin-induced GUs in mice due 
to its capability to reduce neutrophils infiltration. The modulation of 
COX-pathway by EA helps in upregulating mucosal growth factors levels 
and preserving the balance of pro-/anti-inflammatory cytokines level 
to stimulate ulcer healing [32]. Furthermore, EA showed a marked 
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inhibitory effect on acid secretion and occurrence of stress-induced 
gastric lesions, and these effects have been suggested to be attributed 
to the inhibition of H+, K(+)-ATPase activity [107].

Summing up, the results of the current study shed light on the significant 
anti-ulcer activity of Qu and EA in GU rat model. Notably, Qu exhibited 
more pronounced effect on GU healing than EA, which appears 
from gross evaluation test, biochemical analyses, histopathological 
examination and histochemical determination of polysaccharides. A 
protection afforded by Qu and EA against GU was likely attributable to 
their anti-stress potential, antioxidant activity, iron chelating property, 
anti-inflammatory action, and cytoprotective efficacy.
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