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Abstract: Objective: In order to study the gastroprotective effect of Aegle marmelos extract 

(AM), this study was undertaken on aspirin-induced ulcerogenesis in cannulated free-moving 

rats. Background: Most of the non-steroidal anti-inflammatory drugs (NSAIDs) including 

aspirin (ASP) cause gastric ulcer. The efficacy of several plants for the treatment of 

gastroduodenal disease is confirmed by clinical research, while basic scientific research helps 

us to uncover the mechanisms by which these plants exert their therapeutic effects. Method: 

To assess the possible antiulcer effect of AM, lesion index, gastric secretions glycoprotein 

levels and mucosal histopathology were determined in ASP induced gastric mucosal injury in 

cannulated free-moving rats. Results: Pretreatment with AM significantly prevented the 

development of gastric mucosal lesion and decreased the gastric toxicity produced by 

ulcerogen. In addition, ulcerated rats showed depletion of gastric wall mucus, glycoproteins 

and enhanced gastric acid secretion whereas treatment with AM prevented these ASP induced 

responses in cannulated free-moving rats. Histological studies confirmed the results. 

Conclusion: The present finding suggests that AM promotes ulcer protection by the decrease 

in ulcer index, gastric secretions and increase in the glycoprotein level, gastric mucin content 

and maintenance of mucosal epithelium. AM protects the gastric mucosa against ulceration 

by its antisecretory and cytoprotective property. 

Keywords: Antiulcer activity, aspirin, Aegle marmelos extract, histopathology, mucus 

content. 
 

Introduction 

Nonsteroidal anti-inflammatory drugs (NSAIDs) represent a category of medications 

that require continuous re-evaluation of their clinical benefits versus risks. NSAIDs 

(aspirin, indomethacin, etc) are among the most frequently used drugs in the world 

because of their strong analgesic, anti-inflammatory, and antipyretic properties [1]. 

Aspirin (ASP), one of the most widely used NSAIDs, damages gastrointestinal 

mucosa by irritant action, causing alterations in mucosal permeability and/or 

suppression of prostaglandin synthesis [2]. Aspirin induced ulcer has been used as a 

model for the evaluation of antiulcerogenic agent [3]. 
 

Clinical research has already confirmed the efficacy of several plants for the 

treatment of gastroduodenal disease, while basic scientific research has uncovered 

the mechanisms by which some plants exert their therapeutic effects [4]. Aegle 

marmelos (L) Correa (AM), commonly known as bael, is one such plant. It belongs 

to the family Rutaceae. It is indigenous to India and is grown throughout the 

subcontinent as well as in Myanmar, Pakistan and Bangladesh.  
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Different parts of the plant (leaves and ripe fruits) have been used in the treatment of 

diarrheas, dysenteries and diabetes mellitus [5-6]. The root bark extract of this plant 

has been reported to be beneficial to cure intermittent fever, mental diseases, 

pericarditis and angina pectoris [7]. Aegle marmelos leaf extracts also have been 

reported to possess antibacterial activity [8]. Aegle marmelos fruit has been reported 

to possess antioxidant activity [9]. Pharmacological studies show presence of 

flavonoids, coumarins, alkaloids, lignan glucosides, triterpenoids, sterols, tannins, 

phlobatannins, flavonoid glycosides, carbohydrates, anthraquinones, lactones etc. 

[10] in Aegle marmelos, most of which have antioxidant and antiulcer activity. The 

common usage, wide acceptability in human beings, and diverse medicinal properties 

attributed to bael fruit stimulated us to investigate the effect of pretreatment with 

aqueous extract of ripe fruit pulp of Aegle marmelos (AM) on acid secretion and 

mucus content in stomach in ASP-induced ulcerogenesis in cannulated rats, which 

might be useful for the treatment of peptic ulcer. 
 

Material and Methods 

Preparation of AM ripe fruit extract: The ripe fruit of Aegle marmelos was 

purchased from the local market. The pulp was taken out from ripe fruit of AM after 

identification and authentication by the Botanical Survey of India, Howrah (No. 

CNH/I-I/239/2008/Tech.II/278). It was then strained through wire-mesh, sun dried 

and powdered in an electric grinder. The crushed powder that was obtained was 

soaked in double distilled water for 24 hours. The extract obtained was filtered 

through Whatman filter paper and vacuum dried at 40-50°C to get a dry powder and 

it was stored at -4°C for further use [11]. 
 

Drugs and chemicals: Hemoglobin was purchased from Sigma,USA. Trichloroacetic 

acid (TCA) was obtained from Ranbaxy Fine Chemicals Ltd., India. All other 

chemicals were obtained from Merck, India. 
 

Animal use and maintenance: Holtzman strain adult albino rats (of either sex) 

weighing 200-250 g were used throughout the experiment. They were maintained 

under standard laboratory conditions (22°-28°C, 60-70% relative humidity, 12 hour 

light/dark cycle) with standard pellet diet (M/s. Hindustan Lever Ltd., India) and 

water ad libitum. Food intake (g/day/rat) and body weights of the rats were recorded 

everyday and maintained throughout the experimental period. The experiments were 

carried out as per the regulation of the Institutional Animal Ethical Committee. 
  

Experimental design and animal grouping: 30 rats were taken for the experiment. 

Before the start of the treatment schedule and experiment, the rats were divided into 

5 different groups having 6 animals in each group. 
 

Group 1: Control group: Rats were treated with double distilled water (2 ml/Kg 

body weight), once daily for 14 consecutive days orally by using an orogastric 

cannula between 10:30 am-11:30 am. 

Group 2: AM group: Rats were treated with aqueous extract of ripe fruit pulp of 

Aegle marmelos at a dose of 250 mg/Kg (standardized in laboratory), once daily for 

14 consecutive days orally by using an orogastric cannula between 10:30 am-11:30 

am.  
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Group 3: ASP group: Aspirin induced ulcerated rats (acute model) which were 

treated with double distilled water (2 ml/Kg body weight), once daily for 14 

consecutive days orally by using an orogastric cannula before giving aspirin. 
 

Group 4: AM + ASP group: Aspirin induced ulcerated rats pretreated with Aegle 

marmelos ripe fruit extracts. 
 

Group 5: RAN + ASP group: Ranitidine (Glaxo India Ltd.) was used as reference 

drug. Animals were treated with ranitidine at a dose of 10 mg/Kg body weight [12] 

for 14 consecutive days before giving aspirin.  
 

Preparation of aspirin induced ulcer model: Rats were fasted for overnight and only 

water was allowed ad libitum. A single dose of aspirin (500 mg/Kg body weight) was 

given [13] orally using orogastric cannula. After 4 hours, rats were sacrificed by an 

overdose of sodium pentothal following overnight fasting. Stomach was cut along the 

greater curvature and dissected longitudinally, stretched on paraffin bed, washed with 

normal saline and distribution of bleeding spots were counted following the method 

of Szabo [14]. 
 

Gastric cannulation for collection of gastric juice from conscious rats: All animals 

were implanted with stainless steel gastric cannula under anesthesia for collecting 

gastric juice from free-moving conscious rats. Gastric secretion in these rats was 

studied following overnight fasting. The animals were placed in plastic restraining 

cages for collection of gastric juice for 1 hour period [15]. 
 

Postoperative care: Following surgery all the animals were carefully maintained 

with all the necessary precautions and aseptic measures to recover from surgical 

stress. Routine antibiotic injection (i. m.) of Benzyl Penicillin (10,000 IU) was given 

in all the animals for three consecutive days after surgery [16].  Particular care was 

taken for feeding until the animals recovered from surgical stress. For the first two 

days, animals were given intraperitoneal injection of dextrose-saline until the animals 

became capable of taking either liquid milk or standard diet. 
 

Collection of Gastric Secretion: After post-operative period of 7 days, the animals 

were placed in restraining cages (No. 51339, Stoelting Co, Chicago) for gastric juice 

collection from conscious rats. Prior to juice collection, stomach was lavaged with 

0.9% saline until the effluent was clear of any food particles. Gastric juice was 

collected for 1 hour in the morning under fasting condition through a sialistic tube 

firmly attached to the gastric cannula. 
 

Biochemical Analysis of Gastric Juice 
1. Gastric juice was collected and volume of gastric juice (ml) and pH was 

determined using digital pH meter. 

2. Acidity: Acidity of gastric juice was measured titrimetrically with 0.01 (N) 

NaOH solutions by using 0.5% Topfer’s reagent and 1% alcoholic 

phenolphthalein as an indicator [17]. 

3. Estimation of mucus content: Dissolved mucosubstances were estimated by 

determining the total carbohydrate (sum of Hexose, Hexosamine, Sialic acid and 

Fucose) and protein in a 5% ethanolic precipitate of gastric juice [18].  
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The total carbohydrate and total protein ratio (TC:TP) has been accepted as a 

reliable index of mucus secretion and mucosal resistance [11, 19]. 0.5 ml gastric 

juice together with 5ml absolute alcohol was centrifuged for 20 mins. The 

precipitate was dissolved in 0.5 ml of 0.01 (N) NaOH. 0.1 ml from this solution 

was taken for the estimation of Total Protein [20] and rest was mixed with 2 ml 

of 6 (N) HCl and boiled for 2 hours and after cooling, 1 drop of phenolphthalein 

was added and titrated against 10 (N) NaOH. Pink colour which was obtained 

disappeared after titration with 6 (N) HCl, and then the total volume was made 

up to 4 ml with distilled water. From this, 1 ml each was taken for the estimation 

of Total Hexose [21], Hexosamine [22], Fucose [23] and Sialic acid [24]. 
 

Ulcer scoring: After termination of the experiment, the animals were sacrificed by an 

overdose of sodium pentothal following overnight fasting. The stomach was cut 

opened along the greater curvature, and ulcer was indexed accordingly [11, 14]. 

After the collection of the tissues, those were rinsed in normal saline and spread over 

paraffin tray and numbers of bleeding spots were examined using a magnifying glass. 

The length of bleeding spots (in mm) was also measured using a scale and scoring of 

ulcer index was done by the following grade for a single animal. 
 

0 = normal, i.e., no pathology 

1 = small ulcer (bleeding spot with 1-2 mm in length) 

2 = medium ulcer (bleeding spot with 3-4 mm in length) 

4 = large ulcer (bleeding spot with 5-6 mm in length) 

8 = larger ulcer (bleeding spot with >6 mm in length) 
 

The sum of the total severity scores in each group of rats divided by the number of 

rats was expressed as the mean ulcer index (MUI). 
  

Determination of Percentage protection (%P) by AM: Percentage protection (%P) 

by aqueous extract of ripe fruit pulp of Aegle marmelos (AM) against peptic 

ulceration was determined [11, 25] using the following formula:  

% P = [(MUIulcer - MUIextract) / MUIulcer] * 100. 
 

Histomorphological studies: To observe significant structural and functional co-

relations, morphological data were required which was obtained by histological 

studies. After termination of experiment, all animals were sacrificed by an overdose 

of sodium pentothal following overnight fasting and immediately stomach of each 

animal was dissected out, washed with normal saline and stored in 4% formalin 

solution for 24 hours. The tissues were then prepared for paraffin sections which 

were cut at 4-5 µm for stomach. Stomach sections were examined using 

haematoxyline and eosin for routine morphological study [26] and to assess 

histomorphological changes due to ulcerogenesis. 
 

Statistical Analysis: All the data were expressed as MEAN ± SEM. The One-Way 

Analysis of Variance (ANOVA) followed by multiple comparison‘t’ test was used 

for statistical analysis. Difference below the probability level 0.05 was considered 

statistically significant. 
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Results 

There was no mortality during the experimental period and food intake was similar in 

all the groups. The following results were obtained: 
 

Effect of AM on Ulcer index: Animals of ASP group showed extensive gastric 

lesions that were confined to the glandular portion of the stomach. In contrast, 

treatment with aqueous extract of ripe fruit pulp of AM orally at a dose of 250 

mg/Kg body weight daily, for 14 consecutive days protected the gastric mucosa from 

ulcer induced by aspirin (NSAIDs) (Table 1). The extract treatment, significantly 

(p<0.001) lowered the ulcer index in stomach (2.67 ± 0.67) of AM + ASP group of 

rats and thereby rendered protection to the stomach from ulcer by 93.09%. Protection 

rendered by ranitidine was 89.65% against ulcer induced by aspirin in RAN + ASP 

group of rats. No significant gastric mucosal lesions were observed in control and 

AM group of rats. 
 

Table-1: Effect of AM on ulcer index in stomach 

Parameters 
Group 1 
(Control) 

Group 2 

(AM) 

Group 3 

(ASP) 

Group 4           

(AM+ASP) 

Group 5  

(RAN+ASP) 

Mean ulcer index No lesion No lesion 38.67±2.74
*
 2.67±0.67

#
 4±0.58

#
 

% P 100 100 - 93.09 89.65 

Values are Mean ± SEM from 6 animals in each group; *p<0.001 when compared to Control group; 
#p<0.001 when compared to ASP group. 

 

Effect of AM on gastric juice (Volume, pH & Total acid output): Pretreatment with 

AM alone for 14 days reduced the volume of gastric juice (significant change, 

p<0.05 as compared to control), acid output and increased the pH of gastric juice as 

compared to control (but the latter changes were not statistically significant). Aspirin 

produced gastric hyperacidity as evidenced by increased acid content of gastric juice 

and decreased pH of gastric juice but volume of gastric juice was reduced 

significantly (p<0.01 as compared to control). However, pretreatment with AM for 

14 days to the AM + ASP group showed significant antiulcer effect and prevented 

gastric hyperacidity by reducing the volume of gastric juice and acid output, and a 

significant increase in pH (Table 2). Ranitidine also showed antiulcer activity by 

reducing gastric acid output.  
 

Table-2: Effect of AM on gastric juice in aspirin induced ulcerogenesis 

Parameters 
Group 1 

(Control) 

Group 2       

(AM) 

Group 3 

(ASP) 

Group 4 

(AM+ASP) 

Group 5 

(RAN+ASP) 

pH 2.13±0.04 2.3±0.10
 

1.65±0.06
*
 2.05±0.08

##
 2.10±0.10

#
 

Volume of 

gastric juice 

(ml) 

1.33±0.04 1.23±0.04
***

 1.17±0.02
**

 1.12±0.03 1.16±0.03 

Total acid 

output (mEq/l) 
37.15±1.69 35.63±1.49 46.00±2.81

**
 35.62±2.54

##
 36.0±2.02

##
 

Values are Mean ± SEM from 6 animals in each group; * p<0.001, **p<0.01, ***p<0.05 as compared 

to Control group; # p<0.001, ## p<0.01 as compared to ASP group. 
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Effect of AM on mucus content of gastric juice: Analysis of gastric secretion after 

administration of aspirin in the rats showed significant reduction in mucus content as 

evidenced by decreased TC:TP ratio (p<0.001) as compared to control) and 

decreased level of individual mucopolysaccharides like Hexose, Hexosamine, Fucose 

and Sialic acid. Pretreatment with aqueous extract of ripe fruit pulp of Aegle 

marmelos at a dose of 250 mg/Kg body weight, for 14 consecutive days per se 

increased the mucus content of gastric juice as compared to the control group but the 

increase was not statistically significantly. Pretreatment with AM to the AM + ASP 

group significantly increased the TC:TP ratio (p<0.001) and enhanced the 

glycoprotein level (Hexose, Hexosamine, Fucose, Sialic acid) and decreased the 

protein level as compared to the ASP group (Table 3). Mucus production in RAN + 

ASP group was also increased as compared to ASP group. 
 

Table-3: Effect of AM on mucus secretion in aspirin induced ulcerogenesis 

Parameters 
Group 1 

(Control) 

Group 2 

(AM) 

Group 3    

(ASP) 

Group 4   

(AM+ASP) 

Group 5               

(RAN+ASP) 

Hexose 

(µg/ml) 

326.18 ± 

17.21 

343.01 ± 

6.17 

199.49 ± 

10.04
*
 

295.38 ± 

14.9
#
 

300.82 ± 

8.97
#
 

Hexosamine 

(µg/ml) 

181.54 ± 

14.08 

185.46 ± 

10.34 

138.89 ± 

10.14
***

 

172.73 ± 

7.8
###

 

174.00 ± 

11.65
###

 

Fucose 

(µg/ml) 

125.12 ± 

11.38 

126.66 ± 

11.01 

59.39 ± 

8.85
*
 

97.73 ± 

10.67
###

 

106.67 ± 

5.96
##

 

Sialic acid 

(µg/ml) 

85.88 ± 

6.05 

89.83 ± 

3.19 

40.05 ± 

2.84
*
 

62.84 ± 

6.15
##

 

72.67 ± 

5.23
#
 

Total 

carbohydrate  

(µg/ml) 

727.05 ± 

7.34 

744.96 ± 

13.06 

437.83 ± 

9.10
*
 

625.40 ± 

26.54
#
 

654.98 ± 

23.64
#
 

Total protein 

(µg/ml) 

347.67 ± 

7.91 

338.89 ± 

4.17 

442.34 ± 

16.33
**

 

343.78 ± 

10.72
##

 

425.64 ± 

14.97 

TC:TP 
2.09 ± 

0.03 

2.19 ± 

0.02 

1.00 ± 

0.05
*
 

1.82 ± 

0.09
#
 

1.54 ± 

0.01
#
 

Values are Mean ± SEM from 6 animals in each group; * p<0.001, **p<0.01, ***p<0.05 as compared to 

Control group; # p<0.001, ## p<0.01, ### p<0.05 as compared to ASP group. 

 

Histomorphological evaluation of Stomach: The general gastric morphology was 

maintained in control and AM treated rats and the presence of normal mucosa in the 

upper region of gastric section was observed (Figures 1A & 1B). The histological 

picture of AM alone treated rats showed normal cytoarchitecture of gastric mucosa 

with no pathological changes. Aspirin induced gastric damage and gastric lesions 

were mainly observed in the glandular portion of the stomach. Disruption of the 

epithelium could be seen after treatment with the chemical agent (Figure 1C). There 

was a reduction of surface mucus coat of the gastric mucosa.  

 



Al Ameen J Med Sci; Volume 5, No.3, 2012                                                               Singh P & Debjani G 

© 2012. Al Ameen Charitable Fund Trust, Bangalore 249 

 

The mucous cells appeared moderately disorganized. Protection against these 

histopathological changes was observed by apparent epithelialization, glandular 

organization, and maintenance of muscularis mucosa in AM + ASP group of rats. 

The stomachs of rats showed a significant reduction in the severity of the lesions and 

the continuity of mucus lining was maintained (Figure 1D). 
 

 
Fig-1: Paraffin sections of gastric mucosa of rat stained by HE: (A) Control. The gross 

histomorphological appearance of the upper gastrointestinal tract is intact. (B) AM. The 

continuity of the gastric mucosal epithelium is maintained. (C) ASP. Gastric lesions are 

mainly observed in the glandular portion of the stomach. The continuity of mucus lining is 

disrupted. (D) AM + ASP. The continuity of mucus lining is maintained. 
 

Discussion 

The present results suggested that pretreatment with AM markedly ameliorated the 

ulcer index, histological and biochemical changes of ASP induced gastric ulceration 

in rats. Synthetic non-steroidal anti-inflammatory drugs, such as aspirin, cause 

mucosal damage by interfering with prostaglandin synthesis, increasing acid 

secretion and back diffusion of H
+
 ions [27].  
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The net imbalance in gastric mucosal offensive and defensive factors is thought to be 

the detrimental factor in ulcerogenesis[28]. Administration of aspirin produces severe 

gastric hemorrhagic erosions and significantly decreases the volume of gastric juice 

because of so called back diffusion of HCl through the broken barrier, inhibition of 

mucosal blood flow and acute inflammation [29-30] that is consistent with the 

present report. The present study shows that the aqueous extract of Aegle marmelos 

possesses gastroprotective activity as evidenced by its significant inhibition of the 

development of ulcers induced by aspirin (chemical agent). AM demonstrated 

significant antiulcer activity by decreasing the ulcer lesions, volume of gastric juice, 

acid output and an increase in pH. The protection in stomach from ulceration was 

found to be about 93.09%, thus revealing the protective role of ripe fruit extract of 

AM against gastric mucosal lesions in aspirin induced ulceration in rats. Treatment 

with AM results in a decline in volume of gastric juice secretion, gastric acid 

secretion and an increase of pH within the gastric luminal milieu indicating its 

antisecretory effect [31].  
 

Early studies in frog [32], rat [33] and mouse [34] show that gastric mucosa is 

responsible for secretion of HCl. This HCl aggravates mucosal lesions by activating 

pepsinogen to pepsin which increases the size of lesions by proteolytic action of 

pepsin leading to back diffusion of acid.  Acid back diffusion also releases histamine 

causing inflammation and additional acid output to cause more damage [35]. 

However, mucosal injury by luminal hydrogen ions (H
+
) occurs when integrity of the 

mucosa is disrupted by other different aggressive factors. This is in coherence with 

our study which shows that administration of aspirin increases the acid output in 

gastric secretion leading to gastric mucosal lesion. Therefore, acid suppression is 

regarded as the main target in most pharmacological treatments designed to prevent 

or heal gastric ulcers [36]. The back-diffusing hydrogen ion is counter-balanced by 

the deposition of de novo synthesized and secreted gastric mucin (mucus 

glycoprotein) within the so-called mucus-buffer layer covering the surface 

epithelium [37-39]. The ability of this layer to effectively retard the back-diffusion of 

hydrogen ion depends on the content of the major components of mucus, such as 

mucin, highly hydrophobic mucin-associated fatty acids, and lipids as well as non-

mucin glycoproteins, prostaglandins, and peptide growth factors [37-38, 40]. This 

viscoelastic mucus layer retains bicarbonate and non- bicarbonate buffers elaborated 

by the mucosa and ad hoc released into the mucus layer [39]. It has been 

demonstrated that ulcerogenic properties of NSAIDs are related to their inhibition of 

prostaglandin synthesis mediated through the COX-1 enzymatic pathway as well as 

to their direct inhibitory impact on production of mucus and its major mucin 

component [38-39, 41]. Our results show that there is increased acid secretion and 

decreased pH following treatment with aspirin, which may be possibly due to 

inhibition of prostaglandin synthesis mediated through COX-1 as described above, 

leading to ulceration. Pretreatment with AM maintained the normal pH of the gastric 

internal milieu by decreasing the production of acid. This may also be due to 

trapping of bicarbonate ions by the mucosal layer.  
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Mucus secreted by the mucous neck cells is therefore a crucial factor in the 

protection of gastric mucosa from the gastric lesions and has been regarded as an 

important factor in the gastric mucus barrier. It constitutes the first line of defense 

against ulcerogenesis [42] and helps to retard diffusion of hydrogen ions and retain 

bicarbonate close to the mucosal surface. The increase in TC:TP ratio is the direct 

reflection of mucin activity, which is indicated by the enhanced level of individual 

mucopolysaccharides like Hexose, Hexosamine, Fucose and Sialic acid [43]. The 

increase in protein content of the gastric juice resulting in a decrease in the TC:TP 

ratio indicates damage to the gastric mucosa by aspirin, as a result of which plasma 

proteins may leak into the gastric juice [44]. Decrease in protein content in the 

gastric juice also signifies decrease in the leakage from the mucosal cells indicating 

mucosal resistance [45]. Our current study demonstrates that AM has a profound 

stimulatory impact on the content of mucus and mucin as evidenced by increased 

TC:TP ratio in gastric juice aspirated both in basal conditions and during stimulation 

with aspirin that mimics the natural chemical-induced gastric secretion scenario. The 

demonstrated increase in gastric mucin content in gastric juice by Aegle marmelos 

indicates that this phenomenon is not merely resulting from diminished volume of 

gastric secretion. The sialic acid content observed to increase after prophylactic 

treatment with Aegle marmelos suggests a qualitative change in the mucus. The 

mucinous fraction consists of polymers of glycoprotein molecules which by their 

high molecular weight impart high viscosity to gastric mucus. The increased hexose 

and sialic acid in the gastric mucosa after Aegle marmelos treatment may contribute 

towards its antiulcerogenic and cytoprotective effect by increasing the viscosity of 

the gastric mucus [27]. We have earlier reported that AM prevented cerebellar lesion 

induced ulceration by its cytoprotective property [11].   
 

Administration of AM results in a decline of gastric acid, thus in a lesser degree of 

peptic erosion of the mucus gel layer. In addition, augmented production of the 

gastric mucin within the mucosal epithelium may further enhance the thickness of the 

mucus layer and increase the content of mucin within gastric juice. This not only 

helps to augment the protective quality of the mucus-buffer barrier but also improves 

viscosity and the lubricating potential of gastric secretion and can accelerate 

propulsion of the solid food bolus as well as protect the surface epithelium from 

mechanical injury during grinding of solid food by vigorous antral contractions. The 

significant reduction in basal gastric secretion and ulcer formation by AM in aspirin 

induced ulcerated rats suggests that the cytoprotective mechanism of the extract on 

gastric mucosa may involve direct reduction of gastric secretion. AM significantly 

reduced gastric secretion and acidity, which might be due to the enhancement of 

mucus by AM.  This antiulcer activity of AM might be attributed to the presence of 

biological compounds such as triterpenoids, glycosides, saponins, tannins, β-

sitosterol and amino acids [46] in the extract. Triterpenoids and glycosides have been 

shown to inhibit gastric acid secretion and enhance gastric mucus content against 

several experimental ulcer models [47]. Histomorphological study of stomach tissue 

of aspirin treated rats proves that disruption of this pre-epithelial barrier may be a key 

mechanism of gastric mucosal injury.  
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Many agents are known to either enhance or damage the gastric mucosal barrier. 

Alcohol, aspirin, and bile salts have been shown to inhibit components of the 

mucosal barrier. Conversely, prostaglandins, chemical irritants, vagal stimulation, 

and fundic distension induce goblet cells to increase mucus secretion and, thereby, 

increase the effectiveness of this barrier [48]. Histomorphological evaluation of 

stomach shows that the general gastric morphology was maintained in control and 

AM treated rats and the presence of normal mucosa in the upper region of gastric 

section was observed (Figures 1A & 1B). The histological picture of AM alone 

treated rats showed normal cytoarchitecture of gastric mucosa with no pathological 

changes. Aspirin induced gastric damage and gastric lesions were mainly observed in 

the glandular portion of the stomach. Disruption of the epithelium could be seen after 

treatment with the chemical agent (Figure 1C). There was a reduction of surface 

mucous coat of the gastric mucosa. The mucus cells appeared moderately 

disorganized. Protection against these histopathological changes was observed by 

apparent epithelialization, glandular organization, and maintenance of muscularis 

mucosa in AM + ASP group of rats. The stomachs of rats showed a significant 

reduction in the severity of the lesions and the continuity of mucus lining was 

maintained (Figure 1D). These findings confirm the antiulcer and cytoprotective 

nature of Aegle marmelos [49]. 
 

There is substantial evidence that the suppression of gastric PG is the fundamental 

mechanism responsible for the gastrointestinal toxicity of NSAIDs [2]. PG inhibition 

leads to a decrease in epithelial mucus, secretion of bicarbonate, mucosal blood flow, 

epithelial proliferation, and mucosal resistance to injury [50]. The observations of the 

present study also suggests that aspirin produces gastric lesion by increasing acid 

secretion by parietal cells and also decreases the mucus secretion and causes 

denudation of mucus, possibly mediated through inhibition of prostaglandin 

synthesis. The protection rendered by AM against aspirin induced ulceration may 

also be possibly mediated by stimulation of prostaglandin synthesis by any one of the 

many active compounds present in it. Ranitidine used as a standard antiulcer drug in 

the present study showed antiulcer activity by decreasing gastric acid secretion. 

Ranitidine, a potent H2-receptor antagonist inhibits acid production by reversibly 

competing with histamine for binding to H2 receptors on the basolateral membrane of 

parietal cells [51]. 
 

Our ultimate goal in therapy of acid-related disorders is to reach equilibrium among 

the luminal concentration of hydrogen ion, the corresponding proteolytic activity of 

pepsins determined by activity of hydrogen ion, and the protective mechanisms 

represented by the integral components of the mucus-buffer layer. This beneficial 

impact of Aegle marmelos administration on the concentration of mucin in gastric 

secretion seems to represent a new phenomenon in the pharmacodynamics of herbal 

treatment in humans. This may translate into tangible clinical benefits, as a higher 

concentration of mucin in gastric juice may profoundly benefit the gastric mucosal 

barrier. These data may further the understanding of pathophysiology and therapy of 

acid-related disorders and provide a rationale for further exploration of this 

phenomenon especially in patients receiving nonsteroidal anti-inflammatory drugs  
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that are well known for inhibition of gastric mucin production with a propensity to 

the development of both acute and chronic mucosal injury and complications [52]. In 

conclusion, the unique pharmacological property of Aegle marmelos, significantly 

augmenting production of gastric mucus and mucin, and enhancing protective 

properties of the mucous barrier, may translate to additional clinical benefits in 

protecting the upper alimentary tract mucosa during the acid-related challenge. 
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