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ABSTRACT 

Non-selective nitric oxide synthase inhibitors, such as N (G)-nitro-L-arginine Methyl Ester (L-NAME), are typically prescribed to treat 

spinal injuries and hypotension. Many physiological processes, including the regulation of reproductive hormones, are ty pically linked 

to it. Bioactivity in physiological systems is influenced by the antioxidant lycopene. This study sought to determine the imp act of lycopene 

supplementation and L-NAME administration on gonadal hormones and sperm parameters. Twenty male Wistar rats were used for this 

study and were divided into four groups containing 5 rats each. L-NAME (5mg/kg) was administered through drinking water and 

Lycopene (5mg/kg) was supplemented through oral gavage for four weeks. Using established protocols with Elisa Kits, plasma hormone 

levels were ascertained. Estradiol did not differ substantially across all groups, however, the group that received L-NAME had lower 

plasma concentrations of follicle-stimulating hormone (FSH), luteinizing hormone (LH), testosterone, and nitric oxide (NO). Lycopene 

supplements raised testosterone, FSH, LH, and NO levels while not affecting estradiol. The sperm profile was altered with L-NAME but 

ameliorated in Lycopene supplementation. We conclude that lycopene has the potential to protect against hormonal imbalance an d male 

infertility resulting from Nitric oxide synthase (NOS) inhibition.  
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INTRODUCTION 

Over time, experimental research on the various 

roles that nitric oxide (NO) plays in both healthy 

physiological states and illness states has garnered 

scholarly attention. Nitric oxide synthase (NOS) 

catalyzes the body's cells and tissues to produce 

nitric oxide, a signaling chemical. Certain body 

organs may develop severe diseases as a result of 

downregulating the NO/sGC/cGMP signaling (1, 2). 
 

L-NAME depletes NO availability or acts as a 

precursor for its production when administered 

acutely or over an extended period (3). Yet studies 

have demonstrated that nitric oxide, in varying 

amounts, is important for reproductive processes 

such as spermatogenesis, follicular maturation, 

sperm maturation, and steroid synthesis (5). Nitric 

oxide is also important for the male and female 

reproductive systems. Sperm motility (6) and 

Leydig cell testosterone (7) are inhibited at 

extremely high NO levels. One theory links the 

appearance of all of these control activities to the 

reproductive process's connection with the 

regulation and maintenance of the hypothalamic-

pituitary-gonadal axis (HPA). For example, 

hypothalamic or pituitary dysfunction might lead to 

low levels of LH. Male infertility due to testicular 

damage might be brought on by such hormonal 

imbalances (8). Reduced gonadotrophin 

concentrations, such as those of FSH and LH, are 

another symptom that might be indicative of the 

HPA change (9). 
 

With the growing quest for identifying an alternative 

way to combat toxicity in our body tissues, interest 

has shifted from the use of chemical drugs with their 

relatively high cost and adverse effects to the use of 

plant products and nutraceuticals. Recent 

experimental reports have shown that natural food 

products possess antioxidant and anti-apoptotic 

effects on both cardiovascular and reproductive 

systems and help to ameliorate inflammatory 

disease and most other metabolic problems related 

to oxidative stress (10,11). β-carotene, α-carotene, 

lycopene, and β-cryptoxanthin are the main 

antioxidants present in this natural diet (12). These 

compounds are identified majorly in vegetables, 

watermelon, pink grapefruit, papaya, and tomatoes (13). 

Nutraceutical and lipophilic carotenoid lycopene are 

present in various tissues, with the testes, adrenal glands, 

liver, and prostate containing the largest quantities (14). 

Because of the high diene number and apoptosis of 

lycopene, it is believed to have a singlet oxygen 

scavenging property that makes it beneficial for treating 

diseases of the male reproductive tract, restoring 

spermatogenesis, and modulating oxidative stress (15).  

Despite the known biological benefits of lycopene, there 

have been some contradictory studies about its 

effectiveness in experimental testicular 

ischemia/reperfusion, suggesting that long-term 

lycopene treatment may not be successful in healing 

testicular injury (16). For this reason, we examined in 

this work how lycopene supplementation and L-NAME 

delivery affected sperm profiles and steroid testosterone 

levels in male Wistar rats. 

MATERIALS AND METHODS 

Experimental design 

This study used twenty male Wistar rats, weighing 

between 150 and 180 grams. They were split up into four 

groups, each with five rats. Group 1 (control) was given 

water and food as usual. Group 3 received 5 mg/kg body 

weight of lycopene dissolved in tween 80 and given 

orally, while Group 2 received 5 mg/kg body weight of 

N (G)-nitro-L-arginine Methyl Ester (L-NAME) in 

drinking water. Group 4 was given only 5 mg/kg of 

lycopene. After the animals were given food and care for 

four weeks, blood samples were taken by heart puncture, 

and serum was extracted by centrifuging the blood for 

ten minutes at 1000 rpm. Using Elisa Kits and following 

the manufacturer's instructions, normal procedures were 

followed to determine the levels of steroids and 

testosterone. The study received ethical permission from 

the Animal Research Ethics Committee of the Faculty of 

Basic Medical Science at Cross River University of 

Technology, located in Calabar, Nigeria. The approval 

number for the study is 

CRUTECH/FBMS/REC/NIG/2023/029. For 

biochemical studies, the serum samples were kept at -

10°C. 

Collection of semen 
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After macerating and well mixing the caudal 

epididymis in 0.8 ml of 1% trisodium citrate solution 

for seven to eight minutes, 1% trisodium citrate 

solution was added once more and thoroughly mixed 

for a minute. In 10% buffered formalin, the mixture 

was diluted 1:1. Using a standard hemocytometer 

and a light microscope, estimated functions of other 

sperm were carried out at room temperature (about 

28 °C). 

Sperm morphology.  

Applying the method of (17), the proportion of 

morphologically aberrant spermatozoa was 

calculated on eosin–nigrosin (1.67% eosin, 10% 

nigrosin, and 0.1M sodium citrate) stained slides. A 

400× magnification light microscope was used to 

study the slides. The percentages of spermatozoa 

with abnormalities in the head, tail, and overall were 

reported for each group. 

Sperm motility.  

Using a light microscope with a heated stage that 

was raised to 37°C, the percentage of motility of 

sperm from newly isolated epididymal tissue was 

calculated. Drops of Tris buffer solution, which 

contained 0.3M Tris (hydroxymethyl), 0.027M 

aminomethane, glucose, and 0.1M citric acid, were 

added, and these were mixed with a small drop of 

fluid from the left cauda epididymis. Using an x400 

magnification, the percentage of motility of the 

sperm was visually assessed. The final motility 

score was determined by averaging the three 

subsequent assessments from three distinct fields 

(18). 

Determination of sperm viability 

The procedure outlined in (16) was applied. The 

nigrosin-eosin staining method was used, in short, to 

evaluate the vitality of the sperm. A microcentrifuge 

was used to thoroughly mix one drop of 50μl of 

semen with an equivalent volume of eosin–nigrosin 

suspension (1% aqueous solution of eosin-y and 

10% aqueous solution of nigrosin). After that, the 

combination was examined under a 400X 

magnification on a glass slide. At least 200 cells are 

needed to assess the proportion of living (not 

stained) and dead (red) cells. 

Hormonal assay evaluation 

When the trial concluded, the animals were put to 

sleep with mild anesthesia. After obtaining whole blood 

via heart puncture, the serum for the hormonal assay was 

extracted and the blood was stored in a non-heparinized 

vacutainer spinning at 1000 rpm for 10 minutes. The 

following methods were used to determine the levels of 

hormones: (19) for testosterone and (20) for follicle-

stimulating hormone. while luteinizing hormone level 

and estradiol were determined by the method of (21). 

The resulting color was measured using a 

spectrophotometer at 450 nm within 10 minutes. 

Determination of NO  

Serum nitric oxide concentrations were assessed by 

applying the procedure of (22).  In short, each sample 

placed in a microtiter plate received 50 µL of modified 

Griess reagent (Sigma-Aldrich, St. Louis, MO, USA) 

combined with it. An Emax ELISA microplate reader 

was used to measure the nitrite content at 540 nm 

following a 15-minute incubation period. The NO 

determination processes were conducted in a dimly lit 

setting. Using known sodium nitrite values, a standard 

curve was created and used to quantify the nitrite 

concentrations (Sigma-Aldrich, St. Louis, MO, USA). 

Statistical Analysis 

The statistical analysis of the data collected for this study 

was conducted using the graph pad version 5 software. 

Mean ± standard error of the mean (Mean ± SEM) is the 

expression used to represent the results. The collected 

data was subjected to analysis of variance (ANOVA) 

and Bonferroni multiple comparison post hoc tests to 

determine the degree of significance that separated the 

experimental and control groups. A p-value of less than 

0.05 was deemed significant. 

RESULTS 

Effect of L-NAME administration and Lycopene 

supplementation on Estradiol in Wistar rats. 

No discernible change in estradiol levels was observed 

across all groups when L-NAME and lycopene were 

consumed. as displayed in Figure 1. 

Effect of L-NAME administration and Lycopene 

supplementation on Testosterone level in Wistar rats 

Comparing L-NAME to the control, the testosterone 

level was considerably (p<0.05) lower. Testosterone 

levels were considerably (p<0.05) raised by lycopene 

supplementation. Figure 4 illustrates this. 
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Effect of L-NAME Administration and Lycopene 

Treatment on Follicle-Stimulating Hormone 

(FSH).  

As illustrated in Figure 2, FSH levels were 

considerably (p<0.01) lower in the L-NAME group 

but higher in the L-NAME+LYCO and LYCO-only 

groups when compared to the Control and L-NAME 

groups, respectively. 

Effect of L-NAME Administration and Lycopene 

Treatment on Luteinizing Hormone (LH). 

In the L-NAME group, there was a significant 

(p<0.01) decrease in LH levels.  As seen in Figure 

3, it was higher in the L-NAME+LYCO and LYCO-

only groups compared to the Control and L-NAME 

groups alone, respectively. 

Effect of L-NAME administration and Lycopene 

supplementation on Nitric Oxide: 

Comparing the administration of L-NAME to the 

control and experimental groups, there was a 

substantial (p<0.05) decrease in nitric oxide levels. 

When lycopene supplementation was given to the 

experimental groups, their levels of nitric oxide 

were considerably (p<0.05) higher than those in the 

control and L-NAME groups. This outcome is 

shown in Figure 5. 

Effect of L-NAME administration and lycopene 

treatment on Sperm Profile in Wistar rats 

Morphology: When comparing the L-NAME 

groups to the control, the percentage value for sperm 

morphology was considerably (p<0.01) lower. 

However, when comparing the L-NAME groups to 

the Co-treatment of lycopene and lycopene alone, 

the percentage value increased (Table 1) 

Motility, Vitality & Agglutination: When L-

NAME and Lycopene were administered together, 

there was a significant (p<0.01) increase in the 

percentage of motility and vitality, but a significant 

(p<0.01) decrease when L-NAME was administered 

alone. In the groups treated with lycopene, there was 

no discernible variation in the proportion of 

agglutination. 

DISCUSSION 

NG-nitro-L-arginine Methyl Ester (L-NAME) has 

been shown to block Nitric Oxide Synthase (NOS), 

which is one of its documented harmful effects in 

people or experimental animals. This action 

prevents the enzyme (NOS)from catalyzing the 

conversion of L-arginine nitric oxide in various 

physiological systems and processes including 

reproductive hormone regulation (23). In this work, we 

looked at the antioxidant influence of lycopene 

supplementation and the toxicological effect of L-

NAME on the sperm profile and male steroid androgens 

in Wistar rats. Based on our data, we observed a 

noteworthy reduction in testosterone serum 

concentration in the L-NAME treatment group in 

contrast to the control group. This result does not agree 

with the report of Ibukun and his colleagues (24,10) who 

reported an increase in serum testosterone levels. This 

variation could be a result of the treatment approach. 

Furthermore, this study also demonstrated that L-NAME 

administration impacts the activity of NOS and thus 

reduces the availability of nitric oxide in circulation as 

well as gonadotrophins (FSH, LH) and Testosterone 

levels respectively. Nitric oxide at normal levels is 

important in the control of reproductive processes and 

facilitates Luteinizing hormone–releasing hormone 

(LHRH) (25). At very low levels it may cause testicular 

degeneration, inhibition of testosterone, and infertility 

due to its reaction with free radicals (7).  

Following the supplementation of lycopene, we found 

an optimal increase in NO, FSH, LH, and testosterone. 

Essentially, LH is released from the pituitary as a result 

of activation of the hypothalamus by kisspeptin leading 

to the release of gonadotropin-releasing hormone 

(GnRH) via the HPA pathway which eventually 

stimulates the pituitary to release LH. Impaired activity 

of the pituitary or hypothalamus may lead to LH 

deficiency and dysfunction (7). The main function of LH 

is to promote testosterone production from the Leydig 

cells in the testis. The testosterone further maintains 

spermatogenesis (26), Sertoli-spermatid adhesion, and 

sperm release (13,27).  

The observed increase in nitric oxide and steroid 

androgens following lycopene supplementation may 

have been due to its rich natural phytonutrients, strong 

antioxidant properties, and notable scavenging 

properties in the handling of oxidative stress and 

reversing testicular damage both in vitro and in vivo 

(28). Thus, lycopene is said to play a significant 

protective or ameliorative action on the sperm profile 

and oxidative balance. In a similar study, it has also been 
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reported that lycopene administration increases 

testosterone levels in varicocele-treated rats and 

plays a significant role in restoring hormonal 

dysfunction and infertility (29). This goes on to 

confirm the reversal potential of lycopene in 

testicular function as shown in this study. 

Investigation into sperm characteristics in this study 

showed that L-NAME treatment caused 

agglutination, reduced sperm morphology, sperm 

motility, and sperm vitality. Available reports have 

demonstrated also that lycopene administration 

protects the testes, increases sperm motility, sperm 

morphology, and vitality (30), and thus reduces 

apoptosis and improves steroid production (31) 

CONCLUSION 

This study shows that lycopene has the potential to 

protect against hormonal imbalance and male 

infertility resulting from nitric oxide synthase 

inhibition. 
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Table 1: Showing the effect of L-NAME administration (5mg/kg) and Lycopene (2mg/k) 

supplementation on sperm profile. 

 

Sperm parameters 

                                    GROUPS 

Control L-NAME L-NAME +LYCO LYCO 

Sperm morphology (%) 35.0±0.200 26.60±0.400* 40.40±0.400*,b,d 44.40±0.600*,b 

Sperm motility (%) 53.00±1.225 41.00±0.66* 54.00±1.800b 59.00±1.000* 

Sperm Vitality (%) 61.00±0.447 54.80±0.800* 63.40±1.03d 69.00±1.000* 

Sperm agglutination 9.40±0.2 13.80±0.489*,c,d 8.20±0.200 8.60±0.244 

Values are expressed in Mean ± SEM; n=5; *=P<0.05 vs Control; b=p<0.05 vs L-NAME; d=p<0.05 

vs Lyco 
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