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Abstract

Vitex doniana is used traditionally for the treatment of various gastrointestinal ailments. This study was designed to evaluate
the gastroprotective effects of different fractions of V. doniana against acetic acid induced gastric ulcers in rats. Diseases free
Albino rats were used for the study. After 24 hours of recovery, treatment commenced for 14 days as follows — negative control
received no treatment, positive control received 25 mg/kg body weight of omeprazole orally, groups 3 to 5 received 250 mg/kg
body weight of ethyl acetate, methanol and hexane V. doniana fraction respectively. At the end of administration, the animals were
sacrificed and the stomachs excised to measure the ulcerated areas. Histological and immunohistochemical methods were used
to evaluate the ulcer healing degree in the excised gastric tissues. The results obtained showed that the methanol and hexane
fractions caused significant healing of the ulcers with curative ratios of approximately 97% and 83% respectively (p < 0.05).
Histochemical and immunohistochemical studies suggested that the fractions improved mucin distribution and angiogenesis.

Rezumat

Vitex doniana este o planta folositd in mod traditional pentru tratamentul diferitelor afectiuni gastro-intestinale. Studiul de
fatd a fost conceput pentru a evalua efectele gastroprotectoare ale fractiilor de V. doniana n ulcerul gastric indus cu acid
acetic la sobolani sanatosi. Dupa 24 de ore de recuperare, animalele au fost tratate timp de 14 zile dupa cum urmeaza —
controlul negativ nu a primit niciun tratament, controlul pozitiv a primit 25 mg/kg corp omeprazol pe cale orald, grupurile 3
pana la 5 au primit 250 mg/kg corp din fractiunile obtinute cu acetat de etil, metanol si, respectiv, hexan. La sfarsitul
administrarii, animalele au fost sacrificate si tesuturile gastrice au fost excizate pentru a masura zonele ulcerate. Au fost
utilizate metode histologice si imunohistochimice pentru a evalua vindecarea ulcerului in tesuturile analizate. Rezultatele
obtinute au aratat ca fractiunile obtinute in metanol si hexan au determinat ameliorarea semnificativa a ulcerelor cu efecte
curative de aproximativ 97% si, respectiv, 83% (p < 0,05). Studiile histochimice si imunohistochimice au sugerat ca fractiile
au Tmbunatatit distributia mucinei si angiogeneza.
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Introduction Vitex doniana (also called Black Plum in English) is
a well-known plant widely distributed in South East
Nigeria [5]. It has multiple uses as food (both leaves
and fruits), medicines and source of fuel. VVarious
parts of the plant are used traditionally for the treatment
of gastrointestinal disorders such as diarrhoea,
haemorrhoids, constipation and dysentery [6].
Medicinal plants remain a foremost therapeutic
alternative for a significant majority of people in the
developing world with most depending solely on these
plants for meeting their therapeutic needs [1, 7]. These
plants are easily available and cheap to obtain. They
also have the advantage of being less toxic and well
tolerated by humans since majority of them are already
sources of food to local users. A drawback to the use
of these natural plant products as medicines is the
lack of empirical approach used as the basis for its
formulations, dosage of administration, pharmacological
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Gastric ulcer is an important gastrointestinal disease
affecting a large number of people [1]. Several factors
play roles in the pathogenesis of gastric ulcers. The
disease is thought to develop when gastric mucosal
damaging factors (such as food ingredients, acid, bile
acids, pepsin, bacterial products and drugs) overwhelm
the gastric mucosal protective factors (such as gastric
mucus, gastric epithelial proliferation, blood flow,
bicarbonate secretion, prostaglandins and gastric motility)
[2, 3]. Several factors work together in protecting the
gastric mucosa from elements that may disrupt its
structural and functional integrity. Yandrapu and
Sarosiek summarised these factors as mucus layer
factors, mucosal surface epithelial factors, micro-
vasculature factors and factors mediating continuous
cell renewal and preventing cell death [4].
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activity and characterisation. These formulations are thus
used mostly based on folkloric and traditional basis [8].
Ethnopharmacological research into plant phyto-
chemicals has provided an important approach in
identifying chemical compounds — “novel chemical
entities” that may serve as important drug leads.
These chemical entities mostly consist of secondary
metabolites found in plants including alkaloids, tannins,
terpenoids and phenolic compounds like flavonoids [9].
These secondary metabolites especially the poly-
phenols have been well studied and shown to possess
potent antioxidant activities able to neutralise the
effects of reactive oxygen species hence conferring
such activities as antiulcer, antioxidant and anti-
arthritis on them [10, 11]. This study was thus designed
to evaluate the gastroprotective effects of V. doniana
leaf fractions against acetic acid induced ulcers in rats.

Materials and Methods

Experimental animals

Adult Albino rats of mixed sex were used for the
study. Only rats free from obvious diseases were used.
The animals were housed in well ventilated, clean
steel cages under controlled lighting (12 hour light/
dark cycle) and room temperature. A two week period
of acclimatization for the animals was allowed before
the commencement of the studies. All animals had
controlled access to commercial rat feed and free
access to drinking water throughout the duration of
the experiments. They were weighed before grouping
and commencing administration in all experiments.
International and institutional guidelines on animal
experimenting and humane treatment of experimental
animals were adhered to throughout the study. The
study was approved by the Ethics Committee of our
Institution.

Plant materials

Fresh tender leaves of Vitex doniana were collected
from their natural habitat in Enugu, Nigeria. The leaves
were identified and authenticated at the Department
of Plant Science and Biotechnology, University of
Nigeria, Nsukka. The leaves were then air-dried under
shade and grinded into fine powder using a mechanical
grinder. The powder was weighed and stored appropriately
in sealed moisture proof bags.

Liquid-liquid solvent partitioning for extract purification
The plant powder was fractionated in increasingly
polar solvents using a slight modification of the solvent
partitioning methods described by Azmir et al., [12]
and Brusotti et al., [9]. All solvents and reagents used
were of AnalaR® grade from BDH® Limited, Poole
England.

1 kg of the plant leaves powder was exhaustively
extracted in 2 litres of methanol using a Soxhlet
apparatus. The extract was evaporated in a rotary
evaporator (Biobase™ RE-2000A, China). The dried
extract was suspended in 500 mL methanol:water (9:1
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solution) and partitioned with equal volume of n-
hexane to extract the hexane fraction. The residue
was again suspended in methanol:water (6:4 solution)
and partitioned with 500 mL of ethyl acetate. The
methanol:water suspended residue was then evaporated
to dryness to serve as the methanol fraction. While
the hexane and ethyl acetate partitions were also
dried to obtain their respective fractions. Prior to
administration, stock solutions of each fraction were
made using dimethyl sulfoxide (DMSOQ) as solvent.
Phytochemical analysis of fractions

The phytochemistry profile of V. doniana fractions
was determined semi quantitatively using slight
modifications of the methods described by Trease
and Evans [13]. The bioanalytical processes were
performed at the Department of Pharmacognosy,
Faculty of Pharmaceutical Sciences University of
Nigeria Nsukka.

Evaluation of the antioxidant capacity of fractions
using DPPH radicals scavenging assays

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical
scavenging assay was used to determine the anti-
oxidant capacity of the fractions. The assay evaluates
the ability of natural products to scavenge free radicals
in vitro [14]. The method described by Sharma and
Bhat [15] was used to carry out the tests. 1.0 mL of
10 mg/mL each of the fractions was mixed 1.0 mL
of 0.8 mmol/L of the DPPH solution (Merck, India).
The mixture was allowed to stand for 30 minutes after
vigorous agitation after which the absorbance was read
at 517 nm against a reagent blank using a benchtop
spectrophotometer (Hinotek™ S23A, China). Ascorbic
acid was used as the standard. The percentage inhibition
of the fractions for scavenging DPPH radicals was
calculated using the formula:

[1 - (absorbance of sample/absorbance of control)] x 100.

The reactions were run in triplicate and the mean
percentage inhibition recorded.

Evaluation of gastroprotective and ulcer healing effects
of fractions

Five groups (I — V) of six Albino rats each were used
for this experiment. Chronic ulcers were induced in all
the animals using acetic acid described by Polo et al.
[3]. Briefly, after an overnight fast, under light anaesthesia
laparotomy was performed on the animals via a
midline incision on the rats’ stomachs. On exposure
of the gastric walls, 0.05 mL (v/v) of a 30% acetic
acid solution was applied for 20 seconds onto the
serosal surface of the glandular portion of the anterior
wall of the stomach using a syringe (without the needle)
to ensure uniform diameter of exposure. The stomach
was then bathed with normal saline, returned into the
cavity and sutured. All operated animals returned to
their cages to recover for 24 hours prior to the
commencement of treatment with water/vehicle, standard
drug or extract for 14 days while concurrently being
fed normally.
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Animals in Group | served as the negative control
and received neither drug nor fraction but received
the DMSO vehicle. Group Il served as the positive
control and received omeprazole at a dose of 25 mg/
kg body weight. Groups Il —V received 250 mg/kg
body weight of ethyl acetate, methanol and n hexane
fractions respectively. At the end of the treatment, the
animals were sacrificed under chloroform anaesthesia
and stomach excised and analysed.

Macroscopic, Histochemical and Immunchistochemical
analysis of excised stomachs

Macroscopic analysis. The ulcerated regions in the
stomach of each animal were analysed and the total
area ulcerated in mm? was recorded using a slight
modification of the method described by Landeria-
Fernandez [16]. In addition to the visual measurement
of the ulcer areas, ImageJ software - Fiji® [17] was
used to measure the ulcer area with a view to minimise
observer bias. Percentage curative ratio (CR) for each
treatment group was computed using the formula by
Andrade et al. [18]:

100 - ([mean total area of ulcer in treated animals/
mean total ulcer area in untreated control] x 100).

Tissue histology and histochemistry. The excised
stomach tissues were fixed in 10% formol saline,
processed into paraffin blocks and 5 micron sections
obtained from the blocks. For each stomach tissue,
sections were stained with Haematoxylin and Eosin (H
& E) for general tissue demonstration and Periodic Acid
Schiff (PAS) for demonstrating mucins and goblet
cells [19].

Immunohistochemical studies. Immunohistochemical
methods were employed to assess re-epithelisation
(using Ki67 —a known marker of cell proliferation) [3].
Neovascularisation was assessed using an angiogenesis
marker — PECAM-1 [20]. Antibodies to both Ki67 and
PECAM-1 (Dako®, USA) were used to demonstrate
reactivity or otherwise using methods described in
Bancroft and Gamble [19] with slight modifications.

Briefly, heat assisted epitope retrieval method was
developed using 6% citrate buffer. A solution of
3% hydrogen peroxide and 15% albumin was used
for endogenous peroxidase and protein blocking
respectively. Reactivity of the antibodies were developed
using horseradish peroxidase and 3,3 diaminobenzidine
(DAB) and sections were counterstained with haematoxylin
for contrast. The Fiji software with ImmunoRatio plug-
in [21] was used for an analysis of the reactivity of
Ki67 in the gastric mucosa. This was done in order
to reduce observer bias and establish a correlation
with visual assessment. The plug-in is designed to
calculate percentage DAB/Nuclear ratio. The means
were compared and plotted in bar charts for each group.
Data analysis

IBM® Statistical Package for Social Sciences (SPSS®)
Version 20 was used for the analysis of data generated.
GraphPad Prism® V 7 was used to generate the graphs
presented. All numerical data generated were subjected
to preliminary exploratory statistics and where necessary,
have been expressed as percentage or mean * standard
error of mean. Statistical significance was determined
by one-way analysis of variance (ANOVA) followed
by a Dunnett’s post hoc test for comparison against
the negative control. The significance level was set
to p <0.05.

Results and Discussion

Phytochemical profile of fractions
A semi quantitative method was employed in
determining the phytochemicals present in the various
fractions of V. doniana. Table | shows the result of
the semi quantitative screening of the leaf fractions.
All the fractions (hexane, ethyl acetate and methanol)
contained terpenoids, phenols and flavonoids with the
ethyl acetate fraction having the highest concentration
of both phenols and flavonoids. The ethyl acetate
and methanol fraction contained tannins while the
hexane fraction did not.

Table |

Phytochemical screening of the three different fractions of V. doniana

Phytochemical

Hexane fraction Ethylacetate fraction

Methanol fraction

Tannins -
Alkaloids -
Flavonoids +
Saponins -
Phenols +
Soluble carbohydrates

Steroids +++
Terpenoids +

Reducing sugars -

++ +++
- +
+++ ++
+ +
++ ++
- ++
- ++
++ +
- +

“-” = absent; “+” = slightly present; “++” = moderately present; “+++” = highly present

Antioxidant capacity of fractions using DPPH
scavenging assay

The percentage inhibition of the different fractions
and the control (ascorbic acid) for scavenging DPPH
free radicals is shown in Table II.

The ethyl acetate fraction had the highest percentage
inhibition among the fractions (72.57 + 0.49) followed
by methanol and then hexane fraction (66.27 + 1.25 and
45.88 + 0.87 respectively). All the fractions however
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had significantly lower percentage DPPH inhibition
(P <0.001).
Table 11
The percentage inhibition (%) of the different fractions
and ascorbic acid (control) for DPPH free radical
scavenging assay
DPPH (% Inhibition)

Fraction (100 pg/mL)

Hexane 45.88 £ 0.87*
Ethyl acetate 72.57 £ 0.49*
Methanol 66.27 + 1.25*
Control (Ascorbic acid) 81.19+1.21

Values are presented as mean + standard error of mean (n = 3).
ANOVA (F ratio = 224.6, P < 0.001) followed by Dunnet’s test
“*” =P <0.001 when compared with the control group using
Dunnet’s post hoc comparison.

Effects of fractions on ulcer index (Ul) and percentage
curative ratio (CR)
The effect of a 14 day oral treatment of the rats with
the various plant fractions after acetic acid induced
ulcer is shown in Table IlI. All the fractions used
exhibited varying degrees of ulcer healing. However,
the methanol fraction and hexane fraction were the
ones that exhibited a significant ulcer healing ability
(p = 0.0078 and p = 0.0219 respectively). The standard
drug used (omeprazole) was able to induce healing
of the ulcers though not significantly (p = 0.0766).
The percentage curative ratio calculated from the ulcer
lesions showed that the methanol fraction had the
highest curative ratio of 97.43% while the ethyl acetate
fraction had the lowest curative ratio of 55.95%.
Table 111

Effect of 14 day oral treatment with various fractions from Vitex doniana (250 mg/kg) on healing the acetic acid-

induced ulcer in the stomachs of experimental rats

Treatment (oral)

Lesion area (mm?) Curative ratio (%)

Negative control

Positive control (omeprazole) 25
Ethyl acetate fraction 250
Methanol fraction 250
Hexane fraction 250

Dose (mg/kg bw)

11.39+4.61 -
2.55+0.13 77.59
5.02+1.59 55.95

0.29 + 0.22** 97.43
1.96 +1.04* 82.81

Lesion area is presented as mean + standard error of mean (n = 3 - 5). ANOVA (F ratio = 4.275, P = 0.0223) followed by Dunnet’s test: “*”

=P <0.05, “**” =P < 0.01 when compared to the negative control.

Effect of fractions on gross morphology of ulcerated
stomachs

Figure 1 presents images of the exposed gastric mucosa
of an animal from each of the experimental groups.
It was observed that animals in the negative control
group generally had more ulcerated areas (marked by
red circles) than the treatment groups. The animals
in the treated groups had less severe ulcerations in
their stomach mucosa. The mucosae of animals in
the methanol fraction group had completely healed
ulcers, while those in the hexane fraction group had
ulcers that were almost healed.

General histology of the stomachs from the various
treatment groups

The general histology of the stomach tissue was
assessed using the haematoxylin and eosin staining
method to demonstrate general tissue features. The
micrographs of the stomach sections from a representative
animal from each of the groups are presented in
Figure 1. The stomach section of animals in the negative
control group showed ulcerative lesions of the gastric
epithelia, granulation tissue in the ulcer bed with
infiltration by inflammatory cells. Dilated glands were
seen near the base of the ulcer with evidence of
gland reconstruction and poor epithelia regeneration
seen. Those in the positive control group (omeprazole)
showed evidence of regenerated epithelia and glands
above the granulation tissue of the ulcer.

The stomach section of animals in the ethyl acetate
group showed marked improvement in re-epithelisation
and gland reconstruction. The ulcer margins above
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the granulation tissue were narrowed. The stomach
mucosa of animals treated with the methanol fractions
appeared normal with physiologic cellular distribution
and only a slight sloughing of the epithelia and
thickened muscularis mucosae. Finally, those that
received the hexane fraction showed significant re-
epithelisation and gland reconstruction above the
ulcer base of the stomach sections.

Effect of administration of fractions on the distribution
of mucin in the gastric mucosa of treated animals

In the stomach sections stained with Periodic Acid
Schiff (PAS) technique for the demonstration of mucins
distribution, there was visually noticeable increase
in PAS reactivity of the gastric mucosa of animals
treated with the plant fraction compared to the negative
and positive control. The positive control and fraction
treated groups had markedly higher PAS reactivity
in both surface and deep glands compared to the
negative control group (Figure 1).

Effect of administration of fractions on the reactivity
of Ki67 in the gastric mucosa of treated animals
Figure 3 presents micrographs of stomach tissue
sections from the various treatment and control groups.
The sections were stained using the anti-Ki67 antibody
to assess the distribution of Ki67 antigen (a marker of
cell proliferation). There was generally no noticeable
difference in the intensity of reactivity of Ki67 in
the epithelia cells surrounding the ulcer beds in the
treated groups compared to the negative control. The
omeprazole treated group however appeared to show
less Ki67 reactivity in the gastric mucosa. Also, the
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hexane fraction group had the highest reactivity of
Ki67 in their gastric mucosae.

The mean percentage DAB/nuclear ratio for the control
and treated sections were computed using immunoratio
in FIJI® and is shown in Figure 2. There was no

statistically significant difference in the DAB/nuclear
ratio between the treated and control groups. However,
the positive control group had the lowest percentage
while the methanol fraction treated group had the
highest.
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Figure 1.

Grid showing gross images, H&E and PAS micrographs (rows) of the various treatment and control groups (columns)
The red circles in the gross pictures show the ulcerated areas in the rats’ gastric mucosa. The brackets in the H&E sections
show the ulcer margins while arrows point the dilated glands undergoing reconstruction above the necrosed ulcer bed.
The arrows in the PAS sections point the mucosal areas that showed PAS reactivity.
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Figure 2.

Mean percentage DAB/nuclear ratio of Ki67 immuno-
stain as measured by immunoratio plug in Image J
The values represent mean + standard error of mean for

each group

Effect of administration of fractions on the expression
of PECAM-1 in the gastric mucosa of treated animals
Figure 3 also has micrographs of stomach tissue
sections from the various treatment and control groups.
The sections were stained with anti-PECAM-1 anti-
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body to assess the tissue distribution of PECAM-1
(a marker of neovascularisation and angiogenesis).
Reactivity of PECAM-1 was observed in all stomach
sections of the treated and control animals. However,
the reactivity seen in the negative control group was
not suggestive of neovascularisation but may be a
result of expression in leucocytes seen in the granulation
tissue of the ulcer bed. The positive control group did
not show such expression. All the treated groups were
observed to have mild expression of PECAM-1 in
blood vessels suggesting neovascularisation.

The need for cheaper, less toxic and readily available
medicinal products from natural sources is increasing.
For this reason, a lot of attention has been shifted to
research aimed at developing drugs from plant sources
[1]. Crude extracts of Vitex doniana leaves have been
shown to have antiulcer properties against ethanol
induced gastric ulcers among other pharmacological
properties [22]. This research was therefore conceived
to evaluate the ulcer healing potentials of more refined
fractions of the plant leaves and also to better
understand the mechanisms that underlie its anti-
ulcer abilities. To do this, the effects of the fractions
administration on gastric mucus, Ki67 and PECAM-1
reactivity in the gastric mucosa of ulcer induced
animals were assessed.
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Figure 3.
Micrographs showing immunoreactivities of Ki67 and PECAM-1 (rows) of the various treatment groups (columns)
The arrows point the areas of expressions of the Ki67 and PECAM-1 immunostains used

In an attempt to further purify potential biologically
active compounds in the plant extract, further
extractions with solvents of increasing polarity were
employed in a liquid - liquid partitioning system.
This method is known to be effective in separating
plant phytochemicals based on solubility properties
(hydrophilic or lipophilic) [23, 24]. On phytochemical
analysis of the fractions, ethyl acetate and methanol
fractions were found to contain mostly flavonoids,
phenols and tannins while the hexane fraction contained
mostly steroids and a lesser quantity of flavonoids.
These findings were consistent with previous reports
[12, 24, 25] showing that phenols and tannins were
extracted better in methanol than in hexane.

The antioxidant capacity of the fractions was tested
by assessing their ability to scavenge DPPH radicals.
The DPPH assay is a commonly used method of
assessing the free radical scavenging ability of plant
products because of its stable nitrogen base [14, 15].
An estimation of the ability of potential plant based
drug leads to scavenge free radicals have become
necessary since free radicals (reactive oxygen and
nitrogen species) have been shown to play an important
role in the pathogenesis of diseases related to oxidative
stress including ulcers [26].

All the fractions tested exhibited DPPH scavenging
activity, but the ethyl acetate fraction had the highest
scavenging capacity. This is possibly because the
fraction had the highest flavonoid content and flavonoids
are known to be one of the best free radical scavenging
phytochemicals [11, 24]. This finding also suggests
that the fractions are potentially good sources of
antioxidants.

The application of acetic acid on the serosal surface
of the stomach was able to produce deep ulcers in
the stomach of the rats. Various necrotising agents
are known to induce gastric ulcerations via several
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mechanisms including alteration of blood flow, ion
balance and increased secretion of pepsin. The use
of acetic acid is however favoured because of its
ability to produce ulcers closely resembling human
ulcers in rats [27-29]. These ulcers have also been
known to be chronic and prone to relapsing making it
an ideal model for studying potential ulcer healing
drugs [30]. On exposure to acetic acid, a sequence of
events occurs eventually culminating in ulcerations.
First, there is dilation of the large blood vessels in
the submucosa. This is followed by development of
thrombi in the submucosa veins, microvascular stasis
and mucosal necrosis [31, 32].

Following ulcer induction and a 14 day treatment with
the plant fractions, the excised stomach mucosae of
the treated animals were assessed to determine the
extent of ulcer healing. It was observed that the
treatment with the fractions or standard drug
(omeprazole) improved healing of the ulcers compared
to the negative (untreated) control. Both methanol and
hexane fraction however significantly improved the
healing of the ulcers performing better effects than
omeprazole (the standard drug) in this study.
Omeprazole is a class of benzimidazoles which are
able to inhibit the proton pumps in gastric parietal
cells ultimately supressing gastric acid secretion and
is able to exert its action for up to four days after
cessation of administration [33, 34]. Omeprazole has
also been shown to possess vasodilation properties via
the selective inhibition of gastric carbonic anhydrase
IV making it an effective therapy for gastric ulcers as
it improves gastric mucosal perfusion while decreasing
gastric acid secretion concomitantly [35].

From the phytochemical analysis of the fractions, the
methanol fraction was seen to have a high concentration
of tannins. Other phytochemicals moderately present
were flavonoids, terpenoids and alkaloids. The hexane
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fraction does not contain tannins but had flavonoids
and steroids. All these secondary metabolites are known
to possess desirable pharmacological activities [2, 36].
Tannins, for instance, are polyphenols which have
been shown to possess antiulcer activity, owing it to
its astringent and styptic properties. It has been
suggested that these metabolites are capable of
interacting with proteins to form tannin-protein
complexes which essentially forms a protective layer
allowing epithelia tissue injury sites to heal naturally
with minimal interference. It has also been suggested
that tannins possess antiseptic properties as well as
being potent antioxidants [2, 37].

Alkaloids are high molecular weight nitrogen containing
phytochemicals derived from amino acids and found
as secondary metabolites in some plants. Many of them
have been shown to possess antiulcer mechanisms
by inhibiting gastric acids and stimulating mucus
production and in other cases improving blood flow
[38, 39].

Flavonoids are one of the most studied secondary
metabolites. They are low molecular weight phenolic
compounds having the benzo-y-pyrone ring. They
have been shown to have several pharmacological
activities including anti-inflammatory, antioxidant and
antimicrobial [40, 41]. Other studies have shown that
flavonoids have membrane stabilising properties and
the ability to increase gastric prostaglandins [42 — 44].
Steroids are also biologically active phytochemicals
known to lower cholesterol levels. Other biological
activities reported are mostly speculative, even though
some have reported that it possesses membrane altering
effects [45].

The gastric mucus layer is considered as the first line
of defence of the integrity of the gastric mucosa. The
gastric mucus layer contains mucin, buffers and
phospholipids providing a continuous protective
covering tightly adhering to the epithelial surface [46].
In this study the expression of mucins in the gastric
mucosa was assessed using the periodic acid Schiff
(PAS) technique. It was observed that positive control,
methanol fraction and hexane fraction groups all had
moderate expressions of mucins in both surface and
deep mucosal areas while the negative control group
and ethyl acetate group had only mild expressions.
This suggests that the plant phytochemicals may have
influenced the biosynthesis of mucins which agrees
with several published reports on plants with anti-
ulcer activities in which the rats treated with the test
extracts showed significantly higher expressions of
mucins in the gastric mucosa [47-50].

The use of immunohistochemical methods in histo-
pathology has become very important in determining
tissue markers relevant in drug discovery [51]. In this
study, two immunostains were employed to test for
tissue markers relevant to gastroprotection and ulcer
healing: Platelet endothelial cell adhesion molecule-1
(PECAM-1, also known as CD 31) and Ki67.
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PECAM-1 is a pan-endothelial cell marker largely
expressed on the surface of endothelial cells but
also weakly expressed in leucocytes and lymphatic
vessels to lesser extents [51]. It is primarily a cell
adhesion molecule that functions to facilitate leucocyte
extravasation at sites of inflammation by regulating
the barrier functions of endothelial cells [52, 53].
However, it has been found that the molecule plays
a key role in neovascularisation and angiogenesis
making it a useful prognostic marker for this study
[54, 55].

Angiogenesis is an important mechanism of tissue
repair at sites of injury leading to the restoration of
vascular networks via formation of capillaries [4, 32].
In this study, there was no expression of PECAM-1
suggestive of angiogenesis in the negative and positive
control groups. However, a mild expression of the
same marker was observed in all treated groups. This
may be suggestive that V. doniana fractions may be
capable of enhancing angiogenesis. As discussed
earlier, alkaloids are one of the polyphenols known
to alter blood flow and may have played a role in this
case via a yet to be established mechanism [39].
The higher expression of PECAM-1 in this study is
similar to the report by Ajayi et al. [59] in which the
treatment of chronic ulcers induced by acetic acid
was performed with ethanolic extract of Talinium
triangulare. They reported an increase in the expression
of PECAM-1 in the gastric mucosa of treated rats
compared to untreated.

Ki67 antigen is a protein molecule expressed in the
nucleus of proliferating cells making it a good
endogenous marker for detecting epithelial proliferation
[51]. Its functions in cell proliferation are not yet
clearly understood but studies have shown it to be
important in cell proliferation [56]. One of the most
important mechanisms of gastric mucosal defence is
continuous cell renewal ensuring the replenishing of
epithelial cells needed to maintain the integrity of
the gastric mucosa. When injury occurs to the gastric
mucosa, re-epithelisation starts to occur within minutes
by migration of epithelial cells which have been
preserved in the neck area of the gastric glands
close to the site of injury [4, 57].

Sections of both controls and test groups showed mild
to moderate expressions of Ki67. This is expected
since there is constant rapid turnover of epithelial cells
in the gastric mucosa. An important observation
however, is that the expression of Ki67 in the fractions
treatment group was slightly higher than those of the
controls. Moreover, the expression in the rats treated
with the ethyl acetate and methanol fractions was
predominantly in the deep mucosal gland regions
suggesting that the fractions may have improved the
proliferation of the preserved epithelial cells of the
gastric neck area [4].

Several studies on ulcer healing capabilities of plant
extracts have assessed epithelial cell proliferation
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using markers of cell proliferation like proliferating
cell nuclear antigen (PCNA) and Ki67 with varying
results. Polo et al. [3] reported that treatment of rats
in which ulcers have been induced using acetic acid
led to a significant decrease in the number of proliferating
cells in the gastric mucosa of rats treated with essential
oils from Citrus aurantium L. (Rutaceae family).
Conversely, Pereira et al. [58] reported an increase in
the number of proliferating cells when they assessed
PCNA in rats treated with a bark extract of Tabebuia
avellanedae after induction of chronic ulcers using
acetic acid.

The report of the present study was however similar
to that published by Ajayi et al. [59]. In their study,
there was no difference in expression of Ki67 between
rats treated for chronic ulcer using ethanolic extract
of Talinium triangulare and the untreated ones.

Rats treated with omeprazole as a positive control had
lower expression of Ki67 in their gastric mucosa. This
observation was in line with the observation of Fornai
et al. [60] in which the effects of esomeprazole on
the healing of nonsteroidal anti-inflammatory drug
(NSAID) induced gastric ulcers in rats. They reported
a decrease in expression of both PCNA and Ki67 in the
gastric mucosa of treated rats. These findings buttress
the fact that omeprazole while being a potent drug for
treatment of ulcers does not enhance cell proliferation.

Conclusions

Findings in this study suggest that Vitex doniana leaf
fractions may possess ulcer healing potentials by
improving some major factors of gastro-protection
mucus production, epithelial cell proliferation and
blood flow. These observed effects may have been as
a result of the antioxidant properties of one or more
of the several biologically active phytochemicals
present in the plant. Other mechanisms of action
may involve the plant fractions’ ability to enhance
angiogenesis and epithelial regeneration as well as
improving mucus biosynthesis.
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