ANTIULCER ACTIVITY OF Justicia insularis LEAF EXTRACT ON ATTENUATED EXPERIMENTALLY-INDUCED ULCERS IN RATS

Abstract

Peptic ulcer disease (PUD) is a significant gastrointestinal disorder that affects millions of people worldwide, imposing substantial burden on individuals, healthcare systems and economies. The available treatment options are not devoid of attendant sequalae. The search for less toxic, more effective and cheaper alternatives has continued to be areas of active research. The use of plants in the treatment of ulcer is one of such alternatives. Justicia insularis (Family-Acanthaceae) is a vegetable commonly used indigenously among southern people of Nigeria especially among the Ibibios of the South – South region for the treatment of various types of diseases including but not limited to malaria and gastrointestinal disorders. The antiulcerogenic activity of the leaf extract was evaluated against ulcers experimentally-induced in rats. Three doses (150, 300 and 450 mg/kg) of the leaf extract of Justicia insularis were used to investigate the antiulcer activity in three experimental models; indomethacin, ethanol and histamine-induced ulcers. The animals weighing 128-146 g were fasted overnight before being randomized into different experimental groups and treated with extract, drugs and ulcerogens. In each model, the animals were sacrificed after the required period of time and their stomachs removed and examined for ulcerations. Ulcer scores were awarded and preventive ratio calculated accordingly. The results showed that the leaf extract (150-450 mg/kg) exhibited dose-dependent and significant (p<0.05-0.001) antiulcer potential against ulcers induced by indomethacin, ethanol and histamine. These findings demonstrate that the leaf extract of Justicia insularis possesses antiulcer activity which could be attributable to the activities of the phytoconstituents in the extract and thus could give credence to the folkloric use of this plant in the treatment of peptic ulcer disease. 
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INTRODUCTION

Peptic ulcer disease (PUD) is a significant gastrointestinal disorder that affects millions of people worldwide, imposing substantial burden on individuals, healthcare systems and economies (Milivojevic, and Milosavljevic, 2020). According to World Health Organisation (WHO) and WHO Mortality database (2025), PUD affects approximately 8.4% of the global population causing significant morbidity and mortality worldwide. Nigeria, a resource limited country has a relatively high PUD prevalence with approximately 6 deaths per 100,000 people per year (WHO, 2025) The economic meltdown, political instability, unemployment, poverty and stress leading to anxiety and depression are significant red flags to PUD aetiology and pathogenesis. Treatment with synthetic drugs though effective is expensive with attendant toxic and side effects leading to many people in Low and Medium Income countries (LMIC) resorting to alternative treatment with readily available, accessible, and affordable medicinal plants. Some of such medicinal plants include plants from the Moringaceae family (Akabiri et al 2022), Pueraria tuberose (Roxb.ex Wild). (Vasava Nimisha et al 2022, berberine from Berberis vulgaris  (Shah Umang et al 2023) etc.
Justicia insularis T. Anderson (Acanthaceae family) is one of such plants.  This study aims to investigate its use as an antiulcer agent. Justicia insularis is a vegetable used both nutritionally and medicinally for the purposes of aiding digestion, as a weaning agent and laxative (Telefo et al., 2004; Ajibesin et al., 2008; Telefo et al., 2012, Adeyemi and Babatunde, 2014) as well as local malaria remedy in Nigeria and across Africa.  Aqueous extracts of J. insularis leaves were shown to produce estradiol in vitro  (Telefo et al., 2004), promote ovarian folliculogenesis and fertility in female rats (Telefo et al., 2012), possess anti-oxidant activity (Adeyemi and Babatunde, 2014), and exert anti-anaemic (Wood et al., 2020), antiepileptic (Elkanah et al., 2024), antimalarial (Enyiekere et al., 2024) and hepatoprotective (Enyiekere et al., 2024) potentials. Phytochemical compounds such as  saponins, alkaloids, tannins, flavonoids, anthraquinones, cardiac glycosides (Telefo et al. 2004; Oyomah et al., 2019) and clerodane diterpenoids; 16(α/β)-hydroxy-cleroda-3,13 (14)Z-dien-15,16-olide and  2, 16-oxo-cleroda-3,13(14)E-dien-15-oic acid have been isolated and characterised from the leaf extract (Fadayomi et al., 2021) GC-MS analysis of dichloromethane leaf  fraction revealed presence of  glyceraldehyde; hexanoic acid; 1,1-dimethylethyl ester; hexanoic acid, butyl ester;hexanoic acid, 2,4-dimethyl-, methyl ester; E-2-tetradecen- 1-ol, oxirane, tetradecyl-; trans-β-ocimene; α-pinene among others, while  unsaturated fatty acids such as hexanoic acid; pentanoic acid, 3-methyl-; hexanoic acid, 1,1-dimethylethyl ester; hexadec-9-enoic acid; 7-tert-butyldimethylsilyloxy-, methyl ester; heneicosanoic acid, methyl ester; octa-2,4,6-triene; 1,3,6-heptatriene, 5-methyl-, (E)-; phytol, acetate; octadecanoic acid, 2-hydroxy-1,3-propanediyl ester; octadecanoic acid, docosyl ester and others were found to be present in ethyl acetate fraction (Enyiekere et al., 2024). Information on antiulcerogenic activity is not available in literature. We report the antiulcer potential of the leaf extract of Justicia insularis  in rats.
Materials and Methods
Collection and Identification of Plant materials
The mature fresh leaves of Justicia insularis were collected from Medicinal Plants Farm of University of Uyo, Uyo,  Akwa Ibom State, Nigeria. The plant was identified and authenticated by a taxonomist in the Department of Botany and Ecological Studies, University of Uyo, Uyo, Nigeria. A voucher specimen (FPH 83b) of the plant was deposited in the Department of Pharmacognosy and Natural Medicine herbarium at the University of Uyo.

Extraction

The mature fresh leaves were washed in running tap water and shade-dried for two weeks. The dried plant materials were chopped into small pieces and pulverized using an electric grinder. The powdered leaves material (1.5 kg) was soaked for 72 hours in 7.5 liters of 50% ethanol at room temperature. This was later filtered, and the liquid filtrate was concentrated and evaporated to dryness in vacuo 40˚C using a rotary evaporator (BuchiLab, Switzerland). The extract was stored in a refrigerator at -4˚C until used for the proposed experiments. 

Experimental Animals

Albino wistar rats weighing 128-146g were obtained from the Animal house of university of Uyo and used for the study. They were accommodated and acclimatized for 10 days in standard plastic cages in a well ventilated room before the study. The animal experiments were conducted according to care and use of experimental animals in conformity with the National Institute of Health Guide for the Care and Use of Animals (NIH publication, 1996). 
 Evaluation of antiulcer activity:
Indomethacin-induced ulcer 

In this study, overnight fasted adult male albino rats were shared randomly into 5 groups of six rats each (n=6). The experiment was conducted according to previously reported method and water was withdrawn from the rats 2 hours before they were treated with the extract and drugs (Edem et al., 2024). Indomethacin (Sigma, 60 
mg/kg p.o. dissolved in 5% Na2CO3) was administered to the ulcer control animals in group 1; Justicia insularis leaf extract (150, 300 and 450 mg/kg p.o.) administered as aqueous suspension was given to rats in groups 2-4 respectively; The standard drug Cimetidine (100 mg/kg p.o. dissolved in 50% Tween 80),  was given to rats in group 5. Indomethacin (60 mg/kg, p.o) was administered to rats in groups 2 - 5, one hour after pretreatment with the extract and drug.  The animals were thereafter subjected to light diethyl ether anaesthesia and sacrificed by cervical dislocation, four hours post indomethacin administration. The stomach of each animal was harvested and opened along the greater curvature. They were fixed in 10% buffered formalin. Hand lens was used to examine all the fixed stomachs macroscopically and each ulcer lesion present was scored (Okokon et al., 2018; Edem et al., 2023). Standard methods (Nwafor et al., 1996) were used to estimate the ulcer index (UI, degree of lesion or ulceration) and preventive ratio (PR, protective potential) of each group of the treated animals.  
  Ulcer                      Scoring System criteria

   0.0                           Normal

   0.5                           Punctuate or  pinpoint haemorrhagic ulcer.

   1.0                        Two or more small haemorrhagic ulcer less than 3mm in diameter.

   2.0                         Ulcers greater than 3mm in diameter.

   3.0                         Several Ulcers.
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Ethanol-induced gastric ulceration
A procedure similar to that used in indomethacin-induced ulcer was employed. In this study, overnight fasted adult male albino rats were shared randomly into 5 groups of six rats each (n=6). The experiment was conducted according to previously reported method and water was withdrawn from the rats 2 hours before they were treated with the extract and drugs (Edem et al., 2023). Ethanol (97%) (2.5 mL/kg) was administered to the control animals in group 1; Justicia insularis  leaf extract (150, 300 and 450 mg/kg p.o.) administered as aqueous suspension was given to rats in groups 2-4 respectively;  The standard drug, propranolol (40 mg/kg p.o. ), was given to rats in group 5. Propranolol, a non-selective beta blocker has been shown to have gastroprotective effect on ethanol-induced gastric ulceration in rodents. Ethanol (97%) (2.5 mL/kg,p.o) was administered to rats in  groups 2 - 5, one hour after pretreatment with the extract and drug. The animals were thereafter subjected to light diethyl ether anaesthesia and sacrificed by cervical dislocation, four hours post ethanol administration. The stomach of each animal was harvested and opened along the greater curvature. They were fixed in 10% buffered formalin. Hand lens was used to examined all the fixed stomachs macroscopically and each ulcer lesion present was scored (Okokon et al., 2018; Edem et al., 2023). Standard methods (Nwafor et al., 1996) were used to estimate the ulcer index (UI, degree of lesion or ulceration) and preventive ratio (PR, protective potential) of each group of the treated animals.
Ulcer scores                            Scoring System criteria

 5                                            Multiple ulcers along the entire length of the gastric fold.

4                                               Lesions which followed approximately 80% of the fold.

3                                               Ulcer 1 – 4mm in length of 80% of the fold.

 2                                               At least 2 ulcer of approximately 2mm in length.

 1                                               The presence of 1 ulcer and generalized erythema.

 0                                               No visible
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Histamine-induced gastric ulceration in rats.

In this model, a similar procedure to that used in Indomethacin-induced ulcer model was employed. The ulcerogen used to induce ulcer was histamine acid phosphate (sigma,100mg/kg i,p. dissolved in distilled water), with cimetidine (100mg/kg p.o. dissolved in 50% Tween 80) as the standard drug. The animals were left for 18 hours after histamine acid phosphate (100mg/kg,i.p) administration for the development of ulcer. was overnight fasted adult male albino rats were shared randomly into 5 groups of six rats each. The experiment was conducted according to previously reported method and water was withdrawn from the rats 2 hours before they were treated with the extract and drugs (Edem et al., 2023). Histamine acid phosphate (Sigma, 100 mg/kg i.p. dissolved in distilled water) was administered to the control animals in group 1; Justicia insularis leaf extract (150, 300 and 450 mg/kg p.o.) administered  as aqueous suspension was given to rats in groups 2-4 respectively; Cimetidine (100 mg/kg p.o. dissolved in 50% Tween 80), the standard drug, was given to rats in group 5. Histamine acid phosphate (Sigma, 100 mg/kg i.p. dissolved in distilled water) was administered to rats in groups 2 - 5, one hour after pretreatment with the extract and drug.  The animals were thereafter subjected to  light diethyl ether anaesthesia and sacrificed by cervical dislocation, 18 hours post histamine acid phosphate (100 mg/kg, i.p) administration. The stomach of each animal was harvested and opened along the greater curvature. They were fixed in 10% buffered formalin. Hand lens was used to examined all the fixed stomachs macroscopically  and each ulcer lesion present was scored (Okokon et al., 2018; Edem et al., 2023). Standard methods (Nwafor et al., 1996) was used to estimate the ulcer index (UI, degree of lesion or ulceration) and preventive ratio (PR, protective potential) of each group of the treated animals.

Statistical analysis

Data obtained from this experiments  were subjected to statistical analyses using one way analysis of variance (ANOVA) followed by Tukey Kramer’s multiple comparison post-test (Graph pad prism software Inc. La Jolla, CA, USA). Values were expressed as mean ± SEM and significant values relative to control were considered at p˂0.05.
RESULTS

 Indomethacin-induced gastric ulceration.

Justicia insularis leaf extract (150 - 450 mg/kg, p.o.) demonstrated a dose-dependent  and significant (p<0.05-0.001) reduction of ulcer indices in indomethacin-induced gastric ulceration in rats following its pretreatment to rats relative to control. (Table 1). Pinpoint wounds alone were observed to be present in the stomach of all extract pretreated rats groups with no other visible severe wound, as was observed in the stomach of rats in the control group. However, the activity exhibited by the extract was lower relative to that of cimetidine. The preventive ratio were  95.50, 49.07, 69.90 and 82.81 respectively for cimetidine, 150, 300 and 450 mg/kg of the extract (Table 1).
Ethanol-induced gastric ulceration. 

Justicia insularis leaf extract (150 - 450 mg/kg, p.o.) pretreatment to rats dose-dependently and significantly (p<0.05-0.001) protected the pretreated rats against ethanol–induced ulcer as shown in Table 2. The extract demonstrated significant (p<0.05-0.001) reduction of ulcer indices relative to control with the highest dose  (450 mg/kg) pretreated group having the highest preventive effect. No severe wound present in the stomach of the rats in control group was observed in those of rats pretreated with the leaf extract as only pinpoint wounds were observed to be present in the stomachs of all extract pretreated rats groups.  The standard drug, propranolol, exhibited the highest protection (91.36%), while the extract; 150, 300 and 450 mg/kg respectively had protective indices of 30.21, 61.87 and 76.07% (Table 2).
Histamine–induced ulceration. 

Significant (p<0.05-0.001) dose-dependent antiulcerogenic activity against histamine-induced gastric ulceration was observed following pretreatment of rats with Justicia insularis leaf extract (150 - 450 mg/kg, p.o.) as shown in Table 3. Severe wounds present in the stomachs of rats in control group were were absent in the stomachs of the extract/drug pretreated groups. The preventive ratios were 54.29, 74.05 and 84.03% respectively for 150, 300 and 450 mg/kg of the extract (Table 3).

Table 1: Effect of ethanol leaf extract of Justicia insularis  on indomethacin-induced ulcer

	TREATMENT 
	DOSE  
	Ulcer indices
	Preventive ratio 

	
	mg/kg
	
	

	Control Indomethacin
	60
	14.02 ±0.68
	-

	Cimetidine
	100
	0.63 ±0.01c
	95.50

	Crude extract
	150
	7.14±1.36a
	49.07

	
	300
	4.22±1.52b
	69.90

	
	450
	2.41± 0.80c
	82.81


Data are expressed as MEAN ± SEM, Significant at ap < 0.05, bp<0.01,cp<0.001, when compared to control. (n=6).
Table 2: Effect of leaf extract of Justicia insularis  on ethanol-induced ulcer

	TREATMENT 
	DOSE  
	Ulcer indices
	Preventive ratio 

	
	mg/kg
	
	

	Control normal 
	60
	5.56 ±0.18
	-

	Propranolol
	40
	0.48 ±0.25c
	91.36

	Crude extract
	150
	3.88±0.10 a
	30.21

	
	300
	2.12 ± 0.16b
	61.87

	
	450
	1.33 ± 0.12c
	76.07


Data are expressed as MEAN ± SEM, Significant at ap < 0.05, bp<0.01,cp<0.001, when compared to control. (n=6). 

Table 3: Effect of leaf extract of Justicia insularis on histamine-induced ulcer

	TREATMENT 
	DOSE  
	Ulcer indices
	Preventive ratio 

	
	mg/kg
	
	

	Control normal 
	60
	5.01±0.01
	-

	Cimetidine
	100
	0.22 ±0.08c
	95.60

	Crude extract
	150
	2.29±0.14a
	54.29

	
	300
	1.30 ± 0.22c
	74.05

	
	450
	0.80 ± 0.41c
	84.03


Data are expressed as MEAN ± SEM, Significant at ap < 0.05, bp<0.01, cp<0.001, when compared to control. (n=6). 
DISCUSSION

The antiulcerogenic activity of Justicia insularis leaf extract was investigated in rats against experimental ulcers induced by indomethacin, ethanol and histamine.. Indomethacin causes wound on the glandular part (mucosal) of an empty stomach (Bhargava et al., 1973; Evbuonwa and Bolarinwa,1990; Nwafor et al., 1996) via inhibition of prostaglandin synthetase activity, thereby inhibiting prostagladins synthesis (Rainford, 1987) and exposing the stomach to injury and ulceration.  Stimulation of  bicarbonate and mucus secretion, maintenance of mucosal blood flow and regulation of mucosal turn over and repair (Hayllar and Bjarnason,1995; Hiruma-Lima et al., 2006) are physiological functions of prostaglandins. The leaf extract significantly reduced the ulcer indices of the pretreated rats in the indomethacin–induced ulcer model as observed in this study, demonstrating  the  extract’s potential in mobilizing and enhancing prostaglandins synthesis. Ethanol reportedly inflicts injury to the stomach by depleting of gastric mucus, altering gastric secretion and permeability of mucosa, and stimulating free radical generation (Salim, 1990), resulting in mucosa damage. This has been attributed to  superoxide anion and hydroperoxy free radicals generation which is prominent during ethanol metabolism and have been implicated in the pathogenesis of acute and chronic ulceration in the gastric mucosa (Pihan et al., 1987). The leaf extract was observed to have reduced the effect of ethanol in this study as seen in the significantly decresed ulcer indices. This suggests cytoprotective and free radical scavenging  potentials of the leaf extract as earlier reported on the stem extract (Adeyemi and Babatunde, 2014). Ethanol can also damage gastric mucosa by mobilising the production of leukotriene C4 (LTC4) (Whittle, 1985), which is suggestive of another probable mode of action by the extract to inhibit ethanol activity through suppression of lipoxygenase activity (Nwafor et al., 1996).

Stimulation of gastric secretion and vasospastic activity of histamine have been reported to be responsible for histamine-induced ulcerations (Cho and Pfeiffer, 1981). The extract understudy was observed to inhibit histamine-induced ulcer which suggest the stem extract’s potential to suppress histamine-induced vasospastic  and gastric secretion activities. Secondary metabolites such as tannins, flavonoids, alkaloids, terpenes, triterpenes, and polyunsaturated fatty acids (PUFAs), have been reported to be present in the leaf extract among others (Telefo et al. 2004; Oyomah et al., 2019; Enyiekere et al., 2024). Flavonoids reportedly protect the gastric mucosa from damage through elevation of neutral glycoproteins levels (Di Carlo et al., 1999; Zayachkivska et al.,2005), stimulation of  mucosal prostaglandin synthesis and inhibition of histamine secretion from mast cells via histidine decarboxylase inhibition. Flavonoids also act to scavenge free radicals through their antioxidant activities thereby protecting the gastrointestinal tract from injuries (Borrelli and Izzo, 2000). Other phytoconstituents like some types of saponins, exhibit antiulcer potentials by forming protective mucus on the gastric mucosa by selectively inhibiting PGF2α  (Agwu and Okunji, 1986). Besides, PUFAs such as hexadecanoic acid and others found to be present in this leaf extract are potent active antioxidant compounds (Khono et al., 1995; Ponnamma and Manjunath,2012; Khan and Siddiqui, 2020) and are likely to scavenge generated free radicals such as that involved in ethanol-induced ulcerations. The antioxidant activities of  these phenolic compounds and PUFAs as earlier reported by Enyiekere et al. (2024) as constituents of the leaf extract may be accountable for the exhibited antiulcer activity observed in this study.

Conclusion

These findings demonstrate that the leaf extract of Justicia insularis possesses antiulcer activity which could be attributable to the activities of the phytoconstituents in the extract and thus could give credence to the folkloric use of this plant in the treatment of peptic ulcer disease. 
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