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Summary 
 
 

In the present study, the antiulcerogenic activity of defatted 
ethanol extract of Areca catechu was investigated. Ethanol 
treatment significantly increased the levels of gastric mucosal 
malondialdehyde (MDA, an index of lipid peroxidation), nitric 
oxide (NO) and increase in the activities of myeloperoxidase 
(MPx, an index neutrophil infiltration) and xanthine oxidase 
(XO) enzymes. Pretreatment with A. catechu in the doses of 
250mg/kg and 500mg/kg body weight, prevented the formation 
of gastric mucosal MDA, NO contents and activities of MPx and 
XO. Ethanol induction also showed a significant reduction of the 
gastric mucosal glutathione (GSH), sialic acid and deoxyribo 
nucleic acid (DNA) levels. The pretreatment with A. catechu 
maintained the levels similar to normal control level. Based on 
these data, the protective effects of both 250mg/kg and 
500mg/kg doses of A. catechu on ethanol induced gastric 
mucosal injury may be attributed to its antioxidant effect. 
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Introduction 
 
 
Ethanol induced gastric lesion is accompanied with formation of free radicals and 
reactive oxygen species (ROS) [1]. These radicals particularly seemed to play an 
important role in ulcerative and erosive lesions of the gastrointestinal tract as they 
attack and damage many biological molecules [2]. The stomach and upper 
gastrointestinal tract are the main sites of ethanol metabolism. Acute ethanol induction 
increases the oxidative stress, deoxyribo nucleic acid (DNA) damage; increased 
xanthine oxidase activity and malondialdehyde levels and decreased total glutathione 
(GSH) content in gastric mucosal cells [3]. Increase in the xanthine oxidase (XO) 
activity subsequently initiates the pro-inflammatory mediators from endothelium [4,5]. 
These mediators then activate neutrophils and accumulation of activated neutrophils in 
the gastric mucosa may be a source of free radicals [6]. Myeloperoxidase, an important 
enzyme of neutrophils, those activities in gastric mucosa is an indicator of infiltration 
of neutrophils into mucosa [7]. Nitric oxide (NO) is a crucial mediator of 
gastrointestinal mucosal defense but, paradoxically, it also contributes to mucosal 
damage [5].  NO, a uniquely diffusible messenger molecule, participates in many 
physiological and patho- physiological processes in the gastrointestinal tract. 
 
 
Also it is generally accepted that gastric ulcer results from an imbalance between 
aggressive factors and the maintenance of the mucosal integrity through the 
endogenous defense mechanism [8]. Despite the development of anti-secretary 
antiulcer drugs, scientist are still in search for a drug having antiulcer and antioxidant 
properties to control the incidence of gastric ulceration in humans with no or minimum 
toxicity. Absolute ethanol method of inducing gastric lesions is rapid and convenient 
way of screening plant extracts for a direct cytoprotective effect on the gastric mucosa.  
 
 
The Areca nut palm (Areca catechu L.) belongs to the family Palmceae, which is a 
commercial crop cultivated as a source of masticatory nut popularly known as A. 
catechu or betel nut or supari. Vagbhata (4th century AD) described its medicinal 
properties and its effective use against leucoderma, leprosy, cough, fits, worms, anemia 
and obesity. The powered nuts are used in diarrhea and urinary disorders [9]. A. 
catechu is considered useful as an external application on ulcer and in skin disorders. A. 
catechu is anti helminthes and used in veterinary medicine as a vermifuge. A paste of 
dry A. catechu powder is used as dentifrice. 
 
 
The major biochemical components of A. catechu are polyphenol (20%), fat (15%), 
starch (20%) and alkaloids (0.5%). A. catechu showed potent antioxidative activity 
[10], inhibition of free radicals [11], reactive oxygen species [12] and anti-
hyaluronidase activity [13]. A. catechu extracts relaxed aortic ring preparations of 
isolated rat aorta [14]. An antidepressant property via monoamine oxidase (MAO)-A 
inhibition has also been suggested for the dichloromethane fraction from A. catechu 
[15].  
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The polyphenols, mostly flavonols, include about 10 per cent of (+) catechin, 2.5 per 
cent epicatechin, 12 per cent of (+) leucocyanidin, the remaining portion being complex 
flavonoids in varying degrees of polymerization [16]. A series of dimeric, trimeric, and 
tetramertic procyanidins has been isolated from seeds of A. catechu [17].  
 
A. catechu hydrolysable tannins which include tannic acid, showed antibacterial 
properties on growth of salivary and selected oral microorganisms [18]. A. catechu 
extracts exhibited strong inhibitory activities against pancreatic cholesterol esterase 
(pCEase), decrease in absorption of cholesterol oleate [19] and intestinal free 
cholesterol [20]. The arecoline in A. catechu showed hypoglycemic activity [21]. The 
crude A. catechu extract and polyphenols promoted wound healing in incision and dead 
space wound [22]. A. catechu possessed anti-H. Pylori effects [23]. The aim of this 
study was to investigate the protective effects of a defatted ethanol extract obtained 
from A. catechu on ethanol induced gastric ulcer in rats. 
 
 

Methods 
 
 

Preparation of Plant Extract 
The mature seeds of 9-10 months old Areca catechu were collected from Central 
Plantation Crops Research Institute, Vittal, Karnataka during December 2005 and made 
coarse powder and refluxed using 70% ethyl alcohol in a soxhlet apparatus for 12 
hours. The residue of ethanol extract was defatted using petroleum ether (a yield of 
7%). The defatted ethanol extract was used for further studies. 
 
 
Animals and Experimental Design  
Albino Wistar female rats (150-200 g) were fed with a standard diet and water ad 
libitum. Group1 animals were intragastrically administered each with 5mL of saline/kg. 
Group 2 animals were intragastrically administered each with 5mL of absolute ethanol 
(5 ml/ kg) by gastric intubations. Group 3 rats were intragastrically administered each 
with 250 mg /kg body weight of A. catechu extract. Group 4 rats were intragastrically 
administered each with 500 mg/kg body weight of A. catechu extract. Animal 
experiments were carried out following the guidelines of the animal ethics committee 
of the institute. 
 
 
Induction of gastric ulcer or lesions  
The defatted ethanolic extract were dissolved in water and 250mg, 500mg of the water 
extract were given intragastrically 30minutes before administration of 5ml/kg of 
ethanol. After 60minutes animals were killed under anesthesia and stomach were 
removed, opened along curvature and rinsed with saline. The mucosa was weighed and 
homogenized and used for biochemical analysis.  
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Biochemical analysis 
Lipid peroxidation (LPO) was assessed by the level of its byproduct-malondialdehyde 
(MDA) using 1,1,3,3-tetraethoxypropane as the standard [24]. Nitric Oxide (NO) level 
was estimated by using the method of Sastry et al. [25]. Myeloperoxidase (MPx) 
activity was measured in tissues by a procedure documented by Bradley et al. [26]. 
Xanthine oxidase (XO) activity was measured by the method of Stripe and Della Corte 
[27] in gastric mucosa homogenates. Gastric mucosal glutathione (GSH) was measured 
following the method of Sedlak and Lindsay [28]. Sialic acid was estimated following 
the method described by Warren [29]. The method described by Bregman [30] was 
used to determine the levels of nucleic acids.  
 
 
Statistical analysis of data 
Values are mean + SD for rats in the each and statistical significant difference between 
mean values were determined by one way analysis of variance (ANOVA) followed by 
Turkey's test for multiple comparison values of P <0.05 were considered to be 
significant. 
 
 

Results 
 
 

Table 1 shows the increased levels of malondialdehyde and nitric oxide and the 
increased activities of myeloperoxidase and xanthine oxidase in gastric mucosa of 
ethanol induced rats. Pretreatment with A. catechu extract at 250mg and 500mg doses 
reduced the levels of MDA and NO and decreased the activities of MPx and XO 
enzymes. 
 
 
Table 1. Effect of A. catechu on gastric mucosal malondialdehyde (MDA), nitric oxide 
(NO), xanthione oxidase (XO) and myeloperoxidase (MPO). 
      MDA         NO       MPx         XO 
Control  8.03 ± 0.48 2.14 ± 0.15   4.81 ± 0.25   0.59 ± 0.04 
Ethanol                         11.12 ± 0.52a* 2.96 ± 0.14a*   8.56 ± 0.32a*   0.82 ± 0.07a* 
A. catechu (250 mg/kg)  5.67 ± 0.47b* 2.10 ± 0.13b*   3.25 ± 0.28b*   0.65 ± 0.07b* 
A. catechu (500 mg/kg)  6.27 ± 042b* 2.17 ± 0.17b*   3.21 ± 0.22b*    0.54 ± 0.03b* 
 
Each value is expressed as mean ± SD for six rats in each group. Units: MDA-nmol/g 
tissue; NO-nmol/g tissue; MPx-µmol/min/mg tissue and XO-µg of uric acid 
formed/min/mg tissue. Superscript letters represent p<0.05 (Tukey’s test). aAs 
compared with control, bAs compared with Ethanol. *p<0.001. 
 
 
The contents of reduced glutathione, sialic acid and DNA were found to be 
significantly decreased in ethanol induced gastric ulcer. Pretreatment with A. catechu 
extract at 250mg and 500mg doses, prevented the ethanol induced decrease in gastric 
mucosal GSH, sialic acid and DNA contents (Table 2).  
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Table 2. Effect of A. catechu on gastric mucosal gulthathione (GSH), sialic acid and 
DNA. 
 
         GSH                  Sialic Acid   DNA         
Control   3.96 ± 0.22         5.45 ± 0.24   0.78 ± 0.03  
Ethanol   2.02 ± 0.17 a*         3.82 ± 0.26 a*   0.54 ± 0.04 a*  
A. catechu (250 mg/kg) 3.69 ± 0.19 b*         5.19 ± 0.31 b*   0.71 ± 0.03 b*  
A. catechu (500 mg/kg) 4.14 ± 0.18 b*         5.89 ± 0.28 b*   0.74 ± 0.05 b*  
 
Each value is expressed as mean ± SD for six rats in each group. Units: GSH-nmol/mg 
tissue; sialic acid-mg/g tissue and DNA-mg/g tissue. Superscript letters represent 
p<0.05 (Tukey’s test). aAs compared with control, bAs compared with Ethanol. 
*p<0.001. 
 
 

Discussion 
 
 
Ethanol-induced gastric injury is associated with the significant production of free 
radicals [31] leading to increased lipid peroxidation, which causes damage to cell and 
cell membranes [32]. In the present study the level of MDA was significantly increased 
in ethanol induced gastric mucosal injury. Pretreatment with A. catechu extract 
attenuated ethanol-induced gastric mucosal injury, and significantly inhibited the 
gastric mucosal malondialdehyde level, which is an index of lipid peroxidation. The 
reduced level of MDA suggested the antioxidative activity of A. catechu extract mainly 
through the presence of flavonoids and procyanidins [11]. Many reports have 
demonstrated that most injury of gastric mucosa can be reduced by pretreatment with 
scavengers of reactive oxygen species [32]. Plant flavonoids and procyanidins have 
been shown to scavenge radicals in a dose dependent manner and therefore are viewed 
as promising therapeutic drugs for free radical pathologies [33].  
 
 
Nitric oxide reacts with free radicals, thereby producing the highly damaging 
peroxynitrite. In this present study, the nitric oxide content was significantly increased 
in ethanol induced ulcer rats. Pretreatment with A. catechu extract decreased the nitric 
oxide levels by its active compounds such as catechin, polyphenols that might have 
directly involved in scavenging NO radicals. Similar results were obtained with silibin  
[24] and quercetin [34]. The inhibition on NO during pretreatment with A. catechu 
extract showed its protective activity against NO radical, signifying the presence of 
flavonoidal compounds. 
 
 
Activated neutrophils produce many enzymes and free radicals that damage the gastric 
mucosa, neutrophil is considered as an aggressive factor in ulcer formation [35]. MPx 
is an essential enzyme for normal neutrophil function, released into extracellular fluid 
as a response to various stimulatory substances. MPx activity is considered as an index 
for the evaluation of neutrophil infiltration. In the present study, the elevated activity of 
MPx in the gastric mucosa indicates oxidative injury induced by ethanol involves the 
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contribution of neturophil accumulation. Pretreatment with A. catechu extract 
significantly inhibited the MPx, which reflects the prevention of neturophil infiltration 
suggesting the protective effect against ethanol-induced ulcer. Inhibition of MPx 
activity by flavonoids results in the impairment of ROS production.  Similar result was 
obtained in earlier studies showed that Cocoa liquor water-soluble polyphenol 
significantly prevented the increase of MPx activity on ethanol induced ulcer rats [36].  
 
 
The production of oxygen free radicals via the xanthine-xanthine oxidase system and 
accumulation of activated neutrophils in gastric mucosal may be a source for free 
radicals [37]. Xanthine oxidase-derived superoxide radicals generate H2O2, which 
enters the cell and interacts with non-ferritin iron to produce cytotoxic hydroxyl 
radicals [38]. In the present observations xanthine oxidase activity was increased in 
ethanol group rats which is a source of oxygen free radicals is considered as a major 
factor responsible for gastric mucosal damage. Pretreatment with A. catechu showed 
decrease in the xanthine oxidase activity in gastric mucosa. The presence of flavonoids 
and procyanidin in the A. catechu might have elicited preventive action on xanthine 
oxidase in the gastric mucosa of ethanol model. Our finding is in agreement with earlier 
reports in which flavanol rich cocoa liquor has been shown to significantly reduce the 
activities of xanthine oxidase in ethanol-induced oxidative stress [36]. The flavonoids, 
quercetin and silibin, inhibit xanthine oxidase activity, thereby resulting in decreased 
oxidative injury [39].  
 
 
In this present study, the gastric tissue GSH level of the ethanol-administered rats was 
lower than that of the control. Ethanol-induced generation of free radicals reduced the 
GSH synthesis, resulting in the decreased GSH content [40]. Endogenous sulfhydryl 
compounds are important to the maintenance of mucosal integrity in the gastrointestinal 
tract against oxidative stress [41], functioning as nucleophilic scavengers of reactive 
oxygen species.  Ethanol lowers the concentration of non-protein sulphydryl 
specifically glutathione [3]. The depletion of GSH is leads to enhancement of LPO and 
thus increases the susceptibility of gastric mucosa to reactive oxygen species. 
Pretreatment with A. catechu was found to protect the GSH content depletion in gastric 
mucosa. This is in agreement with earlier reports that pretreatment with Ginkgo biloba 
(GbE) that contain flavonoids was inhibited ethanol-induced depletion in the non-
protein -SH concentrations and MDA production [42]. A. catechu aqueous extract and 
polyphenol fraction treated to normal mice group showed an increase in glutathione 
levels supports our findings [43]. It also reported that relatively low concentrations of 
flavonoids stimulated transcription of a critical gene for GSH synthesis in cells [44]. 
Our finding with A. catechu extract also justifies the protective mechanism due to the 
presence of polyphenols.  
 
 
Sialic acid is an important component of mucosal glycoprotein and it increases the 
viscosity of mucus and promotes the defensive mechanism [45]. Sialic acid content is 
known to be decreased in acute gastric ulcers [46]. In our studies, levels of sialic acid 
were found to be significantly reduced in ethanol treated ulcers. The decrease in the 
glycoprotein moieties in the gastric mucosa may be attributed to the decreased activity 
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of defense mechanisms as a result of damage to the gastric mucosa. A. catechu 
pretreatment (250mg/kg and 500 mg/kg) maintained the sialic acid level to near control 
rats. This finding is in good agreement with Jainu and Devi, [47].   
 
 
The DNA content of the tissue provides an estimate of the total number of cells in the 
tissues. In the present study, the decrease in the DNA content of gastric mucosa 
indicates the increased shedding of mucosal cells during ethanol-induced ulcer. 
Pretreatment with A. catechu increased the DNA content in gastric mucosa and 
implicating its effect in increasing mucosal resistance. Our finding is also supported by 
earlier evidence that P. marsupium treated group was found to be increased the DNA 
content in gastric mucosa [48].  
 
 
In conclusion, the pretreatment with A. catechu significantly prevented the free radical 
induced damages and maintained the contents of GSH, DNA and sialic acid to near 
normalcy. The preventive activity of A. catechu extract against ethanol induced gastric 
mucosal ulcer might have been ascribed to the presence of phenolic compounds such as 
proanthocyanidins, polyphenolic compounds such as catechin and epictechin that have 
shown to exert direct antioxidant action on ethanol induced gastric ulcer. Thus the 
present finding suggested that the anti-ulcerogenic activity of A. catechu through its 
antioxidative mechanism. 
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