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ABSTRACT

Rinorea Subintegrifolia (iyokheze), a shrub of the lowland rain forest is believed
to have antiulcer properties. Thus, this study evaluated the gastroprotective
effects of hydro-ethanol root extract of Rinorea Subintegrifolia (HRRS) in
Wistar rats. The gastroprotective effects of HRRS was studied in pyloric
ligature-induced and ethanol-induced gastric ulcer models. Twenty-five male
Wistar rats were used for both models. In the pyloric ligature-induced gastric
ulcer model, fifteen Wistar rats were used and were randomly divided into three
groups, each comprising five rats. Group A received 5 ml/kg of normal saline
(control), Group B was pretreated with 30 mg/kg of Ranitidine, and Group C
received 250 mg/kg of HRRS pretreatment. The extracts were administered for
14 days, after which the animals underwent a 24-hour fasting period. Pyloric
ligation was then performed, and the stomachs were collected for gastric ulcer
evaluation while the stomach content was used to determine gastric juice
volume, gastric juice pH and total acidity. In the ethanol-induced ulcer model,
ten rats were divided into two groups of five rats each. Group A received
5 ml/kg of normal saline (control), while group B was given 250 mg/kg of
HRRS. Following 14 days of pretreatment, gastric ulcers were induced and the
stomachs excised for evaluation. Results of the qualitative analysis of HRRS
showed the presence of flavonoids, tannins, terpenoids, saponins and steroids.
The results showed that HRRS significantly reduced ulcer indices in pyloric
ligated ulcer model (3.80 vs 12.5) when compared with control (P<0.05). HRRS
significantly reduced gastric juice secretion (0.74 mL vs 1.26mL) and total
acidity (5.84mEq/L vs 12.33mEq/L) but pH of gastric juice was significantly
increased (4.82 vs 2.55) (P<0.05). Histological assessment showed that HRRS
protected against gastric ulceration when compared with control. In conclusion,
HRRS protect against gastric ulcers. Reduction in gastric juice secretion,
decreased total gastric acidity and increasing pH level are mechanisms
underlying the gastroprotection exhibited by HRRS.
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INTRODUCTION

Medicinal plants have long been integral to the
treatment of various ailments in African
traditional medicine and other cultural healing
systems globally. Their use dates back
thousands of years for purposes such as
preventing epidemics, preserving food, and
treating disorders including ulcers (El-Allaoui,
2024). As far back as 1993, the World Health
Organization (WHO) estimated that about 80%
of the global population relied on traditional
medicines, primarily plant-based (WHO,
1993). Also in 2019, the WHO global report on
traditional and complementary medicine
estimated that approximately 87% of Africa’s
population uses traditional medicines (WHO,
2019), highlighting the immense reliance on
herbal remedies.

This widespread use is driven by the
affordability, accessibility, and perceived
safety of herbal medicines compared to
synthetic drugs. Traditional herbal medicines
are commonly prescribed by local practitioners
and valued for their fewer side effects and
greater acceptance in treating conditions like
peptic ulcers (Pahadiya et al., 2018).
Consequently, pharmaceutical industries have
shown increasing interest in developing herbal
healthcare formulations, cosmetics, and
nutritional supplements to meet the growing
demand for plant-based therapies (Ugwu et al.,
2024).

Peptic wulcer, a common gastrointestinal
disorder, occurs when aggressive factors such
as acid, pepsin, and Helicobacter pylori

surpass mucosal defense  mechanisms
including bicarbonate secretion, mucus
production, prostaglandins, and cellular

resistance (Aiyeola & Oluwole 2023). Gastric
ulcers form when hydrochloric acid (HCI)
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erodes the stomach lining, leading to pain,
bleeding, or anemia

(Christina et al. 2025). The lifetime risk of
developing peptic ulcer disease is estimated at
5-10%, with annual incidence rates between
0.1-0.3% (Abdullah, 2019; Christina et al.
2025).

Conventional treatments aim to reduce
gastric acid secretion and enhance mucosal
protection, primarily using proton pump
inhibitors (PPIs) and H: receptor
antagonists (Lanas & Chan, 2017, Khodake
& Bhargav, 2025). However, these drugs
may lead to relapses, adverse effects, and
drug interactions. As a result, herbal
remedies are gaining popularity due to their
effectiveness and safety profile (Coana et
al. 2025). Moreover, plants are cost-
effective, readily available, and remain
promising sources of novel therapeutics
Coana et al. 2025).

Rinorea Subintegrifolia, locally known as
iyokheze in Edo State, Nigeria, is a shrub
predominantly found in the Tropical
regions of West Africa, including Guinea,
Cameroon, Ivory Coast, Liberia, Tanzania,
and Nigeria (Montaut et al.,2016). It grows
in lowland rainforests and can reach a
height of 2—4 meters. It is traditionally used
to treat stomach disorders and menstrual
pain. The plant bears greenish-white to
cream-yellow flowers. Its roots, stems, and
leaves are believed to possess medicinal
properties, offering relief from ailments
like rheumatism, arthritis, venereal and eye
diseases (Tulassay & Herszényi, 2010).
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Though research is limited, phytochemical
screening of Rinorea Subintegrifolia stem bark
extract and fractions revealed the presence of
various bioactive compounds,

including alkaloids, phenols, flavonoids,
saponins,  anthocyanins,  anthraquinones,
sterols, lipids, cardiac glycosides, tannins,
phlobatannins, and essential oils (Montaut et
al., 2016). Additionally, anecdotal evidence
from Edo State suggests its effectiveness in
treating peptic ulcers, though this remains
largely undocumented. Studies on the
therapeutic potential of Rinorea Subintegrifolia
are scarce and focusses more on
phytochemicals with no study on its
gastroprotective effects and its effects on
gastric acid secretion. Thus, this study was

carried out to address this gap
MATERIALS AND METHOD

Procurement of Experimental Animals.
Male Wistar rats weighing between 140-180g
were used in this study. The animals were
purchased from the Department of Physiology
Animal House, College of Health Sciences,
Abia State University Uturu, Abia state,
Nigeria and were housed in the animal house of
the Department of Physiology, Edo State
University where the experiment was carried
out.

Drugs/Chemicals
Ethanol and NaOH were obtained from Sigma

Chemicals (Perth,WesternAustralia),
Ranitidine (Zantac-GSK) was obtained from a
local pharmarcy. All chemicals used in buffers
and other solutions were of analytical grade.

Collection and Preparation of Plant
Material
Whole plants

including the roots were collected from
Ibhiolulu in Edo state, Nigeria. The roots were
taken to the Department of Botany, Ambrose

of Rinorea subintegrifolia

W. Afri. J. Life Sci. 3(1):xxx

Alli University Ekpoma, Edo state, where they
were identified and authenticated by a Botanist
at the University Herbarium. The roots were
cut into pieces, washed and air dried and
thereafter grinded into powder and stored for
further use.

Extraction Procedure

Three hundred and thirty-five grams (335g)
of coarsely powdered root material of
Rinorea Subintegrifolia was extracted with
60% ethanol using soxhlet apparatus. The
extraction was carried out until the
extractive becomes colorless. The extract
was filtered through a cotton plug, followed
by Whatman filter paper (no.1). The extract
was evaporated under reduced pressure
using rotary vacuum evaporator. The
filterate was concentrated using rotary
evaporator and was further dried in the
oven set at 40°C for 24hours giving a yield
0f 10.44% of a sticky gel like product.

For aqueous extraction, three hundred
grammes (300 g) of the powdered root
material was soaked in 1500 ml of distilled
water for 72 hours with the solution
thoroughly stirred twice daily. The extract
was filtered with WHATMAN No 1 filter
paper. The filtrate was dried using an oven,
set at 40°C and then reconstituted before
use for the phytochemical analysis.

Qualitative Phytochemical Screening
The extract obtained from Rinorea
Subintegrifolia plant was subjected to
phytochemical screening using standard
procedures as described by Trease and
Evans, 1989, and Vinay et al., 2014.

Experimental Design

The Pylorus-ligated gastric ulcer model as
described by Gilbert et al., 2006 was used to
investigate if the ethanol root extract of

Rinorea  Subintegrifolia (HRRS has



PO Okonudo, and CO Otoikhilia

neutralizing properties and or antisecretory
effects. Eighteen male rats were used in this
study and were divided into 3 groups of 6 rats
each. Group 1 served as control and was given
normal saline (5ml/kg), group 2 received
ranitidine (30mg/kg) and group 3 received
250mg/kg of HRRS. The treatment lasted for a
period of fourteen days.

The rats were then fasted for 24 hours but had
free access to drinking water. After fasting, rats
were anesthetized, the abdomen was incised,
and the pylorus was ligated and the abdominal
incision was closed. Four hours after the
ligation, the animals were sacrificed using
cervical dislocation and, the abdomen was
opened and another ligature was placed around
the esophagus in close proximity to the
diaphragm. The stomachs were removed, and
the gastric collected for
determination of the gastric juice volume, pH
and total acidity.

content was

Gastric Ulcer Determination
The stomach was opened along the greater

curvature and ulcers produced were graded
according to the method by Kulkarni, 2002.
The ulcer index for each rat was taken as the
mean ulcer score using the following severity
scores and multiplying the scores by the
number of ulcers developed in each rat: 0.0 =
normal colored stomach, 0.5 = red coloration,
1.0 = spot ulcers, 1.5 = hemorrhagic streaks,
2.0 = ulcers with area >3 but <5Smm?, 3.0 =
ulcers > Smm?.

Percentage Inhibition of Ulcer.
This was determined using the formula below.

_ UIC - UIT
UL,

PI x 100

Where PI is percentage inhibition, Ulc is
ulcer index for control group and Ulr is ulcer
index for treatment group.
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Determination of Gastric Content
The contents of each stomach were

collected in centrifuge tubes. The tubes
were centrifuged at 8000 rpm for 10 min.
The volume of supernatant fluid was
measured and the pH measured using a pH
meter (Wang, 2005).

Measurement of Gastric Acidity
The supernatant of gastric contents from

each pylorus ligated rat was used. 0.2 ml of
the supernatant was analyzed for hydrogen
ion concentration by titrating against a
0.01N NaOH  using
phenolpthlein (Sameh et
al.,2019). The experiment was done in
triplicate.

solution  of
indicator

Total Acidity Determination
Acidity was expressed according to the

formular described by Omayone et al.
(2016):

Acidity= Vol. of NaOH x Normality x 100
0.1 mEq/L

The HRRS ulcer inhibition effect was
measured using the Ethanol-induced gastric
ulcer model as described by Manasa et al.
(2024). Wistar rats were randomly divided
into two groups of five animals each. Rats in
group one served as the control group and
received Normal saline (10 mL/kg). Rats in
group two served as treatment group and
received 250mg/kg of HRRS. Treatments
were for a period of fourteen days. After
treatment, the rats were fasted for 24 hours but
had free access to drinking water. Rats in all
groups received 1mL/200g of absolute ethanol
via gastric intubation for the induction of
gastric ulcers, 60minuites after the last
pretreatment. One hour later, the animals were
sacrificed and their stomachs excised. Each
stomach was opened along the greater
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curvature and rinsed with normal saline to
remove gastric contents and blood clots.

The lengths of the lesions were measured
using a vernier caliper and the ulcer index taken
as the sum of length of the lesions (Robert et
al., 1979; Wei et al.,2018). The percentage of
ulcer inhibition by the HRRS was calculated
using the following formula: [(ulcer length
(control) — ulcer length(treated))/ulcer
length(control)] x100% Wei et al.,2018; Xu et
al.,2013).

Histopathological Study
Small sections were taken from each stomach

of randomly selected rats across treatment
groups and placed in 10% formalin for
histological using standard
procedure (Laine & Weinstein, 1988).

examination

Ethical Clearance

Ethical approval was obtained for the study
from the Institutional Ethics
Committee with clearance number
EDSUREC25/131. Animals handling protocol
conforms to the guidelines of the Edo State
University Animal Research Ethics Committee
(EDSU-AREC) for laboratory animal care and
use.

Animal
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STATISTICAL ANALYSIS

Data obtained in this study were analyzed
using SPSS (version 22) software package. The
results were expressed as Meant SEM and
analyzed using one-way analysis of variance,
followed by LSD post-hoc test for the pyloric

ligated model. The independent t-test was used
for the ethanol model. Results with P< 0.05,
were considered significant.

RESULTS

Phytochemical Constituents of Hydro-
Ethanol Root Extract of Rinorea
Subintegrifolia

The result of the qualitative phytochemical
screening of both hydro-ethanol etract and
aqueous extract of the plant is as shown in
Table 1. The hydro-ethanol root extract of
Subintegrifolia of contains
Steroid, Terpenoid and Flavonoid which
are present in small amount. However,
reducing sugar and Cardiac Glycoside are
present in high amount in the extract. The
aqueous root  extract
Subintegrifolia contains small amount of
Terpenoid and Saponin. Appreciable
amount of Reducing sugar was also found.

Rinorea

of  Rinorea

Table 1. Phytochemical constituents of Rinorea subintegrifolia Root (Aqueous and

Ethanol)

Phytochemical Hydro- ethanol Extraction Aqueous Extraction
Alkaloid - -
Phlobatanin - -
Reducing Sugar +++ +++
Flavonoid + -
Cardiac Glycoside ++ -
Starch - -
Tannins - -
Terpenoid + +
Saponin - +
Steroid + -

+ = Trace amount present, +++= Appreciable amount - = Absent
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Effect of Rinorea subintegrifolia Root
Extract on Ulcer Index (UI) and Protection
in Pyloric Ligation Model (PLM).

The result (Table 2) showed that hydro-

ethanol  root  extract of  Rinorea
Subintegrifolia significantly reduced ulcer
index when compared with control (P<0.01).
The ethanol root extract (HRRS) offered
69.6% protection against gastric ulceration.
Ranitidine which serves as a standard drug
(+) also significantly reduce ulcer index
when compared with control (P<0.01) with a

69.6% gastroprotection. There was no
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significant difference in the ulcer indices
when ranitidine pretreatment was compared
with the root extract pretreatment (P<0.05).

Effect of Rinorea subintegrifolia Root
Extract on Ulcer Index (UI) and Protection
in Ethanol Model (EM).

Using this model, the hydro-ethanol root
extract of Rinorea Subintegrifolia showed no
significant reduction in ulcer index when
compared with control (P>0.05), (Table 3).
The root extract offered 14.4% protection
against gastric ulcer.

Table 2. Effect of Rinorea subintegrifolia Root Extract on UI and Protection (PLM)

Group Treatment Ulcer index % protection
A Control (5ml of Normal saline/kg)  12.50+1.26

B Ranitidine(30mg/kg) 3.80+0.75* 69.60

C 250mg/kg HRRS 3.80+0.46* 69.60

Results are expressed as mean + standard error of mean. P value less than 0.05(P<0.05) were considered significant

(P<0.05).

Table 3. Effect of Rinorea subintegrifolia Root Extract on UI and Protection (EM)

Group Treatment

Ulcer Index (cm)

% Protection

A Ulcer Control (1mL/kg Ethanol)
B 250mg/kg HRRS

2.29+0.09 -
1.96+0.06

14.41

Values are presented as mean + SEM

Photomacrograph of rat stomach
The stomach in the control group showed

severe gastric ulceration causing severe
perforation. The ranitidine group showed
mild ulceration in the stomach tissue. In like
manner, the HRRS group showed small
ulcerations in the stomach tissue.

Effect of hydro-ethanol root extract of
Rinorea Subintegrifolia on gastric juice
volume, pH and total acidity.

As shown in Table 4, hydro-ethanol root
extract  of Subintegrifolia

significantly reduce gastric juice volume in

Rinorea

the pretreated animals when compared with
control (P<0.05). There was a significant
increase in pH in the pretreated groups when
compared with control (P<0.05). Total acidity
(Table 5) in the pretreated animals was
significantly decreased when compared with
control (P<0.01).

Histopathological Findings

Figure 2, showed micrographs of
histopathology stomach sections in rats. In
the control group, the stomach tissue of the
animals showed degeneration of the stomach
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lining with severe ulceration (U), moderate
granulated tissue slough (GTS) and chronic
inflammatory cell (CIC). In the HRRS group,
the stomach tissue of the animals exhibited
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moderate ulceration with mild aggregate of
inflammatory cells around the ulcerated area.
The ranitidine group showed mild ulceration
U).

Table 4. Effect of Rinorea subintegrifolia root extract on gastric juice volume and pH

Group Treatment Volume(ml) pH

A Control (5ml of Normal saline/kg) 1.26+0.27 2.55+0.29
B Ranitidine(30mg/kg) 0.54+0.07" 5.89+0.14"
C 250mg/kg HRRS 0.74+0.15" 4.82+0.35"

Values are presented as mean + SEM. * indicates data that are statistically significant when compared with

control at P <0.01.

Table 5. Effect of Rinorea subintegrifolia extract on gastric juice acidity

Group Treatment Total acidity(mE/L)
A Control (5ml of Normal saline/kg) 12.33+£1.24
B Ranitidine(30mg/kg) 3.82+1.06"
C 250mg/kg HRRS 5.84+0.60"

Values are presented as mean + SEM. * indicates data that are statistically significant when compared with
control at P <0.01.

Figure 1. Photomacrograph of Rat Stomach.

C

A= indicates control group, B= ranitidine pretreated group and C = HRRS pretreated group.

Figure 2. Histology of Stomach Tissue of Rat in Pyloric Ligated Ulcer Model.
(H&E; x150). A(Control group), B(Ranitidine pretreated group), C (HRRS pretreated group)

DISCUSSION
This study show the presence of flavonoids,

terpenoids, saponins and steroid in the root
extract of Rinorea Subintegrifolia.. These
phytoconstituents are known to play a major

role in successful medical treatments in ancient
times as they posses broad biological and
pharmacological activities, and their use has
persisted till date. Antiulcerogenic effect
related to cytoprotective activity has been
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ascribed to the phenolic compounds (Bristo et
al.,2018). Flavonoids have been found to
protect the gastric mucosa from damage by
boosting mucosal prostaglandin  levels,
reducing histamine release from mast cells, and
inhibiting histidine decarboxylase (Bristo et
al.,2018). Research has also shown that

flavonoid have high free radical scavenging
activity(Manasa et al, 2024).

Saponins and triterpenoids have been reported
to have antiulcer
experimental models by the formation of
protective mucus on the gastric mucosa and

activity in  several

also protect the mucosa from acid effects by
selectively inhibiting prostaglandin (Puja et al.,
2024). Also, tannins have been shown to
precipitate microproteins at the site of ulcers
thereby forming an impervious protective
pellicle over the lining to prevent adsorption of
toxic substance thereby preventing the attack of
proteolytic enzyme (Akinola et al., 2025). The
phytochemical status in this study has therefore
corroborated previous report on
phytochemicals in the medicinal herb.

Peptic ulcers are lesions that occur when gastric
acid erodes the protective lining of the
gastrointestinal (GI) tract (Thomas & Lamont,
2024). Although gastric acid plays a vital role
in food digestion, mineral absorption, and
prevention of bacterial overgrowth, excessive
secretion can contribute to the development of
acid-related disorders, including peptic ulcer
disease (PUD) (Engevik et al.,2020).

Pylorus ligation is a widely employed surgical
method for inducing experimental gastric
ulcers. This model facilitates the evaluation of
pharmacological agents that modulate gastric
secretion (Simona et al.,2019). In this study,
pyloric ligation resulted in significant ulcer
formation, confirming the reliability of this
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model. The findings are consistent with those
of Grace (2023) who suggested that
ulcerogenesis in pylorus-ligated rats is driven
by stress-induced hypersecretion of gastric
hydrochloric acid and acid retention. The
volume of gastric secretions is also implicated,
as accumulation of gastric acid may increase
mucosal exposure and injury.

Pretreatment with hydro-ethanol root extract of
Rinorea Subintegrifolia (HRRS) significantly
reduced the ulcer index compared to the control
group. The extract offered approximately 70%
protection against ulceration in the pylorus-
ligation  model, indicating  substantial
gastroprotective activity which is likely related
to the inhibition of gastric acid secretion. In
contrast, the ethanol-induced ulcer model,
which is independent of acid secretion, is
employed to assess the cytoprotective and
antioxidant properties of test compounds
(Manasa et al., 2024). Ethanol causes direct
damage to gastric mucosal cells and mimics
acute ulcerative lesions observed in humans
(Abdel-Kawi et al.,2022). In this model, HRRS
did not provide significant protection against
ethanol-induced gastric lesions.

These findings suggest that while the hydro-
ethanol root extract of Rinorea Subintegrifolia
demonstrates antisecretory and acid-inhibitory
activity effective in acid-mediated ulceration, it
may lack significant cytoprotective properties
necessary for defense against cytotoxic agents
such as ethanol. The management of acid-
related gastrointestinal disorders typically
involves either the reduction of gastric acidity
or the enhancement of mucosal defense
mechanisms (Zaghlool et al., 2019). A primary
therapeutic strategy for these conditions is the
inhibition of gastric acid secretion using
antisecretory agents (Herszényi et al.,2020).

In the present study, pylorus ligation
significantly increased gastric juice volume and



PO Okonudo, and CO Otoikhilia

total acidity while reducing pH in the control
group when compared with pretreated groups.
These results align with earlier findings by
Yuan et al. (2015) who reported that
hypersecretion of gastric juice contributes to
mucosal erosion and the development of peptic
ulcers due to excessive acidity and volume.
Administration of the hydro-ethanol root
extract of Rinorea Subintegrifolia in rats
produced a significant reduction in gastric juice
total acidity, alongside a
corresponding increase in pH. These changes
suggest that the extract possesses antisecretory
activity and can enhance mucosal protection.

volume and

Total acidity, an indicator of the concentration
of hydrogen ions in gastric juice, reflects
overall gastric acid output. The observed
decrease in total acidity in treated groups is
consistent with previous reports that inhibition
of gastric secretion can protect the
gastroduodenal mucosa from pylorus ligation-
induced injury (Zaghlool et al, 2019).
Furthermore, the current findings support the
work of Nabil et al. (2021), who demonstrated
that a reduction in gastric volume and acidity is
associated with decreased ulcer index.
Collectively, these findings highlight the
gastroprotective ~ potential ~ of
Subintegrifolia, which may be attributed to its

Rinorea

ability to suppress gastric secretion, elevate
gastric pH, and reduce total acidity. These
mechanisms likely contribute to its efficacy in
preventing ulcer formation under experimental
conditions.

Histopathological assessment of stomach in the
acetic acid (ulcer control) group shows severe
ulceration of surface epithelium. The
intervening stroma is thinly fibrocollagenous
and is infiltrated by chronic population of
inflammatory cells,
predominantly lymphocytes. These features
were not evidently present in the extract
pretreated group as they only show mild to

mononuclear
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moderate  mucosal surface  epithelial
ulcerations. The intervening stroma in the
extract groups were only infiltrated by mild
population of mononuclear inflammatory cells.
These characteristic features are consistent
with the results obtained from ulcer indices and
further corroborate the biochemical finings in

this study.

CONCLUSION
This study showed that the hydro-ethanol root

extract of Rinorea Subintegrifolia exhibited
gastroprotective activity against pyloric ligated
induced  gastric offering
insignificant gastroprotection against ethanol
induced gastric ulcer. This study also showed
that the gastroprotective effect of hydro-
ethanol root extract of Rinorea Subintegrifolia
is linked to its ability to reduce gastric juice

ulcer while

secretion, decrease total gastric acidity and
increase pH level.
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