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Abstract
Gastric ulcer disease remains a major global health burden, and limitations of current therapies necessitate the search for safer alternatives. Cleistopholis staudtii (Annonaceae) is traditionally used in West Africa for treating gastrointestinal disorders, but its anti-ulcer activity has not been fully elucidated.This study evaluated the anti-ulcer potential of the ethanol extract of C. staudtii leaves and its solvent fractions in pylorus-ligated rats. Leaves of C. staudtii were extracted with ethanol and fractionated into n-hexane, ethyl acetate, and butanol fractions. Acute toxicity was assessed according to OECD guidelines. Anti-ulcer activity was investigated using the pylorus ligation method in rats pretreated with distilled water, omeprazole (20 mg/kg), crude extract (250 and 500 mg/kg), or solvent fractions (250 and 500 mg/kg). Gastric juice volume, pH, free acidity, total acidity, ulcer index, and percentage ulcer inhibition were determined. The ethanol extract was safe with an oral LD₅₀ > 5000 mg/kg. Distilled water-treated controls exhibited severe ulceration (ulcer index: 13.7 ± 0.26). Omeprazole significantly reduced ulcer formation (ulcer index: 8.42 ± 0.16; 88.23% inhibition). The crude extract (500 mg/kg) produced comparable inhibition (88.23%), associated with increased gastric pH (4.0 ± 0.58) and reduced acidity. The butanol fraction at 250 mg/kg exhibited the most potent effect among the fractions (ulcer index: 9.54 ± 0.26; 79.38% inhibition), surpassing omeprazole in lowering free acidity (35.7 ± 2.33 vs. 43.6 ± 5.22). Ethyl acetate showed moderate activity (20.35–37.17% inhibition), while n-hexane produced minimal effects (<15%).The ethanol extract and butanol fraction of C. staudtii demonstrated significant gastroprotective activity, mediated by antisecretory and cytoprotective mechanisms, likely due to flavonoids and phenolic compounds. These findings validate its traditional use in gastrointestinal disorders and highlight its potential as a source of novel anti-ulcer agents.
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Introduction
Gastric ulcer disease (GUD) remains a major global health concern, affecting millions of people and contributing significantly to morbidity and mortality [1, 2]. The condition arises from an imbalance between offensive factors such as gastric acid, pepsin, and reactive oxygen species, and defensive mechanisms including mucus secretion, bicarbonate production, prostaglandins, and adequate mucosal blood flow [3]. Common risk factors include chronic use of nonsteroidal anti-inflammatory drugs (NSAIDs), alcohol intake, stress, Helicobacter pylori infection, and nutritional deficiencies [4]. Despite the availability of effective therapeutic agents such as proton pump inhibitors, H₂-receptor antagonists, and cytoprotective drugs, challenges including drug resistance, side effects, high cost, and relapse rates necessitate the search for safer and more affordable alternatives [5].
Medicinal plants have historically played a central role in the management of gastrointestinal disorders, particularly in resource-limited settings. Phytochemicals such as flavonoids, tannins, terpenoids, and alkaloids are reported to possess gastroprotective properties by reducing gastric acid secretion, scavenging free radicals, and enhancing mucosal defense mechanisms [2, 6]. Several plant-derived compounds, including rutin and quercetin, have demonstrated potent anti-ulcer activity through their antioxidant and cytoprotective effects [3].
Cleistopholis staudtii (Annonaceae), commonly known as “pepper fruit tree,” is widely distributed in West and Central Africa. Ethnobotanical surveys report its use in traditional medicine for the treatment of inflammatory conditions, pain, infections, and gastrointestinal disturbances [7]. Phytochemical studies have identified alkaloids, flavonoids, terpenoids, and phenolic compounds in the leaves and stem bark, many of which are associated with anti-inflammatory, analgesic, antioxidant, and hepatoprotective activities [8, 9]. These pharmacological properties provide a scientific basis for evaluating its potential anti-ulcer effects.
Given the increasing interest in validating traditional remedies through experimental models, the pylorus ligation method remains a standard and reproducible approach for assessing gastric secretion and ulcer formation [1, 10]. This model mimics hypersecretory conditions, allowing the evaluation of plant extracts for their ability to modulate gastric juice volume, acidity, and ulcer index.
The present study was therefore designed to investigate the anti-ulcer activity of the ethanol extract of Cleistopholis staudtii leaves and its solvent fractions using the pylorus ligation method in rats. The findings aim to provide scientific evidence for the folkloric use of this plant in gastrointestinal disorders and contribute to the discovery of plant-based anti-ulcer agents with improved safety profiles.
Material and methods
2.1 Plant material, collection, and authentication
Fresh leaves of Cleistopholis staudtii were collected from a single location at Orba, Nsukka, Enugu State, Nigeria on the 4th of May 2021. The plant material was identified and authenticated by Mr. Okeakpu Kyrian of Bioresources Development and Conservation Programme (BDCP).
2.2 Chemicals
The following solvents: ethyl acetate, n-hexane, methanol, and n-butanol were used. All solvents were of analytical grade. Omeprazole and Ketetrine anesthesia both procured from Gacowelt, Pharmaceuticals Ltd. in Awka.
2.3 Animals
Adult Swiss albino mice (25 – 30 g) and rats (180 – 200 g) of both sexes were used for this study. The animals were obtained from the Animal House of the Department of Pharmacology, Faculty of Pharmaceutical Sciences, Nnamdi Azikiwe University, Nigeria. The animals were maintained on standard laboratory animal conditions and fed with rodent feed (Guinea Feeds Nigeria Ltd). They were allowed free access to water ad libitum. All animal experiments were conducted in compliance with NIH guide for care and use of laboratory animals and approved by the Nnamdi Azikiwe University Animal Ethical Committee with approval number NAU/AREC/2024/0056.
2.4 Preparation of plant material
The plant materials were cleaned, spread on a clean sack and placed under the shade for air drying at room temperature for 7 days. The plant materials were further dried in the oven maintained at 40 OC followed by milling into a coarse powder using modern laboratory electric milling machine. The powdered materials were stored in airtight container before use.
2.5 Plant extraction and fractionation
Two and half kilogram of the pulverized leaves C. staudtii extracted by cold maceration in 7.5L of ethanol for 72 h with intermittent shaking. The resulting solution was filtered, and the filtrate concentrated to dryness in vacuo using rotary evaporator (RE300 Model, United Kingdom) at 40°C. Then 200 g of the extract was dissolved in 400 ml of water and subjected to liquid-liquid partition successively and exhaustively with n-hexane, ethyl acetate and n-butanol in increasing order of polarity. Fractions soluble in these solvents were concentrated in vacuo using rotary evaporator to obtain the n-hexane fraction (HF), ethyl acetate fraction (EAF) and n-butanol fraction (BF). The plant extract and fractions were stored in refrigerator between 0-4°C.
2.6 Acute Toxicity (LD50) 
The acute toxicity of the extract was determined in mice using the method described by the Organisation for Economic Co-operation and Development [11]." The tests were done in phases. The first phase (determination of the toxic range) involves 3 groups of 3 mice that received 10, 100, and 1000 mg/kg orally. The treated mice were observed for 24 h for mortality. The death pattern in the first phase determined the doses used for the second phase. Because there were no deaths recorded in the first phase, a fresh batch of four mice received 1000, 1600, 2900, and 5000 mg/kg of the extract each. The treated animals were observed for lethality or signs of acute intoxication for 24 h. The LD50 was estimated as the geometric mean of the highest nonlethal dose and the least toxic dose.
2.7 Procedure for Anti-ulcer study (Pylorus ligated method). 
The effect of the ethanol extract of Cleistopholis staudtii on gastric ulcer was studied using the pylorus ligated method as described by [10]. Fifty (50) adult albino rats were divided into ten groups of five rats each. The animals were fasted for 18 hours with free access to water prior to the experiment. Treatments were administered orally as follows: Group 1 received 10 mL/kg distilled water; Group 2 received omeprazole 20 mg/kg; Groups 3 and 4 received crude extract at 250 and 500 mg/kg respectively; Groups 5 and 6 received n-hexane fraction at 250 and 500 mg/kg respectively; Groups 7 and 8 received ethyl acetate fraction at 250 and 500 mg/kg respectively; Groups 9 and 10 received butanol fraction at 250 and 500 mg/kg respectively. One hour after treatment, the animals were anaesthetized with ketamine (60 mg/kg, i.p.). A midline abdominal incision was made, the pylorus was ligated without disturbing the blood supply, and the stomach was repositioned before closing the abdominal wall with sutures. The animals were allowed to recover and maintained for 4 hours without food or water. At the end of this period, the animals were euthanized by cervical dislocation, and their stomachs were excised and opened along the greater curvature. The gastric contents were collected to measure gastric volume, pH, and free/total acidity by titration with NaOH. The stomach mucosa was examined for ulceration, and the ulcer index was determined according to standard scoring methods.
2.7.1 Macroscopic Assessment of the Stomach
The stomach was then dissected along the larger curvature, rinsed in normal saline to dislodge gastric residuals, and viewed under 10x magnifying hand lens to see the formation of ulcers. Using the methods explained by Kulkarni, the total numbers of ulcers were tallied and graded (0 = no ulcer, 0.5 = red coloration, 1 = spot ulcers, 2 = deep ulcers, and 3 = perforations) [12]. After that, the ulcer index (UI) and percent ulcer inhibition (%UI) were articulated using the algorithm below:
	
	(1)


Where UI = ulcer index; UN = average number of ulcer per animal; US = average severity score, and UP = percentage of animals with ulcer.
	
	(2)


2.7.2 Determination of Gastric Volume and pH
The stomach contents were emptied into measuring tubes, centrifuged for 10 min at 1000 rpm, and then the volume of the supernatant was recorded. Then, 1 mL of gastric juice was aliquoted out of the supernatant, mixed with 1 mL of distilled water, and the pH of the solution was determined using a pH meter.
2.7.3 Determination of Total Acidity
After recording the pH, a 50 mL conical flask was filled with a sample of 1 mL gastric juice dissolved with 1 mL of distilled water. After that, 2–3 drops of phenolphthalein were added and titrated with 0.01 N NaOH until a persistent pink color was attained. The quantity of 0.01 N NaOH utilized was noted. The total acidity was then estimated using this formula in mEq/L [13]:
	
	(3)


Where V = volume and N = normality.

2.8 Statistical analysis
Results were presented as mean ± Standard error of mean (SEM). The analysis of variance in the outcome of the treatment (one way ANOVA) was done using Statistical Package for Social Science (SPSS, version 20). Multiple comparisons for post hoc analysis was done using Turkey’s test. The differences between the treatment groups were determined by multiple comparisons of mean ranks for all groups. In all cases, a probability error of less than 0.05 was selected as the criterion for statistical significance. 
Results 
 TABLE 1: RESULT OF ACUTE TOXICITY STUDIES
	PHASE 1
	DOSE (ml/kg)
	NUMBER OF DEATH

	Group 1
	10
	0/3

	Group 2
	100
	0/3

	Group 3
	1000
	0/3

	PHASE 2
	DOSE (ml/kg)
	NUMBER OF DEATH

	Group 1
	1600
	0/1

	Group 2
	2900
	0/1

	Group 3
	5000
	0/1


The oral LD50 was therefore estimated to be above 5000mg/kg in mice
3.2 Table 2: The impact of Cleistopholis staudtii crude extract and solvent fractions on ulcer number, ulcer index and percentage ulcer inhibition in pyloric-ligated rats.
	Group
	Treatment
	Number of ulcer
	Ulcer index
	% Ulcer Inhibition

	1
	10ml/kg distilled water
	11.3±0.88
	13.7±0.26
	 

	2
	20mg/kg omeprazole
	1.33±0.06
	8.42±0.16
	88.23

	3
	250mg/kg crude extract
	3.33±1.45
	10.4±0.16
	70.53

	4
	500mg/kg crude extract
	1.33±0.33
	10.2±0.03
	88.23

	5
	250mg/kg N-hexane
	11±0.66
	12.5±0.62
	2.65

	6
	500mg/kg N-hexane
	9.66±0.42
	12.01±0.47
	14.51

	7
	250 mg/kg ethyl acetate
	9±0.48
	11.2±0.73
	20.35

	8
	500mg/kg ethyl acetate
	7.1±0.52
	10.8±0.62
	37.17

	9
	250mg/kg butanol
	2.33±0.33
	9.54±0.26
	79.38

	10
	500mg/kg butanol
	4±0.53
	10.8±0.12
	64.60




Fig 1: Bar chart showing number of ulcer against dose 


Fig 2: Bar chart of showing ulcer index against dose 


Fig 3: Bar chart showing percentage ulcer inhibition against dose 






Table 3:  The impact of Cleistopholis staudtii crude extract and solvent fractions on gastric volume, pH, free acid and total acidity level in pyloric-ligated rats.
	Group
	Treatment
	Gastric juice volume
	Gastric PH
	Gastric juice free acid
	Gastric juice total acid

	1
	10ml/kg distilled water
	2.97±0.2
	2.33±0.33
	81.3±4.26
	286±6.69

	2
	20mg/kg omeprazole
	2.11±0.25
	4.56±0.42
	43.6±5.22
	197±7.89

	3
	250mg/kg crude extract
	2.77±0.62
	4±0.29
	49.3±0.67
	180.0±9.87

	4
	500mg/kg crude extract
	2.63±0.32
	4±0.58
	44.0±3.06
	169.0±8.74

	5
	250mg/kg N-hexane
	2.56±0.41
	4±0.72
	64.5±4.82
	236±10.82

	6
	500mg/kg N-hexane
	2.62±0.57
	3.89±0.68
	65.2±9.66
	227.6±8.21

	7
	250 mg/kg ethyl acetate
	2.15±0.36
	4±0.57
	59.6±5.36
	221.4±7.82

	8
	500mg/kg ethyl acetate
	2,18±0.46
	4.1±0.72
	50.6±4.81
	210.1±8.13

	9
	250mg/kg butanol
	2.53±0.53
	2.83±0.17
	35.7±2.33
	163±8.95

	10
	500mg/kg butanol
	2.6±0.42
	4.17±0.44
	48.7±2.4
	185±3.48






Fig 4: Bar chart showing the graph of gastric juice volume against dose 


Fig 5: Bar chart showing the graph of gastric PH against dose 


Fig 6: Bar chart showing the graph of gastric juice free acid against dose 

Fig 7: Bar chart showing the graph of gastric juice total acid against dose
Discussion
The present study demonstrated that the ethanol extract of Cleistopholis staudtii leaves and its solvent fractions possess significant gastroprotective activity in the pylorus-ligated rat model. This model is widely recognized for evaluating antiulcer activity because it induces ulcers primarily through gastric hypersecretion and accumulation of acidic gastric juice, thereby mimicking pathophysiological conditions associated with peptic ulcer disease [1, 10]. The high ulcer index recorded in the control group confirmed the reliability of the model, while the marked reduction in ulceration by omeprazole validated its sensitivity. The oral LD₅₀ of the ethanol extract was estimated to be above 5000 mg/kg, indicating a wide margin of safety. According to OECD guidelines, substances with LD₅₀ greater than 5000 mg/kg are considered practically non-toxic [11]. This suggests that C. staudtii may be safe for therapeutic use and provides pharmacological justification for its traditional use in managing gastrointestinal disorders. 
The crude ethanol extract at 500 mg/kg significantly reduced ulcer index and produced 88.23% inhibition, comparable to omeprazole (88.23%). This effect was associated with an increase in gastric pH and a reduction in both free and total acidity, suggesting that the extract exhibits both antisecretory and cytoprotective properties. Similar findings have been reported for flavonoid- and phenolic-rich extracts of medicinal plants, which act by modulating gastric acid secretion and enhancing mucosal defense [14, 2]. Among the solvent fractions, the butanol fraction (250 mg/kg) showed the highest inhibition (79.38%), with pronounced reduction in free acidity (35.7 ± 2.33), even surpassing omeprazole (43.6 ± 5.22). This suggests that polar phytoconstituents concentrated in the butanol fraction, such as flavonoids, tannins, and phenolic compounds, may play a key role in the antiulcer activity. Interestingly, the butanol fraction at 500 mg/kg exhibited lower protection (64.60%) than at 250 mg/kg, indicating a possible inverted dose-response. This phenomenon has been observed with other plant extracts and may be attributed to saturation of protective pathways, interference from antagonistic phytochemicals, or adaptive gastric responses at higher doses [15]. The ethyl acetate fraction demonstrated moderate, dose-dependent gastroprotection (20.35% and 37.17% at 250 and 500 mg/kg respectively), while the n-hexane fraction produced minimal inhibition, suggesting that nonpolar compounds contribute little to the gastroprotective activity of C. staudtii. These results are consistent with the polarity-driven enrichment of bioactive flavonoids and phenolic compounds in medium-to-polar fractions of medicinal plants [18].
The ability of the extract and fractions to elevate gastric pH while reducing free and total acidity indicates antisecretory activity, while the reduction in ulcer index reflects cytoprotection. Notably, the butanol fraction at 250 mg/kg demonstrated greater reduction in free acidity than omeprazole, suggesting a potent antisecretory mechanism. However, unlike omeprazole, the extract and fractions did not significantly reduce gastric juice volume, implying that their effect may be mediated more by cytoprotective mechanisms, including stimulation of mucus secretion, antioxidant activity, and free radical scavenging, rather than direct suppression of gastric secretion. This is consistent with previous reports that phytoconstituents such as flavonoids and tannins protect gastric mucosa by enhancing prostaglandin synthesis, increasing mucus secretion, and inhibiting oxidative stress [6, 14].
The strong gastroprotective effect observed in the butanol fraction supports earlier phytochemical investigations of C. staudtii which reported abundant flavonoids, alkaloids, tannins, and phenolic compounds [16, 17]. These classes of compounds are well documented for their antiulcer, antioxidant, and anti-inflammatory properties. Flavonoids, in particular, have been shown to scavenge reactive oxygen species, modulate gastric acid secretion, and enhance mucosal defense [2, 3]. The findings therefore suggest that the antiulcer activity of C. staudtii is mediated through a combination of antisecretory, antioxidant, and cytoprotective mechanisms.
Conclusion
In summary, C. staudtii exhibited significant antiulcer activity in the pylorus-ligated model, with the crude ethanol extract and butanol fraction being the most effective. The activity appears to be mediated by suppression of gastric acidity and reinforcement of mucosal defense mechanisms, attributable to its rich content of flavonoids and other phenolic compounds. These findings provide pharmacological support for the traditional use of C. staudtii in gastrointestinal disorders and justify further studies aimed at isolating and characterizing its bioactive constituents.
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