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Abstract

Gastric ulcer remains one of the most prevalent gastrointestinal disorders in developing countries.
Although synthetic antiulcer drugs are widely used in its management, concerns regarding their
adverse side effects have prompted increased interest in plant-derived therapeutic agents. Medicinal
plants have been reported to exhibit varying degrees of efficacy in the treatment and management of
gastric ulcers. In this study, fresh mature leaves of Kalanchoe pinnata were collected, processed into
powder, and extracted using methanol. A total of thirty adult male Wistar rats were randomly assigned
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into six groups, comprising five rats per group. Group I served as the normal control, while Groups II-
VI were induced with gastric ulcer through the oral administration of aspirin at a dose of 300 mg/kg
body weight. Group Il served as the ulcerated untreated control, whereas Groups I1I, IV, and V received
methanol leaf extract of Kalanchoe pinnata (KPLE) at doses of 200, 400, and 600 mg/kg body weight,
respectively while group VI was administered 20 mg/kg b.w misoprostol (standard drug). The rats were
subsequently fasted, and gastric juice was collected following pyloric ligation. All experimental
parameters were evaluated using standard laboratory procedures. The results revealed that oral
administration of aspirin (300 mg/kg) successfully induced gastric ulceration, as evidenced by a high
ulcer index, reduced gastric mucus production, and low percentage inhibition. However, treatment
with KPLE at doses of 200, 400, and 600 mg/kg body weight resulted in a dose-dependent reduction in
ulcer index, accompanied by significant increases in gastric mucus secretion and percentage inhibition.
Furthermore, KPLE significantly (p < 0.05) reduced both free and total gastric acidity compared to the
ulcerated untreated group. In conclusion, the methanolic leaf extract of Kalanchoe pinnata
demonstrated significant antiulcer and ulcer-healing properties, suggesting its potential as a natural
therapeutic agent for the management of gastric ulcers.
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INTRODUCTION

Gastric ulcer is a common gastrointestinal disorder characterized by the formation of open
sores in the lining of the stomach (Aslam et al., 2023). It develops when there is a disruption
in the delicate balance between aggressive luminal factors, such as hydrochloric acid and
pepsin, and the protective mechanisms of the gastric mucosa, including mucus secretion,
bicarbonate production, prostaglandins, and adequate mucosal blood flow. Histologically, a
gastric ulcer is defined as a mucosal lesion exceeding 5 mm in diameter that penetrates
through the muscularis mucosae (Panjiyev, 2025).

Over the years, gastric ulcer has become a major global health concern owing to its high
prevalence, associated morbidity, and substantial socioeconomic burden (Wang et al., 2025).
The condition contributes significantly to increased healthcare costs, prolonged
hospitalizations, reduced quality of life, and heightened pressure on already strained
healthcare systems, particularly in developing countries (Ren et al., 2022).

Although several conventional medications are available for the management of gastric
ulcers, their use is often limited by drawbacks such as high cost, recurrence of the disease after
treatment, drug interactions, and adverse effects (Achang et al., 2025). Reported side effects of
some antiulcer drugs include cardiac arrhythmias, gynecomastia, mucosal hyperplasia, and
hematopoietic abnormalities. These limitations underscore the need for safer, more
affordable, and effective therapeutic alternatives (Abiraami et al., 2021).

Medicinal plants have long served as an important source of bioactive compounds with
diverse pharmacological properties and significant therapeutic potential (Latif and Nawaz,
2026). Furthermore, plant-based remedies are generally considered to be relatively safe,
readily available, cost-effective, and culturally acceptable (Veiga et al., 2020). This is reflected
in the World Health Organization's estimate that approximately 80% of the global population
relies, at least in part, on traditional plant-based medicines for primary healthcare needs
(Veiga et al., 2020).

Kalanchoe pinnata, commonly known as miracle leaf, life plant, air plant, cathedral bells, or
Mexican love plant, belongs to the family Crassulaceae (Dhyani, 2025). It is a succulent
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perennial herb that typically grows to a height of 1-1.5 m and is distinguished by its
remarkable water-storage capacity, thick fleshy green leaves with scalloped margins, and
hollow stems bearing pendulous bell-shaped flowers (Bhusal et al., 2024).

The plant occupies a prominent place in African traditional medicine and has been widely
utilized for the treatment of various ailments (Kumar et al., 2023). In many developing
countries, preparations derived from K. pinnata have been extensively employed in wound
management and tissue repair, owing to their reported anti-inflammatory and healing
properties (Bhusal et al., 2024). Given the similarities between cutaneous wound healing and
gastric mucosal repair, the traditional use of K. pinnata in wound treatment suggests that it
may possess therapeutic potential in the prevention and management of gastric ulcers.

Although, studies abound on the gastroprotective effect of K. pinnata extract, there is paucity
of data on its healing activity, thus, imperativeness of this study is informed especially giving
the fact that its wound healing activity is established.

MATERIALS AND METHODS

Plant Material

Kalachoe pinnata leaves were harvested from a farm land in Uturu, Isiukwuato, Local
Government Area, Abia State South East Nigeria. The leaves were transported to the
herbarium unit of the College of Forestry, Micheal Okpara Federal University of Agriculture,
Umahia, Abia State.

Processing and Extraction of Plant Material

Fresh leaves of Kalanchoe pinnata were detached from the stalks, thoroughly washed under
running tap water, and cut into smaller pieces before being air-dried at room temperature.
The dried leaves were subsequently ground into a fine powder using a laboratory grinder. A
200 g portion of the powdered plant material was macerated in 500 mL of 80% methanol for
48 h. The resulting mixture was filtered through Whatman No. 1 filter paper, and the filtrate
was concentrated to dryness using a rotary evaporator (Model 349/2, Corning Ltd.). The dried
crude extract obtained was stored at 4 + 2°C until further use.

Experimental Animal

Thirty adult male Wistar rats weighing 150-200 g were obtained from a commercial Animal
House in Okigwe, Imo State. The animals were housed in plastic cages and fed standard pellet
diet (Niger Feeds) with free access to water. They were maintained in a well-ventilated room
under a 12 h light/12 h dark cycle at ambient temperature and allowed to acclimatize to the
laboratory conditions for three weeks prior to the commencement of the experiment.

Median Lethal Dose 50 Determination

The acute toxicity study of Kalanchoe pinnata leaf extract (KPLE) was conducted using the
method described by Lorke (1983). In the first phase, nine rats were randomly assigned to
three groups of three animals each and administered KPLE at doses of 10, 100, and 1000
mg/kg body weight, respectively. The animals were observed continuously for signs of
toxicity and mortality during the first 24 h following administration.

In the second phase, three additional rats were individually administered KPLE at doses of
1600, 2900, and 5000 mg/kg body weight, respectively. The animals were monitored for 48 h
for signs of toxicity, behavioral changes, and mortality. The median lethal dose (LDso) was
subsequently determined from the results obtained in the second phase using the following
formula:
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LD50 T 7 )
VMinimum toxic dose X minimum tolerated dose

Determination of Ulcer Inducing Dose of Aspirin

Sixteen adult male rats weighing between 150 and 200 g were randomly assigned to four
groups of four animals each. Prior to treatment, the animals were fasted for 48 h using
starvation cages, while water was provided ad libitum. Group I (control) received 2 mL/kg
body weight of distilled water, whereas Groups II, III, and IV received aspirin at doses of 100,
200, and 300 mg/kg body weight, respectively, via oral administration. Seven hours after
treatment, the animals were euthanized by cervical dislocation. The stomachs were excised,
opened along the greater curvature, and gently rinsed with cold normal saline to remove
gastric contents, following the method described by Cerrah et al. (2023).

Gastric Ulcer Induction

Gastric ulceration was induced according to the method described by Cerrah et al. (2023).
Briefly, the animals were fasted for 48 h in starvation cages to prevent coprophagia while
being allowed free access to water (ad libitum). Following the fasting period, gastric ulcers
were induced by the oral administration of 300 mg/kg of aspirin.

Animal Grouping and Treatment
Thirty (30) adult male Wistar rats were randomly assigned to six groups of five animals
each. Following the induction of gastric ulceration, the ulcer induced rats received the
respective treatments orally for 10 consecutive days as follows:
Group I (Normal Control): Received 2 mL/kg body weight of distilled water.
Group II (Ulcer Control): Received 300 mg/kg body weight of aspirin only.
Group III: Received 200 mg/kg body weight of Kalanchoe pinnata leaf extract (KPLE).
Group IV: Received 400 mg/kg body weight of KPLE.
Group V: Received 600 mg/kg body weight of KPLE.
Group VI: Received 20 mg/kg mistoprostol body weight

Sample Collection

Following ulcer induction with aspirin, treatment with Kalanchoe pinnata extract and the
reference drug was commenced and continued once daily for 10 consecutive days to evaluate
the curative effect of the interventions. On day 10, the animals were fasted for 24 h with free
access to water. Thereafter, pyloric ligation was performed under appropriate anesthesia, and
gastric secretions were allowed to accumulate for 4 h. At the end of the ligation period, the
animals were sacrificed, gastric contents were collected for biochemical analyses, and the
stomachs were examined for ulcer healing and lesion assessment. This design enabled
evaluation of the curative effects of the treatments over the 10-day period while
simultaneously assessing changes in gastric secretory parameters following pyloric ligation.

Assessment of Gastric Lesions

Ulcer Index

Gastric lesions in the glandular region of the stomach were identified as elongated black-red
hemorrhagic streaks running parallel to the longitudinal axis of the stomach. The length of
each lesion was measured in millimeters (mm), and the lesion index was determined by
summing the lengths of all lesions present in the fundic region of the gastric mucosa,
according to the method described by Deepika and Shivani (2026).

Percentage Inhibition

This was calculated according to the method of Hano et al. (1976) using the formula below

pI = mean ulcer index(aspirin group) — mean ulcer index (test group) % 100
- mean ulcer index (aspirin)
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Determination of Free and Total Acidity

A 10 mL aliquot of gastric juice was transferred into a 250 mL conical flask. Subsequently, 3
drops of methyl orange indicator were added, and the mixture was titrated against 0.1 M
sodium hydroxide (NaOH) until the red coloration disappeared, producing a pale orange
endpoint corresponding to a pH of approximately 3.5. The volume of NaOH consumed at this
endpoint was recorded and taken as a measure of the free acidity.

Thereafter, 2-3 drops of phenolphthalein indicator were added to the same solution, and
titration was continued with 0.1 M NaOH until a faint but persistent pink color appeared. The
total volume of NaOH required to reach this endpoint was recorded and used to determine
the total acidity of the gastric juice, according to the method described by Deepika and Shivani
(2026).

Histological Examination

Stomach tissue samples were fixed in 10% buffered formalin overnight and subsequently
processed using an automated tissue processor. The tissues were then embedded in paraffin
wax, sectioned using a microtome, and stained with haematoxylin and eosin (H&E). The
prepared slides were examined under a light microscope at appropriate magnifications for
histological evaluation.

Statistical Analysis

Data were expressed as mean * standard deviation (SD). Statistical analysis was performed
using one-way analysis of variance (ANOVA). Differences between group means were further
evaluated using Duncan’s Multiple Range Test. A value of p < 0.05 was considered statistically
significant.

RESULTS

Ulcer Index

The ulcer index of ulcerated stomachs of Wistar rats administered methanol leaf extract of
Kalanchoe pinnata is presented in Table 1. The results show that the ulcer index of rats in the
ulcer-induced untreated group (Group II) was significantly higher (p < 0.05) than that of all
groups treated with the extract following confirmed ulcer induction. Among the treated
groups, the reduction in ulcer index was dose-dependent. Furthermore, no significant
difference was observed between the normal control group (Group I) and the group treated
with misoprostol (Group V) after ulcer induction.

Table 1: Ulcer Index of ulcerated Wistar rats’ Stomach treated with Methanol Leaf extract
of K. pinnata

Treatment groups (n=>5) Ulcer index
Group I (Normal control) 0.00£0.002
Group II (300 mg/kg Aspirin UIWT) 10.64+0.65¢
Group III (UI+200 mg/kg KP) 7.3440.39d
Group IV (UI+400 mg/kg KP) 4.54+0.24¢
Group V (UI+600 mg/kg KP) 2.20+0.21b
Group V (20 mg/kg misoprostol) 0.20£0.012

Values are mean * SD of five determinations. Values with different superscripts in a column are significantly
different

Hint: UIWT [ulcer induced without treatment], UI [ulcer induced], KP [kalachoe pinnata]
Percentage Inhibition
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The percentage ulcer inhibition following administration of methanol leaf extract of Kalanchoe
pinnata is presented in Figure 1. The results indicate that the percentage ulcer inhibition
observed in rats treated with 200 mg/kg body weight of the extract was significantly higher
(p <0.05) than that of the group treated with 400 mg/kg body weight of KPLE, which in turn
was significantly higher than that of the group treated with 600 mg/kg body weight of KPLE.
However, there was no significant difference (p > 0.05) between the standard drug group
(misoprostol-treated) and the normal control group (non-ulcerated rats).
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Figure 1: The percentage ulcer inhibition following administration of methanol leaf extract of K. pinnata
Hint: UIWT [ulcer induced without treatment], UI [ulcer induced], KP [kalachoe pinnata]

Gastric Secretions

Gastric secretion parameters from ulcerated Wistar rat stomachs are presented in Table 2. The
results showed no significant difference (p > 0.05) in free and total acidity among Groups I, 1I,
and VI. However, these groups exhibited significantly higher (p < 0.05) values compared to
Groups III, IV, and V, which did not differ significantly (p > 0.05) from each other.
Furthermore, free and total acidity values in Groups IV and V were not significantly different
(p > 0.05), but were significantly higher than those observed in Group III (p < 0.05). In contrast,
gastric mucus content in the ulcer-induced untreated group was significantly lower (p < 0.05)
than that recorded in all treated groups. Treatment with the extract produced a dose-
dependent increase in gastric mucus secretion; however, the values remained lower than
those observed in the group treated with the standard drug, misoprostol.

Table 2: Gastric secretions from Ulcerated Stomach of Wistar Rats administered Methanol Leaf Extarct
of K. pinnata

Groups Treatment Free acidity (mEq/L)  Total acidity (mEq/L) Gastric mucus (Abs/g of
tissue)
Group I (2 ml/kg distilled water 58.60+4.734 84.00£6.30b 0.42+0.04¢
GroupIl 300 mg/kg Aspirin (UIWT) 59.00+3.65¢ 85.20+5.890 0.19+0.032
Group III UI+200 mg/kg KP 50.00+2.00¢ 72.40+4.022 0.22+0.08>
Group IV UI+400 mg/kg KP 44.60+4.902b 72.20+3.022 0.26+0.02¢
Group V UI+600 mg/kg KP 41.45+6.212 73.60+5.29a 0.300.044
Group VI UI+20 mg/kg misoprostol 58.90+7.89d 85.80£6.29v 0.39+0.05¢

Values are mean * SD of five determinations. Values with different superscripts in a column are significantly different
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Plate 1l: Group Il Induced gastric ulcer without
treatments Lost normal mucosal architecture within
the boxed region (x150)

Plate I: Normal control group administered 2 ml/kg
of distilled water, showing no obvious deep
mucosal defect or ulcer crater suggestive of absence

Plate 111: Group I1l administered 200 mg/kg KPLE Plate IV: Group IV administered 400 mg/kg KPLE
showing a disrupted surface mucosa, with loss of showing that epithelial surface appears largely intact
the normal continuous epithelial lining (x150 (x150)

; e ! -

= ~

Plate V: Group V: administered 600 mg/kg KPLE Plate VI: Group V: administered 20 mg/kg misoprostol

showing a largely preserved mucosal architecture, with showing a well preserved mucosal architecture, with
no obvious deep ulcer crater extending through the recognizable glandular structures (x150)

mucosa. (x150)

DISCUSSION

Gastric ulcer is initiated following a distortion in the balance between the protective factors
such as bicarbonate, mucus, prostaglandins etc. and aggressive factors such as gastric acid
and pepsin. Ulcer index is a very important parameter employed to quantitatively for use in
the preclinical assessment of gastric ulcer severity and as determinant of the therapeutic
potential of an anti-ulcer medication (Assad and Mostafa, 2022). The reduced ulcer index
observed following administration of the methanol leaf extract of Kalanchoe pinnata could be
attributed to quercetin domiciled in the leaf of the said plant (Pan et al., 2024). This finding is
consistent with the finding of Elloumi et al. 2022) which quercetin-3-O-rhamnoside in wound
healing. In addition, the abundant flavonoids inherent in K. pinnata accounts for its
impressive antioxidant property which has been implicated in its wound healing effect
(Ayman et al., 2025). The observed reduction in ulcer index is in tandem with the outcome of
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a study by De Aratjo et al. (2021) which showed that flavonoid derived from Bryophyllum
pinnatum accelerated gastric ulcer healing by enhancing mucosal repair and mitigating
oxidative stress.

This observation is further substantiated by the percentage ulcer inhibition recorded in the
extract-treated groups, indicating that gastric ulceration was markedly suppressed following
extract administration. The enhanced ulcer inhibition may be attributed to the ability of
flavonoids to neutralize reactive oxygen species, preserve gastric mucus integrity, reduce
lipid peroxidation, and suppress inflammatory signaling pathways involved in ulcer
pathogenesis. Recent studies have demonstrated that quercetin exerts anti-ulcer activity
through modulation of the Nrf2/HO-1 antioxidant pathway and inhibition of the
HMGB1/TLR4/NF-xB inflammatory cascade (Yang et al., 2024). This finding agrees with
recent investigations that identified quercetin-containing phytomedicines as effective
gastroprotective agents capable of significantly reducing gastric lesion formation and
promoting ulcer healing (Ahmed et al., 2024).

The present study also revealed reductions in both total and free acidity among extract-treated
groups, suggesting that the leaves of K. pinnata contain bioactive compounds capable of
suppressing gastric acid secretion. The reduction in gastric acidity may be associated with the
cytoprotective and anti-secretory properties of flavonoids, which enhance mucosal defense
mechanisms while limiting acid-mediated mucosal injury. Similar findings have been
reported in studies evaluating the gastroprotective effects of K. pinnata flavonoid-rich extracts,
where significant reductions in gastric damage were accompanied by preservation of gastric
mucosal architecture and enhancement of endogenous protective mechanisms (Sharma et al.,
2018).

In conclusion, the findings of the present study indicate that methanol leaf extract of Kalanchoe
pinnata possesses appreciable ulcer-healing and gastroprotective properties. These effects may
be mediated through antioxidant, anti-inflammatory, wound-healing, and acid-suppressive
mechanisms attributable to its flavonoid constituents, particularly quercetin derivatives.
Consequently, K. pinnata may represent a promising source of plant-derived anti-ulcer agents
and a potential candidate for the development of novel phytotherapeutic alternatives for the
management of gastric ulcer disease.

CONCLUSION AND RECOMMENDATION

It was deduced from the findings from this study that methanol leaf extract of Kalanchoe
pinnata wield the potential to heal gastric ulcer evidenced by the observed reduced ulcer
index, decreased gastric acidity and elevated percentage ulcer inhibition. On the basis of this
findings, subsequent studies targeted at the isolation and structural elucidation of the exact
bioactive compounds responsible for the ulcer healing effect of K. pinnata activity. In addition,
the mechanism of action of the implicated compounds as well as their safety profile should be
determined. Resulting details will be instrumental in the development of phytotherapeutic
options for gastric ulcer treatment.
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