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Ageratum conyzoides Linn is a medicinal plant used for diverse ethnomedicinal applications including
anti-ulcer treatment. Usually, protection of gastric mucosa from injury or ulceration is dependent on the
efficacy of intrinsic or induced protective factors against erosive effects of aggressive factors. In this
study, our aim was to ascertain the gastroprotective activity of methanolic leaf extracts of A.
conyzoides L. and assess the associated roles of gastric mucous cells and p53 protein. This study
involved 25 adult male Wistar rats divided into five groups (A-E). Groups A and E were used as normal
and test controls while B-D were administered with extracts at 100, 300 and 500 mg/kg body weight for
28 days. Gastric mucosal injury was induced via pyloric ligation method. Gastric tissues were
processed, stained with periodic acid-Schiff and immunostained for p53 protein (using monoclonal
antibody). Stained sections were quantified using image-J software, data obtained were statistically
analyzed. The results showed significant increase (p<0.05) in mucous cell population but no significant
increase in p53 protein expression in gastric tissues of treated animals. This implied that increase in
mucous cell count and down-regulation of p53 protein in gastric tissues play key role in
gastroprotective activity of methanolic extracts of A. conyzoides L.
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INTRODUCTION

Ageratum conyzoides Linn (Asteraceae) is a medicinal,
tropical plant commonly found in West Africa and parts of
Asia and South America. It is an annual herbaceous plant
not usually eaten by humans largely because of the
characteristics bad odour, likened to the smell of a male
goat but has an age-long record of diverse traditional

medicinal uses in several countries (Ming, 1999;
Okunade, 2002; Shekhar and Anju, 2012). Historically, it
is popularly known for its usage in treatment of burns,
wounds, infectious diseases, arthritis and fever (Kamboj
and Saluja, 2008). The study by Elisabetsky and
Wannmacher (1993) and Ming (1999) reported the
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application of A. conyzoides L. extracts as anti-
inflammatory agent, analgesic and for treatment of
malaria and yellow fever. The study by Dung and Loi,
(1991) and Sharma and Sharma (1995) described the
application of whole plant of A. conyzoides L. as
antiallergic agent and also for treatment of
gynaecological diseases. Further studies by Perumal-
Samy et al., (1999) and Ayyanar and Ignacimuthu, (2005)
reported the application of A. conyzoides L. leaf extracts
as coagulant and in treatment of diarrhea. The study by
Sofowora (1993) reported the application of A.
conyzoides L. leaf extracts to treat conjunctivitis; otitis
and head ache in some parts of Cameroon. In
Madagascar, Novy (1997) described the application of
juice extracted from A. conyzoides L. leaves as a
coagulant and for treatment of diarrhoea. Another study
by Gurib-Fakim et al., (1993) in Mauritius, reported the
medicinal application of A. conyzoides L. leaves to cure
diarrhoea, skin infection and as diuretic in urinary
diseases. In some parts of Kenya, leaves and roots of A.
conyzoides L. are used for treatment of stomach ache
while the seeds are used for treatment of epilepsy in
Tanzania (Geissler et al., 2002; Moshi et al., 2005). The
study by Mahmood et al., (2005) reported the anti-ulcer
effects of leaf extracts of A. conyzoides L. in ethanol-
induced gastric ulceration in rats. However, with several
reported and documented pharmacological uses of A.
conyzoides L., there remains a conspicuous dearth of
explanation of the mechanisms of its numerous
pharmacological applications. This study was therefore
carried out to ascertain gastroprotective activity of
methanolic leaf extracts of A. conyzoides L. and to
determine the role of gastric mucous cells and tumor
suppressor (p53) protein during the activity in male
Wistar rats treated with the extracts prior to induction of
gastric mucosal injury through pyloric-ligation method.

MATERIALS AND METHODS
Plant material

Fresh whole plant of A. conyzoides L. was identified at the
Herbarium of Department of Plant Biology and Biotechnology,
University of Benin, Nigeria and documented with a voucher
number 344,

Method of extraction

The leaves of plant were detached, air-dried and pulverised into
powdered form using mechanical grinder. 1000 g of the powdered
leaves was dissolved in 5 L of methanol for 72 h. Thereafter, the
preparation was filtered and the filtrate evaporated to dryness by
using rotary evaporator. The residue obtained was cooled at room
temperature, weighed and used as the methanolic extracts for this
study.

Animal used

This study involved 25 male Wistar rats weighing between 180-200
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g and divided into five groups (A -E) comprising 5 animals per
group (that is, n = 5).

Experimental design

Group A animals were given distilled water (5 mis/kg body weight).
This group represented normal control that was not treated and not
induced by pyloric ligation.

Group B animals were given 100 mg/kg methanolic extracts of A.
conyzoides L.

Group C animals were given 300 mg/kg methanolic extracts of A.
conyzoides L.

Group D animals were given 500 mg/kg methanolic extracts of A.
conyzoides L.

Group E animals were given distilled water (5 mis/kg body weight).
This group represented test control that was not treated but induced
by pyloric ligation.

Period and mode of study

The treatment period of this study was 28 consecutive days and all
treatments were done orally using a flexible orogastric gavage.

Induction of gastric mucosal injury using pyloric ligation
method

The animals were fasted for 24 h in separate cages but allow free
access to water. Animals were anesthetized by intraperitoneal
injection of Ketamine/Xylazine (50 mg/kg at 1:1). A small midline
incision was made on the abdomen of animals to access pyloric
part of the stomach. The pyloric end of stomach was gently pulled
up, ligated and gently returned into the abdominal cavity and the
abdomen was closed. After an observatory period of 5 h, the
animals were sacrificed and stomach tissue harvested and
prepared for tissue processing (Shay et al., 1945).

Tissue processing

The tissues were fixed in 10% neutral buffered formalin, dehydrated
using ascending grades of alcohol (two changes each of 70 and
90%, respectively, and absolute alcohol for 30 min each), cleared in
xylene for 30 min and embedded in molten paraffin and allowed to
cool to form tissue blocks.

Sectioning

Blocks of tissue were cut into sections at 3 and 5 p thickness by
using rotary microtome and mounted on microscope slides.
Staining:

The 3 and 5 p tissue sections were used for the histochemical
(Periodic  acid—Schiff)  staining and immunohistochemical
(Horseradich-peroxidise-3, 3-Diaminobenzidine) staining
respectively.

Periodic acid-Schiff (PAS) staining

Sections were deparaffinised in xylene 15 min, hydrated from

absolute alcohol to distilled water, immersed in 0.5% periodic acid
solution at room temperature for 5 min, rinsed in several changes of
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Figure 1. Photomicrograph of tissue sections of experimental animals
showing distribution of mucous cells in the gastric mucosa of experimental
animals (PAS X100). A: Normal control group; B — D: Treated groups
administered with 100, 300 and 500 mg/kg methanolic extracts of A.
conyzoides L. respectively and E: Test control group.

distilled water, immersed in Schiff's reagent at room temperature for
15 min, washed in running tap water, counterstained in Mayer’s
Haematoxylin solution for 3 min, rinsed in running tap water,
dehydrated in alcohol, cleared in xylene and mounted with DPX.

Horseradich-peroxidise-3, 3-Diaminobenzidine (HRP-DAB)
immunostaining for p53 protein (using monoclonal antibody)

Sections brought to water, antigen retrieval performed by using
citric acid solution (pH 6.0) in a microwave at power 100 Watts for
15 min, equilibrated by gently displacing hot citric acid with running
tap water for 3 min, endogenous peroxidases blocked using
peroxidase block for 15 min, sections washed in phosphate buffer
saline (PBS) mixed with Tween 20 for 3 min, protein blocked with
Nevocastra protein block for 15 min, sections washed with PBS for
3 min, sections incubated in primary antibody (1 in 100 dilution
ratio) for 45 min, washed with PBS for 3 min, secondary antibody
added and allowed for 15 min, sections washed with PBS for 3 min,
polymer added and allowed for 15 min, sections washed twice with
PBS and treated with 3, 3-Diaminobenzidine (DAB) substrate for 5
min each (DAB was prepared in 1/100 dilution ratio with the DAB
substrate), washed with water and counterstained with
Haematoxylin for 2 min, washed in water, dehydrated in alcohol,
cleared in xylene and mounted with DPX.

Photomicrography
Photomicrographs were generated from stained microscope slides
using 10 MP digital camera for microscope.

Analysis of photomicrographs

All photomicrographs were analyzed using the image-J software to
quantify mucous cell population in PAS sections and distribution of

p53 protein in HRP-DAB sections. All values obtained were
recorded.

Statistical analysis
The recorded data were analyzed using IBM-SPSS (version 20)
and presented as mean + SEM. Relevant statistical values were

derived using T-test and one-way analysis of variance (ANOVA).
(P<0.05 was considered as statistically significance level).

RESULTS

Histochemical results

The PAS-stained tissue sections showed the distribution
of mucous cell population in the gastric mucosa of
experimental animals in normal control group A, treated
groups B-D and test control group E (Figures 1 and 2).
Immunohistochemical results

The immunostained gastric tissue sections showed the
distribution of p53 protein in the gastric mucosa of
experimental animals in normal control group A, treated
groups B-D and test control group E (Figure 3).
DISCUSSION

The protection of gastric mucosa integrity is usually a
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Figure 2. Chart showing the mean mucous cell count in the
gastric mucosa of experimental animals. A: Normal control
group; B-D: Treated groups administered with 100, 300 and
500 mg/kg methanolic extracts of A. conyzoides L.
respectively and E: Test control group.
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Figure 3. Photomicrograph of immuno-stained tissue sections of experimental animals showing p53 protein
distribution in gastric mucosa indicated by dark-brown coloration (HRP-DAB X100). A: Normal control group; B
— D: Treated groups administered with 100, 300 and 500 mg/kg methanolic extracts of A. conyzoides L.
respectively and E: Test control group.
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Table 1. Mean and standard error of mean (SEM) of
mucous cell count in gastric tissues of experimental
animals in control groups A and E and treated

groups B-D.

Groups

Mean = SEM

moow>

5.75+0.31
9.88 + 0.40*"
9.63 + 0.86*"
9.75 + 0.80*"
4.55 + 0.40

function of equilibrium between protective and aggressive
factors or their stimulators and inhibitors. Among the
primary protective factors of gastric mucosa is the mucus
produced by mucous cells (Johnson, 2003). From the
histochemical result of this study, there was observable
prominence of mucous cell population in gastric tissues
of treated groups B-D (Figure 1) and there was
corresponding significant increase (P<0.05) in the
mucous cell count in gastric tissues of animals in all
treated groups compared to the control groups (Figure 2).
According to Table 1, the values of mucous cell count for
treated groups B (9.88 £ 0.40), C (9.63 + 0.86), and D
(9.75 = 0.80) were significantly (P<0.05) higher compared
to the control groups A (5.75 £ 0.31) and E (4.55 £ 0.40).
The increased gastric mucous cell population implied
increased secretion of viscous and alkaline mucus which
constitutes a vital part of primary gastric mucosal
protective factors. The mucus forms a protective layer of
gel on gastric mucosal surface which protects it against
the digestive action of pepsin and erosive effect of acidic
gastric juice (Sembulingam and Sembulingam, 2010).
There are two types of mucus secreted by mucous cells
of gastric mucosa. These include soluble mucus secreted
by neck mucous cells which help to neutralize gastric
contents and insoluble mucus secreted by surface
mucous cells after exposure to chemical or physical
irritants (Rhoades and Tanner, 2004; Sembulingam and
Sembulingam, 2010). The study by Olaibi et al., (2014)
identified one mechanism of gastric mucosal injury to
involve disruption of mucus production by gastric mucous
cells. The result of their study also showed that
preservation of these mucus secreting cells in stomach
tissue is vital in gastric mucosal protection. Another
study by Ige et al.,, (2016) reported that increase in
mucus secretion (by gastric mucous cells) is one
mechanism of protecting gastric mucosa from effects of
aggressive factors gastric mucosal injury. In this study,
the gastroprotective activity of methanolic extracts of
Ageratum conyzoides L. may result from significant
increase in mucous cell population.

Moreover, factors that shift the equilibrium between
protective and aggressive factors positively towards cell
survival or negatively toward cell death will either maintain
or disrupt the gastric mucosal integrity respectively. One

factor that projects cell toward cell death is the tumor
suppressor (p53) protein. The immunohistochemical
result of this study revealed a staining intensity which
range from moderate immuno-staining in normal control
group A and treated group B to mild or concentric
immunostaining in treated groups C and D but intense or
widespread staining in test control group E (Figure 3).
Consequently, the distribution of p53 protein was not
markedly increased in all treated groups compared to the
normal control group A. However, there was a spike in
the p53 protein expression in test control group E due to
exposure to the aggressive factor (acidic gastric juice)
(Figure 4). From Table 2, the values of p53 distribution
obtained among the treated groups B (16.67 = 1.20), C
(14.00 £ 2.08) and D (14.67 + 0.88) were not significantly
different from the value in normal control group (16.33 £
0.88) but was significantly increased in test control group
E (32.00 £ 3.03). The p53 is a nuclear protein commonly
described as guardian of the genome due to its vital
regulatory role during different events of cell cycle which
include DNA damage repair, cellular division and cell
death (Kern et al., 1991; Lane, 1992; Volgelstein and
Kinzler, 1992). It is a tumor suppressor protein which
plays an important role in cell proliferation and apoptosis
(Alshenawy and Alshafey, 2012). In a stable or
unstressed tissue, p53 protein exhibits low level of
expression and its short half-life is due to continuous
ubiquitination via an inhibitory interaction with MDM-2
and degradation by 26S proteasome (Brooks and Gu,
2004; Yang et al.,, 2004; Bond et al.,, 2006). As a
guardian of the genome, the p53 is expressed as an
important inducer of apoptosis especially in condition of
irreparable genomic alterations, over-expression of
oncogenes or other cellular stresses which may be
caused by exposure of cells to cytotoxic agents (Brooks
and Gu, 2004; Yang et al., 2004). The study by Teh et al.,
(2002) reported the critical role that p53 protein plays
during initiation of apoptosis such that the mutation of
p53 gene or inactivation of wild-type p53 protein cause
unregulated gastric epithelial plasticity. The study by Arab
et al., (2015) opined that gastroprotective mechanisms
involve down-regulation of apoptotic triggers such as p53
protein expression so as to shift the balance of gastric
mucosal cells toward survival. From this study, the
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Figure 4. Chart showing the mean p53 distribution count in
the gastric mucosa of the experimental animals A: Normal
control group; B — D: Treated groups administered with
100mg/kg, 300mg/kg and 500mg/kg methanolic extracts of A.
conyzoides L. respectively and E: Test control group.

Table 2. Mean and standard error of mean (SEM) of
p53 distribution in gastric tissues of experimental
animals in control groups A and E and treated groups

B- D.

Groups

Mean £ SEM

mooOw>

16.33 +0.88
16.67 + 1.20"
14.00 + 2.08"
14.67 +0.88"
32.00 + 3.03*

* P< 0.05 was accepted as significant relative to group A
"P< 0.05 was accepted as significant relative to group E.

exposure to methanolic extracts of A. conyzoides L. have
resulted into gastroprotective activity in the experimental
animals also through suppression of pro-apoptotic signals
generated by p53 protein which may follow exposure to
gastric mucosal aggressive factors.

Conclusion

The methanolic extracts of A. conyzoides L. exhibited
potent gastroprotective activity against exposure to
aggressive factors of gastric mucosal injury at all the
dosage levels in this study. The identified mechanisms of
gastroprotective activity of methanolic extracts A.
conyzoides L. include increase in mucous cell population
leading increase in protective mucus secretion and down-

regulation of p53 protein expression leading to
suppression of pro-apoptotic signals that follows
exposure to the aggressive factors.

RECOMMENDATIONS

The methanolic extracts of A. conyzoides L. is a potent
gastroprotective agent. However, further studies are
recommended to identify other mechanisms of its
gastroprotective activity and veracity of its potency
against other aggressive factors.
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