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Effects of a Herbal Sex Enhancer (Vigpower) and Zinc Supplementation on Sex Hormones, 

Hepatic and Renal Function Parameters in Male Albino Rats 

ABSTRACT 

Aim: This study evaluated the effects of a herbal sex enhancer (Vigpower) and zinc supplementation on sex 
hormones, hepatic and renal function parameters in male albino rats. 
Methodology: A total of 49 male Albino rats weighing between 150 to 180g were used for the study. Vigpower, 
Viagra and zinc were orally administered to the rats daily for 28 days. Testosterone and estradiol were quantitatively 
determined using a rat-specific sandwich-enzyme linked immunosorbent assay (ELISA) method. The liver enzymes 
alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were determined using the Reitman-Frankel 
method. Alkaline phosphatase (ALP) was determined using the Colorimetric endpoint method. Sodium (Na+), 
potassium (K+) and chloride (CL-) were determined using ion selective electrode (ISE) method. Urea was 
determined using Urease bertholet method. Creatinine was determined using Jaffe-Slot method and qualitative 
phytochemical analysis was done on Vigpower capsule using classical methods. 
Results: Phytochemical analysis revealed the presence of flavonoids, protodioscin, saponins and phenols in the 
herbal capsule Vigpower. Testosterone levels were significantly higher in all the treatment groups compared to the 
negative control, with group 7 (Vigpower + Viagra + zinc) having the highest value. Estradiol levels were 
significantly lower, whereas testosterone-estradiol (T/E) ratio was significantly higher in all the treatment groups 
compared to the negative control, except for group 4 (zinc) which showed no significant difference compared to the 
negative control. ALT levels in the treatment groups were not significantly different from the negative control, 
except for groups 6 (Viagra + zinc) and 7 (Vigpower + Viagra + Zinc), which had significantly higher levels. AST 
and ALP levels in the treatment groups were not significantly different from the negative control, except for group 7 
(Vigpower + Viagra + Zinc), which was significantly higher than the negative control and all other treatment 
groups. There was no significant difference in sodium (Na+), chloride (Cl-) and urea levels in the treatment groups, 
compared to the negative control. Potassium (K+) and creatinine levels were significantly higher in group 7 
(Vigpower + Viagra + zinc), compared to the negative control and all other treatment groups. 
Conclusion: Singular administration of Vigpower, Viagra and zinc increased testosterone levels of the male rats. 
Vigpower and Viagra had equipotent effects on the sex hormones and also increased the testosterone-estradiol ratio. 
Vigpower, Viagra and zinc as singular treatments, had no impact on liver enzymes and renal function. However, the 
combination treatment of Vigpower, Viagra and zinc was hepatotoxic and elevated potassium and creatinine levels. 
Herbal sex enhancers and their combination with other medications could provoke the desired sexual effect, but may 
damage other organ systems and pose serious public health challenges. 
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1. INTRODUCTION 

Aphrodisiacs or sex enhancers are foods or drugs that arouse the sexual instinct, induce venereal 

desire, increase pleasure and performance. They could be classified by mode of action into three 

types: those that increase libido, potency, or sexual pleasure. They bring about their desired 

effect by modulating hormonal, neurological and other biochemical pathways. Sex enhancers are 

usually taken to meet sexual needs or demands and to improve sexual health [1]. The search for 

effective aphrodisiacs is as old as the history of man, as different natural and synthetic products 

have been used over the years to improve sexual behaviour. This is because enhanced sexual 

behaviour improves relationship satisfaction and self-esteem in humans [2].  



 

 

Furthermore, with an increase in the prevalence of erectile dysfunction, one of the most common 

forms of sexual dysfunction and an increase in male infertility, the use of sex enhancers is on the 

rise. Herbal sex enhancers are sought after the most, as they are less expensive, considered to be 

natural and safe compared to orthodox drugs. Herbal sex enhancers are also easily acquired 

without prescriptions, with authorities not regulating their use, nor evaluating their efficacy and 

safety profiles [3, 4, 5]. This study looks at the efficacy and safety of a herbal sex enhancer, thus 

evaluates the effects of Vigpower and zinc supplementation on sex hormones, hepatic and renal 

function parameters in male albino rats. 

2. MATERIALS AND METHODS 

2.1 Experimental Animals 

A total of forty-nine (49) male Albino rats weighing between 150 to 180g were used for the 

study. The rats were housed in standard cages at regulated room temperature, with controlled 12-

hour light-dark cycles, and allowed access to feed and water ad libitum. The rats were allowed to 

acclimatize for two (2) weeks prior to the commencement of study. 

2.2 Drugs 

A commonly used polyherbal sex enhancer capsule Vigpower (Vigueur Power) was used for the 

study. Vigpower is manufactured by Green World Inc., USA and World (Tianjin) Nutrition & 

Health Food Co., Ltd.  Sildenafil citrate tablets (Viagra) was also used for the study. Viagra 

(Vega 100) is manufactured by Hab Pharmaceuticals & Research Ltd, India. The Zinc 

supplement used was manufactured by Nature’s Field Company, Nigeria.  

2.3 Acute Toxicity Study 

Acute toxicity study was done by the fixed dose procedure [6], using a group of 3 rats. 2000 

mg/kg body weight of Vigpower was orally administered to each of the rats. The rats were then 

observed for signs of toxicity for 48 hours. After observation, there were no signs of toxicity, 

hence the polyherbal capsule Vigpower was deemed safe up to a dose of 2000 mg/kg body 

weight. Viagra and Zinc are standard drugs, and the doses were translated from the human dose. 

2.4 Dose Calculation 

2.4.1 Vigpower 



 

 

The administered rat dose was extrapolated from the human daily dose [7] as shown below:  

Human daily dose is 2 capsules (300 mg each) daily, which is 600mg/day.  

Rat dose (mg/kg) = Human daily dose × 0.018 × 5 

=600 × 0.018 × 5 

= 54mg/kg/day 

2.4.2 Viagra (Sidenafil Citrate) 

The administered rat dose was extrapolated from the human daily dose [7] as shown below:  

Human daily dose is 1 tablet (100mg) daily, which is 100mg/day.  

Rat dose (mg/kg) = Human daily dose × 0.018 × 5 

= 100 × 0.018 × 5  

= 9mg/kg/day 

2.4.3 Zinc 

The administered rat dose was extrapolated from the human daily dose [7] as shown below:  

Human daily dose is 1 tablet (50mg) daily, which is 50mg/day.  

Rat dose (mg/kg) = Human daily dose × 0.018 × 5 

= 50 × 0.018 × 5  

= 4.5mg/kg/day 

2.5 Experimental Design 

After acclimatization, the rats were weighed and grouped into 7 groups of 7 rats each. 

Treatments (drugs) were administered daily according to the groups by means of oral gavage for 

28 days. 

Group 1: Negative control group. 

Group 2: Administered Vigpower 

Group 3: Administered Viagra 

Group 4: Administered Zinc 



 

 

Group 5: Administered Vigpower and Zinc 

Group 6: Administered Viagra and Zinc 

Group 7: Administered Vigpower, Viagra and Zinc 

2.6 Reagents and Biochemical Analyses 

All reagents were commercially purchased and the manufacturer’s standard operating procedures 

strictly followed. Quality control (QC) samples were run together with the biochemical analysis. 

Testosterone and estradiol were quantitatively determined using a rat-specific sandwich-enzyme 

linked immunosorbent assay (ELISA) method [8] as described by Elabscience Biotechnology 

Company limited, China. The liver enzymes alanine aminotransferase (ALT) and aspartate 

aminotransferase (AST) were determined using the Reitman-Frankel method [9], as modified by 

Randox laboratories limited (UK). Alkaline phosphatase (ALP) was determined using the 

Colorimetric endpoint method [10] as modified by Randox laboratories limited (UK). The 

electrolytes, sodium (Na+), potassium (K+) and chloride (CL-) were determined using ion 

selective electrode (ISE) method [11]. Urea was determined using Urease bertholet method [12], 

as modified by Randox laboratories limited (UK). Creatinine was determined using the Jaffe-Slot 

method [13], as modified by Randox laboratories limited (UK). Qualitative phytochemical 

analysis was done on the herbal capsule using classical methods [14]. 

2.7 Statistical Analysis 

Data was analysed using Graph Pad Prism version 8.0.2. Differences between groups were 

compared using one way analysis of variance (ANOVA), followed by Tukey’s multiple 

comparison test. Results were considered statistically significant at 95% confidence interval 

(p≤0.05). Values are expressed as Mean ± SD. 

3. RESULTS AND DISCUSSION 

Table 1: Qualitative Phytochemical Analysis of the Herbal Capsule Vigpower. 

Phytochemicals  Presence 

Flavonoids + 

Protodioscin ++ 

Saponins + 

Tannins - 



 

 

Phenols + 

Alkaloids - 

Terpenes - 

+ Present, - Not present 

Table 1 shows the results of phytochemical analysis. The results revealed the presence of the 

phytochemicals flavonoids, protodioscin, saponins and phenols in the herbal capsule Vigpower 

in variable amounts. This agrees with the work of da Cruz et al. [15], in which they reported that 

flavonoids and saponins are some of the main bioactive components of herbal sex enhancers. 

Plant products have been shown to contain different bioactive phytochemicals or secondary 

metabolites which have nutritive value, but also possess the ability to affect several biochemical 

pathways and bring about drug-like responses. This forms the basis for their use and application 

in medicine [16, 17]. 

Table 2: Effects of Treatment on Sex Hormones of the Male Rats. 

Groups 
n = 7 

Testosterone 
(ng/mL) 

Estradiol 
(pg/mL) 

Testosterone/Estradiol 
Ratio 

Group 1 (Neg. Control)  2.34 ± 0.13 9.88 ± 0.16 247.0 ± 14.56 
Group 2 (Vigpower) 2.53 ± 0.09a 8.43 ± 0.51a 300.6 ± 22.26a 
Group 3 (Viagra) 2.63 ± 0.10a 8.33 ± 0.43a 316.1 ± 22.26a 
Group 4 (Zinc) 2.70 ± 0.10a 9.83 ± 0.15 

cgkLm 
274.7 ± 13.24 

Group 5 (Vigpower + Zinc) 2.80 ± 0.07ad 8.60 ± 0.42a 326.2 ± 18.17ak 
Group 6 (Viagra + Zinc) 2.73 ± 0.06a 8.00 ± 0.11a 341.7 ± 7.22aL 
Group 7 (Vigpower + Viagra + Zinc) 2.85 ± 0.07af 7.75 ± 0.50a 368.2 ± 14.39afjm 
P-value < 0.0001 < 0.0001 < 0.0001 
F-value  8.967 19.12 18.77 
Remark S S S 
n – Number of rats, NS – not significant, S – significant, a – significantly different from control, b 
–significant difference between, groups 2 vs 3, c –significant difference between, groups 2 vs 4, d 
–significant difference between, groups 2 vs 5, e –significant difference between, groups 2 vs 6, f 
–significant difference between, groups 2 vs 7, g –significant difference between, groups 3 vs 4, h 
- significant difference between, groups 3 vs 5, I - significant difference between, groups 3 vs 6, j 
- significant difference between, groups 3 vs 7, k - significant difference between, groups 4 vs 5, 
L- significant difference between, groups 4 vs 6, m - significant difference between, groups 4 vs 7, 
n - significant difference between, groups 5 vs 6, o - significant difference between, groups 5 vs 7, 
p - significant difference between, groups 6 vs 7 



 

 

Table 2 shows the results of the sex hormones after treatment. Testosterone levels were 

significantly higher (p< 0.05) in all the treatment groups compared to the negative control, with 

group 7 (administered Vigpower + Viagra + zinc) having the highest value. This implies 

Vigpower, Viagra and zinc as singular treatments significantly increased testosterone levels. 

Also, zinc in combination with the sex enhancers effectively increased the testosterone levels in 

the rats in a synergistic manner.  

Estradiol level was significantly lower (P< .05) in all the treatment groups compared to the 

negative control, except for group 4 (administered zinc) which showed no significant difference 

(P> .05) compared to the negative control. Also, the estradiol level in group 4 (administered 

zinc) was significantly higher than the other treatment groups. This implies the sex enhancers 

Vigpower, Viagra and their combinations reduced estradiol levels in the male rats.  

Testosterone-estradiol (T/E) ratio was significantly higher (P< .05) in all the treatment groups 

compared to the negative control, except for group 4 (administered zinc) which showed no 

significant difference (P> .05) compared to the negative control. This indicates the sex enhancers 

Vigpower, Viagra and their combinations increased T/E ratio, in the male rats. This could be due 

to the inhibition of the enzyme aromatase, responsible for converting testosterone to estradiol by 

Vigpower and Viagra.  

Testosterone, the male sex hormone and estradiol play critical roles in male sexual function and 

behavior. They modulate erectile function, libido, sexual potency and also have reproductive 

functions in the hypothalamus-pituitary-gonadal axis. The balance or ratio between these 

hormones gives a measure of sexual function [18]. The results of this study are in consonance 

with the works of Janjic et al. [19], in which they reported increased testosterone levels in male 

adult rats after sildenafil administration. Kotta et al. [2], reported that the herbal plant Tribulus 

terrestris increased the levels of testosterone, leutinizing hormone and dihydrotestosterone in 

male rats. They also reported that protodioscin a phytonutrient found in Vigpower, showed 

androgenic effects. In another study, administration of tadalafil decreased serum estradiol levels, 

increased testosterone levels, resulting in an increase in the T/E ratio [20]. Egwurugwu et al. 

[21], reported a dose dependent increase in testosterone levels, but no significant effect on the 

levels of estradiol after zinc administration for six weeks in male rats. Other studies have also 



 

 

reported an increase in testosterone levels, improved sexual competence, sexual desire and 

sexual function in both human and animal models [22, 23, 24]. 

Table 3: Effects of Treatment on Liver Enzymes of the Male Rats 

Groups n = 7 ALT (IU/L) AST (IU/L) ALP (IU/L) 
Group 1 (Neg. Control) 8.00 ± 1.73 46.20 ± 6.69 56.60 ± 4.89 
Group 2 (Vigpower) 12.50 ± 3.32 49.00 ± 9.63 62.00 ± 6.32 
Group 3 (Viagra) 8.25 ± 0.50 48.00 ± 4.15 62.00 ± 9.71 
Group 4 (Zinc) 9.33 ± 2.31 48.33 ± 6.36 59.33 ± 5.03 
Group 5 (Vigpower + Zinc) 9.80 ± 2.05 47.60 ± 6.66 61.60 ± 8.78 
Group 6 (Viagra + Zinc) 14.50 ± 3.54a 50.00 ± 9.73 52.00 ± 5.00 
Group 7 (Vigpower+Viagra+Zinc) 67.50 ± 2.12 afjmop 89.00 ± 7.87 afjmop 103.0 ± 8.41 afjmop 
P-value < 0.0001 < 0.0001 < 0.0001 
F-value  205.9 10.68 10.76 
Remark S S S 
n – Number of subjects, NS – not significant, S – significant, a – significantly different from 
control, b –significant difference between, groups 2 vs 3, c –significant difference between, 
groups 2 vs 4, d –significant difference between, groups 2 vs 5, e –significant difference between, 
groups 2 vs 6, f –significant difference between, groups 2 vs 7, g –significant difference between, 
groups 3 vs 4, h - significant difference between, groups 3 vs 5, I - significant difference between, 
groups 3 vs 6, j - significant difference between, groups 3 vs 7, k - significant difference between, 
groups 4 vs 5, L- significant difference between, groups 4 vs 6, m - significant difference between, 
groups 4 vs 7, n - significant difference between, groups 5 vs 6, o - significant difference between, 
groups 5 vs 7, p - significant difference between, groups 6 vs 7 

Table 3 shows results of the liver enzymes after 4 weeks of treatment. ALT levels in the 

treatment groups were not significantly different (p>0.05) from the negative control, except for 

groups 6 (administered Viagra + zinc) and 7 (administered Vigpower + Viagra + Zinc), which 

had significantly higher (P< .05) levels. The combination group of Vigpower, Viagra and zinc 

had significantly higher (P< .05) ALT levels than all the other treatment groups. AST and ALP 

levels in the treatment groups were not significantly different (P> .05) from the negative control, 

except for group 7 (administered Vigpower + Viagra + Zinc), which was significantly higher 

than the negative control and all other treatment groups. This implies the singular treatments 

with Vigpower, Viagra and zinc had no impact on the liver enzymes. However, their 

combination (Vigpower + Viagra + zinc) was hepatotoxic and grossly elevated the liver 

enzymes. This shows a clear mechanism of drug-herb reaction elevating the levels of the liver 

enzymes, and adversely affecting liver function. 



 

 

Various researches citing different mechanisms have reported hepatoprotective effects of 

sildenafil, including the improvement of the cytoarchitecture of the liver [25, 26, 27].  However, 

Okpalakunne et al. [28], in their research reported hepatotoxic effects, and elevation of liver 

enzymes when sildenafil was administered at higher doses (100mg/kg). The herbal testosterone 

booster teasle at doses of 10 and 15mg/kg was found to be hepatoprotective in rats [29]. On herb-

drug combinations, Briggs et al. [30], reported hepatotoxic outcomes, as the combination of 

Ruzu bitters and glibenclamide worsened liver parameters, with elevated aminotransferases and 

alkaline phosphatase levels. Zinc, an important component of different enzymes was found to 

confer hepatoprotective effects and improved liver parameters in different animal and human 

studies [31, 32]. 

Table 4: Effects of Treatment on Renal Function Parameters of the Male Rats 

Groups 
n = 7 

Na+ 
(mmol/L) 

K+ (mmol/L) Cl- 
(mmol/L) 

Urea 
(mmol/L) 

Creatinine 
(mg/dL) 

Group 1 (Neg. Control) 141.6 ± 5.13 4.26 ± 0.49 94.60 ± 0.89 6.56 ± 0.36 2.92 ± 0.28 
Group 2 (Vigpower) 140.5 ± 4.20 4.83 ± 0.94 93.75 ± 0.96 5.90 ± 0.78 2.63 ± 0.26 
Group 3 (Viagra) 139.8 ± 2.50 5.03 ± 0.95 94.50 ± 0.56 5.38 ± 0.89 2.78 ± 0.33 
Group 4 (Zinc) 137.3 ± 2.52 4.73 ± 0.70 92.67 ± 0.58 4.97 ± 0.47 2.33 ± 0.25 
Group 5 (Vigpower + 
Zinc) 

135.6 ± 2.07 4.52 ± 0.31 93.60 ± 0.47 5.60 ± 0.65 2.42 ± 0.19 

Group 6 (Viagra + Zinc) 140.0 ± 2.0 7.60 ± 0.87aeILn 93.67 ± 0.52 6.40 ± 0.87 2.43 ± 0.42 
Group 7 (Vigpower + 
Viagra + Zinc) 

140.0 ± 5.66 9.10 ± 1.27afjmo 95.00 ± 1.01 6.05 ± 0.21 5.20 ± 0.42afjmop 

P-value 0.4147 < 0.0001 0.5020 0.0582 < 0.0001 
F-value  1.069 16.20 0.9206 2.657 25.99 
Remark NS S NS NS S 
n – Number of subjects, NS – not significant, S – significant, a – significantly different from 
control, b –significant difference between, groups 2 vs 3, c –significant difference between, 
groups 2 vs 4, d –significant difference between, groups 2 vs 5, e –significant difference between, 
groups 2 vs 6, f –significant difference between, groups 2 vs 7, g –significant difference between, 
groups 3 vs 4, h - significant difference between, groups 3 vs 5, I - significant difference between, 
groups 3 vs 6, j - significant difference between, groups 3 vs 7, k - significant difference between, 
groups 4 vs 5, L- significant difference between, groups 4 vs 6, m - significant difference between, 
groups 4 vs 7, n - significant difference between, groups 5 vs 6, o - significant difference between, 
groups 5 vs 7, p - significant difference between, groups 6 vs 7 
 

Table 4 shows results of renal function parameters after 4 weeks of treatment. The results reveal 

there were no significant differences (P> .05) in sodium (Na+), chloride (Cl-) and urea levels in 

the treatment groups, compared to the negative control. Potassium levels were significantly 



 

 

higher (P< .05) in groups 6 (Viagra +zinc) and 7 (Vigpower + Viagra + zinc), compared to the 

negative control and all other treatment groups. There were no significant differences (P> .05) in 

creatinine levels in all the treatment groups compared to the negative control, except for group 7 

(Vigpower + Viagra + zinc), which was significantly higher (P< .05) than the negative control 

and all other treatment groups. This indicates singular administration of Vigpower, Viagra and 

zinc was innocuous, non-toxic to the kidney and did not impact any of the renal function 

parameters. However, treatment with the combination of Vigpower, Viagra and zinc elevated 

potassium and creatinine levels. 

Studies have reported Viagra administration to be reno-protective in both human and animal 

studies, as it improved kidney function, attenuated markers of acute kidney injury, reduced 

electrolyte derangement and improved general kidney histology. This was attributed to anti-

inflammatory, antioxidant and anti-apoptotic pathways [33, 34, 35]. Other studies reported acute 

kidney injury due to overdose of sildenafil administration [36]. Researchers have reported 

different effects of herbal aphrodisiacs on renal function. Kpomah & Arhoghro [37], reported 

that the polyherbal Jalin Herbal Mannex Liquid (JHML) increased testosterone, but had no 

significant effect on urea, creatinine and serum electrolytes of wistar rats, which is in agreement 

with the results of this study. Asuquo et al. [38], reported that the leaves of Spondias mombin, 

were relatively safe, but prolonged usage could cause nephrotoxicity. There have also been 

documented cases of renal failure, following the consumption of Tribulus terrestris [39, 40]. 

4. CONCLUSION 

Vigpower contains flavonoids, protodioscin, saponins and phenols. Singular administration of 

Vigpower, Viagra and zinc increased testosterone levels of the male rats. Vigpower and Viagra 

had equipotent effects on the sex hormones, increased testosterone levels, reduced estradiol 

levels and increased the testosterone-estradiol ratio. Vigpower, Viagra and zinc as singular 

treatments, had no impact on liver enzymes, was non-toxic to the kidney and did not impact renal 

function. However, treatment with the combination of Vigpower, Viagra and zinc was 

hepatotoxic and elevated potassium and creatinine levels. Use of herbal sex enhancers and their 

combination with other medications could bring about the desired sexual effect, but may damage 

other organ systems and pose serious public health challenges. 

REFERENCES 



 

 

1. Brunetti P, Lo-Faro AF, Tini, A, Busardò, FP, Carlier, J. Pharmacology of herbal sexual 
enhancers: A review of psychiatric and neurological adverse effects. Pharmaceuticals. 
2020;13(10): 309. https://doi.org/10.3390/ph13100309  

2. Kotta S, Ansari SH, Ali, J. Exploring scientifically proven herbal aphrodisiacs. 
Pharmacognosy Reviews. 2013; 7(13): 1–10. https://doi.org/10.4103/0973-7847.112832  

3. Oyelade BO, Jemilohun AC, Aderibigbe SA. Prevalence of erectile dysfunction and 
possible risk factors among men of South-Western Nigeria: A population-based study. 
The Pan African Medical Journal. 2016; 24: 124. 
https://doi.org/10.11604/pamj.2016.24.124.8660  

4. Rao N, Spiller HA, Hodges NL, Chounthirath T, Casavant MJ, Kamboj AK, Smith GA. 
An increase in dietary supplement exposures reported to US Poison Control Centers. 
Journal of Medical Toxicology. 2017; 13: 227–237. doi: 10.1007/s13181-017-0623-7. 

5. Li JZ, Maguire TA, Zou KH, Lee LJ, Donde SS, Taylor DG, Prevalence, comorbidities, 
and risk factors of erectile dysfunction: Results from a prospective real-world study in the 
United Kingdom. International Journal of Clinical Practice. 2022; 10: 5229702. 
https://doi.org/10.1155/2022/5229702 

6. Organisation for Economic Co-operation and Development. Guidance document on acute 
oral toxicity testing: Environmental health and safety monograph series on testing and 
assessment. 2001;24. 
Available:https://ntp.niehs.nih.gov/iccvam/suppdocs/feddocs/oecd/oecd-gd24.pdf. 
Retrieved on 14th May, 2023. 

7. Paget GE, Barnes JM. Evaluation of drug activities. In Lawrence, D. R & Bacharach, A. 
L. (Eds.). Pharmacometrics. New York: Academy Press; 1964;161.  

8. Engvall E, Perlmann P. Enzyme-linked immunosorbent assay, elisa. The Journal of 
Immunology. 1972;109(1):129-135. 

9. Reitman S, Frankel S. A colorimetric method for the determination of glutamic 
oxaloacetic and glutamic pyruvic transaminases. American Journal of Clinical Pathology. 
1957; 28: 56-66. 

10. Klein B, Read PA, Babson LA. Alkaline phosphatase activity measurement. Clinical 
chemistry. 1960; 6: 269-275.  

11. Buck R, Lindner E. Recommendations for nomenclature of ion-selective electrodes 
(IUPAC Recommendations 1994). Pure and Applied Chemistry. 1994; 66(12): 2527-
2536. Available: https://doi.org/10.1351/pac199466122527   

12. Bretaudiere JP, Phung HT, Bailly M. Direct enzymatic determination of urea in plasma 
and urine with a centrifugal analyzer. Clinical Chemistry. 1976; 22(10): 1614-1617  

13. Slot C. Plasma creatinine determination. A new and specific Jaffe reaction method. 
Scandinavian Journal of Clinical and Laboratory Investigation. 1965; 17(4): 381-387. 
DOI:10.3109/00365516509077065  

14. Ezeonu CS, Ejikeme CM. Qualitative and quantitative determination of phytochemical 
contents of indigenous Nigerian softwoods. New Journal of Science. 2016;2016: 
5601327.  

15. da Cruz AC, Guerra NG, de Souza KEBP, Eleutério ID, da Silva LC, Otoni EG, Alves 
MRA, Regis WCB. The action of herbal medicine on the libido: aspects of nutritional 
intervention in increasing sexual desire. Nutrire. 2017; 42, 29. 
https://doi.org/10.1186/s41110-017-0051-0  



 

 

16. Kaur R, Afzal M, Kazmi I, Ahamd I, Ahmed Z, Ali B, Ahmad S, Anwar F. 
Polypharmacy (Herbal and synthetic drug combination): A novel approach in the 
treatment of type-2 diabetes and its complications in rats. Journal of Natural Medicines. 
2013;67(3): 662-671.   

17. Van-Wyk BE, Wink M. Phytomedicines, herbal drugs and poisons. Briza, Kew 
Publishing, Cambridge University Press: Cambridge, UK; 2015.  

18. Schulster M, Bernie AM, Ramasamy R. The role of estradiol in male reproductive 
function. Asian Journal of Andrology. 2016;18(3):435-440. doi:10.4103/1008-
682X.173932  

19. Janjic MM, Stojkov NJ, Bjelic MM, Mihajlovic AI, Andric SA, Kostic TS. Transient rise 
of serum testosterone level after single sildenafil treatment of adult male rats. Journal of 
Sexual Medicine. 2012; 9(10): 2534-2543. doi:10.1111/j.1743-6109.2012.02674.x  

20. Castello-Porcar AM, Martınez-Jabaloyas JM. Testosterone/estradiol ratio, is it useful in 
the diagnosis of erectile dysfunction and low sexual desire? Aging Male. 2016; 19(4): 
254–258. doi: 10.1080/13685538.2016.1253672 

21. Egwurugwu, Ifedi CU, Uchefuna RC, Ezeokafor EN, Alagwu EA. Effects of zinc on 
male sex hormones and semen quality in rats. Nigerian Journal of Physiological Sciences. 
2013; 28: 017 –022.  

22. Dissanayake D, Wijesinghe PS, Ratnasooriya WD, Wimalasena S. Effects of zinc 
supplementation on sexual behavior of male rats. Journal of Human Reproductive 
Sciences. 2009; 2(2): 57-61. doi:10.4103/0974-1208.57223  

23. Jalali GR, Roozbeh J, Mohammadzadeh A, Sharifian M, Sagheb MM, Jahromi AH, 
Shabani S, Ghaffarpasand F, Afshariani R. Impact of oral zinc therapy on the level of sex 
hormones in male patients on hemodialysis. Renal Failure. 2010; 32: (4) 417-419, DOI: 
10.3109/08860221003706958  

24. Mazaheri NL, Iravani M, Abedi P, Cheraghian B. Effect of Zinc on Testosterone Levels 
and Sexual Function of Postmenopausal Women: A Randomized Controlled Trial. 
Journal of Sex & Marital Therapy. 2021;47(8):804-813. 
doi:10.1080/0092623X.2021.1957732 

25. Gökakın AK, Atabey M, Deveci K, Sancakdar E, Tuzcu M, Duger C, Topcu O. The 
effects of sildenafil in liver and kidney injury in a rat model of severe scald burn: a 
biochemical and histopathological study. Ulus Travma Acil Cerrahi Derg.  
2014;20(5):319-327 doi: 10.5505/tjtes.2014.39586  

26. Deng M, Loughran PA, Zhang L, Scott MJ, Billiar TR. Shedding of the tumor necrosis 
factor (TNF) receptor from the surface of hepatocytes during sepsis limits inflammation 
through cGMP signaling. Science Signaling. 2015; 8 (361): 11. DOI: 
10.1126/scisignal.2005548  

27. Şimşek T, Ersoy ÖF, Özsoy Z, Yenidoğan E, Kayaoğlu HA, Özkan N, Şahin M. Effect of 
sildenafil citrate on the liver structure and function in obstructive jaundice: An 
experimental study. Turkish Journal of Surgery. 2018;34(2):111-116. 
doi:10.5152/turkjsurg.2018.3771  

28. Okpalakunne SE, Unekwe PC, Chukwu, Okwara JE, Ramalan MA. A scientific 
compendium of the effects of sildenafil citrate on the liver, kidney and heart of male 
albino rats at Nnewi, South East Nigeria. World Journal of Biology Pharmacy and Health 
Sciences. 2020; 04(02), 056–074. https://doi.org/10.30574/wjbphs.2020.4.2.0065  



 

 

29. Khedri K, Fojlaley M, Lopes FM, Amirkiasar MS. Investigating the Effects of Teasel on 
Liver Enzymes. European Journal of Molecular & Clinical Medicine. 2022; 9(7), 6969-
6977. 

30. Briggs ON, Elechi-amadi KN, Aleruchi-Didia TN, Anyalebechi EO, Agwor S. Effects of 
the anti-diabetic polyherbal (Ruzu bitters) on glucose, hepatic and renal parameters in 
alloxan-induced diabetic rats. Journal of Advances in Medical and Pharmaceutical 
Sciences. 2022; 24(4): 44-51. DOI: 10.9734/JAMPS/2022/v24i430296  

31. Jamakala O, Rani UA. Amelioration Effect of zinc and iron supplementation on selected 
oxidative stress enzymes in liver and kidney of cadmium-treated male albino rat. 
Toxicology International. 2015;22(1):1-9. doi:10.4103/0971-6580.172289  

32. Hosui A, Kimura E, Abe S, Tanimoto T, Onishi K, Kusumoto Y, Sueyoshi Y, Matsumoto 
K, Hirao M, Yamada T, Hiramatsu N. Long-term zinc supplementation improves liver 
function and decreases the risk of developing hepatocellular carcinoma. Nutrients. 
2018;10(12):1955. doi:10.3390/nu10121955  

33. Lauver DA, Carey EG, Bergin IL, Lucchesi BR, Gurm HS. Sildenafil citrate for 
prophylaxis of nephropathy in an animal model of contrast-induced acute kidney injury. 
Public Library of Science. 2014; 9(11): e113598. 
https://doi.org/10.1371/journal.pone.0113598  

34. Webb DJ, Vachiery JL, Hwang LJ, Maurey JO. Sildenafil improves renal function in 
patients with pulmonary arterial hypertension. British Journal of Clinical Pharmacology. 
2015;80(2):235-241. doi:10.1111/bcp.12616  

35. Zahran MH, Barakat N, Khater S, Awadalla A, Mosbah A, Nabeeh A, Hussein AM, 
Shokeir AA. Renoprotective effect of local sildenafil administration in renal ischaemia–
reperfusion injury: A randomised controlled canine study. Arab Journal of Urology. 
2019; 17(2): 150-159. DOI: 10.1080/2090598X.2019.1600995  

36. Liu B, Meng L, Guan X, Gao L, Trabin J. Reversible acute kidney injury associated with 
sildenafil overdose. Cureus. 2018;10 (9): e3322. doi:10.7759/cureus.3322  

37. Kpomah ED, Arhoghro EM. Investigation into the intake of a popular polyherbal drug 
(Jalin Herbal Mannex Liquid) on selected biochemical indices of male Wister rats. 
African Journal of Biochemistry Research. 2022; 16(4):55-62.  

38. Asuquo OR, Ekanem TB, Eluwa MA, Oko OO, Ikpi DE. Evaluation of toxicological 
effects of Spondias mombin in adult male Wistar rats. Journal of Natural Sciences 
Research. 2012; 2: 144-151.  

39. Talasaz AH, Abbasi MR, Abkhiz S, Dashti-Khavidaki S. Tribulus terrestris-induced 
severe nephrotoxicity in a young healthy male. Nephrology Dialysis Transplantation. 
2010;25(11):3792-3793. doi:10.1093/ndt/gfq457  

40. Ryan M, Lazar I, Nadasdy GM, Nadasdy T, Satoskar AA. Acute kidney injury and 
hyperbilirubinemia in a young male after ingestion of Tribulus terrestris. Clinical 
Nephrology. 2015;83(3):177-183. doi:10.5414/CN108324 

 


