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ABSTRACT 

	Aims: This study investigated the protective effects of Ocimum gratissimum (OG) leaf extract against ibuprofen-induced gastrointestinal and renal toxicity in rats.
Study design:  Experimental animal study.
Place and Duration of Study: The study was conducted in Animal House Facility of the Department of Human Physiology, College of Basic Medical Sciences, Abia State University, Uturu, Abia State, Nigeria.
Methodology: Fresh Ocimum gratissimum leaves were extracted and subjected to phytochemical analysis and acute toxicity testing. Renal toxicity was induced using ibuprofen. Fifty rats were divided into five groups (n = 10): normal control, ibuprofen control (200 mg/kg), and three treatment groups receiving ibuprofen plus OG leaf extract at 200, 400, and 800 mg/kg body weight. Renal function indices and antioxidant parameters were assessed after 28 days. Gastrointestinal studies included charcoal meal motility, gastric acid secretion, extractible mucus weight, and ulcer score evaluation. Data were analyzed using SPSS version 21, with significance set at p < 0.05.
Results: Phytochemical analysis revealed high flavonoid (17.48±0.27 mg/100 g) and phenolic (12.42±0.10 mg/100 g) contents, with moderate levels of saponins and alkaloids. The extract showed a high safety margin with an LD₅₀ > 5000 mg/kg, while ibuprofen had an LD₅₀ of 707.11 mg/kg. Ibuprofen significantly elevated serum urea and creatinine and reduced antioxidant enzyme activities while increasing lipid peroxidation (p < 0.05). Co-treatment with OG extract significantly normalized renal function parameters, improved antioxidant status, and reduced lipid peroxidation. OG extract also significantly improved gastrointestinal motility, increased gastric mucus, reduced gastric acidity, and lowered ulcer scores in ibuprofen-treated rats (p < 0.05).
Conclusion: Ocimum gratissimum leaf extract confers significant renoprotective and gastroprotective effects against ibuprofen-induced toxicity, primarily through antioxidant and anti-inflammatory mechanisms, supporting its potential therapeutic application in the management of NSAID-associated gastrointestinal and renal damage.
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1. INTRODUCTION 

[bookmark: _Hlk219607095]Ibuprofen is a widely used non-steroidal anti-inflammatory drug (NSAID) due to its effective analgesic, antipyretic, and anti-inflammatory properties (McGettigan and Henry, 2013; Derry et al., 2016). Despite its therapeutic benefits, prolonged or inappropriate use of ibuprofen has been associated with significant adverse effects, particularly involving the gastrointestinal tract (GIT) and renal system, making its toxicity a global health concern (Shao et al., 2021; de Martino et al., 2017; Orlando et al., 2015).
[bookmark: _Hlk219607451]Gastrointestinal toxicity associated with ibuprofen is largely attributed to the inhibition of cyclooxygenase-1 (COX-1), which reduces the synthesis of prostaglandins responsible for maintaining gastric mucosal integrity (Wallace, 2008). Suppression of these prostaglandins compromises mucus and bicarbonate secretion, predisposing the gastric mucosa to erosions, ulcers, and bleeding (Lanas and Hunt, 2006; Halter et al., 2001). Similarly, renal complications arise mainly from COX-2 inhibition, which disrupts renal prostaglandin-mediated homeostasis, leading to reduced renal blood flow, impaired autoregulation, and acute kidney injury (Patrono and Baigent, 2019; Zarghi and Arfaei, 2011; Perazella, 2009). Chronic exposure to ibuprofen has also been linked to renal papillary necrosis and nephrotic syndrome (Leung et al., 2021; Mérida and Praga, 2019).
The increasing incidence of NSAID-induced gastrointestinal and renal toxicity has stimulated interest in plant-based protective agents. Medicinal plants remain widely used globally, with over 80% of the world’s population relying on herbal remedies for disease management (Vyshnavi, 2021). Among these plants, Ocimum gratissimum (scent leaf or clove basil), a member of the Lamiaceae family, has gained attention for its diverse pharmacological properties (Ugbogu et al., 2021). The leaves are rich in essential oils and bioactive compounds and have been traditionally used to manage gastrointestinal disorders, inflammatory conditions, and infections (Sulistiarini et al., 1999; Edo et al., 2023).
Previous studies have demonstrated that Ocimum gratissimum possesses antioxidant, anti-inflammatory, antimicrobial, and hepatoprotective activities (Matasyoh et al., 2008; Ajayi et al., 2014; Ogundipe et al., 2021). These properties suggest a potential protective role against drug-induced tissue damage. However, limited information exists on its combined protective effects against ibuprofen-induced gastrointestinal and renal toxicity.
Therefore, this study investigates the protective effects of Ocimum gratissimum leaf extract against ibuprofen-induced gastrointestinal and renal toxicity in rats. The findings are expected to provide experimental evidence supporting the use of Ocimum gratissimum as a natural therapeutic agent for mitigating NSAID-induced organ toxicity.

2. material and methods 

2.1 Study Location
The study was conducted at the Animal House Facility of the Department of Human Physiology, College of Basic Medical Sciences, Abia State University, Uturu, Abia State, Nigeria.
2.2 Materials
The materials used included Soxhlet extractor (Metler Toledo Company, China), ethanol (98%), heating mantle, centrifuge, spectrophotometer (Model 722W, India), Randox biochemical assay kits, automated haematology analyzer (BC-2300, Mindray Medical Co., China), electronic weighing balance, microtome, microscope, Moticam 2.0 digital camera, animal cages, oral gavage, syringes, surgical and histological consumables, and standard laboratory reagents. Fresh Ocimum gratissimum leaves were used for extract preparation.
2.3 Collection and Authentication of Plant Material
Fresh leaves of Ocimum gratissimum were collected from a farm settlement in Umuakwela, Obodoahiara, Ahiazu Mbaise Local Government Area, Imo State, Nigeria. The plant material was authenticated at the Department of Forestry, College of Natural Resources and Environmental Management, Michael Okpara University of Agriculture, Umudike, in November 2015.
2.4 Preparation of Ocimum gratissimum Leaf Extract
Ethanolic leaf extract was prepared using the Soxhlet extraction method as described by Jensen (2007). The leaves were shade-dried for 14 days and pulverized into powder. Fifty grams of the powdered sample were extracted with ethanol for 48 hours at 70 °C. The solvent was evaporated at 40 °C to obtain a semi-solid extract. Percentage yield was calculated as:

2.5 Qualitative Phytochemical Screening
Qualitative phytochemical analyses for flavonoids, alkaloids, tannins, saponins, cardiac glycosides, steroids, and terpenoids were carried out using standard procedures described by Harborne (1973) and Trease and Evans (2002).
2.6 Quantitative Phytochemical Analysis
Quantitative determination of flavonoids, alkaloids, tannins, glycosides, steroids, and terpenoids was conducted using standard spectrophotometric and gravimetric methods as described by Harborne (1973).
2.7 Experimental Animals
A total of 86 adult Wistar rats (140–180 g) were used. Thirty-six rats were used for acute toxicity studies, while fifty rats were used for gastrointestinal and renal toxicity studies. The animals were obtained from the Animal House of the College of Veterinary Sciences, University of Nigeria, Nsukka, and allowed to acclimatize for two weeks. They were fed standard rat chow and water ad libitum and fasted for 12 hours before experimentation.
2.8 Acute Toxicity Study
Acute toxicity studies were carried out using Lorke’s method as modified by Orieke et al. (2019). Rats were administered graded doses of the extract (10–5000 mg/kg) orally and monitored for signs of toxicity and mortality for 24 hours and up to 7 days. The median lethal dose (LD₅₀) was calculated using Lorke’s formula.
2.9 Determination of Gastric Pepsin Activity
Pepsin activity in gastric juice was determined using the method of Fucik et al. (1960) as described by Debnath et al. (1974), with slight modifications. Absorbance was read at 610 nm, and pepsin activity was expressed as µmol tyrosine/ml of gastric juice.
2.10 Determination of Gastric Acidity
Free and total gastric acidity were determined by titrimetric methods described by Umamaheshwari et al. (1995) and Malairajan et al. (2007). Acidity was expressed in mEq/L.
2.11 Determination of Gastric Mucus Content
Gastric mucus content was determined using the method described by Okwari et al. (2000). Mucus weight was expressed in grams.
2.12 Evaluation of Gastroprotective Activity
Stomachs were examined for ulceration, and ulcer scores were determined using the grading system described by Hemamalini et al. (2012).
2.13 Intestinal Transit Test
Intestinal motility was assessed using the charcoal meal method described by Uwaegboe and Orimilikwe (1995). Results were expressed as the percentage distance traveled by the charcoal relative to intestinal length.
2.14 Determination of Antioxidant Parameters
Serum antioxidant parameters including superoxide dismutase (Arthur and Boyne, 1985), catalase (Sinha, 1972), glutathione peroxidase (Paglia and Valentine, 1967), reduced glutathione (Exner et al., 2001), and malondialdehyde levels were determined using standard biochemical methods.
2.15 Haematological Analysis
Haematological parameters were analyzed using an automated haematology analyzer following standard methods described by Dacie and Lewis (1991), Bain et al. (2012), and Chabra (2018).
2.16 Histopathological Examination
Stomach and kidney tissues were fixed in 10% formalin, processed routinely, sectioned at 5 µm, and stained with haematoxylin and eosin following the method described by Orieke et al. (2019). Photomicrographs were captured using a Moticam 2.0 digital camera.
2.17 Statistical Analysis
Data were analyzed using SPSS version 20.0. Results were expressed as mean ± SEM. One-way ANOVA followed by Duncan’s Multiple Range Test and Student’s t-test was used for comparison. Statistical significance was accepted at p < 0.05.


3. results and discussion

3.1	Qualitative phytochemical composition
.
[bookmark: _GoBack]The result of the qualitative phytochemical composition of Ocimum gratissimum leaf extract presented in table 1 above shows that flavonoids are highly present (+++), saponins, phenolics, and alkaloids are moderately present (++), and steroids, terpenoids, glycosides, and tannins are present in low amounts (+). The qualitative phytochemical analysis of Ocimum gratissimum leaf extract revealed a predominance of flavonoids, with moderate levels of saponins, phenolics, and alkaloids, and lower amounts of steroids, terpenoids, glycosides, and tannins. The high flavonoid content supports previous reports identifying flavonoids as major bioactive constituents of O. gratissimum with established antioxidant and anti-inflammatory roles (Ajayi et al., 2017; Salemcity et al., 2021; Mukonowenzou et al., 2021). The presence of saponins, phenolics, and alkaloids further suggests gastroprotective and anti-ulcer potentials, as these compounds have been associated with mucosal protection and antimicrobial activity in experimental studies (Ugbogu et al., 2021; Salemcity et al., 2021). Although detected in lower quantities, terpenoids may contribute synergistically to the extract’s biological activity through their antioxidant and anti-inflammatory effects (Alabi et al., 2021). This phytochemical profile is consistent with earlier findings on O. gratissimum, reinforcing its therapeutic relevance in gastrointestinal and renal protection (Akah et al., 2007; Ali et al., 2023).

Table 1: Qualitative phytochemical composition
	Phytochemicals
	Results of qualitative tests

	Saponins
	++

	Steroids
	+

	Flavonoids
	+++

	Phenolics
	++

	Terpenoids
	+

	Glycosides
	+

	Alkaloids
	++

	Tannins
	+
















Keys:	+++ = high presence
   ++ = moderately present
      +   = low presence







3.2	Quantitative phytochemical contents 
The quantitative phytochemical analysis shows that Ocimum gratissimum leaf extract is particularly rich in flavonoids, followed by phenolics and alkaloids, indicating a dominance of compounds associated with antioxidant, anti-inflammatory, and gastroprotective activities (Table 2). This pattern agrees with earlier reports identifying flavonoids and phenolics as the principal bioactive constituents of O. gratissimum, largely responsible for its therapeutic efficacy (Ajayi et al., 2017; Salemcity et al., 2021). The comparatively lower levels of saponins, tannins, terpenoids, steroids, and glycosides are also consistent with previous studies, which have shown that their concentrations vary with factors such as geographical location, plant maturity, and extraction method (Akah et al., 2007; Ali et al., 2023). Despite their lower abundance, these compounds contribute complementary pharmacological effects, including antimicrobial, wound-healing, and protective actions, as reported for saponins and related secondary metabolites (Ugbogu et al., 2021). The overall quantitative profile mirrors trends consistently reported across studies, reinforcing the bioactive richness of O. gratissimum and providing scientific support for its traditional use in the management of gastrointestinal and infectious conditions (Akah et al., 2007; Ali et al., 2023).
Table 2: Quantitative phytochemical contents
	Phytochemicals
	Quantity (mg/100g)

	Saponins
	9.31±0.07

	Steroids
	3.48±0.09

	Flavonoids
	17.48±0.27

	Phenolics
	12.42±0.10

	Terpenoids
	4.69±0.17

	Glycosides
	2.92±0.04

	Alkaloids
	10.56±0.08

	Tannins
	5.46±0.02


Values are presented as mean ± standard deviation (n = 3).
3.3	Results of lethal dose evaluation of Ocimum gratissimum leaf extract
The acute toxicity evaluation of Ocimum gratissimum leaf extract as shown in Table 3 demonstrated no mortality or overt signs of toxicity in rats across both phases, even at the highest administered dose of 5000 mg/kg body weight, indicating a wide margin of safety. The absence of adverse behavioural or physiological effects suggests that the extract is well tolerated, with only transient inactivity observed at very high doses, which resolved spontaneously without progression to toxicity. An LD₅₀ value greater than 5000 mg/kg classifies the extract as practically non-toxic, supporting its safety for experimental and therapeutic use. These findings are consistent with earlier reports describing the low acute toxicity and high tolerability of O. gratissimum extracts in animal models (Njoku et al., 2017). When compared with other medicinal plant extracts that exhibit toxic manifestations or lower LD₅₀ values at similar dose ranges, the safety profile of O. gratissimum appears particularly favorable (Ojo et al., 2013; Adamu et al., 2008). This high safety margin strengthens the justification for its traditional use and supports its suitability for further pharmacological evaluation.
Table 3a: Phase 1 lethal dose (LD50) evaluation results 
	Group
	Dose (mg/kg)
	No. of death
	Observation 

	1
	10
	0/3
	Animals were active and physically stable. Signs of toxicity like agitations, roughness of hairs, depression, writhing reflexes and death were absent.

	2
	100
	0/3
	Animals were active and physically stable. Signs of toxicity like agitations, roughness of hairs, depression, writhing reflexes and death were absent.

	3
	1000
	0/3
	Animals were active and physically stable. Signs of toxicity like agitations, roughness of hairs, depression, writhing reflexes and death were absent.



Table 3b: Phase 2 lethal dose (LD50) evaluation results 
	Group
	Dose (mg/kg)
	No. of death
	Observation 

	1
	1600
	0/3
	Animals were active and physically stable. Signs of toxicity like agitations, roughness of hairs, depression, writhing reflexes and death were absent.

	2
	2900
	0/3
	Animals were calm and physically inactive for about 25 minutes but regained physical activity thereafter. Signs of toxicity like agitations, roughness of hairs, depression, writhing reflexes and death were absent.

	3
	5000
	0/3
	Animals were calm and physically inactive for about 3 hours, but regained physical activity thereafter. Signs of toxicity like agitations, roughness of hairs, depression, writhing reflexes and death were absent.


LD50 > 5000 mg/kg body weight
3.4	Results of lethal dose evaluation of Ibuprofen 
[bookmark: _Hlk219642399][bookmark: _Hlk219642472]The lethal dose evaluation of ibuprofen (Tables 4a and 4b) demonstrated a clear dose-dependent toxicity profile. At doses of 10, 50, 200, and 260 mg/kg, no mortality or observable signs of toxicity were recorded, indicating that these doses fall within a relatively safe range consistent with the known therapeutic window of ibuprofen (Hinz et al., 2012). Administration of 500 mg/kg resulted in transient physical inactivity without mortality, suggesting the onset of pharmacological stress that was reversible, possibly due to temporary central nervous system or metabolic effects (Burke et al., 2006). In contrast, exposure to 1000 mg/kg produced severe behavioural distress and 100% mortality within 24 hours, indicating that this dose exceeds the animals’ detoxification capacity and induces fatal toxicity, consistent with reported adverse effects of high-dose NSAIDs (Rainsford, 2009). The calculated LD₅₀ value of 707.11 mg/kg body weight confirms ibuprofen’s dose-dependent toxicity and aligns with previous reports in animal models, underscoring the need for careful dose regulation at supra-therapeutic levels (Grosser et al., 2017; Aprioku et al., 2014; Salama et al., 2016).
Table 4a: Phase 1 LD50 results 
	Group
	Dose (mg/kg)
	No. of death
	Observation 

	1
	10
	0/3
	Animals were active and physically stable. Signs of toxicity like agitations, roughness of hairs, depression, writhing reflexes and death were absent.

	2
	50
	0/3
	Animals were active and physically stable. Signs of toxicity like agitations, roughness of hairs, depression, writhing reflexes and death were absent.

	3
	200
	0/3
	Animals were active and physically stable. Signs of toxicity like agitations, roughness of hairs, depression, writhing reflexes and death were absent.


Table 4b: Phase 2 LD50 results 
	Group
	Dose (mg/kg)
	No. of death
	Observation 

	1
	260
	0/3
	Animals were active and physically stable. Signs of toxicity like agitations, roughness of hairs, depression, writhing reflexes and death were absent.

	2
	500
	0/3
	Animals were calm and physically inactive for about for 1 hour after administration, but regained physical activity thereafter. Signs of toxicity like agitations, roughness of hairs, depression, writhing reflexes and death were absent.

	3
	1000
	3/3
	Animals were calm and physically inactive after the administration. Signs of toxicity like restlessness and depression were observed and all the animals died by the end of 24 hours.


LD50 = (D0 x D100)1/2
Where:
D0: Highest dose that gave no mortality.
D100: Lowest dose that produced mortality
LD50 = (500 x 1000)1/2
LD50 = (500000)1/2
LD50 = 707.11 mg/kg body weight

3.5	Effects of Ocimum gratissimum leaf extract on serum antioxidant parameters in Ibuprofen treated rats
The effects of Ocimum gratissimum leaf extract on serum antioxidant parameters in ibuprofen-treated rats (Table 5) show that ibuprofen induced marked oxidative stress, evidenced by reduced GSH, GPx, SOD, and CAT levels alongside elevated MDA concentrations. Treatment with O. gratissimum extract significantly ameliorated these alterations in a dose-dependent manner, with the highest dose (800 mg/kg) restoring antioxidant enzyme activities and lipid peroxidation indices to levels comparable with the normal control. This protective effect is consistent with reports that NSAIDs generate reactive oxygen species and deplete endogenous antioxidant defenses, leading to oxidative damage (Wallace, 2008; Laine et al., 2017). The observed restoration of GSH, GPx, SOD, and CAT suggests enhanced enzymatic antioxidant defense, while the reduction in MDA indicates attenuation of lipid peroxidation and membrane damage (Ofem et al., 2012; Fandohan et al., 2008). These findings align with previous studies demonstrating the antioxidant potential of O. gratissimum, attributed to its bioactive constituents such as eugenol and rosmarinic acid, which enhance antioxidant enzyme activities and suppress oxidative stress (Ali et al., 2023; Gandhi et al., 2023).

Table 5: Effects of Ocimum gratissimum leaf extract on serum antioxidant parameters in Ibuprofen treated rats
	Treatments
	Normal control
	Ibuprofen (200 mg/kg bw) only
	OG leaf extract (200 mg/kg bw) + Ibuprofen (200 mg/kg bw)
	OG leaf extract (400 mg/kg bw) + Ibuprofen (200 mg/kg bw)
	OG leaf extract (800 mg/kg bw) + Ibuprofen (200 mg/kg bw)

	GSH (mg/dl)
	10.94±0.39c
	8.36±0.42a
	9.85±0.30b
	10.62±0.45b,c
	10.98±0.65c

	GPx (u/l)
	32.88±2.52c
	27.23±1.13a
	28.75±0.75a,b
	28.76±0.32a,b
	30.91±0.77b,c

	SOD (u/l)
	23.08±1.93b
	18.16±1.63a
	18.99±0.57a
	21.79±1.02c
	21.91±1.33c

	CAT (u/l)
	15.15±0.38b
	12.80±1.02a
	14.24±0.41b
	15.06±0.28b
	16.25±0.49c

	MDA(mmol/L)
	0.28±0.05a
	0.52±0.05c
	0.35±0.02b
	0.33±0.03a,b
	0.32±0.03a,b


Values are presented as mean ± standard deviation (n = 5); and means with different letter superscripts are significantly (P < 0.05) different from paired mean across the row.

3.6	Effects of Ocimum gratissimum leaf extract on body weight changes in Ibuprofen treated rats
The effects of Ocimum gratissimum leaf extract on body weight changes in ibuprofen-treated rats (Table 6) indicate that ibuprofen alone significantly increased final body weight, body weight gain, and percentage weight gain compared to the extract-treated groups. This pattern is consistent with previous reports linking ibuprofen administration to fluid retention and metabolic alterations that promote weight gain (Akinmoladun et al., 2018; Nworu et al., 2015). Co-administration of O. gratissimum extract with ibuprofen generally moderated these increases, with the 400 mg/kg extract dose producing the lowest percentage weight gain, suggesting a dose-dependent regulatory effect on weight dynamics. This moderating influence may be attributed to the metabolic regulatory properties of O. gratissimum, which have been shown to affect nutrient utilization and metabolic pathways (Adebayo et al., 2019; Okonkwo et al., 2020). The findings suggest that O. gratissimum leaf extract may attenuate ibuprofen-induced weight gain, potentially through the actions of its bioactive constituents such as flavonoids and phenolics, which are known to influence metabolic regulation (Akinmoladun et al., 2018; Nworu and Akah, 2015).

Table 6: Effects of Ocimum gratissimum leaf extract on body weight changes in Ibuprofen treated rats
	Treatments
	Normal control
	Ibuprofen (200 mg/kg bw) only
	OG leaf extract (200 mg/kg bw) + Ibuprofen (200 mg/kg bw)
	OG leaf extract (400 mg/kg bw) + Ibuprofen (200 mg/kg bw)
	OG leaf extract (800 mg/kg bw) + Ibuprofen (200 mg/kg bw)

	Initial body weight (g)
	113.02±4.84a
	121.30±3.36b
	117.43±5.03a,b
	136.58±2.03d
	128.93±3.55c

	Final body weight (g)
	133.48±6.54a
	179.59±7.33b
	137.68±6.57a
	146.99±11.24a,b
	148.67±8.65a,b

	Body weight gain (g)
	20.46±4.57a
	58.29±3.98b
	20.26±1.78a
	10.41±9.49a
	19.73±11.32a

	Percentage weight gain (%)
	18.13±4.04a
	47.55±2.13b
	17.24±0.98a
	7.57±6.87a
	15.45±1.28a


Values are presented as mean ± standard deviation (n = 5); and means with different letter superscripts are significantly (P < 0.05) different from paired mean across the row.

3.7	Effects of Ocimum gratissimum leaf extract on gastrointestinal motility in Ibuprofen treated rats
The effects of Ocimum gratissimum leaf extract on gastrointestinal motility in ibuprofen-treated rats (Table 7) show that co-administration of the extract, particularly at 800 mg/kg, significantly enhanced gastrointestinal transit, as evidenced by the highest percentage charcoal meal transit and longest distance travelled, compared to the ibuprofen-only group which exhibited markedly reduced motility. This finding suggests that ibuprofen impairs gastrointestinal motility, likely through prostaglandin inhibition and disruption of mucosal defense mechanisms (Wallace, 2008). The observed improvement in motility with O. gratissimum treatment is consistent with previous reports describing its spasmolytic and antispasmodic activities, which promote smooth muscle relaxation and normalization of intestinal transit (Offiah and Chikwendu, 1999). The enhanced motility observed in extract-treated groups indicates a protective modulatory effect of O. gratissimum against NSAID-induced gastrointestinal dysfunction and supports its traditional use in managing gastrointestinal disturbances. These findings further suggest that the extract may aid in maintaining mucosal integrity and functional gut motility under NSAID-induced stress, highlighting its potential as an adjunct therapy for preventing NSAID-associated gastrointestinal complications (Sanders et al., 2012).
Table 7: Effects of Ocimum gratissimum leaf extract on gastrointestinal motility in Ibuprofen treated rats
	Treatments
	Normal control
	Ibuprofen (200 mg/kg bw) only
	OG leaf extract (200 mg/kg bw) + Ibuprofen (200 mg/kg bw)
	OG leaf extract (400 mg/kg bw) + Ibuprofen (200 mg/kg bw)
	OG leaf extract (800 mg/kg bw) + Ibuprofen (200 mg/kg bw)

	Length of intestine (cm)
	87.33±7.02a
	86.33±3.22a
	92.67±3.06a
	96.67±5.03a
	93.00±7.81a

	Distance travelled by charcoal meal (cm)
	55.67±2.52a,b
	49.67±3.06a
	66.67±2.08b,c
	66.67±4.04b,c
	72.33±14.57c

	Percentage transit of charcoal meal
	63.86±2.28a,b
	57.49±1.48a
	71.95±0.24c,d
	68.94±0.59b,c
	77.29±8.83d



3.8	Effects of Ocimum gratissimum leaf extract on gastric secretion in Ibuprofen treated rats
Values are presented as mean ± standard deviation (n = 5); and means with different letter superscripts are significantly (P < 0.05) different from paired mean across the row.
The effects of Ocimum gratissimum leaf extract on gastric secretion in ibuprofen-treated rats (Table 8) demonstrate that ibuprofen significantly increased total gastric acidity and reduced gastric pH and extractible mucus content compared to the normal control, indicating impaired gastric mucosal defense. Treatment with O. gratissimum leaf extract, particularly at 800 mg/kg, markedly reduced total acidity, increased gastric pH, and restored mucus weight toward normal control values, suggesting a strong gastroprotective effect. These findings are consistent with previous reports showing that O. gratissimum reduces gastric acid secretion and enhances mucosal protection through mechanisms involving inhibition of gastric proton pumps and stimulation of mucus and bicarbonate secretion (Ofem et al., 2012; Agbor, 2019). The observed effects may also be attributed to the plant’s antioxidant and anti-inflammatory properties, which help counteract NSAID-induced prostaglandin inhibition, oxidative stress, and mucosal injury (Ugbogu et al., 2021; Olaoye et al., 2021). The results indicate that O. gratissimum leaf extract effectively mitigates ibuprofen-induced gastric secretion abnormalities by modulating acid output and strengthening mucosal defense mechanisms, supporting its potential as an adjunct therapy against NSAID-induced gastric damage (Laine et al., 2017).

Table 8: Effects of Ocimum gratissimum leaf extract on gastric secretion in Ibuprofen treated rats.
	Treatments
	Normal control
	Ibuprofen (200 mg/kg bw) only
	OG leaf extract (200 mg/kg bw) + Ibuprofen (200 mg/kg bw)
	OG leaf extract (400 mg/kg bw) + Ibuprofen (200 mg/kg bw)
	OG leaf extract (800 mg/kg bw) + Ibuprofen (200 mg/kg bw)

	Total acidity/acid secretion (mEq/L)
	91.56±1.70a
	122.33±3.63d
	103.78±3.04c
	100.64±1.75b,c
	98.50±2.70b

	Gastric pH
	3.39±0.14d
	2.87±0.11a
	3.01±0.08a,b
	3.16±0.04b,c
	3.30±0.08c,d

	Extractible mucus weight (g)
	0.049±0.004c
	0.028±0.003a
	0.033±0.003a,b
	0.036±0.004c
	0.043±0.003c


Values are presented as mean ± standard deviation (n = 5); and means with different letter superscripts are significantly (P < 0.05) different from paired mean across the row.

3.9	Effects of Ocimum gratissimum leaf extract on renal function parameters in Ibuprofen treated rats 
The effects of Ocimum gratissimum leaf extract on renal function parameters in ibuprofen-treated rats (Table 9) show that ibuprofen administration caused significant renal dysfunction, evidenced by elevated urea and creatinine levels alongside marked reductions in serum Na⁺, Cl⁻, and K⁺ compared to the normal control. These alterations reflect impaired renal filtration and electrolyte imbalance, consistent with NSAID-induced nephrotoxicity resulting from prostaglandin inhibition and disrupted renal hemodynamics. Treatment with O. gratissimum leaf extract at 800 mg/kg significantly reduced urea and creatinine levels and restored electrolyte concentrations toward normal values, indicating a protective effect on renal function. This renoprotective action aligns with previous reports attributing the effects of O. gratissimum to its antioxidant and anti-inflammatory properties, which help preserve renal perfusion, reduce oxidative stress, and prevent tubular damage (Ogundipe et al., 2017; Udoha et al., 2019; Larbie et al., 2021). The findings suggest that O. gratissimum leaf extract mitigates ibuprofen-induced renal injury by improving glomerular function and maintaining electrolyte homeostasis, supporting its potential role as a complementary agent against NSAID-associated nephrotoxicity.
Table 9: Effects of Ocimum gratissimum leaf extract on renal function parameters in Ibuprofen treated rats
	Treatments
	Normal control
	Ibuprofen (200 mg/kg bw) only
	OG leaf extract (200 mg/kg bw) + Ibuprofen (200 mg/kg bw)
	OG leaf extract (400 mg/kg bw) + Ibuprofen (200 mg/kg bw)
	OG leaf extract (800 mg/kg bw) + Ibuprofen (200 mg/kg bw)

	Urea (mg/dl)
	18.19±1.34a
	39.64±1.56c
	29.14±2.94b
	27.08±2.11b
	25.72±1.15b

	Creatinine (mg/dl)
	0.71±0.04a
	1.56±0.08d
	1.04±0.06c
	0.88±0.04b
	0.79±0.04a,b

	Na+ (mEq/L)
	130.67±1.97c
	121.03±1.76a
	126.33±1.02b
	128.43±1.70b,c
	128.63±1.46b,c

	K+ (mEq/L)
	4.49±0.05b
	4.24±0.12a
	4.34±0.15a,b
	4.43±0.08a,b
	4.50±0.06b

	Cl- (mEq/L)
	88.33±1.39d
	76.87±1.55a
	80.23±2.21b
	85.00±0.50c
	86.67±1.22c,d

	HCO3- (mEq/L)
	19.63±0.25a
	20.37±0.25b
	20.03±0.21a,b
	19.90±0.36a,b
	19.87±0.31a,b


Values are presented as mean ± standard deviation (n = 3); and means with different letter superscripts are significantly (P < 0.05) different from paired mean across the row.
3.10	Ulcer Score 
The effects of Ocimum gratissimum leaf extract on ulcer parameters in ibuprofen-treated rats (Table 10) show that ibuprofen markedly increased ulcer number, ulcer score, ulcer percentage, and ulcer index compared to the normal control, indicating severe gastric mucosal damage. Administration of O. gratissimum leaf extract at 800 mg/kg significantly reduced all ulcer indices and produced a high ulcer inhibition percentage, demonstrating strong gastroprotective activity. The ulcerogenic effect of ibuprofen is consistent with its inhibition of cyclooxygenase enzymes and subsequent suppression of prostaglandin synthesis, which compromises gastric mucosal integrity and increases susceptibility to ulceration (Wallace, 2008; Laine et al., 2017). The observed reduction in ulcer parameters following O. gratissimum treatment supports previous reports that the plant enhances mucosal defense through increased mucin secretion, antioxidant enzyme activity, and suppression of inflammatory responses (Akah et al., 2007; Ofem et al., 2012). Additionally, bioactive constituents such as eugenol and rosmarinic acid have been shown to inhibit gastric acid secretion and exert anti-inflammatory effects, further contributing to mucosal protection and ulcer healing (Fandohan et al., 2008; Gandhi et al., 2023). These findings are consistent with earlier studies demonstrating the efficacy of O. gratissimum against experimentally induced gastric lesions, underscoring its potential as a natural therapeutic agent for preventing NSAID-induced gastric ulceration (Salemcity et al., 2021; Ali et al., 2023).
Table 10: Ulcer score
	Treatments
	Normal control
	Ibuprofen (200 mg/kg bw) only
	OG leaf extract (200 mg/kg bw) + Ibuprofen (200 mg/kg bw)
	OG leaf extract (400 mg/kg bw) + Ibuprofen (200 mg/kg bw)
	OG leaf extract (800 mg/kg bw) + Ibuprofen (200 mg/kg bw)

	UN
	0.00±0.00a
	2.33±0.58b
	2.00±1.00b
	1.67±0.54b
	1.33±0.57b

	US
	0.00±0.00a
	4.00±1.00c
	3.33±1.53b.c
	2.33±1.16b,c
	1.67±1.58a,b

	UP
	0.00±0.00a
	61.67±2.89e
	53.33±2.88d
	48.33±2.89c
	33.33±2.89b

	Ulcer index
	0.00±0.00a
	6.80±0.20e
	5.87±0.40d
	5.23±0.25c
	3.63±0.38b

	Percentage ulcer inhibition
	100.00±0.00e
	0.00±0.00a
	13.72±5.94b
	23.04±3.70c
	46.57±5.57d


Values are presented as mean ± standard deviation (n = 3); and means with different letter superscripts are significantly (P < 0.05) different from paired mean across the row.

4. Conclusion

This study demonstrates that Ocimum gratissimum leaf extract exerts significant protective effects against ibuprofen-induced gastrointestinal and renal toxicity in rats. The extract, which contains bioactive phytochemicals with antioxidant and anti-inflammatory properties, showed a high safety margin and effectively improved renal function indices, gastrointestinal motility, gastric acidity, and mucosal integrity. Treatment with O. gratissimum reduced ulcer formation and mitigated both nephrotoxic and gastrotoxic effects associated with ibuprofen administration. These findings support the potential of Ocimum gratissimum as a natural therapeutic agent for managing NSAID-induced gastrointestinal and renal complications and justify further experimental and clinical investigations.
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