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ABSTRACT

Diclofenac, a commonly used nonsteroidal anti-inflammatory drug (NSAID), is associated with oxidative stress and tissue toxicity, including splenic injury. Citrullus lanatus (watermelon) seeds are rich in antioxidants such as flavonoids and phenolic compounds, which may protect against oxidative damage. This study investigated the effect of ethanolic seed extract of Citrullus lanatus on oxidative stress markers and spleen histology in diclofenac-induced spleen toxicity in male Wistar rats. Twenty-five adult male Wistar rats were divided into five groups (A–E, n = 5). Group A (control) received feed and water ad libitum; Group B received 100 mg/kg diclofenac; Group C received 300 mg/kg ethanolic seed extract of C. lanatus; Group D was co-administered 100 mg/kg diclofenac and 150 mg/kg C. lanatus extract; and Group E received 100 mg/kg diclofenac with 300 mg/kg C. lanatus extract. All treatments were administered orally for 28 days. Body weight, relative spleen weight, and oxidative stress biomarkers malondialdehyde (MDA) and superoxide dismutase (SOD) were assessed. Histological changes in the spleen were evaluated using hematoxylin and eosin staining. Diclofenac administration led to a decrease in body weight and SOD activity, accompanied by a significant increase in serum MDA levels, indicating oxidative stress. Co-administration of C. lanatus seed extract attenuated these effects, producing a dose-dependent reduction in MDA levels and restoration of SOD activity. Although relative spleen weight increased slightly in diclofenac-treated rats, extract-treated groups exhibited mild, non-significant alterations, suggesting partial protection. Histological evaluation showed severe hemorrhage and fibrosis in the diclofenac group, while C. lanatus-treated rats maintained near-normal splenic architecture, with only mild to moderate fibrosis in co-treated groups. In conclusion, the ethanolic seed extract of Citrullus lanatus mitigated diclofenac-induced oxidative stress and histopathological alterations in the spleen of male Wistar rats. These protective effects are attributed to the extract’s antioxidant constituents, particularly flavonoids, which enhance free radical scavenging and maintain cellular integrity.
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INTRODUCTION

1.1. BACKGROUND OF THE STUDY

Watermelon (Citrullus lanatus) is a widely cultivated fruit, renowned for its high water content and refreshing taste (Ali et al., 2021). While the fruit itself is well known for its hydrating properties and nutritional value (Patil & Patil, 2022), the seeds of watermelon have recently attracted significant interest in the field of pharmacology due to their rich composition of bioactive compounds (Boadu et al., 2023).Watermelon seeds are a source of protein, B vitamins, minerals (such as magnesium, potassium, phosphorous, sodium, iron, zinc, manganese and copper) and fat among others (Vandermark, 2011; Collins et al., 2007). Additionally, they are rich in polyphenolic compounds, which are well-documented for their antioxidant, anti-inflammatory, and hepatoprotective activities (Mojiminiyi et al., 2020).

These bioactive compounds found in watermelon seeds have been shown to exert potent antioxidative effects, primarily by scavenging reactive oxygen species (ROS) and inhibiting the activities of oxidative stress markers such as malondialdehyde (MDA) (Sivaraman et al., 2021; Adeyemi et al., 2022). This makes watermelon seeds a valuable natural source of protection against oxidative damage, which is a key contributor to a range of pathologies, including inflammation, tissue damage, and degenerative diseases (Akinmoladun et al., 2016). The antioxidant properties of watermelon seed extract have been shown to enhance the endogenous antioxidant defense system by modulating enzyme activities such as superoxide dismutase (SOD), catalase, and glutathione peroxidase, thereby reducing cellular damage (Mojiminiyi et al., 2020). Furthermore, watermelon seeds are known to possess anti-inflammatory properties that help in reducing the levels of pro-inflammatory cytokines, such as tumor necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6), in response to oxidative stress (Ahmed et al., 2020). This capacity to modulate the inflammatory cascade is particularly important in preventing or mitigating damage to vital organs, including the spleen, liver, and kidneys (Zhang et al., 2016).

Diclofenac is a widely used non-steroidal anti-inflammatory drug (NSAID), primarily employed to alleviate pain and inflammation associated with conditions such as arthritis, musculoskeletal disorders, and post-surgical pain (Patel et al., 2012). Diclofenac works by inhibiting the cyclooxygenase (COX) enzymes—COX-1 and COX-2—thus reducing the synthesis of prostaglandins that are involved in pain and inflammation (Zhou et al., 2021). While diclofenac is highly effective, its prolonged or excessive use can result in adverse effects, particularly on organs such as the liver, kidneys, and spleen (El-Shabrawy et al., 2019). Chronic exposure to diclofenac has been associated with the induction of oxidative stress and the exacerbation of inflammation, leading to organ toxicity (Singh et al., 2018). In particular, the spleen is highly susceptible to the harmful effects of diclofenac (Ghani et al., 2015). Histopathological studies have shown that long-term administration of diclofenac can cause cellular degeneration, necrosis, and inflammation within the spleen, which in turn can impair its immune function and hematopoietic activity (Bhardwaj et al., 2014; Ghani et al., 2015). The spleen, which plays a central role in immune defense and blood filtration, is vulnerable to damage from drugs that induce oxidative stress (El-Shabrawy et al., 2019).

The spleen's susceptibility to oxidative damage is due to its active involvement in immune responses and hematopoiesis, where it filters blood and removes old or damaged red blood cells (Hassan et al., 2022). Prolonged oxidative stress caused by pharmacological agents such as diclofenac can disrupt the splenic architecture, leading to alterations in the white pulp (lymphoid regions) and red pulp (vascular regions), compromising the spleen's ability to function effectively (Bhardwaj et al., 2014). This may result in reduced immune response and hematopoiesis, potentially causing serious long-term health consequences.

The spleen is a secondary lymphoid organ that plays a crucial role in maintaining immune homeostasis and blood filtration. Structurally, it consists of two main regions: the white pulp, which is involved in immune responses, and the red pulp, which is responsible for filtering blood. The white pulp contains lymphoid tissue that produces immune cells such as T lymphocytes and B lymphocytes, while the red pulp is responsible for removing aged or damaged red blood cells and recycling iron (McNeal et al., 2017). Although much research has been done yet they remain a gap in knowledge as to the effect of the co administration of water melon seeds and diclofenac on the spleen of adult male wistar rats hence the need for this research.
1.2. Statement of the Problem

The use of non-steroidal anti-inflammatory drugs (NSAIDs), particularly diclofenac, is widespread for the management of pain and inflammation (Patel et al., 2012). Despite its therapeutic benefits, prolonged use of diclofenac has been associated with several adverse effects, particularly organ toxicity (El-Shabrawy et al., 2019). Among the organs affected, the spleen is highly susceptible to oxidative stress and inflammatory damage induced by diclofenac (Ghani et al., 2015). Histopathological evidence shows that chronic exposure to diclofenac can lead to cellular degeneration, inflammation, and dysfunction in the spleen, which plays a critical role in immune response and blood filtration (Bhardwaj et al., 2014). The adverse effects of diclofenac on the spleen necessitate the exploration of potential protective agents that can mitigate such damage (Singh et al., 2018). Watermelon seed extract, known for its potent antioxidant and anti-inflammatory properties, has shown promise in protecting against oxidative stress and organ damage in various tissues (Ahmed et al., 2020; Sivaraman et al., 2021). However, there is limited research on the protective effects of watermelon seed extract specifically in relation to diclofenac-induced damage to the spleen.

Given the antioxidant and anti-inflammatory properties of watermelon seeds, it is plausible that co-administration of watermelon seed extract with diclofenac could offer a protective effect against diclofenac-induced spleen toxicity. However, the specific effects of this co-administration on the spleen of adult male Wistar rats remain unclear.

1.3. Aim of the Study

The aim of this study is to investigate the effect of co-administering of Citrullus lanatus (watermelon) seed extract and diclofenac on the spleen of adult male Wistar rats

1.4. Objectives of the Study

1. To determine the effect of Citrullus lanatus seed extract and dichlofenac on the average body and organ weight of experimental animals

2. To evaluate the histopathological effects of diclofenac on the spleen of adult male Wistar rats 

3. To evaluate the effect of both Citrullus lanatus and diclofenac on oxidative stress markers in adult male wistar rats .

4. To determine the impact of co-administering watermelon seed extract and diclofenac on the spleen's functional integrity in adult male wistar rats.
1.5 Significance of the Study

This study is significant in exploring the potential of watermelon seed extract to protect the spleen from diclofenac-induced toxicity. Non-steroidal anti-inflammatory drugs (NSAIDs), such as diclofenac, are commonly used for pain management but can cause oxidative stress and damage to vital organs, particularly the spleen. By investigating the protective effects of watermelon seed extract, which is known for its antioxidant and anti-inflammatory properties, this research aims to provide evidence for its therapeutic potential in reducing diclofenac-induced damage.

The findings could offer new insights into mitigating the harmful side effects of NSAIDs, improving the safety and effectiveness of long-term treatments. Additionally, the study contributes to the growing field of natural product research and could support the integration of plant-based remedies into modern pharmacological treatments. Ultimately, this research could help enhance the quality of life for patients requiring chronic NSAID therapy by offering a complementary approach to reduce organ toxicity.

1.6. Scope of the Study

This study focuses on evaluating the effects of co-administering watermelon seed extract and diclofenac on the spleen of adult male Wistar rats. The research is limited to examining the histopathological, and biochemical changes in the spleen following treatment with diclofenac alone and in combination with watermelon seed extract.

MATERIALS AND METHODS

3.1 Ethical Approval

Ethical approval for this study was obtained from the Ethical Committee of the Faculty of Basic Medical Sciences, Nnamdi Azikiwe University, Nnewi Campus (NAU/CHS/NC/FBMS/923). All procedures involving the use of experimental animals were conducted in accordance with the National Research Council’s Guide for the Care and Use of Laboratory Animals (2018)
3.2 Area of Study

This study was carried out at the Department of Anatomy, Faculty of Basic Medical Sciences, College of Health Sciences, Nnamdi Azikiwe University, Nnewi Campus, Nnewi, Anambra State, Nigeria.

3.3 Materials Used In The Study

41-Male Wistar Rats, Diclofenac, Watermelon (Citrullus lanatus) seed, Standard plastic cages and water can, Beddings, electronic weighing balance (M-Metlar M311L; China), Oral cannula, Slide, Microscope (Olympus XSZ-107BN), and Centrifuge 90(1) (Alpin Medical, England). Plain Blood tube (Fantastik, China), Filter paper (Whatman Qualitative Filter Paper No. 1, Sigma Aldrich WHA1001042), distilled water, Cotton wool, Latex Medical Hand gloves, and Chloroform (Guondghuo, China), Vital feed grower (JOS, Nigeria), and Dissecting kits. Randox Reagent Kits (Sigma Aldrich, Germany), UV-VIS 752N Spectrophotometer, and Rotary evaporator (Digital) TT-52 (Techmel and Techmel, USA).

3.4 Procuement and Housing of Experimental Animals

Forty-one-(41) male Wistar rats weighing 120 to 130 gram was purchased from the Animal House Unit, Department of Zoology, University of Ilorin,Nigeria and was conveyed to the Animal House Unit, Faculty of Basic Medical Sciences, College of Health Sciences, Nnamdi Azikiwe University, Nnewi Campus. The experimental male rats were kept in standard cages at a room temperature of 27±2°C and were maintained with normal laboratory chow (Grower feed) and water ad libitum. They were acclimatized for two weeks before administration of the diclofenac and ethanolic seed extract of C. lanatus and were observed under the 12-hours of light and dark cycles.

Also, from the 41 male rats, 13 each was used for acute toxicity study for Diclofenac and ethanolic seed extract of C. lanatus, and 25-male Wistar rats were employed for the study. 

3.5 Procurement of Diclofenac
 Diclofenac Sodium produced by Aarti Drugs, India was purchased from a licensed drugs dealer at Onitsha Drug, Market, Onitsha, Anambra State, Nigeria.

3.6 Procurement of Citrullus lanatus seed and Extraction

Seeds of Citrullus lanatus were purchased from Eke-Amobi market, Nnewi, Anambra State, and they were washed under running water and air-dried. The dried seeds of Citrullus lanatuswere grounded into a fine powdered form using a local grinder, and approximately 300 grams of the fine powdered form was dissolved in 1000mls of 95% absolute ethanol for 48-hours with constant shaking. Thereafter, it was filtered using a clean white piece of cloth and further filtration using Whatman’s filter paper 1. The filtrate obtained wasconcentrated using a rotatory evaporator and further dried using a Laboratory oven at 45ºC into a gel-like form and   preserved in an air-tight container and kept in a refrigerator for further usage. The extract was done with modifications as reported by the method employed by Al-Attar and Abu Zeid (2013) and Eyeghre et al. (2023).

3.7 Toxicity Test for Citrullus lanatus seed
The median lethal dose (LD50) of the ethanolic seed extracts of Citrulluslanatus wasdetermined using Lorkes (1983) method and it is divided into two-phase. This was conducted in the Department of Physiology, Faculty of Basic Medical Sciences, College of Health Sciences, Nnamdi Azikiwe University, Nnewi Campus. In each of the studies, 13 rats were used each for the study. The ethanolic seed extracts of Citrullus lanatus was received via oral route and carried out in two phases as summarized in table 3.1 

Phase 1
Nine (9) rats were used and they were grouped into three groups of three rats each.

Group 1 received 10mg/kg of Watermelon seed extract

Group 2 received 100mg/kg of Watermelon seed extract

Group 3 received 1000mg/kg of Watermelon seed extract.                                      

The animals were observed over a period of 24hrs for mortality. From the result of phase 1, the second phase was carried out. In this phase, 4 rats were used, and they were grouped into fourgroups of one animal per group.

Phase 2
Group 1 received 1200ml/kg of Watermelon seed extract
Group 2 received 1600ml/kg of Watermelon seed extract

Group 3 received 2900ml/kg of Watermelon seed extract

Group 4 received 5000ml/kg of Watermelon seed extractThe animals weremonitored over a period of another 24hrs for mortality.

Table 3.1 Acute toxicity of ethanolic seed extracts of Citrullus lanatus

	PHASE
	DOSE
	DEATH
	OBSERVATION

	1
	10mg/kg of watermelon seed extract

100mg/kg of watermelon seed extract

1000 mg/kg of watermelon seed extract
	0/3

0/3

0/3
	The animals were calm

The animals were calm

The animals were calm

	2
	1200mg/kg of watermelon seed extract

1600mg/kg of watermelon seed extract

2900mg/kg of watermelon seed extract

5000mg/kg of watermelon seed extract
	0/1

0/1

0/1

0/1
	The animal was calm

The animal was calm

The animal was calm

No death occured


LD50 = √ a x b

A= maximum dose with 0% mortality 

B= minimum dosed with 100% mortality 

Table 3.1 result revealed that the acute toxicity (LD50) of ethanolic seed extracts of Citrullus lanatus is above 5000mg/kg, which is safe for human and animals’ consumption.

3.8 Toxicity Test for Diclofenac

The median lethal dose (LD50) of Diclofenac was determined using Lorkes (1983) method and it is divided into two-phase. This was conducted in the Department of Physiology, Faculty of Basic Medical Sciences, College of Health Sciences, Nnamdi Azikiwe University, Nnewi Campus. In each of the studies, 13 rats were used each for the study. Diclofenacwas received via oral route and carried out in two phases as summarized in table 3.2

Phase 1
Nine (9) rats were used, and they were grouped into three groups of three rats each. 

Group 1 received 10mg/kg of DiclofenacGroup 2 received 100mg/kg of Diclofenac Group 3 received 1000mg/kg of Diclofenac

The animals were observed over a period of 24hrs for mortality. From the result of phase 1, the second phase was carried out. In this phase, 4 rats were used, and they were grouped into four groups of one animal per group.

Phase 2
Group 1 received 1200ml/kg of DiclofenacGroup 2 received 1600ml/kg of DiclofenacGroup 3 received 2900ml/kg of DiclofenacGroup 4 received 5000ml/kg of Diclofenac

The animals were monitored over a period of another 24hrs for mortality.

Table 3.2 Acute toxicity of Diclofenac
	PHASE
	DOSE
	DEATH
	OBSERVATION

	1
	10mg/kg of diclofenac

100mg/kg of diclofenac

1000 mg/kg of diclofenac
	0/3

0/3

0/3
	The animals were calm

The animals were calm

The animals were calm

	2
	1200mg/kg of diclofenac

1600mg/kg of diclofenac

2900mg/kg of diclofenac

5000mg/kg of diclofenac
	0/1

0/1

1/1

1/1
	The animal was calm

The animal was weak but survived

The animal died after 45mins

The animal died immediately.


LD50 = √ a x b

A= maximum dose with 0% mortality 

B= minimum dosed with 100% mortality 

LD50 = √ 5000 X 2900 = 3807.89 mg/kg

LD50 of Diclofenac is 3807.89 mg/kg.

3.9Treatment Protocol

The rats were grouped randomly into 5-groups of 5 animals per group as shown below: 

Group A received feed and water ad libitum only

Group B received 100 mg/kg of Diclofenac only 

Group C received 300 mg/kg of ethanolic seed extracts of Citrullus lanatus only. 

Group D was co-administered with 100 mg/kg of Diclofenac and 150 mg/kg of ethanolic seed extracts of Citrullus lanatus and 

Group E was co-administered with 100 mg/kg of Diclofenac and 300 mg/kg of ethanolic seed extracts of Citrullus lanatus.

Both doses of diclofenac and ethanolic seed extracts of Citrullus lanatus were reconstituted freshly in the laboratory for daily administration, which was done via oral gavage. Also, during this period signs of toxicity and behavioral changes were checked for. Administration of both diclofenac and ethanolic seed extracts of C. lanatus was done for 28-days.

3.10 Termination of Experiment and Sample Collection

At the end of the experiment, the experimental rats in the different groups were anesthetized using 0.1 ml ketamine placed in an enclosed container after 24 hours of the last administered dose of the ethanolic seed extract of Citrullus lanatus and diclofenac. Blood was obtained from the experimental rats using a heparinized capillary tube through ocular puncture as described by Parasuraman et al. (2010). The blood collected was placed into plain tubes and allowed to clot for 5 minutes, then centrifuged for 20 minutes at 3000 revolutions per minute (rpm), after which the serum was retrieved using a micropipette. The retrieved serum was used for the determination of oxidative stress biomarkers such as Malondialdehyde (MDA) and Superoxide Dismutase (SOD).

The spleen were harvested through intra-abdominal incision of the experimental rats. The spleen was gently removed, rinsed with normal saline, and blotted dry using filter paper before the absolute weight was taken. spleen samples for histological analysis were preserved in 10% formalin solution in tightly sealed containers for microscopic examination.

3.11 Biochemical Analysis

3.11.1 Oxidative Stress Biomarkers

3.11.1.1 Malondialdehyde (MDA) Estimation

This test was carried out using the Thio barbituric acid reactive substance (TBARS) method as described by Aguilar Díaz de León and Borges (2020).

Principle:
 Malondialdehyde, a product of lipid peroxidation, reacts with Thio barbituric acid (TBA) under acidic and high-temperature conditions to form a pink-colored MDA–TBA complex. The absorbance of the complex is read at 532 nm, and the concentration of MDA is directly proportional to the color intensity produced.

Preparation of TBA (Thiobarbituric acid) Reagent

The standard solution of 4.0 mM of TBA was prepared in glacial acetic acid. For this purpose, 57.66 mg of TBA was dissolved in 100 mL of glacial acetic acid. 

Principle 
The st1andard MDA solution (1 mL) was taken in a 10 mL test tube and mixed with TBA (1 mL). The mixture was heated in a boiling water bath at 95°C for 60 minutes. The test tubes were cooled at room temperature and absorbance was measured at 532 nm using UV-visible spectrophotometer model PharmaSpec 1700 (Shimadzu, Japan). Each standard for the calibration was repeated (n=3) according to the above procedure. A blank sample was repeated (n=5) replacing standard or sample by acetic acid or water.

The extract of each sample (1 mL) was mixed with 1 mL TBA reagent, and the above procedure was repeated five times (n=5). The TBARS was calculated using the formula as M/g of the sample: 

TBARS (µM/g) = (Ac x V) / W

Where ‘Ac’ is the amount determined from the calibration curve, and ‘W’ is the weight of the sample taken while ‘V’ is the volume in mL or dilution factor of the total extract prepared.

3.11.1.2 Superoxide Dismutase (SOD) Activity

This test was carried out according to the method of Yalçin et al. (2020).

Principle:
This method employs the reaction of xanthine and xanthine oxidase to generate superoxide radicals, which reacts with 2-(4-iodophenyl)-3-(4-nitro phenol-s-phenyl tetrazolium chloride) to form a red formazan dye. The SOD activity was measured by the degree of inhibition of this reaction.

Procedure

Eighty microliters of the sample were added in a test tube marked “Test.” It was followed by the addition of 1000 µl of carbonate buffer (pH 10.2). The resulting solution was mixed thoroughly and equilibrated by incubating at 37OC for 5 minutes. After that, 600 µl of freshly prepared epinephrine was added, and the reaction mixture was read at 30 seconds interval for 150 seconds at 480 nm. The blank was treated the same way except that 80 ul of distilled water was added to the test tube marked “Blank” instead of serum. The changes in absorbance of both test and blank weredetermined. The percentage inhibition of auto-oxidation of epinephrine by SOD was calculated, and the serum SOD activity was expressed as U/ml. One unit of SOD activity is equivalent to the amount of SOD that can cause 50% inhibition of epinephrine.

Calculation: OD blank – OD test             

OD blank   

Enzyme Unit (U/ml) = (% inhibition/50) X dilution factor.

OD= Optical density


RESULTS

4.1 Result Presentation 

4.1.1 Physical Behavioral Observation 

Table 4.1 effect of ethanolic seed extract of Citrulus lanatus on body weight in Diclofenac induced toxicity 

	
	Initial body weight (g)
	Final weight (g)
	Weight change
	t-value
	p-value

	
	MEAN(SEM
	MEAN(SEM
	
	
	

	Group A
	170.83(6.31
	230.50(14.85
	59.67
	4.217
	0.003*

	Group B
	275.50(10.09
	266.00(8.02
	-9.50
	0.694
	0.519

	Group C
	277.00(17.35
	289.33(21.11
	12.33
	0.451
	0.675

	Group D
	265.67(13.57
	234.67(9.94
	-31.00
	1.843
	0.139

	Group E
	236.50(11.72
	228.67(6.44
	-7.83
	0.526
	0.621


Data was analysed using t-test and values were considered significant at p≤0.05. *: significant

Table 4.1 result reveals a an increase in the mean body weight in groups A and C, groups B, D, and E had a decrease in body weight when the initial weight was compared to the final weight, which indicate significance in group A. However, groups B, C, D, and E had no significant difference; thus, the weight changes shows a decrease in groups B, C, D, and E compared to group A. 
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Fig 4.1 effect of ethanolic seed extract of Citrulus lanatus on body weight in Diclofenac induced toxicity
Table 4.2 effect of ethanolic seed extract of Citrulus lanatus on relative spleen weight in Diclofenac induced toxicity 

	
	Rel. spleen weight (g)

	
	MEAN(SEM

	Group A
	0.27(0.04

	Group B
	0.35(0.05

	Group C
	0.34(0.04

	Group D
	0.65(13.57*#

	Group E
	0.48(0.09

	F-ratio
	3.883


Data was analysed using ANOVA followed by post Hoc LSD comparison. *: significant when compared to group A, #: significant when compared to group B.

Table 4.2 result reveals an increase in the relative spleen weight in groups B, C, D, and E (0.441, p=0.465, p=0.005, p=0.070) compared to group A, which had statistical significance in group D. However, groups D and E (p=0.020, p=0.248) had an increase in the relative spleen weight and group C (p=0.966) had a decrease compared to B, which shows significance in group D. 
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Fig 4.2 effect of ethanolic seed extract of Citrulus lanatus on relative spleen weight in Diclofenac induced toxicity

Table 4.3 effect of ethanolic seed extract of Citrulus lanatus on serum MDA and SOD level in Diclofenac induced toxicity 

	
	Serum MDA level (nmol/ml)
	Serum SOD level (U/l)

	
	MEAN(SEM
	MEAN(SEM

	Group A
	0.95(0.00
	16.84(0.13

	Group B
	1.63(0.14*
	9.22(0.64*

	Group C
	1.42(0.08*
	13.38(0.61*#

	Group D
	1.36(0.08*
	15.14(1.16#

	Group E
	1.40(0.07*
	14.00(0.52*#

	F-ratio
	7.503
	16.556


Data was analysed using ANOVA followed by post Hoc LSD comparison. *: significant when compared to group A, #: significant when compared to group B.

Table 4.3 shows the mean serum MDA level had an increase in groups B, C, D, and E (p=0.001, p=0.004, p=0.009, p=0.006) compared to group A, which is statistically significant. However, the mean serum MDA level reveals a decrease in groups C, D, and E (p=0.139, p=0.065, p=0.101) compared to group B, which is not statistical significance. 

There was a decrease in the mean serum SOD level in groups B, C, D, and E (p=0.001, p=0.006, p=0.116, p=0.016) compared to group A, which is statistically significant in groups B, C, and E. Also, groups C, D, and E (p=0.002, p=0.001, p=0.001) had a significant increase in the serum SOD levels compared to group B. 
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Fig 4.3 effect of ethanolic seed extract of Citrulus lanatus on serum MDA level in Diclofenac induced toxicity
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Fig 4.4 effect of ethanolic seed extract of Citrulus lanatus on serum SOD level in Diclofenac induced toxicity
Histological Report 
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Plate 1: Photomicrograph of group A1, A2 section of spleen (X150) (H/E) shows normal  splenic tissue with red pulp (RP) and white pulp (WP) with central splenic artery (SA).
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Plate 2: Photomicrograph of group B1, B2 section of spleen induced with 1.oml of diclofenac only (X150) (H/E) shows severe effect on the spleenic tissue with hemorrhage (H) and severe fibrosis (F)  
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Plate 3: Photomicrograph of group C1, C2 section of spleen administered with 1.4ml of water melon seed extract only (X150) (H/E) shows Normal splenic tissue with well outlined white and red pulp. 
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Plate 4: Photomicrograph of group moderate D1, D2 section of spleen induced with 1.Oml of diclofenac and treated with  0.3ML of water melon seed extract (X150)(H/E) shows   mild   effect on the splenic tissue  with  mild area of  hemorrhage (H) otherwise normal. 
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Plate 5: Photomicrograph of group  moderate  E 1, E2  section of spleen induced with 1.0 ml of diclofenac and treated with high dose of 1.4ml of water melon seed extract (X150) (H/E) shows moderate effect on the splenic tissue with moderate  area of  fibrosis (F) and  focal area of  necrosis (N). 

DISCUSSION 
Diclofenac (DIC) is the most prescribed global non-steroidal anti-inflammatory drug (NSAID) that is administrated for alleviating pain and treating a wide array of inflammatory disorders (Aljuhani et al., 2019). Plants have proven to be effective in the management and treatment of sickness owing to their availability and phytochemicals they possess (Belemkar & Shendge, 2021). However, C. lanatus is not exception to this therapeutic effects on several diseased conditions, which is linked to its antioxidant and anti-inflammatory activity (Abu et al., 2021). 

This study investigated the effect of ethanolic seed extract of Citrulus lanatus on oxidative stress marker and histology of the spleen in Diclofenac induced spleen toxicity in male Wistar rat. Our study findings shows that diclofenac intake caused a decrease in the mean body weight in group B, which could be possibly linked to oxidative stress following metabolites resulting to inhibition of feed intake leading to decrease in weight gain. Leerhøy et al. (2016) documented an increase in the weight gain in patients administered with Diclofenac, which contradict the study findings. Hussain et al. (2008) However, showed a significant decrease in the body weight following diclofenac intake in quails, which is in line with our study findings. Akter and Sarker, (2015) and Khan et al. (2024) reveals a significant weight loss in broilers following diclofenac sodium intake, which agrees with our study report. Furthermore, our study findings show an increase in the body weight in rats exposed to C. lanatus see extract in group C, although not statistically. Thus, the increase in the weight gain could be physiological. Eke et al. (2021) reveals a decrease in weight gain following intake of watermelon seed oil extracts in rats, which disagree with our study report although Daniel et al. (2021) recorded a significantly higher weight gain in rats administered with C. lanatus seed, which agrees with our study findings. There was a non-significant decrease in the weight in rats exposed to coadministration diclofenac and ethanolic seed extract of C. lanatus. This decrease in weight by documented in this research could be linked to fiber and alkaloid contents. 

The relative spleen weight results showed an increase in the rats exposed to diclofenac, which could have resulted from inflammatory responses associated with increase oxidative stress caused by diclofenac and its metabolites. Gomaa (2017, 2018) reported a significant increase in the relative spleen weight in rats exposed to diclofenac, which contradict the finding of our study. Also, our study findings showed that C. lanatus caused a decrease in the relative spleen weight compared to group B, although not statistically significant. Thus, the mechanism of action following the non-significant difference could have possibly resulted from its antioxidant activity linked to flavonoids. Also, group D administered with extract and diclofenac had a significantly higher relative spleen weight compared to diclofenac group alone. This increase could possibly result from the presence of alkaloid. Further, group E show an increase in the relative spleen weight compared to group B with its mechanism not fully elucidated but could be linked to higher levels of flavonoids that helps combat reactive oxygen species (ROS). 

Malondialdehyde (MDA) is an important oxidative stress markers that is linked to tissue damage owing to increase level of oxidative stress and generation of free oxygen radicals (Izak-Shirian et al., 2022). Our study showed a significant increase in the serum MDA level in rats exposed to diclofenac, which could be linked to increased ROS formations owing to free radical formations (Moradi et al., 2021). Izak-Shirian et al. (2022), Moradi et al. (2021), Chaabani et al., (2023), Varışlı et al. (2023) revealed a significant increase in tissue MDA activity following diclofenac ingestion, which agrees with our study findings. However, our study findings showed that administration of C. lanatus seed extract had a decrease in the serum MDA levels in groups C, D, and E compared to B. The physiological mechanism linked to the lower level of MDA could possibly result from the flavonoid activity, which scavenges free radical species released by diclofenac toxicity. Bazabang et al. (2023) reveals a significant reduction in the serum MDA level in rats exposed to ethanol induced renal toxicity following intake of C. lanatus seed extracts, which disagree with our study report. Similarly, Mojoyinola et al. (2023) documented a significant reduction in the MDA level in rats exposed to ciprofloxacin induced renal toxicity following treatment with C. lanatus seed extracts, which disagree with our study findings. 

Further, the study findings demonstrated a significant decrease in the serum SOD levels in rats exposed to diclofenac alone, this could be linked to the increase level of free radicals produced by diclofenac. Our findings agrees with Izak-Shirian et al. (2022), Moradi et al. (2020), Chaabani et al., (2023), Varışlı et al. (2023) that documented a significant decreases in the SOD activity following diclofenac toxicity. In addition, rats administered with C. lanatus extract alone, and co-administered with diclofenac as indicated in groups D and E, demonstrated a significant increase SOD activity. However, the reason (s) for the increase SOD level could possibly result from the scavenging activity of C. lanatus. Bazabang et al. (2023), Mojoyinola et al. (2023), shows a significant increase in the SOD level following C. lanatus seed extract, which agrees to the study findings. 

The histological findings show that administration of diclofenac resulted in severe hemorrhage and fibrosis, which is linked to increase in oxidative stress and generation of free radicals’ species. Gabr et al. (2025) revealed a significant alteration in the spleen of rats exposed to diclofenac, resulting to hemorrhage, necrosis, and inflammation, and agrees our study findings. Further, our study findings reveal that rats exposed to C. lanatus alone reported normal splenic tissue demonstrating normalcy in white and red pulp. However, rats co-administered with diclofenac and low dose of C. lanatus as shown in group D reveals mild hemorrhage, and group E spleen shows moderate area of fibrosis and focal area of necrosis. These changes in the spleen tissues in groups D and E, could possibly be linked to flavonoids in the C. lanatus extracts, which scavenges free oxygen radicals generated by diclofenac in the splenic tissue. 

CONCLUSION 
Our study revealed that ethanolic seed extract of C. lanatus had ameliorative effect on the spleen; thus demonstrating antioxidant activity as indicated by reduction of serum MDA level and higher (SOD activity). Diclofenac caused alterations of splenic tissue, which resulted in increased level of MDA and reduced SOD activity. Our study also, both diclofenac and C. lanatus had no impact on body weight and organ.   
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