


Modulatory effect of Pausinystalia yohimbe on Nitric Oxide/PDE-5 Pathway and Hormonal Profile in Clonidine-Induced Erectile Dysfunction in Wistar Rats 
Abstract
[bookmark: _Hlk215166424][bookmark: _Hlk207221823]Introduction: Erectile dysfunction (ED) is common among men in developing countries of the World.   Medicinal plants offer an effective, alternative treatment for Erectile Dysfunction (ED), addressing the drawbacks of existing prescription drugs. Burantashi (Pausinystalia yohimbe) plant extracts have been used as aphrodisiac to enhance male potency and management of ED, but the reported modulation of biochemical parameters associated with the use is inconsistent. Aim and Objectives: This study aims to investigate the modulatory effects of Burantashi extract on the penile nitric oxide (NO) and phosphodiesterase 5 (PDE-5) pathway and reproductive hormonal profile in Wistar rats with clonidine-induced ED. Materials and Methods: Penile NO, PDE-5 and serum Testosterone, luteinizing hormone (LH), and follicle-stimulating hormone (FSH) were assayed in six groups (of five rats each)  by Enzyme-linked Immunosorbent assay technique. Paired t-test and analysis of variance were used to analyse the data. Results: Serum levels of Testosterone, LH, FSH and Penile NO were significantly reduced (p<0.05), while PDE-5 was increased in clonidine-induced ED in Wistar rats compared with control groups. Upon treatment with Burantashi extract, the levels of Testosterone (41.9%), LH (40%), FSH (66.9%) and NO (82.2%) were increased, while PDE-5 concentrations (98.3%) in clonidine-induced ED Wistar rats was markedly reduced (p<0.05) in a dose dependent manner. The increase NO levels in the group given 100 mg/kg Burantashi extract was higher than the group given 5.0 mg/kg sildenafil. Conclusion: Burantashi extract effectively reverses clonidine-induced ED in Wistar rats by restoring hormonal balance, increasing penile NO levels, and inhibiting PDE-5 activity. Further studies are warranted to elucidate the precise mechanisms and efficacy of Burantashi extract in clinical settings.
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1.0 Introduction
Erectile dysfunction (ED) is a common sexual disorder among men and the prevalence rates in subjects attending primary care clinics was reported to be 57.4% in Nigeria, 63.6% in Egypt, and 80.8% in Pakistan (Oyelade et al., 2016). The global estimates of ED prevalence vary with age ranging from 2% in men younger than 40 years to 86% in men 80 years or older (Oyelade et al., 2016; Miller et al., 2020). Beyond its physical manifestations, ED profoundly impacts quality of life, self-esteem, and interpersonal relationships, placing a substantial psychosocial burden on affected individuals and their partners. 
One of the essential physiological processes that facilitate penile erection is the nitric oxide (NO)/cyclic guanosine monophosphate (cGMP) pathway. NO, which is released from both endothelial and neuronal sources, activates guanylate cyclase, leading to an increase in cGMP levels. The rise in cGMP levels promotes the relaxation of smooth muscle, which allows for enhanced blood flow into the lacunar spaces of the corpus cavernosum, ultimately resulting in penile engorgement and rigidity. The process of erection is concluded by the action of phosphodiesterase-5 (PDE-5), an enzyme that converts cGMP into inactive 5'-GMP, thereby causing smooth muscle contraction and detumescence (Chantakill et al., 2025). Any disruption within this complex pathway can result in erectile dysfunction (ED).
Furthermore, hormonal balance, especially the presence of adequate testosterone levels, is vital for sustaining erectile function. Testosterone affects libido, has a direct impact on the structural and functional integrity of the corpus cavernosum, and modulates the NO/cGMP pathway by influencing the expression and activity of nitric oxide synthase (NOS) and PDE-5 enzymes (Gur et al., 2020; Pignanelli et al., 2023). Consequently, hypogonadism may lead to ED, and hormonal imbalances can worsen deficiencies in the NO/PDE-5 pathway.
Clonidine, an alpha-2 adrenergic receptor agonist, is frequently utilized in research to induce erectile dysfunction in animal models due to its inhibitory effects on central sympathetic outflow and peripheral vasodilation, which mimic characteristics of neurogenic and vascular ED. This inhibition of sympathetic outflow can result in diminished NO release within the penile vasculature, indirectly impacting the NO/cGMP pathway and hindering erectile responses (Argiolas et al., 2023). The clonidine-induced ED model serves as a significant tool for investigating neurogenic or drug-induced forms of ED and for assessing the effectiveness of potential therapeutic agents.
Burantashi (Pausinystalia yohimbe), a medicinal herb indigenous to West Africa, has been historically utilized as an aphrodisiac and a remedy for male sexual dysfunction (Wibowo et al., 2021). The primary active ingredient, yohimbine, functions as an alpha-2 adrenergic receptor antagonist, which is recognized for its ability to improve erectile function by enhancing blood circulation, boosting libido, and promoting the release of nitric oxide (NO). Nevertheless, the molecular mechanisms, especially concerning its impact on the NO/PDE-5 pathway and hormonal regulation in the context of pharmacologically induced erectile dysfunction (ED), are not well understood. The bark of Burantashi is rich in various indole alkaloids, with yohimbine being the most prominent active component (Ibeh et al., 2020). Although Burantashi has been locally employed as an aphrodisiac, it is crucial to scientifically validate its safety and comprehend how the complete extract influences the specific molecular pathways associated with erection.

Current pharmacological treatments, mainly phosphodiesterase-5 (PDE-5) inhibitors, are effective for many individuals but come with side effects, contraindications, and may not work for all patients (Auso et al., 2021), particularly those suffering from severe neurogenic or vascular damage, or those whose ED is affected by intricate hormonal imbalances. Although yohimbine, the active ingredient in Pausinystalia yohimbe, is recognized as an alpha-2 adrenergic receptor antagonist and has been utilized in the treatment of erectile dysfunction (ED), the full extent of its impact on the subsequent molecular and hormonal processes related to erectile function, particularly in a pharmacologically induced ED model, remains inadequately understood. There is a notable lack of clarity regarding the exact mechanism through which Pausinystalia yohimbe enhances erectile function, especially its direct effect on the NO/PDE-5 pathway and its relationship with essential hormones such as testosterone and luteinizing hormone (LH). This research aims to address this deficiency by offering a more detailed understanding of how this herbal extract operates at both molecular and endocrine levels. Consequently, this study aims to investigate the modulatory effects of Burantashi extract on the nitric oxide (NO) and phosphodiesterase 5 (PDE-5) pathway and reproductive hormonal profile in Wistar rats with clonidine-induced ED. 
2.0 Materials and Methods
2.1 Collection and Preparation of Burantashi
The Burantashi stem was acquired from reputable herbal drug vendors at the Lagos Street market, Ring Road, Benin City. This was verified by a plant taxonomist at Plant Biology and Biotechnology, Faculty of Life Sciences, University of Benin, who assigned it the herbarium number UBH-P371. The preparation of the stem bark followed a modified technique based on Bolarinwa et al (2016).. To prepare the extract, the stem bark was meticulously cleaned, free from debris, and rinsed in water. After rinsing, the clean stem bark was placed in a large clean bowl, and excess water was drained. The bark was then scraped off the stem and air-dried. Once dried, it was ground into a powder using a mortar and pestle. The resulting powder was stored in an airtight container.
2.2 Extraction of the Stem bark of Burantashi extract
The extraction method utilized was adapted from Cvejic et al (2009). A specific amount of Burantashi powder was placed into a thimble and positioned in the Soxhlet extractor chamber, where it was extracted with methanol. This process was carried out using the Soxhlet extractor to obtain 17.45% yield of methanol extract of Burantashi. The extract was then concentrated with a rotary evaporator and completely dried using a thermostatically controlled hot air oven. A small portion of this extract underwent HPLC/MS and GC/MS analysis to identify its phytochemical constituents, while the remainder (stored in the refrigerator protected from light) was allocated for animal studies.
2.3 Experimental Animals
One hundred (100) Wistar rats (70 male and 30 females) of average weight 150-170 g (for males) and 120-150 g (for females) were purchased from the Animal House of the Department of Pharmacology, Faculty of Pharmacy, University of Benin, Nigeria. The rats were allowed a two-week acclimatization period and were provided with standard pelleted livestock feed (Primier Feed Mill Ltd, Edo State) and tap water ad libitum. All experimental procedures adhered to the guidelines set forth by the National Research Council and the American Association of Accreditation for Laboratory Animal Care (NRC, 2011)..
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Figure 1: A Flow Diagram of Animal Allocation in the study.   This diagram illustrates the sequential process of animal selection, randomization, and assignment to the different experimental and control groups, detailing the number of animals at each stage (e.g., initial pool, toxicity study, induction, final treatment groups).





2.4 Ethical Consideration
Research approval was granted by the Research Ethics Committee of the Faculty of Pharmacy, University of Benin, Benin City. The approval with Reference no: (EC/FP/022/19) was issued after experimental protocol was reviewed. 
2.5 Drugs and Assay Kits
[bookmark: _Hlk203588756]The pharmaceuticals used in this study include Clonidine, identified by PL4418/0380, which was produced by Sandoz Limited, Surrey, England and Viagra, with marketing authorization no: EU/1/98/077/002-004, manufactured by Pfizer Limited in Kent, United Kingdom. The following assay kits were employed for testing in this research: ELISA kits designed for measuring Rat Total Nitric Oxide, Phosphodiesterase 5, testosterone, luteinizing hormone, and follicle-stimulating hormone, all sourced from MyBiosource, San Diego, California, USA.
2.6 Acute Toxicity Study of Burantashi (Pausinystalia yohimbe) Extract on Wistar Rats
A total of twenty (20) rats, each weighing between 150-170g, were randomly divided into five groups, with four (4) rats in each group.
Group T1 received 1.0 mL/kg of saline (control group).
Group T2 was administered 125 mg/kg of Burantashi (Pausinystalia yohimbe).
Group T3 received 250 mg/kg of Burantashi (Pausinystalia yohimbe).
Group T4 was given 500 mg/kg of Burantashi (Pausinystalia yohimbe).
Group T5 received 1000 mg/kg of Burantashi (Pausinystalia yohimbe).
Signs of toxicity, including diarrhea, tremors, convulsions, raised fur, salivation, decreased movement, and eventual death, were monitored. The Burantashi (Pausinystalia yohimbe) was dissolved in water and administered via oral route. The Wistar rats were returned to their cages, given unrestricted access to food and water, and observed for signs of toxicity, including any fatalities within 24 hours. The acute toxicity value was calculated using Karber’s arithmetic method as described by Chinedu et al (2013)..
2.6.1 Induction of male sexual dysfunction
Erectile Dysfunction (ED) was induced in mature sexually experienced male rats through a single oral dose of 0.5 mg/kg BW clonidine (Sandoz Limited, Surrey, England)(Clark and Smith,1990).. The use of 0.5 mg/kg clonidine dose to induce erectile dysfunction in rats is based on its demonstrated efficacy in producing reliable and significant impairments in sexual behavior and erectile function. This dose has been frequently used in research and is considered a standard in the development of a pharmacological rat model of ED. The successful induction of ED was verified by pairing male rats (in a 1:1 ratio) with sexually mature and experienced female rats that had been primed with sequential subcutaneous doses of 10 μg/100 g BW of oestradiol conjugate (Pfizer Limited, Kent, United Kingdom) (48 hours prior to pairing) and intramuscular administration of 0.5 mg/100 g BW of progesterone (4 hours before pairing) (Amin et al., 1996).. Vaginal smear examinations confirmed the oestrous phase in female rats in accordance with OECD-106 guidelines (OECD, 2009). Vaginal smear cytology is a proven and dependable technique for tracking the reproductive cycle in rodents. This method is based on the understanding that the female rat's reproductive cycle, usually spanning 4 to 5 days, features specific hormonal variations. These hormonal shifts, mainly influenced by estrogen and progesterone, lead to a consistent and noticeable alteration in the type and quantity of cells shed from the vaginal epithelium. By analyzing these cells microscopically, researchers can precisely identify the stage of the estrous cycle. The rats were paired for 30 minutes, during which two observers monitored sexual behavior, and a video recording was made. This video was later reviewed to critically assess the sexual behavior parameters. The assessment of sexual behavior parameters is as follows:
• Mount Frequency (MF): The count of mounts without intromission from the introduction of the female until ejaculation
• Intromission Frequency (IF): The count of intromissions from the introduction of the female until ejaculation
• Ejaculation Frequency (EF): The total number of ejaculations during the observation period
• Mount Latency (ML): The time interval from the introduction of the female to the first mount by the male
• Intromission Latency (IL): The interval from the introduction of the female to the first intromission by the male
• Ejaculation Latency (EL): The time interval from the first intromission to ejaculation. (This is characterized by prolonged, deeper pelvic thrusting and a slow dismount, followed by a period of inactivity)
• Post Ejaculatory Interval (PEI): The time interval between ejaculation and the erection of the male copulatory organ for the subsequent phase of the sexual cycle (Amin et al., 1996; Omoniwa et al., 2022). Sexual dysfunction was successfully induced in male rats, evidenced by a minimum 25% decrease in MF, IF, and EF, along with at least a 25% increase in ML, IL, EL, and PEI (Malviya et al., 2011)..
2.6.2 Animal grouping and extract administration on ED-induced Rats
A total of thirty male Wistar rats were utilized for this research. Group 6, consisting of 5 rats, included those that did not experience induced erectile dysfunction and were administered only distilled water. From the pool of Wistar rats that had erectile dysfunction induced with clonidine, 25 were selected based on optimal erection-related physical parameters of male sexual behavior (specifically IF, IL, and PEI) and were randomly divided into groups 1, 2, 3, 4, and 5. 
Group E1: received 25 mg/kg Burantashi (Pausinystalia yohimbe) stem bark extract
Group E2: received 50 mg/kg Burantashi (Pausinystalia yohimbe) stem bark extract
Group E3: was given 100 mg/kg Burantashi (Pausinystalia yohimbe) stem bark extract
Group E4: was given 5 mg/kg Sildenafil (Positive Control)
Group E5: was not treated post-induction, but received water and feed only (Negative control)
Group E6: Uninduced Wistar rats and received water and feeds only (Control)
The rats were administered varying concentrations of Burantashi (Pausinystalia yohimbe) stem bark extracts and sildenafil respectively every other day for a duration of 30 days via an oral gastric tube. They were euthanized 24 hours following the final treatment, and their penises and blood samples were collected for the analysis of specific biochemical indices related to erectile function.
2.7 Preparation and Storage of Serum
Collected blood samples placed in sterile vacutainer bottles were allowed to clot for 10 minutes, followed by centrifugation at 3000 rpm for 10 minutes. The serum samples, which were obtained as the supernatant, were then transferred into plain tubes using a Pasteur pipette. The serum was subsequently stored frozen at -80oC in a freezer.
2.8 Preparation and Storage of Tissue
Penile tissues were immediately stored in sterile bottles filled with ice-cold 0.25 M sucrose solution upon harvesting and were kept refrigerated at 4 °C prior to homogenization. The tissue samples were mechanically homogenized in ice-cold 0.25 M sucrose at a ratio of 1:5 (1g of tissue to 5 ml of sucrose) in an ice bath. The homogenates were then centrifuged at 7000 rpm for 5 minutes at 4 °C, and the supernatant was used right away for biochemical analysis.
2.9 Determination of Serum Testosterone, FSH and LH
Serum testosterone, FSH and LH were determined using Enzyme Linked Immunosorbent Assay technique using reagent supplied by MyBiosource Inc as previously described [18]. 
2.9.1 Determination of Total Nitric oxide and PDE-5 inhibitor
Penile Tissue homogenates Total Nitric Acid and PDE-5 were assayed using rat Elisa kits supplied by MyBiosource. Inc, following the manufacturer’s protocol. 
2.10 Statistical Analysis
Data collected from laboratory examinations underwent statistical analysis utilizing the IBM® Statistical Package for Social Sciences (SPSS) software version 26, and results were expressed as the mean (of 5 replicates) ± standard error of the mean (SEM). All significant differences were assessed using one-way Analysis of Variance (ANOVA), and Post Hoc multiple comparisons were conducted employing Duncan's multiple test. The threshold for significance was established at p < 0.05.
3.0 Results
Male rats given 0.5 mg/kg BW of clonidine had a 45.46%, 38.99% and 43.41% decrease in MF, EF and IF respectively. Also, a 50%, 160.7% and 43.59% prolongation of IL, PEI, and EL respectively, in comparison to the uninduced and distilled water-treated control groups (Table 1).
Table 2 represents the phytochemical constituents of Burantashi extract. The highest phytoconstituent is Yohimbine 206.42 ppm, while the lowest was corynanthine 39.97 ppm. Others include alloyohimbine 99.27 ppm, rauwolscine 78.51 ppm, beta yohimbine 63.52 ppm and ajmaline 79.95 ppm. Others are 19-dehydroyohimbine 30.99 ppm and dihydrositsinkine 45.50 ppm.
[bookmark: _Hlk203589029]Serum levels of testosterone, LH and FSH were significantly reduced (p<0.05) in clonidine-induced ED in Wistar rats compared with controls. Upon treatment with Burantashi extract, the levels of Testosterone, LH and FSH increased in a dose dependent manner. The levels of testosterone, LH and FSH in clonidine-induced ED in Wistar rats given 5 mg/kg sildenafil were comparable with those administered with Burantashi extract (Table 3). Penile NO and PDE-5 concentrations in clonidine-induced ED in Wistar rats is presented in Table 4. Penile NO levels were significantly reduced (p<0.05), while PDE-5 was increased in clonidine-induced ED in Wistar rats compared with control groups. Upon treatment with Burantashi extract, penile NO levels were increased (p<0.05) in a dose dependent manner, with the group given 100 mg/kg Burantashi extract higher than the group given 5.0 mg/kg sildenafil. On the other hand, the levels of PDE-5 concentration in clonidine-induced ED Wistar rats treated with the extract were markedly reduced (p<0.05) in a dose-dependent manner even lower than the group given 5.0 mg/kg sildenafil.

Table 1: Erection-related sexual behavior parameters in clonidine-induced Erectile Dysfunction
	Parameters
	Wistar Rats Uninduced
(Controls)
	Wistar Rats with Clonidine-Induced ED
	Percentage Change

	Mount Frequency (time/Sec)
	1.32 ± 0.10
	0.72 ± 0.04*
	- 45.46

	Ejaculatory frequency (time/Sec)
	15.80  ± 0.10
	10.43  ±0.10*
	- 38.99

	Intromission Frequency (time/Sec)
	4.10 ± 0.50
	2.32 ± 0.2*
	-43.41

	Intromission Latency (Sec)
	17.68 ± 0.60
	26.52 ± 0.20*
	50.0

	Post-ejaculatory Interval (Sec)
	11.65  ± 0.92
	18.72  ± 0.40*
	160.69

	Ejaculatory latency (Sec)
	0.78  ± 0.01
	1.12  ± 0.01*
	43.59


*P<0.05

Table 2: Phytochemical Constituents of Burantashi Determined by HPLC coupled GS-MS
	Phytochemical Constituents of Burantashi
	Concentration (PPM)

	Yohimbine
	206.42

	Alloyohimbine
	99.27

	Rauwolscine
	78.51

	Beta-Yohimbine
	63.52

	Ajmaline
	79.95

	Corynanthine
	39.97

	19-dehyroyohimbine
	30.99

	Dihydrositsinkine
	45.50








Table 3: Serum Levels of Testosterone, luteinizing hormone and follicle Stimulating hormone in clonidine-induced Wistar rats and Controls
	Groups
	Testosterone

(ng/mL)
	Luteinizing hormone
(mIU/mL)
	Follicle stimulating hormone
(ng/mL)

	Group E1(25 mg/kg Burantashi Extract)
	0.85± 0.05
	6.4±1.6
	1.80±0.01

	Group E2(50 mg/kg Burantashi Extract)
	0.86 ± 0.02
	6.8±1.9
	2.01 ± 0.02

	Group E3(100 mg/kg Burantashi Extract)
	0.88 ± 0.03
	7.0±1.8
	2.02 ± 0.05

	Group E4(5.0 mg/kg Sildenafil)
	0.87± 0.13
	6.5±1.8
	1.90 ±0.02

	Group E5 (clonidine-induced and untreated)
	0.62±0.10*
	5.0±1.3*
	1.21±0.01*

	GroupE 6(Uninduced - control)
	0.85±0.12
	7.6±1.2
	2.1 ±0.02


*Significantly different from the clonidine-induced but untreated (p<0.05)




Table 4: Penile Nitric Oxide and Phosphodiesterase-5 activity in clonidine-induced Erectile Dysfunction in Wistar rats Administered with Extract of Burantashi

	Groups
	Total Nitric Oxide Concentration(µmol/L)
	Phosphodiesterase-5 Concentration (ng/mL)

	Group E1(Clonidine + 25 mg/kg Burantashi Extract)
	2.38 ± 0.5*
	0.59 ± 0.02

	Group E2(Clonidine + 50 mg/kg Burantashi Extract)
	2.40 ± 0.2*
	0.30 ± 0.01*

	Group E3(Clonidine + 100 mg/kg Burantashi Extract)
	4.10 ± 0.4*
	0.02 ±0.01*

	Group E4(Clonidine +5.0 mg/kg Sildenafil)
	2.40 ± 0.3*
	0.58 ± 0.02

	Group E5 (clonidine-and untreated)
	2.25 ± 0.2*
	1.20 ± 0.03*

	Group E6(Uninduced  control)
	3.82 ± 0.5
	0.52 ± 0.01


*Significantly different from uninduced control group, and group E3 was notably higher than groups E4 and E5(p<0.05)

4.0 Discussion
The current research examined the modulatory effects of Pausinystalia yohimbe (Burantashi) extract on the penile nitric oxide (NO)/phosphodiesterase-5 (PDE-5) pathway and hormonal profile in clonidine-induced erectile dysfunction (ED) in Wistar rats. The results present strong evidence for the therapeutic potential of Burantashi extract in alleviating ED, demonstrating efficacy comparable to the standard medication, sildenafil.

Clonidine-induced ED was marked by a significant decline in sexual performance metrics, evidenced by a 43.41% reduction in intromission frequency (IF) and a notable extension of intromission latency (IL) and post-ejaculatory interval (PEI) by 50% and 160.7%, respectively, when compared to control groups. Clonidine interferes with penile erection via two primary mechanistic pathways: central sympathoinhibition and disruption of pro-erectile pathways. It targets alpha-2 adrenergic receptors in the brain, especially within the nucleus of the solitary tract and other brainstem areas. When these receptors are activated, the firing of sympathetic nerves is diminished. This extensive reduction in sympathetic outflow, while beneficial for lowering blood pressure, directly hampers the neurological signals essential for sexual arousal and performance. It effectively obstructs the 'go' signal for erection originating from the central nervous system.
 Clonidine administration has been found to lower Nitric Oxide (NO) levels, which is a crucial molecule for smooth muscle relaxation and erection. Additionally, it raises Phosphodiesterase V (PDE5) activity, an enzyme that degrades cGMP, the second messenger that mediates NO's pro-erectile effects. By enhancing PDE5 activity, clonidine speeds up the breakdown of cGMP, thus inhibiting smooth muscle relaxation and encouraging detumescence (normal, resting state of the penis) (Anderson, 2011; Argiolas et al., 2023). These observations are in agreement with earlier studies conducted by Ojatula et al (2020), who explored the aphrodisiac properties of Pausinystalia yohimbe (K. Schum.) pierre ex beille methanol root extract in male Wistar rats, and Omoniwa et al (2022) who investigated the effects of Gardenia erubescens crude extract on male sexual functions in clonidine-induced sexual dysfunction in Wistar rats. The induction of ED by clonidine is also consistent with prior findings that indicate clonidine disrupts erectile function through both central and peripheral mechanisms (Giuliano and Rampin, 2004; Anderson, 2011). These findings validate the effectiveness of clonidine in inducing ED, likely due to its central sympatholytic and peripheral vasoconstrictive effects, which hinder penile hemodynamics and sexual behavior.
The phytochemical analysis of the Burantashi extract identified Yohimbine as the primary alkaloid at a concentration of 206.42 ppm, followed by ajmaline, alloyohimbine, rauwolscine, and beta yohimbine, with 19-dehydroyohimbine being the least prevalent. The presence of these bioactive alkaloids, particularly yohimbine, is significant due to their recognized roles in enhancing sexual function through adrenergic receptor antagonism and increased penile blood flow (Jabir et al.,2022).. Yohimbine’s established function as an α2-adrenergic receptor antagonist promotes increased penile blood flow and enhances erectile function (Marales et al., 1987). Additionally, the presence of other alkaloids such as ajmaline, alloyohimbine, and rauwolscine may further augment the pharmacological effects of the extract.

Selected assays for sex hormones indicated that clonidine-induced erectile dysfunction (ED) was linked to significant decreases in serum testosterone, LH, and FSH levels. This hormonal suppression could lead to diminished libido and erectile function. These results are consistent with those reported by Omoniwa et al (2022), which noted that clonidine administration resulted in a significant reduction (p < 0.05) in testicular testosterone, serum testosterone, serum dihydrotestosterone (DHT), serum luteinizing hormone (LH), and serum nitric oxide (NO) levels. The findings presented here sharply contrast with those of Omoniwa et al (2024), where it was found that male rats treated with clonidine showed increased levels of serum and testicular testosterone, along with elevated serum DHT, despite experiencing sexual dysfunction. Furthermore, Lin et al (2015) noted that clonidine induced sexual dysfunction in male rats, yet did not affect the levels of testosterone, FSH, and LH in spontaneously hypertensive male rats. They, however, proposed that their findings emphasize the necessity of taking into account factors beyond merely male sex hormones and underscore the vital requirement to sustain normal levels of these hormones to facilitate sexual responsiveness in males.
Variations in sex hormone levels related to clonidine-induced erectile dysfunction (ED) in animals can be linked to multiple factors, such as the length of treatment, the particular animal model employed, and the mechanisms through which clonidine operates, whether directly or indirectly. 
While short-term exposure to clonidine might not significantly impact hormone levels, prolonged use could result in cumulative effects that disrupt the HPG axis, leading to a reduction in sex hormone levels. The specific dosage of clonidine administered could also play a role. Higher doses may exert more widespread effects, including on hormonal regulation. Additionally, there is inherent variability among animal models, and genetic or environmental influences may affect how an individual animal's hormonal system reacts to the medication (Kataoka et al., 2023).
Treatment with Burantashi extract resulted in a dose-dependent restoration of testosterone, LH, and FSH levels, with the highest dose group achieving hormonal profiles comparable to those treated with sildenafil. This observation is consistent with earlier studies that documented the androgenic and gonadotropic effects of yohimbine and related alkaloids (Chauhan et al., 2014; Nowacka et al., 2024). The capacity of Burantashi extract to restore hormonal equilibrium may be the basis for its beneficial effects on sexual behavior and erectile function. It also indicates that Burantashi not only mitigates the adverse effects of clonidine on the hypothalamic-pituitary-gonadal axis but may also promote endogenous androgen production, thereby enhancing sexual function.
Penile biochemical analysis further indicated that clonidine-induced erectile dysfunction (ED) resulted in a significant reduction in penile NO levels and an elevation in PDE-5 activity. Given that NO is a crucial mediator of penile erection through smooth muscle relaxation and vasodilation, its decrease directly hinders erectile capacity. Luteinizing hormone (LH) is synthesized in response to gonadotropin-releasing hormone and is subsequently released into the bloodstream. Once in circulation, LH attaches to specific receptors on Leydig cells in the testes, stimulating testosterone production. Consequently, the decline in LH levels induced by clonidine may be associated with the reduction in testosterone levels noted in this study.
Moreover, nitric oxide (NO) is vital for facilitating penile erection. Clonidine may have caused a decrease in NO levels by inhibiting the activity of nitric oxide synthase, the enzyme responsible for NO synthesis. These results are in agreement with a prior study (Omoniwa et al., 2022).
Conversely, increased PDE-5 activity hastens the degradation of cyclic GMP, which further undermines erectile function (Leisegang  Finelli, 2021).
Treatment with Burantashi extract significantly elevated penile NO levels and decreased PDE-5 activity in a dose-dependent manner.
Importantly, the group that received 100 mg/kg of Burantashi extract showed higher NO levels and lower PDE-5 activity compared to the sildenafil group, indicating a greater effectiveness in restoring the NO/cGMP pathway.
These findings align with the recognized pathophysiology of erectile dysfunction (ED), where disrupted NO signaling and heightened PDE-5 activity interfere with the NO/cGMP pathway (Burnett, 2006). The enhanced effectiveness of Burantashi extract may be due to the synergistic effects of various phytoconstituents present in the extract, as indicated by other research on plant-based treatments for ED (Yakubu et al., 2007; Shamloul and Ghanem, 2013)..
The current body of research regarding the safety of Burantashi extract for treating ED in rats reveals a distinct trade-off: its efficacy is frequently linked to considerable safety concerns especially at doses greater than 1000 mg/kg. Although it may demonstrate potential in enhancing sexual performance, the risk of organ damage (notably liver toxicity), the possibility of sperm abnormalities, and the risk of serious behavioral and physiological side effects at elevated doses raises doubts about its application. The significant discrepancies in toxicity results across various studies underscore the absence of standardized extracts and dosages, complicating the establishment of a definitive safety profile (Odigie and Osula, 2014; Nwankudu et al., 2015).
Limitations of the study: The constraints of this research encompass the absence of Long-Term Toxicity Data. While a study might indicate that a substance is safe in a short-term, high-dose scenario, it fails to disclose the risks of cumulative toxicity or chronic adverse effects that may only surface with extended exposure. A study confined to a few weeks or months could overlook the onset of organ damage (such as liver, kidney, or heart), metabolic disorders, or carcinogenic effects that may take a significant amount of time to become evident.
The absence of Histopathological analysis data represents a crucial oversight. Although a study may indicate that an animal seems healthy or that blood markers are within normal ranges, there could be cellular and tissue-level damage occurring. Without histopathology, it may be impossible to ascertain whether a specific dose is inducing sub-clinical or silent toxicity that could result in serious health issues in the future. Histopathology is regarded as the gold standard for verifying organ-specific toxicity and is vital for a comprehensive safety evaluation.
The lack of molecular docking or receptor-binding studies creates a notable void in comprehending the mechanism of action and possible off-target effects of the Burantashi extract. These studies offer mechanistic insights at a molecular level. Molecular docking can forecast how the active compounds in the extract, such as yohimbine, interact with their intended targets, and assist in developing a pharmacological profile of the extract's constituents.
Conclusion
The findings indicate that Burantashi extract successfully reverses clonidine-induced ED in Wistar rats by improving sexual behavior, restoring hormonal equilibrium, increasing penile NO levels, and inhibiting PDE-5 activity. The dose-dependent effects and comparable or superior efficacy to sildenafil underscore its potential as a natural alternative for managing ED. The phytochemical richness of the extract, especially its high yohimbine content, likely supports these positive effects.
Further research is necessary to clarify the specific mechanisms and effectiveness of Burantashi extract in clinical applications. The need for clinical trials and potential toxicity monitoring is suggested. 
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