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ABSTRACT
Objective: This study was aimed to evaluate the therapeutic effect of Oleanolic acid (OA) on experimentally induced Gastro-
esophageal reflux disease (GERD). 

Materials and Methods: GERD was induced in twelve albino Wister rats by daily administration of 2 mL of acetic acid 15 %, 
pH: 2.41 for 30 days, while another group of three rats received the same volume of distilled water during the same peri-
od. The twelve rats being administered acetic acid were divided into four groups of three rats each and treated as follows; 
Group 1-the control group, with intra-peritoneal administration of 0.2 mL saline solution; Groups 2 and 3, with intra-peritoneal 
administration of 0.2 mL of OA 20 mg/kg and 40 mg/kg respectively and Group 4 with oral administration of 2 mL of Lanso-
prazole 20 mg/kg. All treatments were given simultaneously with the acetic acid daily for 30 days. All rats’ oesophagi were 
harvested for histological analysis. 

Results: Rats treated with 20 mg/kg and 40 mg/kg OA revealed a more intact oesophageal lining compared to the detached 
saline group one. There was no damage to blood vessels and the mucosal protective barrier was thick. 

Conclusion: Our results suggest that OA may protect the oesophagus against GERD.
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INTRODUCTION
Gastroesophageal reflux disease (GERD) is a 

common chronic digestive disorder that develops due to 
the reflux of the acidic stomach contents that cause irrita-
tion of the oesophagus lining 1, 2. When gastric contents 
with pH range lower than that of the oesophageal pH 7.0 
reach the oesophagus, cellular injury, inflammation (acute 
and chronic) and tissue death can consequently occur 3. 
This condition accounts for 75% of oesophageal diseas-
es worldwide and is estimated to affect up to 33% of the 
world’s population and the prevalence is reported to be 
increasing with time 4–6. GERD is related to everyday life-
style and has a very costly treatment and management 7,8. 
With Africa slowly changing to being urban, there should 
be expectations of an increase in the disease reports as 
high-risk factors associated with GERD are the result of 
urbanization 9, 10. 

Uncomplicated symptoms of GERD are treated 
with proton pump inhibitors (PPI) which reduce the acid. 

Lack of response from PPI’s can result in complications 
such as; esophagitis, respiratory problems, Barrett’s oe-
sophagus, oesophageal strictures and ulcers that might 
require surgery 4,11. GERD is a chronic and relapsing con-
dition and these conventional therapies are costly and can 
be inconvenient. There is a need for data that can provide 
new treatment insights. Medicinal plants provide therapies 
that are considered safe and effective compared to the 
synthetic chemicals and are the main source of structur-
ally important chemical substances that lead to the de-
velopment of innovative drugs 12. Plants contain important 
phytochemicals, one of which is oleanolic acid (OA), a 
pentacyclic triterpenoid known for its wide array of biolog-
ical properties 13. These include anti-nociceptive, anti-can-
cer, antioxidant and anti-inflammatory properties. 14–18 OA 
is a compound present in food, vegetables and all edible 
plants 19. This study was aimed to investigate the thera-
peutic role of OA in experimentally induced GERD. 

MATERIALS AND METHODS
Albino female Wistar rats weighing 250 g to 350 

g obtained from the South African vaccine program (Jo-
hannesburg, South Africa) were used. They were housed 
in the Department of Physiology Animal holding facility, 
Walter Sisulu University (Mthatha, Eastern Cape, South 
Africa) during the experimental period under standard 
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light-controlled conditions (12hr light: 12hr dark) and 
controlled temperature of 24 0C to 26 0C. These rats were 
accommodated in groups of 5 animals per cage of 30 
cm (breath) x 90cm (length) x 30cm (height). The cage 
bedding, which was made of wood shaving, was changed 
twice in 10 days. The animals had access to pellets (EPOL 
SA): protein-180g/kg, moisture- 120g/kg, fibre- 60g/kg, 
fat- 60g/kg, calcium- 18g/kg, phosphorus- 7g/kg) and wa-
ter. They were allowed two weeks of acclimatization of the 
new environment before the start of the experiment. The 
study was approved by the ethical review committee of 
Walter Sisulu University under the reference no. 064/2016. 

A total of fifteen rats were used. Experimental 
GERD was induced in twelve rats by daily oral administra-
tion of a single dose of 2 mL of acetic acid 15 %, pH: 2.41 
for 30 days. While another group of three rats received the 
same volume of distilled water during the same period. 

The twelve rats were administered a single dose of 
2 mL of acetic acid 15 %, pH: 2.41 were divided into four 
groups of three rats each and treated as follows; Group 1; 
the control group was treated with intra-peritoneal admin-
istration of 0.2 mL saline solution. Groups 2 and 3 were 
treated with intra-peritoneal administration of 0.2 mL of OA 
(SIGMA, St. louis, Missouri, USA) 20 mg/kg and 40 mg/kg 
respectively. Group 4 was treated with oral administration 
of 2 mL of Lansoprazole (Cipla, Capetown, SA) 20 mg/kg. 
All treatments were given simultaneously with the acetic 
acid daily for 30 days. 

At the end of the treatment period, the animals 
were allowed an overnight fast and, in the morning, they 
were all sacrificed, and the esophagus was harvested for 
histological analysis. The oesophagi were kept in 10% 
buffered formalin for preservation. Two days after the tis-
sues were preserved, small pieces were cut and routinely 
processed through ascending grades of alcohol using a 
TP102 automatic processor and clearing in xylene. The 
processed oesophagus tissues were then embedded in 
paraffin wax using embedding unit, trimmed at 30μm, and 
sections cut to a 5μm thickness. Tissue sections were 
then stained using the Haematoxylin and Eosin technique 
(Sigma-Aldrich, St Louis Missouri, USA) and mounted for 
evaluation. The sections were examined using a DMD 108 
Imaginer microscope at x10 and x20 magnification.

RESULTS
The oesophagus of rats that received 2ml of dis-

tilled water for 30 days had intact stratified squamous 
non-keratinised epithelium overlying loose connective tis-
sue and an intact serosa (Figure 1A). While all rats that re-
ceived a daily oral administration of 2 mL of acetic acid 15 
%, pH: 2.41 during the same period showed a disruption 
of the squamous epithelial which appeared keratinised 
and there was thinning of the stratified epithelium. There 
was also metaplastic mucosal alterations characterised by 

the detachment of the mucus protective barrier of mucosa 
of the oesophagus. There was also blood scattered inside 
the oesophagus indicative of loss of cell cohesion. These 
histo-morphological changes are indicative of GERD (Fig-
ure 1B). 

 The oesophagus showed no apparent damage on 
rats given distilled water (H&E, 10x [A1] and 20x [A2]). 
[B] Rats treated with acetic acid showed detachment of 
the mucus protective barrier of mucosa with blood scat-
tered inside the oesophagus and thinning of the stratified 
epithelium (arrows 1,2 & 3) (H&E, 10x [B1] and 20x [B2]), 
scale bar = 100μm.

The oesophagus of the group 1 rats treated with 
acetic acid and saline only showed keratinised squa-
mous epithelial cells. There was detachment of the mucus 
protective barrier of mucosa of oesophagus with blood 
scattered inside the oesophagus and the thinning of the 
stratified epithelium (Figure 2A). The oesophagus of rats 
treated with acetic acid and 20mg/kg of OA (Group 2) and 
those given 40mg/kg of OA (Group 3) showed an intact 
stratified squamous keratinised epithelial cells. The gran-
ular cell layers were prominent, and the basement mem-
brane was intact (Figure 2B & 2C). Blood vessels with 
tiny blood spots inside the oesophagus and development 
and thickening of stratified epithelium and attachment of 
the mucus protective barrier was more prominent on rats 
treated with 40mg/kg of OA (Figure 2C). Rats treated with 
Lansoprazole (Group 4) showed no irritation with a prom-
inent intact stratified squamous keratinised epithelial cell 
on their oesophagus (Figure 2D).

Rats treated with saline show detachment of the 
mucus protective barrier of mucosa and thinning of the 
epithelium (arrows 1 & 2). (B.) Oesophagi of rats treated 
of 20mg/ kg of OA show an intact mucosa layer in most 
areas and an intact epithelium (arrow 3). (C.) Oesophagus 
of rats treated with 40mg/kg of OA show a more promi-
nent thick stratified epithelium and attachment of the mu-
cus protective barrier (arrow 4), than that of the 20mg/kg 
of OA rats (D.). Rats treated with Lansoprazole show ful-
ly intact and well-developed mucosa and blood vessels. 
(H&E, 20x) scale bar = 100μm.

DISCUSSION
The oesophagus is one of the vital organs of the 

digestive system that serve as a conduit for substances 
that enter the body through oral cavity 20. However, highly 
toxic acidic substances are likely to cause morphological 
changes in the mucosae of the oesophagus. This study 
showed detachment of the mucus protective barrier of the 
mucosae and rupture of the blood vessels after exposure 
to acetic acid, these histomorphological changes are in-
dicative of gastroesophageal reflux disease (Figure 1B). 
The absence of the damaged mucosae shown in figure 
2 might have been caused by the medicinal ability of OA. 
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Fig 1: Photomicrographs of the oesophagus of (A) Group 1 rats given distilled water and of (B) group 2 rats given 2 
mL of acetic acid 15 %, pH: 2.41 daily for 30 days. 

Fig 2: Photomicrographs of the Oesophagus of rats that received (A) 2 mL of acetic acid 15%, pH: 2.41 (Group 
1) and saline; (B) 0.2 mL of OA 20 mg/kg in combination with acetic acid (Group 2); (C) 40mg/kg intra-peritoneal 
in combination with the acetic acid (Group 3); 2ml Lansoprazole 20 mg/kg orally in combination with acetic acid 

(Group 4) for 30 days.. 
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Previous research have shown OA to be part of phyto-
chemical component of medicinal plants with anti-inflam-
matory effect. As an example, the anti-inflammatory activi-
ties of fruits of Prunus padus, Kleinia odora and Syzygium 
aromaticum are shown to be due the presence of OA in 
these plants 21-24. OA studies have shown that this com-
pound has the ability to reduce oxidative and inflammato-
ry injury through sparing glutathione by raising the activity 
of superoxide dismutase (SOD) and reducing the release 
of IL-6 and TNF-α 25. This compound has been brought 
into the spotlight of the latest research due to its chemo 
preventive, anti-inflammatory, antioxidant, hepatoprotec-
tive and immunomodulatory properties 26. 

CONCLUSION
Our results show that OA may have the ability to 

prevent the effects of the acid secretion, which suggests 
that the compound may possess anti-inflammatory activity 
against acetic acid as an aggressive factor of the oesoph-
ageal lining as indicated by the prevention of the dam-
age to the lining of the oesophagus. The properties of OA 
provide advantages to GERD patients by decreasing the 
aggressive factors and increasing the protective factors 
showing that plants rich in OA should be used as a good 
alternative treatment for the disease. 
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