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ABSTRACT

Aims: To investigate the ability of Enantia chlorantha aqueous extract to heal acetic acid-induced
chronic gastric ulcers and to prevent the delay in chronic ulcer healing induced by indomethacin.
Study Design: Random allocation of male rats to groups of five rats each.

Place and Duration of Study: Department of Animal Biology and Physiology, Animal Physiology
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Laboratory (Gastroenterology Research Unit) University of Yaoundé 1 and Department of
Biomedical Sciences (Pathology Unit), University of Buea between January and April 2015.
Methodology: Gastric ulcers were produced 5 days after submucosal injection of 30% acetic acid
(0.05 ml) at the lesser curvature of rat stomachs corpus. The extract (250 and 500 mg/kg) was
administered p.o. during 10 days. Ulcer healing was delayed by indomethacin administered s.c. at
1 mg/kg once daily for 2 weeks from 5 days after the acid injection. Extract or sucralfate were
administered concomitantly. Mucus secretion and oxidative stress parameters (superoxide
dismutase (SOD), malondialdehyde (MDA), reduced glutathione (GSH), catalase (CAT)) were
measured, and macroscopic and histological assessment of ulcer healing was done.

Results: Ulcer healing rates were 82.7% and 88.6% for the 250 and 500 mg/kg doses of extract
following 10 day treatment of acetic acid-induced ulcers vs 55.7% and 85.2% for spontaneous
healing and Ranititine, respectively. Spontaneous healing (60.9%) was significantly (P<0.01)
delayed by indomethacin (22.5% healing rate). Co-administration of extract (250-500 mg/kg) or
sucralfate (100 mg/ kg) significantly (P<.001) inhibited the adverse effect of indomethacin, raising
healing rates to 76.7%, 82.2% and 85.8%, respectively. Indomethacin significantly depressed
gastric mucus production (39.79 mg) but extract and sucralfate restored values to 40.08-55.75 mg
and 70.06 mg, respectively. Indomethacin raised MDA levels and decreased antioxidant enzyme
levels. These effects were counteracted by E. chlorantha extract. Microscopy showed advanced
re-epithelialisation with recovery of ulcer craters due to extract.

Conclusion: E. chlorantha accelerates the spontaneous healing of acetic acid-induced chronic
gastric ulcers, and prevents the delay in chronic gastric ulcer healing caused by indomethacin. The
healing-promoting effect of the extract could be due not only to stimulation of gastric mucus
secretion but also to enhanced re-epithelialisation and inhibition of enhanced lipid peroxidation in
the ulcerated gastric tissue.

Keywords: Enantia chlorantha; chronic gastric ulcers; delayed healing; antioxidant status.

1. INTRODUCTION

The introduction in 1969 of the type 1 acetic acid-
induced chronic gastric ulcer model has greatly
contributed to advances in the discovery of novel
and effective antiulcer drugs [1,2]. Other workers
later created three modifications of the
methodology including the now famous (Type 2)
model whose efficiency in antiulcer studies have
been proven [3,4]. This model is termed chronic
because the ulcers produced persist for a long
time and resemble human chronic ulcers both
grossly and histologically [1]. Clinical and
experimental data indicate that traditional non
steroidal anti-inflammatory drugs (NSAIDs) delay
the healing of peptic ulcers by interfering with the
action of growth factors, decreasing epithelial cell
proliferation in the ulcer margin, decreasing
angiogenesis in the ulcer bed, and slowing the
maturation of the granulation tissue [5]. Other
workers [6,7] reported that a 4-week course of
indomethacin clearly delayed the spontaneous
healing of acetic acid-induced ulcers in rats. The
term “unhealed gastric ulcers” was coined to
represent chronic ulcers that persisted for up to
12 weeks even after cessation of four week
treatment with NSAIDs [8], and the mechanism
underlying their production involves severe
fibrosis, persistent neutrophil infiltration and poor

angiogenesis at the ulcer base [9]. Increased
polymorphonuclear cell infiltration had earlier
been found to be the major histological
abnormality persisting after cessation of
indomethacin treatment [10], and significant
enhancement of healing is promoted by anti-
secretory drugs (e.g. omeprazole), prostaglandin
analogs, mucosal defense agents (e.g.
sucralfate), and various growth factors [4].
Mechanisms underlying delayed healing need to
be well understood so that new therapies can be
developed [11], and the increasing interest in
traditional medicines has been attributed to the
economic advantage they provide, the
accessibility and assumed safety they offer when
compared to conventional medicines [12,13].

Enantia chlorantha is an ornamental tree widely
used in African pharmacopeia to treat many
diseases. Quantitative and qualitative
phytochemical screening of E. chlorantha
aqueous extract showed a significant presence
of alkaloids and phenolics, phytochemicals to
which both the antimalarial [14] and the broad-
spectrum antibacterial activities [15,16] have
been attributed. Low doses of the aqueous
extract of E chlorantha (50 mg/kg) have been
shown to increase sperm motility and viability
[17,18]. The antioxidant properties of various



solvent extracts of E. chlorantha have also been
attributed to their flavonoid and phenolic contents
[19]. The extract has antitusive, wound healing
[20], antiviral [21] and hepatogrotective [22],
activity, and HEPASOR (Labothera
Laboratories), a combination of protoberberine
alkaloids (palmatine 65%, jatrorrhizine 20% and
coloumbamine 15%) from E. chlorantha bark is
sold for the treatment and prevention of viral
hepatitis in Cameroon [23]. Previous work
revealed anti Helicobacter pylori, prophylactic
and healing properties of an anti-ulcer alkaloid
(7, 8-dihydro-8-hydroxypalmatine) from E.
chlorantha [24]. The acute and sub-acute toxicity
profile of the aqueous stem bark extract of the
plant has also been investigated [25]. The wide
medicinal usefulness of E. chlorantha has led to
an overexploitation of this plant and steps are
being taken through macro propagation to
prevent extinction [26]. Since the stem bark
aqueous extract of E. chlorantha showed
cytoprotective antioxidant properties in rats [27],
we undertook the present study to evaluate the
healing effects of the extract on both chronic
acetic acid-induced gastric ulcers and on
indomethacin delayed chronic gastric ulcers.

2. MATERIALS AND METHODS

2.1 Preparation of Plant Extract

The stem bark of E. chlorantha was harvested in
Ambam, South region of Cameroon in July 2014.
The plant was identified in comparison with the
specimen n° 25918/SRFCAM held at the
Cameroon National Herbarium. The fresh stem-
bark of E. chlorantha was cut up, dried and
ground to a fine powder. A mixture, 10% (w/v) of
the powder and distilled water was boiled for 20
minutes, and then cooled to room temperature.
After filtration of the decoction obtained through
Wattman filter paper number 3, the filirate was
evaporated at 40°C using a Raven convection air
oven (Jencons PLS, UK). The yellowish dried
solid obtained (4.53%) was stored at 4°C and
used later for our pharmacological tests.

2.2 Animals

Male Wistar albino rats (140-190 grams) raised
in the animal house of the Faculty of Science,
University of Yaounde | were used. The animals
were fed a standard laboratory diet and given
fresh water ad libitum. The authorization for the
use of laboratory animals in this study was
obtained from the Cameroun National Ethics
committee (Reg. No FWA-IRB00001954).

Mesmine et al.; BJPR, 8(1): 1-13, 2015; Article no.BJPR.19035

2.3 Phytochemical Tests

Phytochemical tests for major metabolites of the
extract were performed. The aqueous extract of
E. chlorantha was screened for the presence of
biologically active compounds such as tannins,
alkaloids, saponins, flavonoids, anthocyanins,
phenols, quinones, coumarins, sterols,
triterpenoids, glycosides, proteins. Based on the
intensity of coloration, the lather or the precipitate
formed during the test, secondary metabolite
proportions were characterized as present (++),
weakly present (+), and absent (=) when the test
result was negative.

2.4 Induction of Gastric Ulcers

2.4.1 Induction of simple chronic acetic acid
ulcers

The glacial acetic acid chronic ulcer model
described by [28] was used. Briefly, laparotomy
was performed under ether anesthesia on
experimental rats after a 24 h fast. Fifty
microlitres of 30% glacial acetic acid were
injected into the submucosal layer of the gastric
wall of the stomach corpus at the region of the
lesser curvature and the stomach wall wiped
using cotton wool soaked in a 0.9% NaCl
solution. The abdominal incisions were stitched
up and feeding was resumed. Disinfectant
(Betadine) was applied daily to the incised region
to avoid infection. Four days after the operation,
a control group of five rats (group1) was
sacrificed under ether anesthesia, and the rat
stomachs were opened in order to establish the
degree of ulceration prior to the onset of
treatment. Day 5 was then considered as the
initial day of ulcer establishment. The remaining
rats were divided into five groups of five rats
each: group 2 (ulcerated negative control)
received 1 mL of distilled water daily by gavage
for 10 days, while groups 3 and 4 were given,
respectively, 250, and 500 mg/kg of the extract.
Group 5 rats were given 50 mg/kg of ranitidine
(Azantac). An additional group of 5 healthy non
ulcerated rats was included but the rats were
given neither the extract nor ranitidine. On the
final day the rats were sacrificed, and ulcer
indices and gastric mucus production were
measured. Ulcer healing rates were calculated
by comparing the ulcer status of extract- and
ranitidine-treated rats with those of the day 4
ulcerated controls. The degree of auto-healing
was also evaluated by comparing the untreated
controls given vehicle with the day 4 ulcerated
controls. The stomach ulcerated portions were



fixed and stored in 10% formaldehyde awaiting
histological studies.

2.4.2 Induction of hard healed chronic gastric
ulcers

The same protocol described above was
performed but with slight modifications in
accordance with the procedure described by [6].
Following establishment of simple (Type 2) acetic
acid-induced gastric ulcers, hard healed ulcers
were produced by daily indomethacin treatment
delivered (from day 5) as a subcutaneous dose
(1 mg/kg) for 2 weeks. Indomethacin was
suspended in saline solution and the vehicle
alone was administered for the same period as a
control at the volume of 1 ml/200 g BW. Another
group of 5 ulcerated rats received only
indomethacin daily for 2 weeks. The three
remaining groups of ulcerated rats received the
extract (250 and 500 mg/kg) or sucralfate
concomitantly with indomethacin for 2 weeks. On
the 15" day following ulcer induction, the animals
were sacrificed using ether, and blood and
gastric tissue samples were taken and prepared
for the measurement of different oxidative stress
parameters. Measurement of mucus production
and macroscopic and histological study was
done as described above.

2.5 Measurement of Mucus Production

The mucus covering of each stomach was gently
scraped using a glass slide and the mucus
weighed carefully using a sensitive digital
electronic balance [29].

2.6 Measurement of In vivo Antioxidant
Capacity

Cellular glutathione (GSH) was measured based
on the reaction between 2,2-dithio-5,5-dibenzoic
acid and the thiol (SH) groups of glutathione to
yield a complex whose absorbance was read at
412 nm [30]. The glutathione concentration was
calculated using the molar extinction coefficient
e= 1.36 10 M cm™. Superoxide dismutase
(SOD) activity was measured using a standard
method [31] and expressed in U/mg of protein,
while catalase was determined and expressed as
mM of H,O./min/mg of protein [32]. Tissue
protein was measured using the Biuret method of
protein assay. Lipid peroxidation was assessed
by measuring the levels of malondialdehyde
(MDA) [33]. Quantification of MDA was done
usiqg an extinction coefficient of e= 1.56 10° M™'
cm .
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2.7 Statistical Analysis

The data were analyzed using the one way
analysis of variance (ANOVA) followed by the
student-Newman- Keuls test. P values <.05 were
considered significant. Values in tables are given
as arithmetic means * standard error of the
mean (S.E.M.)

3. RESULTS
3.1 Phytochemical Screening

The preliminary phytochemical screening carried
out on the aqueous extract of E. chlorantha
revealed the presence of many
phytoconstituents. These included tannins,
saponins, anthocyanins, acids, glycosides (++),
alkaloids, ketones, flavonoids, sugars,
coumarins, amino-acids and proteins (+);
phenols, quinines, oils, sterols, triterpenoids and
resins (-) were not detected.

3.2 Ulcer Healing

The macroscopic aspect of the stomachs
showed deep and wide craters in the control
group (day 1 of ulceration) (Fig. 1B) representing
an ulcerated area of 47.40+5.13 mm? (7,02% of
glandular area) on the day of ulceration (Table1).
Spontaneous healing (in control rats treated with
vehicle for 10 days) reduced the ulcerated area
to 21.00+4.53 mm? representing an auto healing
rate of 55.7%. The extract of E. chlorantha (250
and 500 mg/kg) and ranitidine (50 mg/kg)
significantly reduced ulcer craters after 10 days
treatment to 8.20+1.11 mm?, 5.40+0.73 mm? and
7.00+1.48 mm?, representing healing rates of
82.7%, 88.6% and 85.2%, respectively. The
macroscopic reductions in ulcer crater size were
accompanied by significant increases in mucus
production in the extract-treated and sucralfate-
treated groups (56.1-75.6 mg) compared with the
day O control (33.9 mg). Spontaneous healing
was also accompanied by significant (P<0.01)
mucus production (Table 1).

Glacial acetic acid was applied to rat stomachs
on the serosal side and the rats were sacrificed 4
days after ulcer induction in order to ascertain
the establishment of deep chronic ulcer craters.
Stomach sections of these rats showed obvious
loss of substance in the superficial mucosal
layers. There was a diffuse mature infiltrate of
mononuclear inflammatory cells, with the
presence of congestion and edema which are



indicative of an acute ulceration. The muscular
layers were spared (Fig. 2B & C). In the
negative control rats that were maintained for 10
days after ulcer establishment but without anti-
ulcer treatment, the entire glandular depths of the
stomach sections were invaded by inflammatory
cells. The superficial layers remained ulcerated,
and the muscular layers were attained by the
inflammatory process (Fig. 2D). Figs. 2E & F
show different magnifications of ulcer sections
from animals that received the plant extract at
the dose of 250 mg/kg for 10 days. Although
macromorphological pictures showed advanced
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topical healing, the histological sections still
showed an invasion of the glandular depths by
inflammatory cells. In the rats that received the
extract at 500 mg/kg, the ulcer sections showed
advanced signs of perfect healing, with
granulation tissue and fibrosis (Figs. 2G & H).
With ranitidine treatment for 10 days (Fig. | & J),
the healing process was depicted by the re-
establishment of mucosal loss. However, the
inflammatory process could still be seen as
depicted by intra muscular edema and sparse
inflammatory cells.

Table 1. Healing effect of the aqueous extract of E. chlorantha on chronic acetic acid-induced
gastric ulcers in rats

Treatment Dose N % ulcerated (%) healing Mucus production
(mg/kg) area (mg)

Control 1 - 5 7.02 - 33.91+2.34

Control 2 - 5 3.1 55.70 97.5242.88**

E. chlorantha 250 5 1.21 82.70 56.10+4.64**

E. chlorantha 500 5 0.8 88.61 75.63+2.36***

Ranitidine 50 5 1.03 85.23 75.09+3.75*

Control 1 (4 day ulcerated rats); Control 2 (spontaneous healing).**P<.01; ***P<.001; Statistically significant
relative to Control 1
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Fig. 1. Macroscopic aspect of simple chronic acetic acid-induced gastric ulcers
1A: Normal (Healthy control rat), 1B: Control 1 (ulcerated rat sacrificed 4 days after acetic acid ulcer induction),
showing a deep large ulcer; 1C: Negative control; (ulcerated rat given vehicle for 10 days following ulcer
induction). 1D &1E: ulcerated rats treated with 250 and 500 mg/kg of extract, respectively, for 10 days after ulcer
induction. 1F: Positive control rat given ranitidine (60 mg/kg) for 10 days following ulcer induction. (Arrows
indicate position of ulcer)
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Fig. 2B. Control 4™ day
(x100)

~ 21. Ranitidine (x100)

il -

2H. Extract 500 mg/kg (x400) 2J. Ranitidine (x100)
Fig. 2. Histological presentation of acetic acid-induced chronic ulcers
2A: histological section of normal rat stomach showing gastric mucosa , intact annular muscles , and longitudinal
muscles in the muscularis. 2B & C: Sections of control rats, 4 days after ulceration showing the depth of the
ulcer with a superficial loss of substance and glandular destruction. 2D: Negative control (distilled water for 10
days) shows lymphocyte infiltration. 2E & F: Stomach sections of extract-treated rats (250 mg/kg) after 10-days
treatment showing a recovering of the crater, and some edema (e). 2G & H: sections of extract-treated rats (500
mg/kg) after 10-day treatment, showing glandular proliferation and lymphocyte infiltration. 21 & J: Positive control
rats treated with ranitidine showing healthy mucosa



The macroscopic aspects of the stomachs
subjected to acetic acid ulcer induction followed
by 2 week treatment with indomethacin are
shown in Fig. 3. Compared with significant
spontaneous healing that was observed in
Fig. 3B, acetic ulcers treated with indomethacin
for 2 weeks remained significantly sore and
deep, without any visual signs of healing (Fig.
3C). These hard healed ulcers were on average
39.21+7.73 mm? in size (22.5% healing rate)
compared with 50.6+6.72 mm? for the day O ulcer
group. Treatment with extract and sucralfate
significantly promoted the healing process (Fig.
3D, E, F). Thus, ulcerated areas reduced from
50.6+6.72 mm?Zon day 0 to 11.80+2.18 mm? and
9.00+2.19 mm? for 250 and 500 mg/kg doses,
respectively, representing healing rates of 76.7
and 82.2%. Sucralfate promoted the highest
reduction of ulcer index (85.8% healing rate)
(Table 2). Significant increases in mucus
production (P<.01) were observed in response to
spontaneous healing, extract and sucralfate
treatment.

The histological presentation of acetic acid-
induced chronic ulcers in which healing was
delayed by indomethacin treatment are shown in
Fig. 4. In the rats sacrificed 4 days after ulcer
induction in order to establish the initial chronic
state of the ulcers, histological observation
showed loss of mucosal substance, with
congested blood vessels in the muscular layers
and hemorrhagic foci in the lamina propria. The
edema observed at all layers was consistent with
a chronic ulcer (Fig. 4A). In the ulcerated rats
that were allowed to heal spontaneously, ulcer
sections showed foci of coagulative necrosis in
the mucosa. The muscular layers showed
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congestion with regression of oedema. The
presence of interstitial mononuclear cells in
diffuse pattern attested to a chronic ulcer (Fig. 4B
& C). When indomethacin was administered for
14 days to acetic acid ulcerated rats, the
mucosal loss was accentuated, with more
intense inflammatory infiltrate. There was no
granulation tissue. This is a significant indication
of the absence of healing. The presence of
stromal fibrosis was evidence of a chronic non
healing ulcer (Figs. 4D, E & F). When
indomethacin treatment was accompanied by
extract administration, the early stages of healing
could be observed in response to the 250 mg/kg
dose, the ulcers becoming shallow and limited to
the lamina propria (Fig. 4 G&H). Treatment with
the 500 mg/kg dose (Fig. 41) and sucralfate (Fig.
J & K) brought about full mucosal involvement by
ulcer spanning the entire lamina propria and
limited only by the muscularis mucosae. In
addition, there was granulation tissue, testimony
of healing.

Table 3 shows the in vivo antioxidant effects of
E. chlorantha extract in rats subjected to
indomethacin treatment following acetic acid
induction of chronic gastric ulcers. Results show
that ulcer induction provoked a 51% increase in
the blood plasma concentrations of MDA from
1.7310.10 in normal rats to 2.62+0.19 pmol/ mg
protein. The plasma MDA concentrations were
further significantly (P=.05) raised to 2.71+0.14
pumol/ mg of protein on day 14 in rats with
untreated hard healed ulcers, but concomitant
extract administration (500 mg/kg) significantly
(P<.001) reduced the MDA levels to (1.59+0.08
pmol/ mg protein) below normal values. The
creation of hard healed ulcers reduced gastric

Table 2. Effect of the aqueous extract of E. chlorantha on indomethacin delayed healing of
chronic acetic acid-induced gastric ulcers

Treatment Dose N % ulcerated area Ulcerindex (%) Healing Mucus production
(mg/kg) (mg)

Control 1 - 5 7.50 50.61+6.72 - 36.44+2.04
Control 2 - 5 293 19.80+2.91°°  60.87 60.4015.35%
Control 3 - 5 5.81 39.2+¢7.73** 2253 39.79+1.23**

E. chlorantha 250 5 1.75 11.80+2.18"" 76.68 46.08+1.76

E. chlorantha 500 5 1.37 9.00+2.19%*¥ 82. 21 55.75+4.77""
Sucralfate 100 5 1.07 7.20+1.63"Y 85.77 70.06+5.27""

Control1: ulcerated rats kKilled 4 days post acetic acid injection, Control 2: Spontaneously healing ulcerated rats
(without indomethacin) for 14 days, Control 3: ulcerated rats given indomethacin (Indomethacin delayed
healing)14 days. N= numbers of rats.**P<.01; ***P<.001; Values statisticall\)// different relative to the control 2;

® P<.001; Values statistically different relative to the control 1; YWp<o01;

¥¥ p<.001;Statistically different

relative to the control 3; The values are expressed as meant SEM



tissue antioxidant enzyme levels (GSH, catalase
and SOD) by 94.9%, 324% and 67.5%,
respectively, compared with normal non
ulcerated rats. The extract of E. chlorantha
raised the depressed antioxidant enzyme levels
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back towards normal values by 118%, 4.9% and
115%, for GSH, catalase and SOD, respectively,
compared with the hard healed ulcer levels
(Table 3).

Y W R
‘}\\x‘*‘qﬁtr"*‘
ﬁ‘h"‘-'.

il E'f:"

v, Ny

3C. Indomethacin delayed
healing

3F. Sucralfate (100 mg/kg)

3D. Extract 250 mg/kg

3E. Extract 500 mg/kg

Fig. 3. Macroscopic aspect of rat stomachs subjected to indomethacin delayed healing on
chronic acetic acid-induced gastric ulcers
3A: control 1 (ulcerated rats sacrificed 4 days after acetic acid ulcer induction), showing a deep large ulcer. 3B:
control 2 (ulcerated rats given vehicle for 14 days following ulcer induction). 3C: control 3 (ulcerated rats given
indomethacin for 14 days following ulcer induction). 3D & 3E: ulcerated rats treated with 250 and 500 mg/kg of
extract, respectively, for 14 days after ulcer establishment. 3F: Positive control (rats given sucralfate (100 mg/kg)
for 14 days following ulcer establishment). (Arrows indicate position of ulcer)

Table 3. Antioxidant effects of Enantia chlorantha extract in rats subjected to indomethacin
treatment following acetic acid-induced chronic gastric ulcers

Treatment Dose MDA (umol/ mg GSH (umol/mg Catalase (mM SOD (U/mg
(mg/kg) (mg/kg) protein) protein) H,O,/min/mg protein) protein)
Normal rats - 1.731£0.10 2.19+0.08 37.67+1.20 0.40+0.03
Control 1 - 2.62+0.19 0.11£0.01 32.01+£0.94 0.31+0.04
Control 2 - 2.00£0.20 0.10£0.01 27.79+1.39 0.21+0.03
Control 3 - 2.71+0.14 0.11£0.01 25.45+0.15" 0.13+0.08
E. chlorantha 250 2.4610.20 0.14£0.01 28.89+1.95 0.15+0.06
E. chlorantha 500 1.59+0.08 0.24+0.01 26.70+0.93 ¥ 0.28+0.05
sucralfate 100 1.85+0.08 0.15+0.013 29.57+0.82 0.32+0.09

Control1: ulcerated rats killed 4 days post acetic acid injection, Control 2: Spontaneously healing ulcerated rats

(without indomethacin) for 14 days, Control 3: ulcerated rats given indomethacin (Indomethacin delayed

heallng)14 days. N (numbers of rats) = 5. P<.01; " P<.001; Values statistically different relative to the control 3;
¥ p=.05; Statistically different relative to the control 1; The values are expressed as mean + SEM
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t 250 mg/kg (x100)

4K. Sucralfate (x100)

Fig. 4. Histological presentation of the hard healed chronic acetic acid-induced ulcers
4A; sections of control rats, 4 days after ulceration. 4B & C; Negative Control rats that had simple acetic acid
ulcers, but with no Indomethacin for 14 days (spontaneous healing). 4D, E &F; Ulcerated rats that received
indomethacin for 14 days (hard healed ulcers). 4G&H; Unhealed ulcer rats that received extract at 250 mg/kg. 41;
Unhealed Ulcer rats that received extract at 500 mg/kg. 4J & K; Positive Control Rats with chronic ulcer +
Indomethacin + sucralfate treatment



4. DISCUSSION

The reported cytoprotective action and use of E.
chlorantha bark in wound treatment [20,27]
prompted our interest in the possible use for the
treatment of hard healed ulcers. With the simple
acetic acid-induced chronic gastric ulcers, the
extract, administered p.o. once daily for 10 days,
significantly accelerated the spontaneous healing
rates of ulcers from 55.7% to 82.7% and 88.6%
with the 250 mg/kg and 500 mg/kg doses,
respectively. This acceleration of spontaneous
healing was accompanied by significant
promotion of mucus secretion. The importance of
increased mucus strength in protecting the
regenerating gastric epithelium is well-known [34,
35]. Healing is a normal physiological process
that proceeds through a series of coordinated
cellular events, culminating in the restoration of
the functional integrity of tissues [11]. It can be
observed on Fig. 2 that there was a decrease in
areas of gastric mucosal necrosis, with glandular
re-epithelialisation in treated groups, very
marked with the 500 mg/kg extract dose. In the
sucralfate-treated group, re-epithelialization was
almost complete. Cellular proliferation plays an
essential role in maintaining the integrity of the
gastric mucosa [35]. Other workers observed
that ulcer re-epithelialization is an essential
process for gastrointestinal ulcer healing and,
without restoration of a continuous epithelial
barrier the mucosa would be vulnerable to
mechanical or chemical injury and infections [36].

In the hard healed ulcer experiment, the extract
also significantly prevented the delay in ulcer
healing rate (22.2% ) caused by indomethacin,
the preventive rates being 76.7% and 82.2% with
250 mg/kg and 500 mg/kg, respectively. These
preventive rates in the presence of indomethacin
were remarkably similar compared with the
healing rates (82-86%) obtained with the simple
acetic acid ulcers. Sucralfate, at 100 mg/kg, had
a higher preventive effect compared with the
extract. Both steroidal and non-steroidal anti-
inflammatory drugs negatively impact on the
healing of experimental ulcers [1]. Repeatedly-
administered indomethacin markedly prevents
spontaneous healing of acetic acid-induced
ulcers [9]. This is clearly demonstrated in Fig. 3C
where indomethacin-induced delay of healing
produced pronounced deep and wide ulcer
craters which endured up to the 14" day of
treatment with no visible signs of spontaneous
healing. Indomethacin treatment clearly affected
the degree to which the extract and sucralfate
promoted mucus production. On day 5 following
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ulcer induction histological observation showed
diffuse mature infiltrates of mononuclear
inflammatory cells, with the presence of
congestion and edema which are indicative of an
acute ulceration. In Spontaneous healing, the
entire glandular depths of the stomach sections
were invaded by inflammatory cells. The
superficial layers remained ulcerated, and the
muscular layers were attained by the
inflammatory process (Fig. 2D). Severe fibrosis,
persistent neutrophil infiltration, poor
angiogenesis at the ulcer base, interference with
the action of growth factors and slowing of the
maturation of the granulation tissue are
processes involved in the mechanism underlying
the production of NSAID-induced hard healed
ulcers [5,9], and increased polymorphonuclear
cell infiltration is the major histological
abnormality that persists after cessation of
indomethacin treatment [10]. The advanced
healing process initiated by sucralfate and E.
chlorantha extract was evident from the
significant presence of granulation tissue and the
absence of fibrosis.

Indomethacin reduces prostaglandin secretion
and gastric mucosal blood flow decreasing the
natural healing of acetic acid-induced gastric

ulcers [37]. The delayed healing can be
prevented using exogenously-administered
PGE, [6]. Thus the mechanism underlying

indomethacin-induced delay of healing is related
to the reduction in mucosal PGE; levels [9] that
leads to a decrease in mucus production. When
pretreatment with indomethacin reduces the
cytoprotective efficiency of an antiulcer agent,
this signals that mediation by endogenous PGs is
involved. Unlike for E. chlorantha extract, this
effect was not observed with sucralfate [27]
which even at the dose of 1000 mg/kg did not
affect the reduced PGE, content caused by
indomethacin around chronic ulcers [38]. When
a single dose of sucralfate dose-dependently and
sustainably increased the volume and the pH of
the gastric contents in a significant manner, the
authors [38] suggested that the mechanism by
which sucralfate accelerates the healing of
gastric ulcers is related to its acid-neutralizing
activity but not to endogenous PGs. The opposite
effect is likely to be involved in the healing
mechanism of action of E. chlorantha extract
since it did not neutralize the highly acidic gastric
medium created by pylorus ligation in rats [27].
Although it was concluded that only highly
effective gastric acid inhibition reliably reverses
NSAID-induced delay of gastric ulcer healing [5],
E. chlorantha extract, with neither antisecretory
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nor acid neutralizing potency [27], significantly
prevented the indomethacin-induced delay of
spontaneous healing in the present study. Other
highly effective mechanisms, in addition to acid
inhibition, must be involved.

Reactive unstable oxygen free radicals are
believed to be generated during ischemia and
are largely responsible for delayed healing due to
their toxic effects on membrane lipid and proteins
[39]. Oxidative stress resulting from the
increased production of oxygen-derived free
radicals (e.g. superoxide anion, hydrogen
peroxide and hydroxyl radicals), has been known
to take part in the pathogenesis of gastric ulcer
[40]. Lipid peroxidation resulting from oxidative
stress has been proposed to be the mechanism
by which oxygen free radicals cause tissue
damage [41]. Oxidative stress thereby causes
cytotoxicity and delayed wound healing [42], and
antioxidants help to protect cells from damage
due to oxidative stress [43]. The in vitro
antioxidant capacity of various solvent extracts of
E. chlorantha has been demonstrated [19]. In this
study, ulcer induction by acetic acid significantly
raised the blood plasma concentrations of MDA
from 1.731£0.10 in the non ulcerated controls to
2.620.19 pmol/ mg protein. Daily administration
of indomethacin for 14 days further raised MDA
concentrations to 2.71+0.14 ymol/mg protein, but
concomitant extract administration significantly
reduced the MDA levels to below normal values.
In addition, E. chlorantha extract reversed the
depression of gastric tissue antioxidant enzymes
(GSH, catalase and SOD) caused by acetic acid
and indomethacin, even though the values did
not revert back to initial control levels. These
results suggest that the ability of E. chlorantha
extract to prevent the NSAID-induced delay of
ulcer healing could be linked to its antioxidant
(especially anti lipid peroxidation) activity. Plant
products are potential agents for wound healing
[44] and phytochemical screening of E.
chlorantha extract revealed the presence of
tannins, saponins, alkaloids and flavonoids,
phytochemicals with known antiulcer activity
[45-49].

5. CONCLUSION

The results of this study show that the aqueous
extract of E. chlorantha accelerates the
spontaneous healing of acetic acid-induced
chronic gastric ulcers, and prevents the delay in
chronic gastric ulcer healing caused by
indomethacin. The healing-promoting effect of E.
chlorantha extract in rats could be due not only to
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stimulation of gastric mucus secretion but also to
enhanced re-epithelialisation and inhibition of
enhanced lipid peroxidation in the ulcerated
gastric tissue.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Shawon L, Gautam P. An overview of the
current methodologies used for evaluation
of gastric and duodenal anti-ulcer agents.
Pharmacologia. 2012;3(8):249-47.

2. Takagi K, Okabe S, Saziki R. A new
method for the production of chronic
gastric ulcer in rats and the effect of
several drugs on its healing. Jpn J
Pharmacol. 1969;19:418-26.

3. Okabe S, Amagase K. An overview of
acetic acid ulcer models and their utility for
drug screening. Nihon Yakurigaku Zasshi.
2003;122(1):73-92.

4. Okabe S, Amagase K. An overview of
acetic acid ulcer models--the history and
state of the art of peptic ulcer research.
Biol Pharm Bull. 2005;28:1321-41.

5. Schmassmann A. Mechanisms of ulcer
healing and effects of non steroidal anti-
infammatory  drugs. Am J Med.
1998;30:104(3A):43S-51S.

6. Wang JY, Yamasaki S, Takeuchi K, Okabe
S. Delayed healing of acetic-induced
gastric ulcers in rats by indometacin.
Gastroenterol. 1989;96:393-402.

7. Wang JY, Yamasaki S, Takeuchi K, Okabe
S. Effect of omeprazol on delayed healing
of acetic acid induced gastric ulcers in rats.
Jpn J Pharmacol. 1990;54:82-5.

8. Amagase K, Okabe S. A new ulcer model,
unhealed gastric ulcers, induced by
chronic treatment with indomethacin in rats
with acetic acid ulcers. J Physiol
Pharmacol. 1999;50(2):169-81.

9. Amagase K, Yokota M, Tsukimi Y, Okabe
S. Characterization of ‘unhealed gastric
ulcers’ produced with chronic exposure of
acetic acid ulcers to indomethacin in rats. J
Physiol Pharmacol. 2003;54(3):349-60.

10. Arakawa T, Watanabe T, Fukuda T,
Higuchi K, Takaishi O, Yamasaki K, et al.
Indomethacin  treatment during initial
period of acetic acid-induced rat gastric
ulcer  healing promotes  persistent
polymorphonuclear  cell-infiltration  and

11



1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

increases future ulcer recurrence. Possible
mediation of prostaglandins. Dig Dis Sci.
1996;4(10):2055-61.

Anamika MR, Arti S. Antioxidant status in
delayed healing type of wounds. Int J Exp
Pathol. 2000;8(4):257-63.

Osemene KP, Elujoba AA, llori MO. A
Comparative assessment of herbal and
orthodox medicines in Nig. Res J Med Sci.
2011;5(5):280-85.

Kunle OF, Egharevba HO, Ahmadu PO.
Standardization of herbal medicines - A
review. Int J Biodivers Conserv.
2012;4(3):101-12.

Adesokan AA, Akanji MA. Antimalarial
Bioactivity of Enantia Chlorantha Stem
Bark. In: Gupta VK, Singh GD, Singh S,
Kaul A, editors. Medicinal Plants:
Phytochemistry, Pharmacology and
Therapeutics. 2010;1:441-47.

Adesokan AA, Akanji MA, Yakubu MT.
Antibacterial potentials of aqueous extract
of Enantia chlorantha stem bark. African
Journal of Biotechnology.
2007;6(22):2502-5.

Atata RF, Sani A, Ajewole SM. Effect of
Stem Bark Extracts of Enantia chlorantha

on Some Clinical isolates. Biokemistri.
2003;15(2):84-92.
Oyewopo AO, Saalu LC, Dare BJ,

Oyewopo CI, Jimoh AA, Yama OE et al.
Testiculo-protective effect of stem bark
extract of Enantia chlorantha on lead
induced toxicity in adult Wistar rat (Rattus
norvergicus). Reprod Syst Sex Disord.
2012;1(2):1-4.

Salman TM, Adesokan AA. Sperm quality
of male rats treated with aqueous extract
of Enantia chlorantha stem bark. Afr J
Biotechnol. 2008;7(7):865-67.

Olanlokun JO, Akomolafe SF. Antioxidant
potentials of various solvent extracts from
stem bark of Enantia chlorantha. J Biomed
Sc Engin. 2013;6:877-84.
Available:http://dx.doi.org/10.4236/jbise.20
13.69107

Gill 1S, Akinwunmi C. Nigerian folk
medicine: Practices and beliefs of the
Ondo People. J Ethnopharm.
1986;18(3):259-66.

Wafo P, Nyasse B, Fontaine C,

Sondengam BL. Aporphine alkaloids from
Enantia chlorantha. Fitoterapia.
1999;70(2):157-60.

Adebiyi OE, Abatan MO. Protective effects
of Enantia chlorantha stem bark extracts

Mesmine et al.; BJPR, 8(1): 1-13, 2015; Article no.BJPR.19035

12

23.

24.

25.

26.

27.

28.

290.

30.

31.

32.

33.

34.

35.

on acetaminophen induced liver damage in
rats. Jordan J Biol Sc. 2013;6(4):284-90.
Virtanen P, Njimi T, Ekotto MD. Natural
protoberberine alkaloids from Enantia
Chlorantha: palmatine, columbamine and
jatrorrhizine, for thiocetamide-traumatized
rat liver. Acta Anat. 1988;131:166-70.

Tan PV, Nyasse B, Enow-Orock GE, Wafo
P, Forcha EA. Prophylactic and healing
properties of a new anti-ulcer compound
from Enantia chlorantha in rats. Phytomed.
2000;7(4):291-96.

Tan PV, Boda M, Enow-Orock GE, Etoa
FX, Bitolog P. Acute and sub acute toxicity
profile of the aqueous stem bark extract of
Enantia chlorantha oliver (Annonaceae) in
laboratory animals. Pharmacology online.
2007;1:304-13.

Gbadamosi AE, Oni O. Macropropagation
of an endangered medicinal plant, Enantia
chlorantha Oliv. J Arboriculture.
2005;31:79-82.

Kuissu TMM, Mezui C, Nkwengoua ZE,
Tan PV. Cytoprotective and antioxidant
properties of the stem bark aqueous
extract of Enantia chlorantha Oliver
(Annonaceae) in rats. WId J Pharm
Pharmaceut Sc. 2015;4(5):168-84.

Pillai NR, Santhakumari G. Effects of
nimbidin on acute and chronic gastro-
duodenal ulcer models in experimental
animals. Planta Medica. 1984;50(2):143-
46.

Tan PV, Nditafon GN, Yewah MP, Ayafor
JF, Dimo T. Eremomastax speciosa: Effect
on the leaf aqueous extract on ulcer
formation and gastric secretion in rats. J.
Ethnopharmacol. 1996;54:139-42.

Ellman GL. Tissue sulfhydryl groups. Arch
Biochem Biophysics. 1959;82(1):70-7.
Misra HP, Fridovich I. The role of
superoxide anion in the autooxidation of
epinephrine and a simple assay for
superoxide dismutase. J Biol Chem.
1972;247(10):3170-75.

Sinha AK. Colorimetric assay of catalase.
Ann Biochem. 1972;47:389-94.

Wilbur KM, Bernheim F, Shapiro OW.
Determination of lipid peroxidation. Arch
Biochem Biophys. 1949;24:305-10.

Laine L, Takeuchi K, Tarnawski A. Gastric

mucosal defense and cytoprotection:
bench to bedside. Gastroenterol.
2008;13(1):41-60.

Polo CM, Moraes TM, Pellizzon CH,

Marques MO, Rocha LRM, Hiruma-Lima
CA. Gastric ulcers in middle-aged rats: The



36.

37.

38.

39.

40.

41.

healing effect of essential oil from Citrus

aurantium L. (Rutaceae). Evid Based
Complement Alternat Med. 2012;
509451:8.

Tarnawski A, Szabo IL, Husain SS,
Soreghan B. Regeneration of gastric

mucosa during ulcer healing is triggered by
growth factors and signal transduction

pathways. J Physiol-Paris. 2001;95(1-
6):337-44.
Miller TA. Protective effect of

prostaglandins against gastric mucosal
damage: Current knowledge and proposed

mechanisms. Am J Physiol. 1982;
245:601-3.
Ogihara Y, Okabe S. Effect and

mechanism of sucralfate on healing of
acetic acid-induced gastric ulcers in rats. J
Physiol Pharmacol. 1993;44(2):109-18.

Kloner RA, Przyklenk K, Whittaker P.
Deleterious effects of oxygen radicals in

ischemia/reperfusion. Resolved and
unresolved issues. Circulation. 1989;
80;1115-27.
DOI:10.1161/01.CIR.80.5.1115.

Shetty BV, Arjuman A, Jorapur A,

Samanth R, Yadav SK, Valliammai N, et
al. Effect of extract of Benincasa hispida
on oxidative stress in rats with
indomethacin-induced gastric ulcers. Ind J
Physiol Pharmacol. 2008;52(2):178-82.
Sen S, Chakraborty R, De B, Mazumder J.
Plants and phytochemicals for peptic ulcer:
An overview. Pharmacog Rev. 2009;270-
79.

Mesmine et al.; BJPR, 8(1): 1-13, 2015; Article no.BJPR.19035

42.

43.

44.

45.

46.

47.

48.

49.

Dissemond J, Goos M, Wagner SN. The
role of oxidative stress in pathogenesis
and therapy of chronic wound. Hautarzt.
2002;3(11):718-23.

Abdulla MA, AL-Bayaty FH, Younis LT,
Abu Hassan MI. Antiulcer Antiulcer activity
of Centella asiatica leaf extract against
ethanol-induced gastric mucosal injury in
rats. J Med Plant Res. 2010;4(13):1253-
59.

Biswas TK, Mukherjee B. Plant medicines
of Indian origin for wound healing activity.
Int J Low Extrem Wounds. 2003;2(1):25-
39.

Sravani P, Jayasri P, Samiulla, Ershad KP,
Nishad KP. Review on natural antiulcer
agents. Int J Pharm Ind Res. 2011;1(1):67-
70.

Asuzu U, Onu OUAnti-ulcer activity of the
ethanolic extract of Combretum
dolichopetalum root. Int J Crude Drug Res.
1990;28(1):27-32.

Nwafor PA, Okwuasaba FK, Binda LG.
Antidiarrhoeal and antiulcerogenic effects
of methanolic extract of Asparagus
pubescens root in rats. J Ethnopharmacol.
2000;72(3):421-427.

Martin MJ, Marhuenda E, Pérez-Guerrero
C, Franco JM. Antiulcer effect of naringin
on gastric lesions induced by ethanol in
rats. Pharmacology. 1994;49(3):144-50.
Aguwa CN, Okunji CO. Gastrointestinal
studies of Pyrenacantha staudtii leaf
extracts. J Ethnopharmacol. 1986;15(1):
45-55.

© 2015 Mesmine et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/10290

13



