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INTRODUCTION: 
Alcohol is the world's third largest risk factor for disease and disability; causing at least 60 types of diseases and contributing 
to 200 others (WHO, 2011). Indeed, alcohol affects almost all organs and systems of the human body (Balhara and Mathure, 
2011). 
 
Ulcerative lesions of gastrointestinal tract are one of the major side effects associated with alcohol consumption mainly due 
to the impairment of gastric defense factors such as mucus secretion and mucosal circulation (Kushima  et al., 2005).  
 
Also, it has been reported that alcohol intake may lead to oxidative damage in several tissues such as liver, brain and stomach 
by increasing the reactive oxygen species (ROS) production and disrupting the prooxidant/ antioxidant balance of cells  (EL-
Segaey et al., 2007; Macit et al., 2012; Al Batran et al., 2013).  
 
There is a variety of commercial drugs available for the treatment of gastric ulcer. However, nowadays, gastric ulcer therapy 
faces many drawbacks because most of currently available drugs in the market show limited efficacy against gastric diseases 
and are often associated with severe side effects (Scoyni et al., 2007; Izzettin et al., 2012). Thus, there is an urgent need 
to identify more effective and safe antiulcer agents. 
 
Proton pump inhibitors (PPIs) like omeprazole are very effective in treatment of various acid-related disorders such as peptic 
ulcer disease, treatment and prevention of gastroduodenal ulcers associated with non-steroidal anti-inflammatory drugs 
(NSAIDs) and management of gastro-oesophageal reflux disease (Holt and Howden, 1991; Izzettin et al., 2012).  
 
These medications irreversibly inhibit the hydrogen potassium ATPase in the gastric parietal cells and thus can reduce acid 
secretion to negligible amounts (Dajani, 2000). Moreover, omeprazole plays a significant role in gastroprotection by acting 
as a potent antioxidant and antiapoptotic molecule (Biswas et al., 2003). 
 
Already a large percentage of world populations rely on medicinal plants to treat a variety of disorders because they are 
cheap, easily accessible and of high nutritional values. Compared with commercial anti-ulcerative drugs, many natural 
products have been traditionally and extensively used to treat gastric ulcer without considerable adverse effects (Mahmood 
et al., 2011; Al Batran et al., 2013; Alsabri et al., 2013).  
 
Cinnamon is one of the most widely used herbal medicines with diverse bioactive effects (Jayaprakasha et al., 2003). 
Cinnamomum cassia is also named as Chinese cinnamon, is the outer skin of an evergreen tall tree, which contains large 
amounts of bioactive molecules (Kwon et al., 2009). Cinnamon belongs to the Lauraceae family, the inner bark of the tree 
has been used in ethno-medicine and flavoring for foods, due to its strongly aromatic, sweet and warm odor, it is among the 
earliest known spices used by humans (Lee and Balick, 2005; Bakkali et al., 2008).  
 

 Abstract: 

It is well known that the drinking of alcohol leads to gastric lesions and many other deleterious effects. This study aimed to investigate the 
probability of using cinnamon aqueous extract (CAE) dissolved in honey versus omeprazole to counteract ethanol-induced gastric ulcer and 
oxidative stress in rats. Thirty five male albino rats were randomly divided into 5 groups and treated orally, 3 times weekly for 30 days. Group1, 
control. Group2, ethanol. Group3, honey-ethanol. Group4, CAE (200mg/kg) in honey-ethanol. Group5, omeprazole (20mg/kg)-ethanol. Ethanol 
caused elevation in serum ALT, AST, urea, creatinine, uric acid, glucose, cholesterol, triglycerides, HDL and VLDL levels with reduction in LDL 
and magnesium levels. Furthermore, Ethanol administration showed elevation of MDA contents and reduction of TAC that were only significant 
in stomach, liver and kidneys tissues. A significant elevation of NO content in gastric tissue was recorded. Ethanol induced oxidative damage 
reflected by histopathological alterations in stomach, liver, kidneys, brain and lungs. Treatment with either CAE dissolved in honey or omeprazole 
one hour after ethanol administration reversed all these effects and nearly returned the integrity of gastric mucosa. In conclusion, CAE dissolved 
in honey can be used safely versus omeprazole to reverse ethanol- induced gastric ulcer and oxidative stress. 
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Cinnamon has been used to treat gastrointestinal complaints (Cao and Anderson, 2011) that could be related to its anti-
inflammatory (Tung et al., 2008), antimicrobial (Carmo et al., 2008) and antioxidant (Morgan et al., 2014) effects. 
 
Ethanol-induced gastric ulcer associated with oxidative stress is a suitable model for investigating the gastroprotective and 
antioxidant effects of herbal medicine compared to model commercial synthetic drugs. Therefore, this study aimed to 
investigate the anti-ulcerative and antioxidant effects of cinnamon aqueous extract (CAE) dissolved in honey versus 
omeprazole against ethanol induced gastric ulcer and oxidative stress in rat model. 
  
MATERIALS AND METHODS 
1. Animals: 
A total of 42 male albino rats weighing 120-150 g. purchased from AL-Zyade Experimental Animals Production Center, Giza, 
Egypt. Animals were housed under standard conditions of temperature (25±2°C), 12 hours light/dark cycle and fed with 
standard chow diet and water ad libitum. Animal rearing and handling guidelines were approved by the Research Ethical 
Committee of the Faculty of Veterinary Medicine, University of Sadat City, Sadat City, Egypt. The rats were maintained for 
one week prior to the start of experiments for acclimatization with avoiding any stress on them. 
 
2. Chemicals: 
Ethanol absolute was purchased from Acmatic Company, Egypt; Omeprazole (40 mg/capsule, Stigmatec Company) and 
honey were purchased from local pharmacy, EL-Sadat City, Egypt. Cinnamon cassia bark was purchased from Harraz 
market, EL-Azhar, Cairo, Egypt. All other chemicals and reagents were of analytical grade and commercially 
available.Diagnostic kits for assaying serum and tissue biochemical analysis were purchased from the Biodiagnostic 
Company, Dokki, Giza, Egypt. 
 
3. Preparation of cinnamon aqueous extract (CAE): 
The Cinnamon cassia aqueous extract (CAE) was prepared from the air dried powdered cinnamon bark according to Azab 
et al. (2011). The aqueous extract was freshly prepared by soaking 10 g of the grinded bark in 100 ml distilled water at 90 
oC for 2 hours. The extract was filtered and the filtrate was then dehydrated in oven at 80 oC overnight. The resulting dark 
reddish brown dry extract was weighed and the dry yield was then calculated. 
 
4. Experimental design and animal grouping: 
4.1. Preliminary experiment: 
For determination of the non lethal ethanol dose that can induce gastric ulcer, seven rats were used as a preliminary 
experimental group. After fasting for 18 hours, rats were orally administered absolute ethanol (5 ml/kg) (Sidahmed et al., 
2013). The majority of intoxicated animals (4 rats) died within an hour after ethanol administration from respiratory 
suppression and asphyxia.  Living rats were sacrificed and stomachs of dead and sacrificed animals were incised along the 
greater curvature and gastric mucosae were macroscopically examined. Severe hemorrhagic streaks or perforations in 
gastric mucosa were recorded (Figure 1). 
 
4.2. Induction of ulcer: 
In this study gastric ulcers were performed by repeated administration of rats with ethanol to simulate alcohol drinkers. Based 
on the preliminary experiment result, the recommended non-lethal ulcerative dose of ethanol was 2.5 ml/kg three times 
weekly 50% at the first 2 weeks then 70% at the last 2 weeks of the experiment for adaptation of animals. All rats were fasted 
for 18 hours every time prior to ethanol oral administration. 
 
4.3. Animals grouping:  
Thirty five male albino rats were randomly divided into 5 equal groups each of 7 rats. Group 1, normal control. Group 2, 
ethanol-induced ulcer untreated group. Group 3, ethanol-induced ulcer treated with honey (cinnamon vehicle). Group 4, 
ethanol-induced ulcer treated with CAE dissolved in honey. Group 5, ethanol-induced ulcer treated with omeprazole. 
 
After ethanol administration by 1 hour, rats were orally administered distilled water, honey, CAE (200mg/kg b.w.) (Azab et 
al., 2011; Morgan et al., 2014) dissolved in honey and omeprazole (20mg/kg b.w.) (Al Batran et al., 2013) dissolved in 
distilled water three times/week for 4 weeks in groups 2, 3, 4 and 5, respectively. 
 
5. Collection and preparation of samples: 
At the last day of the experiment, all rats were anaesthetized and sacrificed one hour after administration of ethanol (group 
2) or other treatment (groups 3, 4, 5) for gross examination of gastric mucosa, biochemical and histopathological 
investigations.  
 
5.1. Gross examination of gastric mucosae: 
Stomach of each rat was incised along the greater curvature, gently rinsed with normal saline and examined for presence of 
different grades of ulcerative lesions compared to those of normal control rats and photographed by digital camera.  
 
5.2 Biochemical analysis: 
Blood sample of each rat was collected without anticoagulant for serum biochemical analysis and specimens of stomach, 
liver, kidneys, brain and lungs of each rat were collected and stored at -20 oC until the preparation of tissue homogenates for 
biochemical investigations. 
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All serum and tissues biochemical estimations were done by following kits instructions but serum LDL-C level and VLDL-C 
were calculated according to the equations of Lee and Nieman (1996) as follows: 

                                  LDL (mg/dl) = TC – HDL – TG/5 
                                  VLDL (mg/dl) = TG/5 

 
5.3. Histopathological examination:  
Specimens of stomach, liver, kidneys, brain and lungs of each rat were fixed in 10% neutral buffered formalin solution for 24 
hours, processed and stained by hematoxylin and eosin (H & E) stain for light microscopical examination according to  
 
Bancroft and Marilyn (2002).  
5.4. Statistical analysis: 
Values were presented as mean ± standard error (SE). Statistical differences were analyzed by one-way ANOVA using SPSS 
(Statistical package for Social Sciences), Version 16 released on 2007. Statistical significance was considered at P < 0.05. 

  
RESULTS 
1. Gross lesions of gastric mucosa: 
Macroscopic investigation revealed that ethanol administration induced extensive visible dark red to black hemorrhagic 
streaks, erosion, ulcers with congestion of gastric mucosa compared to normal control ones. Rats administered ethanol and 
treated with honey showed moderate injuries as sever congested mucosa with petechation and hemorrhagic streaks, CAE 
dissolved in honey-treated rats showed nearly normal mucosa except presence of slight congestion, however omeprazole-
treated rats showed mild injuries as slight congestion or petechation compared to ethanol induced ulcer (group 2) (Figure 
2). 
 
2. Effect on serum and tissue biochemical parameters: 
Compared to normal control group, ethanol administration induced some biochemical alterations represented by significant 
elevation in serum ALT, AST, urea, creatinine, uric acid, glucose and HDL levels while it was insignificant elevation in 
cholesterol, triglycerides and VLDL levels. Furthermore, ethanol administration resulted in reduction in serum LDL and 
magnesium levels which was only significant in the later. Honey treated group showed significant reduction of creatinine, uric 
acid, HDL and Mg levels compared to ethanol group (Table 1). Treated groups with either CAE dissolved in honey or 
omeprazole one hour after ethanol administration showed ameliorative effects of all the above parameters compared to 
ethanol intoxicated group and retained most of the altered parameters within the normal levels. 
 
As shown in Table 2, ethanol administration induced significant reduction of gastric NO level compared to normal control 
rats. However treatment with CAE dissolved in honey or omeprazole showed insignificant increase.   
 
Moreover, ethanol administration showed elevation of MDA contents associated with reduction of TAC that were significant 
in stomach, liver and kidneys tissue homogenates and were insignificant in brain and lungs tissue homogenates compared 
to normal control group. CAE dissolved in honey- or omeprazole- treated groups showed ameliorative antioxidant effects. 
Honey treated group showed significant antioxidant effects in liver and kidney MDA contents and TAC compared to ethanol 
group (Tables 2). 

 
3. Histopathological findings: 
Ethanol administration at dose 2.5 ml/kg, 50% at the first 2 weeks and 70% for the last 2 weeks of the experiment induced 
histo-pathological changes in gastric mucosa (Figure 3), liver (Figure 4), kidney (Figure 5), brain (Figure 6) and lungs 
(Figure 7) of exposed rats. However treatment by honey, CAE- dissolved in honey, omeprazole ameliorated these alterations 
with variable degrees. 
 
DISCUSSION 
The ethanol model is widely used to simulate and evaluate the hazard effects of alcohol drinking. Gastric ulcerative lesions 
and oxidative damages of various tissues are the major side effects associated with alcohol consumption (El-Segaey et al., 
2007; Macit et al., 2012; Al Batran et al., 2013). The treatment of ethanol hazard effects is targeted at either counteracting 
aggressive factors or enhancing defense mechanisms.  
 
Anti-secretory drugs like proton pump inhibitors (PPIs) are currently considered as the most acceptable drugs for ulcer 
treatment but they are expensive and associated with adverse effects and ulcer recurrence. Recently, efforts seek for suitable 
natural alternative treatments. Various spices and plant extracts were evaluated by various researchers for their anti-
ulcerative and antioxidant effects (Al Batran et al., 2013; Morgan et al., 2014). 
 
In this study, the comparative anti-ulcerative and antioxidant effects of CAE dissolved in honey versus omeprazole were 
evaluated on ethanol-induced ulcer and oxidative stress model in rats.  
 
Since ethanol is found to penetrate easily and rapidly the gastric mucosa. This subsequently increases mucosal permeability 
together with the release of vasoactive products, which result in gastric lesions and gastric ulcer induction (Szabo and 
Brown, 1987; Raju et al., 2009) that approved the recorded gross and microscopic gastric lesions in the present study and 
previous studies (Alsabri et al., 2013; Al Batran et al., 2013; Sidahmed et al., 2013). 
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Alcohol drinking is considered as one of risk factors for the onset and development of diabetes, arteriosclerosis, liver and 
brain damages (El-Segaey et al., 2007; Kao et al., 2001; Macit et al., 2012) as well as oxidative stress (Sidahmed et al., 
2013).  
 
In the present study ethanol administration resulted in many serum and tissues biochemical alterations as well as 
histopathological changes in the examined tissues. 
 
The hepatotoxic effect of ethanol was previously recorded (El-segaey et al., 2007) and proved by elevation in serum ALT, 
AST activities, and hepatic MDA content with reduction in TAC and supported by histopathological alterations in the liver 
tissues. The elevated hepatic enzyme activities and oxidant/antioxidant disturbances prove sever cellular damage and tissue 
necrosis (Naik and Panda, 2008).  
 
The acute or short-term ethanol intake seems to result in hyperglycemia, probably due to decrease in glucose uptake 
(Pennington et al., 1995) and reduction of insulin mediated glucose utilization (Onishi et al., 2003) that support the recorded 
hyperglycemia of ethanol- intoxicated rats.  
 
The hyperlipidemic effect of ethanol that represented by elevation of serum TC, TG, VLDL levels with significant increase in 
HDL and insignificant reduction in LDL levels was recorded after ethanol administration. Nearly similar results were previously 
elicited (Králová Lesná et al., 2008).  
 
Alcohol facilitates esterification of the accumulated fatty acids to triglycerides, phospholipids and cholesterol esters that 
accumulate in the liver and hence disposed in part as serum lipoprotein, resulting in moderate hyperlipemia. Also, inhibition 
of the catabolism of cholesterol to bile salt may contribute to the hepatic accumulation and hypercholesterolemia (Baraona 
and Lieber, 1979).  
 
The increase in the concentrations of glucose, TC, TG, VLDL levels of ethanol intoxicated rats may reflect the impairment of 
liver function, particularly on carbohydrates and lipid metabolism. However, the elevation of HDL level referred to the increase 
in transport rates of ApoA I and ApoA II by alcohol consumption (Tam, 1992; Dashti et al., 1996). 
 
It is proved that hyperglycemia may also result in kidney damage and renal dysfunction with marked increase in serum urea, 
creatinine and uric acid (El-Yamani, 2011) that approved the observed nephrotoxic effect of ethanol similarly elicited in 
previous publication (Brzóska et al., 2003). 
 
The recorded hypomagnesemia following ethanol administration could be attributed to its ulcerative (Raju et al., 2009) or 
nephrotoxic (Brzóska et al., 2003) effects that may result in mal-absorption and increase urinary excretion, respectively. 
Histopathological changes in gastric mucosa and kidney were related to the obtained results. 
 
Nitric oxide has an important role in GIT mucosal defense and the pathogenesis of mucosal injury (Wallace and Miller, 
2000). The reduction in gastric NO level of ethanol intoxicated rats was previously recorded by (Sidahmed et al., 2013). 
Suppression of NO synthesis renders the gastric mucosa more susceptible to injury. Gastroprotective effect of NO may be 
due to its ability to inhibit gastric acid secretion by suppression of histamine release (Kato et al., 1998; Freitase et al., 2004). 
This could illustrate the recorded gross and pathological gastric injury. 
 
Some studies have revealed that reactive oxygen species (ROS) and lipid peroxidation are implicated in the pathogenesis of 
ethanol induced gastric lesions and oxidative damages (El-Segaey et al., 2007; Macit et al., 2012; Al Batran et al., 2013). 
Ethanol is extensively metabolized in the liver by microsomal oxidizing system produces potentially harmful toxic metabolites 
mainly superoxide anion and free hydroperoxy radicals (Mahmood et al., 2011). Accumulation of ROS and the inability of 
the antioxidant system to overwhelm them lead to disturbance in cell integrity (Kurosem et al., 1997).  
 
Our results as well as previous studies (El-Segaey et al., 2007; Macit et al., 2012; Al Batran et al., 2013; Sidahmed et al., 
2013) confirm the oxidative properties of ethanol which approved by increase in MDA and reduction in endogenous 
antioxidants of the examined tissues that could be attributed to the ability of ethanol to induced tissue injury by increasing 
ROS and by enhancing LPO resulting in MDA production (Rozza et al., 2011; Sidahmed et al., 2013). Subsequently, ROS 
impair and exhaust the body antioxidant defense systems (Alirezaei et al., 2011) which play an important protective role 
against ethanol-induced cell injuries (Mutoh et al., 1990). 
 
Treatment with CAE dissolved in honey ameliorates all the altered serum and tissue biochemical parameters and nearly 
restore it to the normal control levels with improvement of the observed gross and histopathological lesions indicating the 
gastro-, hepato- and nephro-protective, hypoglycemic and hypolipidimic effects of CAE (El-Yamani, 2011; Ali, 2012) that 
could be attributed to its antioxidant property (Morgan et al., 2014) and its content of flavonoids (Eidi et al., 2012).  
 
Flavonoids exert antiulcerative and antioxidant properties (Eidi et al., 2012; Alsabri et al., 2013). It is suggested that, these 
active compounds would be able to stimulate mucus secretions and mucosal glycoproteins, decrease acid output and 
counteract with the distorting effects of ROS in gastrointestinal lumen (Prabha et al., 2009; Mani Senthil Kumar et al., 
2012). 

http://www.ncbi.nlm.nih.gov/pubmed?term=Baraona%20E%5BAuthor%5D&cauthor=true&cauthor_uid=87483
http://www.ncbi.nlm.nih.gov/pubmed?term=Baraona%20E%5BAuthor%5D&cauthor=true&cauthor_uid=87483
http://www.ncbi.nlm.nih.gov/pubmed?term=Lieber%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=87483
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To a lesser extent, treatment with omeprazole ameliorates ulcerative and oxidant effect of ethanol. Since PPIs are known to 
induce hypergastrinemia (Koop et al., 1990), PPIs improve diabetes by activation of pancreatic beta cells, possibly through 
a gastrin-mediated mechanism (Mefford et al., 2012). Moreover, Biswas et al. (2003) recorded that omeprazole possess 
antioxidant property by scavenging hydroxyl radical (·OH) that describe its antiulcerative and ameliorative effects. 

 
CONCLUSION 
From the obtained data of the present study we concluded that treatment with either CAE dissolved in honey or omeprazole 
one hour after ethanol administration reverse its hazard effects. The potent and prominent ameliorative effects were noticed 
at treatment with CAE dissolved in honey. So we recommend by using CAE dissolved in honey as a safe natural antiulcerative 
and antioxidant remedy.\ 
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