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Introduction 

Oxidative stress is recognized as one of the causes of 

infertility through damaging sperm functioning, it is a 

condition characterized by enhanced cell damage owing 

to the build-up of reactive oxygen species (ROS) (1). 

Increased ROS level has a harmful impact on sperm 

quality and diminished fertilizing ability (2). ROS are 

known to attack and modify sperm DNA, proteins, and 

lipids, where they interfere with the enzymatic systems 

and cause irreversible cell death. this action is an 

aggregate sense which causes decrease in sperm fertility 

parameters (3).Sperm membrane lipid peroxidation and 

free radical production adversely affect sperm motility 

and morphology which compromising sperm function 

and ultimately decreasing fertility(4)  .polyphenols, 

flavonoids, terpenoids and carotenoids are a diverse of 

compounds found in nature called plant biologically 

active compounds(5). These are phytochemicals or 

secondary metabolites have antioxidant and anti-

inflammatory activity, so they are required in nutrition for 

their therapeutic and protective activity (6) . Carotenoids 

are a group of lipophilic have yellow and orange 

pigments, found in nature ubiquitously and cannot be 

synthesized by humans and animals, so they must be 

acquired through food intake    .(7) Lutein (LUT) is a lipid-

soluble xanthophyll carotenoid have healthy properties, 

found commonly in dark-green leafy vegetables, spinach, 

parsly, kale and egg yolk(8). They commercially 

synthesized from marigold flour (Tagetes erecta), have 

chemical formula C40H56O2 with molecular weight 

568.871 g/mol.(9).As a potent antioxidant, lutein has 

been proven to attenuate oxidative stress and free 

radicals-highly chemically reactive species that start a 

chain of lipid peroxidation leading to the oxidization of 

cell membrane lipids  (10  ,11 )  . 

Materials and Methods 

Ethical approval 

The current study procedures were approved by the 

College of education, University of AlQadisiyah. 

Experimental Design 

Lutein Compound 

©Authors, 2025, College of Veterinary Medicine, University of Al-Qadisyah. This is an open access article under 

the CC BY 4.0 license (http://creativecommons.org/licenses/by/4.0/). 

Abstract Forty-eight male albino rats, aged 12–14 weeks and weighing 200–250 g, were 

used to assess the protective nano lutein effects on the male reproductive system from oxidative 

stress conditions. The experiment, conducted in the animal house of the Department of 

Biology, College of Education, University of Al-Qadisiyah, consisted of dividing the rats into 

six groups (n = 8 per group): a control group administered drinking water only; T1, 

administered 1% hydrogen peroxide (H₂O₂); T2, treated with normal lutein (48 mg/kg); T3, 

treated with nano lutein (24 mg/kg); T4, administered H₂O₂ and normal lutein; and T5, treated 

with H₂O₂ and nano lutein. Experimental period was 45 days.Results revealed that there was a 

significant reduction (P < 0.05) in serum testosterone, LH, and FSH levels of T1 rats treated 

with H₂O₂ only, as well as sperm concentration, motility, viability, and normal morphology. 

However, treatments T2 and T3 were not different from the control group, suggesting that 

lutein—normal and nano—did not exert any adverse effect on reproductive parameters. 

Interestingly, T4 and T5 groups (treated with H₂O₂ and either form of lutein) exhibited 

significant (P < 0.05) improvement in hormone profile and sperm quality when compared with 

T1, indicating a protective effect. Although T5 showed a greater improvement in results, the 

difference between T4 and T5 was not significant. The findings support nano lutein's 

antioxidant action in inhibiting oxidative damage in male reproductive function. 
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 Lutein (Newgate/Britain) was referenced from 

pharmaceutical stores in Al-Muthanna province in the 

form of a bottle containing 30 tablets of dose 50 mg/kg. 

The dose of regular lutein taken in the experiment was 

selected based on a previous study by (12), in which an 

effective dose was found to be 48 mg/kg of body weight, 

with a very effective impact on most physiological 

functions, and, after that, the lutein was finely grind using 

an electric grinder. The dosage of nano-lutein in was 

determined to be 24 mg/kg. 

Experimental Animals 

A total of eight adult male laboratory rats were purchased 

from the College of Veterinary Medicine, University of 

Kufa. They were 12–14 weeks old and weighed between 

200 and 250 g. These animals were fed two weeks for 

acclimatization and checking their health condition. The 

study was conducted in the animal house of the 

Department of Biology, College of Education, 

University of Al-Qadisiyah. 

Parameters Studied 

      Hormonal changes were evaluated through serum 

testosterone, LH, and FSH levels. Sperm concentration, 

viability, morphology and motility were sperm 

parameters that changed. 

Experimental Design 

         48 rats were randomly divided into six groups of 8 

rats, and the study lasted for 45 days as follows: 

• Control Group: During the 45-day experimental period, 

rats were given normal drinking water. 

•  Group 1 (T1): watered by 1% hydrogen peroxide in 

drinking bottles for the duration of the experiment. 

• Group 2 (T2): watered by lutein in a dose (48 mg/kg/ 

body weight.) throughout the experiment. 

• Group 3 (T3): Nano-lutein watered in a dose (24 mg/kg 
body weight) during the days of the experiment. 

• Group 4 (T4): watered by 1% hydrogen peroxide + 

normal lutein at 48 mg/kg during the experimental 

period. 

• Group 5 watered by 1% hydrogen peroxide + nano-

lutein in a dose 24 mg/kg body weight during the 45-day 

experimental period. 

Statistical analysis 

After collecting and tabulating the data, the SPSS V.25 

statistical analysis program was used. The data were 

statistically analyzed according to the One-Way ANOVA 

test, and the means of the experimental groups were 

compared when the differences between them were 

significant using the Least Significant Difference (LSD) 

test at a significance level of 0.05. 

 

Results 

Table 1 showed significant (P<0.05) decrease in serum 

Testosterone, FSH and LH levels in T1 group when 

compared with control and the other groups, also the 

results showed that there is no significant deference 

between T2 and T3 groups, and the control when 

compared, even that there is a statistical increase but 

without significancy. On the other hand groups T4 and T5 

showed a lower statistical significant (P<0.05) deference 

of serum hormone levels when compared with the 

control, and higher statistical significant (P<0.05) 

deference when compared with T1 group. The results also 

showed that there is no statistical significant deference in 

serum hormone levels between T4 and T5.  

Table (1) Role of regular and nano-lutein compounds in 

the average concentrations of testosterone, follicle 

stimulating hormone (FSH) and luteinizing hormone 

(LH) in male white rats exposed to oxidative stress 

induced by hydrogen peroxide. 

Group 

 

Parameters 

Testosterone 

(ng/ml) 

FSH 

(IU/L) 
LH (IU/L) 

C 
2.62±0.12 

AB 

2.74±0.76 

A 

3.86±0.20 

A 

T1 
0.83±0.23 

D 

0.90±0.80 

C 

1.02 

±1.48 

C 

T2 
3.17±0.97 

A 

2.93±1.35 

A 

4.13±1.10 

A 

T3 
3.22±0.41 

A 

3.13±0.50 

A 

4.20±0.66 

A 

T4 
1.83±0.11 

C 

1.83±1.06 

B 

2.56±1.40 

B 

T5 
2.05±2.02 

BC 

1.79±0.08 

B 

2.81 

±0.76 

B 

LSD 0.76 0.88 0.90 

Values are expressed as mean ± SE. 

different superscript letters in the same column differ 

significantly between treatments at P  0.05. 

C: control group – animals were treated with normal 

drinking water during the whole 45-day experimental 

period. 

T1: First treatment – the animals were subjected to 

oxidative stress by administration of 1% hydrogen 

peroxide through 45 days from drinking bottles. 

T2: Animals given regular lutein at a dose of 48 mg/kg 

body weight for 45 days. 

T3: Third treatment – animals received nano-lutein at a 

dose of 24 mg/kg body weight for 45 days. 

T4: Fourth - regular lutein (48 mg/kg) with 1% hydrogen 

peroxide (45 days). 

T5: 5th treatment - animals were given nano-lutein (24 

mg/kg) and hydrogen peroxide 1% for 45 days. 

https://qjvms.qu.edu.iq/
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Changes in Sperm Parameters 

         The data in table (2) show the effect of normal lutein 

& nano-lutein compounds on sperm parameters in male 

white rats. The results revealed that the first treatment 

group (T1: hydrogen peroxide 1%) had a significantly 

lower (P < 0.05), as compared to control (C) and other 

groups. 

Treatment T4 had an overall significant lower number (P 

< 0.05). Furthermore, T5 resulted in significantly 

improved sperm parameters compared to T2, T3, but 

there is no significant difference between T4 and T5, 

although Treatment T5 showed the visible improvement 

of sperm parameters, which was administered hydrogen 

peroxide and nano-lutein. 

Effect of Regular and Nano-Lutein Compounds on Sperm 

Parameters in Male White Rats Exposed to Oxidative 

Stress Induced by Hydrogen Peroxide (Sperm 

Concentration, Percentage of Viable, Morphologically 

Normal, and Motile Sperm) 

 

Group 

Parameters 

Sperm Concentration 

(Million/ml) 
Viable Sperm (%) Normal Sperm (%) Motile Sperm (%) 

C 
85.66±2.90 

A 

83.16±3.32 

AB 

81.66±1.76 

AB 

81.83±1.58 

AB 

T1 
42.66±2.60 

C 

36.66±2.33 

D 

38.91±2.23 

D 

33.33±2.96 

D 

T2 
90.00±2.08 

A 

84.50±1.80 

AB 

88.08±1.15 

A 

86.00±1.52 

A 

T3 
91.33±2.02 

A 

88.16±1.36 

A 

88.33±1.85 

A 

87.50±1.80 

A 

T4 
65.66±4.05 

B 

59.33±3.52 

C 

61.16±3.46 

C 

58.50±3.61 

C 

T5 
71.33±2.02 

B 

68.56±2.02 

BC 

69.08±2.46 

BC 

67.50±2.17 

BC 

LSD 6.48 19.06 15.51 17.36 

The same information mentioned below Table (1) 

Discussion 

Hormonal Changes 

Results of statistical analysis demonstrated that (T1) 

(exposed to oxidative stress) was significantly (P<0.05) 

with a decrease in serum concentrations of testosterone, 

LH, and FSH as depicted in Table (1). These findings 

were consistent with the study done by (13). Testosterone 

is essential for male puberty, sperm production, and 

testicular growth, but its synthesis and secretion are 

controlled by the pituitary hormones FSH and LH 

(14).Testosterone secretion has been found to decrease 

due to the effect of oxidative stress, such as hydrogen 

peroxide, on the physiological of hypothalamic-pituitary-

gonadal (HPG) mechanism by reducing the secretion of 

FSH and LH. The stimulation and differentiation of 

Leydig cells, the primary function of luteinizing 

hormone (LH) (15). Alternatively, this disruption may 

also work indirectly by reducing pituitary axis sensitivity 

by negative feedback, resulting in an increase in CRH 

stimulation of the adrenal medulla through a PKC-

dependent pathway (16). It is capable of inhibiting the 

HPG axis, thus ultimately decreasing the release of GnRH 

from the hypothalamus (17).The decline could be due to 

a decrease in the release of gonadotropin-releasing 

hormone, or an impaired response of the pituitary to 

release this hormone. Moreover, decreased antioxidant 

defense mechanisms and enhanced free radical 

production are well-established contributors to 

gonadotropin inhibition, which— in turn— ultimately 

modulates reproductive hormones (18).However, there 

was an increase in the hormone levels in the T3 and T4 

treated groups (non-significant P>05) when compared to 

control (C) and other treated groups. natural and nano-

lutein treated groups (T2 and T3) showed appreciable 

enhancement of hormonal concentration. However, 

Treatments T4 and T5 exhibited a significant increase 

(P<0.05) in serum testosterone, LH, and FSH levels as 

compared to T1, which was additionally subjected to 

oxidative damage. Nonetheless, we neither observed a 

clear difference between T4 and T5 despite the apparent 

strong response of (T5). This enhancement can be 

attributed to the possession of carotenoids such as lutein 

which guard reproductive tissues and energies against 

oxidative damage induced by free radicals and enhance 

their fantastic-dimensional potency. Lutein may also 

stimulate the release of pituitary hormones (LH, FSH) 

https://qjvms.qu.edu.iq/
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that further generate sex hormones (19).Additionally, The 

same research has also been observed with a diet 

supplemented with 25, 50, 75 mg/kg lutein in improving 

the steroid hormones in aging rosters. Aging is associated 

with a decrease in Leydig cell testosterone production, 

whereas lutein supplementation improved semen quality, 

preserved reproductive hormone levels, and lowered 

oxidative products. Thus lutein could be a dietary 

supplement to improve the fertility and maintain normal 

spermatogenesis while preventing the age-associated 

degenerative disorders in aged roosters. (20).A study by 

(21) also showed cyclosporin-induced reproductive 

toxicity protection by lutein in male rats via modulating 

hormones and androgenic enzymes and maintaining 

antioxidant and steroidogenic enzyme activities in the 

testes to promote testosterone synthesis. These enzymes 

are biomarker candidates for increased testosterone 

levels, which vary in importance for testicular 

development and function.Hormonal parameters in (T5) 

were not significantly different from control group and 

were closest among all treatments exposed to oxidative 

stress. This may be related to the potential of nano-lutein, 

in line with the results of (22) who found that serum 

nano-lutein levels were 28% and 31% higher following 

ingestion of normal lutein versus equivalent doses of 

nano-lutein, respectively. Regular lutein is several times 

less absorbable than nano-lutein, as its surface area-to-

volume ratio is drastically smaller. 

Changes in Sperm Parameters 

Table (2) demonstrates significant effect in total sperm 

count, motility, viability and normal morphology in the 

cauda epididymis of rats in (T1) when compared to 

control group (C) and other treatment indicating 

oxidative stress induction. Administration of hydrogen 

peroxide decreased sperm motility, concentration and 

viability and increased the percentage of abnormal sperm 

significantly. These results are consistent with those of 

(23, 24). It matters because 46% had low count and 69% 

were found to have low motility in the study (2024), and 

they also identified a 50% decrease in overall 

spermatozoa parameters, as well as a 21% increase in the 

prevalence of abnormal forms among these individuals 

compared to controls.Infertile males with high free 

radical production, particularly reactive oxygen species 

(ROS), exhibit sperm damage in the form of structural 

abnormalities and decreased motility. As oxidative stress 

is a significant cause of  decrease fertility (25, 26). showed 

that ROS decreases sperm count as well as sperm 

viability. This could also be due to a decrease in the 

number of Leydig cells and necrosis of those cells, This 

reduction interferes with testosterone synthesis, a 

hormone necessary for spermatogenesis and overall 

sperm quality. Testosterone plays a supportive role in the 

spermatogenic process hence lower levels are associated 

with lower sperm concentrations in the epididymis. Low 

testosterone levels have been associated with a sharp 

decrease in epididymal sperm count, and a deficiency in 

testosterone is known to reduce sperm functional 

efficiency(27).Further investigation showed increased 

levels of tumor necrosis factor-alpha (TNF-α) and 

decreased levels of the anti-apoptotic protein Bcl-2, 

which may be indicative of oxidative stress-induced 

acceleration of testicular cell apoptosis, another 

contributor to the decrease in sperm count. This results 

in decreased reproductive hormones (testosterone, LH 

and FSH) with subsequent necrosis and atrophy of the 

testicular cells, thus interfering with spermatogenesis. As 

a result, it decreases sperm count, motility, and viability 

(28). One of the key factors affecting sperm quality is the 

sperm motility, the dysfunction of which plays an 

important role in the generation of infertility (29). High 

ROS concentrations correlate with sperm inactivity and 

have been shown to reduce sperm motility, as hydrogen 

peroxide, which is one of the main members of oxidative 

by-products, can quickly enter into the sperm membrane 

and inactivate important enzymes that are involved in the 

locomotive aspect of sperms (23). In the cauda 

epididymis, T2 treated with natural (0.05 mg/kg BW) 

lutein and treatment T3 treated with nano lutein (0.05 

mg/kg BW) exhibited significant improvement in total 

sperm count, motility, viability, and morphology as 

compared to those of control and other treatments. 

Similarly, T4 and T5 exhibited a marked improvement 

over T1, which was subjected to oxidative stress. 

Notably, Treatment T5 demonstrated the most 

pronounced improvements when nano-lutein was co-

treated with hydrogen peroxide. This could be as a result 

of the rewarding on the anti-oxidant properties of 

carotenoids (lutein collectively) and their ability for 

retaining cellular integrity (19). also noted that 

carotenoids improve male reproductive function, sperm 

motility, viability, and concentration, as well as 

significantly reduce MDA levels. Carotenoids exhibited 

anti-oxidant activity and improved fertility and 

spermatogenesis.These results align with those reported 

by (30). In this study, male mice exposed to nano-

titanium dioxide particles were simultaneously treated 

with lutein at 5–10 mg/kg for 35 days. Their study 

showed that lutein protected spermatozoa, increased 

motility and activity, preserving membrane integrity, 

supported mitochondrial function, induced testosterone 

levels and anti-oxidant capacity. Hydroxyl radicals and 

other toxic oxidative chemicals (hydrogen peroxide and 

reproductive toxins) were clamped by lutein.The 

increase in sperm concentration observed in the present 

study could be attributable to elevated levels of 

https://qjvms.qu.edu.iq/
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testosterone and FSH in the groups that received a 

treatment with normal and nano-lutein in the presence of 

hydrogen peroxide. The initiation and completion of 

spermatogenesis are directly affected by these hormones 

(31). Testosterone is crucial for sperm cell differentiation 

and, in conjunction with FSH, aids in the maturation of 

sperm cells (32). Interestingly, treatment (T5) that was 

oxidatively stressed and treated with nano-lutein and 

hydrogen peroxide presented with a greater number of 

motile sperm that had typical morphology relative to the 

control (C); however, the differences were not 

statistically significant (P < 0.05). The bioavailability of 

lutein can be improved through nano-encapsulation using 

non-soluble PCA and such various nanomaterials thus 

maximizing its therapeutic efficacy. Compared to the free 

lutein, nano-lutein has a better release profile because free 

lutein has poor solubility and limited stability(33)  

Conclusion 

 White rats receive nano lutein with remarkable potency 

against the damaging effects of oxidative stress on the 

male reproductive system hormonal parameters and 

changes in sperm parameters. The increased 

bioavailability and higher tissue penetration may explain 

its superior activity as compared to normal lutein. Thus, 

nano lutein may become a useful therapeutic anti-oxidant 

agent in the treatment of disorders caused by oxidative 

stress. 
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