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Abstract: This is a pilot investigation on the potential gastroprotective influence of 
oral supplementation with virgin coconut Cocos nucifera oil (VCO) against aspirin 
(ASA)- and HCl/ethanol (HE)-induced gastric ulcers in animal models. Forty-eight 
(48) healthy male mice were randomly assigned to eight treatment groups (n=6 each): 
two sham controls; two positive controls (ASA and HCl/ethanol); and four groups 
treated with VCO (5 and 10 mL/kg): VCO 5 + ASA, VCO 10 + ASA, VCO 5 + HE, 
VCO 10 + HE. Oral pretreatment with VCO was given for seven days via gastric 
gavage. In the ASA model, a single daily dose of aspirin (300 mg/kg/dose) was given 
orally from days 8 to 14. In the HE model, a single oral dose of 0.2 mL HCl/Ethanol 
(0.3 mol/L HCl + ethanol, 40:60 v/v) was given on day 8. The mice were then 
sacrificed and gastric tissues were harvested for gross and histological evaluation of 
the mucosa. Overall, in both ASA and HE models, results showed significantly lower 
ulcer lesion indices (ULI) in VCO-treated groups when compared to positive controls. 
However, the reduction in ULI was not shown to be dependent on VCO dose. 
Histology of representative sections of the stomach showed normal epithelia to mild 
ulcers in the VCO-treated groups. 
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1. INTRODUCTION 
 

Under normal conditions, a physiologic 
balance exists between gastric acid secretion and 
gastroduodenal defense. This balance may be 
disrupted by aggressive factors such as nonsteroideal 

anti-inflammatory drugs (NSAIDs), Helicobacter 
pylori infection alcohol, bile salts, acid, pepsin, an 
impaired defense mechanism and mucosal injury 
which may lead to ulcers. Individuals with peptic 
ulcer disease are at risk of complications such as 
gastroduodenal hemorrhage, perforation and 
obstruction, end even death (Lau and Cheung, 2009; 
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Yuan, et al., 2006). Interestingly, studies have shown 
that plant oils may have protective effects against 
peptic ulcer disease (Romero, et al., 2007; Rodriguez, 
et al., 2006). 

 
Virgin coconut Cocos nucifera oil (VCO) is 

the purest form of coconut oil, water-clear in color, 
contains natural vitamin E and has not undergone 
hydrolytic or atmospheric oxidation as shown by its 
very low, free fatty acid content.. VCO has been 
demonstrated to possess anti-inflammatory and 
antioxidant properties which may probably prevent 
pathophysiologic processes such as gastric erosion or 
ulceration (Dayrit, et al., 2007; Bawalan and 
Chapman, 2006). In an effort to explore the possible 
health benefits of VCO, this study was conducted as 
a pilot investigation on the gastroprotective potential 
of VCO in two animal models of gastric ulcer. 

  
The objective of the study is to evaluate the 

protective effects of VCO against aspirin (ASA)- and 
HCl/ethanol-induced gastric ulcers in Swiss albino 
mice. Specifically, it aims the following: (1) to 
evaluate the effects of VCO on the development of 
gastric ulcer in mice, specifically on ulcer lesion 
index (ULI) and percentage protective ratio (PPR); 
(2) to determine if the effects of VCO are dose 
dependent at 5 and 10 mL/kg body weight; and (3) to 
evaluate histopathologically representative sections 
of the gastric ulcers. 

 
2. METHODOLOGY 
 
2.1 Experimental Design 
 

The study is pilot experiment that 
investigated the effectiveness of 5 mL/kg and 10 
mL/kg VCO against the development of acute gastric 
ulcers in mice. Two models (ASA and HCl/ethanol) 
known to effectively develop experimental ulcers in 
mice were employed to evaluate the anti-ulcerogenic 
activity of VCO. 
 
2.2 Subjects and Treatment Groups 
 

Forty-eight healthy male Swiss mice (6–8 
weeks old weighing 20–30 g) were procured from the 
Bureau of Food and Drugs (Muntinlupa City, 

Philippines). The animals were acclimatized for 14 
days, kept in individual cages at the San Beda 
College of Medicine Animal Science Laboratory 
(Manila, Philippines) at 20°C, 50-60% humidity and 
12:12 hour light/dark cycle. The mice were assigned 
randomly into eight groups of six. The mice were 
given commercial standard chow pellets weighed 
daily and purified drinking water given ad libitum. 
The mice were fed by personnel who were blinded to 
the study. The mice were fasted for 18 h before the 
experiment was conducted, but were allowed free 
access to drinking water up until 2 h before the 
experiment. 

 
The mice were randomly assigned to eight 

treatment groups (n=6 each): two sham controls 
(plain normal saline solution [PNSS]); two positive 
controls (ASA and HCl/ethanol); and four groups 
treated with VCO (5 and 10 mL/kg): VCO 5 + ASA, 
VCO 10 + ASA, VCO 5 + HE, VCO 10 + HE. 

 
2.3 Administration of VCO Pre-treatment 
and Control 
 

Standard laboratory-grade VCO procured 
from VMV Skin Research Center (Makati City, 
Philippines) was used. A VCO sample was sent to the 
Philippine Institute of Pure and Applied Chemistry 
(Quezon City, Philippines) for fatty acid analysis by 
esterification/gas chromatography. VCO used in this 
study was certified to contain lauric (58%), myristic 
(18.7%), palmitic (8%), caprylic (7.2%), capric (6.6 %), 
oleic (5%), stearic (2.4%), linoleic (1%), caproic (0.3%) 
acids. Oral pretreatment with VCO was given once 
daily for seven days via gastric gavage. 
 
2.3.1 Protocol A: Aspirin-induced Ulcerogenesis 
 
 In the ASA model (Clara, et al., 2012), a 
single daily dose of aspirin (Bayer, Philippines) at 
300 mg/kg/dose was given orally to VCO 5 + ASA and 
VCO 10 + ASA groups from days 8 to 14. On day 15, 
the mice were sacrificed by cervical dislocation. The 
stomachs were immediately excised and opened 
along the greater curvature. The inner surface was 
rinsed with ice-cold normal saline solution to remove 
any blood contaminants. 
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2.3.2 Protocol B: HCl/Ethanol-induced 
Ulcerogenesis  
 
 In the HCl-ethanol model (Malairajan, et al., 
2008), a single oral dose of 0.2 mL HCl/Ethanol (0.3 
mol/L HCl + ethanol, 40:60 v/v) was given to VCO 5 + 
HE and VCO 10 + HE groups on day 8. One hour 
after administration of HCl/ethanol mixture, the 
mice were sacrificed by cervical dislocation The 
stomachs were excised and opened along the greater 
curvature. After washing with normal saline, the 
gastric lesions were quantified using a dissecting 
microscope and the ulcers were scored. 
 
2.4 Evaluation of Gross and 
Histopathological Changes 
 
2.4.1 Scoring of Ulcer 
 

The gastric mucosal surfaces were examined 
and the presence of lesions that appeared as 
hemorrhage bands along the long axes of the stomach 
were noted (Mahmood, et al., 2012).  The lesions in 
each stomach were visualized under a dissecting 
microscope (Celestron, USA) under 10 X 
magnification. 

 
The severity of gastric mucosal lesions was 

graded in every subject as follows: (I) petechiae and 
ulcer area is <1 mm2; (II) ulcer is 1-3 mm2; (III) ulcer 
area is > 3 mm2.  

 
Ulcer lesion index (ULI) was calculated as 

follows: ULI = (1 x number of lesion I) + (2 x number 
of lesion II) + (3 x number of lesion III).  

 
Percentage protective ratio (PPR) was 

calculated as follows: PPR = 100 - [(ULI pretreated / 
ULI control) x 100] (De Andrade, et al., 2007).  

 
Assessment of the ulcers was done under the 

supervision of a veterinary pathologist who was 
blinded to the study. 
 
 
 
 
 

2.4.2 Histopathology 
 

Representative sections of the stomach were 
fixed in buffered formalin (10%) solution, were 
processed, sectioned every 5µm, were stained with 
hemotoxylin and eosin using routine procedures, and 
slides were examined with a light microscope 
(Eclipse Ni-E, Nikon Instruments Inc., Japan) under 
50X magnification by a veterinary pathologist who 
was blinded to the study. 

 
2.5 Data Analysis 
 

One-way ANOVA was used to analyze the 
mean ULI between groups with Scheffé's method to 
account for multiple comparisons. Shapiro-Wilk test 
and Bartlett’s test are applied to check the 
assumptions of normality of distribution and 
homogeneity of variance, respectively. Stata 12 was 
utilized in the analysis of data. p value <0.05 was 
considered statistically significant.  
 
3. RESULTS 
 

There was no mortality among the subjects 
during and after treatment with ASA and 
HCl/ethanol. 

 
In both ASA and HCl/ethanol models, the 

sham group showed normal results while the positive 
control developed gastric ulcerations, as evidenced by 
significantly different ulcer lesion indices (Tables 1 
and 2). The VCO-treated groups showed significantly 
lower ulcer lesion index (ULI) for VCO5 and VCO10 
when compared with the positive control group. VCO 
treatment, however, was not dose-dependent. 

 
Histopathology of representative sections of 

the stomach in both ASA and HCl/ethanol models 
showed similar results, with normal gastric mucosa 
in the sham group (Figure 1) and severe gastric 
ulcers in the positive control group (Figure 2). The 
VCO-treated groups showed mild ulcerations with 
partial preservation of normal epithelium (Figures 3 
and 4). 
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Table 1. Effects of Virgin Coconut Oil on Aspirin-
induced Gastric Ulcers 

Treatment 
Group 

Ulcer 
Lesion 
Index 
(ULI)+ 

Percentage 
Protective Ratio 

(PPR) 

Sham 
(PNSS) 

0 NA 

 
Positive 
control 
(Aspirin) 

 
8.33 ± 
0.76a 

 
0 

 
VCO5 

 
3.83 ± 
0.48b 

 
62.29 

 
VCO10 

 
2.17 ± 
0.70b 

 
79.82 

+Different superscript letters following ULI values 
indicate statistical significance, p<0.05. Statistical 
analysis was done by one-way ANOVA followed by 
Scheffé's post-hoc analysis. NA = not applicable. 
  
 
Table 2. Effects of Virgin Coconut Oil on 
HCl/Ethanol-induced Gastric Ulcers 

Treatment 
Group 

Ulcer Lesion 
Index 

(ULI)++ 

Percentage 
Protective Ratio 

(PPR) 
Sham (PNSS) 0 NA 
 
Positive 
control 
(HCl/Ethanol) 

 
10.67 ± 1.23c 

 
0 

 
VCO5 

 
4.17 ± 0.83d 

 
67.33 

 
VCO10 

 
2.33 ± 0.80d 

 
82.67 

+Different superscript letters following ULI values 
indicate statistical significance, p<0.05. Statistical 
analysis was done by one-way ANOVA followed by 
Scheffé's post-hoc analysis. NA = not applicable. 

 
 

 

 

Figure 1. Normal gastric mucosa in the sham group. 
H&E, 50X. 

	
  

Figure 2. Severe gastric ulcer in the positive control 
group. Note the presence of congestion and 
ulceration, necrosis of the tunica mucosa down to 
tunica muscularis, surviving epithelium overhangs 
on the side of the crater. H&E, 50X. GU = gastric 
ulcer. 

300	
  µ	
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Figure 3. Mild mucosal erosion in VCO5 treatment 
group. H&E, 50X. ER = erosion, ES = esophagus, GE 
= gastroduodenal junction, S =  stomach. 

 

	
  

Figure 3. Mild mucosal erosion in VCO10 treatment 
group. H&E, 50X. ER = erosion, ES = esophagus, GE 
= gastroduodenal junction, S =  stomach. 

 
 

 
4. DISCUSSION 
 

Non-steroidal anti-inflammatory drugs 
(NSAIDs) such as aspirin are frequently used to treat 
inflammatory pain. A major limitation to NSAID use, 
however, includes gastrointestinal side effects such 
as formation of gastric lesions, the potentiation of 
ulcerogenic responses to stress, and the impairment 
of gastric ulcer healing (Takeuchi, 2012). NSAIDs are 
known to induce ulcers by inhibiting prostaglandin 
synthetase in the cyclooxygenase pathway 
(Rainsford, 1987). 

 
NSAIDs also lead to increased production of 

reactive oxygen species (ROS), increased lipid 
peroxidation, and neutrophil infiltration, which all 
lead to oxidative mucosal damage. The ASA model is 
important in investigating the potential usefulness of 
anti-secretory and cytoprotective agents since the 
underlying pathophysiology involves gastric acid 
secretion and mucosal prostaglandin synthesis. It is 
the most commonly used ulcer model in antiulcer 
studies. The frequency of usage could be attributed to 
the fact that NSAID induced peptic ulcers are the 
second most common etiology of peptic ulcers aside 
those caused by Helicobaceter pylori (Adinortey, et 
al., 2013). The pathogenesis of NSAIDs-induced 
gastric ulceration includes the NSAID blocking the 
activities of the cyclooxygenase enzymes (COX-1 and 
COX-2) hence leading to reduced mucus and 
bicarbonate secretion, decreased mucosal blood flow, 
impaired platelet aggregation, alteration of 
microvascular structures leading to epithelia 
damage, reduced angiogenesis, and increased 
leukocyte adherence (Wallace, et al., 2010). 

 
Ethanol is considered a risk factor for 

developing gastric ulcers in humans because it 
readily penetrates the gastric mucosa, mainly from 
its ability to solubilize the protective mucus and 
expose the mucosa to the proteolytic and hydrolytic 
actions of hydrochloric acid and pepsin which 
eventually damage the mucous membrane. This 
provokes remarkable changes few minutes after its 
administration. There will is rapid and strong 
vasoconstriction accompanied by rapid and vigorous 
arteriolar dilation. These reactions of the blood 
vessels make it prone to damage (Glavin et al., 1992). 
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Ethanol also triggers imbalances in cellular 
antioxidant processes. Previous studies have shown 
that there is stepwise increase of generation of 
superoxide anions and the extent of cellular damage 
with its administration (Nordmann, et al., 1992) 

 
The HCl/ethanol model used is independent 

of gastric acid secretion and mimics acute peptic 
ulcers in humans. This ulcer model is useful for 
studying the efficacy of potential drugs or testing 
agents that have cytoprotective and/or antioxidant 
activities (Adinortey, et al., 2013). 

 
Some of common oils like ozonized sunflower 

oil (OSO) and virgin olive oil (VOO) have been shown 
to be of value in different animal models of ulcer 
(Romero, et al., 2007; Rodrıguez, et al., 2006). OSO 
significantly reduced gastric ulcer index in pre-
treated rats as compared with ethanol-treated 
controls due to its protective effects affected at least 
partially by antioxidant enzymes like superoxide 
dismutase (SOD) and glutathione peroxidase (GSH-
Px) which scavenges reactive oxygen species (ROS) 
(Rodrıguez, et al., 2006). Virgin olive oil, on the other 
hand, has a high in phenolic content and has the 
ability to diffuse from the oil into the gastric juice 
and be stable for hours in its acidic environment. It 
has a bactericidal activity against eight strains of 
Helicobacter pylori which is a common cause of 
gastric ulcer (Romero, et al., 2007). 

 
A high polyphenol content contributes to the 

the antioxidant properties of of VCO. VCO phenolic 
content is estimated between 7.78–29.18  mg GAE 
(gallic acid equivalent)/100  g oil. The major 
polyphenols identified in VCO include ferulic and p-
coumaric acid (Marina, et al., 2009; Dayrit, et al., 
2007). Similarly, the phenolic compounds found in 
olive oil have been demonstrated to decrease acid 
secretion, reduce ulcer size, and possess bactericidal 
effects against H. pylori (Romero, et al., 2007).  
Flavonoid, a phenolic compound, which is a 
component of ginger, clove and castor oils have 
shown protective properties against ulcer formation 
(El-Metwally, et al., 2014). These studies may 
explain the protential infleunce of VCO in preventing 
gastric ulcers.  
 
 

5. CONCLUSIONS AND 
RECOMMENDATIONS 
 

Oral pre-treatment with VCO showed 
protective effects against te development of aspirin 
and HCl/ethanol gastric ulcers, as evidenced by 
significantly lower ulcer lesions indices, high 
percentage protective ratios, and attenuated gastric 
mucosal erosion and ulceration on both models. The 
protective effects of VCO, however, were not dose-
dependent at 5 and 10 mL/kg body weight. 

 
The following are recommended for futue 

studies: (1) VCO dose may be increased to determine 
the optimal dose for maximal gastric mucosal 
protection. (2) The duration of VCO treatment may 
be modified into shorter or longer treatment periods 
to identify minimum but optimal duration of 
treatment. (3) Other measures of treatment outcome 
(e.g. biochemical assays) may be used determine 
responses to VCO treatment. (4) The active 
components of VCO with anti-ulcerogenic properties 
may be isolated and identified. (5) The effects of VCO 
against experimental H. pylori infections may be 
studied. 
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