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ABSTRACT

Background: Vernonia amygdalina del. (Arecaceae) leaf, popularly known as ‘Bitter leaf’ is widely
used as a leafy vegetable in soups and in folkloric medicine against many ailments including
stomach discomfort.

Aim: The current study aimed to assess the gastroprotective effect of the crude aqueous extract of
V. amygdalina leaves (AEVAL) on Hydrochloric acid (HCI)/Ethanol gastric ulcer models.

Study Design: An animal experimental study which was conducted for 14 days.

Place and Duration of Study: Department of Medical Laboratory Sciences, and Animal House,
College of Medicine, University of Nigeria, Enugu Campus, between May 2013 and August 2014.
Methodology: Preliminary acute toxicity testing was performed. Twenty (25) rats were divided into
five groups (n=5). Groups | and Il were normal and ulcer control groups respectively. Groups Ill, IV
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and V were pretreated with cimetidine (100 mg/kg), 250 mg/kg AEVAL and 500 mg/kg AEVAL
respectively. Cimetidine and AEVAL were administered intraperitoneally and orally, respectively,
once daily for 7days. After drug treatments on Day 7, gastric ulcers were induced using
HCl/ethanol solution (1ml/rat) prior to sacrifice. Ulcer indices and percentage ulcer inhibition were
determined. The stomach tissues were excised, histologically processed and evaluated for
histopathological alteration under light microscopy.

Results: Acute toxicity testing revealed that AEVAL at a dose of 5000 mg/kg body weight did not
cause any mortality. Macroscopical evaluation of the gastric mucosa revealed severe lesions
following induction with HCl/ethanol. However, profound protective effects were observed with
cimetidine and AEVAL (250 and 500 mg/kg) pretreatments with ulcer inhibition of 79%, 58% and
76% respectively. Histopathological findings were consistent with the macroscopical features
observed.

Conclusion: Data from this study suggest that oral treatment with V. amygdalina leaves extract
exhibited gastroprotective activities against the injurious effects of acidified ethanol on the gastric
mucosa of albino rats.

Keywords: Vernonia amygdalina; acidified ethanol; gastric ulcers; ulcer index; histopathology.

1. INTRODUCTION major drawbacks associated with the use of
these orthodox medicines are their side effects
Vernonia amygdalina del., a shrub plant (family:  and limited efficacy against gastric diseases [17].
Asteraceae), is popular in most of West Africa These have warranted the continuous search
and called ‘Bitter leaves’ due to its bitter stem for new drugs from medicinal plants with
and leaves. In Africa, especially Nigeria, the gastroprotective and anti-ulcer potential. The
leaves are widely employed for medicinal cheaper cost, availability and wider safety margin
purposes in folkloric medicine and also as a of natural products have made them a preferred
vegetable in soups. All parts of the plant, the source of remedy when the health is challenged.
roots, stem and leaves, are believed to be Since there is a need to exploit natural products
pharmacologically useful. There are folkloric as potential therapeutic agents, the present study
claims that the extract from the plant can be used  sought to investigate the gastroprotective effects
to relieve hiccups, stomach discomfort, of V. amygdalina aqueous leaf extract against
fever, and also treat kidney problems [1]. acidified ethanol-induced gastric ulcers in rats.
Scientific  evidence on its  antioxidant,
antidiabetic, nociceptive, antipyretic, anticancer, 2. MATERIALS AND METHODS
antihelmintic, anti-inflammatory, antimalarial and
antimicrobial activities have been documented 2.1 Collection and Preparation of Plant
[2-10]. The bioactive compounds isolated Material
from V. amygdalina include flavonoids, tannins,
saponins,  alkaloids, phenolics, steroidal Fresh leaves of V. amygdalina leaves were
glycosides, triterpenoids and terpenes [11]. purchased from the ‘Akwata’ section of Ogbete
Main Market, Enugu, Enugu State, Nigeria. For
Peptic ulcer is one of the commonest diseases of  specimen authentication, a sample of the plant
the gastro-intestinal mucosal surfaces with the material was sent to an expert at the herbarium
major causative factor being the microorganism, section of the Department of Plant Science and
Helicobacter pylori. Other risk factors that have  Biotechnology, University of Nigeria, Nsukka.
increased the incidence of peptic ulcer include The leaves were rinsed in distilled water and
continuous exposure to stress, smoking, use of dried under a shade for two weeks. The dried
non-steroidal anti-inflammatory drugs, excessive leaves were ground finely using a gasoline-
alcohol intake and nutritional deficiencies [12- powered grinding machine. 200 g of the powder
14]. In Nigeria, as in many other developing was homogenized in 600 ml of distilled water
countries, peptic ulcer is one of the leading and shaken intermittently for 10 hours and
causes of mortality and morbidity [15]. The thereafter sieved twice with a muslin cloth. The
conventional drugs for its treatment are directed homogenate was eventually stored in an air-tight
at the stimulation of mucosal defenses, reduction  container, labeled as ‘AEVAL’ (aqueous extract
of gastric acid secretions, or by alleviation and/or  of V. amygdalina leaves) and refrigerated at 2-
treatment of the aggressive factors [16]. The  8°C until needed.
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2.2 Acute Toxicity Studies

The variation method as described by Lorke [18]
with slight modification was used for the acute
toxicity testing of the extract in rats. This was
conducted to determine the oral lethal median
dose [LDso]. This procedure involved a single
dose administration of three (3) doses of the
extract (1000 mg/kg, 2000 mg/kg and 5000
mg/kg) orally to three (3) respective groups of
rats (n=3) after an overnight fasting. The animals
were kept under normal laboratory conditions
and allowed free access to water only. The rats
were observed for 24hours for clinical signs of
toxicity and mortality.

2.3 Laboratory Animals

Twenty-five (25) albino Wistar rats (weighing
between 150-180 g) of approximately 3 months
old were used. The animals were procured from
the Animal House of the Department of
Physiology, College of Medicine, University of
Nigeria, Enugu Campus (UNEC), Nigeria. The
animals were housed at the Animal Housing Unit
(Annex) of the College of Medicine, UNEC. They
were kept in clean wire-mesh cages with
openings underneath, wide enough to allow
passage of fecal droppings. The animal facility
was under standard environmental conditions of
humidity, light (12 h light/dark cycle) and
temperature (25+2°C). The animals were fed with
clean water and commercially available Standard
rat pellets (Guinea feed® Nigeria Plc) ad libitum.
Prior to the commencement of the experiment,

the rats were allowed to acclimatize for
one week.
2.4 Experimental Design and Drug

Treatment

The animals were randomly divided into five (5)
groups (I — V) (n = 5) namely: normal control
(Group 1), Ulcer model (Group II), Cimetidine
(Group IIl), Low dose AEVAL (Group 1IV), and
High dose AEVAL (Group V). Rats in normal and
ulcer control groups received no drug treatment.
Those in groups lll, IV and V received 100 mg/kg
body weight (b. wt) of Cimetidine
(intraperitoneally), 250 mg/kg b.wt. of AEVAL
and 500 mg/kg b.wt. of AEVAL, respectively,
once daily for 7 days. All AEVAL treatments were
performed by oral gavage via an orogastric tube.

2.5 Acute Gastric Ulcer Induction

The experimental acute gastric ulcer induction
was achieved using oral administration of the

37

necrotizing agent (HCI/Ethanol). The rats were
fasted for 24 hours after the last drug treatments
on Day 6 but they were given free access to
clean water. On Day 7, drug treatments were
given and after 30 mins, each rat in groups Il to V
was treated with 1ml of HCI/Ethanol (80%
ethanol in 0.1N HCI) orally with an oral cannula.
Animal sacrifice was performed one hour later
under mild chloroform anesthesia. The stomach
tissue of each rat was excised and a careful
incision was made along the line of greater
curvature in order to expose the inner gastric
surface. The gastric contents were rinsed off with
physiological saline prior to necropsy.

2.6 Macroscopical Examination

The gastric surface of each stomach tissue was
examined macroscopically for the presence and
severity of ulcerative lesions using a hand
magnifying lens (x10 amplification) [19,20]. An
arbitrary scale of 0 — 4 was used to score the
severity of the gastric lesions as described
previously [21] but with slight modification.
Scores were given as follows: 0 for no lesion, 0.5
for hyperemia, 1 for one or two lesions, 2 for
multiple lesions with variable severity, 3 for very
severe lesions, and 4 for active hyperemia with
full mucosal lesions. The mean of ulcer scores
was recorded as the ulcer index (Ul). The
percentage protection (PP) for each rat was
thereafter determined as shown below:

Ul (control) — Ul (treated) X 100

Ul (control)

Photomacrography was performed to capture the
macroscopical images of the gastric mucosal
tissues.

2.7 Histopathological Studies

The stomach tissues, after necropsy, were
immediately placed in tissue cassettes and
labeled accordingly. Prior to routine histological
processing using the Automatic Tissue
Processor, all the tissues were fixed in 10%
formal saline for at least 48 hours. Paraffin wax
embedding and sectioning at 3 — 5 um thickness
with Rotary Microtome (Heitz 150, Cambridge
model) were performed. General tissue structure
for each section under light microscopical
examination was demonstrated by employing the
Hematoxlin and Eosin routine staining technique
[22]. Microscopical examination of the tissue
sections was done using an Olympus Binocular
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microscope with in-built lighting system. Light
photomicrographs (at x100 and x400 total
magnification) were captured afterwards using an
eyepiece microscope digital camera. (AmScope -
MU300 series model).

2.8 Statistical Analysis

Data obtained from this study were expressed,
where appropriate, as mean + S.E.M. of five rats/
group. Statistical analysis was conducted using
version 23.0 of Statistical Package for Social
Sciences [SPSS] software (SPSS, Chicago, IL).
Data were subjected to one-way analysis of
variance (ANOVA), followed by Tukey-highest
significant difference (HSD) post-hoc test to
determine the differences among the groups.
The level of significance was considered at p
value of <0.05.

3. RESULTS AND DISCUSSION

The preliminary acute toxicity testing conducted
showed that the extract at the highest dose of
5000 mg/kg body weight, did not produce severe
signs or symptoms of toxicity and even mortality.
Thus, from this finding, it can be inferred that
the medial lethal dose (LDsy) of the aqueous
extract of V. amygdalina leaves is greater than
5000 mg/kg b.w. It is well established that
substances with such an LDs, value are
considered relatively non-toxic. Studies from
previous researchers have also documented
similar reports and concluded that V. amygdalina
aqueous leaf extract is unlikely to be hazardous
having exhibited no signs of toxicity or mortality
up to a dose of 5000 mg/kg [23-25], whereas
Ojiako and Nwanjo [26] reported that the
extract may be toxic when consumed in very
large quantities.

In the animal experimentation in the present
study, the effect of treatment with V. amygdalina
leaves extract on HCl/ethanol-induced gastric
ulcers in rats was evaluated. Hydrochloric acid
(HCI) in combination with ethanol is well-known
to produce necrotizing lesions on the gastric
mucosa when administered orally. The lesions
produced by HCl/ethanol administration have
been reported to be more severe than those
produced by treatment with absolute ethanol
only as it further accelerates ulcerogenesis
and increases tissue injury [27,28]. HCl/ethanol
increases peptic acid secretion, reduces the
protective layer of mucus, causes intracellular
oxidative stress, reduces the levels of proteins in
the tissue resulting in tissue injury [29,30].
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Treatment of rats with HCl/ethanol only in ulcer
model group (negative control) in the present
study, showed to a great extent, more severe
mucosal lesions when compared to the other
treatment groups, thus confirming the necrotizing
effects of HCl/ethanol treatment on stomach
tissues.

Macroscopical examination (necropsy) of the
stomach tissues from the ulcer model group
revealed intense gastric mucosal lesions with
evidence of ulcers and hemorrhagic streaks
(Fig. 1a). Previous studies have reported similar
effects after an acute gastric ulcer induction with
HCl/ethanol oral administration [31,32].
Treatment with the reference drug, cimetidine,
and the two doses (250 and 500 mg/kg b.wt)
of the extracts produced markedly reduced
lesions (Figs. 1b, 1c and 1d respectively)
when compared to the ulcer model. The
necropsy findings are better portrayed by the
ulcer index (Ul) and percentage protection (PP)
determination as shown in Table 1. The highest
Ul of 3.80 = 0.22 was obtained for the ulcer
model group and the least from cimetidine-
treated group with a value of 0.80 = 0.12
and best PP of 79%. The higher dose of
AEVAL (500 mg/kg b.wt.)) showed a better
gastroprotective ability than the lower dose
(250 mg/kg b.wt.) with Ul values of 1.60 + 0.24
and 0.90 + 0.10 respectively with corresponding
PP values of 58% and 76% respectively.

The micro-anatomical findings corroborate with
the necropsy reports in the present study. This
further revealed that the histoarchitecture of the
stomach sections from the ulcer model group
was severely disorganized. Marked ulceration
and degeneration of the gastric glands in
the mucosa were observed (Fig. 2b). Clear
differences can be observed in comparison with
the stomach sections of normal control rats
(given no treatment) which showed intact
tissue (Fig. 2a). The stomach section from
cimetidine-treated group (Fig. 2c) showed
evidence of marked cytoprotection from the
injurious impact exerted by the necrotizing agent.
This proves the potency of this drug hence its
use as a standard anti-ulcer drug. Apart from
possessing cytoprotective properties, cimetidine
is an H2-receptor antagonist and hence acts by
blocking the effect of histamine thereby inhibiting
gastric acid secretion [33].

A similar cytoprotective ability was observed by
treatments with the two doses of the extract
(Figs. 2d and 2e), although a better preservation
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of the tissue cytoarchitecture was observed with
the higher dose (Fig. 2e), corroborating with the
necropsy findings. This finding suggests that oral
administration of V. amygdalina aqueous leaves
extract provides a protective role for the mucosal
lining of the stomach tissues against lesions
induced by HCl/ethanol-induced ulcers. This was
evidenced by the better organization of the
stomach tissues, though with minor lesions,
following V. amygdalina treatment when
compared with the ulcer model group. The effect
produced by the extract may be a mimic of the
mechanism of action of cimetidine thereby
modulating gastric mucosal cells against
excessive acid secretion. Overall, the observed
effects of V. amygdalina leaves extract could be

@&

[a] ULCER MODEL

‘ [c] AEVAL 250mg/kg ‘

attributed to one or more of its phytochemical
constituents especially polyphenolic compounds
like flavonoids. Owolabi et al. [34] documented
that V. amygdalina leaves are rich in antioxidants
majorly due to its flavonoid content. Since the
action of acidified ethanol on the gastric tissues
is mediated via the release of free radical
species, it can then be inferred that the
extract may have acted significantly in the
strengthening of the gastric mucosal walls and
consequently protecting the tissues from
oxidative damage. Previous researchers have
also associated the gastroprotective potentials of
plant materials to their polyphenolic compounds
(such as flavonoids and tannins) and
other bioactive principles [16,35,36].

| [d] AEVAL 500mg/kg |

Fig. 1. Gastroprotective effects of V. amygdalina leaves extract on acidified
ethanol-induced ulcers in rats
Illustrative photomacrographs of Stomach tissues opened from the line of greater curvature to expose the inner
gastric surface. Ulcer model group [a]: Extensive obvious hemorrhagic necrosis is observed in the gastric
mucosa of rats treated with HCl/ethanol only. Cimetidine group [b]: Pretreatment with Cimetidine 100mg/kg i.p.
significantly reduced the injuries from HCl/ethanol as seen in ulcer control model. AEVAL 250 mg/kg [c] and
AEVAL 500 mg/kg [d] groups: Pretreatment with both doses of V. amygdalina extract also significantly prevented
gastric mucosal injuries from HCl/ethanol

Table 1. Effects of Vernonia amygdalina leaves extract on necrotizing agent-induced ulceration

Treatments n Dose Ul (mean + SEM) PP (%)
Ulcer model 5 10 ml/kg 3.80+0.20

Cimetidine 5 100 mg/kg 0.80+0.12* 79
Low Dose AEVAL 5 250 mg/kg 1.60+0.24* 58
High Dose AEVAL 5 500 mg/kg 0.90+0.10* 76
F-ratio 62.373

Sig. 0.000

Data expressed as mean + SEM. *p < 0.05 statistical significant when compared to the control group.
AEVAL = Aqueous extract of Vernonia amygdalina leaves; Ul: Ulcer Index; PP: Percentage Protection
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Fig. 2. Light photomicrographs of stomach sections from control and treatment groups (A - E)
[Stain: H&E; Mag.: x100]

[A] Normal control: Intact histoarchitecture of the gastric mucosa. [B] Ulcer model: Section shows evidence of
mucosal disorganization, gastric gland degeneration and erosion. [C] Cimetidine 100 mg/kg: Showing
significantly preserved tissue structure with mild damage of superficial mucosal cells. [D] AEVAL 250 mg/kg:
showing moderately preserved tissue structure. [E] AEVAL 500 mg/kg: General features appear intact and
markedly preserved tissue but with mildly eroded superficial cells

4. CONCLUSION

Findings from the present study confirms that
oral administration of hydrochloric acid in
combination with ethanol exerts severe gastric
mucosal lesions. However, upon administration
of the aqueous leaves extract of Vernonia
amygdalina, significant gastroprotective effects
were observed. All the evidence from the
macroscopical and microscopical findings in the
present study revealed that Vernonia amygdalina
can be further explored for its cytoprotective
abilities in maintaining the structural integrity of
the stomach tissues against injurious impact
from gastro-toxic agents. Bioactive principle(s)
isolation to determine the compound(s)
responsible for the observed effects and their
possible mode of action(s) may be conducted in
future studies.
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