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					ABSTRACT  

					ARTICLE INFO  

					Dichlorvos induces cardiac injury via the activation of oxido-inflammatory signaling. This study  

					investigates the cardioprotective potential of Ricinus communis methanol leaf extract (MERC)  

					against dichlorvos-induced cardiac injury in the Wistar rat model. Thirty-two male Wistar rats  

					were divided into four groups (A-D). Group A (control) received a vehicle solution (dimethyl  

					sulfoxide and distilled water) for six weeks. Group B (DDVP only) inhalation exposure to  

					dichlorvos occurred over a period of three weeks, during which no treatment was administered.  

					Group C (DDVP + MERC) was exposed to dichlorvos and treated with MERC (300 mg/kg/day)  

					orally for six weeks. Group D (MERC only) received MERC for six weeks. Cardiac biomarkers  

					(lactate dehydrogenase (LDH), troponin-I, creatine kinase (CK-MB)), oxidative stress marker  

					(malondialdehyde, MDA), antioxidant enzymes (SOD, CAT) and inflammatory markers (IL-6,  

					MPO, TNF-α) were assessed alongside histological analysis. Dichlorvos exposure significantly  

					increased CK-MB, LDH, troponin-I, IL-6, MPO, TNF-α, and MDA, while reducing SOD and  

					CAT levels, indicating oxidative damage. Histology revealed myocardial degeneration, fibrosis,  

					and inflammation. MERC treatment demonstrated dose-dependent protection, with optimal  

					effects at 400 mg/kg. MERC reduced MDA levels, restored antioxidant enzyme activity,  

					normalized cardiac biomarkers, and preserved heart tissue structure by reducing inflammation and  

					fibrosis. These findings suggest MERC’s cardioprotective potential, owing to its dual capacity to  

					reduce inflammation and combat oxidative stress. The study highlights Ricinus communis as a  

					promising natural therapy for pesticide-induced cardiotoxicity.  
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					Predicting future disease burden and directing disease prevention  

					initiatives require accurate and comparable assessments of CVD risks.  

					Introduction  

					The world's biggest cause of death is without a doubt  

					cardiovascular diseases (CVDs) . 1 In 2015, an estimated 17.9 million  

					deaths were attributed to CVDs. In every global region, the two main  

					cardiovascular challenges are ischaemic heart disease (IHD) and  

					cerebrovascular accident.1. Over 22.2 million deaths per year would be  

					attributed to CVDs by 2030. A disproportionate 75% of CVD  

					mortalities are in poor resource nations, leading to significant economic  

					burdens, including a notable 7% reduction in GDP. 2. Low- and middle-  

					income countries (LMICs) currently bear a higher percentage of the  

					universal cost of CVDs than developed countries, even though risk  

					factors in LMICs are comparatively less burdensome than in high-  

					According to certain epidemiological data, behavioral risk factors like  

					smoking, drinking, lack of exercise, and eating too few fruits and  

					vegetables are also linked to CVD. Hypertension is considered a  

					primary factor in incident CVD. These risk factors, either alone or in  

					combination, offer a chance for interventions to lessen the burden of  

					CVD in LMIC's aging populations in the future. To provide important  

					and necessary information regarding CVD and CVD risks, several  

					major recent studies have examined the risks of CVD in higher and  

					lower-income countries.3,4 These research findings, meanwhile, might  

					not accurately reflect the demographics of older adults. At later ages,  

					for instance, estimates from the Prospective Urban Rural Epidemiology  

					(PURE) study's distributions and sampling strategy are less  

					trustworthy.4  

					To date, CVD is a major predisposing factor of premature mortality  

					globally.6 Associated risk factors including sedentary lifestyle,  

					smoking, diabetes, high blood pressure, dyslipidemia, and diets are  

					responsible for premature deaths in CVD.7. Cardiac toxicity is a major  

					concern associated with organophosphate (OP) poisoning.8. These  

					toxicants alter cardiac structure and function by affecting various  

					cellular and molecular mechanisms. A key mechanism underlying  

					cardiac toxicity is oxidative stress, resulting in cellular damage.9.  

					Additionally, OPs can induce inflammation by activating inflammatory  

					cytokines and chemokines.10  

					income countries. ,4. About a quarter (23%) of the morbidities  

					worldwide are due to disorders affecting individuals ≥ 60 years. In  

					2010, CVDs accounted for almost a third (30.3%) of these diseases,  

					making them the primary contributors. 5  

					3
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					Organophosphate (OP) insecticides and pesticides include dimethyl  

					2,2-dichloro vinyl phosphate, or DDVP.11. It inhibits the  

					acetylcholinesterase enzyme, causing it to be poisonous to both  

					humans and animals. Inhaling contaminated air is the most typical  
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					way to be exposed to dichlorvos due to its chemical characteristics.  

					Skin contact with dirt or surfaces contaminated with dichlorvos is  

					Group A (Control): Administered 10 mL/kg of dimethyl sulfoxide  

					(DMSO) and distilled water (prepared in a 1:19 ratio) daily for six  

					weeks.  

					another documented exposure route.12  

					.

					Recent studies have  

					demonstrated the impact of oxidative stress and inflammation in  

					dichlorvos-induced toxicity.13,14,15,16 Acute exposure to DDVP has  

					been known to cause palpitations, headaches, nausea, vomiting,  

					diarrhea, eye irritations, exhaustion, sleepiness, convulsions, and  

					coma at very high concentrations,12,.17 According to earlier research,  

					OP poisoning causes circulatory abnormalities including ventricular  

					arrhythmias that are visible on electrocardiograms (ECG) and a  

					change in normal cardiac capacity and conducting activity.18,19  

					Group B (DDVP only): Exposed to 98.54g/m3 DDVP via inhalation (15  

					minutes daily) in a desiccator for three weeks without any treatment.29  

					Group C (DDVP + MERC): Exposed to DDVP as described for Group  

					B and subsequently treated with methanol leaf extract of Ricinus  

					communis (MERC) at 300 mg/kg/day dissolved in DMSO and distilled  

					water (prepared as described for Group A) orally for six weeks.29  

					Group D (MERC only): Administered MERC at 300 mg/kg/day  

					dissolved in DMSO and distilled water (prepared as described for  

					Group A) for six weeks.  

					Neurotoxicity,20  

					carcinogenicity,  

					hepatotoxicity,21,22  

					,

					and  

					nephrotoxicity,23 are harmful consequences of exposure to OPs.  

					Reports on its effects on heart rate, blood pressure (BP), and  

					cardiovascular parameters are scarce, nevertheless.  

					Extraction and Phytochemical Analysis of Methanol Leaf Extract of  

					Ricinus communis  

					Although atropine is used in the management of organophosphate  

					poisoning,24, it is associated with side effects.25 Furthermore, getting a  

					satisfactory antidote for the treatment of cardiovascular complications  

					arising from exposure to organophosphate with little or no side effects  

					has not been reported.  

					The potential of medicinal plants like Ricinus communis L. also referred  

					to as the castor plant, has been brought to light by the search for  

					complementary and alternative therapies. It is a member of the  

					Euphorbiaceae family and is well known for its tremendous  

					pharmacological qualities that include anti-inflammatory, antioxidant,  

					and diabetes-lowering benefits.26,27 Flavonoids and phenolic acids, two  

					of Ricinus communis's bioactive constituents, have shown promise in  

					reducing inflammation and oxidative stress, which may make them  

					useful in treating diabetic kidney problems.28.  

					Dichlorvos, a widely used organophosphate pesticide, poses significant  

					health risks as a result of its potential to cause oxidative stress and  

					inflammation, leading to systemic toxicity and organ damage, including  

					cardiac injury. Despite the growing concerns regarding pesticide-  

					induced cardiotoxicity, effective therapeutic strategies remain limited.  

					Ricinus communis L., a medicinal plant with established antioxidant  

					and anti-inflammatory properties, has demonstrated potential in  

					mitigating various toxic insults. Its bioactive constituents, such as  

					flavonoids, phenolics, and terpenoids, are known to combat oxidative  

					stress and modulate inflammatory responses. However, the  

					cardioprotective potential of its methanol leaf extract (MERC) against  

					pesticide-induced cardiac injury remains unexplored. This study is  

					driven by the urgent need to identify natural, cost-effective  

					interventions for managing pesticide-induced cardiac damage.  

					Investigating the protective effects of MERC in a dichlorvos-induced  

					cardiac injury model provides a foundation for understanding its  

					therapeutic value and elucidating its mechanisms of action. The  

					findings may contribute to developing novel strategies for mitigating  

					pesticide toxicity and advancing scientific knowledge and public health.  

					The leaves of Ricinus communis (RC) were obtained commercially from  

					Hamama Farms, Aduin, Ogbomoso, Oyo State, Nigeria, and was  

					assigned a voucher number (LHO 677). The extraction was performed  

					using a modified version of a previously reported method [29]. The  

					leaves were crushed into fine particles using a pestle and mortar, and  

					then subjected to a 72-hour methanol (98.6%) extraction. The extract  

					was then concentrated using a rotary evaporator, with the temperature  

					maintained at 64.7°C, the boiling point of methanol.  

					Animal Sacrifice, Sample Collection and Preparation  

					After six (6) weeks of the experimental procedure, the animals were  

					subjected to overnight fasting.30, 31, 32, 33, 34, 35. Isoflurane at a flow rate of  

					0.4-0.8 liter/min was utilized to put the Wistar rats to sleep. Euthanasia  

					was confirmed through thoracotomy after the animals were initially  

					placed in a sealed chamber and then humanely euthanized with  

					increasing concentrations of isoflurane vapor. This process met the  

					standards for humane euthanasia while reducing pain and discomfort.36.  

					Blood was obtained from the right atrium into plain bottles, centrifuged  

					for 15 minutes at 3000 ×g rpm,37, and serum was obtained for  

					assessment of oxidative stress markers (MDA, CAT, GPx), Troponin,  

					and LDH levels. The heart tissues were removed, weighed, and  

					preserved in 20 % buffered formalin. Part of the tissues was  

					homogenized for the estimation of CK-MB and inflammatory markers  

					(IL-6, MPO, TNF-α). The remaining part was used for  

					immunohistochemistry assay of Caspase-3 and Cytochrome-c.  

					Assay of cardiac injury markers  

					Cardiac concentrations of troponin, CK-MB, and LDH were determined  

					as outlined in the manufacturer’s guidelines.  

					Inflammatory studies  

					Cardiac levels of IL-6 and TNF-α were determined as outlined in the  

					manufacturer's guidelines. As previously reported by Afolabi. et al.38,  

					the cardiac DNA fragmentation index was identified as an indicator of  

					apoptosis.  

					Materials and Methods  

					Oxidative Stress Markers  

					Oxidative stress markers were assayed as follows;  

					Drugs and Chemicals  

					Sniper™ (containing 1000 g/L dichlorvos as the active ingredient;  

					Forward Beinaj Hepu Pesticide Co. Limited, China), methanol (96.4%)  

					(Vinatu Organics Ltd., Mahad Maharashtra, India), and Dimethyl  

					sulfoxide (DMSO) (Thermo Fisher Scientific India Pvt. Ltd.) were  

					purchased. Additional chemicals used included chloroform, formalin,  

					and distilled water, which were sourced locally.  

					Superoxide Dismutase (SOD)  

					This was assayed using the pyrogallol auto-oxidation method. 39  

					Catalase (CAT)  

					Cat activity was assayed by measuring residual hydrogen peroxide  

					following enzymatic reaction.40.  

					Experimental Animals and Housing  

					Glutathione (GSH)  

					A total of 32 male Wistar rats, with weights between 200 and 250g,  

					were commercially procured in a breeding facility in Papa Olomi,  

					Ogbomoso North Local Government, Oyo State, Nigeria. The animals  

					were kept in plastic cages with adequate ventilation in the department's  

					animal house. The Faculty of Basic Medical Sciences Ethics Review  

					Committee at LAUTECH granted ethical permission for the study  

					(Ethical code FBMS/AEC/P/074/22).  

					This was spectrophotometrically determined using the method outlined  

					by. Appala et al.41  

					Malondialdehyde (MDA)  

					Lipid peroxidation was evaluated using the thiobarbituric acid reactive  

					substances (TBARS) assay.42  

					Assay of Myeloperoxidase Activity  

					There are multiple steps in the protocol. To solubilize the enzyme, the  

					tissue samples were initially homogenized in a potassium phosphate  

					buffer solution containing 0.5% HTAB (hexadecyltrimethylammonium  

					Treatments  

					The 32 rats were split into four groups (A–D) at random, with eight rats  

					in each group.:  
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					bromide). The supernatant was then mixed with o-dianisidine  

					Statistical Analysis  

					dihydrochloride in a reagent solution. The oxidation of this peroxidase  

					substrate causes it to turn brown, which may be identified using  

					spectrophotometry (λ = 460 nm). MPO activity in the intestinal tissues  

					of rats and mice was measured using this approach43.  

					Graph Pad Prism 7 was used to analyze the data. One-way analysis of  

					variance (ANOVA) and Tukey's post hoc test were used for statistical  

					comparisons. Mean ± standard error of the mean (SEM) is used to show  

					the data. Statistical significance was established at a p-value of less than  

					0.05.  

					Immunohistochemistry of caspase 3  

					Formalin-fixed,  

					paraffin-embedded,  

					4-μm  

					slices  

					were  

					Results and Discussion  

					immunohistochemically stained with caspase 3 antibodies at a 1:50  

					dilution (DAKO, Carpinteria, CA). In every instance, the slides were  

					steam heated in a 1-mmol/L solution of EDTA (pH 8.0) for 30 minutes  

					to perform antigen retrieval. Following endogenous biotin blocking, an  

					automated immunostainer (DAKO) was used for staining, and a  

					streptavidin-biotin detection system (DAKO) was used for detection.  

					Each test uses both positive and negative control sections.44.  

					Effects of MERC on Cardiac Injury Markers in DDVP-Exposed Rats  

					Creatine Kinase (CK)  

					The CK level in the control group was 20.88 ± 0.249 U/L. The CK level  

					of 26.30 ± 0.2914 U/L was substantially higher (p < 0.05) in the DDVP-  

					only group. The CK level of the DDVP + MERC group was 22.01 ±  

					1.376 U/L, greater than that of the control group but considerably lower  

					than that of the DDVP-only group (p < 0.05). With a CK level of 17.09  

					± 0.582 U/L, the MERC-only group was equivalent to the control group  

					and substantially lower than the DDVP-only and DDVP + MERC  

					groups (p < 0.05). These are depicted in Table 1.  

					Lactate Dehydrogenase (LDH): 90.16 ± 0.785 U/L was the LDH level  

					in the control group. Heart damage was indicated by the considerably  

					higher LDH levels (127.60 ± 2.422 U/L; p < 0.05) in the DDVP-only  

					group. The LDH level of the DDVP + MERC group was 103.50 ± 0.430  

					U/L, which was higher than the control but considerably lower than the  

					DDVP-only group (p < 0.05). With an LDH level of 84.37 ± 4.882 U/L,  

					the MERC-only group was comparable to the control group and  

					considerably lower than the DDVP-only and DDVP + MERC groups (p  

					< 0.05). These are depicted in Table 1.  

					Troponin: The troponin level in the control group was 0.40 ± 0.020  

					ng/mL. Troponin levels in the DDVP-only group significantly  

					increased (4.02 ± 0.420 ng/mL; p < 0.05), suggesting myocardial injury.  

					Troponin levels in the DDVP + MERC group were 3.385 ± 0.173  

					ng/mL, which was higher than the control group but considerably lower  

					than the DDVP-only group (p < 0.05). With a troponin level of 0.27 ±  

					0.131 ng/mL, the MERC-only group was equivalent to the control  

					group and considerably lower than the DDVP-only and DDVP + MERC  

					groups (p < 0.05). These are depicted in Table 1.  

					Immunohistochemistry of cytochrome C  

					To establish the expression and localization of cytochrome C, formalin-  

					fixed, paraffin-embedded tissue slices were subjected to  

					immunohistochemistry. Tissue slices (4-5 µm thick) were  

					deparaffinized with xylene and rehydrated with a gradient of ethanol  

					solutions. The sections were heated for ten minutes in citrate buffer (pH  

					6.0) and then cooled to room temperature to perform antigen retrieval.  

					For ten minutes, 3% hydrogen peroxide was used to inhibit endogenous  

					peroxidase activity. To prevent nonspecific binding sites, the slices  

					were subsequently treated with 5% bovine serum albumin (BSA). A  

					cytochrome C-specific primary antibody was added to a humidified  

					chamber and left to incubate overnight at 4°C. The sections were  

					cleaned with phosphate-buffered saline (PBS), incubated for an hour  

					with a biotinylated secondary antibody, and then treated the next day  

					with the streptavidin-HRP conjugate.  

					When 3,3'-diaminobenzidine (DAB) was used as the chromogen to  

					visualize immunoreactivity, cytochrome C-positive locations turned  

					brown. The sections were then dehydrated, cleaned in xylene,  

					counterstained with hematoxylin, and mounted for microscopic  

					inspection.45  

					Table 1: Effects of MERC on Cardiac Injury Markers in DDVP-Exposed Rats  

					Control DDVP only DDVP+MERC MERC Only  

					20.88 + 0.249  

					26.30 + 0.2914* 22.01 + 1.376#  

					Parameters  

					CK (U/L)  

					17.09 + 0.582*#^  

					84.37 + 4.882#^  

					0.27 + 0.131#^  

					LDH (U/L)  

					90.16 + 0.785  

					0.40 + 0.020  

					127.60 + 2.422*  

					4.02 + 0.420*  

					103.50 + 0.430*#  

					3.385 + 0.173*#  

					TROPONIN (ng/ml)  

					Values are expressed as mean + SEM, P<0.05 vs Control, #P<0.05 vs DDVP only, ^P<0.05 vs DDVP+MERC  

					Investigating the Anti-Inflammatory Properties of Ricinus communis  

					Leaf Extract in Rats Exposed to Dichlorvos.  

					Table 1 shows how Ricinus communis methanol leaf extract (RC)  

					affected inflammatory markers in male Wistar rats subjected to DDVP.  

					TNF-α, myeloperoxidase (MPO), and interleukin-6 (IL-6) were among  

					the characteristics that were assessed.  

					Myeloperoxidase (MPO): The baseline MPO level in the control group  

					was 0.1793 ± 0.018 µ/mL. MPO increased significantly in the DDVP-  

					only group (0.2699 ± 0.023 µ/mL; p < 0.05), suggesting that DDVP  

					exposure increased inflammation. A modest anti-inflammatory impact  

					of RC was shown by the considerably reduced MPO level (0.2307 ±  

					0.020 µ/mL) in the DDVP + RC group when compared to the DDVP-  

					only group (p < 0.05). With an MPO level of 0.2542 ± 0.015 µ/mL, the  

					RC-only group was comparable to the DDVP + RC group but much  

					higher than the control group. These are depicted in Table 2.  

					response. Compared to the DDVP-only group, the group treated with  

					DDVP + Ricinus communis (RC) exhibited a significant reduction in  

					interleukin-6 (IL-6) levels (61.65 ± 2.304 pg/mL) (p < 0.05), suggesting  

					that RC reduced the inflammation caused by DDVP. At 28.72 ± 1.961  

					pg/mL, the RC-only group's IL-6 level was comparable to the control  

					group and considerably lower than that of the DDVP-only and DDVP  

					+ RC groups (p < 0.05). These are depicted in Table 2.  

					In the control group, the baseline concentration of tumor necrosis  

					factor-alpha (TNF-α) was found to be 7.901 ± 0.832 pg/mL. TNF-α  

					levels were markedly increased to 59.65 ± 3.595 pg/mL (p < 0.05) in  

					the DDVP-only group, indicating a robust inflammatory response  

					brought on by DDVP exposure. The DDVP + Ricinus communis (RC)  

					group showed a significant decrease in TNF-α levels (36.06 ± 2.766  

					pg/mL) than in the DDVP-only group (p < 0.05), confirming RC's anti-  

					inflammatory properties. The anti-inflammatory qualities of RC were  

					further supported by the considerably reduced TNF-α level (6.568 ±  

					1.366 pg/mL) in the RC-only group as compared to the DDVP-only and  

					DDVP + RC groups (p < 0.05) These are depicted in Table 2.  

					Interleukin-6 (IL-6): 39.40 ± 1.241 pg/mL was the IL-6 level in the  

					control group. IL-6 levels were markedly raised to 175.1 ± 3.651 pg/mL  

					(p < 0.05) in the DDVP-only group, indicating a strong inflammatory  

					2273  

					© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

				

			

		

		
			
				
					
				
			

			
				
					Trop J Nat Prod Res, May 2025; 9(5): 2271 - 2278  

					ISSN 2616-0684 (Print)  

					ISSN 2616-0692 (Electronic)  

					Table 2: Effect of Methanol Leaf Extract of Ricinus communis on Inflammatory Markers in DDVP-Exposed Male Wistar Rats.  

					Parameter  

					Control  

					DDVP only  

					DDVP+RC  

					RC only  

					MPO (mu/mL)  

					IL-6 (pg/ml)  

					TNF-α (pg/ml)  

					0.1793+ 0.018  

					39.40 + 1.241  

					7.901 ± 0.832  

					0.2699 + 0.023*  

					175.1 + 3.651*  

					59.65 ± 3.595*  

					0.2307 + 0.020#  

					61.65 + 2.304*#  

					36.06 ± 2.766*#  

					0.2542+0.015  

					28.72+1.961#^  

					6.568±1.366#^  

					Values are expressed as mean + SEM, *P<0.05 vs Control, #P<0.05 vs DDVP only, ^P<0.05 vs DDVP+MERC^, P<0.05 vs DDVP+MERC  

					Effect of Methanol Extract of Ricinus communis on Malondialdehyde  

					(MDA) Level of Male Wistar Rats  

					0.15  

					0.10  

					0.05  

					0.00  

					In comparison to the control and Ricinus communis (RC)-treated  

					groups, the DDVP-exposed rats showed a substantial rise (P < 0.05) in  

					malondialdehyde (MDA) levels. This implies that the rats experienced  

					increased oxidative stress as a result of DDVP administration.  

					Compared to the other groups, the DDVP-exposed group exhibited a  

					significant (P < 0.05) decrease in the activities of GPx, catalase, and  

					SOD. These results suggest that exposure to DDVP impairs the  

					antioxidant defense system. RC treatment significantly (p < 0.05)  

					reduced the decline in CAT, SOD, and GPx activity in the DDVP-  

					exposed rats, indicating that RC treatment offered protection against  

					oxidative damage brought on by DDVP. Figures 1 through 4 provide  

					more illustrations of the findings.  

					#
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					Figure 3: Effect of Exposure to Dichlorvos (DDVP) &  

					Methanol Extract of R. communis on GPx level  

					Values are expressed as mean + SEM  
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					Figure 1: Effect of Exposure to Dichlorvos (DDVP) and  

					Methanol extract of R. communis on Malondialdehyde (MDA)  

					level  

					Values are expressed as mean + SEM  

					*P<0.05 vs Control  

					*
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					Figure 4: Effect of Exposure to Dichlorvos (DDVP) and  

					Methanol Extract of R. communis on Superoxide Dismustase  

					(SOD) level  
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					Values are expressed as mean + SEM  
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					Effects of Exposure to Methanol Leaf Extract of Ricinus communis on  

					Apoptotic Markers (Caspase-3 and Cytochrome-c) in Rats exposed to  

					DDVP.  

					Rats treated to dichlorvos (DDVP) showed a statistically significant  

					increase (P < 0.05) in the expression of important apoptotic markers,  

					specifically Caspase-3 and Cytochrome-c, in comparison to the control  

					group. The increase of these markers, which are essential to the  

					apoptotic signaling cascade, suggests that DDVP administration caused  

					apoptosis in the rats. Additionally, compared to the DDVP-only group,  

					the expression of Caspase-3 was considerably lower (P < 0.05) in the  

					P
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					Figure 2: Effect of Exposure to Dichlorvos (DDVP) and  

					Methanol Extract of R. communis on Catalase (CAT) level  

					Values are expressed as mean + SEM  

					*P<0.05 vs Control  

					#P<0.05 vs DDVP only  
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					DDVP + Ricinus communis (RC) treated group, suggesting that RC  

					therapy successfully inhibited the apoptotic response brought on by  

					DDVP exposure. Plates 1 and 2 respectively, provide a visual  

					representation of these results and show the significant variations in  

					apoptotic marker expression between the groups. This implies that by  

					reducing the apoptosis brought on by DDVP toxicity, RC therapy may  

					provide a protective effect. These are depicted in figure 4.  

					This study revealed an elevated and significant increase in CK-MB,  

					Troponin, and LDH levels in the bloodstream of DDVP-exposed rats  

					when compared to the control group. However, the administration of  

					MERC significantly reversed the elevated troponin, CK-MB, and LDH  

					levels caused by DDVP. Creatine kinase-MB (CK-MB) is a reliable  

					indicator of acute myocardial infarction (heart attack),46,47 and also, it  

					is a cardiac marker used to assist in the diagnosis of diseases resulting  

					from cardiac injury.48,49 . Troponin is a protein found in heart muscles,  

					it is not normally found in the blood, except in cases of cardiac  

					injury.50,51 Lactate dehydrogenase (LDH) is also a protein, though it is  

					found in almost all body tissues, such as the heart, kidney, brain, and  

					lungs, as well as in the blood (in minute quantities).52 When heart  

					muscles become damaged, troponin and LDH are expressed in the  

					bloodstream. The higher the degree of damage to the heart, the greater  

					the amount of troponin and LDH released into the bloodstream..53 . The  

					reduction in the expression of these markers could be a result of the  

					flavonoid content of Ricinus communis. This finding supports the study  

					A

					B

					Group 2 (DDVP only)  

					Group 1 (Control)  

					by Syahputra. et al.53  

					,

					which opined that flavonoids have  

					a

					cardioprotective mechanism against the cardiotoxicity caused by  

					doxorubicin.  

					D

					C

					Interleukin-6 (IL-6) is a key player in the acute phase response, as it is  

					produced at the site of inflammation and triggers acute phase protein  

					production, which are key indicators of inflammation5.4 According to  

					Davies et al.55, myeloperoxidase MPO is mostly expressed in neutrophil  

					granulocytes, a subset of white blood cells, and generates hypohalous  

					acids to perform its antimicrobial function. The tumor necrosis factor  

					(TNF) superfamily, which includes several transmembrane proteins  

					with a homologous TNF domain, includes TNF-α. There are two forms  

					of TNF-α: soluble (sTNF-α) and transmembrane (mTNF-α). Through a  

					process known as substrate presentation, mTNF-α is enzymatically  

					cleaved to produce sTNF-α.56 and it is mostly present in monocytes and  

					macrophages, where it engages in cell-to-cell contact with tissue  

					receptors.57. Inflammatory markers such as TNF-α, IL-6, and MPO,  

					which are crucial in the onset and progression of heart damage and  

					dysfunction, were significantly elevated after DDVP exposure. This is  

					to earlier research that showed that DDVP mostly causes harm through  

					oxidative stress, even if it is also an irreversible inhibitor of  

					acetylcholinesterase. However, the methanol extract of Ricinus  

					communis has the potential to reduce the TNF-α, IL-6, and MPO, as  

					observed in the results of this study. This could be attributed to the  

					alkaloid content of Ricinus results which possesses anti-inflammatory  

					properties.59  

					Group 1 (Control)  

					Group 2 (DDVP only)  

					Plate 1: Photomicrograph of Caspase 3 of the Heart  

					immunohistochemistry assay showing the effects of Methanol  

					Leaf Extract of Ricinus communis on DDVP- Exposed Male  

					Wistar rats (Mag x400)  

					A.  

					B.  

					The control group showed no expression of Caspase 3.  

					The DDVP-only group has weak Caspase 3 expression  

					(black thin line).  

					C.  

					D.  

					In the DDVP + MERC group, Caspase 3 expression is absent.  

					Caspase 3 expression is absent in the MERC-only group.  

					A

					B

					MDA is a biomarker of lipid peroxidation, and its accumulation can  

					lead to cellular toxicity.60 This study found that exposure to DDVP  

					disrupted the antioxidant defense system in the heart, leading to  

					increased lipid peroxidation, free radical production, and oxidative  

					stress, as evidenced by elevated MDA levels and decreased activity of  

					antioxidant enzymes SOD, CAT, and GPx. This agrees with previous  

					research that revealed that certain chemicals cause harm through  

					oxidative stress.61 The antioxidant activities of R. communis are  

					attributed more to alkaloids58,-60 and flavonoids such as tannins.60  

					Moreover, Quercetin, a flavonoid, has been linked to generally  

					improving cardiovascular health.61  

					Group 1: (Control)  

					C

					Group 2: (DDVP only)  

					D

					The very small pro-apoptotic protein known as caspase 3 is made up of  

					two subunits: a 12-kDa subunit and a 17-kDa subunit, each of which  

					has three and five thiol activities. Caspase-3 plays a crucial role in  

					apoptosis by activating downstream executioner caspases, including  

					caspases-6, -7, and -9, which then dismantle the apoptotic cells,  

					facilitating their removal. Following this procedure, caspase-8 and 10  

					cleave and degrade the caspase-3 protein.62. The execution stage of  

					programmed cellular death depends on the sequential cleavage and  

					activation of these proteins.63  

					This study revealed a moderate expression of caspase-3 and an  

					abundant expression of cytochrome-c in the myocytes of the DDVP-  

					exposed rats, which may serve as a good indicator of cardiac injury  

					disease progression. However, the control and the RC-treated rats  

					showed no expression of caspase-3 and cytochrome-c.  

					Group 3: (DDVP+RC)  

					Group 4: (RC only)  

					Plate 2: Photomicrograph of Cytochrome-C of the Heart  

					immunohistochemistry assay  

					showing the Effects of Methanol Leaf Extract of Ricinus  

					communis on DDVP- Exposed Male Wistar rats (Mag x400)  

					A.  

					Cytochrome-c expression on the control group's myocytes  

					was moderate.  

					B.  

					The myocytes in the group exposed to DDVP had high levels  

					of Cytochrome-c  

					expression.  

					C.  

					The myocytes in the DDVP+MERC group exhibit moderate  

					cytochrome-c expression.  

					D.  

					Cytochrome-c expression in myocytes in the MERC-only  

					group is moderate.  

					2275  

					© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

				

			

		

		
			
				
					
				
			

			
				
					Trop J Nat Prod Res, May 2025; 9(5): 2271 - 2278  

					ISSN 2616-0684 (Print)  

					ISSN 2616-0692 (Electronic)  

					4. Teo KK, Dokainish H. The emerging epidemic of  

					cardiovascular risk factors and atherosclerotic disease in  

					developing countries. Can J Cardiol. 2017;33(3):358–65.  

					5. Prince MJ, Wu F, Guo Y, Gutierrez Robledo LM, O'Donnell  

					M, Sullivan R. The burden of disease in older people and  

					implications for health policy and practice. Lancet.  

					2015;385(9967):549–62.  

					6. Corsi DJ, Subramanian SV, Chow CK. Prospective Urban  

					Rural Epidemiology (PURE) study: Baseline characteristics  

					of the household sample and comparative analyses with  

					national data in 17 countries. Am Heart J. 2013;166(4):636–  

					46.  

					1.0  

					0.8  

					0.6  

					0.4  

					0.2  

					0.0  

					*

					* #  

					7. Murray CJL, Aravkin AY, Zheng P. Global burden of 87 risk  

					factors in 204 countries and territories, 1990–2019: A  

					systematic analysis for the Global Burden of Disease Study  

					# ^  

					2019.  

					Lancet.  

					2020;396(10258):1223–49.  

					https://doi.org/10.1016/S0140-6736(20)30752-2  

					8. Mohrman DE, Heller LJ, editors. Cardiovascular physiology.  

					5th ed. New York: McGraw-Hill; 2003.  

					9. Anand S, Singh S, Nahar Saikia U, Bhalla A, Paul Sharma  

					Y, Singh D. Cardiac abnormalities in acute organophosphate  

					poisoning. Clin Toxicol (Phila). 2009;47(3):230–5.  

					https://doi.org/10.1080/15563650902724813  

					10. Forreira JP. Cardiovascular and non-cardiovascular death  

					distinction: The utility of troponin beyond N-terminal pro-B-  

					type natriuretic peptide. Findings from the BIOSTAT-CHF  

					study. Eur J Heart Fail. 2020;22(1):81–9.  

					11. United States Environmental Protection Agency (USEPA).  

					Dichlorvos TEACH chemical summary. Toxicity and  

					exposure assessment for children. Washington, DC: USEPA;  

					2007.  

					l

					y

					y

					l

					C

					+R  

					o

					l

					r

					n

					n

					t

					o

					n

					o

					o

					P

					P

					C

					C

					V

					V

					R

					D

					D

					D

					D

					Figure 5: Effects of Methanol Leaf Extract of Ricinus  

					communis on Caspase 3 Expression in Cardiac Tissue of DDVP-  

					exposed Male Wistar Rats.  

					Values are expressed as mean + SEM  

					*P<0.05 vs Control  

					#P<0.05 vs DDVP only  

					^P<0.05 vs DDVP+MERC  
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					Conclusion  

					In conclusion, Ricinus communis methanol leaf extract demonstrated  

					cardioprotective effects against dichlorvos-induced cardiac damage,  
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					levels) and decreased cardiac injury markers (CK-MB, Troponin, and  

					LDH). Additionally, by dramatically reducing MDA levels and reviving  

					the activity of important antioxidant enzymes including SOD, CAT, and  

					GPx, MERC showed its antioxidant qualities. Furthermore, the extract  

					decreased cardiac apoptosis by lowering apoptotic markers like  

					cytochrome-c and caspase-3. According to these results, Ricinus  

					communis has potent anti-inflammatory and antioxidant activities, thus  

					it is a promising treatment for reducing inflammation, oxidative stress,  

					and heart damage triggered by environmental pollutants like dichlorvos.  
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