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Abstract 
Background: Prostate cancer is the second most common cancer among men worldwide with escalating incidence and 
mortality rates. This study investigated the protective effects of papaya seed, watermelon seed, and clove bud on 
testosterone-DMBA-induced prostate cancer in male Wistar rats.  
Methods: Seventy male Wistar rats were randomly divided into seven groups: normal control, cancer control, 
combination supplementation (papaya seed, watermelon seed and clove bud, individual supplementations of papaya 
seed, watermelon seed, clove bud, and flutamide treatment. Prostate cancer was induced by single dose intraperitoneal 
injection of DMBA 65mg/kg) and subcutaneous testosterone (3mg/kg) continued for 12 weeks. The intervention 
groups received their respective supplementations 2 weeks before induction and continued after the induction. At the 
end of the intervention period, oxidative stress markers, inflammatory markers, and histopathological changes were 
assessed.  
Results: Watermelon seed supplementation provided optimal balanced protection, significantly preserving catalase 
activity (6.87±0.63 vs. 4.67±1.17 µ/ml) and reducing CRP levels (2.70±0.25 vs. 12.47±5.17 mg/L). Clove bud 
supplementation effectively reduced nitric oxide levels (193.92±43.85 vs. 588.35±127.24 µm/mL) and IL-6 (31.47±4.24 
vs. 34.88±4.03 pg/mL). Combination treatment demonstrated complete prostate and liver tissue protection. All dietary 
interventions provided complete hepatoprotection, contrasting with flutamide's hepatotoxicity. COX-2 levels were 
significantly lower in dietary groups (199.04±89.42 to 324.78±17.96 pg/mL) versus flutamide (613.07±201.71 pg/mL). 
Watermelon supplementation achieved complete renoprotection with preserved glomerular architecture.  
Conclusion: Natural dietary supplements demonstrate organ-specific protective effects against prostate cancer with 
superior safety profiles compared to conventional treatment. These findings support their potential as supplementary 
therapeutic strategies for minimizing treatment-associated toxicities while enhancing outcomes. 
 
Keywords: Prostate cancer, testosterone-DMBA, oxidative stress, inflammation, papaya seed, watermelon seed, clove bud, 
dietary supplements. 
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INTRODUCTION 
Prostate cancer poses a major global health challenge, 

with 1460000 new cases and 396,000 deaths reported in 

2022.1 Despite advances in conventional treatments 

including radiotherapy, surgery, and hormone therapy, 

mortality rates remain high, particularly in advanced 

stages where only 31% of patients survive five years with 

the metastatic disease.2 This concerning reality has 

driven research into alternative approaches, particularly 

dietary interventions and natural products that may 

target key pathways involved in prostate cancer 

development. 

 

Prostate cancer development involves multiple 

interconnected mechanisms including hormonal 

imbalances, oxidative stress, chronic inflammation, and 

dysregulated cellular signaling.3,4,5,6,7 Testosterone, while 

essential for normal prostate function, contributes to 

cancer development through its conversion to 

dihydrotestosterone (DHT), which promotes cell 

growth by activating androgen receptor 

pathways.8,9,10,11,12,13 Environmental carcinogens like 

7,12-dimethylbenz[a]anthracene (DMBA) cause DNA 

damage, trigger inflammatory cascades, and accelerate 

malignant transformation.14,15.16 

 

Oxidative stress, characterized by an imbalance between 

reactive oxygen species production and antioxidant 

defences, plays a crucial role in cancer initiation and 

progression.17 In prostate cancer, elevated oxidative 

stress markers correlate with disease advancement, with 

studies showing up to 3-fold increases in lipid 

peroxidation products and significant decreases in 

antioxidant enzymes compared to normal 

tissue.18,19,20,21,22,23 Chronic inflammation also 

contributes significantly, with pro-inflammatory 

cytokines like interleukin-6 and tumour necrosis factor-

alpha creating an environment conducive to tumour 

development.24,25,26 

 

Traditional medicinal plants and their bioactive 

compounds have gained attention for their potential 

cancer-fighting properties.27,28,29,30,31 Three promising 

natural products show particular relevance. Papaya seeds 

contain benzyl isothiocyanate, polyphenols, and 

flavonoids with potent antioxidant, anti-inflammatory, 

and potential anti-androgenic properties. Recent studies 

demonstrate their ability to reduce prostate-specific 

antigen levels in experimental models.32,33,34 Watermelon 

seeds are rich in citrulline, arginine, and phenolic 

compounds with documented antioxidant and anti-

inflammatory effects, capable of reducing inflammatory 

markers in various models.35,36,37 Cloves contain high 

levels of eugenol and possess exceptional free radical 

scavenging abilities and significant anti-inflammatory 

properties. Studies show they can inhibit NF-κB 

signalling pathways and reduce pro-inflammatory 

cytokine production.38,39,40,41 

 

Despite individual documented benefits, the combined 

effects of these natural products on prostate cancer 

remain unexplored. This study aims to investigate the 

protective effects of the supplements of papaya seed, 

watermelon seed, and clove bud on oxidative stress 

parameters, inflammatory markers, and tissue changes in 

testosterone-DMBA induced prostate cancer in male 

rats, potentially identifying novel therapeutic approaches 

for cancer prevention and management. 

 

MATERIALS AND METHODS 
Chemicals/Reagents 

All chemicals and reagents used in this study were of 

analytical or higher grade. All standards and calibrators 

were prepared according to manufacturers' instructions. 

All reagents were stored as recommended by the 

manufacturers, and their stability was verified prior to 

use. 

 

Testosterone propionate (≥99% purity, CAS 57-85-2), 

7,12-Dimethylbenz[a]anthracene (DMBA) (≥95% 

purity, CAS 57-97-6), Testosterone (≥98% purity, CAS 

58-22-0), Flutamide (≥98% purity, CAS 13311-84-7), 

and Carboxymethylcellulose (pharmaceutical grade, 

CAS 9004-32-4) were all obtained from Beijing Solarbio 

Science & Technology Co., Ltd. (Tongzhou Dist, 

Beijing, China). Corn oil (pharmaceutical grade, C8267) 

used as a vehicle for testosterone and DMBA 

administration was obtained from Sigma-Aldrich (St. 

Louis, MO, USA).  

 

Collection of plant material and identification 

Fresh samples of papaya fruits, watermelon fruits, and 

clove buds were obtained from a local market in Dutsin-

Ma, Katsina State, Nigeria (12.4672° N, 7.4947° E) in 

July 2024. The specimens were identified and 

authenticated by a botanist at the Federal University 

Dutsin-Ma's Plant Biology Department Herbarium, and 

voucher specimens were deposited with accession 

numbers FUDMA/PSB/00004 (papaya), 
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FUDMA/PSB/00118 (watermelon), and 

FUDMA/PSB/00087 (clove). The papaya and 

watermelon fruits were processed by washing, 

dissecting, and extracting the seeds. The seeds, along 

with the clove buds, underwent separate cleaning and 

drying procedures. They were then dried for 72 hours in 

a well-ventilated area, with frequent stirring to ensure 

uniform drying. After drying, the seeds were ground into 

fine powders using a laboratory-grade blender and 

sieved to achieve uniform particle size. The resulting 

powders were stored at room temperature for further 

analysis. 

 

Feed formulation 

A standardized rodent diet was formulated by mixing the 

following ingredients in specific proportions: corn starch 

(554.5 g/kg), soya bean meal (SBM) (320 g/kg), 

methionine (2.5 g/kg), vitamin and mineral premix (2.5 

g/kg), salt (2.5 g/kg), cellulose (45 g/kg), palm oil (60 

g/kg), and bone meal (12.5 g/kg). The ingredients were 

thoroughly blended to create a homogeneous and 

nutritionally balanced diet that meets established rodent 

nutritional requirements.42 

 

Diet supplementation 

The combined supplement diet was made by blending 

98g of standard rodent diet with 2g of a custom mixture 

comprising papaya seed powder, watermelon seed 

powder, and clove powder in a 4:4:2 ratios, aiming to 

optimize their combined benefits and mitigate potential 

risks. The diet formulation was refined to balance 

nutritional and pharmacological properties, prioritizing 

animal welfare. The choice of 4g for papaya and 

watermelon seeds versus 2g for clove bud in the 

combined custom supplement was deliberate, as clove 

bud is known for its potent bioactive properties, 

necessitating a lower concentration to avoid adverse 

effects. The concentrations and ratios used in this study 

were selected based on preliminary assessment and 

represent an exploratory investigation to establish 

baseline effects before conducting comprehensive dose-

response studies. 

 

Also, dedicated supplement diets from each plant were 

made by blending 96g of standard rodent diet with 4g 

(4%) of seed powder in cases of papaya and watermelon; 

and 98g of standard rodent diet with 2g (2%) of bud 

powder in case of cloves. 

 

Experimental animals 

Seventy male Wistar rats, aged 8-10 weeks, were 

obtained from the Ebonyi State University's 

Department of Biological Sciences Animal House. Upon 

arrival, the rats were housed in standard plastic cages and 

acclimated to laboratory conditions (25°C, 50% 

humidity) for two weeks. During this period, they had 

unrestricted access to standard rodent chow and water, 

ensuring their optimal health and well-being before the 

experiment. 

 

Ethical Clearance 

This study was conducted in accordance with 

international ethical standards for animal 

experimentation and received approval from the Animal 

Care and Use Research Ethics Committee (ACUREC) 

at Bayero University, Kano, with assigned animal use 

protocol number BUK/ACUREC/CAP/PG46 

 

 

Experimental design 

After a two-week acclimatization period, 70 male Wistar 

rats were randomly assigned to seven groups (n=10) 

with similar average weights. The groups were as 

follows: 

 

Grouping of experimental animals 

Group 1: Normal control (no cancer, fed normal rodent 

diet) 

Group 2: Cancer-Induced animals fed standard rodent 

diet (negative control) 

Group 3: Cancer-Induced animals fed a combination 

supplement containing 98g standard rodent diet and a 2g 

blend of papaya seed powder, watermelon seed powder 

and clove bud powder in a 4:4:2 ratio  

Group 4: Cancer-Induced animals fed a supplement 

containing 96g standard rodent diet and 4g papaya seed 

powder 

Group 5: Cancer-Induced animals fed a supplement 

containing 96g standard rodent diet and 4g watermelon 

seed powder 

Group 6: Cancer-Induced animals fed a supplement 

containing 98g standard rodent diet and 2g clove powder 

Group 7: Cancer-Induced animals treated with 10mg of 

Flutamide 

 

Induction protocol 

Following a two-week acclimatization period, animals 

received respective supplements for 2 weeks before 
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induction, which continued after induction until the end 

of the study period. The induction protocol was adapted 

from previous studies.43,44 The protocol consisted of a 

series of administrations: 

1. Flutamide (25 mg/kg) was administered daily via 

gavage for 2 weeks. 

2. Twenty-four hours after initiating flutamide 

treatment, testosterone propionate (100 mg/kg) was 

injected subcutaneously. 

3. Fifty-six hours later, an intraperitoneal injection of 

7,12-Dimethylbenz(a)anthracene (DMBA) (65 mg/kg) 

was administered. 

4. One week after DMBA induction, testosterone (3 

mg/kg) was administered subcutaneously every 48 hours 

for 10 weeks. 

Collection and preparation of sera samples 

At the end of the 16-week study, the rats were weighed 

and humanely euthanized by chloroform inhalation. 

Blood samples were then collected from each rat via 

cardiac puncture and placed in red-top tubes to obtain 

serum. Following clot formation, the samples were 

centrifuged (5430R, Eppendorf AG, Hamburg, 

Germany, 250 rpm, 10 minutes) to separate the serum. 

 

Estimation of oxidative stress markers 

Estimation of Superoxide Dismutase (SOD) 

This was determined in accordance with the protocols 

outlined in the Superoxide dismutase (SOD) assay kit 

(19160, Sigma-Aldrich, St. Louis, MO, USA). Serum 

samples collected via cardiac puncture were analysed for 

SOD activity. The reaction mixture contained 2.5 ml of 

0.05 M carbonate buffer (pH 10.2), 0.3 mM EDTA, and 

0.2 ml of 0.3 mM epinephrine, with 0.1 ml serum added. 

Monitoring at 480 nm for 5 minutes (30-second 

intervals) using a Shimadzu UV-1800 

spectrophotometer showed SOD inhibited epinephrine 

auto-oxidation. Activity was expressed in U/ml serum (1 

unit = 50% inhibition). Samples were analysed in 

triplicate; results were mean values. The SOD activity 

was calculated based on the percentage inhibition of 

epinephrine auto-oxidation, using the formula:  

% 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =  
𝛥𝐴ₒ −  𝛥𝐴₁

𝛥𝐴ₒ 
𝑋 100 

Where:  

ΔAₒ is the change in absorbance of the reference 

mixture per unit time. 

ΔA₁ is the change in absorbance of the sample mixture 

per unit time. 

 

Estimation of Reduced Glutathione (GSH) 

This was determined in accordance with the protocols 

outlined in the reduced glutathione (GSH) assay kit 

(CS0260, Sigma-Aldrich, St. Louis, MO, USA). A 

protein-free filtrate was prepared by mixing 0.5 ml serum 

with 2.0 ml of 10% trichloroacetic acid (TCA), vortexed, 

stood for 5 minutes, and centrifuged at 1,200 g for 10 

minutes. For GSH estimation, 0.5 ml supernatant was 

mixed with 2.0 ml of 0.1 M phosphate buffer (pH 7.4) 

and 0.25 ml DTNB solution (40 mg/100 ml). 

Absorbance was measured at 412 nm against a blank 

(using 10% TCA) using a Shimadzu UV-1800 

spectrophotometer. GSH concentration was determined 

via a standard curve (1-10 μg/ml GSH) and expressed as 

μg/ml serum. Analyses were triplicate; results were 

mean values. 

𝐺𝑆𝐻 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (µ𝑔/𝑚𝐿)  
=  𝛥𝐴412/𝑚𝑖𝑛 𝑋 (1

/𝜀) 𝑋 
1

𝑠𝑎𝑚𝑝𝑙𝑒 𝑣𝑜𝑙𝑢𝑚𝑒
 

Where:  

ΔA412/min = Rate of increase in absorbance at 412 nm. 

ε = Extinction coefficient of TNB. The extinction 

coefficient (ε) of TNB is typically 13.6 mM-1 cm-1. 

Sample volume = Volume of the sample used in the 

assay. 

 

Estimation of Malondialdehyde (MDA) 

This was determined in accordance with the protocols 

outlined in the malondialdehyde (MDA) assay kit 

(MAK085, Sigma-Aldrich, St. Louis, MO, USA). Serum 

samples were centrifuged at 250 rpm for 10 minutes 

using an Eppendorf 5430R centrifuge. Proteins were 

precipitated by mixing 0.5 ml serum with 2.5 ml of 10% 

TCA, incubated for 15 minutes, and centrifuged at 3,500 

rpm for 10 minutes. 2.0 ml supernatant was mixed with 

1.0 ml of 0.67% TBA in 0.05 M NaOH and incubated at 

95-100°C for 30 minutes for MDA-TBA complex 

formation. Absorbance was measured at 532 nm (A532) 

and 600 nm (A600) using a Shimadzu UV-1800 

spectrophotometer; ΔA = A532 - A600. MDA 

concentration was determined via a standard curve (0.5-

5.0 nmol/ml TEP) and expressed as nmol/ml serum. 

Analyses were triplicate; results were mean values.  

𝑀𝐷𝐴 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (𝑛𝑚𝑜𝑙/𝑚𝐿)  =  
(𝛥𝐴 𝑥 𝐷𝐹)

(𝜀 𝑥 𝐿)
  

Where: 

ΔA = A532 - A600 
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Dilution factor = (total volume of reaction mixture) / 

(volume of sample) 

ε = extinction coefficient of MDA-TBA complex 

(typically 1.56 x 105 M-1 cm-1) 

L = path length of cuvette (typically 1 cm) 

 

Estimation of Catalase (CAT) 

This was determined in accordance with the protocols 

outlined in the Catalase (CAT) assay kit (CAT100, 

Sigma-Aldrich, St. Louis, MO, USA). Serum collected 

via cardiac puncture was centrifuged at 250 rpm for 10 

minutes using an Eppendorf 5430R centrifuge. Catalase 

activity was assayed by mixing 0.1 ml serum with 0.5 ml 

of 0.2 M H₂O₂ in 0.05 M phosphate buffer (pH 7.0) for 

60 seconds; reaction stopped with 2.0 ml 

dichromate/acetic acid reagent (5% potassium 

dichromate: glacial acetic acid, 1:3). Tubes were heated 

for 10 minutes at boiling water bath; absorbance 

measured at 570 nm using Shimadzu UV-1800 

spectrophotometer. Activity calculated via H₂O₂ 

standard curve, expressed in U/ml serum (1 unit 

decomposes 1 μmol H₂O₂/minute). Analyses triplicate; 

results mean values. 

The rate of decrease in absorbance (ΔA240/min) was 

then calculated from these readings. 

𝐶𝑎𝑡𝑎𝑙𝑎𝑠𝑒 𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (𝑈/𝑚𝐿)  
=  (𝛥𝐴240/𝑚𝑖𝑛) 𝑋 (1

/0.0436) 𝑋 
1

𝑠𝑎𝑚𝑝𝑙𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 𝑖𝑛 𝑚𝐿
 

Where: 0.0436 is the extinction coefficient of H2O2 at 

240 nm. 

 

Estimation of Nitric Oxide (NO) 

This was determined using the Nitric oxide (NO) assay 

kit (23479, Sigma-Aldrich, St. Louis, MO, USA) based 

on Griess reagent. Serum collected via cardiac puncture 

was deproteinized with 10% zinc sulphate, vortexed, and 

centrifuged at 10,000 g for 15 minutes at 4°C. Nitrate 

was converted to nitrite using nitrate reductase (0.2 

U/mL), 5 μM FAD, 0.1 mM NADPH in phosphate 

buffer (pH 7.4) for 1 hour at 37°C. 100 μL processed 

sample was mixed with Griess reagent (1:1 ratio of 1% 

sulphanilamide in 5% phosphoric acid and 0.1% N-(1-

naphthyl) ethylenediamine dihydrochloride) and 

incubated 10 minutes; absorbance measured at 540 nm 

using BioTek microplate reader. NO concentration (as 

nitrite equivalents) calculated via 0-100 μM sodium 

nitrite standard curve, expressed in μmol/ml serum. 

Analyses triplicate; results mean values. 

𝑁𝑂 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝜇𝑚𝑜𝑙/𝑚𝑙)  

=  
𝐴540 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 −  𝐴540 𝑜𝑓 𝑏𝑙𝑎𝑛𝑘

𝐴540 𝑜𝑓 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 −  𝐴540 𝑜𝑓 𝑏𝑙𝑎𝑛𝑘
 𝑋 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝜇𝑚𝑜𝑙

/𝑚𝑙) 

Where: 

A540 = absorbance at 540 nm 

Blank = reagent blank without sample or standard 

Standard = known concentration of sodium nitrite 

(NaNO2) standard 

Sample = test sample containing NO 

 

Estimation of Inflammatory Markers 

Estimation of C-Reactive Protein (CRP) 

The C-reactive protein (CRP) assay was performed using 

a high-sensitivity CRP ELISA kit (RAB1121, Sigma-

Aldrich, St. Louis, MO, USA).  

Estimation of Interleukin-6 (IL-6) 

The Interleukin-6 (IL-6) ELISA kit (R6000B, R&D 

Systems, Minneapolis, MN, USA) was used for this 

study.  

Estimation of Tumour Necrosis Factor-Alpha 

(TNF-α) 

The Tumour Necrosis Factor-alpha (TNF-α) ELISA kit 

(RTA00, R&D Systems, Minneapolis, MN, USA) was 

used.  

Estimation of Cyclooxygenase 1 (COX-1) 

The COX-1 was determined using the Cyclooxygenase-

1 (COX-1) ELISA kit (MyBioSource, San Diego, CA, 

USA).  

Estimation of Cyclooxygenase 2 (COX-2) 

The Cyclooxygenase-2 (COX-2) ELISA kit (Sigma-

Aldrich, St. Louis, MO, USA) was used.  

Estimation of Interleukin-10 (IL-10) 

IL-10 was determined using the Interleukin-10 (IL-10) 

ELISA kit (R1000, R&D Systems, Minneapolis, MN, 

USA).  

 

Histopathological Studies 

Organs of interest, kidney, liver and prostate were 

dissected, washed in ice-cold saline, and processed for 

further analysis. A portion of the tissues was fixed in 

10% neutral buffered formalin fixative solution to 

facilitate histological studies. Following fixation, the 

tissues were embedded in paraffin, and 5 mm thick 

sections were cut and stained with haematoxylin and 

eosin.45 The stained sections were examined under a 

light microscope at a magnification of 400x, and 

photomicrographs were taken to assess microscopic 

changes of pathological importance. 
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Data Analysis 

Data analysis was conducted using Statistical Package for 

Social Sciences (SPSS) software, version 21 (SPSS Inc., 

Chicago, IL, USA). Results are expressed as mean ± 

standard error of the mean (SEM). Duncan's multiple 

comparison test was used to ascertain significant 

variations among group means. The threshold for 

statistical significance was established at p < 0.05. 

 

 

RESULTS 
Table 1: Oxidative Stress Markers of Testosterone-DMBA-Induced Prostate Cancer in Wistar Rats Fed Papaya seed, 

Watermelon seed, and Clove Supplemented Diet. 

Group  SOD(U/mL) GSH(µg/mL) MDA (nmol/mL) CAT(µ/mL)       NO (µm/mL) 

1 11.00±1.77a 7.37±0.35 a 316.67±22.05 a 10.60±0.45 a 444.71±102.09 ab 

2 11.87±2.68 a 6.90±1.22 a 370.10±41.75 a 4.67±1.17bc 588.35±127.24a 

3 16.50±4.58 a 7.97±1.73 a 384.17±30.35 a 4.63±0.64bc 429.29±103.63 ab 

4 22.40±5.45 a 8.17±2.44 a 358.60±22.02 a 4.93±1.52bc 454.69±107.63 ab 

5 18.50±5.58 a 7.47±0.55 a 299.27±76.78 a 6.87±0.63b 363.63±175.61ab 

6 10.20±1.99 a 4.30±0.66 a 367.80±17.28 a 3.23±0.23cd 193.92±43.85b 

7 12.40±3.66 a 5.17±1.96 a 259.33±44.36 a 1.43±0.27d 538.98±64.48ab 

 

The result represents the average of three determinants with their Mean ± SEM and statistical significance indicators. 

Groups marked with the same letter (e.g., 'a' or 'b') are not significantly different from each other, while groups marked 

with different letters (e.g., 'a' vs. 'b') are significantly different from each other in terms of oxidative stress. Key: SOD: 

Superoxide dismutase, GSH: Glutathione, MDA: Malondialdehyde, CAT: Catalase, NO: Nitric oxide.  The seven groups 

consisted of the following: normal rats fed a standard diet (Group 1); testosterone-DMBA-induced prostate cancer rats 

fed a standard diet (Group 2); testosterone-DMBA-induced prostate cancer rats fed a diet supplemented with papaya seed, 

watermelon seed, and cloves (Group 3); testosterone-DMBA-induced prostate cancer rats fed a papaya seed-supplemented 

diet (Group 4); testosterone-DMBA-induced prostate cancer rats fed a watermelon seed-supplemented diet (Group 5); 

testosterone-DMBA-induced prostate cancer rats fed a clove-supplemented diet (Group 6); and testosterone-DMBA-

induced prostate cancer rats administered 10 mg/kg flutamide (Group 7). 

 

Table 2. Inflammation and Anti-Inflammation Markers of Testosterone-DMBA-Induced Prostate Cancer in Wistar 

Rats Fed Papaya, Watermelon, and Clove Supplemented Diet

 
 

The result represents the average of three determinants with their Mean ± SEM and statistical significance indicators. 

Groups marked with the same letter (e.g., 'a' or 'b') are not significantly different from each other, while groups marked 

with different letters (e.g., 'a' vs. 'b') are significantly different from each other in terms of inflammation markers. Key: 

CRP: C-reactive protein, IL-6: Interleukin-6, TNF: Tumour necrosis factor; COX-1: Cycloooxegenase 1; COX-2: 

Cyclooxegenase 2; IL-10: Interleukin-10. Tsnihe seven groups consisted of the following: normal rats fed a standard diet 

(Group 1); testosterone-DMBA-induced prostate cancer rats fed a standard diet (Group 2); testosterone-DMBA-induced 

prostate cancer rats fed a diet supplemented with papaya seed, watermelon seed, and cloves (Group 3); testosterone-

DMBA-induced prostate cancer rats fed a papaya seed-supplemented diet (Group 4); testosterone-DMBA-induced 
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prostate cancer rats fed a watermelon seed-supplemented diet (Group 5); testosterone-DMBA-induced prostate cancer 

rats fed a clove-supplemented diet (Group 6); and testosterone-DMBA-induced prostate cancer rats administered 10 

mg/kg flutamide (Group 7). 
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                    4                                                 5                                                6 

 
                  7 

Figure 1: Photomicrograph of Kidney of Testosterone-DMBA-Induced Prostate Cancer in Wistar Rats Fed Papaya, 

Watermelon, and Clove Supplemented Diet. H & E Stain (X 250) 

Group 1: normal rats fed a standard diet (Group 1); Group 2: Testosterone-DMBA-induced prostate cancer rats fed a 

standard diet; Group 3: Testosterone-DMBA-induced prostate cancer rats fed a diet supplemented with papaya, 

watermelon, and cloves; Group 4: Testosterone-DMBA-induced prostate cancer rats fed a papaya-supplemented diet; 

Group 5: Testosterone-DMBA-induced prostate cancer rats fed a watermelon-supplemented diet; Group 6: Testosterone-

DMBA-induced prostate cancer rats fed a clove-supplemented diet; Group 7: Testosterone-DMBA-induced prostate 

cancer rats administered 10 mg/kg flutamide (Group 7). Key: GN: Glomerular necrosis; LH: Hyperplasia of inflammatory 

cells; TA: Tubular adhesion; TN: Tubular necrosis; NG: Normal glomerulus; NT: Normal tubules 
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Plate 4.2: Photomicrograph of Liver of Testosterone-DMBA-Induced Prostate Cancer in Wistar Rats Fed Papaya, 

Watermelon, and Clove Supplemented Diet. H & E Stain (X 250) 

Group 1: normal rats fed a standard diet (Group 1); Group 2: Testosterone-DMBA-induced prostate cancer rats fed a 

standard diet; Group 3: Testosterone-DMBA-induced prostate cancer rats fed a diet supplemented with papaya, 

watermelon, and cloves; Group 4: Testosterone-DMBA-induced prostate cancer rats fed a papaya-supplemented diet; 

Group 5: Testosterone-DMBA-induced prostate cancer rats fed a watermelon-supplemented diet; Group 6: Testosterone-

DMBA-induced prostate cancer rats fed a clove-supplemented diet; Group 7: Testosterone-DMBA-induced prostate 

cancer rats administered 10 mg/kg flutamide (Group 7). Key: NH: Normal hepatocytes; VCN: Vacoulation and necrosis. 
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Figure 3: Photomicrograph of Prostate of Testosterone-DMBA-Induced Prostate Cancer in Wistar Rats Fed Papaya, 

Watermelon, and Clove Supplemented Diet. H & E Stain (X 250) 

Group 1: normal rats fed a standard diet (Group 1); Group 2: Testosterone-DMBA-induced prostate cancer rats fed a 

standard diet; Group 3: Testosterone-DMBA-induced prostate cancer rats fed a diet supplemented with papaya, 

watermelon, and cloves; Group 4: Testosterone-DMBA-induced prostate cancer rats fed a papaya-supplemented diet; 

Group 5: Testosterone-DMBA-induced prostate cancer rats fed a watermelon-supplemented diet; Group 6: Testosterone-

DMBA-induced prostate cancer rats fed a clove-supplemented diet; Group 7: Testosterone-DMBA-induced prostate 

cancer rats administered 10 mg/kg flutamide (Group 7). Key: EN: Epithelium necrosis; F: Fibrosis; GA: Glandular 

atrophy; GN: Glandular necrosis; LH: Hyperplasia of inflammatory cells; NF: Normal features.
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DISCUSSION 
The study revealed that superoxide dismutase (SOD) 

activity showed no statistically significant differences 

across all experimental groups. However, the numerical 

trends, particularly the elevated SOD levels in Groups 3 

(combination diet group), 4 (papaya seed diet group), 

and 5 (watermelon seed diet group) suggests a potential 

antioxidant-enhancing effect of papaya, watermelon, 

and their combination. These findings align with a study 

showing significant increases in SOD activity in rats 

treated with watermelon seed oil, showing that the 

antioxidant-rich nature of watermelon seed oil, 

abundant in unsaturated fatty acids such as oleic acid, 

presumably facilitated the upregulation of SOD, 

validating its antioxidant efficacy.46 Similarly, another 

study demonstrated that papaya extract significantly 

restored SOD activity in CCl₄-induced oxidative damage 

models, highlighting that the antioxidant rich 

phytochemicals in papaya seeds (phenolics, flavonoids, 

terpenoids) mitigated CCl₄-induced oxidative stress by 

replenishing SOD and other antioxidants.47 The lack of 

statistical significance in our study, despite numerical 

increases, might be due to the relatively short 

intervention period or the complexity of the 

testosterone-DMBA model.  

 

Similar to SOD, reduced glutathione (GSH) levels 

showed no statistically significant differences across all 

groups. However, the numerical data suggests that 

papaya supplementation (Group 4) and the combination 

treatment (Group 3) maintained slightly higher GSH 

levels compared to cancer control (Group 2). 

Interestingly, the clove-supplemented group (Group 6) 

showed the lowest GSH levels, even lower than the 

flutamide treatment group (Group 7). These findings 

contrast with those of another study that reported 

significant GSH elevation with clove extract in radiation-

induced oxidative stress, stating that bioactive chemicals 

found in cloves, including as ferulic acid, rutin, and 

isoquercitrin, enhance glutathione (GSH) synthesis via 

modulating antioxidant pathways (e.g., Nrf2/ARE).48 

Ethanolic extraction concentrates phenolic compounds 

compared to whole plant material and enhances 

bioavailability by pre-dissolving active ingredients. In 

contrast, dried clove powder requires gastrointestinal 

digestion to release bioactives from the plant cell matrix, 

potentially limiting absorption and reducing effective 

concentrations of GSH-modulating compounds. This 

preparation difference likely explains why the previous 

study48 observed significant GSH elevation while our 

study showed more modest effects. Future studies 

should consider standardized clove extract preparations 

to achieve therapeutic concentrations of bioactive 

compounds for optimal antioxidant effects. 

Research demonstrated that papaya peel extract 

significantly increased GSH levels in HepG2 liver cancer 

cells by enhancing antioxidant enzyme activity (SOD, 

CAT, GPx, GR).49 The discrepancy might be related to 

the complex interaction between clove compounds and 

the testosterone-DMBA model.  

 

The malondialdehyde (MDA) levels, indicators of lipid 

peroxidation, showed no statistically significant 

differences across groups. However, the flutamide 

treatment (Group 7) and watermelon supplementation 

(Group 5) showed numerically lower MDA levels 

compared to the cancer control (Group 2). This trend 

aligns with findings from other study, reported that 

lycopene (abundant in watermelon) enhances 

the antioxidant response in prostate cells, countering 

oxidative stress mechanisms like lipid peroxidation.50 

The lack of statistical significance in our study might be 

attributed to the high variability in MDA measurements, 

particularly in Group 5.  

 

Catalase activity demonstrated the most pronounced 

statistically significant differences among all measured 

parameters. The normal control group (Group 1) 

exhibited significantly higher CAT activity compared to 

all treatment groups. Among the treatment groups, 

watermelon supplementation (Group 5) maintained 

significantly higher CAT activity compared to other 

interventions, particularly flutamide (Group 7) and clove 

supplementation (Group 6). These findings corroborate 

a research demonstrating that citrulline and other 

antioxidants (e.g., lycopene and polyphenols) from 

watermelon preserved catalase activity in oxidative stress 

conditions by scavenging reactive oxygen species (ROS) 

in diabetic rats.51 The significant reduction in CAT 

activity in flutamide-treated rats aligns with a study that 

reported similar findings and attributed this to the 

potential pro-oxidant effects of long-term flutamide 

administration.52 The intermediate values for papaya 

seed supplement (Group 4) and combination treatment 

(Group 3) suggest a moderate protective effect, 

consistent with studies demonstrating dose-dependent 

effects of papaya extracts on antioxidant enzymes.49,53  

 

Nitric oxide (NO) levels showed significant differences, 

particularly between clove supplementation (Group 6) 
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and cancer control (Group 2). All other treatments 

demonstrated intermediate effects without statistical 

significance compared to the control groups. This 

significant reduction in NO with clove supplementation 

aligns with findings that reported that eugenol, the 

primary bioactive compound in cloves, blocks the 

activation of NF-κB, a pathway significant for 

inflammation and cancer growth, and hence suppresses 

COX-2, TNF-α, and iNOS.41 Similarly, other findings 

showed that eugenol exhibits anti-inflammatory effects 

by inhibiting iNOS and nitric oxide (NO) production, 

which is mediated through the inhibition of the NF-κB 

and MAPK pathways.54 Also, a study demonstrated that 

eugenol suppresses iNOS expression by inhibiting NF-

κB and AP-1 signalling pathways, which are key 

regulators of iNOS transcription.55 This mechanism was 

observed in macrophages and other inflammatory 

models. Elevated NO levels in cancer control rats 

corroborate with research reporting that Chronic 

inflammation, prevalent in prostate cancer, induces 

iNOS expression, resulting in elevated NO levels that 

suppress androgen receptor (AR) activity.56 This 

facilitates the progression of cancer independent of 

androgens. Similarly, another finding reported that 

chronic inflammation in the prostate generates reactive 

nitrogen species (e.g., NO), contributing to oxidative 

DNA damage and neoplastic transformation.57 The 

relatively high NO levels in the flutamide group contrast 

with some previous findings and potentially related to 

the contradicting effects of androgen deprivation on 

inflammatory processes as described by a previous 

study, men undergoing androgen deprivation (through 

orchidectomy or androgen deprivation therapy (ADT)) 

exhibited improved endothelium-dependent 

vasodilation, associated with elevated nitric oxide 

bioavailability.58 This systemic elevation of NO contrasts 

with localised pro-tumour effects observed in the 

prostate. Similarly, findings from another study showed 

that administration of testosterone in rats resulted in 

elevated levels of nitric oxide and associated enzymes, 

establishing a pro-inflammatory "feed-forward" 

mechanism that enhances the progression of prostate 

carcinogenesis.59 ADT reduces androgen-driven 

proliferation; however, it may not effectively suppress, 

and could potentially enhance, inflammation-driven NO 

production, thereby promoting castration-resistant 

prostate cancer (CRPC) progression. 

 

The data revealed statistically significant differences in 

C-reactive protein (CRP) levels among the experimental 

groups. Notably, the combined supplementation group 

(Group 3) showed significantly elevated CRP levels 

compared to the watermelon-supplemented group 

(Group 5). Other groups demonstrated intermediate 

CRP values without statistical significance compared to 

these extremes. The remarkably low CRP level in the 

watermelon-supplemented group aligns with findings 

that reported significant reductions in CRP with 

lycopene supplementation in clinical inflammation 

models.60 This anti-inflammatory effect may be 

attributed to lycopene's ability to suppress NF-κB 

signalling pathways, as demonstrated by a mechanistic 

study, showing that lycopene inhibits the enzyme IκB 

kinase beta (IKKβ), suppressing NF-κB signalling, 

thereby reducing cell proliferation.61 The unexpectedly 

high CRP in the combination treatment contradicts the 

anticipated additive anti-inflammatory effects and 

suggests potential antagonistic interactions between 

bioactive compounds when administered together.  

 

Interleukin-6 (IL-6) levels showed significant 

differences, particularly between the combination 

treatment (Group 3) and clove supplementation (Group 

6). The clove-supplemented group exhibited the lowest 

IL-6 levels among all groups, suggesting potent anti-

inflammatory effects. This finding corroborates recent 

work demonstrating that eugenol from cloves 

significantly suppressed IL-6 production in prostate 

cancer cell lines through inhibition of STAT3 

phosphorylation.54 The relatively elevated IL-6 in the 

combination treatment, potentially due to adverse 

interactions in specific contexts (e.g., high doses, specific 

populations).  

 

Tumour necrosis factor (TNF) levels exhibited the most 

dramatic differences among all measured inflammatory 

markers. The combination treatment group (Group 3) 

showed significantly higher TNF levels compared to all 

other groups, which exhibited relatively similar values. 

This unexpected elevation in TNF with the combination 

treatment contradicts findings from individual 

supplementation studies. For instance, a study 

demonstrated significant TNF suppression with 

watermelon extract,36 while another study reported 

similar effects with papaya leaf extract, by inhibition of 

NF-κB and MAPK pathways (ERK1/2, JNK, p38), 

which regulate TNF-α production.62 Similarly, another 
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research highlighted that clove water extract inhibited 

TNF-α production in lipopolysaccharide-stimulated 

cells and mouse peritoneal macrophages by blocking 

NF-κB nuclear translocation and MAPK signalling.63 

The synergistic increase in TNF with combined 

supplementation suggests that certain phytochemical 

combinations may trigger complex immunomodulatory 

responses that differ substantially from their individual 

effects potentially due to dose, bioavailability, or unique 

molecular interactions. 

 

Cyclooxygenase-1 (COX-1) levels demonstrated 

significant variations across groups. The flutamide 

treatment group (Group 7) maintained the highest 

COX-1 levels, significantly different from watermelon 

(Group 5) and clove supplementation (Group 6). The 

combination treatment (Group 3) showed intermediate 

effects. The significantly reduced COX-1 levels with 

watermelon supplementation align with findings 

showing that citrulline from watermelon modulates 

COX-1 expression through nitric oxide-dependent 

pathways.64 The preserved COX-1 levels in the 

flutamide group corroborate with a study reporting that 

androgen receptor antagonists preferentially target 

COX-2 rather than COX-1,65 potentially explaining the 

differential effects observed between these two 

cyclooxygenases in our study.  

The significantly lower COX-2 levels in all dietary 

intervention groups compared to flutamide treatment 

suggest potent COX-2 inhibitory effects of the 

phytochemicals present in papaya, watermelon, and 

cloves. This aligns with findings from multiple studies, 

that identified specific flavonoids in papaya with 

selective COX-2 inhibitory properties,49 and a review 

demonstrated that eugenol in clove inhibits COX-2 gene 

expression by blocking NF-κB signalling.66 The elevated 

COX-2 in the flutamide group, despite its therapeutic 

efficacy, suggests potential compensatory inflammatory 

responses, a phenomenon also reported in a 

comprehensive analysis of inflammatory side effects 

associated with androgen deprivation therapies67 and in 

a clinical study, demonstrating that COX-2 

overexpression may reflect unresolved inflammation 

due to androgen deprivation, which long-term ADT 

(LTAD) could mitigate.68  

 

Interestingly, IL-10, an anti-inflammatory cytokine, 

showed no statistically significant differences across all 

experimental groups. However, numerical trends 

suggest slightly elevated IL-10 levels in the flutamide 

(Group 7), papaya (Group 4), and normal control 

(Group 1) groups compared to others. The lack of 

significant modulation in IL-10 levels across 

intervention groups contrasts with several in vitro 

studies, such as those which reported significant IL-10 

induction with various phytochemicals present in the 

supplements tested.69,70 This discrepancy might be 

related to the complex in vivo environment and the 

specific testosterone-DMBA model used, which could 

potentially override certain immunomodulatory 

pathways. A study similarly reported minimal IL-10 

modulation in their In-vivo cancer model despite 

significant effects in corresponding in vitro systems, 

suggesting context-dependent immunomodulatory 

responses.71 

 

The watermelon group, which demonstrated the most 

balanced antioxidant profile with preserved catalase 

activity and moderate SOD induction, along with 

significantly reduced CRP and COX-1 levels, exhibited 

complete renoprotection histologically. This strong 

correlation supports the mechanistic link between 

oxidative stress, inflammation, and structural renal 

damage proposed in some comprehensive reviews.72,73 

Similarly, the clove-supplemented group showed 

significant reductions in both nitric oxide and IL-6 in 

previous analyses, correlating with the absence of 

structural damage despite mild inflammatory infiltrates 

observed histologically. This relationship was previously 

highlighted by a study, that demonstrated that selective 

inflammatory pathway modulation can preserve tissue 

architecture even in the presence of mild residual 

inflammation.74 The incomplete protection observed in 

the papaya and combination groups despite some 

improvements in oxidative stress markers suggests that 

threshold effects may exist, requiring more substantial 

modulation of specific pathways to achieve complete 

renoprotection. This concept of threshold-dependent 

tissue protection was similarly proposed in a dose-

response analysis of phytochemical interventions in 

renal injury models.75 While watermelon 

supplementation demonstrated complete protection in 

both hepatic and renal tissues, papaya and clove 

supplementation exhibited organ-specific efficacy, 

providing complete hepatoprotection but only partial 

renoprotection. This differential tissue response might 

reflect organ-specific vulnerability to testosterone-

DMBA-induced damage, differential bioaccumulation 
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of protective compounds, or tissue-specific activation of 

protective pathways.  

 

The complete hepatoprotection observed with the 

combination treatment, despite showing only partial 

renoprotection, further highlights these organ-specific 

responses. Some studies reported similar organ-specific 

protective profiles with phytochemical interventions and 

attributed these to differences in tissue perfusion, 

metabolic activity, and expression of specific receptors 

and transporters across organ systems.76,77,78 Notably, 

the flutamide treatment exhibited significant toxicity in 

both hepatic and renal tissues, revealing the substantial 

adverse effect profile of conventional pharmacological 

approaches despite their established therapeutic efficacy. 

This observation supports the growing interest in 

complementary phytochemical interventions to mitigate 

treatment-associated toxicities while potentially 

enhancing therapeutic outcomes, as reviewed 

comprehensively in a study.79 The complete 

hepatoprotection observed with dietary interventions 

correlates with their previously reported effects on 

oxidative stress and inflammatory markers. The 

watermelon group, which demonstrated the most 

balanced antioxidant profile and significant anti-

inflammatory effects, exhibited complete protection in 

both hepatic and renal tissues.  

 

The clove-supplemented group, which showed 

significant reductions in nitric oxide and IL-6, 

demonstrated complete hepatoprotection despite partial 

renoprotection. However, the combination treatment, 

which showed paradoxical increases in certain 

inflammatory markers like TNF, still provided complete 

hepatoprotection. This observation suggests that the 

liver might possess superior resilience against 

inflammatory damage compared to the kidneys, 

potentially related to its robust regenerative capacity and 

extensive detoxification systems. This theory is 

supported by studies, demonstrating that the liver 

maintains structural integrity despite elevated 

inflammatory markers in various experimental models 

through balanced pro-/anti-inflammatory signalling, 

immune modulation and regenerative responses and 

compensatory extracellular matrix (ECM) dynamics in 

early injury phases.80,81 

 

An analysis of prostatic outcomes among therapeutic 

groups indicates a hierarchy of effectiveness. The 

combination supplementation and flutamide groups 

demonstrated complete protection, the papaya and 

watermelon groups showed substantial but incomplete 

protection, and the clove group exhibited limited 

protection. This pattern differs from the previously 

observed hepatic outcomes, where all dietary 

interventions provided complete protection, and renal 

outcomes, where only watermelon demonstrated 

complete protection. This differential efficacy across 

organ systems suggests complex interactions between 

the interventions and tissue-specific pathophysiological 

processes as with the liver histology. The combination 

supplementation group demonstrated equivalent 

prostatic protection to flutamide but without the 

significant hepatotoxicity and nephrotoxicity associated 

with the pharmaceutical intervention. This observation 

suggests a potentially superior therapeutic profile for the 

phytochemical combination, providing target organ 

efficacy while sparing non-target organs from toxicity. 

This finding supports the increasing interest in 

phytochemical interventions as adjunctive or alternative 

methods to traditional cancer treatments, as thoroughly 

examined by a previous study.82  

 

These prostatic histopathological observations with 

previously discussed oxidative stress and inflammatory 

markers reveals interesting correlations. The 

combination treatment group, which showed 

paradoxical increases in certain inflammatory markers 

like TNF but balanced effects on oxidative stress 

parameters, demonstrated complete prostatic 

protection, suggesting that local tissue effects may not 

directly correlate with systemic biomarkers. The 

watermelon group, which demonstrated the most 

balanced antioxidant profile and significant anti-

inflammatory effects systemically, exhibited substantial 

but incomplete prostatic protection. This partial 

discordance between systemic biomarkers and target 

organ outcomes suggests complex relationships between 

circulating mediators and tissue pathophysiology. The 

clove-supplemented group, which showed significant 

reductions in nitric oxide and IL-6 systemically, 

demonstrated limited prostatic protection also reveals 

the complex relationship between systemic biomarkers 

and organ-specific outcomes, potentially reflecting 

differences in tissue penetration, target expression, or 

the relevance of specific inflammatory pathways to 

prostatic pathophysiology. 
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Strengths and limitations of the study 

This study presents a comprehensive investigation of 

natural supplement combinations for prostate cancer 

treatment, demonstrating strong methodological rigor 

through multi-organ assessment, robust experimental 

design, and extensive biomarker evaluation. As the first 

research to examine these three natural products in 

combination, it offers valuable insights into potential 

adjunctive therapies with reduced toxicity profiles and 

organ-specific protective effects. 

However, significant limitations constrain the findings' 

immediate clinical applicability. The animal model 

design, short intervention period, single-dose testing, 

and small sample sizes limit generalizability to human 

patients.  

Despite these constraints, the results suggest promising 

clinical implications for adjunctive cancer therapy, 

prevention strategies for high-risk populations, and 

personalized medicine approaches. The research 

provides a foundation for future human studies, though 

larger-scale trials with extended follow-up periods are 

essential before clinical translation can be considered 

safe and effective. 

 

Research implications 

This study's findings necessitate comprehensive follow-

up research including mechanistic pathway 

investigations, dose optimization studies, and human 

clinical trials to establish safety and efficacy before 

clinical translation. The research also requires 

bioavailability studies and detailed analysis of 

combination therapy interactions to understand the 

underlying mechanisms. From a public health 

standpoint, the results suggest potential integration of 

these natural supplements into dietary guidelines as cost-

effective cancer prevention interventions. This approach 

is particularly valuable for resource-limited settings 

where traditional pharmaceutical treatments may be 

inaccessible, providing evidence-based validation for 

complementary medicine approaches. 

Policy Implications 

The study suggests policy reforms in various domains, 

including health regulatory agencies, national healthcare 

policies, insurance frameworks, food safety, and 

agricultural policies. It also calls for updated standards 

for medicinal plant cultivation, processing, and 

contamination limits. 

 

 

Practice Implications 

Clinical practice transformation necessitates training for 

healthcare providers on evidence-based natural 

supplement use, including patient selection protocols 

and interaction monitoring. Pharmacy practice should 

incorporate specialized natural supplement counselling, 

quality assessment capabilities, and interaction screening 

systems. Primary care providers should integrate 

supplement assessment into routine preventive visits. 

Community health programs should develop accessible 

cancer prevention initiatives. Quality assurance 

protocols are essential for safe implementation. 

 

CONCLUSION 
The study demonstrates that watermelon 

supplementation provides the most comprehensive 

multi-organ protection against testosterone-DMBA 

induced prostate cancer through balanced modulation of 

oxidative stress and inflammatory parameters. 

Importantly, dietary interventions achieved organ 

protection comparable to conventional pharmacological 

treatment (flutamide) without associated toxicity, 

suggesting significant potential as adjunctive therapeutic 

approaches. The findings support the development of 

evidence-based dietary recommendations and natural 

product formulations that could complement 

conventional treatments or serve as preventive strategies 

for high-risk populations, while showing the need for 

further mechanistic studies and clinical translation. 

 

 

Declarations: 

Ethical considerations: All animal handling and 

experimental procedures were conducted in accordance 

with and adhered to the ARRIVE (Animal Research: 

Reporting of In Vivo Experiments) guidelines. Ethical 

approval was sought from the Animal Care and Use 

Research Ethics Committee (ACUREC) at Bayero 

University, Kano, where animal use protocol number 

(AUP): BUK/ACUREC/CAP/PG46 was assigned. 

 

Authors’ contributions: Karimah Mohammed Rabiu 

and Lawal Nura conceptualized the study and study 

design. Karimah Mohammed Rabiu conducted 

experiments, and drafted the manuscript. Lawal Nura 

conceived the original idea, provided guidance and 

reviewed the manuscript. Aderounmu I. Ganiyu 

provided additional guidance, analysed data, and offered 

insights. All authors approved the final manuscript. 



The Nigerian Health Journal; Volume 25, Issue 3 – September, 2025 
Effects of Papaya Seed, Watermelon Seed, and Clove buds on Induced Prostate Cancer in Wistar Rats  
Karimah et al 

 

 
 
The Nigerian Health Journal, Volume 25, Issue 2  
Published by The Nigerian Medical Association, Rivers State Branch. 
Downloaded from www.tnhjph.com  
Print ISSN: 0189-9287 Online ISSN: 2992-345X   1120 

Conflict of Interests: No conflict of interest declared 

among the authors. 

 

Funding: The research was funded by Tertiary 

Education Trust Fund (TETFUND). 

 

Acknowledgment: We appreciate the assistance of 

Tertiary Education Trust Fund (TETFUND), The 

Department of Biochemistry and Molecular Biology, 

Federal University Dutsinma, Management and 

technical staff of Nigeria Snakebite Research and 

Intervention Center (NSIRC), Bayero University, Kano 

State. 

 

REFERENCES 
1. Schafer EJ, Laversanne M, Sung H, Soerjomataram I, 

Briganti A, Dahut W, Bray F, Jemal A. Recent 
patterns and trends in global prostate cancer 
incidence and mortality: an update. European 
Urology. 2025;87(3):302-313. Available from: 
https://doi.org/10.1016/j.eururo.2024.11.013. 

2. Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer 
statistics, 2023. CA: A Cancer Journal for 
Clinicians. 2023;73(1):17-48. Available from: 
https://doi.org/10.3322/caac.21763 

3. Khandrika L, Kumar B, Koul S, Maroni P, Koul 
HK. Oxidative stress in prostate cancer. Cancer 
Letters. 2009;282(2):125-136. Available from: 
https://doi.org/10.1016/j.canlet.2008.12.011 

4. Knudsen BS, Vasioukhin V. Mechanisms of prostate 
cancer initiation and progression. Advances in 
Cancer Research. 2010;109:1-50. Available from: 
https://doi.org/10.1016/B978-0-12-380890-
5.00001-6 

5. Murray TB. The pathogenesis of prostate cancer. 
Exon Publications; 2021. p. 29-41. Available from: 
https://doi.org/10.36255/exonpublications.prostat
ecancer.pathogenesis.2021 

6. Shiota M. Oxidative stress and prostate cancer. In: 
Cancer. Academic Press; 2021. p. 15-26. Available 
from: https://doi.org/10.1016/B978-0-12-819547-
5.00002-X 

7. Testa U, Castelli G, Pelosi E. Cellular and molecular 
mechanisms underlying prostate cancer 
development: therapeutic implications. Medicines. 
2019;6(3):82. Available from: 
https://doi.org/10.3390/medicines6030082 

8. Cai C, Balk SP. Intratumoral androgen biosynthesis 
in prostate cancer pathogenesis and response to 
therapy. Endocrine-Related Cancer. 
2011;18(5):R175-R182. Available from: 
https://doi.org/10.1530/ERC-10-0339 

9. Chang KH, Li R, Papari-Zareei M, Watumull L, 
Zhao YD, Auchus RJ, Sharifi N. 
Dihydrotestosterone synthesis bypasses 
testosterone to drive castration-resistant prostate 
cancer. Proceedings of the National Academy of 
Sciences. 2011;108(33):13728-13733. Available 
from: https://doi.org/10.1073/pnas.1107898108 

10. Dai C, Heemers H, Sharifi N. Androgen signaling 
in prostate cancer. Cold Spring Harbor Perspectives 
in Medicine. 2017;7(9):a030452. Available from: 
https://doi.org/10.1101/cshperspect.a030452 

11. Girling JS, Whitaker HC, Mills IG, Neal DE. 
Pathogenesis of prostate cancer and hormone 
refractory prostate cancer. Indian Journal of 
Urology. 2007;23(1):35-42. Available from: 
https://doi.org/10.4103/0970-1591.30265 

12. Tan MH, Li J, Xu HE, Melcher K, Yong EL. 
Androgen receptor: structure, role in prostate 
cancer and drug discovery. Acta Pharmacologica 
Sinica. 2015;36(1):3-23. Available from: 
https://doi.org/10.1038/aps.2014.18 

13. Wilczynski C, Agrawal L. Testosterone effects on 
the prostate gland: Review of pathophysiology and 
considerations in prostate cancer. Journal of Family 
Medicine and Disease Prevention. 2015;1(4). 
Available from: https://doi.org/10.23937/2469-
5793/1510004 

14. Bellamri M, Turesky RJ. Dietary carcinogens and 
DNA adducts in prostate cancer. In: Prostate 
Cancer: Cellular and Genetic Mechanisms of 
Disease Development and Progression. 2019. p. 29-
55. Available from: https://doi.org/10.1007/978-3-
030-32656-2_2 

15. Katz ISS, Albuquerque LL, Suppa AP, da Silva GB, 
Jensen JR, Borrego A, et al. 7,12-
Dimethylbenz(a)anthracene-induced genotoxicity 
on bone marrow cells from mice phenotypically 
selected for low acute inflammatory response. 
DNA Repair. 2016;37:43-52. Available from: 
https://doi.org/10.1016/j.dnarep.2015.11.006 

16. Ma Z, Kim YM, Howard EW, Feng X, Kosanke 
SD, Yang S, et al. DMBA promotes ErbB2-
mediated carcinogenesis via ErbB2 and estrogen 
receptor pathway activation and genomic instability. 
Oncology Reports. 2018;40(3):1632-1640. Available 
from: https://doi.org/10.3892/or.2018.6545  

17. Singh R, Manna PP. Reactive oxygen species in 
cancer progression and its role in therapeutics. 
Exploration of Medicine. 2022;3(1):43-57. Available 
from: https://doi.org/10.37349/emed.2022.00073  

18. Biesiadecki M, Mołoń M, Balawender K, 
Kobylińska Z, Galiniak S. Shedding light on the 
shadows: Oxidative stress and its pivotal role in 

https://doi.org/10.1016/j.dnarep.2015.11.006


The Nigerian Health Journal; Volume 25, Issue 3 – September, 2025 
Effects of Papaya Seed, Watermelon Seed, and Clove buds on Induced Prostate Cancer in Wistar Rats  
Karimah et al 

 

 
 
The Nigerian Health Journal, Volume 25, Issue 2  
Published by The Nigerian Medical Association, Rivers State Branch. 
Downloaded from www.tnhjph.com  
Print ISSN: 0189-9287 Online ISSN: 2992-345X   1121 

prostate cancer progression. Frontiers in Oncology. 
2024;14:1393078. Available from: 
https://doi.org/10.3389/fonc.2024.1393078  

19. Duru R, Njoku O, Maduka I. Oxidative stress 
indicators in patients with prostate disorders in 
Enugu, South-East Nigeria. BioMed Research 
International. 2014;2014:313015. Available from: 
https://doi.org/10.1155/2014/313015  

20. Erhabor O, Hussaini AM, Abdulwahab-Ahmed A, 
Retsky M, Erhabor T. Some oxidative stress 
biomarkers among patients with prostate cancer in 
Sokoto, North Western Nigeria. Open Journal of 
Blood Diseases. 2022;12(3):60-78. Available from: 
https://doi.org/10.4236/ojbd.2022.123007  

21. Kim J, Mizokami A, Shin M, Izumi K, Konaka H, 
Kadono Y, et al. SOD3 acts as a tumor suppressor 
in PC-3 prostate cancer cells via hydrogen peroxide 
accumulation. Anticancer Research. 
2014;34(6):2821-2831. Available from: 
https://doi.org/10.21873/anticanres.9748  

22. Shukla S, Srivastava JK, Shankar E, Kanwal R, 
Nawab A, Sharma H, et al. Oxidative stress and 
antioxidant status in high-risk prostate cancer 
subjects. Diagnostics. 2020;10(3):126. Available 
from: 
https://doi.org/10.3390/diagnostics10030126  

23. Ohtake S, Kawahara T, Ishiguro Y, Takeshima T, 
Kuroda S, Izumi K, et al. Oxidative stress marker 8-
hydroxyguanosine is more highly expressed in 
prostate cancer than in benign prostatic hyperplasia. 
Molecular and Clinical Oncology. 2018;9(3):302-
304. Available from: 
https://doi.org/10.3892/mco.2018.1665  

24. Michalaki V, Syrigos K, Charles P, Waxman J. 
Serum levels of IL-6 and TNF-α correlate with 
clinicopathological features and patient survival in 
patients with prostate cancer. British Journal of 
Cancer. 2004;90(12):2312-2316. Available from: 
https://doi.org/10.1038/sj.bjc.6601814  

25. Nguyen DP, Li J, Tewari AK. Inflammation and 
prostate cancer: the role of interleukin 6 (IL-6). BJU 
International. 2014;113(6):986-992. Available from: 
https://doi.org/10.1111/bju.12452 

26. Ogbonnaya UC, Dappa BD. Comparative study of 
interleukin-6 (IL-6) and tumour necrosis factor 
alpha (TNF-α) levels in prostate cancer and benign 
prostatic hyperplasia subjects. Journal of Applied 
Health Sciences and Medicine. 2023;10. Available 
from: https://doi.org/10.58614/jahsm344 

27. Situmorang PC, Ilyas S, Nugraha SE, Syahputra RA, 
Nik Abd Rahman NMA. Prospects of compounds 
of herbal plants as anticancer agents: a 
comprehensive review from molecular pathways. 

Frontiers in Pharmacology. 2024;15:1387866. 
Available from: 
https://doi.org/10.3389/fphar.2024.1387866  

28. Bayala B, Zohoncon TM, Djigma FW, Nadembega 
C, Baron S, Lobaccaro JM, et al. Antioxidant and 
antiproliferative activities on prostate and cervical 
cultured cancer cells of five medicinal plant extracts 
from Burkina Faso. International Journal of 
Biological and Chemical Sciences. 2020;14(3):652-
663. Available from: 
https://doi.org/10.4314/ijbcs.v14i3.1 

29. Hao Q, Wu Y, Vadgama JV, Wang P. 
Phytochemicals in inhibition of prostate cancer: 
evidence from molecular mechanisms studies. 
Biomolecules. 2022;12(9):1306. Available from: 
https://doi.org/10.3390/biom12091306 

30. Lekhak N, Bhattarai HK. Phytochemicals in cancer 
chemoprevention: preclinical and clinical studies. 
Cancer Control. 2024;31:10732748241302902. 
Available from: 
https://doi.org/10.1177/10732748241302902  

31. Moriasi G, Ngugi M, Mwitari P, Omwenga G. In 
vitro anti-prostate cancer efficacy and 
phytochemical composition of the dichloromethane 
and ethyl acetate leaf extracts of Vitex doniana 
(sweet). Frontiers in Pharmacology. 
2024;15:1483856. Available from: 
https://doi.org/10.3389/fphar.2024.1483856  

 
32. Adeoye RI, Olopade ET, Olayemi IO, Okaiyeto K, 

Akiibinu MO. Nutritional and therapeutic 
potentials of Carica papaya Linn. seed: a 
comprehensive review. Plant Science Today. 
2024;11(2):2348-900. Available from: 
https://doi.org/10.14719/pst.2843  

33. Alotaibi KS, Li H, Rafi R, Siddiqui RA. Papaya 
black seeds have beneficial anticancer effects on 
PC-3 prostate cancer cells. Journal of Cancer 
Metastasis and Treatment. 2017;3:161-168. 
Available from: https://doi.org/10.20517/2394-
4722.2017.33 

34. Ebenyi LN, Ominyi MC, Anyanwu CB, Ogah O, 
Ogbanshi ME. The leaf extract of Carica papaya 
alleviates benign prostate hyperplasia in male 
Albino rats by antioxidative mechanisms. Nigerian 
Journal of Biochemistry and Molecular Biology. 
2022;37(4):298-302. 

35. Aderiye BI, David OM, Fagbohun ED, Faleye J, 
Olajide OM. Immunomodulatory and 
phytomedicinal properties of watermelon juice and 
pulp (Citrullus lanatus Linn): a review. GSC 
Biological and Pharmaceutical Sciences. 

https://doi.org/10.4314/ijbcs.v14i3.1


The Nigerian Health Journal; Volume 25, Issue 3 – September, 2025 
Effects of Papaya Seed, Watermelon Seed, and Clove buds on Induced Prostate Cancer in Wistar Rats  
Karimah et al 

 

 
 
The Nigerian Health Journal, Volume 25, Issue 2  
Published by The Nigerian Medical Association, Rivers State Branch. 
Downloaded from www.tnhjph.com  
Print ISSN: 0189-9287 Online ISSN: 2992-345X   1122 

2020;11(2):153-165. Available from: 
https://doi.org/10.30574/gscbps.2020.11.2.0079 

36. Ayubi N, Syafawi A, Padmasari DF, Putri DR, 
Komaini A, Yulfadinata A, et al. Anti-oxidant and 
anti-inflammatory properties of watermelon 
(Citrullus lanatus) have the potential to reduce 
oxidative stress and inflammation after 
exercise/physical activity: Systematic review. Retos. 
2024;1(55):20-26. Available from: 
https://doi.org/10.47197/retos.v55.103029  

37. Nissar J, Sidiqi US, Dar AH, Akbar U. Nutritional 
composition and bioactive potential of watermelon 
seeds: a pathway to sustainable food and health 
innovation. Sustainable Food Technology. 
2025;3:375-395. Available from: 
https://doi.org/10.1039/D4FB00335G  

38. Manikandan P, Vinothini G, Vidya Priyadarsini R, 
Prathiba D, Nagini S. Eugenol inhibits cell 
proliferation via NF-κB suppression in a rat model 
of gastric carcinogenesis induced by MNNG. 
Investigational New Drugs. 2011;29:110-117. 
Available from: https://doi.org/10.1007/s10637-
009-9345-2  

39. Rodrigues TG, Fernandes Jr A, Sousa JPB, Bastos 
JK, Sforcin JM. In vitro and in vivo effects of clove 
on pro-inflammatory cytokines production by 
macrophages. Natural Product Research. 
2009;23(4):319-326. Available from: 
https://doi.org/10.1080/14786410802242679 

40. Shi X, Zhang W, Bao X, Liu X, Yang M, Yin C. 
Eugenol modulates the NOD1-NF-κB signaling 
pathway via targeting NF-κB protein in triple-
negative breast cancer cells. Frontiers in 
Endocrinology. 2023;14:1136067. Available from: 
https://doi.org/10.3389/fendo.2023.1136067 

41. Zari AT, Zari TA, Hakeem KR. Anticancer 
properties of eugenol: A review. Molecules. 
2021;26(23):7407. Available from: 
https://doi.org/10.3390/molecules26237407 

42. Idoko AS, Abdullahi A, Maibulangu BM, Nura L, 
Imam NU, Bonomi ZM, et al. Allium sativum and 
Curcuma longa powder protect against hepatotoxic 
and nephrotoxic effect of high fructose diet. 
FUOYE Journal of Pure and Applied Sciences. 
2022;7(8):60. Available from: 
https://doi.org/10.55518/fjpas.JGKT1690 

43. Bosland MC, Schlicht MJ, Horton L, McCormick 
DL. The MNU plus testosterone rat model of 
prostate carcinogenesis. Toxicologic Pathology. 
2022;50(4):478-496. Available from: 
https://doi.org/10.1177/01926233221096345  

44. Ibrahim AY, Mahmoud MG, Asker MS, Youness 
ER, El-Newary SA. Acidic exo-polysaccharide 

obtained from Bacillus sp. NRC5 attenuates 
testosterone-DMBA-induced prostate cancer in rats 
via inhibition of 5 α-reductase and Na+/K+ 
ATPase activity mechanisms. Current Microbiology. 
2023;80(1):8. Available from: 
https://doi.org/10.1007/s00284-022-03098-8  

45. Strate T, Mann O, Kleinhans H, Rusani S, 
Schneider C, Yekebas E, et al. Microcirculatory 
function and tissue damage is improved after 
therapeutic injection of bovine hemoglobin in 
severe acute rodent pancreatitis. Pancreas. 
2005;30(3):254-259. Available from: 
https://doi.org/10.1097/01.mpa.0000157481.2215
5.2d  

46. Eke R, Ejiofor E, Oyedemi S, Onoja S, Omeh N. 
Evaluation of nutritional composition of Citrullus 
lanatus Linn. (watermelon) seed and biochemical 
assessment of the seed oil in rats. Journal of Food 
Biochemistry. 2021;45(6):13763. Available from: 
https://doi.org/10.1111/jfbc.13763  

47. Shaban NZ, El-Kot SM, Awad OM, Hafez AM, 
Fouad GM. The antioxidant and anti-inflammatory 
effects of Carica papaya Linn. seeds extract on 

CCl₄-induced liver injury in male rats. BMC 
Complementary Medicine and Therapies. 
2021;21:1-15. Available from: 
https://doi.org/10.1186/s12906-021-03479-9  

48. Gao X, Luo F, Zhao H. Cloves regulate Na⁺‐

K⁺‐ATPase to exert antioxidant effect and inhibit 

UVB light‐induced skin damage in mice. 

Oxidative Medicine and Cellular Longevity. 
2021;2021(1):5197919. Available from: 
https://doi.org/10.1155/2021/5197919  

49. Sharma A, Sharma R, Sharma M, Kumar M, 
Barbhai MD, Lorenzo JM, et al. Carica papaya L. 
leaves: deciphering its antioxidant bioactives, 
biological activities, innovative products, and safety 
aspects. Oxidative Medicine and Cellular Longevity. 
2022;2022(1):2451733. Available from: 
https://doi.org/10.1155/2022/2451733 

50. Holzapfel NP, Holzapfel BM, Champ S, Feldthusen 
J, Clements J, Hutmacher DW. The potential role 
of lycopene for the prevention and therapy of 
prostate cancer: from molecular mechanisms to 
clinical evidence. International Journal of Molecular 
Sciences. 2013;14(7):14620-14646. Available from: 
https://doi.org/10.3390/ijms140714620 

51. Oseni OA, Odesanmi OE, Oladele FC. 
Antioxidative and antidiabetic activities of 
watermelon (Citrullus lanatus) juice on oxidative 
stress in alloxan-induced diabetic male Wistar 
albino rats. Nigerian Medical Journal. 

https://doi.org/10.30574/gscbps.2020.11.2.0079
https://doi.org/10.3390/molecules26237407


The Nigerian Health Journal; Volume 25, Issue 3 – September, 2025 
Effects of Papaya Seed, Watermelon Seed, and Clove buds on Induced Prostate Cancer in Wistar Rats  
Karimah et al 

 

 
 
The Nigerian Health Journal, Volume 25, Issue 2  
Published by The Nigerian Medical Association, Rivers State Branch. 
Downloaded from www.tnhjph.com  
Print ISSN: 0189-9287 Online ISSN: 2992-345X   1123 

2015;56(4):272-277. Available from: 
https://doi.org/10.9734/JALSI/2017/33815 

52. Zhang L, Guo J, Zhang Q, Zhou W, Li J, Yin J, et 
al. Flutamide induces hepatic cell death and 

mitochondrial dysfunction via inhibition of Nrf2‐

mediated heme oxygenase‐1. Oxidative Medicine 

and Cellular Longevity. 2018;2018:8017073. 
Available from: 
https://doi.org/10.1155/2018/8017073 

53. Salla S, Sunkara R, Walker LT, Verghese M. 
Antioxidant and apoptotic activity of papaya peel 
extracts in HepG2 cells. Food and Nutrition 
Sciences. 2016;7(6):485-494. Available from: 
https://doi.org/10.4236/fns.2016.76050 

54. Padhy I, Paul P, Sharma T, Banerjee S, Mondal A. 
Molecular mechanisms of action of eugenol in 
cancer: recent trends and advancement. Life. 
2022;12(11):1795. Available from: 
https://doi.org/10.3390/life12111795 

55. Alwan S, Hatem T, Abid H. Molecular mechanisms 
of eugenol as an antitumour bioactive compound: 
A comprehensive review. In BIO Web of 
Conferences. Vol. 125. EDP Sciences; 2024. p. 
03007. Available from: 
https://doi.org/10.1051/bioconf/202412503007  

56. Cronauer MV, Ince Y, Engers R, Rinnab L, 
Weidemann W, Suschek CV, et al. Nitric oxide-
mediated inhibition of androgen receptor activity: 
possible implications for prostate cancer 
progression. Oncogene. 2007;26(13):1875-1884. 
Available from: 
https://doi.org/10.1038/sj.onc.1209984 

57. Prakash P, Verma S, Gupta S. Risk factors 
influencing chronic inflammation in neoplastic 
transition to prostate cancer. Journal of 
Translational Genetics and Genomics. 
2024;8(4):312-327. Available from: 
https://doi.org/10.20517/jtgg.2024.52  

58. Herman SM, Robinson JT, McCredie RJ, Adams 
MR, Boyer MJ, Celermajer DS. Androgen 
deprivation is associated with enhanced 
endothelium-dependent dilatation in adult men. 
Arteriosclerosis, Thrombosis, and Vascular Biology. 
1997;17(10):2004-2009. Available from: 
https://doi.org/10.1161/01.ATV.17.10.2004 

59. Soni Y, Softness K, Arora H, Ramasamy R. The 
Yin Yang role of nitric oxide in prostate cancer. 
American Journal of Men’s Health. 
2020;14(1):1557988320903191. Available from: 
https://doi.org/10.1177/1557988320903191 

60. Asgary S, Soltani R, Daraei F, Salehizadeh L, 
Vaseghi G, Sarrafzadegan N. The effect of lycopene 
on serum level of cardiac biomarkers in patients 

undergoing elective percutaneous coronary 
intervention: A randomized controlled clinical trial. 
ARYA Atherosclerosis. 2021;17(1):1. Available 
from: https://doi.org/10.22122/arya.v17i0.2194  

61. Assar EA, Vidalle MC, Chopra M, Hafizi S. 
Lycopene acts through inhibition of IκB kinase to 
suppress NF-κB signaling in human prostate and 
breast cancer cells. Tumor Biology. 2016; 37:9375-
9385. Available from: 
https://doi.org/10.1007/s13277-016-4798-3  

62. Cao Y, Lai KM, Fu KC, Kuo CL, Tan YJ, Yu L, et 
al. Dual functionality of papaya leaf extracts: anti-
coronavirus activity and anti-inflammation 
mechanism. Foods. 2024;13(20):3274. Available 
from: https://doi.org/10.3390/foods13203274 

63. Gurusmatika S, Ishida M, Nishi K, Sugahara T. 
Exploring the anti-inflammatory effect of clove 
water extract in lipopolysaccharide-stimulated 
RAW264.7 cells and mouse peritoneal 
macrophages. Journal of Food Bioactives. 2024;25. 
Available from: 
https://doi.org/10.31665/JFB.2024.18373 

64. Uyanga VA, Wang M, Tong T, Zhao J, Wang X, 
Jiao H, et al. L-citrulline influences the body 
temperature, heat shock response and nitric oxide 
regeneration of broilers under thermoneutral and 
heat stress condition. Frontiers in Physiology. 2021; 
11:671691. Available from: 
https://doi.org/10.3389/fphys.2021.671691 

65. Cai Y, Lee YF, Li G, Liu S, Bao BY, Huang J, et al. 
A new prostate cancer therapeutic approach: 

combination of androgen ablation with COX‐2 

inhibitor. International Journal of Cancer. 
2008;123(1):195-201. Available from: 
https://doi.org/10.1530/ERC-10-0339 

66. Alwan S, Hatem T, Abid H. Molecular mechanisms 
of eugenol as an antitumour bioactive compound: 
A comprehensive review. In BIO Web of 
Conferences. Vol. 125. EDP Sciences; 2024. p. 
03007. Available from: 
https://doi.org/10.1051/bioconf/202412503007  

67. Wu CT, Chen WC, Lin PY, Liao SK, Chen MF. 
Androgen deprivation modulates the inflammatory 
response induced by irradiation. BMC Cancer. 
2009; 9:92. Available from: 
https://doi.org/10.1186/1471-2407-9-92  

68. Álvarez-Maestro M, Eguibar A, Chanca P, Klett-
Mingo M, Gómez Rivas J, Buño-Soto A, et al. 
Androgen deprivation therapy in patients with 
prostate cancer increases serum levels of 
thromboxane A2: cardiovascular implications. 
Frontiers in Cardiovascular Medicine. 2021; 

https://doi.org/10.1155/2018/8017073
https://doi.org/10.1177/1557988320903191
https://doi.org/10.3389/fphys.2021.671691


The Nigerian Health Journal; Volume 25, Issue 3 – September, 2025 
Effects of Papaya Seed, Watermelon Seed, and Clove buds on Induced Prostate Cancer in Wistar Rats  
Karimah et al 

 

 
 
The Nigerian Health Journal, Volume 25, Issue 2  
Published by The Nigerian Medical Association, Rivers State Branch. 
Downloaded from www.tnhjph.com  
Print ISSN: 0189-9287 Online ISSN: 2992-345X   1124 

8:653126. Available from: 
https://doi.org/10.3389/fcvm.2021.653126 

69. Nisar A, Jagtap S, Vyavahare S, Deshpande M, 
Harsulkar A, Ranjekar P, et al. Phytochemicals in 
the treatment of inflammation-associated diseases: 
the journey from preclinical trials to clinical 
practice. Frontiers in Pharmacology. 2023; 
14:1177050. Available from: 
https://doi.org/10.3389/fphar.2023.1177050 

70. Rajgopal A, Rebhun JF, Burns CR, Scholten JD, 
Balles JA, Fast DJ. Immunomodulatory effects of 
Lippia sidoides extract: induction of IL-10 through 
cAMP and p38 MAPK-dependent mechanisms. 
Journal of Medicinal Food. 2015;18(3):370-377. 
Available from: 
https://doi.org/10.1089/jmf.2014.0096  

71. Saraiva M, Vieira P, O’Garra A. Biology and 
therapeutic potential of interleukin-10. Journal of 
Experimental Medicine. 2020;217(1):e20190418. 
Available from: 
https://doi.org/10.1084/jem.20190418 

72. Jin Q, Liu T, Qiao Y, Liu D, Yang L, Mao H, et al. 
Oxidative stress and inflammation in diabetic 
nephropathy: role of polyphenols. Frontiers in 
Immunology. 2023; 14:1185317. Available from: 
https://doi.org/10.3389/fimmu.2023.1185317 

73. Rapa SF, Di Iorio BR, Campiglia P, Heidland A, 
Marzocco S. Inflammation and oxidative stress in 
chronic kidney disease—potential therapeutic role 
of minerals, vitamins and plant-derived metabolites. 
International Journal of Molecular Sciences. 
2020;21(1):263. Available from: 
https://doi.org/10.3390/ijms21010263 

74. Yanez M, Blanchette J, Jabbarzadeh E. Modulation 
of inflammatory response to implanted biomaterials 
using natural compounds. Current Pharmaceutical 
Design. 2017;23(41):6347-6357. Available from: 
https://doi.org/10.2174/138161282366617051012
4348  

75. Pal P, Banerjee ER. Exploring the effect of 
phytochemical extract (Benincasa sp.) on the 
inflammatory mediators and regulatory pathways of 
acute cisplatin nephrotoxicity in pre-clinical mouse 
model. Biomedical Research and Therapy. 
2024;11(6):6494-6510. Available from: 
https://doi.org/10.15419/bmrat.v11i6.896  

76. Bohn T, McDougall GJ, Alegría A, Alminger M, 
Arrigoni E, Aura AM, et al. Mind the gap—Deficits 
in our knowledge of aspects impacting the 
bioavailability of phytochemicals and their 
metabolites—A position paper focusing on 
carotenoids and polyphenols. Molecular Nutrition 

& Food Research. 2015;59(7):1307-1323. Available 
from: https://doi.org/10.1002/mnfr.201400745 

77. Brodzicka A, Galanty A, Paśko P. Modulation of 
multidrug resistance transporters by food 
components and dietary supplements: implications 
for cancer therapy efficacy and safety. Current 
Issues in Molecular Biology. 2024;46(9):9686-9706. 
Available from: 
https://doi.org/10.3390/cimb46090576  

78. Gómez-Garduño J, León-Rodríguez R, Alemón-
Medina R, Pérez-Guillé BE, Soriano-Rosales RE, 
González-Ortiz A, et al. Phytochemicals that 
interfere with drug metabolism and transport, 
modifying plasma concentration in humans and 
animals. Dose-Response. 
2022;20(3):15593258221120485. Available from: 
https://doi.org/10.1177/15593258221120485 

79. Rathee S, Patil UK, Jain SK. Exploring the potential 
of dietary phytochemicals in cancer prevention: A 
comprehensive review. Journal of Exploratory 
Research in Pharmacology. 2024;9(1):34-47. 
Available from: 
https://doi.org/10.14218/JERP.2023.00050  

80. Gong J, Tu W, Liu J, Tian D. Hepatocytes: A key 
role in liver inflammation. Frontiers in 
Immunology. 2023; 13:1083780. Available from: 
https://doi.org/10.3389/fimmu.2022.1083780  

81. Wu S, Wang X, Xing W, Li F, Liang M, Li K, et al. 
An update on animal models of liver fibrosis. 
Frontiers in Medicine. 2023; 10:1160053. Available 
from: https://doi.org/10.3389/fmed.2023.1160053  

82. Choudhari AS, Mandave PC, Deshpande M, 
Ranjekar P, Prakash O. Phytochemicals in cancer 
treatment: From preclinical studies to clinical 
practice. Frontiers in Pharmacology. 2020; 10:1614. 
Available from: 
https://doi.org/10.3389/fphar.2019.01614 

 
 
 
 

 

 

 

 

 

https://doi.org/10.1084/jem.20190418
https://doi.org/10.3389/fphar.2019.01614

