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ABSTRACT 

	[bookmark: _Hlk211060119]Aims: This study aimed to identify bioactive constituents, determine acute toxicity, and evaluate the anti-ulcer activity of the methanol seed extract of Hunteria umbellata, a plant traditionally used for treating gastrointestinal disorders.
Study design:  Experimental laboratory study involving phytochemical, toxicological, and pharmacological evaluations.
Place and Duration of Study: Department of Chemistry and Laboratory Animal Production Unit, Department of Zoology and Environmental Biology, Michael Okpara University of Agriculture, Umudike, Nigeria, from May 2023 to October 2023.
Methodology: Air-dried H. umbellata seeds were extracted with methanol using cold maceration. The extract was analyzed using Gas Chromatography–Mass Spectrometry (GC–MS) to identify bioactive compounds. Acute toxicity was assessed in Wistar rats following Lorke’s method, while anti-ulcer activity was evaluated using an ethanol-induced gastric ulcer model. Rats were divided into five groups: normal control, negative control (ethanol only), standard drug (Omeprazole 20 mg/kg), and two test groups receiving 400 mg/kg and 800 mg/kg of the extract, respectively. Ulcer parameters, including ulcer number, ulcer score, ulcer index, ulcer percentage, and percentage inhibition, were evaluated. Data were analyzed using one-way ANOVA at p < 0.05.
Results: GC–MS analysis revealed fourteen bioactive constituents, with trans-2,7-dimethyl-4,6-octadien-2-ol (20.59%), citral (18.92%), and 2,6-octadienal, 3,7-dimethyl-(Z) (12.86%) as the major compounds. Acute toxicity testing showed no mortality or visible signs of toxicity up to 5000 mg/kg, indicating a high safety margin. The extract significantly reduced ulcer parameters compared to the ulcer control, with ulcer inhibition rates of 20.85% and 20.62% at 400 and 800 mg/kg, respectively, though slightly lower than Omeprazole (27.68%).
Conclusion: The methanol seed extract of Hunteria umbellata demonstrated strong anti-ulcer potential and safety in rats, supporting its traditional use in managing gastric disorders. Further studies should isolate and characterize the active compounds responsible for these pharmacological effects.
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1. INTRODUCTION 

Hunteria umbellata (K. Schum.) Hallier f., a small African tree of the Apocynaceae family, is deeply rooted in traditional medicine across West Africa, where various parts of the plant, including seeds, fruit pulp, and stem bark—are traditionally used to manage ailments such as fever, pain, stomach ulcers, diabetes, obesity, swellings, and labour-related conditions (Adeneye et al., 2010; Igbe et al., 2009). Empirical studies have begun to validate these ethnomedicinal uses. For instance, the aqueous extract of H. umbellata fruit pulp demonstrated notable antipyretic and analgesic effects in animal models, with phytochemical screening revealing the presence of saponins, flavonoids, alkaloids, and steroidal compounds, thereby offering scientific support for its traditional use in managing fevers and pain (Igbe et al., 2009).
In parallel, phytochemical and GC–MS analyses of the plant’s seeds have uncovered a diverse array of secondary metabolites, including saponins, tannins, flavonoids, steroids, and phenols; GC–MS profiling detected eight compounds in the methanolic seed extract (Aderele et al., 2020). Moreover, comprehensive chemical investigations into H. umbellata seeds (via ethanol extracts) identified carbohydrates, proteins, fibre, lipids, and a range of bioactive phytochemicals, such as alkaloids, flavonoids, saponins, tannins, phytates, and oxalates—as well as vitamins and minerals, with GC–MS profiling revealing phenol 2,4-bis(1,1-dimethylethyl) as a major compound (Anani et al., 2024). Expanding on these findings, a recent study examining the aqueous fruit extract employed GC–MS and molecular toxicological assays to explore its effects on Staphylococcus aureus, revealing that H. umbellata contains alkaloids, cardiac glycosides, flavonoids, tannins, phytobatanins, terpenoids, and fatty acids such as palmitic, myristic, and stearic acids, compounds recognized for their diverse bioactivities including antimicrobial effects (Salisu et al., 2024).
Toxicological investigations have likewise been conducted to assess the safety of H. umbellata. A comprehensive study of the aqueous seed extract in rodents determined an acute oral LD₅₀ of approximately 1000 mg/kg and an intraperitoneal LD₅₀ of about 459.3 mg/kg. A 90-day oral toxicity evaluation revealed dose-related changes in organ weights, hematological parameters, including increases in red cell count, haemoglobin concentration, packed cell volume, platelet and total leukocyte counts, and metabolic profiles indicating reductions in fasting blood glucose, urea, and creatinine levels. Histopathological findings indicated proliferative changes in gastric epithelia, lungs, spleen, heart, and testis, and importantly, the reversibility test confirmed that these changes persisted after a 14-day recovery period, suggesting the need for caution in prolonged high-dose usage (Adeneye et al., 2010). Complementing these findings, another study reported an intraperitoneal LD₅₀ of 1.5979 g/kg for the seed extract, underscoring the plant’s capacity for acute toxicity at high doses (Osagie and Osemwenkhae, 2011). 
Despite these advances, there remains a critical gap in knowledge regarding the anti-ulcer properties of the methanol crude extract of H. umbellata seeds, in conjunction with its GC–MS chemical profile and acute toxicity. By elucidating the phytochemical constituents through GC-MS analysis, assessing the safety profile via acute toxicity evaluations, and investigating potential anti-ulcer efficacy, this study seeks to provide integrated insights that support the development of scientifically grounded, ethnopharmacologically valid therapeutic agents from H. umbellata.

2. material and methods 

2.1. Collection of Plant Material
Fresh fruits of Hunteria umbellata were collected and processed in Umunakanu, Ehime Mbano Local Government Area, Imo State, Nigeria. The collected fruits were freed of foreign materials, rinsed thoroughly with clean water, and the pericarp (fruit back) was peeled off to reveal the mesocarp. The seeds were separated, air-dried under shade for 10 days, and weighed. A total of 100.19 g of the air-dried seeds was taken for extraction.

2.2. Extraction of Plant Material by Cold Maceration Method
A total of 114.48 g of the dried Hunteria umbellata seeds was milled using an electric blender. The powdered sample was soaked in 500 mL of methanol for 48 hours with intermittent shaking. The mixture was filtered using No. 1 Whatman filter paper, and the filtrate was collected in a 500 mL beaker. The filtrate was concentrated using a rotary evaporator until complete dryness was achieved after approximately 8 hours. The process yielded 5.658 g of a gel-like methanol extract, which was stored in an airtight container for subsequent analyses.

2.3. Phytochemical Analysis by GC–MS
Gas Chromatography–Mass Spectrometry (GC–MS) analysis of the methanol seed extract was conducted using a BUCK M910 Gas Chromatograph fitted with an HP-5MS capillary column (30 m × 250 μm × 0.25 μm film thickness). The spectroscopic identification system operated under an electron ionization framework utilizing electrons of 70 eV. Helium gas (99.995%) was used as the carrier gas at a flow rate of 1 mL/min. The oven temperature was programmed to increase from 50 °C to 150 °C at a rate of 3 °C/min, held for 10 minutes, and then further increased to 300 °C at 10 °C/min. One microliter (1 μL) of a 1% solution of the extract (in a suitable solvent) was injected in splitless mode. The relative proportion of each compound was determined based on the peak area in the chromatogram.

2.4. Identification of Bioactive Components
Identification of the bioactive components of H. umbellata seed extract was accomplished by comparing the mass spectral fragmentation patterns and retention indices of the detected compounds with those in the National Institute of Standards and Technology (NIST) Mass Spectral Database. Unknown compounds were identified by matching their spectra with those of known compounds from the NIST library.

2.5. Anti-Ulcer Activity
2.5.1. Experimental Animals

Forty-three (43) mature female Wistar rats weighing between 120 – 150 g were obtained from the Laboratory Animal Production Unit, Department of Zoology and Environmental Biology, Michael Okpara University of Agriculture, Umudike, Nigeria. The animals were housed in well-ventilated aluminum cages under hygienic conditions and acclimatized for seven days before the commencement of the experiments. They were maintained under standard laboratory conditions of a 12 h light/dark cycle (7:00 am – 7:00 pm) at a temperature of 25 ± 2 °C, fed with commercial rat feed (Chikun Finisher), and given water ad libitum. Animals were fasted for 12 hours prior to experimental procedures. All experimental protocols were conducted in accordance with international guidelines and approved by the Institutional Animal Ethics Committee of Michael Okpara University of Agriculture, Umudike.
2.5.2. Acute Toxicity and Lethal Dose (LD₅₀) Determination

The acute toxicity of the methanol seed extract of H. umbellata was determined using the modified Lorke’s method (Lorke, 1983) as adopted by Orieke et al. (2019). The test was performed in two phases. In the first phase, nine randomly selected rats were divided into three groups of three animals each and administered 10, 100, and 1000 mg/kg body weight of the extract orally. The animals were observed for six hours post-administration and for 24 hours for signs of toxicity or mortality.
In the second phase, a new set of nine rats was divided into three groups of three animals each and administered 1600, 2900, and 5000 mg/kg of the extract, respectively. The animals were observed for 24 hours and for an additional seven days. The median lethal dose (LD₅₀) was estimated as the geometric mean of the maximum dose producing no mortality and the minimum dose producing 100% mortality.
2.5.3. Ethanol-Induced Ulcer Model

This model was adopted from the method of Michael et al. (2013). Twenty-five (25) adult Wistar rats were divided into five groups of five rats each and treated as follows:
· Group 1 – Normal control (no treatment)
· Group 2 – Negative control (ethanol only)
· Group 3 – Received 20 mg/kg of Omeprazole
· Group 4 – Received 400 mg/kg of methanol extract
· Group 5 – Received 800 mg/kg of methanol extract
Thirty minutes after pretreatment, groups 2–5 received 400 mg/kg ethanol orally to induce gastric ulcers, while group 1 served as the normal control. Two hours post-ethanol administration, all animals were sacrificed under mild anesthesia. The stomachs were excised, opened along the greater curvature, and examined for ulceration under a magnifying lens. Ulcer scores were recorded, and fresh samples of the stomach and jejunum were collected, placed in a cold chain, homogenized, and centrifuged to obtain supernatants for biochemical analysis.
2.5.4. Macroscopic Evaluation of Gastric Lesions and Determination of Ulcer Index
After the experimental treatment, each rat was sacrificed, and the stomach was carefully excised and opened along the greater curvature to expose the gastric mucosa. The stomach contents were gently washed off with normal saline, and the inner surface was examined under a light microscope at ×100 magnification to assess the extent of gastric damage, following the method of Raju et al. (2009).
The ulcerative lesions were scored based on their severity as follows:
Normal stomach = 0; Pinhole = 1.0; Spot ulceration = 1.5; Haemorrhagic streaks = 2.0; Small erosion = 2.5; Large erosion = 3.0; and Perforation = 3.5.
The mean ulcer score for each animal was used to determine the Ulcer Index (U.I.), calculated using the formula:


where:
· UN = Number of animals per group
· UP = Percentage of animals with ulcer
· US = Ulcer score
The percentage of ulcer protection was then determined using the formula described by Suzuki et al. (1976):

where Uₜ represents the ulcer index of the treated group and U꜀ the ulcer index of the control group.

2.6. Statistical Analysis
All experimental data were expressed as mean ± standard deviation (SD). Statistical analysis was performed using one-way analysis of variance (ANOVA) followed by Duncan’s Multiple Range Test (DMRT) to determine significant differences between groups at p < 0.05. 

3. results and discussion

3.1	Gas Chromatography–Mass Spectrometry (GC–MS) Profiling of Bioactive Compounds in the Methanol Crude Extract of Hunteria umbellata Seed
The result of the GC–MS analysis, as shown in Table 1 and Figure 1, reveals the presence of fourteen bioactive compounds in the methanol crude extract of Hunteria umbellata seed. The most abundant constituents were Trans-2,7-dimethyl-4,6-octadien-2-ol (20.59%), Citral (18.92%), and 2,6-Octadienal, 3,7-dimethyl-,(Z) (12.86%), while other notable components included Cis-3-Hexenyl cis-3-hexenoate (10.46%) and 9,17-Octadecadienal (7.75%). Compounds such as n-Hexadecanoic acid (5.39%), Cis-vaccenic acid (4.93%), and Hexadecanoic acid, methyl ester (3.75%) were also identified in smaller proportions, indicating a complex mixture of terpenoids, aldehydes, fatty acids, and esters in the extract.
The high abundance of citral (18.92%) and trans-2,7-dimethyl-4,6-octadien-2-ol (20.59%) is particularly noteworthy. Citral, a monoterpenoid aldehyde, is well-documented for its antimicrobial, anti-inflammatory, and antioxidant properties. Previous studies have demonstrated citral’s efficacy in inhibiting the growth of various pathogenic microorganisms and its role in modulating inflammatory pathways, which may contribute to the anti-ulcer potential of the extract (Aderele et al., 2020). Citral has been shown to significantly attenuate gastric ulcer formation in NSAID-induced ulcer models, supporting both prophylactic and therapeutic actions in the gastric mucosa (Nishijima et al. 2024). Further, its modulatory effects on inflammatory pathways and matrix metalloproteinases have been demonstrated in wound and tissue repair contexts, which may parallel mechanisms in gastric mucosal healing (Ohara et al., 2023). Similarly, trans-2,7-dimethyl-4,6-octadien-2-ol, though less commonly reported, belongs to a class of terpenoids known for their antimicrobial and cytoprotective effects, which may synergize with citral to enhance the extract’s bioactivity (Aderele et al., 2020). The identification of fatty acid derivatives such as n-hexadecanoic acid (palmitic acid), cis-vaccenic acid, and oleic acid further underscores the therapeutic relevance of the extract. These compounds have been implicated in anti-inflammatory and gastroprotective mechanisms. For instance, n-hexadecanoic acid has been shown to possess antioxidant and anti-inflammatory properties, which are crucial in mitigating oxidative stress-induced gastric mucosal damage (Ladokun et al., 2018). Cis-vaccenic acid and oleic acid are known to modulate lipid metabolism and exhibit anti-ulcerogenic effects by enhancing mucosal defense and reducing gastric acid secretion (Aderele et al., 2020). Moreover, the presence of 3,8,11-trioxatetracyclo[4.4.1.0(2,4).0(7,9)]undecane and 6,11-dimethyl-2,6,10-dodecatrien-1-ol, though in lower concentrations, may contribute to the overall pharmacological profile of the extract. These compounds, belonging to the class of oxygenated hydrocarbons and alcohols respectively, have been associated with antimicrobial and antioxidant activities in other plant-based studies, suggesting a possible role in the observed bioactivities of the extract (Ladokun et al., 2018). Comparatively, the GC–MS profile obtained in this study aligns with previous reports on H. umbellata seed extracts, which also identified citral, palmitic acid, and oleic acid as major constituents (Aderele et al., 2020; Ladokun et al., 2018). However, the relatively higher concentration of trans-2,7-dimethyl-4,6-octadien-2-ol in this study may indicate a chemotypic variation or influence of extraction conditions, such as solvent polarity and extraction time, which are known to affect phytochemical yield (Nawaz et al., 2020; Rauf et al., 2018).




Table 1: Identified Bioactive Compounds from the GC–MS Analysis of Methanol Crude Extract of Hunteria umbellate Seed

	Peak
	Rt
	Compound name 
	Structure 
	Composition 
%

	1
	7.067
	2,6- Octadienal, 3,7-dimethyl-,(Z)
	
	12.86

	2
	7.691
	Citral 
	[image: ][image: ]
	18.92

	3
	9.103
	Cis-3-Hexenyl
Cis-3-hexenoate
	[image: ]
	10.46

	4
	9.767
	Trans-2,7-Dimethyl-4,6-octadien-2-ol
	[image: ]
	20.59

	5
	11.693
	3,8,11-Trioxatetracyclo[4.4.1.0(2,4).0(7,9)] underage, (1.alpha.,2. Alpha.,6.alpha., 7.beta., 9.b eta)
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	3.04

	6
	12.544
	3-Hexene,2-methyl-,(Z)-
	[image: ]
	3.48

	7
	16.982
	Hexdecanoic acid, methyl ester
	[image: ]
	3.75

	8
	17.631
	n-Hexadecanoic acid
	[image: ]
	5.39

	9
	18.809
	Cis-Vaccenic acid
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	4.93

	10
	18.972
	6,11-Dimethyl-2,6,10-dodecatrien-1-ol
	[image: ]
	2.77

	11
	19.041
	Heptadecanoic acid, 16-methyl-,ester
	[image: ]
	2.49

	12
	19.431
	9,17-Octadecadienal,(Z)
	[image: ]
	7.75

	13
	19.605
	Oleic acid 
	[image: ]
	2.33

	14
	20.087
	Oleic acid 
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	1.09
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Figure 2: Graphical representation of the GC- MS result of Hunteria umbellata seed.

3.2. Result of lethal dose (LD50) evaluation of Methanol extract of Hunteria umbellata seed
The result of the acute toxicity test, as shown in Tables 2 and 3, indicates that oral administration of the methanol extract up to 5000 mg/kg caused no mortality or visible signs of toxicity in all test groups. The animals remained active and physically stable throughout the observation period, suggesting that the extract has an LD₅₀ value greater than 5000 mg/kg.
This outcome strongly suggests that the extract possesses a wide safety margin and is practically non-toxic under acute exposure conditions. According to the OECD Test Guideline 425, substances with an LD₅₀ greater than 5000 mg/kg are classified as Category 5 or unclassified, indicating minimal acute toxicity risk (OECD, 2022). These findings are consistent with previous studies on H. umbellata. Nwaogwugwu et al. (2022) reported no mortality or significant physiological disturbances in albino rats administered methanolic seed extracts up to 5000 mg/kg, reinforcing the extract’s safety profile. Similarly, a toxicological evaluation of H. umbellata by Oseyomon and Ilodigwe (2021) reported no significant adverse effects at doses up to 1000 mg/kg over sub-chronic exposure periods. The behavioral stability and rapid recovery of physical activity observed in the test animals further reinforce the extract's non-toxic nature, indicating that it does not elicit neurotoxic or systemic stress responses at acute levels. The absence of toxic symptoms may be attributed to the phytochemical composition of the extract, particularly the presence of bioactive compounds such as citral, oleic acid, and trans-2,7-dimethyl-4,6-octadien-2-ol, which have been associated with antioxidant and anti-inflammatory properties (Aderele et al., 2020). These compounds may contribute to the extract’s ability to maintain physiological stability even at high doses. The lack of such effects in H. umbellata positions it as a promising candidate for further pharmacological development, particularly in formulations requiring high-dose administration.

Table 2: Stage 1 Acute toxicity (LD50) evaluation of the  Methanol extract 
	Group
	Dose (mg/kg)
	No. of Deaths
	Percentage of mortality
	Observations

	1
	10
	0/3
	0.00
	No mortality observed, instead animals remained active and physically stable.

	2
	100
	0/3
	0.00
	No mortality observed, instead animals remained active and physically stable.

	3
	1000
	0/3
	0.00
	No mortality observed, instead animals remained active and physically stable.



Table 3: Stage 2: Acute toxicity (LD50) evaluation of Methanol extract
	Group
	Dose (mg/kg)
	No. of Deaths
	Percentage of Mortality
	Observations

	1
	1600
	0/3
	0.00
	No mortality was observed, instead, animals remained active and physically stable.

	2
	2900
	0/3
	0.00
	No mortality was observed, instead, animals remained active and physically stable.

	3
	5000
	0/3
	0.00
	No mortality was observed. Animals were initially calm but regained physical activity within one hour of administration.


3.3. Effect of Methanol Extract of Hunteria umbellata Seed on Ethanol-Induced Gastric Ulcer in Wistar Rats
The result presented in Table 4 shows that administration of ethanol alone (Group 2, negative control) produced a significant increase (P < 0.05) in the number of ulcers, ulcer score, and ulcer index compared to the normal control group (Group 1), confirming successful ulcer induction. Pretreatment with Omeprazole (20 mg/kg) in Group 3 significantly (P < 0.05) reduced all ulcer parameters relative to the negative control, indicating effective gastroprotective activity. Similarly, the methanol extract of Hunteria umbellata seeds at both 400 mg/kg and 800 mg/kg (Groups 4 and 5) produced dose-dependent reductions in ulcer number, ulcer score, and ulcer index compared to the ulcer control. Although the extract-treated groups showed slightly lower inhibition percentages than the Omeprazole-treated group, the 800 mg/kg dose demonstrated a comparable ulcer-protective effect, suggesting that the methanol extract possesses appreciable anti-ulcer potential.
The gastroprotective effect observed in this study, where both doses of the methanol seed extract (400 and 800 mg/kg) produced significant reductions in ulcer parameters relative to the ulcer control, suggests that the extract exerts a measurable anti-ulcer activity, albeit somewhat lower than the standard drug Omeprazole (20 mg/kg). Previous studies have highlighted the presence of alkaloids, flavonoids, and terpenoids in H. umbellata, which are known to enhance mucus secretion, reduce gastric acid output, and scavenge free radicals (Oseyomon and Ilodigwe, 2021). This aligns with findings in other plant extract studies reporting partial, dose-dependent gastroprotection. For example, aqueous and methanolic extracts of U. simensis significantly reduced ulcer indices in ethanol-induced ulcer models in rats, confirming that plant extracts can mitigate ethanol-induced mucosal damage (Ahmed et al., 2022). Similarly, crude extracts of Vicia faba seeds conferred up to ~54 % ulcer protection at higher doses in ethanol models, a trend consistent with our observation of ~20–28 % inhibition for the extract (versus higher inhibition by Omeprazole) (Getachew, 2025). The superior performance of Omeprazole in reducing ulcer parameters is expected, given its established mechanism as a proton pump inhibitor that suppresses gastric acid secretion and enhances mucosal defense (Kobayashi et al., 2002). Nevertheless, the extract’s ability to reduce ulcer indices, even if not to the same magnitude, indicates the presence of active phytochemicals capable of cytoprotective, antioxidant, or anti-inflammatory effects, comparable to those documented in other medicinal plants (Ajiboye et al., 2017).  For instance, studies on Solanum incanum reported that hydromethanol extracts significantly lowered ulcer indices, likely via antioxidant and mucosal protective mechanisms. (Belayneh et al., 2021) The presence of terpenoids, flavonoids, and fatty acids in the GC–MS profile of your extract lends credence to these functional effects.
Table 4: Effect of Methanol Extract of Hunteria umbellata Seed on Ethanol-Induced Gastric Ulcer in Rats
	Group
	Treatment
	Un (No. of ulcers)
	Us(Ulcer score)
	Ui(Ulcer index)
	Up(Ulcer percentage)
	%Ulcer Inhibition

	1
	Normal control
	0.00 ± 0.00ᵃ
	0.00 ± 0.00ᵃ
	0.00 ± 0.00ᵃ
	0.00 ± 0.00ᵃ
	100.00± 0.00ᵃ

	2
	Ulcer control
	10.33± 1.53ᵇ
	24.33± 1.75ᵇ
	100.00±0.00ᵇ
	13.47 ± 0.28ᵇ
	0.00 ± 0.00ᵇ

	3
	Omeprazole(20 mg/kg)
	6.33 ± 1.15ᶜ
	12.67 ± 2.52ᶜ
	78.33 ± 2.89ᶜ
	9.73 ± 0.64ᶜ
	27.68 ± 4.14ᶜ

	4
	Methanol extract (400 mg/kg)
	7.33 ± 0.58ᶜ
	17.67 ± 0.76ᵈ
	81.67 ± 2.89ᶜ
	10.67 ± 0.39ᶜ
	20.85 ± 2.36ᶜ

	5
	Methanol extract (800 mg/kg)
	7.33 ± 1.15ᶜ
	19.50 ± 2.76ᵈ
	80.00 ± 6.16ᶜ
	10.68 ± 1.16ᶜ
	20.62 ± 3.20ᶜ


Values are presented as mean ± standard deviation (n = 5) and values with different superscripts are significantly (P<0.05) different from any paired mean within each column. Means on the same row with different number superscripts are significantly different (P<0.05) from any paired mean across the row. 


4. Conclusion
The findings of this study provide compelling evidence that the methanol crude extract of Hunteria umbellata seed possesses significant therapeutic potential with a strong safety profile. The GC–MS analysis revealed a rich composition of bioactive compounds, including citral, trans-2,7-dimethyl-4,6-octadien-2-ol, and various fatty acids, known for their antioxidant, anti-inflammatory, and cytoprotective properties. These phytochemicals likely contribute to the extract’s observed pharmacological effects. Acute toxicity evaluation demonstrated that the extract is practically non-toxic, with no mortality or adverse behavioral changes recorded even at doses as high as 5000 mg/kg. This positions H. umbellata as a safe candidate for further pharmacological development. Furthermore, the extract exhibited moderate anti-ulcer activity in ethanol-induced gastric ulcer models, with measurable reductions in ulcer indices and scores. Although its efficacy was slightly lower than that of omeprazole, the extract still provided significant mucosal protection, supporting its traditional use in managing gastrointestinal disorders.
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