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Background: An ethnobotanical study showed that the leaf of Stephania abyssinica (S. abyssinica) is used for the treatment of 
gastritis, but there is no scientific investigation.
Objective: The aim of this study was to evaluate the gastroprotective activities of both aqueous and 80% methanol leaf extracts of 
S. abyssinica in experimental rats.
Methods: Decoction and maceration techniques were used to prepare aqueous and 80% methanol leaf extracts, respectively. The 
extracts were evaluated against pyloric ligation, indomethacin, and ethanol-induced gastric ulcer models at doses of 100, 200, and 
400 mg/kg. Negative control received 2% tween 80, while positive controls received 20 mg/kg of omeprazole and 100 µg/kg of 
misoprostol. Parameters, such as ulcer index, gastric mucin content, gastric juice volume, pH, and free and total acidity were 
measured.
Results: In the pyloric ligation induced gastric ulcer model, all doses of both extracts significantly reduced the ulcer index and gastric 
juice volume, while doses of 200 and 400 mg/kg exhibited a significant increment in mucus content and gastric juice pH as well as 
decrease in free and total acidity as compared to negative control. In indomethacin and ethanol induced gastric ulcer models, 
pretreatment with both extracts significantly reduced the ulcer index and enhanced gastric mucin content in a dose-dependent manner. 
Phytochemical screening of both extracts showed the existence of flavonoids, phenols, tannins, saponins, alkaloids, and coumarins 
with high contents of phenols, flavonoids, and alkaloids in 80% methanol extract.
Conclusion: This study revealed that aqueous and 80% methanol leaf extracts of S. abyssinica possessed remarkable gastroprotective 
activities against experimentally induced gastric ulcer models, and this possibly justify the traditional use of S. abyssinica leaves to 
treat gastritis.
Keywords: gastroprotective, Stephania abyssinica, pylorus ligation, indomethacin, ethanol

Introduction
Peptic ulcer disease (PUD) is the most common gastrointestinal tract (GIT) disorder, affecting millions of people around 
the world,1 with an estimated incidence of 10–19% in the general population.2 It is an acid-related GIT injury that usually 
affects the stomach and/or proximal duodenum and causes a mucosal breach that extends to the submucosa.3 

A continuous exposure of the gastric mucosa to potentially aggressive agents such as gastric acid and pepsin, bile 
acids, food ingredients, Helicobacter pylori infection, and drugs like non-steroidal anti- inflammatory drugs (NSAIDs) 
has been linked to the pathogenesis of peptic ulcers.4,5 Abdominal pain, bloating, burning sensation, nausea, vomiting, 
anorexia, hematemesis, and melena are some of the clinical symptoms,6 while bleeding, perforation, penetration, and 
gastric outlet obstruction are all life-threatening complications of PUD.7

Journal of Experimental Pharmacology 2023:15 497–512                                                    497
© 2023 Firehun and Nedi. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/ 
terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing 

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. 
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Experimental Pharmacology                                                  Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 29 August 2023
Accepted: 9 November 2023
Published: 24 November 2023

http://orcid.org/0000-0003-4567-7042
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


The prevalence, recurring characteristics, and potentially serious complications of PUD cause significant morbidity, 
mortality, and economic loss.8,9 In addition, the majority of medications used for the management of PUD such as 
histamine 2 receptor antagonists, proton pump inhibitors, prostaglandins analogs, antacids, and antimicrobials have drug– 
drug interaction, incidence of relapse and resistance, as well as serious side effects such as bone fractures, nutritional 
deficiencies, enteric infections, impotence, and gynecomastia.10–12 These call for the screening of alternative sources for 
the development of safe, effective, and affordable gastroprotective agents.13,14 Thus, herbal medicines are becoming 
a viable alternative treatment to available synthetic drugs for the management of peptic ulcers, possibly due to their lower 
cost, perceived effectiveness, and availability, as well as the fact that they have few or no adverse effects.15–17

Stephania abyssinica (Quart.-Dill. and A. Rich.) Walp. (S. abyssinica) is a climbing shrub belonging to the family 
Menispermaceae containing around 65 genera and 350 species.18 It is found throughout tropical Africa, including 
Ethiopia, and grows on the ground or over shrubs in full sunlight and relatively high humidity, primarily on the edges 
of forests and distributed areas adjacent to roads. The leaves of S. abyssinica are ovate to broadly oval, rounded at the 
base, obtuse or subacute at the apex and glabrous with 8–10 basal nerves.19 In Ethiopia, it is known by the vernacular 
names ‘Etse eyesus’ or “ye ayit hareg” in Amharic and “Kalaalaa” in Afan Oromo, and it is widely utilized in traditional 
medicine. The leaves of the plant have been used for the treatment of various disorders, including rabies,20 abdominal 
pain and kuruba.21 In addition, fresh leaves decocted with water are used to treat gastritis22,23 and snake bites.22 The juice 
of leaves mixed with butter is given for babies’ sickness, and the juice of leaf and stem is also taken orally for stomach 
ache and headache.24 The roots are also used for the management of wound,25 stomach ache, and retained placenta,26 and 
the whole part of plant is used to treat common cold.27

Some traditional uses of S. abyssinica have been supported scientifically for its medicinal activities, including 
hepatoprotective,28 antimalarial,29 antihypertensive,30 analgesic and anti-inflammatory,31 antidiarrheal and 
antispasmodic,32 antineoplastic,33 wound healing,34 repellent activity against malaria vector Anopheles arabiensis,35 

and nutritional value.36 Despite the claims of S. abyssinica leaves to treat gastritis, there is no report in the literature 
regarding its gastroprotective activity. Therefore, the aim of this study was to evaluate the gastroprotective activities of 
aqueous and 80% methanol leaf extracts of S. abyssinica in experimentally induced gastric ulcer models.

Materials and Methods
Drugs, Chemicals, and Reagents
Indomethacin (Leben Laboratories Pvt. Ltd, India), Omeprazole (Kopran Limited, India), Misoprostol (Naari Pharma 
Private Limited, India), Ketamine Hydrochloride USP (Neon Laboratories Limited, India), Diazepam (Cenexisas 
Fontenay-sous-Bois, France), distilled water (Department of Pharmaceutics and Social Pharmacy, Addis Ababa 
University and Kilitchestro biotech PLC, Oromia, Ethiopia), Methanol (Blulux laboratories, India), Sodium hydroxide 
(Ranchem industry, Turkey), Phenolphthalein (Ranchem industry and trading, India), Methyl orange (Dalul 
Pharmaceuticals PLC, Ethiopia), Alcian blue 8GX AR (Ozone international, India), Sucrose (Labchemical, India), 
Sodium acetate (Abron chemicals, India), Magnesium chloride, Diethyl ether, Glacial acetic acid, Sodium nitrite, 
Aluminum chloride hexahydrate, Chloroform, and Tween 80 (Lobachemie Pvt. Ltd., India), Ferric chloride hexahydrate 
(Techno Pharmchem Bahadurgarh, India), Sulphuric acid, Atropine, and Bromocresol green (BDH chemicals LTD, 
England), Hydrochloric acid (DPP laboratory reagent, Ethiopia), Quercetin dihydrate (Sigma Aldrich, Germany), Gallic 
acid and Folin Ciocalteu (Merck, Germany), Sodium carbonate (Neolab, India) and Ethanol (Favor Trading PLC, 
Ethiopia) were used in the study. Most of them were purchased from their respective suppliers in Ethiopia, while 
Alcian blue 8GX AR was purchased from India. All were of analytical grades.

Plant Material
The leaves of S. abyssinica were collected from Ashewa Meda, Burayu, Sheger city administration, Oromia, Ethiopia, on 
July 22, 2022. The plant specimen was authenticated by a taxonomist Mr Melaku Wondafrash, and a voucher specimen 
(BF001) was deposited at the National Herbarium, College of Natural and Computational Sciences, Addis Ababa 
University for future reference.
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Experimental Animals
Healthy Sprague Dawley rats (150–250 g, either sex) were used in the experiment. They were obtained from the 
Department of Pharmacology and Clinical Pharmacy, School of Pharmacy, College of Health Sciences, Addis Ababa 
University. All of them were kept in cages at room temperature with a 12/12 h light/dark cycle and given access to pellet 
food and water ad libitum. Prior to experiments, they were acclimatized to the laboratory condition for seven days. 
Moreover, animal handling and care were carried out in accordance with the internationally accepted laboratory animal 
care and use guidelines,37 and approved by the Ethics Review Committee of the School of Pharmacy, College of Health 
Sciences, Addis Ababa University with reference number (ERB/SOP/462/14/2022).

Plant Extraction
Fresh leaves of S. abyssinica were thoroughly cleaned using water to remove dirt and then allowed to dry under shade. 
The dried leaves were coarsely powdered with mortar and pestle. Then, this was subjected for aqueous and 80% 
methanol extraction.

Preparation of Aqueous Extract
Two hundred grams of coarsely powdered leaves of S. abyssinica were boiled with distilled water (1:10 w/v) for 30 
minutes, and then allowed to cool.38 After cooling, the mixture was filtered using a nylon cloth, and the filtrate was then 
further filtered by Whatman No. 1 filter paper using a pressurized suction filtering system. The procedure was repeated to 
extract the plant material exhaustively. Filtrates from each procedure were collected, placed in a deep freezer (−20 °C), 
and dried in a lyophilizer (Alpha 2–4 LD plus, Germany). Finally, the yield of the aqueous extract (AQ) was 29.5 g with 
a percentage yield of 14.75%, and it was then stored in a refrigerator until use.

Preparation of 80% Methanol Extract
The coarsely powdered leaves of the plant (300 g) were subjected to maceration with 80% methanol (1:10 (w/v)) for 
three days with intermittent agitation and stirring.29 The solution was filtered with a nylon cloth followed by sterile filter 
paper (Whatman No.1), and the residue was re-macerated twice using the same procedure. Then, the resulting filtrates 
were combined and concentrated in a rotary evaporator (HeidolphLaborota 4001, Germany) at 40 °C, and the remaining 
extract was placed in the oven at 45 °C until dried. A total of 68 g (22.67%) of 80% methanol extract (ME) was obtained, 
packed in a vial and stored in the refrigerator until use.

Acute Toxicity Study
Acute oral toxicity test for both extracts was conducted according to Organization for Economic Cooperation and 
Development (OECD) guideline 425.39 The study utilized ten female rats, five for each extract. After the period of 
fasting, two rats each received 2 g/kg limit test dose of an aqueous and 80% methanol extracts orally, respectively. They 
were closely observed for any physical or behavioral changes during the initial thirty minutes, with extra focus during the 
first 4 h. The observation was continued for twenty-four hours, and no deaths were noted. As a result, the remaining eight 
rats (four for each extract) received the same dosage and were continuously monitored for behavioral, neurological, and 
physical abnormalities, as well as mortality for the initial 4 h of the first day and then daily for the total of 14 days.

Grouping and Dosing of Animals
Forty-eight rats (either sex, weighing 150–250 g) were used for each model and grouped into 8, each with 6 animals. 
Group I assigned as negative control (NC) received 10 mL/kg of 2% tween 80 and group II assigned as positive control 
was treated with standard drugs: omeprazole (20 mg/kg) as anti-secretory agent for pyloric ligation induced gastric ulcer 
model and misoprostol (100 µg/kg) as cytoprotective agent for indomethacin and ethanol induced gastric ulcer models. 
Groups III–V were treated with aqueous extract of S. abyssinica at different doses of 100, 200, and 400 mg/kg, 
respectively, and groups VI–VIII were treated with methanol extract as dose mentioned in aqueous extract. The ME 
extract and standard drugs were dissolved in 10 mL/kg of 2% tween 80, while AQ extract was dissolved in distilled 
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water. The doses for both extracts were chosen based on the results of an acute oral toxicity study as per OECD 
guideline, with 10% of the limit test dose serving as the medium dose. Additionally, the doses of indomethacin (40 mg/ 
kg) and ethanol (5 mL/kg) used to induce gastric ulcers, as well as standard drugs used as positive controls (omeprazole 
and misoprostol) were based on scientific literature and supported by pilot study prior to the actual experiment. 
Administration was performed orally via oral gavage.

Gastric Ulcer Models
Pylorus Ligation-Induced Gastric Ulcer
Gastric ulcer induction by pylorus ligation was performed using the Shay method reported by Adane et al.40 Animals 
were fasted for 24 hours while having free access to water and treated as mentioned under grouping and dosing of 
animals. After one hour of administration (vehicle/standard/extracts), animals were anesthetized with ketamine (50 mg/ 
kg) and diazepam (5 mg/kg) ip and the abdomen was opened by a small midline incision below the xiphoid process. The 
pyloric part of the stomach was carefully lifted out and ligated to avoid traction to the pylorus or injury to its blood 
supply. The stomach was replaced with care, and the wall was closed by interrupted sutures using silk and catgut. 
Following 4 h of pylorus ligation, the rats were sacrificed with an excess anesthetic agent (ketamine). The abdomen was 
opened, cardiac end of each stomach was ligated to prevent gastric contents loss, the stomach was then dissected, opened, 
and the contents were emptied into a centrifuge tube. Then, centrifuged and evaluated for total volume, pH, free, and total 
acidity. The stomach mucosa of each animal was washed with distilled water, labeled, and evaluated for ulcers. Ulcer 
index, % ulcer inhibition, mucin content, and % increment of mucin were determined.

Indomethacin-Induced Gastric Ulcer
Indomethacin-induced gastric ulcer in rats was performed according to Ahmed et al.41 Rats were fasted for 24 hours prior 
to the experiment with free access to water and treated as mentioned under grouping and dosing of animals. After 1 h of 
treatment, 40 mg/kg of indomethacin was administered to rats to induce gastric ulcer. After six hours, animals were 
sacrificed by overdose of ketamine, and their stomachs were excised and opened along the greater curvature. After that, 
the stomachs were washed and evaluated for lesions as described above.

Ethanol-Induced Gastric Ulcer
Absolute ethanol (1 mL/200 g) was administered to induce gastric ulcer in rats after a 24 h fast.42 Animals were given 
a vehicle, standard drug (misoprostol), or extracts one hour before ulcer induction as described in grouping and dosing of 
animals. They were sacrificed by overdose of ketamine after 60 minutes of ethanol administration, and their stomachs 
were dissected and opened along the larger curvature and bathed with distilled water to avoid remaining contents on the 
ulcerated region. Gastric ulceration was assessed by counting ulcers, calculating ulcer index, and determining mucin 
content as stated above for both models.

Evaluation of Gastroprotective Activity
Macroscopic Evaluation of Stomach
The stomach was opened along the greater curvature and washed using distilled water to remove any stomach contents 
including blood clots. It was then placed on a corkboard to assess the formation of ulcers in the glandular area of the 
stomach. The number of ulcers per stomach was counted and the lesions were measured with a ruler. The severity of the 
ulcers was scored using the following scale (0 to 5):43 almost no ulcers (0), mucosal edema and petechiae (1), 1–5 small 
ulcers (1–2 mm) (2), >5 small or intermediate ulcers (3–4 mm) (3), ≥2 intermediate or one gross ulcers (>4 mm) (4), 
perforation (5). Ulcer index and percentage ulcer inhibition were computed using the formula below.44

Where UI = ulcer index, UN = number of ulcers per animal, US = ulcer severity score per animal, UP = percentage of 
animals with ulcers.
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Determination of Gastric Juice Volume and pH
Gastric juice from each stomach was collected and centrifuged at 1000 rpm for 10 minutes. After centrifugation, the 
supernatant was decanted, and the gastric juice volume and pH were measured with a measuring cylinder and pH meter 
(370 pH meter Jenway, England), respectively.45 Then, the gastric juice was subjected to free and total acidity 
determinations.

Determination of Free and Total Acidity
Free and total acidity were determined by titrations with 0.01N sodium hydroxide (NaOH) using methyl orange and 
phenolphthalein as indicators, respectively.46 An aliquot of gastric juice (1 mL) was pipetted into a beaker and diluted 
with 1 mL of distilled water. Then, 2 drops of methyl orange were added and titrated until a yellowish orange color 
noticed. The volume of NaOH added was recorded, which corresponds to free acidity. Similarly, total acidity was 
determined as well. Two to three drops of phenolphthalein indicator were added, and the mixture was titrated with NaOH 
until a permanent pink color appeared. The volume of NaOH required was noted, which corresponds to total acidity. 
Acidity was calculated as mEq/L using the following formula:

Estimation of Gastric Mucus Content
The gastric mucus content was estimated by Corne et al method described by Mekonnen et al.47 After ulcer scoring, the 
glandular segment of the stomach was removed, weighed, and immersed immediately in 10 mL of 0.1% Alcian blue 
(prepared in 0.16 M sucrose solution, buffered with 0.05 M sodium acetate at pH of 5.8) for two hours. An excess dye 
was then removed by two subsequent rinses in 10 mL of 0.25 M sucrose solution at 15 and 45 minutes. The remaining 
dye-gastric mucus complex was extracted with 10 mL of 0.5 M MgCl2 for two hours with occasional shaking (30-minute 
intervals). Five milliliters (5 mL) blue extract were mixed and shaken with an equal volume of diethyl ether (5 mL). The 
resultant emulsion was then centrifuged at 3000 rpm for 15 minutes, and the absorbance of the aqueous layer was 
measured at 580 nm using a UV-spectrophotometer (Unico UV-2100, USA). The amount of Alcian blue extracted per 
gram of glandular tissue was determined using the standard curve, which was generated by taking different concentra-
tions of Alcian blue (0.5 1, 2, 3, 4, and 5 µg/mL) (Figure 1), and mucin content was calculated by the following 
formula.41

y = 0.1757x + 0.0015
R² = 0.9911
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Figure 1 Calibration Curve of Alcian blue 8GX.
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Phytochemical Screening
Standard methods were used to determine the major secondary metabolites such as saponins, tannins, terpenoids, 
flavonoids, glycosides, phenols, alkaloids, sterols, and coumarins.48–51

Quantification of Phytochemical Constituents
Total phenols, flavonoids, and alkaloids contents were quantified as follows.

Total Phenols Content
The total phenol contents (TPC) of aqueous and 80% methanol extracts were estimated by Folin-Ciocalteu method.52 

A linear calibration curve (Figure 2A) was plotted using gallic acid at various concentrations of 100, 50, 25, 12.5, 6.25, 
and 3.125 µg/mL. About 1 mL of each extract (100 µg/mL) was mixed with 0.5 mL of Folin-Ciocalteu reagent (1:10) 
and incubated for 8 minutes. Then, 2 mL of sodium carbonate (7.5%) was added, and the solutions were mixed well and 
incubated for 30 min at ambient temperature. The absorbance was then recorded with a UV-spectrophotometer (Unico 
UV-2100, USA) at 765 nm. The standard (gallic acid) and blank solutions were prepared using the same method. TPC 
was calculated for each extract and reported as mg of gallic acid equivalents per gram of extract. The procedure was 
performed in triplicate and the average result was taken.
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R² = 0.9917

0

0.2

0.4

0.6

0.8

1

0 20 40 60 80 100 120

A
bs

or
ba

nc
e

Concentration of Gallic acid (µg/ml) 

y = 0.3428x + 0.0567
R² = 0.9968

0

0.1

0.2

0.3

0.4

0.5

0 0.5 1 1.5

A
bs

or
ba

nc
e

Concentration of Quercetin (mg/ml)

y = 0.7964x - 0.0235
R² = 0.995

0

0.1

0.2

0.3

0.4

0.5

0 0.2 0.4 0.6

A
bs

or
ba

nc
e 

Concentration of Atropine (mg/ml)

(A) (B)

(C)

Figure 2 Calibration Curve for Standard Solutions: (A) Gallic acid (B) Quercetin (C). Atropine.
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Total Flavonoids Content
Estimation of total flavonoids content (TFC) of both AQ and ME extracts was carried out by using aluminum chloride 
colorimetric method.53 Quercetin was used as standard and serial concentrations of 1, 0.5, 0.25, 0.125, 0.0625, and 
0.03125 mg/mL were prepared in methanol to establish the calibration curve (Figure 2B). In each test tube containing the 
standard (quercetin), 0.3 mL of NaNO2 (5%) was added and incubated for five minutes. Next, 0.3 mL of 10% AlCl3 was 
added and incubated again for 5 minutes. Following that, 2 mL of 1M NaOH was added, and the mixture was diluted to 
10 mL with distilled water. Finally, the mixture was left for 30 minutes at an ambient temperature. The same procedure 
was repeated for both extracts (1 mg/mL) and blank solutions. The absorbance of standard, extracts (AQ and ME), and 
blank solutions was measured using a UV spectrophotometer (Unico UV-2100, USA) at 510 nm. The assay was 
conducted in triplicate, and the average result was recorded. TFC was expressed in terms of mg of quercetin equivalents 
per gram of extracts.

Total Alkaloids Content
Alkaloid contents of both AQ and ME extracts were estimated using atropine as a standard.54 Atropine was dissolved in 
methanol (10 mg/10mL) with successive dilutions of 0.5, 0.25, 0.125, 0.0625, and 0.03125 mg/mL. Two milliliters of 
each extract (1 mg/mL) were dissolved in 2N HCl and filtered. One milliliter of this filtered extract was transferred to 
separating funnel, washed twice with chloroform (10 mL), and the chloroform extract was discarded. The pH of the 
solution was neutralized with 0.1 M NaOH. To this, 5 mL of bromocresol green (BCG) solution and 5 mL phosphate 
buffer were added. This solution was vigorously shaken, extracted with 8 mL of chloroform, and collected in 10 mL test 
tube. Chloroform was added until the volume reach to the mark. As described for extracts, a set of standard atropine 
solutions and a blank solution (methanol) were prepared. The absorbance of extracts, atropine and blank solutions was 
measured at 470 nm using a UV Spectrophotometer (Unico UV-2100, USA). The total alkaloid content was quantified 
as mg of atropine/g of extracts using a linear calibration curve (Figure 2C). All procedures were carried out in triplicate.

Statistical Analysis
The results of the experiment were analyzed with a Statistical Package for the Social Sciences (SPSS) window version 26 
statistical software and expressed as mean ± standard error of the mean (SEM). A one-way analysis of variance 
(ANOVA) followed by a post hoc Tukey’s test was employed to compare differences between groups. At 95% confidence 
interval, p-value less than 0.05 (p<0.05) was considered as statistically significant. Linear regression was used to 
determine correlation coefficient (R2) where applicable. The data were presented in tables and figures.

Results
Acute Toxicity Study
The acute oral toxicity study for both aqueous and 80% methanol extracts of the leaves of S. abyssinica did not show any 
sign of toxicity or mortality at a limit test dose of 2000 mg/kg during the first 24 h as well as the subsequent 14 days of 
follow-up period.

Effects of Both Extracts of S. abyssinica Leaf in Pylorus Ligation-Induced Gastric Ulcer
Pylorus ligation resulted visible ulcers in the negative control with an ulcer index of 11.20 ± 0.07. Pretreatment of rats 
with both AQ (R2 = 0.969; p<0.05) and ME (R2 = 0.959; p<0.05) extracts of S. abyssinica resulted a dose-dependent 
ulcer index reduction. All doses of AQ and ME extracts showed a significant (p<0.001) reduction in ulcer index as 
compared to negative control. Ulcer index for aqueous extract was found to be 9.03 ± 0.21, 5.55 ± 0.21, and 3.45 ± 0.08 
at doses of 100, 200, and 400 mg/kg, respectively. Similarly, the ulcer index for methanol extract was found to be 8.87 ± 
0.12, 5.23 ± 0.08, and 3.42 ± 0.05 at the dose indicated for aqueous extract, respectively. Moreover, 200 and 400 mg/kg 
of both extracts and OMP20 exhibited a significant (p<0.001) ulcer index reduction in comparison to 100 mg/kg of 
extracts. Regarding mucin content, the doses of 200 mg/kg (p<0.01) and 400 mg/kg (p<0.001) showed a significant 
increment with percentage increments of 52.42% and 59.20% in AQ, and 53.71% and 60.66% in ME extracts, 
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respectively, as compared to the negative control. There was a dose-dependent stomach mucin content increment in AQ 
(R2 = 0.955; p<0.05) and ME (R2 = 0.973; p<0.05) extracts. The standard drug OMP20 increased gastric wall mucus 
content significantly (p<0.001), which is statistically comparable with higher doses (Table 1).

Both extracts of S. abyssinica at all doses significantly reduced the gastric juice volume as compared to negative control, 
and the reduction was highly significant (p<0.001) in higher dose of ME extract (ME400), which is comparable to OMP20 
(p<0.001). Both AQ and ME extracts at 200 (p<0.05), and 400 mg/kg (p<0.001), as well as OMP20 (p<0.001) were able to 
significantly rise the gastric juice pH when compared to the negative control. Furthermore, AQ400 (p<0.01) and ME400 
(p<0.001) provided a substantial rise of gastric juice pH compared to AQ100. In comparison to ME100, higher doses of both 
extracts AQ400 (p < 0.05) and ME400 (p < 0.01) caused a considerable rise in gastric juice pH, and similarly, the standard drug 
(p < 0.001) caused higher gastric juice pH than both AQ100 and ME100. Administration of both extracts at doses of 200 mg/ 
kg (p<0.05) and 400 mg/kg (p<0.01) resulted in a substantial decrease in free and total acidity when compared to negative 
control, and the effect of higher doses was comparable with standard drug (p<0.01) (Table 2).

Effects of Both Extracts of S. abyssinica Leaf in Indomethacin-Induced Gastric Ulcer
As presented in Table 3, indomethacin caused massive gastric ulcers with an ulcer index of 12.25 ± 0.23 in the control 
group. It was significantly reduced in rats pretreated with AQ and ME extracts of S. abyssinica at doses of 100 (p<0.05), 

Table 1 Effects of S. abyssinica Leaf Extracts on Ulcer Index and Mucin Content Against Pylorus 
Ligation-Induced Gastric Ulcer

Groups Ulcer Index % Ulcer 
Inhibition

Mucin Content 
(µg/g)

% Increment of 
Mucin

NC 11.20 ± 0.07 – 17.49 ± 2.39 –
OMP20 3.53 ± 0.13aebece 68.48 42.86 ± 5.32ae 59.19

AQ100 9.03 ± 0.21ae 19.80 30.30 ± 1.67 42.28

AQ200 5.55 ±0.21aebece 50.45 36.76 ± 3.10ad 52.42
AQ400 3.45 ± 0.08aebece 69.20 42.87 ± 4.47ae 59.20

ME100 8.87 ± 0.12ae 20.80 29.13 ± 1.44 39.96

ME200 5.23 ± 0.08aebece 53.30 37.78 ± 3.01ad 53.71
ME400 3.42 ± 0.05aebece 69.46 44.46 ± 4.42ae 60.66

Notes: Values are presented as mean ± SEM for each group (n= 6), aCompared to NC, bCompared to AQ100, cCompared to 
ME100, dp<0.01, ep< 0.001, numbers (20, 100, 200, and 400) are doses in mg/kg. 
Abbreviations: NC, negative control; OMP, Omeprazole; AQ, aqueous extract; ME, 80% methanol extract; SEM, standard 
error of the mean.

Table 2 Effects of S. abyssinica Leaf Extracts on Gastric Juice Volume, pH, Free and Total Acidity 
against Pylorus Ligation-Induced Gastric Ulcer

Groups Gastric Juice 
Volume (mL)

pH Free Acidity 
(mEq/L)

Total Acidity 
(mEq/L)

NC 5.68 ± 0.17 1.78 ± 0.20 202.33 ± 61.39 411.67 ± 152.06

OMP20 1.60 ± 0.35af 4.74 ±0.60afbfcf 46.00 ± 18.50ae 87.50 ± 28.34ae

AQ100 3.13 ± 0.66ad 2.15 ± 0.06 97.50 ± 24.14 164.17 ± 37.43
AQ200 2.75 ± 0.82ae 3.09 ± 0.23ad 70.83 ± 5.54ad 131.83 ± 15.55ad

AQ400 2.47 ± 0.52ae 4.10 ± 0.26afbecd 46.83 ± 6.76ae 92.17 ± 11.79ae

ME100 3.13 ± 0.53ad 2.67 ± 0.15 95.00 ± 10.88 165.83 ± 31.79
ME200 2.73 ± 0.43ae 3.11 ±0.26ad 70.00 ± 8.56ad 138.33 ± 17.78ad

ME400 1.93 ± 0.53af 4.25 ± 0.19afbfce 46.17 ± 3.17ae 93.00 ± 4.60ae

Notes: Values are expressed as mean ± SEM for each group (n= 6), aCompared to NC, bCompared to AQ100, cCompared to 
ME100, dp< 0.05, ep<0.01, and fp< 0.001, numbers (20, 100, 200, and 400) are doses in mg/kg. 
Abbreviations: NC, negative control, OMP: Omeprazole; AQ, aqueous extract; ME, 80% methanol extract; mEq/L, 
milliequivalent per liter; mL, milliliter; SEM, standard error of the mean.
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200, and 400 (p<0.001) mg/kg, and the reduction was dose-dependent with R2 of 0.928; p<0.05 in AQ extract and R2 of 
0.977; p<0.01 in ME extract. The higher doses of both extracts have comparable ulcer index reduction with standard 
drug, M100 µg/kg. Concerning gastric mucin content, AQ200, and ME200 (p<0.01), AQ400, ME400, and M100 
(p<0.001) showed significant increment as compared to that of negative control. The percent increment of mucin content 
for AQ extract was 38.29% and 45.52% at the doses of 200 and 400 mg/kg, respectively, but for ME extract it was 
42.24% and 49.51% at the similar doses. ME400 (p<0.05), and M100 (p<0.01) produced a noticeable difference in mucin 
content when compared to AQ100 and ME100. The mucin content increment by extracts was dose-dependent in AQ (R2 

of 0.992; p<0.01) and ME (R2 of 0.988; p<0.05).

Effects of Both Extracts of S. abyssinica Leaf in Ethanol-Induced Gastric Ulcer
Table 4 summarizes the data obtained from ethanol-induced gastric ulcer model. Accordingly, oral administration of 
absolute ethanol (99.9%) exhibited deep or superficial erosions and hemorrhagic streaks as observed in vehicle treated 
group with an ulcer index of 12.90 ± 0.17, whereas pretreatment with extracts produced a statistically significant 
(p<0.001) reduction at doses of 200 and 400 mg/kg, with ulcer indexes of 9.33 ± 0.26 and 5.38 ± 0.20 in AQ extract, 
and ulcer indexes of 9.13 ± 0.19 and 5.31 ± 0.17 in ME extract. An ulcer index reduction was dose-dependent in AQ (R2 

of 0.976, p<0.05) and ME (R2 of 0.983, p<0.01) extracts. The ulcer index for the standard drug, M100, was 3.65 ± 0.20. 

Table 3 Effects of S. abyssinica Leaf Extracts on Ulcer Index and Mucin Content Against 
Indomethacin-Induced Gastric Ulcer

Groups Ulcer Index % Ulcer 
Inhibition

Mucin Content 
(μg/g)

% Increment of 
Mucin

NC 12.25 ± 0.23 – 32.80 ± 2.77 –

M100 3.57 ± 0.16afbfcf 70.86 65.73 ± 5.79afbecd 50.09
AQ100 11.23 ± 0.20ad 8.33 45.09 ± 3.00 27.26

AQ200 7.62 ± 0.31afbfcf 37.79 53.16 ± 3.71ae 38.29

AQ400 3.62 ± 0.19afbfcf 70.45 60.21 ± 2.96af 45.52
ME100 11.17 ± 0.15ad 8.82 47.92 ± 4.80 31.55

ME200 7.13 ± 0.21afbfcf 41.79 56.79 ± 2.31ae 42.24
ME400 3.52 ± 0.13afbfcf 71.26 64.96 ± 3.42afbdcd 49.51

Notes: Values are presented as mean ± SEM for each group (n= 6), aCompared to NC, bcompared to AQ100, cCompared to 
ME100, dp< 0.05, ep<0.01, fp< 0.001, numbers (100, 200, and 400) are doses of extracts in mg/kg and μg/kg for misoprostol. 
Abbreviations: NC, negative control; M, misoprostol; AQ, aqueous extract; ME, 80% methanol extract; SEM, standard error 
of the mean.

Table 4 Effects of S. abyssinica Leaf Extracts on Ulcer Index and Mucin Content Against Ethanol- 
Induced Gastric Ulcer

Groups Ulcer Index % Ulcer 
Inhibition

Mucin Content 
(μg/g)

% Increment of 
Mucin

NC 12.90 ± 0.17 – 27.66 ± 4.82 –

M100 3.65 ± 0.20afbfcf 71.70 57.83 ± 2.89afbfce 52.17
AQ100 12.18 ± 0.33 5.58 30.23 ± 2.79 8.50

AQ200 9.33 ± 0.26afbfcf 27.6 46.84 ± 2.79ad 40.95

AQ400 5.38 ± 0.20afbfcf 58.29 54.96 ± 4.34afbece 49.67
ME100 11.95 ± 0.12 7.36 32.35 ± 3.93 14.49

ME200 9.13 ± 0.19afbfcf 29.22 46.91 ± 5.23ad 41.04

ME400 5.31 ± 0.17afbfcf 58.84 56.95 ± 4.28afbece 51.43

Notes: Values are presented as mean ± SEM for each group (n= 6), aCompared to NC, bCompared to AQ100, cCompared to 
ME100, dp< 0.05, ep<0.01, fp< 0.001, numbers (100, 200, and 400) are doses of extracts in mg/kg and μg/kg for misoprostol. 
Abbreviations: NC, negative control; M, misoprostol; AQ, aqueous extract; ME, 80% methanol extract, SEM, standard error 
of the mean.

Journal of Experimental Pharmacology 2023:15                                                                                   https://doi.org/10.2147/JEP.S437707                                                                                                                                                                                                                       

DovePress                                                                                                                         
505

Dovepress                                                                                                                                                    Firehun and Nedi

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


As compared to low dose (100 mg/kg) of extracts, 200 and 400 mg/kg of both extracts and OMP20 showed a significant 
(p<0.001) reduction in ulcer index. Furthermore, ethanol administration significantly decreased gastric mucin content in 
vehicle received rats. However, pretreatment with both extracts at doses of 200 (p<0.05) and 400 (p<0.001), as well as 
standard drug M100 (p<0.001), significantly enhanced the gastric wall mucin content compared to negative control. 
Those higher dose of extracts also showed a significant (p<0.01) enhancement in gastric mucin content when compared 
to AQ100 and M100. M100 also increased mucin content much more than AQ100 (p<0.001) and ME100 (p<0.01). Both 
extracts showed dose-dependent gastric wall mucus content increment in AQ and ME with R2 of 0.911, p<0.05 and R2 of 
0.952, p<0.05, respectively.

Phytochemical Screening and Quantification of Phytochemical Constituents
The phytochemical screening of both AQ and ME extracts of S. abyssinica leaf showed the presence of saponins, 
phenols, flavonoids, tannins, alkaloids, and coumarins. Moreover, the total phenols, flavonoids, and alkaloids content 
were quantified. Accordingly, the total phenols content was found to be 146.58 mg GAE/g and 189.00 mg GAE/g in AQ 
and ME extracts, respectively. Total flavonoids content was found to be 125.88 mg QE/g in AQ and 160.84 mg QE/g in 
ME extract. In addition, AQ and ME extracts contained 53.90 mg AE/g and 165.09 mg AE/g of total alkaloids, 
respectively (Table 5).

Discussion
In Ethiopia, several medicinal plants have been identified and reported for their use in the treatment of PUD, but only 
a small number of plants have been scientifically studied for safety and efficacy in animal models.55 Therefore, the 
current study was conducted to evaluate the safety and efficacy of S. abyssinica leaf extracts claimed for the management 
of gastritis using animal models.

The acute toxicity study confirmed that both AQ and ME extracts of S. abyssinica leaf did not show any acute toxicity 
or mortality up to 14 days at a dose of 2000 mg/kg. Thus, ingestion of S. abyssinica leaf for any of its medicinal effects 
would be supposed to be safe. Furthermore, the data suggested that this plant’s leaf had a wider safety margin in which 
lethal dose is much more than 2000 mg/kg.

There are several models for evaluating antiulcer drugs.56 The pylorus ligation, indomethacin, and ethanol induced 
gastric ulcer models were selected to evaluate the gastroprotective effects of both AQ and ME extracts at three doses of 
100, 200, and 400 mg/kg on parameters such as ulcer index, mucin content, gastric juice volume, pH, free, and total 
acidity.

Pylorus ligation is a commonly employed model for assessing the anti-secretory and cytoprotective effects of drugs 
that reduce gastric aggressive factor secretion and increase mucus production, respectively. Ulcers induced by pyloric 

Table 5 Phytochemical Screening of Both Extracts of S. abyssinica Leaf and Quantification of 
Total Phenols, Flavonoids, and Alkaloids Contents

Secondary Metabolites AQ Quantity ME Quantity

Saponins + ND + ND

Phenols + 146.58 mg GAE/g + 189.00 mg GAE/g

Flavonoids + 125.88 mg QE/g + 160.84 mg QE/g
Alkaloids + 53.90 mg AE/g + 165.09 mg AE/g

Tannins + ND + ND

Steroids – ND – ND
Terpenoids – ND – ND

Anthraquinones – ND – ND
Cardiac glycosides – ND – ND

Coumarins + ND + ND

Notes: + indicates the presence, - indicates the absence, 
Abbreviations: ND, not determined, AQ: Aqueous extract; ME, 80% methanol extract; QE, Quercetin equivalent; GAE, 
Gallic acid equivalent; AE, Atropine equivalent; mg, milligram; g, gram.
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ligation are due to accumulation of gastric secretion such as acid and pepsin, resulting to auto-digestion of stomach 
mucosa.56 In this model, both extracts showed a dose-dependent reduction in ulcer index, and the effect of higher doses 
was more significant and comparable to a standard drug, omeprazole. In terms of mucin content, both extracts failed to 
show a significant increase in gastric mucin content at lower dose, but the medium and higher doses exhibited 
a substantial increase in gastric mucin content compared to the negative control. The effect is more significant with 
higher doses, probably due to increased concentration of active ingredients. It is interesting to note that the plant seems to 
have cytoprotective effects.

Accumulation of gastric acid/pepsin is an important aggressive agent for the formation of ulcers in the pyloric ligation 
model. This was observed in the vehicle administered group of animals, which had increased gastric juice volume and 
acidity as well as decreased gastric juice pH. However, oral administration of both extracts at all doses exhibited 
a statistically significant reduction of gastric juice secretion as compared to the negative control. Concerning pH and 
acidity, a low dose of extracts failed to show a meaningful increase in gastric juice pH and a reduction in free and total 
acidity, while medium and higher doses showed a remarkable increment in pH and a decrease in acidity when compared 
to the vehicle received group. This demonstrates that the low dose of extracts might not be sufficient for gastric acid 
neutralization compared to the middle and higher doses, and the effect offered by the higher dose of extracts was 
comparable to antiulcer drug omeprazole, which is an irreversible proton pump inhibitor. This suggests that this plant 
may have potential anti-secretory activity.

As revealed in the phytochemical study, both extracts comprised different phytoconstituents including flavonoids, 
alkaloids, coumarins, and phenols, which could justify the anti-secretory activity of S. abyssinica. Flavonoids have been 
well studied for their gastroprotective potential such as anti-secretory, cytoprotective, antioxidant, anti-inflammatory, and 
antibacterial effects.57,58 Their anti-secretory effect may be due to their antihistaminic properties, which reduce histamine 
levels while also limiting histamine release from gastric mast cells by inhibition of histidine decarboxylase and inhibiting 
gastric H+/K+ ATPase, resulting in decreased gastric acid secretion.59–61 Likewise, alkaloids have the same effect via H2- 
receptor antagonism and anti-cholinergic action.62 Another mechanism by which alkaloids might have anti-secretory 
effect is mainly by blocking H+/K+-ATPase activity and gastrin secretion.63 In addition, phenolic substances have the 
capability to inhibit the H+, K+-ATPase action.64 The other phytoconstituents, such as coumarins, may reduce gastric 
secretion through an anticholinergic mechanism or by interfering with intracellular processes that are related to acid 
secretion.65

NSAIDs are known to induce gastric ulcers by inhibiting cyclooxygenase, which is important in the biosynthesis of 
prostaglandins involved in maintaining the integrity of the gastric mucosa,66 and indomethacin is a commonly used 
NSAID to induce gastric ulcer in the experimental animal.67 In this study, 40 mg/kg of indomethacin was administered 
for gastric ulcer induction. The model was employed to assess the cytoprotective effects of extracts.

Following ulcer induction with indomethacin, there were visible and noticeable gastric ulcers in the negative control 
as confirmed by a higher ulcer index and a low mucin content. However, extract pretreated groups showed a dose- 
dependent decrease in ulcer index and an increase in mucin content compared to ulcerated group. The fact that 
indomethacin administration makes the stomach more susceptible to mucosal damage may be due to the suppression 
of endogenous prostaglandin (PG) synthesis.68 Nevertheless, exogenous PG, particularly the E series, protect gastro-
intestinal mucosa from injury induced by a broad range of irritants.69 This was observed in the positive control group of 
rats treated with misoprostol. In accordance with this, the gastroprotective activity offered by extracts of AQ400 and 
ME400 was comparable to standard medication (M100) pretreated animals. Hence, cytoprotection could be a plausible 
mechanism for S. abyssinica’s gastric ulcer preventive activity.

The gastroprotective effect of the plant might be due to its effects in enhancing the mucus and HCO3 secretion, 
stimulation of PG production, and gastric blood flow. These may be arbitrated through phenols, flavonoids, tannins, and 
saponins found in the extracts. Phenolic substances boost PGE synthesis by acting as co-substrates in the peroxidase 
reaction.70 Similarly, flavonoids are highly gastroprotective, probably by increasing gastric PG content, gastric mucus 
secretion and gastric blood flow.59 Saponins may contribute to antiulcer activity by promoting PG and mucus formation 
in the stomach mucosa.9,71 Moreover, tannins have astringent properties and react with the tissue proteins with which 
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they come into contact. They produce a tannin-protein complex that protects the stomach mucosa by enhancing resistance 
to chemical and mechanical harm or irritation.72

Ethanol-induced gastric ulcer model was also used to assess the gastroprotective activity of both extracts of 
S. abyssinica. It is a typical experimental model for the preclinical assessment of agents with potential anti-ulcer 
activity73 which also have cytoprotective and/or antioxidant activities. Ethanol easily penetrates the stomach mucosa 
due to its capacity to dissolve the protective mucus and expose the mucosa to the hydrolytic and proteolytic effects of 
HCl and pepsin.56 Additionally, ethanol administration causes necrotic gastric injury and inflammatory cell infiltration, as 
well as a decrease in the secretion of gastric mucus, bicarbonate, and nitric oxide.42,74

In this ethanol induced gastric ulcer model, ulcer index was found to be high in the control group. However, 
pretreatment with medium and higher dosages of extracts dramatically reduced ulcer index compared to the negative 
control. In addition, the determination of gastroprotective mucin content in this model revealed a significant decrease in 
the vehicle administered group. Meanwhile, a considerable increment of gastric mucin was observed in rats treated with 
misoprostol and extracts at the doses of 200 and 400 mg/kg. This indicates that the antiulcer effect of S. abyssinica is 
mediated partly by preserving gastric mucus.

Furthermore, the cytoprotective effect of this plant could be related to its antioxidant activities. Indeed, exposure of 
gastric mucosa to ethanol induces oxidative stress by increasing malondialdehyde (MDA) production and reducing 
antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT), and glutathione (GSH) formation.74,75 

Conversely, a report from Zhou et al74 showed that pretreatment of rats with gallic acid, a phenolic compound, revealed 
a significant rise of SOD, GSH, and CAT levels, which suggests its antioxidant potential against ethanol induced gastric 
ulcer. The antioxidant properties of phenols are mainly related to their ability to scavenge free radicals due to the 
presence of a hydroxyl functional group. Thus, phenolic content of plants might contribute its pharmacological activity 
due to its antioxidant action.76 Another bioactive component, flavonoids, also exert an antioxidant effect by scavenging 
free radicals, protecting and activating antioxidant enzymes, inhibiting oxidizing enzymes, and preventing lipid 
peroxidation.58,77 In line with these, S. abyssinica may have antioxidant activities due to the presence of high content 
of flavonoids and phenols in both AQ and ME extracts.

Gastric mucus serves a crucial role in the defensive mechanism against stomach ulcers. It forms adherent layer that 
covers the gastric mucosa, preserves a near neutral pH at the mucosal surface, and provides a physical barrier against 
luminal pepsin.78 The weakening of mucus barrier is directly responsible for gastric mucosa damage.79 The quality and 
quantity of gastric mucus secretion are the crucial indicators of mucosal defense barrier status against undesirable effects 
of acid and pepsin.80 In the present study, as mentioned above, gastric mucin content was determined in the three models. 
The pylorus ligation, indomethacin, and ethanol significantly decreased gastric mucus/mucin production, but adminis-
tration of each extract significantly increased the amount of mucus secretion, specifically, at the middle and higher doses, 
indicating increased mucin production might be one of the important factor in the gastroprotective activity of 
S. abyssinica.

The therapeutic effect of medicinal plants is mainly associated with the presence of phytochemical constituents, such 
as flavonoids, tannins, phenols, terpenoids, saponins, and alkaloids.15 As a result, the phytochemical screening test used 
to identify those constituents revealed the existence of saponins, flavonoids, phenols, alkaloids, tannins, and coumarins in 
both AQ and ME extracts. In addition, quantitative analysis of both extracts showed the presence of high contents of total 
phenols, flavonoids, and alkaloids. ME extract, on the other hand, had more flavonoids, phenols, and alkaloids than AQ 
extract. This may explain, at least in part, the slight difference in activity between the two extracts.

It has been well documented that gastroprotective activity in rodents predicts gastroprotective activities in human 
beings. Consequently, the gastroprotective activities of both extracts in humans could be associated with antisecretory 
and cytoprotective properties. In addition, antioxidant properties of extracts might be related due to the presence potent 
antioxidant compounds including phenols and flavonoids. The gastroprotective effect offered by the higher dose of 
extracts was comparable to those antiulcer drugs omeprazole and misoprostol. Thus, S. abyssinica might be used as the 
alternative source of antiulcer drug, but need further study.

As limitations, this study did not conduct long-term safety and efficacy and ulcer healing effect of plant extracts. 
Additionally, the isolation of active compound and exact molecular mechanism of plant extracts were not determined.
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Conclusion
The aqueous and 80% methanol leaf extracts of S. abyssinica possessed remarkable gastroprotective activities in pylorus 
ligation, indomethacin, and ethanol-induced gastric ulcer models. The findings of this study provide a scientific support 
for the traditional use of S. abyssinica leaf to treat gastritis. Further studies are recommended to conduct the ulcer healing 
effect and to determine the precise mechanism of plant extracts.
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