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Abstract As wireless technologies become increasingly integrated into daily life, concerns have grown regarding the
biological effects of Radiofrequency Electromagnetic Radiation (RF-EMR), particularly its influence on the Luteinizing
Hormone (LH)-LH receptor (LHCGR)-testosterone pathway within the Hypothalamic-Pituitary-Gonadal (HPG) axis. This
study investigated the effects of 2.45 GHz Wi-Fi exposure on this pathway in male rats. A total of 24 male Sprague Dawley
rats were divided into four groups (n = 6 per group) and exposed to Wi-Fi for O (control), 4, 8, or 24 hours daily for eight
weeks. Serum LH and testosterone levels were measured by ELISA. LHCGR gene and protein expression were assessed using
RT-qPCR and Western blot. All data were analyzed using ANOVA, except for serum testosterone levels which were analyzed
using the Kruskal-Wallis test. No significant differences were found in systemic LH or testosterone levels between groups.
However, LHCGR mRNA expression showed a significant time-dependent increase. LHCGR protein levels decreased with
shorter exposure durations and showed partial improvement at 24 hours, though they remained significantly lower than controls.
These findings suggest that although systemic hormonal levels remain stable, RF-EMR exposure may associated with
molecular alterations in testicular tissue, including compensatory upregulation of LHCGR expression. The increased LHCGR
gene expression, alongside the fluctuating protein levels, indicates an adaptive, but not fully restorative response in Leydig
cells compared with non-exposed controls.
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INTRODUCTION relevant given the widespread habit of carrying mobile

In today’s digitally connected world, wireless technologies
have become an inseparable part of daily life. Wi-Fi networks,
especially those operating at the 2.45 GHz frequency, enable
seamless communication and data access, whether at home, in
the workplace, or in public spaces. In Malaysia, daily Wi-Fi
usage typically falls into three categories: mild (<4 hours),
intermediate (5-12 hours) and heavy (>15 hours). These usage
patterns guided our choice of exposure durations (4, 8 and 24
hours) to reflect realistic daily conditions [@]. While these
advancements offer significant convenience, they expose
individuals to continuous radiofrequency electromagnetic
radiation (RF-EMR), raising concerns about potential long-
term health implications [@].

One area of growing concern is the impact of RF-EMR
on the male reproductive system. This concern is particularly

devices in trouser pockets, positions radiation sources near
the testes, potentially increasing the risk of reproductive
harm due to prolonged, low-level exposure [@,@]. Even when
not actively being used, mobile devices stay connected to
Wi-Fi, constantly emitting radiofrequency signals as they
communicate with base stations and run background apps
[@,@]. Over time, this persistent emission at the commonly
used 2.45 GHz frequency contributes to chronic RF-EMR
exposure in everyday settings.

Several studies have observed reductions in serum
testosterone and LH levels following RF-EMR exposure,
suggesting that endocrine balance may be particularly
vulnerable to these subtle but continuous signals [@,@,@].
Testosterone is critical for developing and maintaining male

reproductive tissues and physiological functions, while LH
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stimulates Leydig cells in the testes to produce testosterone
[10,11,12]. Disruption in this hormonal balance may impair
spermatogenesis, lower libido and negatively impact
fertility. Some reports have also indicated alterations in
Follicle-Stimulating Hormone (FSH), pointing to broader
dysfunction of the HPG axis [§,9].

Although these hormonal disturbances have been
consistently reported, the mechanisms underlying RF-EMR-
induced endocrine disruption remain poorly defined. As of
today, previous study had elucidated that oxidative stress can
impair Leydig cell steroidogenesis by reducing enzymes
activity and  altering receptor signaling, while
neurotransmitter imbalance at the hypothalamic level may
dysregulate GnRH release and downstream LH secretion [9].
In addition, RF-EMR has been shown to influence
intracellular signaling pathways such as MAPK and PKA,
which regulate steroidogenic enzymes and receptor
sensitivity, suggesting further molecular mechanisms that
could disrupt the LH-LHCGR-testosterone axis [4].
Together, these mechanisms suggest that RF-EMR could
disrupt the LH-LHCGR-testosterone pathway both at
systemic and cellular levels [9].

Despite these findings, current literature shows
inconsistencies. A few studies report hormonal changes,
whereas others find no effect. These variations are often due
to differences in experimental design, such as exposure
frequency, duration, sample size, or reliance only on
systemic hormone measurements without examining
molecular endpoints [8,11,13]. Methodological variation
also plays a role, including differences in dosimetry
reporting (SAR values), exposure setup and near field
conditions, all of which can alter tissue-specific absorption.

For instance, exposures at 900 MHz for periods ranging
from 30 minutes to 2 hours daily often showed reductions in
testosterone and decreased LH levels [[14-17]. However, [[18]
reported no significant changes in LH level, while [[19]
observed an increase in LH despite reduced testosterone. On
the other hand, daily exposures at 1800 MHz led to
reductions in testosterone and LH [20,21]. Similarly, [22]
reported a reduction in testosterone following daily exposure
to 2.45 GHz RF-EMR for 30 days. Regardless the various
applied RF-EMR frequency, the previous reports indicate
that RF-EMR-induced hormonal disruption may originate
from interference with the endocrine system, affecting
hormonal regulation and physiological function within the
male reproductive axis [22,23].

Given the discrepancies in testosterone and LH findings
in previous studies, this study aimed to evaluate the time-
dependent effects of 2.45 GHz Wi-Fi exposure on the:

e Serum LH and testosterone levels
o LHCGR gene expression between groups
o LHCGR protein expression between groups

By addressing both the duration of exposure and the
hormone-receptor interaction, our findings may help
explain the inconsistencies observed in earlier studies.

It is hypothesized that prolonged Wi-Fi exposure would
alter LHCGR expression at the molecular level, even in
the absence of systemic changes in LH or testosterone,
reflecting a compensatory adaptation in Leydig cells.
Understanding this pathway may provide a deeper
comprehension of the underlying mechanisms and
contribute to more effective mitigation strategies to
address fertility-related risks of RF-EMR exposure.

METHODS
Animals
A total of 24 healthy male Sprague Dawley rats, 8 weeks old
and weighing 200 to 250 grams were obtained from the
Universiti Kebangsaan Malaysia (UKM) Animal House
Facility, which maintains animals in Specific-Pathogen-Free
(SPF) conditions. The animals were housed under controlled
environmental conditions, with a room temperature
maintained at 22+3°C and a standard 12-hour light/dark cycle.
They were fed a commercial pellet diet supplied by UKM and
had access to water ad libitum. Body weight was monitored
weekly during the 8-week exposure period. After a week of
acclimatization, the rats were allocated into four equal groups
using a simple randomization method (n = 6 per group): one
control group and three experimental groups. The sample size
was determined with reference to OECD TG 420 and
supported by U.S. EPA guidance (712-C-026, 2012), as no
specific guideline exists for RF-EMR exposure in rodents.
Each rat was housed in a plastic cage (29 x 43 x 16 cm)
to minimize external influences and inter-animal
interference. For the experimental groups, exposure was
conducted using a TP-LINK AC750 Wireless Dual Band
Wi-Fi Router (model Archer C20, Shenzhen, China), which
emitted RF-EMR at 2.45 GHz, conforming to the IEEE
802.11n Wi-Fi standard. The cages were positioned at a
consistent distance of 20 cm from the router to ensure
uniform exposure. The SAR was estimated to be 0.41 W/kg
as the same setting was implies based on the previous study
[25]. The experimental room was internally lined with
aluminum foil to isolate it from external RF-EMR sources
and prevent signal interference. Rats in the experimental
groups were continuously exposed to Wi-Fi radiation for
eight weeks. At the end of the exposure period, all animals
were euthanized via an intraperitoneal injection of a cocktail
consisting of Ketamine, Xylazine and Zoletil. Death was
confirmed by the absence of the righting reflex, lack of
heartbeat, no response to tail pinch, no withdrawal reflexes
in both forelimbs and hindlimbs and the absence of a
corneal reflex. Following euthanasia, blood serum and
testicular tissues were collected for further analysis.
Euthanasia and sample collection were conducted in the
morning hours (between 8:00 and 10:00 am) to minimize
variation due to diurnal rhythms. All procedures involving
animals, including euthanasia, were reviewed and approved
by the Animal Ethics Committee of UKM (Approval
Number: FSK/2022/KHAIRULOSMAN/20-JULY/1262-
AUG.-2022-AUG.-2024) and conducted by institutional

animal care guidelines.
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Study Groups

Following a one-week acclimatization period, the animals
were randomly assigned into four groups (n = 6 per group)
and subjected to different durations of Wi-Fi exposure over
8 weeks, as outlined below:

o  Control: Non-operational 2.45 GHz Wi-Fi device

o Test 1: 2.45 GHz Wi-Fi device for 4 hours per day

o Test 2: 2.45 GHz Wi-Fi device for 8 hours per day

o Test 3: 2.45 GHz Wi-Fi device continuously for 24
hours daily

Blood Serum

Following euthanasia, blood samples were collected via
cardiac puncture and transferred into plain blood collection
tubes. The samples were incubated at 37°C for 30 minutes to
allow clotting. Subsequently, they were centrifuged at
1500xg for 10 minutes at 4°C. The resulting serum was
carefully extracted, transferred into labelled Eppendorf tubes
and stored at —80°C until further analysis.

Testes Collection

The testes of each rat were dissected and any residual blood
was thoroughly removed. Gauze and pre-warmed
Phosphate-Buffered Saline (PBS) was used to clean the
tissue gently. The testes were immersed in liquid nitrogen
and stored at —80°C for further analysis.

Testosterone and LH by ELISA

An ELISA kit was used to measure the concentrations of LH
and testosterone in the previously prepared serum samples.
All procedures were carried out according to the
manufacturer’s instructions (Elabscience, Wuhan, China).
The ELISA plates were then read using a SpectraMax Plus
384 Microplate Spectrophotometer (Molecular Devices,
California, USA) at a wavelength of 450 nm. The coefficient
of variation (CV) for all ELISA kits' intra-assay and
interassay variability was below 10%. The levels of
testosterone and LH in the serum were determined by
interpolating from a standard curve of 8 points. The curve
was produced using a 4-parameter logistic (4 PL) model and
the analysis was performed using MyAssays.com.

Determination of LH Receptor Gene Expression Using
Reverse Transcription-Quantitative Real-Time PCR
(RT-qPCR)

Approximately 30 mg of testicular tissue was isolated for
RNA extraction using a commercial RNA extraction kit
(Vivantis, Malaysia), following the manufacturer’s protocol.
The tissue was homogenized on ice in a glass homogenizer.
Approximately 300 uL of TRIzol-based lysis buffer was
added to lyse the cells. The mixture was vortexed and
centrifuged at 14,000xg for 3 minutes. The resulting lysate
was transferred to a homogenization column within a
collection tube and centrifuged at 14,000xg for 2 minutes.
Subsequently, 650 uL of ethanol was mixed thoroughly
using a pipette. For RNA isolation, the lysate was passed
through an mRNA binding column fitted into a collection

tube and centrifuged at 10,000xg for 1 minute. After column
washing, DNase treatment was applied and incubated at
room temperature for 15 minutes. Next, 500 uL of inhibitor
removal solution was added and the column was washed
twice. The RNA was finally eluted into a new tube using
50 uL of RNase-free water and centrifuged at 10,000xg for
1 minute. RNA concentration was determined using a
Nanodrop spectrophotometer (ng/uL) and purity was
assessed by measuring the A260/280 ratio. All RNA samples
showed A260/280 values within the recommended range of
2.0 to 2.1, indicating high purity.

Complementary DNA (cDNA) synthesis was performed
using the Viva cDNA synthesis kit (Vivantis, Malaysia),
following the manufacturer’s protocol. The components
were mixed with nuclease-free water to a final volume of
10 pL. The mixture was incubated at 65°C for 5 minutes and
then cooled on ice for 2 minutes. After a brief centrifugation,
10 uL of cDNA synthesis mix was added and the reaction
was incubated at 42°C for 60 minutes. The reaction was
terminated by heating at 85°C for 5 minutes, then by ice
cooling. The resulting cDNA template was stored at —20°C
until further analysis.

gPCR was performed using the ViPrimePLUS Taq
gPCR Green Master Mix I (SYBR® Green Dye) kit
(Vivantis, Malaysia), following the manufacturer's protocol.
Each sample was run in triplicate. The target gene was
LHCGR and the housekeeping genes used for normalisation
were B-actin and Cyclin A2. The primer sequences and
product sizes are listed in Table 1.

Primer efficiency was tested using fivefold serial
dilutions to determine optimal sample dilution. Standard
curves were generated and all primers' correlation coefficients
(R?) exceeded 0.98, with efficiencies ranging from 91 to 97%.
gPCR was conducted for 45 cycles using the following thermal
cycling conditions: initial enzyme activation at 95°C for 3
minutes, followed by denaturation at 95°C for 30 seconds and
annealing at 53°C for 30 seconds. A melt curve analysis was
performed from 53 to 95°C, increasing by 0.5°C every 5
seconds to verify product specificity. The final melt curve step
was used to confirm the specificity of amplification by
ensuring the presence of a single PCR product.

Threshold cycle (Ct) values were obtained at the end of
each cycle based on fluorescence signals emitted by SYBR
Green dye. The comparative Ct method (AACt) determined
the relative gene expression of mRNA. First, the ACt for
each sample was calculated by subtracting the average Ct of
the housekeeping genes (B-actin and Cyclin A2) from the Ct
of the target gene (LHCGR). Next, AACt was calculated by
subtracting the Acontrol group's Ct from the experimental
sample's Ct. Fold change in gene expression for each sample
was then calculated using the AACt method and converted to
log: fold change for standardization.

Measurement of LH Receptor Expression via Western Blot
Frozen testis tissue (0.3 g) was thawed and lysed using
freshly prepared RIPA lysis buffer supplemented with
protease inhibitors (PMSF and Nas;VO.). All reagents

were obtained from Elabscience, Wuhan, China.
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Table 1: Primer Sequences and Product Sizes

Gene Primer Sequence (5'-3") Product Size (bp)
LHCGR Forward: TAT GCT CGG AGG ATG GCT CT 175
Reverse: AGC ACA GAT GAC GAC GAA GG
B-actin Forward: TAC AAC CTT CTT GCA GCT CCT 205
Reverse: CCT TCT GAC CCA TAC CCA CC
Cyclin A2 Forward: TGG ATG GTA GTT TTG AAT CAC CC 195
Reverse: TGG CCC GCA TAC TGT TAG TG

The tissue was homogenized on ice using a vortex mixer for
60 minutes to maintain protein integrity. The homogenate was
then stored overnight at —80°C to improve protein yield. The
following day, samples were thawed on ice and centrifuged at
12,000 rpm for 10 minutes at 4°C. The resulting supernatant,
containing the extracted proteins, was collected for
concentration measurement and further analysis.

Protein concentrations of the samples were determined
using the Bradford assay, following the manufacturer’s
protocol. A two-fold serial dilution of the BSA standard stock
solution (Img/mL) was performed to generate eight
concentration points. In a 96-well microplate, 250 uL. of
Bradford reagent was added to each well, followed by 5 uL of
either standard or sample, in duplicate. After incubation at
room temperature for 5 minutes, absorbance was measured at
595 nm using a microplate reader. A standard curve was
generated by linear regression, producing a correlation
coefficient (R?) 0.973.

Protein separation was performed using SDS-PAGE. A
10% resolving gel and 5% stacking gel (Elabscience,
Wuhan, China) were prepared following standard protocols.
Cleaned glass plates with 1.00 mm spacers were assembled
and mounted in a casting frame. After pouring the resolving
gel, a thin layer of methanol (Merck, Germany) was applied to
maintain a flat surface. Once polymerized, the methanol was
removed and the stacking gel was added with a 1.00 mm comb
inserted until solidification. Protein samples stored at —80°C
were thawed and prepared by mixing 20 pg of protein with 5X
SDS loading buffer (1:4 ratio), then denatured at 95°C for 10
minutes and centrifuged. Samples and a molecular weight
ladder (MAestreogen, Taiwan) were loaded into the wells.
Electrophoresis was performed at 120V for 1 hour in 1X
electrophoresis buffer (Elabscience, Wuhan, China), prepared
by diluting a commercial 10X stock.

Following electrophoresis, proteins were transferred to
a PVDF membrane using a wet transfer system. Membranes
were activated in methanol, then equilibrated in transfer
buffer containing methanol (Elabscience, Wuhan, China).
The transfer sandwich was assembled in the order: fiber pad,
filter paper, gel, membrane, filter paper, fiber pad. Air
bubbles were removed before closing the cassette. Transfer
was conducted at 40 V for 2 hours on ice.

After transfer, membranes were blocked with 5% skim
milk in TBST (Elabscience, Wuhan, China) to reduce non-
specific binding. Membranes were then incubated overnight at
4°C with primary antibody against LHCGR rabbit polyclonal,
diluted 1:1000 in 5% skim milk (Signalway, Maryland, USA).
After washing, membranes were incubated with HRP-
conjugated goat anti-rabbit secondary antibody diluted 1:5000
in 2% skim milk (Elabscience, Wuhan, China). To normalize

protein loading, a (-actin HRP-conjugated antibody
(Elabscience, Wuhan, China) was used at 1:1000 dilution.
Detection was performed using enhanced
chemiluminescence and imaging was conducted with a gel
documentation system. Band intensities of LHCGR were
normalized against (-actin and densitometric analysis was
performed using ImageJ software. Normalized values were
then used for statistical comparisons between groups.

Statistical Analysis

The effects of different durations of RF-EMR Wi-Fi exposure
(245 GHz) on serum reproductive hormones (LH and
testosterone) and the expression of LH receptor in the testes
were analyzed using one-way ANOVA followed by Tukey’s
post hoc test, provided the data showed a normal distribution
(Kolmogorov-Smirnov test, p>0.05). Results were expressed
as mean+SEM. For data that did not follow a normal
distribution (p<0.05), the Kruskal-Wallis H test was used
instead. A p-value of less than 0.05 was considered statistically
significant for both ANOVA and Kruskal-Wallis tests.

RESULTS

Serum LH Level

The analysis showed no significant differences in LH serum
level among the groups, with F (3, 20) = 0.234 and p = 0.872
(Figure 1).

Serum Testosterone Level

The analysis of serum testosterone level indicated no
statistically significant differences among the groups, H (3) =
5.460, p = 0.141 (Figure 2). Mean rank values were 10.00 for
the control group, 9.50 for Group 1, 18.00 for Group 2 and
12.50 for Group 3. While the differences were not statistically
significant, there was a noticeable trend toward increased
testosterone levels in the exposed groups compared to the
control. The group with 8-hour exposure showed the highest
mean rank, followed by those exposed for 24 and 4 hours.

LHCGR mRNA Expression

Figure 3 illustrates the relative expression of LHCGR mRNA
across four experimental groups. The results revealed a
significant difference in LHCGR mRNA expression among the
groups following exposure to 2.45 GHz RF-EMR at different
durations, F (3, 18) = 52.617, p<0.001. All exposure durations (4,
8 and 24 hours) increased LHCGR mRNA expression, with the
highest expression observed in the 24-hour exposure group.

LHCGR Protein Expression
LHCGR protein expression (WB) was used to detect the

initiation of the steroidogenesis process (Table 2).
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Figure 1: Serum LH Level for Each Experimental Group. Data are Presented as mean+SEM, with n = 6 per Group
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Table 2: Effect of Different RF-EMR Wi-Fi (2.45 GHz) Exposure Durations on LHCGR Protein Expression (WB) in each Group

Group/ Protein Control Test 1 Test 2 Test 3
LHCGR (85kDa) T F )
Brakiin (43KDa) A P o o

LHCGR Protein Expression
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Figure 4: Relative Intensity Ratio of $-Actin/LHCGR Protein Expression for each Experimental Group. Data are Presented as
mean+SEM, with n = 6 per Group. a Indicates a Significant difference Compared to the Control, b Suggests a Significant
difference Compared to Test 1, c Suggests a Significant difference Compared to Test 2 and d Indicates a Significant difference

Compared to Test 3

An analysis assessed the relative intensity ratio of [3-
Actin/LHCGR (Figure 4) across the four groups. A
significant difference was observed among all groups, F (3,
20) = 234.353, p<0.001. Post hoc Tukey analysis revealed
that Test 1, Test 2 and Test 3 were significantly different
from the Control Group, F (3, 20) = 234.353, p<0.001.
These findings suggest that 4-hour- and 8-hour exposures
reduced the $-Actin/LHCGR intensity ratio, with the most
significant decrease observed at 8 hours. In contrast, 24-
hour exposure showed a recovery trend, with the ratio
approaching near normal levels.

DISCUSSIONS

The results of this study demonstrated that serum
concentrations of LH and testosterone (Figures 1 and 2)
remained unchanged across all experimental groups. This
out-come raises critical questions regarding the underlying
mechanisms by which RF-EMR influences male
reproductive health. One likely explanation is that 2.45 GHz
RF-EMR exposure was not intense enough to disrupt the
Hypothalamic-Pituitary-Gonadal (HPG) axis, which
regulates the production of reproductive hormones. The
hypothalamus releases GnRH, which stimulates the anterior
pituitary to secrete LH. In turn, LH acts on Leydig cells in
the testes to trigger testosterone production [[11]. Previous
reports showed that spermatogenic cells and seminiferous
tubules can be vulnerable to RF-EMR exposure [26,27,28],
whereas Leydig cells may exhibit greater resilience. This
relative stability could account for the preserved systemic
testosterone levels and the maintenance of LH feedback
regulation observed here. Therefore, the consistency of

hormone concentrations across exposure durations (4, 8 and
24 hours) suggests that the functional integrity of the
hypothalamus-pituitary-testis axis was preserved [29].

Because the present study measured serum hormone
levels rather than localized testicular conditions, the findings
most likely reflect overall endocrine stability, even if
localized testicular stress may occur. In the 4-hour exposure
group, the short duration may have been insufficient to
impair HPG axis function. At 8 and 24 hours, partial
structural recovery in testicular tissue was evident, yet
hormone synthesis remained unaffected [28]. This suggests
that the RF-EMR-induced damage was not severe enough to
reduce systemic testosterone concentrations. Consistent with
this, [BQ] also reported no significant changes in testosterone
levels following RF-EMR exposure, reinforcing the
hypothesis that the biological effects of RF-EMR are more
localized to the testes than systemic in nature.

These findings further challenge common concerns
regarding RF-EMR exposure and its potential to lower
testosterone levels, which could theoretically result in
feminization or disrupt male development. On the contrary,
testosterone levels remained sufficient to support normal
reproductive and sexual function [12] and the hormonal
regulatory axis appeared to be preserved. Interestingly,
although not statistically significant, testosterone levels in
exposed groups were higher than control group. This
counterintuitive trend may indicate compensatory
stimulation of steroidogenesis in response to cellular
stress. One possible explanation is that RF-EMR may impair
androgen-binding protein function [31], thereby prolonging
the half-life of testosterone in the serum. However, this
remains a postulation and warrants further investigation.
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As LH and testosterone play central roles in steroidogenesis,
we extended our analysis to examine how RF-EMR affects
LHCGR expression, the receptor through which LH
activates testosterone synthesis. LHCGR mRNA expression
increased significantly with exposure time, with the highest
levels observed at 24 hours (Figure 3). Meanwhile, LHCGR
protein levels initially decreased at 4 and 8 hours before
increasing again at 24 hours (Figure 4). This initial
suppression of protein expression may have resulted from
oxidative stress disrupting protein stability or synthesis,
particularly in Leydig cells [28].

The early reduction in LHCGR protein suggests that RF-
EMR-induced oxidative stress could impair protein synthesis
efficiency within Leydig cells. This type of cellular stress has
been previously shown to destabilize protein structure, interfere
with post-translational modification and hinder receptor
maturation [30]. The resulting changes in LHCGR expression
may have temporarily reduced its ability to bind LH and transmit
intracellular signals. However, the increase in LHCGR protein
levels at 24 hours suggests that repair and recovery mechanisms
had been activated. This late-stage rebound may represent a
compensatory cellular strategy to restore LH sensitivity and
maintain testosterone synthesis. This pattern suggests that RF-
EMR initially disrupts Leydig cell function through oxidative
pathways. Still, cellular repair systems may later compensate by
upregulating receptor expression at the gene and eventually at
the protein level.

Mechanistically, LHCGR expression is likely
influenced by LH, testosterone and other regulatory factors.
Once LH binds to LHCGR, it activates cAMP and protein
kinase A (PKA), triggering steroidogenesis [32]. In addition,
pathways such as Akt and ERK1/2, which support Leydig
cell proliferation, survival and differentiation, may also
contribute to the adaptive response observed in this study
[26,29].. The observed rebound of LHCGR protein at 24
hours may also involve MAPK activation, a pathway known
to mediate adaptive responses to oxidative stress [33].

Moreover, growth factors such as Insulin-like Growth
Factor (IGF) and epidermal growth factor (EGF) may also
contribute to LHCGR regulation. IGF enhances LH receptor
sensitivity and may help counteract the inhibitory effects of RF-
EMR-induced oxidative damage [34]. EGF, which supports cell
maintenance and growth, could also aid in Leydig cell
adaptation during periods of stress [37]. These factors may
promote Leydig cell recovery and sustained spermatogenesis
following RF-EMR exposure. Additionally, prolactin, a
hormone that influences testicular function, may regulate
Leydig cell activity and interact with LHCGR expression during
oxidative stress [35,33]. This suggests that RF-EMR may
indirectly affect Leydig cell function through dynamic
hormonal and growth factor changes within the testes.

Although both mRNA and protein expression of
LHCGR were examined, we observed a notable mismatch.
While mRNA levels increased with longer exposure
durations, protein levels dropped before recovery. This
discrepancy is not unexpected, as mRNA expression does
not always directly correlate with protein output. Factors

such as translation efficiency, protein degradation and
molecule-specific  half-lives contribute to temporal
differences between transcript and protein levels [B6-38].
Protein synthesis is also tightly regulated by complex post-
transcriptional and translational mechanisms, including
mRNA stability, translation initiation and protein turnover
[28,30]. Differences in degradation and half-life further
shape protein abundance [32]. These mechanisms could
explain the observed increase in LHCGR mRNA alongside
fluctuating protein expression. Thus, the temporal
divergence between LHCGR mRNA and protein levels may
reflect a typical cellular response to stress, where
transcriptional upregulation is followed by delayed protein
synthesis and accumulation.

CONCLUSION

In summary, our findings suggest that exposure to 2.45 GHz
RF-EMR does not significantly alter systemic LH and
testosterone levels, indicating that the overall HPG axis
function was preserved under the conditions tested rather
than being entirely unaffected. However, we observed early
changes in LHCGR expression, particularly a drop in protein
levels followed by partial recovery over time, while mRNA
expression showed a progressive increase, highlighting a
mismatch likely due to post-transcriptional regulation. This
points to an adaptive response by Leydig cells to maintain
hormone production under stress. Still, the function of
exposed cells differed from controls in a measurable way,
reflecting local gonadal effects. While RF-EMR appears to
cause localized effects in testicular tissue, it does not seem
to disrupt the hormonal balance necessary for normal male
reproductive function. These results help ease concerns
about the systemic effects of RF-EMR and highlight the
body's ability to adapt at the cellular level. However, given
the small sample size and reliance on serum rather than
intratesticular hormone measurements, future studies should
have a standardized dosimetry and direct assessment of
testicular testosterone to strengthen mechanistic insight.
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