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ABSTRACT 
 

Aim: The aim of this study is to evaluate the antioxidant properties and protective effects of 
aqueous anti-ulcer drug (AQAUD) against aspirin-induced gastric ulcer in albino rats. 
Methods: In this study, 30 male albino rats were divided into 5 groups of 6 each. Rats in group I 
served as normal control and received food and water. Animals in group II received food and water 
in addition to aspirin (400 mg/kg.b.wt) orally on the 14

th
 day. Rats in groups III, IV and V received 

“AQAUD” (250 mg/kg.b.wt), (500 mg/kg.b.wt) and Omeprazole (20 mg/kg.b.wt) respectively for 14 
days and aspirin (400 mg/kg.b.wt) orally on the 14

th
 day. In vitro antioxidant property of “AQAUD” 

was assessed by its nitric oxide and hydroxyl radicals scavenging properties. The ulcer protective 
effect of “AQAUD” was assessed by determining the free and total acidity, ulcer index and % 
protection in the stomach content. The antioxidant potential in animals was evaluated by 
determining the concentrations of malondialdehyde and reduced glutathione. Superoxide dismutase 
and catalase activities were assayed in the stomach homogenates to further assess antioxidant 
potential. Total phenolics and flavonoid compounds were quantified to know the antioxidant content. 
Histopathological assessment of the gastric mucosa was used to assess the protective potentials of 
“AQAUD”. Data were analyzed using Statistical Package for Social Science (SPSS) version 21.  
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Results: The results revealed that free acidity and ulcer indexes were significantly (p<0.05) reduced 
by “AQAUD”. There was a significant decrease in SOD activity of the stomach homogenates when 
compared to the aspirin group, with values for “AQAUD” 250 mg/kg.b.wt and “AQAUD” 500 mg/kg 
b.wt as 37.24±5.39ux10

-2
/mg protein and 23.64±2.91ux10

-2
/mg protein respectively. Result of acute 

toxicity testing showed that “AQAUD” is generally safe up to 5000 mg/kg b.wt.  
Conclusion: The results revealed that treatment with aspirin caused loss of gland architecture with 
erosion of epithelial layer, but AQAUD treatment ameliorated the effect of aspirin administration. The 
study revealed that “AQAUD” has considerable antioxidant potentials and can effectively protect 
against gastric ulcers. 

 

 
Keywords: “AQAUD”; antioxidants; aspirin; gastric ulcers; omeprazole. 
 

1. INTRODUCTION 
 
Peptic ulcer is a sharp wound with loss of mucus 
membrane of mucosa of the stomach, duodenum 
or any other part of the gastrointestinal tract 
exposed to pepsin or acidic contents of the 
gastric juice [1]. Because of its worldwide 
distribution, peptic ulcer has continued to be a 
subject of numerous studies, both experimentally 
and in clinical practices. In this regards, peptic 
ulcer occupies a place secondary to carcinoma in 
the field of gastroenterology [2]. A peptic ulcer in 
the stomach is called gastric ulcer. Gastric ulcers 
are mostly caused by the imbalance between the 
mucosal offensive factors (gastric acid, pepsin, 
ROS, NSAIDs and H. pylori) and mucosal 
defensive factors (gastric mucus and bicarbonate 
secretion, prostaglandin, nitric oxide, gastric 
blood flow and innate resistance of mucosal 
cells) in the upper gastrointestinal tract 
[3,4].These offensive factors have been shown to 
be involved in the pathogenesis of gastric ulcer. 
 
The stomach is a major site for large production 
of Reactive Oxygen Species (ROS), much higher 
than in other tissues or biological fluids [5]. The 
generation of these ROS plays a major role in 
the development of multiple pathologies, such as 
gastritis, peptic ulcerations or gastric 
adenocarcinoma [6]. An antioxidant can be 
broadly defined as any substance that delays or 
inhibits oxidative damage to a target molecule. 
The major feature of an antioxidant is its ability to 
scavenge the free radicals due to their redox 
hydrogen donators and singlet oxygen 
quenchers [7,8]. 
 
There are drugs available for treating gastric 
ulcer [9]. These drugs have brought about 
remarkable changes in gastric ulcer therapy but 
the efficacy of these drugs is still debatable. 
Reports on clinical studies of these drugs show 
that there are cases of relapses, adverse drug 
effects and danger of drug interactions during 

ulcer therapy [10,11]. Hence, the search for an 
ideal anti – ulcer drug continues and has also 
been extended to medicinal plants in search for 
new and novel molecules, which could give 
better protection, lesser toxicity, decrease the 
incidence of relapse and at low cost. 
 
This study seeks to discover if Aqueous Anti-
Ulcer Drug (AQAUD) herbal formulation can be 
used as an alternative anti-ulcer drug with 
minimal drug to drug interactions, less adverse 
effects and providing a permanent cure for 
gastric ulcers. The herbal formulation Aqueous 
Anti-Ulcer Drug (AQUAD) is one of the widely 
consumed medicinal formulations in the eastern 
parts of Nigeria. It is used locally in treating 
gastric ulcers. The medicament consists of 
aqueous root extract of Strophantus hispidus and 
Hippocratea welwitschii, juice from Citrus 
aurantifolia and gbogbonise (A Yoruba herbal 
formulation). 
 
Strophanthus hispidus is a medicinal plant widely 
used in traditional African medicine in the 
treatment of rheumatic afflictions, ulcers, 
conjunctivitis, leprosy and skin diseases [12]. 
Strophanthus hispidus belongs to the family 
Apocynaceae and is called “osisikagiri” in Igbo 
language. It is found all over Africa and in the 
eastern, western and southern parts of Nigeria 
[12]. 
 
Hippocratea welwitshcii is a medicinal plant used 
in Igbo (Nigeria) ethnomedicine. It is locally 
known as ovuru mgbede in Igbo language and its 
root is used locally in the treatment of gastro-
intestinal problems. It is a climber and belongs to 
the family of celastrales. Phytochemical 
screening on the root extract indicated the 
presence of triterpenes, glycosides and 
saponins.  
 
Citrus aurantifolia (Lime) is a citrus fruit, which is 
typically round, green in colour, about 3-6cm in 
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diameter and containing acidic juice vesicles 
[13]. It belongs to the family of Rutaceae and it is 
called Oroma nkirisi in Igbo language. 
 
Limes are an excellent source of vitamin C, and 
are often used to accent the flavours of foods 
and beverages. Also limes contain eight different 
liminoids, which are compounds that promote the 
activity of an enzyme in the liver called 
glutathione-s-trasnferase or GST, according to 
Hatherill, [14]. This liver enzyme detoxifies a 
variety of cancer-causing chemicals, turning 
them into harmless chemicals that are then 
removed from the body through the urine. 
 
The Yoruba formulation called Gbogbonise 
Aporo Epa-ijebu is a well-known medicinal 
formulation and it is widely consumed in the rural 
areas of Nigeria. It is used in treating many 
disease conditions including stomach troubles, 
rheumatism, fresh cut wound, convulsion, cough, 
malaria fever, chest pain, worm, pile, chicken 
pox, measles, dysentery, tooth ache, snake bites 
and scorpion stings. It is composed of both 
plants and animal parts [15]. 
 
The recipes include juice from Citrus aurantifolia, 
Citrus aurantum and fruits of Aframonium 
melegueta (Grains of paradise, melegueta 
pepper or alligator pepper) as well as animal 
parts including a type of rat (Rattus norvegium), 
snake heads and scorpions. This study is 
therefore aimed at evaluating the antioxidant 
properties and protective effects of aqueous anti-
ulcer drug (AQAUD) against aspirin-induced 
gastric ulcer in albino rats. 
 

2. MATERIALS AND METHODS 
 

2.1 Chemicals and Reagents 
 
Quercetin dihydrate (Sigma-Aldrich Mo USA), 2-
Thiobarbituric acid (Sigma-Aldrich Mo USA), 
Sodium dodecyl Sulphate (Fluka-Chemie, 
Switzerland), Acetic acid, Trichloroacetic acid, 
Sodium dihydrogen orthophosphate, Disodium 
hydrogen orthophosphate, Potassium Chloride, 
Glutathione ((Fluka-Chemie, Switzerland), 
Protein test kit, All other chemicals and reagents 
used were of analytical grade. 
 

2.2 Aqueous Anti-Ulcer Drug (AQAUD) 
 

The Aqueous Anti-Ulcer Drug (AQAUD) was 
obtained as prepared by a traditional medicine 
practitioner in Owerri, Imo state. Briefly, the 
herbal medicament was prepared by mixing 

clean and sorted portion of the plants’ roots (100 
g of Hippocratea welwitschii + 50 g of 
Strophantus hispidus) in a pot. These were 
boiled with potable water (1.0 litre) for 5 hours.  
 
The aqueous extract obtained was cooled to 
room temperature (25±2ºC). Thereafter, the 
Citrus aurantifolia fruit juice (20 mL) and 
Gbogbonise (10 g) were added to the extract, 
thoroughly mixed and volume made up to 1 litre 
to obtain the AQAUD. The drug was collected in 
plastic containers and preserved in the freezer 
for further studies. 
 

2.3 Aspirin and Omeprazole 
 
Aspirin (used to induce gastric ulcer) and 
omeprazole (the standard anti-ulcer drug) were 
purchased from Bright Way Pharmacy at No 25 
Mbaise road, Owerri, Imo state. They were kept 
hygienically for the studies.  
 

2.4 Qualitative Phytochemical Screening 
 
Qualitative phytochemical screening of AQAUD 
was done according to the methods of AOAC 
[16]. Total phenolics and flavonoid content were 
determined quantitatively according to the 
methods of Wattashinghe and Shaidi, [17]. 
 

2.5 Free Radical Scavenging Determina-
tion 

 

Nitric oxide radical scavenging ability was 
determined according to the methods of 
Marcocci, et al. [18] with minor modification by 
Alisi and Onyeze, [19]. Hydroxyl radical 
scavenging ability was determined according to 
Halliwell, et al. [20]. 
 

2.6 Animals Treatment 
 

Thirty male albino rats (Rattus norvegicus) 
weighing between 200 and 250 g and fifteen 
Swiss albino mice, weighing between 20 and 30g 
were used for the study. The animals were 
purchased from an animal breeding station 
(Animal friend) at No. 92 Royce road Owerri, Imo 
state. The animals were maintained under 
standard laboratory conditions of light, 
temperature (21±2ºC) and relative humidity 
(55±5%) in a stainless steel cages with free 
access to standard animal feed (Pelletised, Vital 
finisher) and tap potable water. Albino mice were 
used for the determination of the acute toxicity of 
the “AQAUD” and the albino rats were used for 
the ulcero-protective study. The animals were 
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acclimatized in the laboratory for two weeks 
before the commencement of the study.    
 

2.7 Grouping of Animals for Acute 
Toxicity Study 

 

The acute toxicity study was carried out in two 
phases according to the methods of Lorke, [21]. 
 

Phase 1: In this phase 12 mice were divided into 
4 groups of 3 animals each. Each group of 
animals were administered different doses (10, 
100 and 1000 mg/kg.b.wt.) of the AQUAD and 
then observed for 24 hours to monitor their 
behavior as well as if mortality will occur. 
 

Group 1 or control group received normal rat diet 
and water orally. 
 

Group 2 received 10 mg/kg b.wt. of the AQUAD 
orally once in addition to normal rat diet and 
water. 
 
Group 3 received 100 mg/kg b.wt. of the AQAUD 
orally once, in addition to normal rat diet and 
water.  
 
Group 4 received 1000 mg/kg b.wt. of the 
AQAUD orally once, in addition to normal rat diet 
and water. Phase one result was a determinant 
to the number of animals and drug dose used in 
phase 2. 
 
Phase 2: In this phase 3 mice were divided into 
3 groups of one animal each. Each group of 
animals was administered different doses (1600, 
2900 and 5000mg/kg.b.wt.) of the AQUAD and 
then observed for 24 hours to monitor their 
behavior as well as if mortality will occur. 
 
Group 1 received 1600 mg/kg.b.wt. of the 
AQUAD orally once, in addition to normal rat diet 
and water. 
 
Group 2 received 2900 mg/kg.b.wt. of the 
AQUAD orally once in addition to normal rat diet 
and water. 
 
Group 3 received 5000 mg/kg.b.wt. of the 
AQAUD orally once, in addition to normal rat diet 
and water. 
 
Then the LD50 was calculated thus:                          

LD50 =          

 
D0 = Highest dose that gave mortality. 
D100 = Lowest dose that produced mortality. 

2.8 Grouping of Animals for Ulcer-
Protective Study 

 
A total of thirty healthy albino rats weighing 
between 200 g and 250 g were divided into five 
groups with six animals in each group according 
to their weight. 

 
Group I or normal control group received normal 
rat diet and water orally for 14 days. 

 
Group II or intoxicated control group received 
aspirin 400 mg/kg body weight orally as a single 
dose on the 14

th
 day in addition to normal rat diet 

and water for 14 days. 

 
Group III or intoxicated test group 1                
received 250 mg/kg body weight of the                
AQAUD for 14 days and aspirin 400 mg/kg               
body weight orally as a single dose on the                
14

th
 day in addition to normal rat diet and          

water.  
 
Group IV or intoxicated test group 2 received 500 
mg/kg body weight of the AQAUD for 14 days 
and aspirin 400 mg/kg body weight orally as a 
single dose on the 14

th
 day in addition to normal 

rat diet and water.  
 
Group V or intoxicated standard group received 
omeprazole 20 mg/kg body weight orally for 14 
days and aspirin 400 mg/kg body weight on            
the 14

th
 day in addition to normal rat diet and 

water. 

 
After administration of AQAUD, aspirin and 
omeprazole for 14 days, all the animals were 
fasted for 24 hours and sacrificed under light 
anaesthesia with dichloromethane to bring out 
the stomachs which were used to check for the 
ulcer parameters. They include ulcer index, free 
and total acidity of the stomach content. Nitrite, 
glutathione, malondialdehyde and total protein 
concentration of the stomach homogenate was 
also determined. Also superoxide dismutase and 
catalase activities in the stomach homogenate 
were assayed. 

 
2.9 Preparation of Stomach Homogenate 
 
After the gastric contents were removed, the 
gastric mucosa were homogenized in phosphate 
buffer (pH 7.4) in 4 parts of homogenizing buffer 
i.e. 1:4 ratio using a tissue homogenizer and 
centrifuged at 12,000 rpm for 30 mins. The 
supernatant was collected and kept in the freezer 
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at -4ºC and used to assay for the activities of 
catalase and superoxide dismutase. 
Malondialdehyde, glutathione, nitrite, and protein 
concentrations were also estimated in the 
homogenate. 

 
2.10 Biochemical Analyses 
 
Free and total acidity determination of the gastric 
content were carried out according to Kulkarni, et 
al. [22], ulcer index was done according to 
Suzuki, et al. [23], total protein concentration was 
done according to Gornall, et al. [24], reduced 
glutathione (GSH) concentration was done 
according to Raja, et al. (2007), nitrite/nitrate 
concentration was done according to Green, et 
al. [25] and Kumar and Kumar, [26], catalase 
(CAT) enzyme assay was done according to 
Sinha [27], superoxide dismutase (SOD) assay 
was according to Vijayalakshmia and Kumar, [28] 
and histological studies according to Culling, 
[29]. 

 
2.11 Statistical Analysis 
 
Data were analyzed using Statistical Package for 
Social Science (SPSS) version 21. Results were 
presented as mean ± S.D. of six observations 
and statistically analyzed using one-way analysis 
of variance (ANOVA) followed by Tukey post Hoc 

test. The degree of statistical difference was 
accepted at P< 0.05. 
 

3. RESULTS  
 

The results of the present study are presented in 
Tables 1-7 while the histopathological 
assessment is presented in Plates 1-5. 
 
Table 1. Qualitative phytochemical screening 

of AQAUD 
 

Phytochemicals Result 

Tannins + 
Glycosides                               + 
Saponins + 
Flavonoids + 
Phenols + 
Alkaloids + 
Cyanogenic Glycosides       - 
Steroids - 

+ means present while – means absent 
 

Table 2. Quantitative phytochemical content 
of AQAUD 

 

Total phenolic 
content (mg Tannic 
acid equivalent /g 
extract) 

Flavonoid content 
(mg quercetin 
equivalent /g 
extract) 

1.90 ± 0.190 1.04 ± 0.14 

 

 
 
Plate 1. (Normal control): The gastric mucosa consists of a surface epithelium that invaginates 
to various extents into the lamina propria, forming gastric pits. Emptying into the gastric pits 

are branched, tubular glands. The lamina propria of the stomach is composed of loose 
connective tissue. Separating the mucosa from the underlying submucosa is a layer of smooth 

muscle, the muscularis mucosa. The morphological features of this section are in line with 
that of a normal stomach (x400), (stain: Hematoxylin (H) and Eosin (E)) 
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Plate 2. (Stomach of rat intoxicated with Aspirin 400 mg/kg.b.wt to induce ulcer): There is 
ulceration of the surface epithelium, lamina propria and the muscularis mucosa. (x400), (stain: 

H and E) 
 

 
 

Plate 3. (Stomach of rat intoxicated with Aspirin 400 mg/kg.b.wt to induce ulcer + treatment 
with AQAUD 250 mg/kg.b.wt): There is regeneration of the gastric mucosa, submucosa and 

muscularis mucosa. (x400), (stain: H and E) 
 

4. DISCUSSION 
 

The present study evaluated the protective role 
and antioxidant potentials of Aqueous Anti-Ulcer 
Drug (AQAUD) on aspirin induced gastric ulcers 
in albino rats with the possible involvement of 
antioxidants. AQAUD is an anti-ulcer herbal 
medicamenet which is composed of juice from 
Citrus aurantifolia (lime), Gbogbonise, 
Strophantus hispidus (root) and Hippocratea 
welwitschii (root). 

 
The qualitative phytochemical analysis showed 
that AQAUD had flavonoids, phenols, alkaloids, 
glycosides and tannins (Tables 1 and 2). These 

compounds have been found to inhibit bacterial 
growth and are capable of protecting certain 
plants against bacterial infections [30,31].  
Phenolic compounds and flavonoids are well 
known antioxidants and scavenging agents 
against free radical associated with oxidative 
damage and ulcers [32]. The presence of these 
compounds in AQAUD may give credence to its 
local usage in the treatment of gastric ulcers. 
Flavonoids are important secondary metabolites 
in plants, alleviating lipid peroxidation involved in 
artherogenesis, thrombosis and carcinogenesis. 
It has been confirmed that pharmacological effect 
of flavonoids is correlating with their antioxidant 
activities [33]. 
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Table 3. Nitric oxide radical scavenging effect of graded concentrations of quercetin and Aqueous Anti-Ulcer Drug (AQAUD) 
 

Threshold Inhibitory 
Concentrations (IC) 

% Nitric Oxide radical scavenging 

5 10 20 40 50 70 80 

AQAUD (µg/ml) 9.22± 0.46 17.46± 0.87 34.92± 1.75 80.91±4.05 114.66± 5.73 238.90 ±11.95 383.7± 19.19 
Quercetin (µg/ml) 3.62± 0.18 6.57± 0.33 12.56 ± 0.63 27.64 ±1.38 38.44± 1.92 77.78± 3.89 124.3± 6.22 

 
Table 4. Hydroxyl radical scavenging effect of graded concentrations of quercetin and Aqueous Anti-Ulcer Drug (AQAUD) 

 

Threshold Inhibitory   
Concentrations (IC) 

% Hydroxyl radical scavenging 

5 10 20 50 70 80 

AQAUD (µg/ml) 74.92± 3.75 75.92± 3.80 146.28± 7.31 ND ND ND 
Quercetin (ug/ml) 49.57± 2.48 99.23± 4.96 236.36±11.82 1017.62±50.88 2218.37±110.92 3525.66±176.28 

 
Table 5. Effect of “AQAUD” administration on the ulcer index, % protection, free and total acidity of the gastric content in aspirin induced gastric 

ulcers in albino rats 
 

 NC ASP AQAUD 250 mg/kg b.wt AQAUD 500 mg/kg b.wt OMEP 20 mg/kg b.wt 

Ulcer index 0
a 

8.50
c 

0.83
b 

2.50
a 

1.33
ab 

%Protection 0±0 0±0 90.20±11.57
a
 70.59±12.34

b
 84.31±17.71

a
 

Free Acidity (mEq/L) 8.80±2.39
a
 13.60±2.30

b
 12.00±1.83

ab
 8.75±1.50

a
 11.00±1.22

ab
 

Total Acidity (mEq/L) 18.80±4.60
a
 27.60±2.30

b
 23.50±2.65

ab
 21.50±3.42

ab
 21.60±4.62

ab
 

Legend: NC = normal control, ASP = aspirin group, OMEP = omeprazole group 

 
Table 6. Effect of “AQAUD” administration on SOD and CAT activity, MDA, GSH, nitrite concentration, and total protein concentration of the 

stomach homogenates in aspirin induced gastric ulcers in albino rats 
 

Parameters NC ASP AQAUD 250 mg/kg b.wt AQAUD 500 mg/kg b.wt OMEP (20 mg/kg b.wt) 

SOD (UX10^-2/mg Protein) 37.24±5.38 23.64±2.91 32.31±2.34 34.88±5.90 30.40±4.56 
CAT (IU*100^-2/mg Protein) 63.38±1.42 35.63±1.90 43.56±6.47 63.25±5.88 61.60±5.58 
MDA (nmol/mg Protein) 7.53±3.37 1.01±4.90 9.41±5.80 8.73±3.25 6.92±0.00 
GSH (ug/ml) 51.08±6.83 49.05±8.26 54.39±7.33 52.03±2.44 49.32±8.64 
Protein (g/l) 7.20±0.91

c
 5.29±0.83

a
 5.77±0.29

ab
 6.10±0.17

bc
 7.13±0.69

c
 

Nitrite 0.05±0.01
a
 0.11±0.01 0.08±0.01 0.06±0.01 0.07±0.01 

Legend: NC = normal control, ASP = aspirin group, OMEP = omeprazole group 
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Table 7. Determination of the LD50 of the Aqueous Anti-Ulcer Drug (AQAUD) 
 

Group of rats Dose of AQAUD (mg/kg b.wt.) No. of death recorded 

Phase1 

1 (Control) --- 0/3 
2 10 0/3 
3 100 0/3 
4 1000 0/3 

Phase 2 

1 1600 0/2 
2 2900 0/2 
3 5000 0/2 

 

 
 

Plate 4. (Stomach of rat intoxicated with Aspirin 400 mg/kg.b.wt  to induce ulcer + treatment 
with AQAUD 500 mg/kg.b.wt.): There is ulceration of the gastric mucosa, submucosa and 

muscularis mucosa. (x400), (stain: H and E) 
 

 
 

Plate 5. (Stomach of rat intoxicated with Aspirin to induce ulcer + treatment with Standard 
drug, Omeprazole 20 mg/kg.b.wt): There is regeneration of the gastric mucosa, submucosa 

and muscularis mucosa but little ulceration was still evident. (x400), (stain: H and E) 
 
Nitric oxide is a key signaling molecule that plays 
a crucial role in the pathogenensis of various 
diseases associated with inflammation [34]. It is 
a free radical generated from sodium 

nitroprusside in aqueous solution at physiological 
pH and reacts with oxygen to form oxides of 
nitrogen. Nitrite is one of the oxides of nitrogen 
which was significantly inhibited by plant extracts 
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through direct competition with oxygen in the 
reaction medium [19]. The scavenging activity of 
AQAUD against nitric oxide formation was 
comparable to that of the standard drug 
(quercetin) used in this study. The IC50 and IC80 

for the AQAUD and quercetin were 114.66±5.73 
µg/ml and 38.44±1.92 µg/ml and 383.73±19.19 
µg/ml and 124.31±6.22 µg/ml respectively (Table 
3). However, Quercetin effectively scavenged 
nitric oxide than AQAUD. It can be inferred that 
the presence and the quantity of antioxidant 
compounds in AQAUD could justify the observed 
results and thus may give support to its 
traditional use in the treatment of diseases 
caused by inflammation and cellular damage like 
ulcers. The mechanism of action of flavonoids 
and phenolic compounds are through scavenging 
process [35]. Nitric oxide scavenging effect of 
AQAUD may be due to the phenolic and 
flavonoid compounds present in it. 
 
Hydroxyl radical has been implicated in the 
oxidative damage of DNA, proteins and lipids 
[36]. The hydroxyl radicals generated by Fe

2+
-

ascorbic acid and EDTA-H2O2 system (Fenton’s 
reaction) was scavenged by the AQAUD and 
quercetin in a concentration dependent manner. 
The IC20 for the both were 146.28±7.31 µg/mL 
and 236.36±11.82 µg/mL respectively (Table 4). 
This observation showed that quercetin is a 
better hydroxyl radical scavenger. However, 
AQAUD can be used as a remedy to combat the 
oxidative activity of hydroxyl radical in the 
absence of quercetin. 
 
In gastric secretion parameters, aspirin 
significantly increased (P<0.05) the free and total 
acidity of the gastric contents. AQAUD 250 
mg/kg b.wt treatment did not show a significant 
difference in free acidity, while AQAUD 500 
mg/kgb.wt significantly decreased (P<0.05) the 
free acidity. Also, AQAUD 250 mg/kg b.wt. and 
500 mg/kg b.wt did not show a significant 
difference in total acidity of the gastric content 
(Table 5). Aspirin induces gastric ulcer through 
erosion of the gastric mucosa. In ulcer index, 
aspirin also significantly increased (P<0.05) the 
ulcer index of the gastric mucosa. AQAUD 
significantly reduced the ulcer index of the gastric 
mucosa with attendant regeneration of gastric 
mucosa. These results could be explained by the 
fact that prostaglandins normally protect the 
gastrointestinal mucosa from damage by 
maintaining blood flow and increasing mucosal 
secretion of mucous and bicarbonate [37]. 
NSAID’s like aspirin cause mucosal damage by 
interfering with prostaglandins synthesis, 

increasing acid secretion and block the diffusion 
of H

+
 [38]. Aspirin blockade of cyclooxygenase-1 

(COX-1) and (COX II) results in reduction of 
prostaglandins synthesis. This interruption of 
prostaglandins synthesis results in impairment of 
mucosal damage repair, thus facilitating mucosal 
injury [39]. 
 
Free radicals are involved in the development of 
gastric ulcers. If the generation of free radicals 
exceeds the ability of these free radical 
scavenging enzymes like Superoxide dismutase 
(SOD) and Catalase (CAT), gastric mucosa may 
be injured by the free radicals resulting to the 
development of gastric ulcer (Vanisree, et al. 
1996). From the experimental results, aspirin 
administration significantly decreased the SOD 
and CAT activities in the stomach homogenates, 
which is likely to be due to free radicals 
generation. AQAUD 250 mg/kg b.wt. and 500 
mg/kg b.wt significantly raised the decreased 
SOD and CAT activities  to almost normal. These 
observations may be attributed to the flavonoid 
and phenolic contents of AQAUD which are 
known antioxidants and scavenging agents 
against free radicals associated oxidative 
damage and ulcers [32]. 
 
Reduced glutathione (GSH) is a tripeptide and 
superoxide radical scavenger. It protects thiol 
protein groups required for maintaining the 
integrity of cells against oxidation [40,41]. GSH is 
present in the stomach at high concentration and 
plays an important role in maintaining the 
integrity of the gastric mucosa [42]. From the 
results, aspirin did not reduce GSH 
concentration, when compared to the control 
(Table 6). This may be as a result of other 
compensatory mechanisms. AQAUD 250 mg/kg 
b.wt significantly (P<0.05) increased the GSH 
concentration when compared to the control.  
This could be linked to the flavonoid and phenolic 
content of the AQAUD as well as its radical 
scavenging ability. It is possible that flavonoid 
and phenolic compounds had a sparing effect on 
the GSH concentration or administration 
increased the GSH biosynthetic capability of the 
cells from the cystein amino acids present in the 
body. AQAUD 500 mg/kg b.wt. and omeprazole 
increased GSH concentration but not significant 
when compared to the control (Table 6).  
 

Malondialdehyde (MDA) concentration can be 
used to assess lipid peroxidation used as an 
index to quantify the damage that occurs in 
membranes of tissues as a result of free radical 
generation [43,44]. Gastric mucosal lipid 
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peroxidation has been reported to increase in 
incidence of experimental ulcers [45]. From the 
results, oral administration of aspirin significantly 
(P<0.05) increased the MDA concentration in the 
stomach homogenates (Table 6). This significant 
elevation of MDA concentration in aspirin treated 
rats is possibly due to the generation of free 
radicals through metal ion or superoxide 
catalyzed peroxidation process. 
 
Also from the results, AQAUD 250 mg/kg b.wt 
and 500 mg/kg b.wt reduced the elevated MDA 
concentration but not significantly when 
compared to the control (Table 6). This reduction 
may be linked to the flavonoids and phenolic 
compound content of AQAUD which function as 
antioxidants that scavenged free radicals. It has 
been shown that both lime juice and peels (Citrus 
aurantifolia) present in AQAUD demonstrated 
antioxidant properties [46]. AQAUD 500 mg/kg 
b.wt. was comparable to omeprazole (the 
standard antiulcer drug) in reducing MDA 
concentration. 
 
In this study also, significant elevation of nitrite 
concentration in gastric mucosa was observed in 
aspirin induced gastric ulceration. AQAUD 250 
mg/kg b. wt and 500 mg/kg b. wt significantly 
(P<0.05) reduced the elevated nitrite level in the 
gastric mucosa (Table 6). Nitric oxide is a 
mediator of gastro-intestinal mucosal defense but 
paradoxically, it also contributes to mucosal 
damage. The synthesis of nitric oxide is 
mediated by the enzyme nitric oxide synthase 
(NOS), which is present in gastric mucosa in two 
constitutive (cNOS) isoforms, namely endothelial 
(eNOS) and neuronal (nNOS) [47]. The inducible 
(iNOS) enzyme is found in macrophages and 
neutrophils (Wallace and Miller, 2000). In the 
digestive system, nitric oxide produced by cNOS 
is cytoprotective and nitric oxide produced by 
iNOS is cytotoxic [48]. Nitric oxide at low 
concentration (from cNOS) plays a role in 
protecting the integrity of epithelial tissues by 
improving the mucosal blood flow in the GIT 
system [49]. This protective effect of nitric oxide 
is because of the inhibition of activation, 
adhesion and migration of leucocytes in the 
inflammatory reaction [50]. 

 
NSAIDs have been reported to decrease tissue 
cNOS-derived nitric oxide [2,48]. Souza, et al. 
[51] used genetic inducible nitric oxide synthase 
(iNOS) deficient mice to prove that iNOS-
generated nitric oxide is involved in gastric 
damage. Nitric oxide produced from activation of 
iNOS reacts directly with superoxide to form 

peroxynitrite, a potent autotoxic oxidant that 
causes gastric damage [52]. This could explain 
the increase in nitrite concentration (as an 
indicator of nitric oxide production) in gastric 
mucosa of aspirin treated rats compared with 
control which may be due to increased 
production of iNOS in gastric tissues. 
 
The result of the acute toxicity test showed that 
AQAUD is generally safe at a concentration of 
5000 mg/kg b.wt since no death was observed 
up to the concentration of 5000 mg/kg b.wt in 
mice (Table 7). This means that AQAUD is safe 
for consumption up to the concentration 5000 
mg/kg b.wt. 
 
Histological results showed that aspirin caused 
severe ulcerations of the surface epithelium, 
Lamina proporia and Muscularis mucosa of the 
gastric mucosa (Plate 2). This observation is in 
line with the biochemical parameters evaluated 
and could be as a result of free radicals 
generated and excess production of gastric acid 
that eroded the gastric mucosa. The significant 
regeneration of cells of the gastric mucosa and 
healing of the ulcerations observed with AQAUD 
250 mg/kg b.wt. (Plate 3) could be due to 
efficient scavenging of the free radicals 
generated as a result of aspirin administration as 
well as its adequate antioxidant property. 
AQAUD 500 mg/kg b.wt. showed significant 
regeneration of cells of the gastric mucosa but 
still had ulceration (Plate 4). It is possible that the 
anti-ulcer effect of AQAUD may be due to other 
mechanisms not well understood within the 
scope of study. This is because AQAUD 250 
mg/kg b.wt. was more protective than AQAUD 
500 mg/kg b.wt., yet AQAUD 500 mg/kg b.wt. 
had a better antioxidant capacity. AQAUD may 
be combining other mechanisms with 
antioxidative, blocking of Acid secretion and 
interference with cyclooxygenase activity. 
Omeprazole 20 mg/kg b.wt. also showed 
regeneration of the cells of the gastric mucosa 
with little ulceration still evident (Plate 5). These 
observations showed that AQAUD 250mg/kg 
b.wt. might be the most appropriate dosage or 
concentration to be taken. 
 

5. CONCLUSION 
 

Aqueous Anti-Ulcer Drug (AQAUD) offered some 
protection against aspirin-induced gastric 
mucosal damage. The antioxidant compounds 
present in AQAUD played protective roles 
against the production of free radicals. The 
present study revealed that AQAUD 
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administered at 250 mg/kg b.wt. has promising 
potentials for the development of alternative 
treatment against gastric ulcers. 
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