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Abstract  
L-arginine is the substrate for nitric oxide (NO) synthesis in biologic system. NO, being a free radical may induce some cytotoxic cascades 

related to impaired spermatogenesis. This study was undertaken to determine the effects of L-arginine, quercetin and their combination on 

the histology of the testes, oxidative stress biomarkers, hormones, sperm parameters and sexual behaviors in rats. 35 adult male rats divided 

into seven groups were used. A (Control), B (Sildenafil treated, 1.4mg/kg/day), C (L-arginine treated, 30 mg/kg/day), D (L-arginine treated, 

100 mg/kg/day), E (Quercetin treated, 10 mg/kg /day), F (L-arginine, 30 mg/kg/day and Quercetin, 10 mg/kg/day) co-administrated, G (L-

arginine, 100 mg/kg/day and Quercetin, 10 mg/kg/day) co-administrated. Animals were sacrificed after 8 weeks and the histology of the 

testes, oxidative stress biomarkers, hormonal assay, sperm parameters and some sexual behaviors were done. The results obtained from the 

study showed that L-arginine has a relatively adverse effect on spermatogenesis which was improved by co-administration with Quercetin. 

The findings from this study suggests that synergism between L arginine and Quercetin can improve spermatogenesis as well as sexual 

behaviors in rats.  
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Introduction 
Infertility has become a global concern affecting up to 186 

million people worldwide (1) and male factors put up to about 

30%-55% of all cases, which are mainly related to decreased 

spermatogenesis (2). Infertility is the inability to achieve 

successful pregnancy after 12 months of consistent unprotected 

sex. It is estimated that approximately 15% of reproductive-age 

couples suffer from infertility (3). Male infertility refers to the 

incapability of a man to impregnate a woman after 12 months of 

regular and unprotected sexual intercourse. Factors including 

drug treatment, chemotherapy, toxins, air pollutions and 

inadequate vitamins intake have harmful effects on 

spermatogenesis and normal sperm output (4, 5). 

To help improve male sexual performance, men consume L 

arginine, a semi essential amino acid as dietary supplement. L-

arginine is one of the most commonly used food supplements for 

the management of erectile dysfunction. It is an amino acid used 

in the body to manufacture nitric oxide (6). It has various 

metabolic and immunologic effects and has been considered to be 

conditionally essential. L-Arginine is a notable precursor to nitric 

oxide (NO), a key component of endothelial-derived relaxing 

factor, an endogenous messenger molecule connected to diverse 

endothelium-dependent physiological effects in the 

cardiovascular system (7). Nitric oxide (NO) is produced from L- 

arginine by the activity of NO synthase (NOS), an enzyme that 

occurs in three isoforms (8).  

 

Quercetin, a dietary flavonoid ubiquitously present in a broad 

range of foods has received considerable attention because of its 

overwhelming presence in foods (9). Quercetin has a wide range 

of reported biologic effects, including antioxidant, 

antihypertensive, antimicrobial and antiprotozoan activities (10-

13). Most studies conducted on it had focused on the antioxidant 

properties of quercetin, its effects on several enzyme systems and 

effects on biological pathways involved in carcinogenesis, 

inflammation and cardiovascular diseases (14-17) as it is believed 

to prevent lipid peroxidation. It is also attracting intense scientific 

interest for its unique anti-aging and immune boosting activities 

(18) and several recent studies show that organisms exposed to 

high levels of quercetin live longer, healthier lives and have good 

pregnancy outcome (19-22).   

Investigations in infertility has confirmed that excessive 

production of reactive oxygen and nitrogen species (ROS and 

RNS), in other words, oxidative stress, is connected to the 

aetiology of infertility, especially male infertility (23, 24). All of 

the reports have linked ROS/RNS, generated both exogenously 

and endogenously, with some aspects of male infertility, such as 

decreased sperm motility, abnormal morphology and reduced 

sperm–egg penetration. There are conflicting arguments on the 

role or effects of nitric oxide, the product of L-arginine on male 

fertility (25-32). Despite the important physiological benefits, NO 

as a free radical can induce cytotoxic cascades in the biological 
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system. Quercetin is a naturally occurring flavonoid with 

antioxidant properties (8). It has been found to prevent testicular 

toxicities (33).  

This study would provide useful insights into the interactions 

between compounds used in the management of erectile 

dysfunction and testicular function and the role of quercetin on 

these interactions. The aim of the study therefore was to evaluate 

the effect of L-arginine and quercetin oral administration and 

their combination on histology of the testes, oxidative stress 

biomarkers, hormones (FSH, LH & TT), sperm parameters and 

sexual behaviors. 

 

Materials and methods 
Animal materials  

35 adult male and 5 female Wistar rats (180g-200g) were 

procured and used for the experiment. The rats were randomly 

assigned into seven (7) groups with 5 male rats in each group. 

Thereafter, the rats were allowed to acclimatize to the animal 

house condition for two weeks with free access to feed and water 

and the grouping was maintained throughout the period of the 

experiment. Ethical approval for the study was obtained from the 

University of Ilorin Ethical Committee on the Use of Animals for 

Experiments. The studies were conducted in accordance with the 

laws and regulations guiding the use of animals. The seven (7) 

groups were as follows: A (Negative Control - Normal healthy 

animals), B (Sildenafil citrate treated rats, 1.4mg/kg/day) positive 

control, C (L-arginine treated rats, 30 mg/kg/day), D (L-arginine 

treated rats, 100 mg/kg/day), E (Quercetin treated rats, 10 mg/kg 

/day), F (L-arginine, 30 mg/kg/day and Quercetin, 10 mg/kg/day) 

co-administrated rats, G (L-arginine , 100 mg/kg/day and 

Quercetin , 10 mg/kg/day) co-administrated rats.  

 

L-Arginine and quercetin preparation 
The pure L-arginine and Quercetin were purchased in powder 

form (Sigma Chemical). The powder forms were dissolved in 

distilled water (34) and administered to rats as suspension in 

distilled water by oral gavage for 8 weeks. 

 
Sildenafil citrate (Viagra) preparation 

Viagra was purchased from Pfizer pharmaceuticals. Each 100 

mg tablet of sildenafil citrate was dissolved in 100 ml of distilled 

water so each 1ml contained 1mg of the drug and administered 

1.4 mg/kg/day (35) to rats in group B by oral gavage for the 8 

weeks of experiments. 

 

Animal sacrifice, Sample collection and Histology 
Animals were euthanized with ketamine (100 mg/kg 

bodyweight) at the end of the period of treatment. Blood was 

collected through cardiac puncture. For histological studies, the 

testis was excised and fixed in Bouin’s fluid and processed using 

Haematoxylin and Eosin (H&E)(36) staining. Blood samples 

were centrifuged at 3500rpm for 10 min and then sera were stored 

at -80ºC until analysis. 

 

Oxidative stress biomarkers 
Superoxide dismutase (SOD) was assayed according to the 

method of (37). Reduced glutathione (GSH) level was determined 

according to the method of (38).  

Glutathione peroxidase was assayed according to the method 

of (39). Nitric oxide is an unstable molecule with a short half-life 

that reacts with molecular oxygen and accumulates in serum or 

plasma as nitrate (NO3−) and nitrite (NO−) ions; thus, the 

quantification of NOx in biological samples provides essential 

information about NO production. NO level was assayed by 

assessing the nitrites content (i.e. the stable end product of NO 

according to the method of (40)  

 

Measurement of serum LH, FSH and testosterone levels 
The serum levels of LH, FSH and testosterone were analyzed 

using an enzyme-linked immuno-absorbent assay (ELISA) kit 

(Shanghaicrystat Day Biotech Co. LTD, Shanghai, China for LH 

& FSH and IBL International GMBH Flughafenstrasse Hamburg, 

Germany for testosterone) according to the manufacturer’s 

guidelines. 

 

Sperm parameters 
The left epididymis of each rat was dissected and put in 1 mL 

of pre-warmed Ham’s F10, then minced into small sections and 

incubated for a few minutes (37 °C, 5% CO2) to allow the 

spermatozoa to swim out of the epididymal tubules. 

Sperm parameters (count, motility, viability, and 

morphology) were studied in all groups. An aliquot of sperm 

suspension was diluted 1: 20 with Ham’s F10 medium and 

transferred into a Neubar’s hemocytometer under a coverslip to 

estimate the sperm count. Spermatozoa were counted under a 

light microscope at ×400 (Olympus Light Microscope; Olympus 

Corp., Tokyo, Japan) and expressed as million per ml of 

suspension. A drop of sperm sample was placed on clean and 37 

°C pre-warmed slides, and a minimum of 200 spermatozoa 

motility was accessed under a light microscope. Motility was 

shown as the percentage of motile sperm according to the World 

Health Organization manual criteria.  Sperm viability was 

analyzed by eosin-nigrosin staining in 500 spermatozoa. A drop 

of stained sperm suspension was put on a clean slide, and a thin 

smear was made and allowed for drying. This slide was analyzed 

under a light microscope at ×1000 and spermatozoa with white 

and pink heads were considered as alive and dead, respectively 

(41). 

 

Sexual behaviors 
For behaviorsal studies, female rats were introduced in the 

cages of the male rats 3 weeks after the start of administration and 

using a camcorder the following parameters were monitored: 

Mounting frequency, intromission frequency and sexual 

motivation (42). 

 
Data Analysis 

Data obtained was analyzed using GraphPad prism 5 

software. All results were expressed as mean± standard error of 

mean (SEM), and one way ANOVA analysis, followed by 

Tukey’s post hoc test was performed. P<0.05 was considered 

statistically significant.  

 

Results 
Histology  

Figure 1 shows the representative histological sections of the 

testes of rats after the administration of L-arginine, Quercetin and 

http://www.jirb.dormaj.com/


                                                               J Infertil Reprod Biol, 2020, Volume 8, Issue 4, Pages: 90-98 

92 

 

their combination. Testicular sections of control rats showing 

normal seminiferous tubules, exhibiting spermatogenesis in 

different stages and Leydig cells in interstitial. Reduced diameter 

of the germinal epithelium (blue arrows) in the treated groups 
except for the Quercetin and the co-administrated groups was 

observed. Black arrows demonstrate Sertoli cells. 

Histological analysis showed that the structure of the testis 

and seminiferous tubule is entirely typical in control and 

Quercetin groups. Destruction of the germinal epithelium of the 

seminiferous tubule was observed and formation of vacuoles in 

the L-arginine treated groups. Shrinking and irregular shape of 

the basement membrane of the seminiferous tubules and disorders 

of cellular arrangement and organization were revealed in the L-

arginine treated groups. Moreover, tissue structural improvement 

was evident in the co-administrated groups as against what was 

obtained in the L-arginine treated groups.  

 

 

 

Figure 1. Representative micrographs of H&E showing the general histology of the testes of the Wistar rats administered with L-arginine, Quercetin 

and their combination and Sildenafil citrate and positive control ×400. . Reduced diameter of the germinal epithelium (blue arrows) in the treated 

groups except for the Quercetin and the co-administrated groups was observed. Black arrows demonstrate Sertoli cells. 

 

 

Oxidative stress biomarkers 
The effects of L-arginine, Quercetin and their combination on 

oxidative stress biomarkers are presented in Table 1. It was 

observed that L-arginine (100 mg/kg) decreased significantly 

(P<0.05) the level of serum GPx & SOD as compared to the 

control group and the Quercetin treated group. 

The level of this biomarkers were increased in the co- 

 

 

administrated groups (L-arginine, 30 mg/g + Quercetin, L-

arginine, 100 mg/kg + Quercetin). The serum levels of level of 

nitric oxide was significantly increased in the L-arginine groups 

(100 mg/kg being the highest) as compared to the control group, 

the sildenafil citrate group and especially the Quercetin group. 

(Table 2).  

 

Control Sildenafil Citrate L-Arginine (30 mg/kg) 

L-Arginine (100 mg/kg) Quercetin (10 mg/kg) L-Arginine (30 mg/kg) + Quercetin (10 mg/kg) 

 

L-Arginine (100 mg/kg) + Quercetin (10 mg/kg) 
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Hormonal assay  
The effect of L- Arginine, Quercetin and their combination 

on serum levels of FSH, LH and testosterone (TT) were 

determined and presented in Table 2. The levels of LH, FSH and 

TT were significantly decreased in the L-arginine treated groups 

when compared with the control group and Quercetin group but 

was significantly improved 0.05) in the co-administrated groups.  

 
Sperm parameters 

The effects of L-arginine, Quercetin and their combination on 

sperm parameters in rats are showed in Table 3. 

 

Sperm Count 
Sperm count was decreased in the L-arginine treated rats as 

compared to the control group and the Quercetin treated group. 

 
Sperm Motility 

There was significant decrease (P< 0.05) in sperm motility in 

L-Arginine treated groups as compared with the Control and 

Quercetin groups. There was significant improvement in sperm 

motility of the co-administrated groups as compared to what was 

obtained in the L-arginine treated groups.  There was no 

significant difference between the control and Quercetin, 10 

mg/kg group (P>0.05).  The difference between Sildenafil citrate 

group and control group was not statistically significant (P< 0.05) 

  

(Table 3).  

 

Sperm Normal Morphology 
There was significant decrease (P<0.05) in the percentage of 

sperm with normal morphology in the L-Arginine groups 

irrespective of dose when compared with the Control group and 

the Quercetin group. There was no significant difference (P>0.05) 

in the percentage of sperm with normal morphology in the 

Control group and the Quercetin group (Table 3). 

 
Sexual behaviors 

At the end of the first four weeks of treatments, frequency of 

mounting was significantly increased in the sildenafil citrate 

group as compared with the other groups, but at 8 weeks, there 

was significant increase in the L-arginine and sildenafil citrate 

group as compared to the other groups (Table 4). For sexual 

motivation there was significant increase at the end of the 8 weeks 

in the L-arginine treated groups compared to the control and 

sildenafil citrate groups as against what was obtained after 4 

weeks (Table 4). Frequency of intromission was significantly 

increased in the L-arginine group (100 mg/kg) and co-

administrated group (L-arginine, 100 mg/kg and Quercetin, 10 

mg/kg) as compared to the control group at the end of the 8 weeks 

of administration compared to after four weeks of administration 

(Table 4).  

 

 

Table 1: Effect of L- Arginine, Quercetin and their combination on oxidative stress biomarkers 

 Treatments 

Parameters Control 
Sildenafil 

Citrate 

L-Arginine, 30 

mg/kg 

L-Arginine, 100 

mg/kg 

Quercetin, 10 

mg/kg 

L-Arginine, 30 

mg/kg + 

Quercetin, 10 

mg/kg 

L-Arginine, 100 

mg/kg + 

Quercetin, 10 

mg/kg 

NO 5.15±0.16 9.55±0.37
***

 10.91±0.66
****

 15.64±0.65
****

 4.12±0.12
ns

 7.64±0.46
*

 10.94±0.45
****

 

GSH 10.0±0.3 21.0±5.0
*

 10.0±0.2
ns

 6.0±0.1
ns

 23.0±3.0
*

 26.0±3.0
**

 12.0±2.0
ns

 

GPx 99.72± 3.30 54.51±16.48
ns

 33.56±5.94 45.1±5.73
*

 164.3±7.92
*

 103.46±2.15
*

 74.73±19.70
ns

 

SOD 57.56±14.57 83.69±4.49
ns

 45.1±5.73
ns

 33.56±5.94
ns

 164.3±7.93
****

 103.46±2.15
*

 119.51± 6.28
***

 

Values are expressed as mean ± SEM, n=5 (numbers of animals in each group). One-way analysis of variance (ANOVA) was used followed by Tukey’s post 

hoc test. Statistical differences between control and different groups: *; P<0.05,**; P<0.005, ***; P<0.0005, ns – not significant. P value<0.05 was considered 

statistically significant compared to the control group. 
 

 

Table 2: Effect of L- Arginine, Quercetin and their combination on FSH, LH & TT 

 Treatments 

Parameters Control 
Sildenafil 

Citrate 

L-Arginine, 30 

mg/kg 

L-Arginine, 100 

mg/kg 

Quercetin, 10 

mg/kg 

L-Arginine, 30 

mg/kg + 

Quercetin, 10 

mg/kg 

L-Arginine, 100 

mg/kg + 

Quercetin, 10 

mg/kg 

LH 55.30±0.32 20.39±1.86**** 40.46±1.91** 35.23±4.34*** 39.38±0.29** 55.35±1.0ns 45.85±2.46ns 

FSH 80.13±2.22 33.56±5.94**** 28.74±3.68**** 27.18±3.52**** 64.3±7.93ns 77.02±1.45ns 48.44±2.84** 

TT 24.33±2.0 22.31±1.10ns 17.74±0.13* 11.61±0.24*** 23.23±1.22ns 20.86±0.2ns 18.31±1.44* 

Values are expressed as mean ± SEM, n=5 (numbers of animals in each group). One-way analysis of variance (ANOVA) was used followed by Tukey’s post 

hoc test. Statistical differences between control and different groups: *; P<0.05,**; P<0.005, ***; P<0.0005, ns – not significant. P value<0.05 was considered 
statistically significant compared to the control group. 
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Table 3: Effect of L- Arginine, Quercetin and their combination on Sperm parameters 

 Treatments 

Parameters Control 
Sildenafil 

Citrate 

L-Arginine, 30 

mg/kg 

L-Arginine, 100 

mg/kg 

Quercetin, 10 

mg/kg 

L-Arginine, 30 

mg/kg + 

Quercetin, 10 

mg/kg 

L-Arginine, 100 

mg/kg + 

Quercetin, 10 

mg/kg 

Sperm count 
50 ± 5.45 

 
54 ± 2.45ns 36 ± 6.96ns 35.6 ± 4.23ns 44 ± 4.00ns 32 ± 7.35* 26 ± 6.78ns 

Sperm 

motility 

76.2 ± 2.11 

 

74.2 ± 3.23ns 

 

51 ± 6.60** 

 
51.7 ± 2.76** 73.4 ± 2.96ns 58.8 ± 4.87** 75.63 ± 4.44ns 

Sperm 

morphology 
71 ± 4.58 71 ± 3.32ns 35 ± 4.47*** 38 ± 3.55*** 65 ± 4.47ns 50 ± 8.37ns 59 ± 4.00ns 

Values are expressed as mean ± SEM, n=5 (numbers of animals in each group). One-way analysis of variance (ANOVA) was used followed by Tukey’s post 

hoc test. Statistical differences between control and different groups: *; P<0.05,**; P<0.005, ***; P<0.0005, ns- not significant. P value<0.05 was considered 

statistically significant compared to the control group. 

 

 

Table 4: Effect of L-arginine, Quercetin and their combination on sexual behaviors in rats after 8 weeks 

 Treatments 

Parameters Control 
Sildenafil 

Citrate 

L-Arginine, 30 

mg/kg 

L-Arginine, 100 

mg/kg 

Quercetin, 10 

mg/kg 

L-Arginine, 30 

mg/kg + 

Quercetin, 10 

mg/kg 

L-Arginine, 100 

mg/kg + 

Quercetin, 10 

mg/kg 

Frequency of 

mounting 
2.5±0.5 11.0± 1.0* 6.67±0.9 ns 13.5±0.5** 7.0±1.0 ns 7.67±1.5 ns 9.67±1.7* 

Frequency of 

intromission 
13.0±2.0 14.25±2.7ns 17.0±2.1ns 26.75±3.4** 9.5±1.2ns 10.0±0.4ns 17.5±2.1ns 

Sexual 

motivation 
24.25±1.5 33.33±2.4ns 43.35±5.3* 54.28±6.2*** 39.13±3.1ns 35.4±3.3ns 46.2±2.5* 

Values are expressed as mean ± SEM, n=5 (numbers of animals in each group). One-way analysis of variance (ANOVA) was used followed by Tukey’s post 

hoc test. Statistical differences between control and different groups: *; P<0.05,**; P<0.005, ***; P<0.0005, ns – not significant. P value<0.05 was considered 

statistically significant compared to the control group. 

 

Discussion 
In the present study, there were some histological changes in 

the sildenafil citrate and the slightly in the L-arginine treated 

group (Figure 1) which may lead to impaired spermatogenesis, in 

the form of decreased cells of the spermatogenic layers reduction 

in the diameter of the seminiferous tubules. Also, congested and 

dilated blood vessels with increased number of Leydig cells were 

also realized in the sildenafil citrate group. This finding is in 

agreement with study (43) which investigated the effect 

administration of Sildenafil Citrate on sperm count, sperm 

malformations and testicular histological changes of male rats. 

The histological changes seen in the L-arginine treated group 

(Figure 1) could be as a result of the increase. These effects may 

be according to the changes in the expression of various receptors 

associated cGMP or responsive effect of these receptors in the 

brain and this will cause damage of testicular tissues and failure 

in spermatogenesis (44, 45). The results from this study showed 

the protective role of Quercetin in the co-administrated groups. 

This is in correlation with a recent study that Quercetin protects 

testicular structure and histology in case of testicular toxicity (13). 

This study showed that oral administration of L-arginine had a 

significant (P<0.05) increase in NO concentration in seminal 

plasma in rats (Table 1); indicating that the dosage and duration 

of L-arginine administration may produce a significant effect in 

increasing NO concentration in this study. L-arginine is the sole 

substrate for NO synthesis with the presence of enzyme nitric 

oxide synthase (NOS), oxygen and nicotinamide nitric oxide  

 

 
synthase (NOS), oxygen and nicotinamide adenine dinucleotide 

phosphate (NAPDH). Thus, higher oral intake of L-arginine may 

increase NO concentration in the plasma where there was a 

significant (P<0.05) positive association between L-arginine 

consumption and NO concentration. However, the increment of 

NO concentration was higher in the L-Arginine, 100 mg/kg group 

suggesting that higher dose of L-Arginine may produce higher 

NO concentration in seminal plasma. These findings support 

previous studies done which demonstrated that certain 

concentrations of L-arginine used have ability of increasing the 

NO levels in the brain and the reproductive organs (42, 46). A 

recent study also supports this finding that L-arginine can 

significantly increase serum NO level (47). NO reacts with 

superoxide anion to form peroxynitrite that react directly with 

lipid, protein and DNA results in cellular deterioration and tissue 

damage. In the testes, antioxidant defense system protects the 

cells from oxidative damages (48).  The rate of NO production 

may be critically dependent on the availability of arginine. 

Decreased arginine availability may result to decreased NO 

synthesis (49). NO has a double function, being both a cytotoxic 

and necessary molecule for normal spermatogenesis. Under 

physiological conditions, NO plays a key role in normal 

spermatogenesis. Low NO concentrations have been shown to 

enhance sperm motility (50), whereas high NO concentrations 

reduce it (51). Hence confirming the role of Quercetin in this 

present study. 
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However, in this study, SOD and GPx were markedly 

decreased in the L-arginine treated groups when compared to the 

control and Quercetin groups. This finding indicates the inability 

or dysfunction of antioxidants to act as NO and ROS scavenging 

machinery in the testes due the high level of NO in the L-arginine 

treated groups. The levels of SOD, GSH & GPx was improved in 

the co-administrated groups. The rise in these cellular 

antioxidants in the co-administrated rats signifies defense against 

the depletion in antioxidant status via its antioxidant activity. This 

is in consonant to several studies that Quercetin enhances 

expression levels of endogeneous antioxidant enzymes showing a 

strong antioxidant activity by maintaining oxidative balance (52, 

53 

The findings from this study showed that the level of 

gonadotropins were reduced in the L-arginine treated and the 

sildenafil citrate treated group when compared to the control 

groups and the co-administrated groups. This findings correlates 

with a previous study which reported that NO donors suppresses 

GnRH-stimulated LH release from pituitaries in male rats (54). 

Another study demonstrated that NOS inhibitor p-nitro-L-

arginine methyl ester (L-NAME) improved GnRH-induced LH 

release from pituitaries in rats (55). The decrease in the levels of 

FSH and LH in the L-arginine treated group could have been as a 

result of increase in NO level in these groups which were reduced 

in co-administrated groups.  The improved levels of FSH and LH 

in the co-administrated groups could have been the anti-oxidative 

effect of Quercetin which mopped up the excess NO produced 

from L-arginine in the blood. It was previously reported that low 

level of NO stimulates the release of LH from the pituitaries of 

male rats (56).   Leydig cells produce and release testosterone 

under the influence of LH and acts as autocrine and/or paracrine 

hormones in the gonads under modulation of NO (57). The 

reduced level of testosterone in the L-arginine treated groups 

when compared to the control group and co-administrated groups 

could have still pointed to the level of NO. It was reported that 

NO seemingly exerted a transient stimulatory effect on 

testosterone secretion (58). At low concentrations, NO exerted a 

transitory stimulatory effect on testosterone secretions mediated 

by cyclic GMP, whereas at high concentrations, it inhibited 

steroidogenesis by Leydig cells (59). This point to the fact that 

coadministration of L-arginine with Quercetin lowered the level 

of nitric oxide which improved the level of testosterone. 

The results obtained from sperm count showed non-

significant results except in L-Arginine (100 mg/kg) + Quercetin 

(10 mg/kg), which showed a significant (P<0.05) increase in 

sperm count (Table 3). This may be due to the fact that NO is a 

key regulator of gonadotrophin releasing hormone (GnRH), 

which is involved in the stimulation of luteinizing hormone (LH) 

that regulates the function of the Leydig cells in testes to produce 

testosterone. Elevated testosterone may cause an increase in 

sperm count. These findings supported previous studies done 

where the anatomical localization of NO neurons in close 

proximity to GnRH neurons in hypothalamus has been 

demonstrated and suggested that NO may be an important 

indicator of GnRH secretion (60). 

Sperm motility is a pivotal parameter of semen quality (61). 

Accordingly, a principal cause of male infertility is decreased 

sperm motility, and men with poorly motile or immotile sperm 

are usually sterile (62).The finding that free radicals can affect 

male fertility has received substantial scientific evidence (24). 

The proposed mechanism for loss of sperm function upon 

oxidative stress has been shown to involve excessive generation 

of reactive oxygen species (ROS) (63). The nitrogen derived free 

radical nitric oxide (NO) and peroxynitrite anion (ONOO-) also 

appear to play a key role in reproduction and fertilization. This 

study showed that there was a significant (P<0.05) drop in 

percentage of sperm motility in the L-Arginine, 30 mg/kg and L-

Arginine, 100 mg/kg, L-arginine treatment groups as compared 

to the control groups (Table 3). This showed that sperm motility 

is inversely proportional to the NO production. The results 

obtained here are closely related to the previous studies on human 

sperm, where NO supplied by a variety of donors inhibits human 

sperm motility, possibly by impeding cellular respiration (46, 64). 

Studies carried out by Weinberg and colleagues had that high 

concentration of NO (at milimolar to micromolar concentrations 

of sodium nitroprusside) distrupted sperm motility and viability 

(65). The results are consistent with other reports showing that 

high concentration of NO have a cytotoxic effect on spermatozoa 

(42).   

Sperm need high levels of adenosine triphosphate (ATP) to 

sustain their motility. ATP is generated by the glycolytic pathway 

and the mitochondrial electron transport system. Based on a 

previous study, NO can reduce ATP levels in ability of enzymes 

in these pathways (e.g., iron-containing proteins of the electron 

transport system and the tricarboxylic acid cycle and 

glyceraldehydes phosphate dehydrogenase of the glycolytic 

pathway) (66). NO may also hinder heme containing the 

mitochondrial enzymes, aconitase, NAPH:ubiquinone, and 

NADH:succinate oxidoreductase, leading to the reduction in 

sperm motility by inhibition of ATP production (65). Thus, 

excessive amounts of NO may cause sperm dysfunction and 

damage (46). The significant increase in the percentage of sperm 

motility in the L-Arginine (100 mg/kg) + Que (10 mg/kg group 

as compared to the L-Arginine (100 mg/kg) group suggests the 

protective effect of quercetin against the cytotoxic effect of 

excessive production of NO on sperm motility. This finding 

support previous study on the antioxidative effect of quercetin in 

manganese induced testicular toxicity in rats (67). 

Sperm morphology is a vital parameter that reflects the 

degree of normalcy and maturity of the sperm population in the 

ejaculate and corresponds with fertility (68). Deformity of the 

head and mid-piece have been classified as primary defects of 

spermatogenesis, and occur during testicular degeneration. Main 

defects of spermatogenesis are more likely to be associated with 

decreased fertility (69). Oxidative stress due to excessive 

production of NO gives rise a range of pathologies that are 

believed to negatively affect the male reproductive function. 

Oxidative stress-induced damage to sperm mediated by lipid 

peroxidation can cause damage to DNA in sperm nucleus (70, 

71). The significant decrease (P<0.05) in the percentage of sperm 

with normal morphology in the L-Arginine, 30 mg/kg and L-

Arginine, 100 mg/kg groups when compared with the Control 

group and the Quercetin, 10 mg/kg group (Table 1) possibly 

suggests a relationship between the production of NO and 

abnormal sperm morphology.  Suggesting that increased 

production of NO may exert cytotoxic effect on sperm 

morphology through oxidative stress.  This finding is supported 

by a study which showed that high concentrations NO induces 

atypical sperm morphology (72). It was also observed from the 

study that there was improvement in normal sperm morphology 
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as compared with the L-arginine treated groups and the sildenafil 

citrate group. This improvement could be as a result of the 

antioxidative properties of quercetin in the co-administrated 

groups. 

This study also shows that L-arginine and sildenafil citrate 

significantly increased sexual motivation and the frequency of 

mounting and intromission (Table 4) at the end of the 8 weeks of 

experiment compared to the control group. It was also observed 

from the study that there was significant increase in frequency of 

mounting and sexual motivation in the co-administrated groups 

when compared to the control groups but there was a decrease 

when compared with the L-arginine only groups. In a study, L-

arginine and yohimbine were compared; results demonstrated that 

arginine supplementation improved sexual behaviors, while pure 

yohimbine supplementation did not have the same effect (73). NO 

is a vasodilator that increases blood flow in penis arteries (74). 

Arginine increases synthesis and release of NO, thus it can be the 

mechanism of arginine effect on sexual behaviors. Male sexual 

behaviors of rat is impeded by L-NAME and this effect has been 

credited to reduction of NO at brain centres controlling 

reproduction (75). Thus, the ability of L-arginine to affect sexual 

behaviors suggests that NO exists in brain for the regulation of 

male sexual function. This finding is however with agreement 

with some studies that have investigated the effects of exogenous 

l-arginine on restoring NOS activity and improving erectile 

function. Chen et al. reported that oral administration of l-arginine 

in high doses (5 g/d) caused significant subjective improvement 

in sexual function in men with organic erectile dysfunction only 

if they had decreased NOx excretion or production prior to 

arginine supplementation (76). It was showed that long-term oral 

administration of supraphysiological doses of l-arginine improves 

erectile function in the aging rat (77). It was also shown that that 

administration of oral l-arginine to diabetic rabbits increases 

endothelium-dependent relaxation of rabbit corpus cavernosum 

but had no effect on neurogenic relaxation in diabetic animals 

(78). Angulo et al. also investigated the effects of phentolamine 

and l-arginine on neurogenic relaxation of healthy rabbit corpus 

cavernosum in organ bath studies (79).  

 

Conclusion 
The results obtained from the study showed that prolonged 

use of L-arginine has a relatively adverse effects on 

spermatogenesis because of the buildup of nitric oxide in the 

system. This however was improved by co-administration with 

Quercetin. The findings from this study suggests that synergism 

between L arginine and Quercetin can improve spermatogenesis 

as well as sexual behaviors in rats (as the role of L-arginine cannot 

be ruled out in fertility).  
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