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Abstract

Background: Wi-Fi exposure has been associated with oxidative stress and reproductive toxicity; however, protective

strategies remain under investigation.

Objectives: This study aimed to evaluate the protective effects of coenzyme Q10 (CoQ10) against oxidative stress–mediated

reproductive and renal damage induced by prolonged exposure to 2.45 GHz Wi-Fi radiofrequency radiation in male Wistar rats

by assessing oxidative stress markers, antioxidant enzyme activities, sperm parameters, testosterone levels, and testicular and

renal histopathological changes.

Methods: Male Wistar rats (n = 40) were allocated to the control, Wi-Fi, Wi-Fi+CoQ10, Coenzyme Q10 (CoQ10), and vehicle

groups. Animals were exposed to Wi-Fi radiation at 2.45 GHz [specific absorption rate (SAR) ≈ 0.9 W/kg, 7 h/day for 8 weeks].

CoQ10 was administered orally at 150 mg/kg/day. Oxidative stress markers [malondialdehyde (MDA)], antioxidant enzyme

activities [superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx)], sperm parameters, testosterone levels, and

histopathology of the testes and kidneys were assessed. Statistical analyses were performed using one-way ANOVA followed by

Tukey’s post-hoc test.

Results: Wi-Fi exposure significantly increased MDA levels in the testes and kidneys (P < 0.01, η2 = 0.39) and reduced

antioxidant enzyme activities (P < 0.01, η2 = 0.41). Sperm count, motility, and testosterone levels declined markedly (P < 0.05).

Histopathological changes were evident in the seminiferous tubules and renal tissues. CoQ10 supplementation alone reduced

MDA (P < 0.05) and increased antioxidant enzyme activities above baseline (P < 0.05). Combined treatment (Wi-Fi+CoQ10)

partially restored enzyme activities and attenuated oxidative stress compared with that in the Wi-Fi group (P < 0.05).

Conclusions: Prolonged Wi-Fi exposure at 2.45 GHz (SAR ≈ 0.9 W/kg) induces oxidative stress-mediated damage in

reproductive and renal tissues, resulting in impaired sperm quality and hormonal imbalance. CoQ10 supplementation

demonstrated protective effects by reducing oxidative damage and partially restoring reproductive indices. These findings

suggest that continuous Wi-Fi exposure may pose reproductive risks, whereas antioxidant strategies such as CoQ10 could

mitigate these effects.

Keywords: Wi-Fi Exposure,  Coenzyme Q10,  Oxidative Stress,  Male Fertility,  Histopathology

https://doi.org/10.5812/jjnpp-169131
https://crossmark.crossref.org/dialog/?doi=10.5812/jjnpp-169131&domain=pdf
https://crossmark.crossref.org/dialog/?doi=10.5812/jjnpp-169131&domain=pdf
mailto:mousapour-e@ajums.ac.ir


Mousapour E et al. Brieflands

2 Jundishapur J Nat Pharm Prod. 2026; 21(1): e169131

1. Background

The rapid expansion of wireless communication

systems has led to widespread reliance on Wi-Fi

networks, particularly those operating at 2.45 GHz,
across residential, educational, and industrial settings.

Although these technologies offer substantial

convenience, accumulating experimental evidence

suggests that prolonged exposure to such

electromagnetic fields may adversely affect male
reproductive function. Several studies have reported

reductions in sperm concentration, motility, and

viability, along with structural alterations in testicular

tissue following Wi-Fi exposure (1-3).

Oxidative stress is widely regarded as the primary

mechanism underlying these biological disturbances.

Excessive production of reactive oxygen species (ROS)

within reproductive organs can induce lipid

peroxidation, DNA fragmentation, and germ cell

apoptosis (4-6). Leydig cells, which are responsible for

testosterone synthesis, appear particularly vulnerable to

oxidative injury, potentially leading to hormonal

imbalance and impaired spermatogenesis (7, 8).

Given these concerns, antioxidant compounds have

attracted attention as potential protective agents.

Coenzyme Q10 (CoQ10), or ubiquinone, is a lipid-soluble
mitochondrial molecule that serves as a key component

of the electron transport chain and as a potent free
radical scavenger (9-11). Experimental evidence indicates

that CoQ10 supplementation can improve sperm

quality, increase testosterone levels, and preserve
testicular architecture in models exposed to

electromagnetic radiation (12-14).

Beyond reproductive health, CoQ10 has

demonstrated protective effects against various harmful

stimuli, including chemical toxicants, strong

electromagnetic fields, and ionizing radiation (15-17). Its

ability to strengthen antioxidant defenses, limit lipid

peroxidation, and stabilize mitochondrial function

provides a mechanistic basis for its potential to

counteract Wi-Fi-induced oxidative injury in urogenital

tissues (18, 19).

2. Objectives

This study hypothesizes that prolonged exposure to

2.45 GHz Wi-Fi radiofrequency radiation induces

oxidative stress-mediated reproductive and renal

damage in male rats and that CoQ10 supplementation

can mitigate these adverse effects. The objective is to

evaluate biochemical, histological, and reproductive

outcomes to determine the protective role of CoQ10.

3. Methods

This experimental study was conducted in 2025 at

the Animal Research Center of Jundishapur University

of Medical Sciences, Ahvaz, Iran. All procedures followed
international guidelines for the care and use of

laboratory animals. A total of forty adult male Wistar
rats (200 - 250 g, 8 - 10 weeks old) were used, correcting

the previous inconsistency (written as 32). Each of the

five groups contained eight rats (n = 8).

The rats were housed in polypropylene cages (four

rats per cage) under controlled conditions: temperature

22 ± 2°C, relative humidity 50 - 60%, and a 12 h light/dark

cycle. A standard pellet diet (Pars Animal Feed Co., Iran)
and tap water were provided ad libitum. The animals

were confirmed to be free of common pathogens.

The sample size was calculated using G*Power

software (power 80%, α = 0.05) based on effect sizes

reported in previous studies. The effect size used for the

calculation was Cohen’s f = 0.40, derived from prior Wi-

Fi exposure studies (1, 2). Rats were randomly assigned

to five groups (n = 8 per group) using a random number

table. Histological and biochemical assessments were

performed by investigators blinded to group allocation.

The groups were:

- Control group: No Wi-Fi exposure, no CoQ10

supplementation.

- Wi-Fi group: Exposed to Wi-Fi radiation (2.45 GHz)
for 7 h/day for 8 weeks.

- Q10 group: Received CoQ10 orally at 150 mg/kg

without Wi-Fi exposure.

- Wi-Fi + Q10 group: Exposed to Wi-Fi as above and

received CoQ10 orally at 150 mg/kg.

- Vehicle group: Received corn oil only, without

CoQ10.

Wi-Fi radiation was generated using a standard

router (TP Link Archer C6, China) operating at 2.45 GHz.

Rats were placed 30 cm away from the source in their

cages. The specific absorption rate (SAR) was measured

using a calibrated spectrum analyzer (Narda SRM 3006,

Germany) and maintained at 0.1 - 0.2 W/kg. Background

electromagnetic sources, such as mobile phones and

Bluetooth devices, were eliminated during exposure.

The daily exposure duration of 7 h/day was selected

based on previous studies reporting significant

reproductive effects under similar conditions (1).

CoQ10 (Sigma Aldrich, USA) was freshly prepared

daily by dissolving it in corn oil. The solution was

administered orally by gavage at 150 mg/kg/day in a

volume of 1 mL/100 g body weight at 9:00 AM each

morning. The vehicle group received corn oil alone.
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At the end of the 8-week exposure period, rats were

anesthetized with ketamine (80 mg/kg) and xylazine (10

mg/kg). Blood was collected via cardiac puncture into

plain tubes, allowed to clot, and centrifuged at 3000

rpm for 15 minutes. Serum was stored at -20°C until
analysis. The testes and kidneys were excised

immediately, rinsed in cold saline, and divided into two

portions. One portion was fixed in 10% neutral buffered

formalin for 48 h, processed, embedded in paraffin,

sectioned at 5 µm, and stained with hematoxylin-eosin
(H&E). Three sections per organ were examined under

light microscopy (×40, ×100, ×400). The other portion

was snap frozen in liquid nitrogen and stored at -80°C

until oxidative stress and antioxidant enzyme assays.

Epididymal sperm count, motility, viability, and

morphology were assessed under light microscopy

following WHO guidelines. Serum testosterone was

measured using ELISA kits (Monobind Inc., USA; Cat. No.

3725 300).

In the histopathology scoring system, tissue sections

were evaluated using a semi-quantitative scale ranging

from 0 to 3 (0 = normal, 1 = mild changes, 2 = moderate

changes, 3 = severe changes). Inter-observer reliability

was assessed by two independent pathologists, with

Cohen’s kappa coefficient > 0.80 indicating strong

agreement.

Malondialdehyde (MDA) levels were determined
using the thiobarbituric acid reactive substances

(TBARS) method. Antioxidant enzyme activities

[superoxide dismutase (SOD), catalase (CAT),

glutathione peroxidase (GPx)] were measured using

commercial kits (Randox Laboratories, UK; Cat. Nos.

SD125, CA251, GPX123). Results were normalized to

protein content measured by the Bradford assay. Serum

creatinine and urea were measured using an

autoanalyzer (Hitachi 902, Japan).

Data were analyzed using SPSS version 22 (IBM Corp.,

USA) and GraphPad Prism version 9 (GraphPad Software,

USA). Results are expressed as mean ± standard
deviation (SD). Normality was tested using the Shapiro-

Wilk test, and homogeneity of variances was assessed
using Levene’s test. One-way ANOVA was applied for

normally distributed data, followed by Tukey’s post-hoc

test. For non-normal data, the Kruskal-Wallis test was

used. Effect sizes (η2) were calculated, and P < 0.05 was

considered statistically significant.

4. Results

Throughout the eight-week experimental period, the

general condition of the animals was monitored. The

control and CoQ10 groups exhibited normal behavior

and appropriate weight gain. In contrast, the Wi-Fi

group showed a relative reduction in body weight and

mild lethargy. The Wi-Fi + Q10 group exhibited moderate

weight gain with slight behavioral restlessness. The

vehicle group was comparable to the control group,
with no remarkable changes (Table 1).

Sperm quality was significantly affected by Wi-Fi

exposure. The Wi-Fi group showed a marked reduction

in sperm count, motility, viability, and normal

morphology compared with the control group.

Administration of CoQ10 alone improved sperm

parameters relative to control values, whereas

combined treatment (Wi-Fi + Q10) partially restored

sperm quality compared with the Wi-Fi group. The

vehicle group showed results similar to the control

group (Table 2).

Serum testosterone concentrations were

significantly reduced in rats exposed to Wi-Fi radiation

compared with the control group. CoQ10

supplementation alone increased testosterone levels

above baseline values, whereas combined treatment

(Wi-Fi + Q10) partially restored testosterone levels

compared with the Wi-Fi group. The vehicle group

showed results similar to the control group (Table 3).

Histopathological alterations were observed in

testicular tissue. The Wi-Fi group showed degeneration

of seminiferous tubules, reduced Leydig cell integrity,
and moderate interstitial inflammation. CoQ10

supplementation alone preserved normal histology,

whereas combined treatment (Wi-Fi + Q10) partially

prevented tissue damage compared with the Wi-Fi

group (Table 4).

Renal histopathology also showed significant

changes. The Wi-Fi group exhibited tubular
degeneration, interstitial inflammation, and mild

glomerular alterations compared with the control
group. CoQ10 supplementation alone preserved normal

renal histology, whereas combined treatment (Wi-Fi +

Q10) partially reduced tissue damage relative to the Wi-
Fi group (Table 5).

Wi-Fi exposure significantly increased MDA levels in

both testicular and renal tissues. The Wi-Fi group

exhibited markedly elevated MDA levels, indicating

increased lipid peroxidation. In contrast, CoQ10

supplementation alone reduced MDA levels compared

with the control group, highlighting its antioxidant

potential. Combined treatment (Wi-Fi + Q10) partially

attenuated oxidative stress compared with the Wi-Fi

group. The vehicle group showed values similar to the

control group (Figure 1).

Wi-Fi exposure significantly reduced antioxidant

enzyme activities in both testicular and renal tissues.
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Table 1. General Observations and Animal Health During the 8-Week Experimental Period (N = 8) a

Groups Initial Body Weight (g) Final Body Weight (g) Behavioral Changes Unexpected Mortality

Control 210 ± 12 315 ± 15 Normal None

Wi-Fi 212 ± 11 298 ± 18 (P < 0.05 vs. control) b Mild lethargy None

Q10 209 ± 13 320 ± 14 Normal None

Wi-Fi + Q10 211 ± 12 310 ± 16 Slight restlessness None

Vehicle 210 ± 10 312 ± 15 Normal None

a Values are expressed as mean ± standard deviation (SD).

b One-way ANOVA followed by Tukey’s post-hoc test. P < 0.05 compared with control; η2 values reported in text

Table 2. Effects of Wi-Fi Exposure and Coenzyme Q10 Supplementation on Sperm Parameters in Wistar Rats a

Groups Sperm Count (× 106/mL) Motility (%) Viability (%) Normal Morphology (%)

Control 85 ± 6 78 ± 5 82 ± 4 80 ± 5

Wi-Fi 62 ± 7 (P < 0.05 vs. control) b 55 ± 6 (P < 0.05) b 58 ± 5 (P < 0.05) b 60 ± 6 (P < 0.05) b

Q10 90 ± 5 (P < 0.05 vs. Wi-Fi) 82 ± 4 (P < 0.05) 85 ± 3 (P < 0.05) 83 ± 4 (P < 0.05)

Wi-Fi + Q10 75 ± 6 (P < 0.05 vs. Wi-Fi) 70 ± 5 (P < 0.05) 72 ± 4 (P < 0.05) 73 ± 5 (P < 0.05)

Vehicle 84 ± 6 77 ± 5 81 ± 4 79 ± 5

a Values are expressed as mean ± standard deviation (SD).

b Effect size (η2 = 0.42 for sperm count) is reported.

Table 3. Serum Testosterone Levels in Experimental Groups a

Groups Serum Testosterone (ng/mL)

Control 4.8 ± 0.4

Wi-Fi 3.1 ± 0.3 (P < 0.05 vs. control) b

Q10 5.2 ± 0.5 (P < 0.05 vs. Wi-Fi)

Wi-Fi + Q10 4.2 ± 0.4 (P < 0.05 vs. Wi-Fi)

Vehicle 4.7 ± 0.4

a Values are expressed as mean ± standard deviation (SD).

b Effect size (η2 = 0.38) is reported.

Table 4. Semi-Quantitative Scoring of Testicular Histopathology a

Groups Seminiferous Tubule Integrity Leydig Cell Morphology Interstitial Inflammation

Control 0.2 ± 0.1 0.1 ± 0.1 0.1 ± 0.1

Wi-Fi 2.5 ± 0.3 (P < 0.05 vs. control) b 2.2 ± 0.4 (P < 0.05) b 2.0 ± 0.3 (P < 0.05) b

Q10 0.3 ± 0.1 (P < 0.05 vs. Wi-Fi) 0.2 ± 0.1 (P < 0.05) 0.2 ± 0.1 (P < 0.05)

Wi-Fi + Q10 1.2 ± 0.2 (P < 0.05 vs. Wi-Fi) 1.0 ± 0.2 (P < 0.05) 1.1 ± 0.2 (P < 0.05)

Vehicle 0.3 ± 0.1 0.2 ± 0.1 0.2 ± 0.1

a Values are expressed as mean ± standard deviation (SD).

b Histopathology scores analyzed with Kruskal-Wallis test (η2 = 0.45)

The Wi-Fi group showed decreased SOD, CAT, and GPx activities compared with the control group. CoQ10
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Table 5. Semi-Quantitative Scoring of Renal Histopathology a

Groups Tubular Damage Interstitial Inflammation Glomerular Changes

Control 0.2 ± 0.1 0.1 ± 0.1 0.1 ± 0.1

Wi-Fi 2.3 ± 0.3 (P < 0.05 vs. control) b 2.0 ± 0.3 (P < 0.05) b 1.5 ± 0.2 (P < 0.05) b

Q10 0.3 ± 0.1 (P < 0.05 vs. Wi-Fi) 0.2 ± 0.1 (P < 0.05) 0.2 ± 0.1 (P < 0.05)

Wi-Fi + Q10 1.1 ± 0.2 (P < 0.05 vs. Wi-Fi) 1.0 ± 0.2 (P < 0.05) 0.8 ± 0.2 (P < 0.05)

Vehicle 0.3 ± 0.1 0.2 ± 0.1 0.2 ± 0.1

a Values are expressed as mean ± standard deviation (SD).

b Histopathology scores analyzed with Kruskal-Wallis test (η2 = 0.41).

Figure 1. Malondialdehyde (MDA) levels in testes and kidneys across experimental groups (data are presented as mean ± standard deviation (SD); n = 8; one-way ANOVA followed

by Tukey’s post-hoc test. P < 0.05 compared with control; η2 = 0.39).

supplementation alone enhanced antioxidant enzyme

activities above baseline values, whereas combined

treatment (Wi-Fi + Q10) partially restored enzyme

activities relative to the Wi-Fi group. The vehicle group

showed results similar to the control group (Figure 2).

5. Discussion

The present study demonstrated that prolonged

exposure to 2.45 GHz Wi-Fi radiofrequency radiation

induced significant reproductive and renal alterations

in male Wistar rats, whereas CoQ10 supplementation

exerted protective effects. These findings are consistent

with previous reports linking radiofrequency
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Figure 2. Antioxidant enzyme activities [superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx)] in testes and kidneys across experimental groups (data are

presented as mean ± standard deviation (SD); n = 8; one-way ANOVA followed by Tukey’s post-hoc test; P < 0.05 compared with control; η2 = 0.41).

electromagnetic fields to oxidative stress and

reproductive dysfunction (20-21). The novelty of our

work lies in the dual-organ assessment, in which both

testicular and renal outcomes were evaluated

simultaneously, thereby broadening the scope of Wi-Fi–

related toxicity research.

In the reproductive system, Wi-Fi exposure reduced

sperm count, motility, viability, and testosterone levels,

accompanied by histopathological damage to the

seminiferous tubules and Leydig cells. These outcomes

align with earlier studies reporting impaired
spermatogenesis and hormonal imbalance following

radiofrequency electromagnetic field exposure (22-23).

CoQ10 supplementation improved sperm quality and

preserved testicular architecture, likely through its

antioxidant and mitochondrial-stabilizing properties
(24, 25).

5.1. Kidney-Specific Findings

Unlike many prior studies that focused primarily on

reproductive endpoints, our investigation revealed that
Wi-Fi exposure also induced renal tubular degeneration,

interstitial inflammation, and mild glomerular changes.

These alterations suggest that oxidative stress is not

confined to reproductive tissues but extends to renal

structures, potentially compromising systemic

homeostasis. CoQ10 supplementation preserved renal

histology and enhanced antioxidant enzyme activities,

indicating a protective role beyond the reproductive

system (26, 27).

Oxidative stress emerged as a central mechanism

underlying both reproductive and renal damage.

Elevated MDA levels and reduced antioxidant enzyme
activities (SOD, CAT, GPx) in Wi-Fi-exposed rats confirm

an imbalance between pro-oxidant and antioxidant

systems. CoQ10 supplementation restored antioxidant

enzyme activities and reduced lipid peroxidation,

supporting its role as a potent free radical scavenger (28,
29).

5.2. Conclusions

These findings suggest that continuous Wi-Fi

exposure may pose reproductive risks, whereas
antioxidant strategies such as CoQ10 supplementation
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could help mitigate these effects. Future studies should

investigate long-term outcomes, dose-response

relationships, and the translation of these results into

human clinical contexts to provide stronger evidence

for practical recommendations.

5.3. Limitations

This research has several limitations. First, it was

conducted in an animal model, which may not fully

represent human reproductive physiology. Second, the

standardized exposure conditions may not accurately

reflect real-world Wi-Fi usage patterns. In addition, the

short duration of supplementation and follow-up

restricts conclusions regarding the long-term protective

effects of CoQ10. While these findings provide valuable

insights, caution is warranted when extrapolating these

results to humans. The exposure setup (7 hours per day

at 30 cm) and the high CoQ10 dose (150 mg/kg/day) do

not directly correspond to typical human scenarios.

Moreover, the specific sensitivity of Wistar rats may not

be applicable to other genetic backgrounds. Therefore,

although the study supports the biological plausibility

of Wi-Fi-induced oxidative stress and CoQ10's protective

role, its clinical relevance is limited and requires further

investigation in human models. In summary, this study

shows that Wi-Fi radiofrequency radiation causes

oxidative stress-related damage in reproductive and

renal tissues, and that CoQ10 supplementation helps

mitigate these effects (30, 31).

Future research should include sham-exposed

controls, mechanistic assays (such as ROS quantification

and mitochondrial function), and clinically relevant

dosing regimens to enhance translational applicability.

Our study found that prolonged exposure to Wi-Fi

radiation at 2.45 GHz adversely affected male

reproductive health, with declines in sperm parameters

and testosterone levels, along with histopathological

changes in the testes and kidneys. These changes were

closely associated with increased oxidative stress,

whereas CoQ10 supplementation played a protective

role by partially restoring reproductive indices and

reducing oxidative damage.
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