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Abstract 

Purpose: To investigate the gastroprotective, antioxidant, hepatoprotective, and nephroprotective 
effects of curcumin and tahini against acute ethanol-induced gastric ulceration and hepato-renal injury in 
rat model. 
Methods: A total of 30 Wistar rats were assigned to 6 groups (n = 5). Group 1 received carboxymethyl 
cellulose (CMC), group 2 received ethanol, group 3 received esomeprazole (20 mg/kg in 0.5 mL 1 % 
CMC), group 4 received curcumin (50 mg/kg in 0.5 mL 1 % CMC), group 5 received tahini paste (2.5 
mL/kg), group 6 received curcumin in addition to tahini. Biochemical profile was assessed and levels of 
malondialdehyde (MDA), reduced glutathione (GSH), catalase (CAT), superoxide dismutase (SOD), 
prostaglandin E2 (PGE2), gastric juice pH, and liver/kidney function markers (ALT, AST, CK, urea) and 
histopathological examination of gastric tissues were evaluated.  
Results: Group 2 showed significantly higher MDA, lower GSH, CAT, and SOD, and PGE2 levels (p < 
0.05) compared to group 1. Combination of curcumin and tahini restored levels of GSH, CAT, SOD, 
MDA, and PGE2 to normal. Furthermore, Curcumin and Tahili significantly increased gastric pH gastric 
juice (p < 0.05) and resolved liver and kidney injury.  
Conclusion: Curcumin and Tahili significantly reduces levels of inflammatory markers, and restores 
liver and kidney histoarchitecture.   
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INTRODUCTION 
 

Gastric ulceration, resulting from erosion of 
gastric mucosa, is a gastrointestinal disorder 
associated with considerable morbidity and, in 
severe cases, mortality [1]. It affects 
approximately 5 – 10 % of the global population 
and is associated with multiple etiological factors, 
including excessive gastric acid secretion, 
compromised mucosal defense, hematological 
deficiencies, the use of non-steroidal anti-

inflammatory drugs (NSAIDs), and alcohol 
consumption. Ethanol is a well-established 
ulcerogenic agent that induces gastric mucosal 
injury primarily through oxidative stress, lipid 
peroxidation, and excessive generation of 
reactive oxygen species (ROS) [2]. Gastric ulcers 
are characterized by focal disruption of gastric 
mucosal barrier, typically resulting from 
enhanced acid secretion and oxidative damage 
mediated by free radicals. Experimental ethanol-
induced ulcer models are widely used and 
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considered reliable for evaluating 
gastroprotective effect of therapeutic candidates 
[3]. Global prevalence of peptic ulcer disease is 
estimated at 5 – 10 %, underscoring the need for 
effective preventive and therapeutic strategies 
[4]. Major risk factors include Helicobacter pylori 
infection, NSAID use, and alcohol consumption, 
all of which contribute significantly to ulcer 
pathogenesis [5]. Additionally, physiological and 
psychological stress conditions have been 
implicated in ulceration by inducing mucosal 
ischemia, erosion, and hemorrhagic damage [6]. 
Pathogenesis of gastric ulceration is primarily 
driven by an imbalance between aggressive 
factors (gastric acid, pepsin, reactive oxygen 
species, and reduced mucosal blood flow) and 
protective mechanisms (mucus secretion, 
bicarbonate production, prostaglandins, nitric 
oxide, antioxidant activity, and adequate mucosal 
perfusion) [7]. Disruption of this equilibrium in 
favor of aggressive factors results in progressive 
mucosal injury and inflammatory responses [8]. 
Ethanol, NSAIDs, and H. pylori infection 
exacerbate this imbalance by enhancing ROS 
production and activating inflammatory pathways 
[9]. 
 
Ethanol-induced gastric injury is characterized by 
disruption of protective mucus layer, rendering 
the mucosa vulnerable to acid, pepsin-mediated 
damage, and oxidative stress. This  process is 
associated with hemorrhagic necrosis, glandular 
epithelial damage, elevated malondialdehyde 
(MDA) levels, and depleted endogenous 
antioxidant enzymes, indicating severe lipid 
peroxidation and oxidative injury. Furthermore, 
ethanol promotes gastric acid hypersecretion, 
inflammatory cytokine release, microvascular 
dysfunction, and apoptotic cell death, all of which 
contribute to mucosal degradation [10]. Natural 
compounds possessing antioxidant and anti-
inflammatory properties, such as curcumin and 
tahini, have attracted increasing attention for 
potential gastroprotective effect against ethanol-
induced gastric injury. The integrity of the gastric 
mucosa depends on a tightly regulated balance 
between protective and aggressive factors, which 
is readily disrupted under oxidative stress 
conditions. Ethanol exposure disrupts the 
oxidant–antioxidant balance by increasing lipid 
peroxidation, and reducing the activity of key 
antioxidant enzymes (superoxide dismutase 
(SOD) and catalase), thereby exacerbating 
gastric mucosal damage [11]. This study 
therefore investigated the gastroprotective, 
antioxidant, hepatoprotective, and 
nephroprotective effects of curcumin, tahini, and 
their combination against acute ethanol-induced 
gastric ulceration and hepatorenal injury in a rat 
model. 

METHODS 
 
Animals 
 
A total of 30 Wistar rats were assigned to 6 
groups (n = 5). The animals were made to 
acclimatize for 2 weeks with unrestricted access 
to standard feed and water under standard 
laboratory conditions (25 ± 2 oC, 12 h light / dark 
cycle) [12]. Ethical approval was obtained from 
the Animal Ethics Committee, College of 
Pharmacy, University of Basrah (approval no. 
EC92), and the study was conducted in 
compliance with the guide for use and care of 
laboratory animals [13]. 
 
Design and treatments 
 
A total of 30 Wistar rats were assigned to 6 
groups (n = 5). Group 1 (control) received only 
the vehicle (0.5 mL 1 % carboxymethyl cellulose 
(CMC; Chem Cruz / China), group 2 received 
absolute Ethanol and treated with 0.5 mL 1 % 
CMC (negative control), group 3 (positive control) 
received esomeprazole (AstraZeneca / Swedish 
and British; 20 mg/kg)  in 0.5 mL 1 % CMC, 
group 4 (curcumin group) received curcumin 
(Iraq; 50 mg/kg in 0.5 mL 1 % CMC), group 5 
(tahini) received tahini paste (Iraq; 2.5 mL/kg), 
and group 6 (curcumin + tahini) received 
curcumin (Iraq; 50 mg/kg in tahini paste). All 
treatments were administered orally via gavage 
to overnight-fasted animals. Absolute ethanol (1 
mL at 5 mg/kg) was administered orally to induce 
gastric gastric ulcers 1 h after treatment. Blood 
samples were immediately collected via cardiac 
puncture and transferred into gel-containing 
tubes. The samples were allowed to clot at room 
temperature and centrifuged at 3000 × g for 10 
min. The obtained serum was carefully separated 
and stored at −20 °C for further biochemical 
analysis. 
 
Evaluation of parameters/indices 
 
pH of gastric fluid  
 
The stomach contents were collected into 
centrifuge tubes and successively centrifuged at 
4,000 rpm for 10 min. The pH of the gastric juice 
was then measured at room temperature using a 
calibrated digital pH meter [14]. 
 
Oxidative stress 
 
Serum levels of malondialdehyde (MDA), 
reduced glutathione (GSH), catalase (CAT), 
superoxide dismutase (SOD), and prostaglandin 
E₂ (PGE₂) were determined using commercially 
available enzyme-linked immunosorbent assay 
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(ELISA) and colorimetric assay kits (Elabscience 
Biotechnology, USA) following manufacturer’s 
instructions [15]. 
 
Liver function 
 
Serum alanine aminotransferase (ALT) and 
aspartate aminotransferase (AST) activity were 
measured using commercially available 
colorimetric assay kit (Elabscience 
Biotechnology, USA) according to the 
manufacturer’s instructions.  
 
Kidney function 
 
Serum creatine kinase (CK) activity was 
measured using commercial colorimetric assay 
kit (Elabscience Biotechnology, USA). Serum 
urea levels were determined using a Urea (BUN) 
Colorimetric Assay Kit based on urease method 
(Elabscience Biotechnology, USA), following the 
manufacturer’s protocols. All biochemical 
parameters were quantified 
spectrophotometrically in accordance with the kit 
instructions [16]. 
 
Mucosal damage 
 
After blood collection, the abdominal cavity was 
opened, and the stomach was collected. The 
tissue was opened along the greater curvature 
and examined to assess gastric mucosal 
damage [14]. 
 
Histopathology 
 
Gastric tissue samples were collected, gently 
cleaned, rinsed with normal saline, fixed in 10 % 
neutral buffered formalin, and processed for 
routine histological examination. Sections were 
stained with hematoxylin and eosin (H&E) and 
examined under a light microscope to assess the 
extent of gastric mucosal damage and 
inflammatory changes [17]. 
 
 

Statistical analysis 
 
Data was analyzed using GraphPad Prism 8 
(GraphPad Software, San Diego, CA, USA). 
Values were expressed as mean ± standard 
deviation (SD) and compared using one-way 
analysis of variance (ANOVA). P < 0.05 was 
considered statistically significant.  
 

RESULTS 
 
Gastric antioxidant status and prostaglandin 
E2 (PGE2) 
 
Ethanol significantly decreased GSH, SOD, and 
CAT and increased MDA levels compared to 
group 1 (p < 0.001), suggesting lipid peroxidation 
and reduced antioxidant defenses. Treatment 
with Curcumin and Tahini singly significantly 
reduced GSH, SOD, CAT, MDA, and PGE2 from 
baseline values compared to the combination 
regimen (Table 1). 
 
Gastric acid secretion and pH 
 
Ethanol significantly increases gastric fluid 
volume and decreases pH compared to group 1 
(p < 0.05), suggesting hypersecretion and high 
acidity. Treatment with Curcumin and Tahini 
significantly increased gastric volume, with 
Curcumin significantly increasing pH compared 
to group 1 (p < 0.001). Combination of Curcumin 
and Tahini significantly reduced gastric fluid and 
increased pH compared to group 1 (p < 0.001; 
Table 2). 
 
Liver and kidney protective effects 
 
Ethanol administration significantly increased 
serum alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), urea, and creatinine 
levels compared to group 1 (p < 0.05).  
Combined treatment with Curcumin and Tahini 
significantly reduced Creatinine, ALT, and AST 
compared to group 1 (p < 0.05). 

 
Table 1: Gastric antioxidant status and PGE2 (mean ± SD) 
 

Groups GSH (ng/mL) SOD (ng/ml) CAT (ng/ml) MDA(nmol/ml) PG-E2(ng/ml) 

1 112.24 ±5.25 1.85±0.32 15.22±1.23 0.57±0.16 0.69 ± 0.14 

2 68.25±4.11** 1.34±0.65* 7.58±1.12* 1.22±0.21** 0.26±0.10** 

3 118.52±4.23** 1.78±0.24* 14.20±1.18** 0.79±0.08** 0.55±0.11** 

4 87.34±3.65* 1.56±0.19* 12.54±2.28* 0.89±0.11** 0.41±0.12* 

5 82.22±4.32* 1.48±0.2.6* 13.08±1.10* 0.87±0.10** 0.46±0.14** 

6 102.32±5.18** 1.71±0.22* 17.62±2.32** 0.70±0.15** 0.58±0.09** 

Group 1 (0.5 mL 1 % carboxymethyl cellulose (CMC), group 2 (ethanol-induced and treated with 0.5 mL 1 % 
CMC), group 3 (esomeprazole + CMC), group 4 (curcumin), group 5 (tahini), group 6 (curcumin + tahini). *P < 
0.01, **p < 0.001 compared to group 1 
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Table 2: Gastric fluid volume and pH (mean ± SD) 
 

Group Gastric Fluid Volume (ml) pH 

1 0.95±0.28 4.22±0.41 
2 3.5±0.44** 1.74±0.82** 

3 1.85±0.34* 3.95±0.62** 

4 1.25±0.25** 5.15±0.52** 

5 2.10±0.3** 4.04±0.42** 

6 1.10±0.2** 5.2±0.24** 

Group 1 (0.5 mL 1 % carboxymethyl cellulose (CMC), group 2 (ethanol-induced and treated with 0.5 mL 1 % 
CMC), group 3 (esomeprazole + CMC), group 4 (curcumin), group 5 (tahini), group 6 (curcumin + tahini). *P < 
0.01, **p < 0.001 compared with the normal control 
 
Table 3: Biochemical parameters of liver and renal functions (mean ± SD) 
 

Groups Creatinine(mg/dL) Urea(mg/dL) ALT(U/mL) AST(U/mL) 

1 0.65±0.01 21.07±0.27 41.65±0.85 125.1±3.62 
2 0.84±0.04** 41.0±1.0** 81.75±0.95** 201.5±4.24** 
3 0.71±0.01* 33.6±0.40* 44.6±0.42** 134.2±3.4** 
4 0.69±0.09* 25.42±2.2* 54.45±2.1** 131.45±3.0** 
5 0.63±0.04** 24.8±1.2** 44.21±1.84** 144.84±3.81** 
6 0.62±0.06** 22.82±0.80** 41.32±1.66** 124.92±3.22** 

Group 1 (0.5 mL 1 % carboxymethyl cellulose (CMC), group 2 (ethanol-induced and treated with 0.5 mL 1 % 
CMC), group 3 (esomeprazole + CMC), group 4 (curcumin), group 5 (tahini), group 6 (curcumin + tahini). *P < 
0.01, **p < 0.001 compared to group 1 
 

Gastro histopathology 
 
Group 1 showed completely preserved gastric 
architecture with intact mucosa, submucosa, and 
muscularis externa. The surface epithelium 
consisted of healthy columnar cells with basally 
located nuclei, normal gastric pits and glands. 
Also, there was no necrosis, hemorrhage, 
edema, congestion, or inflammatory infiltration 
(Figure 1 A). In contrast, absolute ethanol 
induced severe gastric damage characterized by 
extensive epithelial sloughing, ulceration, and 
hemorrhagic erosion, indicating significant 
disruption of the mucosal barrier. Prominent 
edema and dense neutrophil infiltration extended 
into the submucosa. Gastric cells showed 
pyknosis, vacuolation, and necrotic degeneration 
(Figure 1 B). Treatment with Esomeprazole 
significantly preserved gastric histoarchitecture 
compared to ethanol alone. Only mild superficial 
erosions were observed, with largely intact 
epithelial lining and minimal submucosal edema 
or hemorrhage. Inflammatory infiltration was 
greatly reduced, and gastric glands remained 
largely preserved with intact muscular layers 
(Figure 1 C). Treatment with Curcumin 
significantly preserved gastric structure, with 
mostly intact epithelial continuity, mild 
desquamation, and limited focal hemorrhage. 
Gastric glands remained well organized, and 
submucosal edema and congestion were 
significantly reduced compared to ethanol alone 
(Figure 1 D). Similarly, treatment with Tahini 
exhibited well-preserved gastric morphology, with 
intact epithelial lining, organized glands, and 
minimal surface erosion. Hemorrhage and 
edema were rare, and lamina propria and 

muscular layers remained structurally stable 
(Figure 1 E). Combined treatment with Curcumin 
and Tahini exhibited the most pronounced gastric 
protection, with near-normal histological 
architecture comparable to control group. Gastric 
pits and glands were well organized, with 
complete preservation of mucosal and muscular 
layers. No necrosis or inflammation was 
observed (Figure 1 F). 
 

DISCUSSION 
 
Oxidative stress due to ethanol-induced injury is 
driven by the activation of proinflammatory signal 
transduction routes like NF-κB pathway, leading 
to oxidative damage, which stimulates ROS 
formation and release of pro-inflammatory 
cytokines [18]. However, curcumin treatment 
reversed these changes. The gastroprotective 
activity of curcumin is attributed to its ability to 
directly scavenge reactive oxygen species (ROS) 
and activate Nrf2-mediated antioxidant response, 
thereby enhancing the activity of key antioxidant 
enzymes, including superoxide dismutase (SOD) 
and catalase (CAT) [19]. Likewise, administration 
of Tahini showed significant improvements in 
antioxidant properties, which may have resulted 
from the presence of bioactive sesame lignans 
(sesamin and sesamol) [20]. Combination of 
Curcumin and Tahini scaled up GSH and CAT to 
levels close to normal (group 1). This synergistic 
effect was attributed mainly to the lipid-rich 
medium of Tahini as a natural carrier, which 
promoted solubility and intestinal uptake of 
Curcumin [21].  
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Figure 1: Histopathological changes in rat gastric mucosa of different experimental groups stained with 
haematoxylin and eosin (H & E). (A) Control, (B) Ethanol-treated, (C) Esomeprazole-treated, (D) Curcumin-
treated, (E) Tahini-treated and (F) Tahini + Curcumin-treated groups. Magnifications: 10x and 20x. Arrows 
indicate the main histopathological findings. Black arrow (muscular layer), red arrow (hemorrhage and 
congestion), yellow arrow (affected mucosa and submucosa), blue arrow (epithelial layer) 
 

By circumventing the intrinsic limitation of poor 
bioavailability of curcumin, the Tahini-Curcumin 
blend provided higher systemic concentrations of 
polyphenol, maximized the capability to 
neutralize ROS, and restored PGE2 levels, 
consistent with earlier findings [22]. Curcumin 
and Tahini have been found to exert 
antisecretory-like effects. Gastric volume was 
lower and pH increased following administration 
of Curcumin. Although Curcumin does not target 
the proton pump directly, its modulating effects 
on inflammatory mediators and strengthening 
mucosal barrier indirectly reduce acid-mediated 
damage. Tahini seemed to play a protective role, 
improving mucosal coating and anti-inflammatory 
signaling pathways [23]. Combined therapy had 
a greater impact on gastric secretion, raising pH, 
which was also greater than normal values. This 
highlighted a complete mechanistic synergy of 

PGE2 restoration, leading to secretion of 
bicarbonate and inhibition of acid formation, with 
improved bioavailability of curcumin [24]. 
 
Curcumin treatment effectively mitigated these 
systemic markers, demonstrating significant 
hepatoprotective and nephroprotective effects. 
This is due to inhibition of pro-inflammatory 
cytokines and upregulation of Nrf2 antioxidant 
signaling cascades in a range of organ systems 
[25]. The curcumin and tahini combination 
showed the highest absolute protection against 
ROS. This protection was most effective for the 
renal system, in which creatinine and urea 
results were close to normal values. Tahini may 
have acted as a lipid matrix for curcumin to 
provide systemic delivery. This makes ROS-
based stabilization and other cellular membrane 
stabilization within the liver and kidney more 
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effective [26]. Histological evaluation of group 1 
showed intact endogenous defense mechanisms 
such as mucus-bicarbonate secretion, epithelial 
renewal, and adequate mucosal blood flow that 
protect against acid and pepsin-mediated injury 
[27]. In group 2, the injury reflected ethanol-
induced reductions in mucosal blood flow and 
excessive ROS generation, which promoted lipid 
peroxidation and cellular dysfunction. 
Microvascular damage with increased 
permeability was evidenced by hemorrhage and 
oedema, while inflammatory infiltration indicated 
activation of pro-inflammatory pathways that 
amplify tissue injury [28]. This group represented 
the most severe pathological reference for 
evaluating therapeutic protection. The protective 
effect observed in group 3 was mainly attributed 
to proton pump inhibition, leading to reduced 
gastric acidity and enhanced mucosal recovery. 
Increased intragastric pH reduces acid-related 
injury and supports healing, while additional 
effects may include improved mucosal blood flow 
and enhanced mucus/bicarbonate secretion [29]. 
Overall, this group approached near-normal 
histology, indicating strong pharmacological 
gastroprotection. In group 4, muscular layers 
were largely preserved with rare mild edema. 
The protective effect of Curcumin is attributed to 
its antioxidant and anti-inflammatory properties, 
including ROS scavenging, upregulation of 
endogenous antioxidant enzymes, and inhibition 
of pro-inflammatory pathways. These effects 
contribute to the maintenance of mucosal 
integrity under oxidative stress [30]. Treatment 
with Tahini significantly restored tissue 
architecture (Figure 1 E). The protective effect is 
attributed to sesame lignans (sesamin, sesamol) 
and unsaturated fatty acids, which act as 
antioxidants and inhibit lipid peroxidation. 
Additionally, its lipid components may support 
prostaglandin-mediated mucosal defense 
mechanisms. Overall, tahini demonstrated strong 
natural cytoprotective potential against ethanol-
induced injury consistent with previous studies 
[31]. A notable finding was mild epithelial 
vacuolation, associated with healthy nuclear 
morphology, suggesting enhanced cellular 
activity rather than degeneration. The 
submucosa was well vascularized, and tissue 
integrity was fully maintained, similar to other 
findings [32]. Combined antioxidant and anti-
inflammatory actions of curcumin, together with 
the lipid-mediated membrane stabilization and 
prostaglandin support from tahini, produced a 
synergistic protective effect. This combination 
demonstrated superior gastroprotection 
compared with individual treatments and even 
approached or exceeded standard therapy, 
supporting reported synergistic interactions 

between natural compounds in gastric protection 
[33]. 
 

CONCLUSION 
 
Curcumin and Tahili significantly reduce levels of 
inflammatory markers and restore liver and 
kidney histoarchitecture. These findings suggest 
curcumin and tahini, especially in combination, 
should be used as a novel and effective 
therapeutic strategy for the treatment of gastric 
ulcers. Further research to understand the 
specific molecular pathways involved, and 
translating these findings into clinical use should 
be pursued. 
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