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Evaluation of the Anti-ulcer Effect of
Extra Virgin Avocado (Persea americana)Oil in Rats
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ABSTRACT

Peptic ulcer disease is a gastrointestinal disorder of high mortality and
morbidity. Therapy of this disease condition with conventional drugs
presents therapeutic challenge due to incidents of unwanted side effects, and
the high cost of these medications. The use of products from natural sources
will provide useful alternatives due to their minimal side effects, being
inexpensive, and readily available, especially in resource-challenged nations
of the continent of Africa and other developing economies. Qils derived
from plants are increasingly being used in management of several disease
conditions. This study aims at evaluating the antiulcer activity of extra
virgin avocado oil in rodents using ethanol-induced, and indomethacin-
induced ulcer models. Test group was given extra virgin avocado oil (1ml
per 250g weight) for 7 days before induction of ulcer. Positive controls
received omeprazole 30 mg/kg, while negative control animals were given
distilled water (10ml/kg) for 7 days respectively, before induction of ulcer.
The stomachs were excised, and their histopathological examinations
carried out. Avocado oil significantly reduced the ulcer index in both models
when compared to the negative control group, and histopathological
findings corroborate that the oil ameliorates ulcerations in both models.
The present study has demonstrated that extra virgin avocado oil possesses
significant antiulcer activity.
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I. INTRODUCTION

Peptic ulcer disease (PUD) is a disease of the
gastrointestinal tract, which comprises both gastric and
duodenal ulcers. It is hallmarked by imbalances between
offensive (gastric acid, pepsin, and Helicobacter pylori) and
defensive (prostaglandins, bicarbonate ions, mucin, growth
factors, and nitric oxide) factors [1]-[3]. Other causes of
peptic ulcer disease include long term and high dose of drugs
such as non-steroidal anti-inflammatory drugs (NSAIDs),
smoking, stress, alcohol consumption, age-related decline in
prostaglandin levels, and diseases such as Zollinger-Ellison
syndrome [4], [5]. Peptic ulcer disease is the most common
gastrointestinal disorder with significant mortality and
morbidity globally [6]. Synthetic drugs such as proton pump
inhibitors, antacids (aluminium hydroxide and magnesium
trisilicate), histamine-Hz- receptor blockers (cimetidine and
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ranitidine), proton pump inhibitors (omeprazole and
lansoprazole), cytoprotective agents (sucralfate and the
prostaglandin analogue misoprostol), muscarinic antagonists
(pirenzepine), and antimicrobial agents (amoxicillin and
clarithromycin) are commonly used for treatment of peptic
ulcer disease [7], [8]. However, these drugs have numerous
side effects such as diarrhoea, headache, constipation,
arrhythmia, hypomagnesemia, hypersensitivity, impotence
and gynecomastia [9], [10]. Additionally, some of these drugs
are expensive [11]. Herbal products are considered better
alternatives as they have fewer side effects and better
compatibility with the human body [12].

Oils obtained from plants are gaining wide popularity for
their therapeutic potentials [13]. Some oils reported to be
effective for treatment of peptic ulcer disease include virgin
coconut oil [14], olive oil [15], ginger, clove, castor oils [16],
and basil oil [17]. Avocado (Persea americana) is a fruit that
is native to Central America. It is grown mainly in warm
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temperate and subtropical climates throughout the world.
Hence, climate and country of origin can affect the fruit
quality and therefore, the oil [18]. Extra-virgin avocado oil
which is viscous, dark green in colour (due to chlorophylls
and carotenoids contents), with a mild taste is obtained from
the avocado fruit mostly by cold pressing, and without
undergoing alterations in its nature by the addition of
chemicals or subsequent processing [19]. Internationally,
there are no defined parameters for avocado oil, and the
values commonly used are those recommended for olive oil
[18]. The quality standard for olive oil is documented in the
Codex Alimentarius and the International Olive Oil Council
[20]. Avocado oil was classified based on the extraction
method and fruit quality by Woolfe and co-workers [21] as
“Extra virgin,” which is that produced from high-quality fruit,
extracted only with mechanical methods at temperature
below 50 °C and without the use of chemical solvents.
“Virgin” avocado oil, is produced using lower quality fruits
i.e., having small areas of rot and physical alterations,
extracted mechanically at temperature below 50 °C, and with
no added chemical solvents. The third class is “Pure” avocado
oil whose fruit quality is not important. It is bleached,
deodorized, and contains natural fruits or herbs flavour. The
fourth is “Mixed” avocado oil which combines avocado oil
with olive, macadamia, and other oils [18], [21]. The major
producers of avocado oil in the world are Mexico, New
Zealand, the United States, South Africa, and Chile [22].

Avocado oil has gained wide application in human
nutrition, food industry, and cosmetics. The lipid content
which consists mainly of monounsaturated fatty acids, has
cardiovascular system benefits and anti-inflammatory
potentials [18], [23]. Avocado oil contains more than 60% of
monounsaturated fatty acids, a characteristic similar to that of
olive oil, hazelnut, and macadamia nut. When compared with
olive oil, avocado oil possesses a higher proportion of
saturated fatty acids (16.4%), mostly palmitic acid (15.7%), a
lower proportion of monounsaturated fatty acids (67.8%),
most of which is oleic acid (60.3%), and a higher proportion
of polyunsaturated fatty acids (15.2%), most of which is
linoleic acid (13.7%) [24]. Avocado oil has been reported as
having a higher polyunsaturated fatty acid/saturated fatty
acid, and higher omega-6/omega-3 ratios than olive oil [25].
The presence of bioactive compounds such as tocopherols,
tocotrienols, phytosterols, carotenoids, and polyphenols in
avocado oil makes it of particular interest for research,
targeted at the prevention and management of several disease
conditions [18]. This study aims at the evaluation of antiulcer
activity of Avocado fruit (Persia americana) oil using rodent
models.

II. MATERIALS AND METHODS

A. Preparation of Extra Virgin Avocado Oil

Ten (10) mature, high-quality avocado fruits were bought
from Uyo market, in Uyo Local Government Area of Akwa
Ibom State, Nigeria. They were washed and kept until soft.
The pulp was removed, mashed and spread on a large surface
open container kept under room temperature. During this
period, the pulpy mash was turned occasionally for faster
drying. After about 4 days, droplets of the oil were seen on
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the surface (this shows its ready for extraction). The oil was
squeezed from the paste using sieve cloth and then filtered to
remove unwanted particles.

B. Experimental Animals

A total of 36 rats of both sexes, weighing (128-221 g) were
obtained from the animal house of the Department of
Pharmacology and Toxicology, Faculty of Pharmacy,
University of Uyo. They were maintained on standard animal
pellets and water ad libitum, housed in cages to acclimatize
to the animal house, and maintained under standard
conditions (25-28 °C) with 12h dark/12h light cycles.

C. Experimental Design

The experimental rats were divided into three groups
consisting of six rats per group. Rats of each group were
orally pre-treated as follows:

Group 1 (Negative control): Given distilled water
(10ml/kg) for 7 days

Group 2 (Positive control): Given Omeprazole (30mg/kg)
for7 days

Group 3 (Treatment group): Given Extra Virgin Avocado
oil (1ml per 250g body weight) for 7 days [26]. Animals were
fasted for 24 hours into the 8" day before the ulcer induction.
Ethanol and Indomethacin models were used.

D. Ethanol-Induced Ulcer Model

Rats in each group were pre-treated for 7 days and fasted
for 24h into the 8" day. On the eighth day, ulcer was induced
through the administration of ethanol (2 ml/kg) 1 hour after
administration of distilled water (group 1), omeprazole
(group 2) and avocado oil (group 3), respectively. The
animals were kept further for 4 hours for the ethanol to take
effect. After the 4 hours, animals were euthanized by cervical
dislocation under chloroform anaesthesia. The stomachs were
excised and gently rinsed with normal saline, then inflated
and with 1% formalin solution (10 ml), and immersed in the
same solution to fix the outer layer of the stomach [1], [27].
After about 10 minutes, each stomach was opened along the
greater curvature, rinsed with normal saline to remove gastric
contents, and examined by using a 10x magnifier lens to
assess the formation of ulcers, then scored by using the
Kulkarni method (0 = no ulcer, 0.5 = red coloration, 1 = spot
ulcers, 2 = deep ulcers, and 3 = perforations) [28]. This
procedure was performed by an expert in identification of
ulcer types.

Ulcer index and percentage of ulcer inhibition were
determined as follows:

Ulcer index (UI) = Un + Us+ Up x 107!

where Un = average number of ulcers per animal, Us =
average of severity score, and Up = percentage of animals
with ulcers.

Ulcer inhibition (%) = (UI control — UI test) x100
Ul control

E. Indomethacin-Induced Ulcer Model

Rats in each group were pre-treated for 7 days and fasted
for 24 h into the 8™ day. On the eighth day, ulcer was induced
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according to the method of Nwafor and co-workers with
modifications [29] via the administration of indomethacin
(100 mg/kg) 1 hour after administration of distilled water,
indomethacin and avocado oil respectively. The animals were
kept further for 4 hours for the indomethacin to take effect.
After the 4 hours, the animals were euthanized by cervical
dislocation under chloroform anaesthesia for macroscopical
examination carried out with a hand lens and scored for the
presence of lesions.

F. Histopathology

The stomach tissues which were preserved in 10%
formalin pending histopathological studies were dehydrated
serially through progressive concentrations of alcohol and
cleared using xylene. After clearing, the tissues were
embedded in paraffin wax and thin sections of about Sum
were made using the microtome. Each section was mounted
on a clean glass slide and stained with Haematoxylin and
Eosin. Later, a mounting medium (Canada balsam) was
dropped on each tissue section and a cover slip placed on it
and allowed to dry [30]. They were examined with a light
microscope, and photomicrographs were captured using a
Moticam Images plus 2.0 (Motic China Group Ltd.) digital
Camera attached to the microscope.

G. Ethical Issues

The procedures were performed according to the
guidelines on the use of animals and approved by the
Institutional Animal Ethical Committee of the Faculty of
Pharmacy, University of Uyo, Nigeria (Ethical Approval No:
FPharm/EC/010).

H. Statistical Analysis

Results were expressed as mean =+ standard error of mean
(SEM). Statistical analysis was carried out using SPSS
version 23 statistical software. Statistical significance was
determined using one-way Analysis of Variance (ANOVA)
followed by Tukey’s post hoc test. Values of p<0.05 were
considered to be significant.

III. RESULTS AND DISCUSSIONS

A. Effect of Persia Americana Oil on Ethanol-Induced
Ulceration in Rats

The effect of avocado oil on ethanol-induced gastric
ulceration is as shown in Table I. Avocado oil pre-treated
group significantly (p<0.05) prevented ulcer formation
compared to that of negative control. The standard drug,
omeprazole also caused reduction in ulcer index compared to
the negative control but the variation is not statistically
significant(p>0.05). In addition, avocado oil showed better
protection against ulcer with a higher percentage inhibition of
39.2% when compared to that of the standard drug,
omeprazole with 17.5 % ulcer inhibition. Induction of ulcer
by ethanol is widely used in antiulcer animal model. Ethanol
metabolism in the body releases superoxide anion, and
hydroperoxyl free radicals, which are known to be part of the
mechanisms of acute and chronic ulceration of the gastric
mucosa [31].
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TABLE I: EFFECT OF VIRGIN AVOCADO OIL ON ETHANOL-INDUCED
ULCERATION IN RATS

Percentage
Group Treatment Ulcer Index Inhibition
Normal Distilled Water-
Control 10 ml/kg 3.83+0.31 )
Positive Omeprazole-
Control 30 mg/ke 3.16 £0.31 17.5
Avocado Ofl  LMIPEr2508 s 55, 4 4 39.2
body weight

Values are expressed as mean +SEM. Significant at “p<0.05 when compared
to control (n=6).

B. Effect of Persia Americana Oil on Indomethacin-
Induced Ulceration in Rats

The effect of Avocado oil on indomethacin-induced gastric
ulceration is as shown in Table II. Rats pre-treated with
Avocado oil showed significant (p<0.05) reduction in ulcer
index compared to those in the normal and control groups,
and have percentage ulcer inhibition of 38. However, this
anti-ulcer potential of avocado oil was lower than that of the
standard drug, omeprazole which apart from significantly
(p<0.05) reducing the ulcer index relative to the control, also
has a higher percentage inhibition (59 %). Indomethacin has
been shown to exhibit greater gastric damage in rodents when
compared to other NSAIDs [31]. Hence, it has become
preferrable for inducing ulcers [32]. It causes damage to
stomach tissue by increasing gastric acid, pepsin activity, and
enhances lipid peroxidation and oxidative stress via
production of free radicals in mucus [33].

Significant (p<0.05) reduction in ulcer index compared to
those in the normal and control groups and have percentage
ulcer inhibition of 38. However, this anti-ulcer potential of
avocado oil was lower than that of the standard drug,
omeprazole which apart from significantly (p<0.05) reducing
the ulcer index relative to the control, also has a higher
percentage inhibition (59 %). Indomethacin has been shown
to exhibit greater gastric damage in rodents when compared
to other NSAIDs [32]. Hence, it has become preferrable for
inducing ulcers [33]. It causes damage to stomach tissue by
increasing gastric acid, pepsin activity, and also enhances
lipid peroxidation and oxidative stress via production of free
radicals in mucus [34].

C. Histopathology of the Stomach

TABLE II: EFFECT OF VIRGIN AVOCADO OIL ON INDOMETHACIN-INDUCED
ULCERATION IN RATS

Percentage
Group Treatment Ulcer Index Inhibition
Normal Distilled
Water- 10 8.33+0.35 -
Control
ml/kg
Positive Omeprazole- a
Control 30 mg/kg 341£0.19 390
. 1 ml per 250 g a
Avocado Oil . 5.16+0.16 38.0
body weight

Values are expressed as mean £SEM. Significant at *p<0.05 when
compared to control (n=6).

The results of the histopathological studies on the inner
lining of the excised stomachs of the experimental animals,
are shown in Fig. 1. A—C displays a representative image of
each of the groups of the alcohol-induced ulcer model, while
D-F shows the results of the indomethacin-induced ulcer
model.
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Results from observation of stomach of the various groups
established severe ulceration induced by both alcohol and
indomethacin (control groups). However, avocado treatment
tends to ameliorate the ulcerations in both models, especially
in the alcohol-induced model when compared to the control
group. Indomethacin tends to be less gastro-toxic as
compared to alcohol. Omeprazole, the standard drug also
attenuates the toxicity induced by both alcohol and
indomethacin, especially in the indomethacin model when
compared to the negative control group. The antiulcer
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IV. CONCLUSION

The present study showed that extra virgin avocado oil has
significant anti-ulcer activity. However, further research
work should be carried out to elucidate the exact
mechanism(s) of action. Since the oil was administered in its
natural form without any adulteration, it could be used as a
nutritional recipe for ulcer patients (for example, as salad
dressing, for stir frying etc.), and as potential candidate for
preparation of natural remedies used in mitigating peptic
ulcer disease in humans.

potential of avocado oil may be attributable to the bioactive
constituents present in avocado fruit. Reference [35] reported
the presence of alkaloids, saponins, unsaturated steroids and
triterpenoids (Leucoanthocyanins), fats and oils in the
ethanolic extract of P. americana. Tocopherols have also
been identified in the avocado acetone extract [36]. The oil
retains most of the bioactive substances and carotenoids
present in the fruit [37].
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Fig. 1. (A)-Histological photomicrograph of the Avocado treated rat stomach alteration induced with alcohol (AV-A, group 3) stained with H&E techniques
showing an abnormal digestive tissue with the gastric pits having wide area of hemorrhagic blood vessel (arrow), gastric glands (Gg) and infiltrating
inflammatory cells within the stomach endometrium at magnification (x100). Inference: Moderately ulcerated; (B)-Photomicrograph of the longitudinal
section of Control rat stomach alteration induced with alcohol (C-A) showing the histo-structure of an abnormal digestive tissue with the gastric pits having
wide areas of hemorrhagic blood vessel (arrow), degenerating glandular epithelial cells (hp), wide infiltration of inflammatory cells (arrowhead) within the
stomach endometrium and eroding endothelial lining cells at magnification (x100). Inference; severely ulcerated; (C)- Photomicrograph of the longitudinal
section of the Omeprazole treated rat stomach alteration induced with Alcohol (OM-A) showing the histo-architecture of an abnormal digestive tissue with
the gastric pits having mild area of hemorrhagic blood vessel (arrow), hyperplasic glandular epithelial cells (hp) and few infiltrating inflammatory cells
(arrowhead) within the stomach endometrium at magnification (x100). Inference: Mildly ulcerated. (D)-Photomicrograph of the longitudinal section of the
Avocado treated rat stomach alteration induced with Indomethacin (AV-I) showing the histo-architecture of an abnormal digestive tissue with the gastric
pits having scanty areas of hemorrhagic blood vessels (arrow) and infiltrating inflammatory cells within the stomach endometrium at magnification (x100).
Inference: Mildly ulcerated; (E)- Photomicrograph of the longitudinal section of the Omeprazole treated rat stomach alteration induced with Indomethacin
(OM-I) showing the histo-architecture of an abnormal digestive tissue with the gastric pits having wide area of hemorrhagic blood vessels (arrow),
atrophying glandular epithelial cells (At) and infiltrating inflammatory (arrowhead) cells within the stomach endometrium at magnification (x100).
Inference: Moderately ulcerated; (F)-Photomicrograph of the longitudinal section of the negative control rat stomach alteration induced with indomethacin
(C-I) showing the histo-structure of an abnormal digestive tissue with the gastric pits having wide areas of hemorrhagic blood vessel (arrow), degenerating
glandular epithelial cells, wide infiltration of inflammatory cells (arrowhead) within the stomach endometrium and eroding endothelial lining cells at
magnification (x100). Inference: Severely ulcerated.
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