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					ABSTRACT  

					ARTICLE INFO  

					Studies have examined the ameliorative effect of Tridax procumbens leaf (TPL) on erectile  

					dysfunction of several etiologies. However, the role of TPL on crude oil-contaminated water  

					source-induced (CW) erectile dysfunction and the role of phosphodiesterase 5 have not been  

					investigated. This study explores the effect of TPL treatment on CW-induced cavernosa tissue  

					dysfunctions. Twenty adult male Wistar rats were segregated into four groups and treated with  

					distilled water, CW (2.5 ml), CW (2.5 ml) + TPL (100 mg/kg), and TPL only (100 mg/kg),  

					respectively, by oral gavage for five weeks. Cavernosa phosphodiesterase 5, contractile functions,  

					oxidative biomarkers, and serum testosterone were estimated. Body weight, testosterone,  

					cavernosa tissue catalase, superoxide dismutase, and phosphodiesterase 5 were significantly  

					reduced in the CW-only group. The malondialdehyde concentration increased significantly in the  

					CW-only group. The relaxation response (%) of the cavernosa tissue to cumulative doses of  

					acetylcholine after precontraction in phenylephrine was increased considerably in the TPL-only  

					treated group. The group treated with CW-only showed a significant increase (62.2%) in  

					relaxation (%) with incubation in sodium nitroprusside when compared to the control (48.9%),  

					CW+TPL (40.4%), and TPL (46.6%) groups. Acetylcholine-mediated relaxation was significantly  

					increased after incubation with nifedipine in the CW+ TPL (40.6%) group compared to the CW-  

					only (18.3%) treated group. The contraction to the cumulative dose of phenylephrine was  

					significantly inhibited in the TPL-treated groups. Potassium chloride-induced contraction was  

					significantly inhibited in the TPL group. TPL reduces crude oil-contaminated water-induced  

					erectile dysfunctions by mopping cavernosa free radicals, elevating cavernosa phosphodiesterase  

					5, and serum testosterone.  
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					Oral administration of the aqueous extract attenuated reproductive  

					impairments in L-NAME-induced hypertensive rats.8 Paroxetine-  

					induced erectile dysfunction was also attenuated with Tridax  

					Introduction  

					procumbens leaf extract treatment.9 A recent study found that Tridax  

					procumbens leaf ethanol extract supplementation reduced chronic  

					variable stress-induced cavernosa contractile and reproductive index  

					impairments in male Wistar rats.10 Furthermore, Tridax procumbens leaf  

					extract was found to improve altered corpora cavernosa activity in  

					streptozotocin-induced diabetic male Wistar rats.11 The studies  

					identified Tridax procumben’s anti-inflammatory, antioxidant, and  

					androgenic activity as likely indicators for the extract’s activity on the  

					erectile tissue.10, 11 Tridax procumbens increased testosterone levels,8  

					reduced C-reactive protein. It further enhanced the activities of  

					antioxidant enzymes.11 TPL’s activities in erectile tissues were also  

					reported to be highly linked to its ability to reduce calcium sensitivity,  

					cause endothelial NO release, and activation of ATP-sensitive K+  

					channels in cavernosa tissues.9 Although several studies have targeted  

					TPL’s activity on erectile dysfunction of various etiologies, that of  

					crude oil-contaminated water source-induced erectile dysfunctions has  

					not been investigated. In addition, despite extensive studies using  

					cavernosa tissues, TPL’s activity on the cavernosa phosphodiesterase  

					has not been explored. The phosphodiesterases, particularly  

					phosphodiesterase 5, are highly populated in the cavernosa tissue and  

					are specific to cyclic guanosine monophosphate (cGMP) in their  

					activity.12 Their activity is crucial to the maintenance of optimal erectile  

					activity, and phosphodiesterase 5 (PDE 5) dysregulation is suggested as  

					a significant mechanism for priapism.13 This study explores the effect  

					of TPL treatment on crude oil-contaminated water-induced cavernosa  

					dysfunction.  

					Crude oil is one of the most common environmental  

					1

					contaminants that negatively impact the reproductive and erectile  

					functions of males.2 Crude oil spillage into water sources is highly  

					endemic in Nigeria. This is due to the activities of pipeline vandals, poor  

					remediation and enforcement rules, and the proliferation of illegal local  

					refineries.3 The accumulation of all these has negatively impacted the  

					physiological functions of human, aquatic, and plant lives.4 It has  

					further exacerbated the prevalence of erectile dysfunctions, projected to  

					be 60% in the Niger Delta region, 5 and 59.8% in southwestern Nigeria.6  

					Tridax procumbens leaf extract (familyAsteraceae) has shown veritable  

					potential for ameliorating reproductive impairments and erectile  

					dysfunctions of various aetiologies. The aqueous extract improved  

					erectile functions in L-nitro-arginine methyl ester-induced (L-NAME)  

					hypertensive male rats.7  
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					the cavernosa sample was estimated using the PDE 5 ELISA Kit. The  

					calibration standards were assayed together with the samples to  

					produce a standard curve of the optical density versus PDE 5  

					concentration. The concentration of PDE 5 in the samples was then  

					determined by comparing the optical density of the samples to the  

					standard curve.  

					Materials and Methods  

					Plant collection and the identification  

					Tridax procumbens plants were harvested from the grassland at Lagos  

					(6° 27' 55.5192'' N and 3° 24' 23.2128'' E.) State University (Lagos,  

					Southwest Nigeria) between October and November 2022. The plant  

					was identified by Mr. Adewunmi Fadiora, in the Department of Botany,  

					at Lagos State University. The leaf sample with the voucher number  

					2132 was deposited in the institution’s herbarium.  

					Statistical analysis  

					The relaxation responses were expressed as a percentage of the initial  

					contraction to phenylephrine. The means of the estimation were  

					determined, and the standard error of the mean (SEM) was determined.  

					The one- or two-way analysis of variances was calculated with  

					Turkey’s post hoc test determined. Statistical significance was  

					established when the P value was less than 0.05. Prism GraphPad  

					statistical software (Version 8) was used to process the data.  

					Groupings and the treatment protocol  

					Twenty normal and healthy adult male Wistar rats (180- 200 g) were  

					procured from the Institution’s animal house. The animals were allowed  

					to acclimatize for 2 weeks in the laboratory. They were divided into four  

					groups and given oral gavage treatments of distilled water,  

					contaminated water (2.5 ml/kg), contaminated water (2.5 ml/kg) + TPL  

					(100 mg/kg), and TPLonly (100 mg/kg) for five weeks. For the duration  

					of the study, the animals were kept in plastic cages and allowed to feed  

					freely on pelletized rats' feed. The TPL was extracted using the method  

					described previously.7 The Animal Research Ethics Committee granted  

					institutional approval for this study. (Ref: AREC/2022/071). The fossil  

					oil-contaminated water from the Ogbia Local Government of Bayelsa  

					State, Nigeria, was utilized in the current study. The composition of the  

					fossil oil-contaminated water was as previously reported.14  

					Results and Discussion  

					The mean body weight of the crude oil-contaminated water-only treated  

					group decreased significantly (from 3rd to 5th week) when compared  

					to the control, CW + TPL, and TPL groups (Figure 1).  

					Serum testosterone, cavernosa tissue MDA, catalase, SOD, and PDE 5  

					The serum testosterone was significantly reduced in the CW-only  

					treated group when compared to the CW + TP and TPL co-treated  

					groups (Table 1). There was a significant increase in the MDA activity  

					in the CW group when compared with the control, CW + TP, and TPL-  

					treated groups (Table 1). The concentration of catalase and SOD in the  

					cavernosa tissue of the CW group was significantly reduced when  

					compared to the CW + TPL, TPL, and control groups, as shown in Table  

					1. The PDE 5 concentration was increased significantly in the  

					cavernosa tissue of the CW + TPL and TPL treated groups when  

					compared to the CW-only treated group (Table 1).  

					Serum collection and cavernosa tissue homogenization  

					The weekly body weights of the Wistar rats were taken during the  

					treatment period using Ohaus Spu 602, (China) weighing balance. At  

					the expiration of the five weeks of treatments, blood samples were  

					collected via cardiac puncture into plain sample bottles. The samples  

					were cold centrifuged in Surgifield centrifuge (model SMB02,  

					England). The serum was aspirated into sample bottles, and stored at -4  

					°C for the testosterone assay. The cavernosa tissues were excised as  

					described previously.11 Two segments of the cavernosa tissues were  

					isolated.  

					A

					segment was homogenized to estimate PDE 5,  

					malonaldehyde activity, catalase, and superoxide dismutase  

					concentration. The other segment was placed in a physiological salt  

					solution (Kreb’s solution) to investigate its contractile activity. The  

					collection of the blood sample and the excision of the cavernosa tissues  

					were done under sodium pentobarbital anesthesia (30 mg/kg).  

					260  
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					240  

					220  

					200  

					180  

					160  

					CW  

					CW + TPL  

					TPL  

					Experiments on the contractile functions of the cavernosa tissue  

					The cavernosa tissues were allowed to stabilize (30 minutes) in the  

					physiological solution. The contraction responses to doses of PHE (10-  

					9 – 10-5 M) were determined and recorded. Doses of KCl (10 - 60 mM)  

					were also added to the cavernous tissues in a potassium-free organ  

					chamber, and the contraction was determined and recorded. The  

					recording was done using an isometric force transducer connected to a  

					Data capsule system (Ugo Basile, Italy). Furthermore, the cavernosa  

					tissue was incubated with a blocker of voltage-gated large-conductance  

					Ca2+ channel (nifedipine,10-4 M) and a nitric oxide donor (SNP, 10-4 M)  

					for 15 minutes. Subsequently, acetylcholine-mediated (10-9 – 10-5 M)  

					relaxations were determined after the incubation periods. As a  

					precaution, the tissues were washed three times after each experimental  

					cycle. The tissue chamber was also kept at a pH of 7.4, 370 C, and  

					perfused with oxygen (95 %) and carbon dioxide (5 %). All the drugs  

					used for the contractile experiments were ordered from Tocris, UK.  

					*
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					Figure 1: Average weekly body weight across treatment groups  

					N = 5, CW: contaminated water only, CW + TPL= contaminated water  

					and Tridax procumbens leaf extract, TPL= Tridax procumbens leaf  

					extract only. * = P < 0.05= significant difference when compared to the  

					control, CW + TPL, and TPL groups. Data expressed as mean ± SEM  

					Estimation of the cavernosa MDA, superoxide dismutase, and catalase  

					Malondialdehyde activity (MDA), an index of lipid peroxidation, was  

					estimated using the method described by Buege and Aust.15 The  

					superoxide dismutase was estimated using its ability to inhibit the auto-  

					oxidation of epinephrine.16 The catalase activity in the cavernous tissue  

					was determined using the method of Sinha.17 The reaction mixture (1.5  

					ml) contained 1.0 ml of 0.01M phosphate buffer (pH 7.0), 0.1 ml of  

					tissue homogenate, and 0.4 ml of 2M H2O2. 2.0 ml of dichromate-acetic  

					acid reagent was used to stop the reaction.  

					Effect of TPL on the cavernosa contractile activity after ingestion of  

					crude oil-contaminated water  

					The relaxation (%) response of the cavernosa tissue to cumulative doses  

					of acetylcholine after precontraction in phenylephrine was significantly  

					increased in the TP-only (54.0 %) when compared to the CW (49.3 %),  

					and CW + TPL (42.9 %) treated groups (Figure 2). The group treated  

					with CW-only showed a significant increase (62.2 %) in relaxation of  

					the cavernosa tissue with incubation in SNP when compared to the  

					Estimation of serum testosterone and cavernosa phosphodiesterase 5  

					Serum testosterone was estimated using testosterone enzyme-linked  

					immunobsorbent assay (ELISA) kits. The concentration of PDE 5 in  
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					Table 1: Cavernosa tissue oxidative biomarkers, testosterone and PDE 5 activity across treatment groups  

					Parameters  

					Control  

					CW  

					CW + TPL  

					2.40 ± 0.1  

					4.11 ± 0.4  

					4.10 ± 0.5  

					7.78 ± 1.8  

					4.16 ± 0.1  

					TPL  

					Testosterone(ng/ml)  

					MDA (µmol/ml)  

					CAT (µmol/ml)  

					SOD (U/ml)  

					1.80 ± 0.3  

					2.81 ± 0.1  

					7.29 ± 0.6  

					4.10 ± 0.5  

					3.49 ± 0.6  

					0.60 ± 0.1*  

					9.23 ± 1.5*  

					2.37 ± 0.2*  

					1.95 ± 0.1*  

					2.70 0.2*  

					2.83 ± 0.7  

					2.67 ± 0.7  

					8.9 ± 0.9  

					4.87 ± 1.4  

					3.86 ± 0.4  

					PDE 5(nmol/ml)  

					N = 5, CW: contaminated water only, CW + TPL= contaminated water and Tridax procumbens leaf extract, TPL= Tridax procumbens leaf extract only. *  

					= P < 0.05= significant difference when compared to the control, CW + TPL and TPL groups. Data expressed as mean ± SEM  

					control (48.9 %), CW + TPL (40. 4 %), and TPL (46.8 %) groups  

					(Figure 3). Acetylcholine-mediated relaxation was significantly  

					increased in the cavernosa tissue after incubation with nifedipine in the  

					CW+ TPL (40.6 %) when compared to the CW-only (18.3 %) treated  

					group (Table 2). The contraction of the cavernosa tissue to a cumulative  

					dose of phenylephrine was significantly inhibited in the TPL-only and  

					CW+TPL-treated groups when compared with the CW-only-treated  

					group (Figure 4). Potassium chloride-induced contraction of the  

					cavernosa tissue was significantly inhibited in the TPL when compared  

					to the CW+ TPL and the CW-only treated groups (Figure 5).  

					length.21 The CW-induced decrease in body weights in this study is  

					likely a direct result of impaired absorption of ingested food arising  

					from CW-induced jejunal damage and impaired contractile activity.  

					The co-treatment with TPL countered this situation. The current study  

					observed no disparity in the feeding pattern across the treated groups in  

					this study.  

					80  

					CONTROL  

					**  

					CW  

					60  

					80  

					**  

					CW+TPL  

					CONTROL  

					**  

					CW  

					TPL  

					60  

					40  

					*

					CW+TPL  

					TPL  

					40  

					20  

					0

					20  

					0

					-9  

					-8  

					-7  

					-6  

					-5  

					acetylcholine (M)  

					-9  

					-8  

					-7  

					-6  

					-5  

					acetylcholine (M)  

					Figure 3: Relaxation (%) of cavernosa tissue after incubation  

					with SNP. N = 5, CW: contaminated water only, CW + TPL=  

					contaminated water and Tridax procumbens leaf extract, TPL= Tridax  

					procumbens leaf extract only. * = P < 0.05= significantly different when  

					compared to control, TPL, and CW + TPL groups. Data expressed as  

					mean ± SEM  

					Figure 2: Relaxation (%) of the cavernous tissue after  

					precontraction in phenylephrine (10-7 M).  

					N = 5, CW: contaminated water only, CW + TPL= contaminated water  

					and Tridax procumbens leaf extract, TPL= Tridax procumbens leaf  

					extract only. * = P < 0.05= significantly different when compared to  

					CW, control, and CW + TPL groups. Data expressed as mean ± SEM  

					TPL was able to reverse the body weight loss because of its reported  

					protective potential against oxidative damage. Several studies have  

					reported on the antioxidant potential of TPL against free radical  

					damage.22,23 TPL is also reported to be very rich in minerals and  

					This study found that exposure to CW caused a significant loss in the  

					average body weight from the third week to the end of the study in the  

					fifth week (Figure 1). Co-treatment with TPL, however, significantly  

					reversed the reduced body weight. The reduction in body weight after  

					exposure to crude oil, crude oil-contaminated water, or crude oil-  

					sourced contaminants is established in the literature. Crude oil-induced  

					reduced food retention time,18 the laxative effect of crude oil causing a  

					decrease in the bioavailability of nutrients,19 crude oil water-induced  

					jejunal oxidative damage, and exaggerated contraction of jejunal  

					tissue.20 The jejunal area is chiefly involved in digestion and  

					absorption. It further accounts for about 40 % of the small intestinal  

					24  

					25  

					nutrients that can help fight infections  

					and inflammation  

					and  

					provide nutrients for growth and development.23  

					Exposure of reproductive organs to crude oil and crude oil contaminants  

					usually exacerbates ovarian, uterine, testicular, epididymal, and  

					cavernosa free radical levels.26,27,14,28 This leads to significant damage  

					and impaired function and growth of these reproductive organs.  
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					Table 2: Cavernosa tissue relaxation (%) after incubation with Nifedipine  

					Control  

					CW  

					CW +TPL  

					TPL  

					Relaxation (%)  

					Relaxation (%)  

					Relaxation (%)  

					Relaxation (%)  

					Acetylcholine (M)  

					-9  

					-8  

					-7  

					-6  

					-5  

					1.7 ± 0.1  

					6.6 ± 0.2  

					13.3 ± 2.1  

					14.5 ± 1.5  

					18.3 2.0  

					5.2 ± 1.2  

					7.1 ± 1.1  

					11.4 ± 1.4  

					14.7 ± 1.7  

					21.8 ± 1.8  

					10.2 ± 2.0  

					17.2 ± 1.9  

					23.7 ± 1.9*  

					33.4 ± 1.0*  

					40.6 ± 2.8*  

					6.1 ± 2.9  

					9.9 ± 0.4  

					17.6 ± 2.9  

					22.0 ± 2.5*  

					28.4 ± 0.4*  

					N = 5, CW: contaminated water only, CW + TPL= contaminated water and Tridax procumbens leaf extract, TPL= Tridax procumbens leaf extract only. *  

					= P < 0.05= significantly different when compared to CW and control groups. Data expressed as mean ± SEM  

					The current study showed that cavernosa antioxidant enzymes (catalase  

					The serum testosterone levels were significantly increased in the TPL  

					and SOD) were significantly reduced in the cavernosa tissue of the CW-  

					co-treated groups in this study. Previous studies have shown that TPL  

					exposed group. However, MDA (a measure of lipid peroxidation) was  

					treatment improved testosterone secretion in hypertensive,8 diabetic,11  

					significantly increased. Groups co-treated with TPL, however, showed  

					10  

					and chronic variable stress exposed  

					Wistar rats. Testosterone is  

					significantly increased antioxidant enzymes in the cavernosa tissue and  

					significantly reduced MDA activity (Table 1). Synthetic exogenous  

					antioxidants like vitamins C and E are known to mop up crude oil-  

					induced free radicals and prevent reproductive tissue damage by free  

					radicals.20,28 The ability of TPL-treated groups to significantly reverse  

					CW-induced free radical damage in the cavernosa tissue can be  

					predicated on TPL's reported antioxidant activities. Similarly, Moringa  

					oleifera leaf extract was reported to ameliorate crude oil-contaminated  

					water-induced cavernosa dysfunctions by its cytoprotective antioxidant  

					produced from Leydig cells in the testis. TPL’s ability to improve  

					testosterone secretion in the current study may be deduced from its  

					potential to prevent CW-induced testicular damage. This ultimately  

					protects the Leydig cells and prevents the impairments in their  

					secretory activity. This assertion is buttressed by the significantly  

					reduced MDA activity in the TPL-co-treated groups in this study.  

					23  

					Furthermore, phytochemicals studies have revealed the presence of  

					rich flavonoid contents, and flavonoids have been reported to stimulate  

					testosterone secretion.31 The increased testosterone levels in the TPL-  

					cotreated groups in this study may also be responsible for the increased  

					29  

					properties. In addition, it mitigated the adverse effect of gestational  

					stress exposure on offspring’s developmental milestones by offering  

					32  

					expression of PDE 5 in the corpora cavernosa. Zhang et al.,  

					protection against oxidative stress. 30  

					postulated that testosterone increases the expression of PDE 5 in the  

					cavernosa tissue.  
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					Figure 4: Cavernosa tissue contraction to cumulative dose of  

					phenylephrine across group  

					Figure 5: Cavernosa tissue contraction to cumulative doses of  

					potassium chloride  

					N = 5, CW: contaminated water only, CW + TPL= contaminated  

					water and Tridax procumbens leaf extract, TPL= Tridax procumbens  

					leaf extract only. ** = P < 0.01= significantly different when  

					compared to CW and CW + TPL groups. Data expressed as mean ±  

					SEM  

					N = 5, CW: contaminated water only, CW + TPL= contaminated water  

					and Tridax procumbens leaf extract, TPL= Tridax procumbens leaf  

					extract only. ** = P < 0.01= significantly different when compared to  

					control and CW groups. Data expressed as mean ± SEM  
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					The measurement of the concentration of PDE 5 in the cavernous tissue  

					is a novelty in the current study. Phosphodiesterase 5 was estimated to  

					determine its role in the ameliorative activity of TPL in the cavernosa  

					tissues. The abundance of PDE 5 in the smooth muscles of the lung,  

					and the erectile tissues has opened the prospects for using inhibitors of  

					PDE 5 as a treatment for pulmonary hypertension,33 reducing  

					hypertrophic cardiac remodeling, myocardial ischeamia, and  

					attenuating the aggravating effects of the beta blockers on erectile  

					dysfunctions.34 In the current study, co-treatment with TPL during CW  

					ingestion significantly increased PDE 5 activities in the corpora  

					cavernosa. This suggests TPL favours the NO-cGMP-PDE 5 axis,  

					accumulating PDE 5 in the process. Cyclic GMP potentiates several  

					beneficial mechanisms that assist several physiological activities like  

					vascular functions, signal transduction, cell growth and motility, anti-  

					inflammatory activity, and apoptosis.35  

					enhanced in the cavernosa of rats co-treated with TPL. Phenylephrine  

					and potassium chloride-mediated contractions were restrained in the  

					cavernosa tissues of TPL-cotreated rats. The incubation of cavernosa  

					tissue of the CW-treated group with SNP significantly increased  

					cavernosa relaxation. The TPL attenuation of CW-induced erectile  

					dysfunction appears to be mediated by the elevation of cavernosa  

					antioxidant enzymes, PDE 5 concentration, and serum testosterone.  
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					It also suggests that TPL may act as an inhibitor of PDE 5 by  

					competitively binding to PDE 5 to prevent cGMP hydrolysis.36 The rich  

					presence of flavonoids in TPL is likely responsible for the upregulation  

					of PDE 5 in the cavernosa tissue. Phyto compounds like quercetin,  

					flavonoids, and alkaloids have been reported to have inhibitory effects  

					on the PDE 5 enzymes. Quercetin is reported to increase the expression  

					of PDE 5 in the lungs resulting in smooth muscle relaxation.37  

					Flavonoids from S. flavescens showed potent inhibitory activity against  

					PDE 5.38 Similarly, the Naringenin flavonoid from the citrus fruit is  

					reported to inhibit PDE 5.39 The inhibitory activity of Viscolin, an  

					alkaloid from Viscum coloratum 40, 41 on PDE 5 activity is also reported.  

					The current study is limited because the cGMP in the cavernosa was  

					not estimated. The estimation of this enzyme together with other  

					intermediates and their expression will further elucidate the role of PDE  

					5 in TPL’s activity in the cavernosa tissues.  
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