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Abstract
Gastric ulcer, which is a type of peptic ulcer, is considered one of the major ailments affecting about 60% of adults and nearly 80% of the child population in tropical countries. There are several plants that have been used traditionally in the treatment of ulcers but in this study, Carica papaya and Chromolaena odorata were used. This present study aims to evaluate the synergistic antiulcerogenic potentials of different fractions of these plants. The different fractions of the combination of Carica papaya and Chromolaena odorata were prepared using whatever method. The synergistic antiulcerogenic potentials of the combination of the plants were determined using Fifty (50) rats weighing between 180g and 200g which were randomized into thirteen (13) groups with each rats containing five (5) rats each. Group 1 (normal control) was given normal rat chow and water with no treatment. Group 2 (negative control) was ulcer-induced without pretreatment. Group 3 (standard control) was ulcer induced and pretreated with 25mg/kg omeprazole. Group 4 was ulcer-induced and pre-treated with 100 mg/kg n-hexane fraction of C. papaya and C. odorata. Rats in group 5 were ulcer-induced and pre-treated with 200 mg/kg n-hexane fraction of C. papaya and C. odorata. Rats in group 6 were ulcer-induced and pretreated with 100 mg/kg chloroform fraction of C. papaya and C. odorata. Group 7 were ulcer-induced and pretreated with 200 mg/kg chloroform fraction of C. papaya and C. odorata. Group 8 were ulcer-induced and pretreated with 100 mg/kg ethyl-acetate fraction of C. papaya and C. odorata. Rats in group 9 were ulcer-induced and pretreated with 200 mg/kg ethyl-acetate fraction of C. papaya and C. odorata. Rats in group 10 were ulcer-induced and pretreated with 100 mg/kg of butanol fraction of C. papaya and C. odorata. Group 11 were ulcer-induced and pretreated with 200 mg/kg of butanol fraction of C. papaya and C. odorata. Group 12 were ulcer-induced and pretreated with 100 mg/kg of ethanol fraction of C. papaya and C. odorata. Rats in group 13 were ulcer-induced and pretreated with 200 mg/kg of ethanol fraction of C. papaya and C. odorata. The animals were fasted for 24 hours before they were given the extract. Thirty (30) minutes after extract administration, 1ml of absolute ethanol was given to each animal. Two hours after the induction of ulcer with ethanol, the animals were sacrificed, and the stomach dissected to check the level of ulceration. The rats pretreated with different doses of each fraction of C. papaya and C. odorata leaves and Omeprazole significantly (p <0.05) reduced the gastric lesions as compared to the normal negative control with an exception to the group pretreated with 200 mg/kg of n-hexane fraction. The ethyl-acetate fraction (100 mg/kg and 200 mg/kg) produced the most potent inhibition of gastric lesions when compared to Omeprazole (20 mg/kg). These findings show that the different fractions of the combination of C. papaya and C. odorata leaves possess a synergistic antiulcerogenic potentials; hence, justifies its traditional usage in the treatment of gastric ulcer.




1.0	Introduction
Gastric ulcer, which is a type of peptic ulcer, is considered one of the major ailments affecting about 60% of adults and nearly 80% of the child population in tropical countries (Krishna et al., 2014; Yau et al., 2017). Peptic ulcer is a gastrointestinal disorder which is characterized by disruption in gastric mucosa integrity of the stomach and duodenum. (Garg et al., 2022). The pathophysiology of peptic ulcers is caused by multiple etiologies involving an instability or imbalance between aggressive factors (pepsin, bile salt H. pylori and acid,) and endogenous factors (prostaglandin, nitric oxide, bicarbonate, growth factors and mucin,) in the gastrointestinal tract (Michael et al., 2013). Traditionally, mucosal disruption in patients with the acid peptic disease is seen to be a result of a hypersecretory acidic environment alongside with dietary factors or stress. Risk factors for developing peptic ulcer include H. pylori infection, alcohol and tobacco consumption, non-steroidal anti-inflammatory drugs (NSAIDs) use, and Zollinger–Ellison syndrome (Gisbert and Calvet, 2012 and Graham et al., 2017). 
The main risk factors for both gastric and duodenal ulcers are H. pylori infection and NSAID use (Hajda et al., 2010 and Henderson, 2001). The aims of therapy in the treatment of ulcers are to relief the patient of pain, to enhance complete healing, to prevent recurrence or reappearance and to prevent the development of complications and side effects. Different orthodox pharmaceutical drugs such as anticholinergic drugs, antacids and more recently proton pump inhibitors have been employed in the management or control of peptic ulcers but sometimes results in many adverse effects and complications. Peptic ulcer often affects the duodenum and is medically treated with antibiotics, antacids, proton pump inhibitors, all of which has been used in incidences of side effect, reoccurrence, drug interactions that interferes with the biochemical mechanisms of the body upon chronic usage, High cost of medications and possible adulterations also pose a greater risk to the health of the individual concerned. Thus, it is a necessity to search for anti-ulcer agents that retains therapeutic efficiency and efficacy but with basal side effects, availability and less expensive. 
In recent years, there has been an increased interest in replacement therapies especially from plant source, due to their perceived lower side effects, ease of accessibility and affordability (Rates, 2001). There are a number of plants with reported anti-ulcer effect but two of such plants used in this study, which have been reported to have ample therapeutic use in traditional medicine are Carica papaya and chromolaena odorata. 
Carica papaya (family: Caricaceae) is an herbaceous and tropical succulent plant that possess self-sufficient stems which grows in all tropical countries and many subtropical regions of the world, and it is largely used in tropical folk medicines (Okewumi, and Oyeyemi, 2013). It is called pawpaw in English and Gwanda in Hausa. The ripe fruit is edible and unripe can be eaten cooked which is very rich in Vitamin A. (Lohiya et al., 2012). In addition, the unripe fruit is preferred because it contains a large amount of latex which have abundant enzymes required for many industrial, nutritional, and therapeutic applications (Krishna et al., 2014). It contains bioactive compounds such as papain, chymopapain, alkaloids, flavonoids, benzylisothiocyanate and phenolic (Anaga and Onehi, 2010). C. papaya fruits consist mostly of water and carbohydrate, low in calories and rich in natural vitamins and minerals, particularly vitamins A and C, ascorbic acid and potassium (Dibyajyoti et al., 2021). Several medicinal plants including Carica papaya seed have been reported to possess anti-ulcerogenic activity by virtue of their predominant effect on mucosal defensive factors (Gadzama et al., 2014). 
Chromolaena odorata or Siam weed is a rapidly growing perennial herb, a multi - stemmed shrub up to 2.5m tall. It has been reported to have antispasmodic, antiprotozoal, antitrypanosomal, antibacterial and antihypertensive activities. It has also been reported to possess anti-inflammatory, astringent, diuretic and hepatotropic properties.
In view of the therapeutic effects of Carica papaya and chromolaena odorata, this study is aimed to evaluate the possible synergistic antiulcerogenic effect of their combination on duodenum of ethanol-induced ulcer in Wister rats.

2.0	Methods
2.1	Ethical Approval 
The following research methodology and its ethics have been fully reviewed and approved, in the 2024/2025 academic session, by the Animal research ethics committee, Nnamdi Azikiwe university, Anambra state, Nigeria.
2.2	Plant Collection and Identification
The leaves of Carica papaya and Chromolaena odorata were collected from Mgbakwu, Awka North Local Government Area. It was identified by a taxonomist from the Department of Botany, Nnamdi Azikiwe University, Awka. The herbarium number as deposited in the herbarium of Department of Botany, Nnamdi Azikiwe University, is NAUH – 43A for C. papaya and NAUH – 73D for C. odorata.
2.3 Extraction of Plant Samples using different Solvents
The leaves C. papaya and C. odorata were properly washed and air dried at room temperature for two weeks. The dried leaves were separately pulverized into powder using corona manual grinding machine. The leaves were extracted following the successive solvent extraction method as described by Wu et al. (2005), using increasing solvent polarity. Exactly 1000 grams of the 1:1 ratio of the powdered C. papaya and C. odorata leaves mixture was soaked in 5 liters of n-hexane for 24 hours while stirring occasionally. After maceration, the mixtures were filtered first using muslin cloth and then with Whatman No. 1 filter paper (125 mm). The n-hexane fractions were concentrated using a rotary evaporator and stored under refrigeration. The residual plant material was subsequently air dried and extracted sequentially using chloroform, ethyl acetate, n-butanol and ethanol, following the same procedure. Each solvent fraction was concentrated using a temperature regulated water bath set at 45°C until dryness.
2.4	Animal procurement, groupings and treatments
A total of sixty-five (65) healthy Wistar rats of both sex weighing between 180g and 200g were procured from Chris Experimental Animal Farm and Research Laboratory and used for the study. The animals were acclimatized for two weeks in the Department of Applied Biochemistry, Nnamdi Azikiwe University, Awka before the commencement of the study. The rats were divided into thirteen (13) groups with each group containing 5 rats each.
Group 1 (normal control) was given normal rat chow and water with no treatment. 
Group 2 (negative control) was ulcer-induced without pretreatment. 
Group 3 (standard control) was ulcer induced and pretreated with 25mg/kg omeprazole. 
Group 4 was ulcer-induced and pre-treated with 100 mg/kg n-hexane fraction of C. papaya and C. odorata. 
Group 5 rats were ulcer-induced and pre-treated with 200 mg/kg n-hexane fraction of C. papaya and C. odorata. 
Group 6 rats were ulcer-induced and pretreated with 100 mg/kg chloroform fraction of C. papaya and C. odorata. 
Group 7 were ulcer-induced and pretreated with 200 mg/kg chloroform fraction of C. papaya and C. odorata. 
Group 8 were ulcer-induced and pretreated with 100 mg/kg ethyl-acetate fraction of C. papaya and C. odorata. 
Group 9 rats were ulcer-induced and pretreated with 200 mg/kg ethyl-acetate fraction of C. papaya and C. odorata. 
Group 10 rats were ulcer-induced and pretreated with 100 mg/kg of butanol fraction of C. papaya and C. odorata. 
Group 11 were ulcer-induced and pretreated with 200 mg/kg of butanol fraction of C. papaya and C. odorata. 
Group 12 were ulcer-induced and pretreated with 100 mg/kg of ethanol fraction of C. papaya and C. odorata. 
Group 13 rats were ulcer-induced and pretreated with 200 mg/kg of ethanol fraction of C. papaya and C. odorata.

2.5	Induction of Ulcer with Ethanol

The animals were fasted for 24 hours before they were given the extract. Thirty (30) minutes after extract administration, 1ml of absolute ethanol was given to each animal. Two hours after the induction of ulcer with ethanol, the animals were sacrificed, and the stomach dissected to check the level of ulceration. Ulcer varies in different forms and different ratings considering the damage done by gastric acid. Ulcer and their ratings were recorded as follows:

0.5 ---- Red Colouration
1.0 ---- Spot Ulcer
1.5 ---- Hemorrhage Streaks
2.0 ---- Deep Ulcer
3.0 ---- Perforation

Ulcer Index = (Ulcerated Area)/ (Total Stomach Area) ×100

2.6	Statistical Analysis 

[bookmark: _Hlk133497737]Data obtained from the experiments were analyzed using the Statistical Package for Social Sciences software for windows version 23 (SPSS Inc., Chicago, Illinois, USA). All the data collected were expressed as Mean ± SEM. Statistical analysis of the results obtained was performed by using ANOVA Tests to determine if a significant difference exists between the mean of the test and control groups. The limit of significance was set at p<0.05.
3.0	Results and Discussion
3.1	Result of the effect of combination of different fractions of C. papaya and C. odorata on the number of ulcers
Figure 1 shows the effect of the different fractions of the combination of C. papaya and C. odorata. The graph shows that each fraction had their own effect in contributing to an increase or decrease in the number of ulcers. The group pretreated with 100 mg/kg of n-hexane fraction of C. papaya and C. odorata showed a decrease in the number of ulcers while rats pretreated with 200 mg/kg showed an increase in the number of ulcers. Groups pretreated with 100 mg/kg and 200 mg/kg of ethyl-acetate fractions of C. papaya and C. odorata showed a significant decrease in the number of ulcers when compared to the untreated which supports its therapeutic use. Also, groups treated with 200 mg/kg of butanol fraction of C. papaya and C. odorata and 100 mg/kg of ethanol fraction of C. papaya and C. odorata showed a significant decrease which justified its therapeutic usage.


Figure 1: Effect of different fractions of C. papaya and C. odorata on the number of ulcers in ethanol-induced ulcerogenic Wistar rats.
3.1	Result of the effect of combination of different fractions of C. papaya and C. odorata on the ulcer index
Figure 2 shows a significant increase (p<0.05) in the severity of the damage caused by the ethanol-induced ulcer in the rats but at the same time showed a decrease in the ulcer index when compared to the ulcer untreated group which showed that the treatment with the various fractions of C. papaya and C. odorata was effective with an exception to the group pretreated with 100 mg/kg chloroform fraction of C. papaya and C. odorata.

 

Figure 2: Effect of different fractions of C. papaya and C. odorata on the ulcer index of ethanol-induced ulcerogenic Wistar rats.

The different fractions of Carica papaya and Chromolaena odorata exhibited significant therapeutic effects which can be attributed to the various bioactive compounds present in each fraction as each fractions contain their respective bioactive compounds such as flavonoids and tannins which are responsible for the antiulcerogenic effects (Ezeigwe et al., 2025). 
In this experiment, the synergistic antiulcerogenic effect of each fraction of C. papaya and C. odorata leaves is presented in figure 1. It was observed that the rats pretreated with different doses of each fraction of C. papaya and C. odorata leaves and Omeprazole significantly (p<0.05) reduced the gastric lesions as compared to the negative control with an exception to the group pretreated with 200 mg/kg of n-hexane fraction. The ethyl-acetate fraction (100 mg/kg and 200 mg/kg) produced the most potent inhibition of gastric lesions when compared to Omeprazole (20 mg/kg).
The synergistic antiulcerogenic activity of different fractions of C. papaya and C. odorata leaves was studied in ethanol-induced ulcer in rats. This model is one of the regular causes of gastric ulcer in human (Sharma et al., 2014; Achara et al., 2025). Ethanol induced gastric injury is associated with significant production of reactive oxygen species leading to an increase in lipid peroxidation, which causes damage to cell membrane (Okewumi and Oyeyemi, 2013). Ethanol induced gastric lesions are considered to arise as a result of direct damage of gastric mucosal cells, resulting in the production of free radicals and peroxidation of lipids in the body system (De Araújo et al., 2021; Enemchukwu et al., 2021).
Ethanol is toxic to the stomach and as a result, oral administration of 95% ethanol interferes with the cytoprotective mechanism in the body and produces lesions in the gastric mucosa by making the mucus membrane more prone to the attack of hydrochloric acid (HCl) (Sharma et al., 2014; Enemchukwu et al 2022). Oral administration of ethanol in the control group of rats gave rise to necrotic lesions and bleeding characteristics. Nevertheless, the different fractions were found to reduce the lesions. Almost all the fractions showed protective mechanism with the chloroform fraction (200 mg/kg) and ethyl fraction (100 mg/kg and 200 mg/kg) of C. papaya and C. odorata exhibiting the highest potency as they significantly protected the gastric mucosa against ethanol challenge as shown by reduced values of ulcer index as compared to control group, suggesting its potent cytoprotective and free radical scavenging effect. This result is in agreement with the report of Okewumi and Oyeyemi (2013), which demonstrated gastro protective activity of aqueous C. papaya seed extract on ethanol-induced gastric ulcer in male rats. Also, another finding showed more than 75% protective effect of aqueous extract of C. papaya seed against gastric ulcer model induced by pylorus ligation (Krishna et al., 2014). 


5.0	Conclusions
The combination of different fractions (n-hexane, chloroform, ethyl-acetate, butanol and ethanol) of C. papaya and C. odorata leaves possessed gastro-protective activity against ethanol-induced ulcer rats and ethyl-acetate fraction, butanol (200 mg/kg) and ethanol (100 mg/kg) fraction displayed the highest gastro-protective potential. Hence, the traditional use of this plant to treat ulcers could be justified by the result of the study.
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