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Abstract 

Clove (Syzygium aromaticum) is an aromatic tree that is used to treat gastric ulcers 

because of its analgesic, strong anti-infective, anti-inflammatory, and antioxidant properties. So, 
the primary objective of this research was to investigate the anti-ulcer potential and underlying 

mechanisms of clove extract in an ethanol-induced gastric ulcer rat model. Five groups of 30 

adult male albino rats were prepared, each consisting of six rats.  The third, fourth, and fifth sets 
received clove extract (CE) pretreatment in the form of 50, 100, and 200 mL/kg/b.wt, 

respectively, whereas the first and second groups received a standard diet. Rats in the second, 

third, fourth, and fifth groups were given a single oral dosage by gavage of 95% ethyl alcohol at 

a rate of 10 mL/Kg b.wt to cause gastric ulcer. The negative control group received a single oral 
dose of 0.9% w/v of saline. Based on the results, pretreatment with clove extract of all tested 

groups significantly reduced the ulcer length, number, score, and index, while markedly 

enhancing the curative ratio in ethanol-induced gastric ulcerated rats. For the curative ratio, the 
present data showed a significant increase in rats pretreated with 50, 100, and 200 

mL/kg/b.wt CE by 28.6, 54.5, and 78.6%, respectively.  Pretreatment of clove extract with 

different concentrations resulted in a significant (P≤0.05) increase in GPX, GSH, SOD, CAT, 

and TAC activity compared to the positive control group. The highest increase in hemoglobin 
was observed in gastric ulcer rats pretreated with 200 mL/kg/b.wt CE. Using 200 

mL/kg/b.wt CE had a better ulcer-pretreated effect. The notable fat content, primarily composed 

of essential oils such as eugenol, eugenol acetate, and β-caryophyllene, is responsible for the 
characteristic aroma and exhibits potent antimicrobial, anti-inflammatory, and antioxidant 

activities. Also, the high levels of total phenols (167.5 mg/g) and flavonoids (163.75 mg/g) in 

clove, which reflect its antioxidant and anti-inflammatory activities. The product exhibited 

promising sensory attributes, particularly in terms of taste and color, and may offer a natural 
dietary approach to gastric protection. These findings provide evidence that clove extract 

possesses gastroprotective properties by stimulating antioxidant enzymes, suggesting potential 

therapeutic relevance in humans. 

Key words:  Inflammation; pH value; Ulcer index; Curative ratio;  Haemoglobin; functional 
beverage. 
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التأثير الهقائى والسزاد للأكددة لسدتخمص القرنفل ضد قرحة السعدة الشاتجة عن الإيثانهل فى الفئران واستخدامه في 

 مذروب وظيفي
 السمخص العربى 

شجخةً عطخية تُدتخجم في علاج قخحة السعجة نعخًا لخرائريا السدكشة،  (Syzygium aromaticum)يُعج القخنفل
والسزادة لمعجوى، والسزادة للالتيابات، والسزادة للأكدجة. لحلغ، كان اليجف الخئيدي مؼ ىحا البحث ىؽ دراسة القجرة 

الفئخان السرابة بقخحة معجية السحتسمة لسدتخمص القخنفل في الؽقاية مؼ قخحة السعجة، والآليات الكامشة وراء ذلغ، فى 
فأرًا بالغًا مؼ الحكؽر، بحيث تزػ كل مجسؽعة ستة فئخان. تمقت  03تػ إعجاد خسذ مجسؽعات مؼ  .مدتحثة بالإيثانؽل

مل/كجػ مؼ  033و 033و 03بجخعات قجرىا  (CE) السجسؽعات الثالثة والخابعة والخامدة معالجة وقائية بسدتخمص القخنفل
تؽالي، بيشسا تمقت السجسؽعتان الأولى والثانية الغحاء القياسى . وقج تػ إعطاء الفئخان في السجسؽعات الثانية وزن الجدػ عمى ال

مل/كجػ مؼ وزن الجدػ لإحجاث  03% وبسعجل 50والثالثة والخابعة والخامدة جخعة فسؽية واحجة مؼ الكحؽل الإيثيمي بتخكيد 
% 3.5الدالبة فقج تمقت جخعة فسؽية واحجة مؼ محمؽل ممحي بتخكيد  الإصابة بقخحة معجية. أما السجسؽعة الزابطة

أظيخت الشتائج أن السعالجة الؽقائية بسدتخمص القخنفل في جسيع السجسؽعات السختبخة أدت إلى انخفاض ممحؽظ  .وزن/حجػ
بقخحة السعجة الشاتجة عؼ في طؽل القخحة وعجدىا ودرجتيا ومؤشخىا، مع زيادة واضحة في ندبة الذفاء في الفئخان السرابة 

الإيثانؽل. وفيسا يخص ندبة الذفاء، أظيخت الشتائج زيادة معشؽية في الفئخان التي عؽلجت مدبقًا بسدتخمص القخنفل بتخكيدات 
% عمى التؽالي. كسا تدببت السعالجة 2..6%، و0..0%، 2..0مل/كجػ مؼ وزن الجدػ، بشدبة بمغت  033و 033و 03

 SODو GSHو GPX في نذاط كل مؼ إنديسات (P≤0.05) قخنفل بتخكيدات مختمفة في زيادة معشؽيةالؽقائية بسدتخمص ال
مقارنةً بالسجسؽعة الزابطة السؽجبة. وسُجل أعمى ارتفاع في ندبة الييسؽجمؽبيؼ لجى الفئخان السرابة بقخحة  TACو CATو

مل/كجػ مؼ  033ػ. وقج أظيخت ىحه الجخعة )مل/كجػ مؼ وزن الجد 033السعجة التي عؽلجت بسدتخمص القخنفل بتخكيد 
ن أساسًا مؼ الديؽت الطيّارة مثل  .وزن الجدػ( أفزل تأثيخ وقائي ضج القخحة إن السحتؽى الجىشي السمحؽظ في القخنفل، والسكؽَّ

لمسيكخوبات، كاريؽفيميؼ، ىؽ السدؤول عؼ رائحتو السسيدة، ويُعيخ نذاطًا قؽيًا مزادًا -βالأوجيشؽل، وأوجيشؽل أسيتات، و
ممجػ/جػ( والفلافؽنؽيجات  026.0ومزادًا للالتياب، ومزادًا للأكدجة. كسا أن السدتؽيات السختفعة مؼ الفيشؽلات الكمية )

. وقج أظيخ السشتج خرائص حدية اتممجػ/جػ( في القخنفل تعكذ نذاطو السزاد للأكدجة، والسزاد للالتياب 020.60)
ن، وقج يؽفّخ نيجًا غحائيًا طبيعيًا لحساية السعجة. وتُقجم ىحه الشتائج دليلًا عمى أن واعجة، خاصة مؼ حيث الطعػ والمؽ 

لسدتخمص القخنفل خرائص واقية لمسعجة مؼ خلال تحفيد إنديسات مزادة للأكدجة، مسا يذيخ إلى أىسيتو العلاجية السحتسمة 
 لجى الإندان.

 مذخوب وظيفى. – الييسؽجمؽبيؼ –ندبة الذفاء  –معامل القخحة  –قيسة الخقػ الييجروجيشى  –الإلتياب  الكمسات السفتاحية:
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 Introduction  

The characteristic signs of peptic ulcer disease include mucosal lesions that extend into 
the muscularis mucosae, creating a cavity and causing acute or chronic inflammatory responses 

Beiranvand, (2022). In 2019, almost 8 million individuals worldwide suffered from gastric 

ulcers, a condition of the digestive system that has become a public health concern and lowers 

the quality of life for those who have it Xie et al., (2022). Millions of people worldwide are 
impacted by PUD, which is thought to affect one case among every 1000 people annually 

Kumadoh et al., (2021). Additionally, it is 5–10% prevalent in the general population and has a 

major impact on health care costs and quality of life Kuna et al., (2019). Gastric ulcers arise 
from an imbalance between aggressive (secretion of acid and pepsin) and protective (production 

of mucus, bicarbonate, and prostaglandins) agents, which causes necrosis in the stomach tissue 

glands and is characterized by redox imbalance and exudative inflammation Tarnawski and 

Ahluwalia, (2021). Lifestyle factors such as smoking and alcohol consumption, and bacterial 
infections, as well as gastric injury induced by NSAIDs and the Zollinger-Ellison syndrome, are 

linked to the development of PUD Narayanan et al., (2018). Furthermore, greater rates of 

mortality and morbidity are linked to gastric ulcer complications such as penetration, 
hemorrhage, obstruction, and perforation (often as a result of multi-organ failure and 

cardiopulmonary complications) Sreekumar et al., (2021). An increased risk of gastrointestinal 

malignancies, including pancreatic cancer, mucosa-associated lymphoid tissue lymphoma, and 

gastric adenocarcinoma, is also connected to PUD associated with H. Pylori infection Lanas 

and Chan, (2017). An untreated stomach ulcer may progress to gastritis, gastrointestinal 

hemorrhage, or even gastric cancer, all of which could be fatal to the patient Scherubl, (2020). 

Using antacids, proton pump inhibitors, antibiotics, and histamine H2 receptor antagonists to 

protect and/or heal the stomach mucosa is part of treating and managing gastric ulcers Clarke et 

al., (2022). Adverse side effects from these medications are common and include headaches, 

constipation, diarrhea, abdominal discomfort, impotency, arrhythmia, hematological changes, 

hypersensitivity, and gynecomastia Kuna et al., (2019). However, the long-term use of these 
drugs is linked to complications such as acute kidney injury, modifications to the structure and 

function of the stomach mucosa, and H. pylori resistance Kim and Chung, (2020). Herbal 

remedies and other complementary therapies are thought to help treat stomach disorders Azimi 

and Zahedi, (2021). Their accessibility, reduced adverse effects, increased environmental 
compatibility, positive treatment outcomes, and enhanced quality of life are the reasons for this 

Singh and Easwari, (2022). Though their use as pharmaceutically active agents has been 

continuously adjusted to achieve optimal therapeutic action, natural products can have an 
inhibitory effect on the many inflammatory processes linked to the initiation of stomach ulcers  

Jabbar et al., (2022 ).  

Clove (Syzygium aromaticum) is a member of the Myrtaceae family. There are 

numerous antibacterial, antioxidant, antiviral, anticancer, anti-inflammatory, and anti-
nociceptive activities associated with clove El-shouny et al., (2020). Clove has enormous 

potential for use in food, medicine, cosmetics, and agriculture, and is one of the best sources of 

phenolic chemicals such as gallic acid, eugenol, and eugenol acetate UHUO et al., (2022). 
Eugenol's gastroprotective mechanism has been characterized, showing that its anti-ulcer 
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activity was mediated by scavenging free radicals, opening K(ATP) channels, reducing acid-

pepsin secretion, and enhancing mucin synthesis Jung et al., (2011). Eugenol also promotes 
prostaglandin production and mucus secretion, which fortify the gastric mucosal barrier and aid 

in healing. These protective mechanisms are essential for preventing acid penetration and 

epithelial damage Oliveira et al., (2014). Recently, the use of functional foods rich in 

antioxidants and phytochemicals for the prevention of ulcers has attracted great interest. In 
addition to their traditional nutritional benefits, functional foods have positive benefits on the 

body's health Shah and Prajapati, (2013). The primary objectives of this study were to 

evaluate the effects of clove extract as a pretreatment intervention against ethanol-induced 
gastric ulcer and to develop a beverage that utilizes these properties to support the daily dietary 

prevention of gastric ulcer. 

Materials and Methods 

Materials 

Dry buds of cloves were acquired from Harraz for Food Industry and Natural Products, 

Bab Alkhalq, Cairo, Egypt, and then identified by the Department of Botanical Taxonomy, 

Faculty of Agriculture, Menoufia University. Banana, honey, ginger, and oat milk as a base 
were purchased from the local market in Cairo, Egypt. 

Diet: Casein was provided by the Morgan Company for Chemicals, Cairo, Egypt. 

Vitamin as well as salt mixtures, cellulose, choline chloride, and L-methionine were purchased 

from EL-Ghomhorya Company for Trading Drugs, Chemicals, and Medical Requirements, 
Cairo, Egypt. 

Chemicals: Ethyl alcohol (95%), and all other chemicals were purchased from El-

Gomhoreya Company in Cairo, Egypt. From Gama Trade for Company Pharmaceutical and 

Chemicals, Dokki, Giza, kits for biochemical analysis were obtained. Analytical grade or as 
pure as commercially available chemicals and reagents were used in this study.  

Animals: Thirty adult male albino rats of the Sprague-Dawley strain, weighing 150 ±10 

g and aged 10 weeks, were obtained from the Laboratory Animal Department of the College 
of Veterinary Medicine, Cairo College, Egypt.  Individual rats were housed in stainless steel 

cages with adequate ventilation and controlled standard conditions, including a 12-h light-dark 

cycle, a temperature of 20–23 °C, and a humidity of 50–60%.  Before the experiments began, 

the animals were given a week to adjust. 
Methods 

Clove extract preparation 

Using 70% ethanol as the solvent, clove extract was prepared separately by 
exhaustive extraction during overnight maceration (24 h) over three consecutive days. The 

extract was filtered to separate the residue from the filtrate. The filtrate was then concentrated 

for 24 h using a vacuum oven and a rotary evaporator to create a thick, concentrated extract. 

The extract is kept at -20°C in a glass-wrapped container until it is needed for the experiment. 
This procedure was described by Dzoyem et al., (2014).  
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Preparation of a functional beverage containing clove extract for the prevention of gastric 

ulcer : 
The banana was peeled, and the pulp was cut into small pieces. The base liquid (oat 

milk) was heated to approximately 45 °C. Clove extract and honey were dissolved into the 

warm liquid, after which banana pulp was added, and the mixture was blended until smooth. 

The beverage was allowed to cool, then bottled and stored at 4 °C Alves et al., )2015). 
Table (1): The formulation for preparing a functional beverage containing CE for gastric  ulcer 

prevention is presented in : 

Ingredients Control T1 (50mL CE) T2 (100mL CE) T3 (200mL CE) 

Banana pulp(g) 60 60 60 60 

Oat milk (mL) 400 350 300 200 

Honey (g) 15 15 15 15 

Ginger Powder(g) 5 5 5 5 

Clove extract (mL) ----- 50 100 200 

Determination of clove chemical analysis 

Cloves were analyzed for moisture, protein, fat, total ash, and fiber using the AOAC, 

(2012) method. Carbohydrates were calculated by difference. The vitamin and mineral contents 

(vitamin E, calcium, zinc, and iron) were determined according to  AOAC, (2015). Using the 

Folin–Ciocalteu micro-method, the total phenolic content, represented as gallic acid equivalent 
(GAE), was determined Saeedeh and Asna, (2007). According to the method of Ordon et al. 

(2006), the total flavonoid content expressed as quercetin equivalent (QE) was determined. 

 Determination of the total antioxidant activity by DPPH 

The method described by Katalinic et al., (2006) was used to measure the DPPH (2,2- 

Diphenyl-1-picrylhydrazyl). 

Basal diet 

By the AIN-93 diet by Reeves et al., (1993) the basal diet was prepared as follow: 
protein (10%), corn oil (10%), vitamin mix (1%), mineral mix (4%), choline chloride (0.2%), 

methionine (0.3%), cellulose (5%), and the remaining corn starch (69.5%). The preparation of 

the salt and vitamin mixture followed Drury and Wallington, (1980). 
Experimental design 

Five groups of 30 male albino rats were created (6 rats of each). The first negative group 

and the second positive group were given a basal diet, while groups 3, 4, and 5  were given CE 

at doses of 50, 100, and 200 mL/Kg/b.wt, respectively, according to Magaji et al., (2007).  The 
rats were given unrestricted access to water and fasted for 24 hours on day 30 of the 

experiment.  

Induction of gastric ulcer 

To induce gastric ulcers, the rats in groups 2, 3, 4, and 5 were given a single oral dose of 

ethyl alcohol at a rate of 10 mL/kg/b.wt for 2 hours Huang et al., 2014). As in group 1 ( 

negative control), rats were given one oral dose of saline (0.9%, w/v). 
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Normal group                                             Positive group 

 
Rats pretreated with 50 mL CE                    Rats pretreated with 100 mL CE 

 
Rats pretreated with 200 mL CE 

Photo 1: The changes in rats with ethanol-induced gastric ulcer on the last day of the trial, after CE 

pretreatment 

Collection of gastric secretions and ulcer index determination  

Rats were anesthetized with diethyl ether and given ethyl alcohol for two hours. They 
were then sacrificed, and their stomachs were ligated around the pyloric and cardiac openings. 

After injecting 4 mL of distilled water into the stomach, the gastric juice was collected in a 

sterile tube. The juice was centrifuged at 500 rpm for 5 minutes to estimate gastric secretion 
parameters, including volume (mL) and total acidity. The stomachs were examined for ulcers. 

The severity of ulceration was assessed using the ulcer score, which is calculated by dividing 

the total number of ulcers in each group by the number of rats in that group Robert et al., 

(1968). According to Khanavi et al., (2012), the ulcer score was multiplied by 100 to determine 
the ulcer index. The curative ratio was determined for each treated group, following the 

procedure outlined by Akhtar and Ahmad, (1995), using the following equation: 

Curative ratio (CR) = (LC-LT/LC) x100 
LC: The length of the ulcer in the control positive group 

LT: The length of the ulcer in the treated group 
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Determination of the volume, pH value, and total acidity of the gastric juice   

The gastric juice volume was measured using a graduated cylinder following the 
procedure detailed by Anandan et al., (2004). Debnath et al., (1974) method was used to 

determine the pH value. Using the method outlined by Anson, (1938), the total acidity of 

gastric juice was measured by titrating 1 mL of gastric juice in 10 mL of distilled water with 

0.01 N NaOH and using 2 drops of phenolphthalein as an indicator. The following equation was 
used to determine the percentage of decrease in total acidity of the gastric juice of the treated 

group compared to the positive control group:  

Percentage of the decrease = (TAC-TAT/TAC) x 100 
TAC =Total acidity of gastric juice of the positive control group 

TAT =Total acidity of the gastric juice of the treated group 

Following the procedure outlined by Agrawal et al., (2000), the following equation was 

used to determine the percentage of decrease in volume of the gastric juice of the treated groups 
compared to the positive control group: 

Percentage of the decrease = (VJC-VJT/VJC) x 100 

VJC = volume of gastric juice of the positive control group 
VJT = volume of gastric juice of the treated group 

Biochemical Analysis 

Glutathione peroxidase (GPx), Glutathione (GSH), superoxide dismutase (SOD), 

malondialdehyde (MDA), and catalase (CAT) were assayed by Jentezch et al., (1996), Jollow 

et al., (1974), Habig et al., (1974), Hu, (1994), and Erel, (2004), respectively. Serum total 

antioxidant capacity (TAC) was determined colorimetrically according to Koracevic et al., 

(2001). Using the Rat TNF-α Immunoassay, R&D system (USA), serum TNF-α (tumor necrosis 

factor-alpha) was analyzed Juhász et al., (2013). Blood hemoglobin was calculated using 
Drabkin's (1949) method. 

Histological examination of the stomach 

Samples of stomach tissue were taken from rats in different groups and preserved for 24 
hours in a 10% phosphate-buffered formaldehyde solution (pH 7.4). After these samples were 

embedded in paraffin, 5 μm-thick sections were sliced and stained with hematoxylin and eosin. 

High-resolution images were obtained using light microscopy according to Carleton, (1980).  

Sensory evaluation of a functional beverage containing clove extract for gastric ulcer 

pretreatment 

Sensory evaluation was performed using a score sheet to detect color, odor, taste, 

texture, and overall acceptability. Organoleptic characteristics were evaluated from 1 to 5 
degrees (1 represents very poor and 5 represents very good general acceptability) according to 

Penfield and Campbell, (1990). The evaluation was carried out on 10 well-trained panelists 

from the Nutrition and Food Science Department, Faculty of Home Economics, Helwan 

University, Egypt, using a score sheet.  
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Ethical approval 

The Institutional Animal Care and Use Committee (IACUC) at Menoufia University in 
Sheibin El-Kom, Egypt, approved all experimental and animal care procedures. The IACUC’s 

recommendations for the use and care of laboratory animals were followed in every biological 

experiment (Approval no. MUFHE /F/NFS / 19/25). 

Statistical analysis 

The findings were displayed using the mean ± standard deviation (SD). An analysis of 

variance (ANOVA) was performed on the experimental data using a statistical analysis system 

for a completely randomized design. Duncan's multiple range tests were used to evaluate 
differences between means at the 5% level according to Artimage and Berry, (1987). 

Results and Discussion 

Proximate chemical composition of clove buds (% dry weight basis) 

Table 2 displays the proximate chemical composition of clove buds. The proximate 
analysis of clove buds revealed high carbohydrate content (64.2%), protein (6.94%), fat 

(16.16%), dietary fiber (6.9%), and ash (4.6%) content. These values reflect the rich nutritional 

and functional profile of clove, which contributes to its extensive use in food and traditional 
medicine Banerjee et al., (2020). The high carbohydrate content suggests that clove buds serve 

as a potential energy source and may contain significant amounts of polysaccharides with 

bioactive properties, including antioxidant and prebiotic effects Zhang et al., (2021). Dietary 

fiber enhances gastrointestinal health and may contribute to cholesterol-lowering and glycemic-
regulation effects, which supports its use in managing metabolic disorders Slavin, (2013). The 

notable fat content, primarily composed of essential oils such as eugenol, eugenol acetate, and 

β-caryophyllene, is responsible for the characteristic aroma and exhibits potent antimicrobial, 

anti-inflammatory, and antioxidant activities Cortés-Rojas et al., (2014). These bioactive 
compounds have been linked to therapeutic effects in gastrointestinal and cardiovascular health 

Gülçin, (2011). 

Analysis of clove shows that it is a valuable source of vitamin E (24.68 mg/100 g), 
which is a potent lipid-soluble antioxidant that helps protect cells from oxidative damage and 

supports immune function Traber and Atkinson, (2007). Clove also contains essential 

minerals, such as calcium (Ca: 4.37 mg/100g), which contributes to bone health and muscle 

function. Although the levels of zinc (0.008  mg/100g) and iron (0.05 mg/100g) are relatively 
low, their presence adds to clove’s micronutrient diversity. Iron is vital for Hb formation, 

whereas zinc supports immune response and enzymatic activity. Together, these micronutrients 

enhance the nutritional value of clove, making it a functional ingredient in food systems, 
especially when used for its antioxidant and therapeutic benefits Ravindran et al.,  (2018). 
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Table (2): Proximate chemical composition of clove buds (% dry weight basis) 

Component  Clove 

Carbohydrates (g/100g) 64.2±6.42 

Protein (g/100g) 6.94±0.69 

Fat (g/100g) 16.16±1.5 

Dietary fiber (g/100g) 6.9±0.6 

Ash (g/100g) 4.6±0.42 

Moisture (g/100g) 1.2±0.1 

Vitamin E (mg/100g) 24.68±1.5 

Ca (mg/100g) 4.37±0.29 

Zinc (mg/100g) 0.008±0.001 

Iron (mg/100g) 0.05±0.005 
The mean ± (SD) of three replicates is used to present the findings. 

Bioactive compounds from essential clove oil 

Table 3 presents the chemical composition of clove essential oil, with eugenol as the 
major constituent, accounting for 46.70% of the total oil content. Other prominent compounds 

include β-caryophyllene (33.61%), α-humulene (6.44%), copaene (4.62%), eugenol acetate 

(2.67%), and β-ocimene (0.62%). Minor constituents such as δ-cadinene and 2-heptyl acetate 

were also detected at smaller concentrations. The high concentrations of eugenol and β-
caryophyllene confirm their dominant role in the chemical profile of clove oil. These results are 

in agreement with Kaur et al., (2019), who identified eugenol as the primary bioactive 

compound in clove. However, the concentration of eugenol may vary among studies, possibly 

due to differences in extraction methods. Ćavar Zeljković et al., (2022) emphasized that factors 
such as genetic variation, environmental conditions, and processing techniques can significantly 

affect the essential oil composition. 
Table 3. Bioactive compounds from essential clove oil 

Component  (%) 

Eugenol 46.70 

β-Caryophyllene 33.61 

α-Humulene 6.44 

Copaene 4.62 

Eugenol acetate 2.67 

β-Ocimene 0.62 

δ-Cadinene 0.39 

2-Heptyl acetate 0.33 

Total phenolic content, total flavonoid content, and clove antioxidant activity 

Table 4 shows that the high levels of total phenols (167.5 mg/g) and flavonoids 
(163.75 mg/g) in clove, which reflect its antioxidant and anti-inflammatory activities. The 

DPPH value of 4.73 µg/mL indicates very strong antioxidant activity, as lower IC₅₀ values 

denote higher radical-scavenging efficiency. This supports clove’s traditional and modern use in 
functional foods and natural preservative systems. In terms of the foods with the highest 

polyphenol content, the results showed that clove was the spice with the highest concentration 

of polyphenols and antioxidant compounds Pérez-Jiménez et al., (2010). 
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Table (4): Total phenolic content, total flavonoid content, and clove antioxidant activity 

        Component                                 Clove 

Total phenol (Gallic acid, mg/g) 167.5±12 

Total flavonoid (Quercetin, mg/g) 163.75±5 

Antioxidant activity (DPPH) (%) 4.73±0.24 
Means±SD is used to express values. DPPH: 2,2-Diphenyl-1-picrylhydrazyl. 

Impact of clove extract on the gastric juice analysis in GU rats  

Table 5 shows the impact of clove extract on the gastric juice analysis of GU rats. Rats 
injected with ethyl alcohol had significantly (P≤ 0.05) higher gastric juice volume and total 

acidity and a lower (P≤ 0.05) pH value compared with the negative group. The pH provides 

information about the volume and acidity level of stomach secretions. A reduced hydrogen ion 
concentration in the gastric juice is indicated by a low pH value. It has been linked to the 

pathogenesis of stomach injury and ulcers in animals. Additionally, the increase in acidity and 

decrease in mucin secretion showed altered hydrophobicity and a diminished mucosal 

membrane's capacity to prevent hemorrhagic erosion, which led to tissue damage UHUO et al., 

(2022). On the other hand, pretreatment of rats with CE led to a significant (P≤ 0.05) increase in 

pH value and decrease in gastric juice volume and total acidity compared with the positive 

group. These findings were consistent with El-Metwally et al., (2014), who indicated that the 
treatment with clove produced a significant reduction in gastric juice volume and total acidity. 

Pretreating rats with 200 mL/kg/b.wt CE led to gastric juice volume and pH values similar to 

those of negative rats. Rats pretreated with 100 and 200 mL/kg/b.wt CE did not differ in their 

effect on the pH value. Moreover, pretreatment of rats with 100 and 200 mL/kg/b.wt CE was 
more effective (P≤ 0.05) in reducing gastric juice volume, total acidity, and increasing pH value 

than pretreatment with 50 mL/kg/b.wt CE. The present data showed a significant decrease in 

gastric juice volume and total acidity in rats pretreated with 50, 100, and 200 mL/kg/b.wt CE by 
(45.12, 59.07, and 73.02%) and by (24, 51.4, and 73.7%), respectively.  

Table (5): Impact of clove extract on the gastric juice analysis in GU rats 

 

Variables 

 

Negative 

Control 

GU groups LSD 

Positive 

control 

50 mL 

CE 

100 mL 

CE 

200 mL 

CE 
 

pH Value 2.86
b
±0.4 1.63

c
±0.32 2.8

b
±0.36 3.8

a
±0.36 4.4

a
±0.46 0.67 

Gastric volume 

(mL) 
0.9

d
±0.36 4.3

a
±0.72 2.36

b
±0.3 1.76

bc
±0.25 1.16

cd
±0.25 0.68 

Decrease in 

volume(%) 
____ ____ 45.12 59.07 73.02  

Total acidity 

(meq/L) 
0.46

e
±0.02 3.5

a
±0.1 2.66

b
±0.15 1.7

c
±0.1 0.92

d
±0.01 0.16 

Decrease in total 

acidity(%) 

____ 

 

____ 

 
24 51.4 73.7  

The values are presented as means ±  SD. Means with different letters in the same row indicate significant differences (P≤0.05).      

CE: clove extract, and GU: gastric ulcer. 
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Impact of clove extract on gastric ulceration in GU rats 

Table 6 shows the impact of clove extract on gastric ulceration in GU rats. The GU rats 
had the highest ulcer length,  number,  score, and index compared with the negative group.  

Pretreatment of rats with 50, 100, and 200 mL/kg/b.wt CE led to a decrease in ulcer length, 

number, score, and index and an increase in the curative ratio. The highest reduction in ulcer 

length, number, score, and index, and the highest increase in curative ratio were observed in the 
GU group pretreated with 200 mL/kg/b.wt CE. These enhancements might be due to the high 

total flavonoid and total phenolic compound concentrations in clove extract. For the curative 

ratio, the present data showed a significant increase in rats pretreated with 50, 100, and 200 
mL/kg/b.wt CE by 28.6, 54.5, and 78.6%, respectively. Using 200 mL/kg/b.wt CE increased the 

ulcer healing effect. The antigastric ulcer effect may be due to the high amount of total phenols 

and flavonoids in CE. These results are completely in line with those of UHUO et al., (2022), 

who showed that the extract of clove demonstrated its ability to heal mucosal epithelial cell 
damage, indicating a better ulcer healing capacity. Eugenol from clove has a gastroprotective 

effect by increasing mucus secretion on the stomach mucosal barrier Oliveira  et al., (2014). 
Table (6): Impact of clove extract on gastric ulceration in GU rats 

 

Variables 

 

Negative 

Control 

GU groups LSD 

Positive 

control 

50 mL 

CE 

100 mL 

CE 

200 mL 

CE 
 

Ulcer 

Length(mm) 

____ 

 
5.94

a
±0.75 4.24

b
±0.7 2.7

c
±0.85 1.27

d
±0.25 1.27 

Ulcer 

number 
____ 9

a
±2.64 6.33

ab
±1.53 4.66

bc
±1.15 2.33

cd
±0.58 2.99 

Ulcer score 

(US) 
____ 9 6.33 4.6 2.3  

Ulcer index 

(UI) 
____ 900 633 466 233  

Curative 

ratio (CR)% 
____ ____ 28.6 54.5 78.6  

The values are presented as means ± SD. Means with different letters in the same row indicate significant differences (P≤0.05). CE: 
clove extract, and GU: gastric ulcer. 

Impact of  clove extract on antioxidant enzymes in GU rats  

Table 7 illustrates how various clove extract concentrations affect antioxidant enzyme 

levels in normal and GU rats. The levels of GPX, GSH, SOD, CAT, and TAC were significantly 

(p ≤ 0.05) reduced in the positive group after oral exposure to ethyl alcohol, while MDA had the 
reverse trend compared to the negative group. This might be the effect of oxidative stress on the 

stomach caused by ethyl alcohol exposure. These results were consistent with Hobani et al., 

(2022), who showed that rats with ethanol-induced ulcers had significantly lower levels of GSH 
than normal rats, and their MDA levels were greater. In rats with ethanol-induced ulcers, 

elongated hemorrhagic lesions, submucosal edema, leukocyte infiltration, inflammatory cell 

accumulation, and high ROS production are all associated with the development of severe 

oxidative damage Raish et al., (2021). Inflammation and oxidative stress are interrelated 
phenomena. Increased production of reactive free radicals, which can cause oxidative stress in 

cells, results in the suppression of TAC levels El-Metwally, (2014).  It is interesting to note that 
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pretreatment of clove extract with different concentrations resulted in a significant (P≤0.05) 

increase in GPX, GSH, SOD, CAT, and TAC activity compared to the positive control group. 
The antioxidant activity of clove may be due to the presence of phenolic compounds as thymol, 

eugenol, and eugenol acetate Abukhalil et al., (2021).  Also, Issac et al., (2015) reported that 

clove extract's potential for acting as antioxidants by upregulating the activities of the enzymes 

catalase, glutathione, and superoxide dismutase is linked to its antiulcerogenic impact.  
Additionally, flavonoids can scavenge OH•, O2, and peroxyl radicals and inhibit LPO activity 

Pourlak et al., (2020). The highest increases in GPX, GSH, SOD, CAT, and TAC values were 

observed in rats with gastric ulcers pretreated with 200 ml of CE. On the other hand, MDA was 
significantly (P≤0.05) decreased in GU rats pretreated with 50, 100, and 200 mL/kg/b.wt CE 

compared to the positive group. Moreover, pretreatment of rats with 100 and 200 mL/kg/b.wt 

CE was more effective (P≤ 0.05) in decreasing MDA levels than pretreatment with 50 mL CE.  

From the previous results, clove extract can be considered to protect against oxidative stress in 
gastric ulcers. These results showed that pretreatment with CE protected the gastric mucosa 

against ethanol-induced gastric injury by elevating the levels of GSH, GPX, SOD, CAT, and 

TAC.  Finally, clove ethanolic extract can increase the antioxidant system enzymes and reduce 
oxidative stress Abtahi-Eivari et al., (2021). It has already been shown that eugenol is a highly 

effective antioxidant Nagababu et al., (2010). 
Table (7): Impact of clove extract on antioxidant enzymes in GU rats 

 

Variables 

 

Negative 

Control 

GU groups LSD 

Positive 

control 

50 mL 

CE 

100 mL 

CE 

200 mL 

CE 
 

GPX (mU/mL) 92
a
±3 47.33

d
±6.5 67

c
±4 80

b
±4 86.33

ab
±4.5 9.57 

GSH (mmol/L) 1.9
a
±0.04 0.64

d
±0.07 1.09

c
±0.17 1.54

b
±0.21 1.72

ab
±0.09 0.27 

SOD (U/mL) 190.66
a
±3.51 77.5

e
±9.5 113.5

d
±5.5 140.66

c
±2.51 175

b
±6 12.39 

MDA(nmol/mL) 4.5
c
±0.6 20.2

a
±2.2 11.4

b
±1.1 7.53

c
±1.35 5.83

c
±1.55 3.07 

CAT (U/L) 2.4
a
±0.1 0.87

e
±0.06 1.34

d
±0.07 1.68

c
±0.18 2.02

b
±0.24 0.27 

TAC (mmol/L) 1.56
a
±0.04 0.44

e
±0.12 0.81

d
±0.06 1.15

c
±0.05 1.33

b
±0.05 0.15 

The values are presented as means ± SD. Means with different letters in the same row indicate significant differences (P≤0.05). CE: 

clove extract, GU: gastric ulcer, GPX: Glutathione peroxidase, GSH: glutathione, SOD: superoxide dismutase, MDA: 

malondialdehyde, CAT: catalase, TAC: total antioxidant capacity. 

Impact of clove extract on tumor necrosis factor-alpha and hemoglobin in GU rats  

Data in Table 8 indicated that the exposure to ethyl alcohol led to a significant decrease 

in hemoglobin, while there was a significant increase in serum TNF-α level compared to the 
negative group. Also, such data concur with Hobani et al., (2022), who found that GU rats 

given ethanol significantly increased plasma TNF-α compared with normal rats. TNF-α 

overproduction raises the risk of cancer and stomach ulcers Mitsushige et al., (2007). 

Pretreatment with CE showed a significant increase in hemoglobin, while serum TNF-α levels 
were significantly lower than those of the positive control group. These findings are completely 

in line with those of El-Metwally, (2014), who showed that the treatment groups with clove oil 

showed a significant decrease in TNF-α, while hemoglobin levels were significantly higher than 
in the ulcerated positive group.The highest increase in hemoglobin was observed in gastric ulcer 

rats pretreated with 200 mL/kg/b.wt CE. Maintaining hemoglobin levels is crucial in patients 
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experiencing ulcer bleeding, as significant blood loss can lead to anemia and further 

complications Babiuc et al., (2013). Moreover, it was observed that pretreatment of GU rats 
with 100 and 200 mL/kg/b.wt CE was more effective (P≤ 0.05) in decreasing TNF-α level than 

that pretreated with 50 mL/kg/b.wt CE. These findings were consistent with Magalhães et al., 

(2019), who showed that TNF-α and other inflammatory cytokines were inhibited by eugenol in 

rats. Also, Rusmana et al., (2015) indicated that ethanol extract of clove and eugenol 
demonstrated inhibitory effects on TNF-α production.  

Table (8): Impact of clove extract on tumor necrosis factor-alpha and hemoglobin in GU rats 

 

Variables 

 

Negative 

Control 

GU groups LSD 

Positive 

control 

50 mL 

CE 

100 mL 

CE 

200 mL 

CE 
 

TNF-α 

(pg/mL) 
39

d
±7 107.66

a
±9.5 82.33

b
±1.53 64.33

c
±8.5 53

c
±4 13.82 

HB (g/dl) 18.05
a
±0.65 13.83

e
±0.35 14.9

d
±0.1 15.93

c
±0.35 16.8

b
±0.2 0.73 

The values are presented as means ± SD. Means with different letters in the same row indicate significant differences (P≤0.05). CE: 

clove extract, GU: gastric ulcer, TNF-α: tumor necrosis factor-alpha, and HB: hemoglobin.  

Sensory evaluation of a functional beverage 

The sensory quality attributes of the functional beverage containing clove extract for 

gastric ulcer prevention (color, odor, taste, viscosity, and overall acceptability) are presented in 
Figure 1. The data demonstrated that there were no significant differences (p ≤ 0.05) in 

viscosity between T1, T2, T3, and the control. Viscosity remained consistent across all 

formulations, indicating that the use of banana pulp and oat milk as a base was effective in 

maintaining a desirable mouthfeel. 
However, both T1 and T2 (clove-treated samples) showed significantly higher (p ≤ 0.05) 

scores for color, odor, taste, and overall acceptability compared to the control. Notably, sample 

T1 was the most preferred in terms of color and taste, as well as overall consumer acceptability. 
This may be attributed to the balanced concentration of clove extract, which effectively 

enhanced flavor without overpowering it, and contributed to a more appealing visual 

appearance. 

In addition, sample T3, which contained the highest concentration of clove extract 
(200 mL), also received high scores in all attributes, particularly odor and color. Although its 

taste score was slightly lower than T1, the overall acceptability of T3 remained favorable. This 

could be attributed to the strong aroma and noticeable flavor profile of clove at higher 
concentrations. While these characteristics enhance the functional benefits of the beverage, they 

may slightly reduce palatability for some individuals. 

These findings are consistent with Gülçin, (2011), who reported that clove extract, 

particularly due to its rich content of eugenol and phenolic compounds, significantly improves 
flavor and provides antioxidant and antimicrobial benefits. These compounds may also play a 

role in maintaining sensory quality during storage at 4 °C for 15 days.  
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Fig.1 Sensory evaluation of a functional beverage containing clove extract for gastric ulcer prevention  at 

refrigerator temp (2-6  C). 

Impact of clove extract on the histological examination of stomach tissue in GU rats  

Figure 2 demonstrates how CE affected the histological examination of the stomach 

tissue of both normal and GU rats. Microscopic pictures of H&E-stained rats' stomachs showing 

normal glandular stomach mucosa in the normal group. Rats' stomach from the positive group 
showing a large area of mucosal necrosis (thin black arrow) and ulceration (thick black arrow), 

disorganized glandular structures (curved arrow) associated with marked submucosal edema 

and leukocytic cells infiltration. These findings are completely in line with those of Hobani et 

al., (2022), who showed that leukocyte infiltration, submucosal expansion and edema, severe 

disruption of the lamina epithelialis, and severe stomach mucosal injury were all observed in 

the ulcer control group. 

On the other hand, the pretreated group with 50 mL/kg/b.wt CE in rats' stomach showed 
a smaller area of mucosal necrosis (thin black arrow) and focal ulceration (thick black arrow) 

linked to marked submucosal edema, congestion (red arrow), and leukocytic cell infiltration. 

Also, the rat's stomach from the group pretreated with 100 mL/kg/b.wt CE showed small focal 
areas of mucosal necrosis (thin black arrow) and focal ulceration (thick black arrow) associated 

with marked submucosal edema. Finally, the rat's stomach from the group pretreated with 200 

mL/kg/b.wt CE showed a very small area of mucosal necrosis (thin black arrow) linked to some 

submucosal edema. Low magnification X: 100 bar 100 and high magnification X: 400 bar 50. 
These results were consistent with Hobani et al., (2022), who showed that eugenol 

demonstrated better results for mucosal lesions and some submucosal blood vessel congestion 

in comparison with the ulcer control.   Overall, pretreatment with clove extract reduced gastric 

acid production and protected the stomach mucosa.  
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Normal group                                                                        positive group  

  
 GU rats pretreated with 50 mL CE                                 GU rats pretreated with 100 mL 

CE 

 
 GU rats pretreated with 200 mL CE 

Figure (2): Effect of CE on histological examination of stomach tissue in GU rats 

Conclusion 

This study showed that clove is a source of natural antioxidants that could demonstrate 
significant gastroprotective and anti-inflammatory properties in a rat model of ethanol-induced 

gastric ulcer. Clove extract could protect biomolecules against oxidation and peroxidation and 

demonstrated high free radical scavenging property due to its content of phenolic compounds. 
Furthermore, the developed beverage represents a natural, functional option for gastric ulcer 

prevention, combining antioxidant and mucosal-protective properties with good sensory 

acceptability and simple preparation. 
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Gülçin, İ. (2011): Antioxidant activity of eugenol: A structure–activity relationship study. 
Journal of Medicinal Food. 14 (9): e975-e985.  

Habig, W. H.; Pabst, M.J. and Jackoby, W.B. C. (1974): Glutathione-S-transferases: the first 

enzymatic step in mercapturic acid formation. J. Biol. Chem;249: 7130-7139.   

Hobani, Y.H.; Mohan, S.; Shaheen, E.; Abdelhaleem, A.; Ahmad, M.D.F.; Bhatia, S. and 

Abou-Elhamd, A.S. (2022): Gastroprotective effect of low dose Eugenol in experimental 

rats against ethanol induced toxicity: Involvement of antiinflammatory and antioxidant 

mechanism. Journal of Ethnopharmacology 289-115055. 
doi.org/10.1016/j.jep.2022.115055   

Huang, C.; Chen, Y.; Chuan Wang, D., and Chiu, C. (2014): Cytoprotective Effect of 

American Ginseng in a Rat Ethanol Gastric Ulcer Model. Molecules, 19, 316-326; 

doi:10.3390/molecules19010316.  
Hu, M.L. (1994): Measurement of protein thiol groups and glutathione in plasma. Methods 

Enzymol 233: 380-385. 

https://doi.org/10.1016/j.%20amjmed.2021.09.010
https://doi.org/10.1016/j.%20amjmed.2021.09.010
doi:%2010.5829/idosi.wasj.2014.29.07.13963.
https://doi.org/10.1016/j.jtcme.2019.05.002
/Users/shereef/Downloads/doi.org/10.1016/j.jep.2022.115055
doi:10.3390/molecules19010316


 

- 6666 - 
  2222 أكتهبر –(66مدمدل العدد ) –الرابعالعدد  –الثامنالسجمد 

 مجمة دراسات وبحهث التربية الشهعية
Issac, A.; Gopakumar, G.; Kuttan, R.; Maliakel, B. and Krishnakumar, I.M. (2015): Safety 

and anti-ulcerogenic activity of a novel polyphenol-rich extract of clove buds (Syzygium 
aromaticum L). Food Funct.;6(3):842-52. 

Jabbar, A.A.; Abdullah, F.O.; Abdulrahman, K.K.; Galali, Y. and Sardar, A.S. (2022): GC-

MS Analysis of Bioactive Compounds in Methanolic Extracts of Papaver decaisnei and 

Determination of Its Antioxidants and Anticancer Activities. J. Food Qual, 1405157. 
https://doi.org/10.1155/2022/1405157.  

Jentezch, A. M.; Bachmann, H.; Furst, P. and Biesalski, H. K. (1996): Improved analysis of 

malonaldehyde in human body fluids. Free Radic. Biol. Med. 20: 251- 260. 
Jollow, D. J.; Mitchell, J. R.; Zampaglione, N. and Gillette, J. R. (1974): Bromobenzene-

induced liver necrosis. Protective role of glutathione and evidence for 3,4-bromobenzene 

oxide as the hepatotoxic metabolite. Pharmacology, 11(3), 151–169. 

Juhász, K.; Buzás, K. and Duda, E. (2013): Importance of reverse signaling of the TNF 
superfamily in immune regulation. Expert review of clinical immunology, 9(4), 335-348. 

Jung, J.; Lee, J.H.; Bae, K.H. and Jeong, C.S. (2011): Anti-gastric actions of eugenol and 

cinnamic acid isolated from cinnamon ramulus, Yakugaku Zasshi 131, 1103–1110.  
Katalinic, V.; Milos, M.; Kulisic, T. and Jukic, M. (2006): Screening of 70 medicinal plant 

extracts for antioxidant capacity and total phenols. Food Chemistry. 94(4), 550–557.  

Kaur, K. ; Kaushal, S. ; and Rani, R. (2019): Chemical composition, antioxidant and 

antifungal potential of clove (Syzygium aromaticum) essential oil, its major compound 
and its derivatives. Journal of Essential Oil Bearing Plants, 22(5):1195-1217. 

Khanavi, M.; Ahmadi, R.; Rajabi, A. and Jabbari-Arfaee, S. (2012): Pharmacological and 

Histological Effects of Centaureabruguierana ssp. Belangerana on Indomethacin-Induced 

Peptic Ulcer in Rats,” Journal of Natural Medicines; 66 (2):343-349. 
Kim, S.Y. and Chung, J.W. (2020): Best helicobacter pylori eradication strategy in the era of 

antibiotic resistance, Antibiotics 9 - 436, https://doi.org/10.3390/ antibiotics9080436. 

Koracevic, D.; Koracevic, G.; Djordjevic, V.; Andrejevic, S. and Cosic, V. (2001): Method 
for the measurement of antioxidant activity in human fluids. Journal of Clinical 

Pathology, 54(5), 356-361.  

Kumadoh, D.;  Archer, M.A.; Yeboah, G.N.; Kyene, M.O.; Boakye-Yiadom, M. and Adi- 

Dako, O. (2021): A review on anti-peptic ulcer activities of medicinal plants used in the 
formulation of Enterica, Dyspepsia and NPK 500 capsules, Heliyon 7 (12) (2021), 

https://doi.org/10.1016/j.heliyon.2021.e08465. 

Kuna, L.; Jakab, J.; Smolic, R.; Raguz-Lucic, N.; Vcev, A. and Smolic, M. (2019): Peptic 
ulcer disease: a brief review of conventional therapy and herbal treatment options, J. 

Clin. Med. 8 (2)  179, https://doi.org/10.3390/jcm8020179. 

Lanas, A. and Chan, F.K. (2017): Peptic ulcer disease, Lancet 390 (10094) 613–624, 

https://doi.org/10.1016/S0140-6736(16)32404-7. 
Magaji, R.A.; Okasha, M.A.; Abubakar, M. and Fatihu, M.Y. (2007): Anti-ulcerogenic and 

anti-secretory activity of the n-butanol portion of Syzygium aromaticum in rat. Nig. 

Journ. Pharm. Sci. 6 (2), 119–126. 

https://doi.org/10.1155/2022/1405157
https://doi.org/10.3390/%20antibiotics9080436
https://doi.org/10.1016/j.heliyon.2021.e08465
https://doi.org/10.3390/jcm8020179.
https://doi.org/10.1016/S0140-6736(16)32404-7.
https://doi.org/10.1016/S0140-6736(16)32404-7.


 

- 6662 - 
  2222 أكتهبر –(66مدمدل العدد ) –الرابعالعدد  –الثامنالسجمد 

 مجمة دراسات وبحهث التربية الشهعية
Magalhães, C.B.; Casquilho, N.V.; Machado, M.N.; Riva, D.R.; Travassos, L.H. and Leal-

Cardoso, J.H. (2019): The anti-inflammatory and anti-oxidative actions of eugenol 
improve lipopolysaccharide-induced lung injury. Respir Physiol Neurobiol;259:30-6. 

Mitsushige, S., F.; Takahisa, S.; Naohito, N.; Akiko, X.; Fang and Masayoshi, K. (2007): 

Different effects of polymorphisms of tumor necrosis factor-alpha and interleukin-1 beta 

on development of peptic ulcer and gastric cancer. J. Gastroent. Hepatol., 22(1): 51-59. 
Nagababu, E.; Rifkind, J.M.; Boindala, S. and Nakka, L. (2010): Assessment of Antioxidant 

Activity of Eugenol in Vitro and in Vivo, Free Radicals and Antioxidant Protocols. 

Springer, pp. 165–180.  
Narayanan, M.; Reddy, K.M. and Marsicano, E. (2018): Peptic ulcer disease and 

Helicobacter pylori infection. Mo. Med. 115 (3), 219–224.  

Oliveira, FDA; Andrade, L.N.; De Sousa, ÉBV and De Sousa, D.P. (2014): Anti-Ulcer 

Activity of Essential Oil Constituents. Molecules 19(5):5717-47. 
Ordon, J. D.; Gomez, M. A. and Vattuone, M. I. (2006): Antioxidant activities of Sechium 

edule (Jacq.) Swartz extracts. Food Chem., 97: 452–458.  

Penfield, M. and Campbell, A. (1990): Shortened Cakes. In “Experimental Food Science,” 3rd 
ed. Academic Press, Inc. San Diego, CA., pp. 452-70. 

Pérez-Jiménez, J.; Neveu, V.; Vos, F. and Scalbert, A. (2010): Identification of the 100 richest 

dietary sources of polyphenols: an application of the phenolexplorer database. Eur J Clin 

Nutr 64(Suppl 3): S112–S120.  
Pourlak, T.; Halimi, M.; Pourlak, T.; Maroufi, P.; Ghaderpour, S. and Shokoohi, A. 

(2020): Effect of Extracts of Cloves (Syzygium Aromaticum) on Hepatic Cell Damage 

and Oxidative Stress Caused by Diabetes in Adult Rats. Intern Med Today;26(4):432-447.  

Raish, M.; Shahid, M.; Bin Jardan, Y.A.; Ansari, M.A.; Alkharfy, K.M.; Ahad, A.; 

Abdelrahman, I.A.; Ahmad, A. and Al-Jenoobi, F.I. (2021): Gastroprotective effect of 

sinapic acid on ethanol-induced gastric ulcers in rats: involvement of Nrf2/HO-1 and NF-

κB signaling and antiapoptotic role. Front. Pharmacol. 12, 101.  
Ravindran, P.; Rathinam, T.; Siril, E. and Sankaranarayanan, C. (2018): Studies on the 

phytochemicals of clove and their biological activities. International Journal of 

Advanced Chemistry, 6(2), 41–48. 

Reeves, P.G.; Nielsen, F.H. and Fahey, G.C. (1993): AIN-93 purified diets for laboratory 
rodents: final report of the American Institute of Nutrition ad hoc writing committee on 

the reformulation of the AIN-76A rodent diet. Journal of Nutrition, 123: 1939–1951. 

Robert, A.; Nezamis, J. E. and Philips, J. P. (1968): Effect of prostaglandin E on gastric 
secretion and ulcer formation in the rat. Gastroenterology;55:491-487.  

Rusmana, D.; Elisabeth, M.; Widowati, W.; Fauziah, N. and Maesaroh, M. (2015): 

Inhibition of Inflammatory Agent Production by Ethanol Extract and Eugenol of 

Syzygium aromaticum (L.) Flower Bud (Clove) in LPS-Stimulated Raw 264.7 
Cells.Research Journal of Medicinal Plant 9 (6): 264-274. DOI: 10.3923/rjmp 264.274. 

Saeedeh, A. and Asna, U. (2007): Antioxidant properties of various solvent extracts of 

mulberry (Morus indica L.) leaves. Food Chem., 102: 1233–1240.  

doi:%2010.3923/rjmp%20264.274.


 

- 6661 - 
  2222 أكتهبر –(66مدمدل العدد ) –الرابعالعدد  –الثامنالسجمد 

 مجمة دراسات وبحهث التربية الشهعية
Scherubl, H. (2020): Alcohol use and gastrointestinal cancer risk. Visceral Medicine, 36,175–

181. https://doi.org/10.1159/000507232 
Shah, N, and Prajapati, J.B. (2013): Effect of carbon dioxide on sensory attributes, physico-

chemical parameters, and viability of Probiotic L. helveticus MTCC 5463 in fermented 

milk. Journal of Food Science and Technology 51: 3886-3893.  

Singh, P.K. and Easwari, T.S. (2022): Natural medicines as gastro-protective therapy in the 
treatment of peptic ulcer: a multifaceted approach, Curr. Res. Nutr. Food Science. 18 (6)  

559–573, https://doi.org/10.2174/1573401318666220304150152. 

Slavin, J. L. (2013). Fiber and prebiotics: Mechanisms and health benefits. Nutrients, 5(4), 
1417–1435.  

Sreekumar, S.; Vithayathil, M.; Gaur, P. and Karim, S. (2021): Choledochoduodenal fistula: 

a rare complication of acute peptic ulcer bleeding, BMJ Case Rep. CP 14 (11) e246532, 

https://doi.org/10.1136/bcr-2021-246532. 
Tarnawski,    ِ A.S. and Ahluwalia, A. (2021): The critical role of growth factors in gastric ulcer 

healing: the cellular and molecular mechanisms and potential clinical implications, Cells 

10 - 1964, https://doi.org/10.3390/cells10081964. 
Traber, M. G .and Atkinson, J. (2007): Vitamin E, antioxidant and nothing more. Free 

Radical Biology and Medicine, 43(1), 4–15.  

UHUO, Nnaemeka, E.; MBA; Obinna, J.; UROKO; Ikechukwu, R.; CHIME and 

Ogochukwu, M. (2022): Ameliorative effects of ethanol extract of syzygium aromaticum 
(CLOVE) on indomethacin-induced gastric ulcer in albino rats. Animal Research 

International. 19(1): 4270 – 4280.  

Xie, X.; Ren, K.; Zhou, Z.; Dang, C. and Zhang, H. (2022): The global, regional and national 

burden of peptic ulcer disease from 1990 to 2019: a population-based study, BMC 
Gastroenterol. 22 -58, https://doi.org/10.1186/s12876-022-02130-2. 

Zhang, Y.; Liu, X.; Ruan, J.; He, Y. and Liu, Z. (2021): Structural characterization and 

antioxidant activity of a novel polysaccharide from Syzygium aromaticum (clove). 
International Journal of Biological Macromolecules, 168, 356–364.  

 

 

 
 

 

 
 

 

https://doi.org/10.1159/000507232
https://doi.org/10.2174/1573401318666220304150152
https://doi.org/10.1136/bcr-2021-246532.
https://doi.org/10.3390/cells10081964
https://doi.org/10.1186/s12876-022-02130-2

