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Introduction 

Male infertility problems include testicular insufficiency, age-relat-
ed semen deterioration, and exposure to endocrine disruptors [1]. 
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Objective: Hypothyroidism (HT) influences spermatogenesis and is associated with male infertility. Platelet-rich plasma (PRP), a biological 
product rich in growth factors, promotes tissue repair. In this study, the likely protective effects of PRP on testicular tissue damage in carbima-
zole (CBZ)-induced HT were evaluated.
Methods: Forty male rats were divided into four groups. HT was induced by administering CBZ (1.35 mg/kg orally, for 45 days). Two doses of 
PRP (40 μL each, locally injected into the testis on days 15 and 30) were also given. After 45 days, blood samples were taken from the heart to 
measure triiodothyronine (T3), thyroxine (T4), and testosterone levels, and semen analysis was performed. For stereological assessment, the 
left testis was removed, fixed, embedded, sectioned, and stained with hematoxylin and eosin. The right testis was excised to evaluate antioxi-
dant levels.
Results: CBZ was demonstrated to induce HT, characterized by significant reductions in T3 and T4. HT was associated with decreased testicu-
lar weight, impaired sperm parameters, reduced testosterone concentration, diminished antioxidant activity, reduced volumes of testicular 
components, and lower total numbers of testicular cells of various types. When HT samples were treated with PRP, improvement was ob-
served for all of these changes. This protective effect could be attributed to the growth factors present in PRP.
Conclusion: PRP appears to prevent the structural changes in the testes and the deterioration in sperm quality caused by CBZ-induced HT. 
This protective effect is likely due to mitigation of oxidative damage and elevation of testosterone levels.
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Thyroid disorders, such as Hashimoto thyroiditis, thyroid cancer, and 
imbalances in thyroid hormones, are also contributing factors to 
male infertility [2,3]. Previous research has shown that alterations in 
thyroid hormone levels coincide with changes in reproductive func-
tion [4,5]. Thyroid hormones, including triiodothyronine (T3) and 
thyroxine (T4), play pivotal roles in metabolism, the immune system, 
and the growth and development of the testes by influencing the 
hypothalamic-pituitary-testicular axis [2,6]. Hypothyroidism (HT) is a 
condition resulting from damage to, removal of, or functional inhibi-
tion of the thyroid gland [7]. Evidence suggests that HT can result in 
widespread cellular and organ damage, with the brain, skeletal sys-
tem, and testicles impacted particularly heavily [8]. Individuals with 
HT experience a significant decrease in serum testosterone levels, 
cessation of ejaculation, and a reduction in sexual activity [9]. More-
over, HT adversely influences human spermatogenesis and notice-
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ably alters sperm morphology. It also impairs sperm parameters, 
such as sperm count and motility [10]. Sperm abnormalities associat-
ed with HT may be due to increased oxidative stress, lipid peroxida-
tion, and compromised antioxidant defense mechanisms, with reac-
tive oxygen species arising from both heightened free radical pro-
duction and diminished antioxidative capacity [11,12]. Conversely, 
the potential of treating infertility with growth factors has been re-
cently explored [13]. Platelet-rich plasma (PRP) is a biologically con-
ditioned plasma rich in growth factors, including platelet-derived 
growth factor (PDGF) and vascular endothelial growth factor (VEGF) 
[14]. Several studies have examined the effects of PRP on infertility. 
Dehghani et al. [13] reported beneficial effects of intratesticular PRP 
injection on atrophic testicular tissue, while Sekerci et al. [15] de-
scribed positive impacts of PRP on testicular torsion. Consequently, 
PRP is a promising therapeutic option due to its efficacy and safety, 
warranting further investigation into its biological impact on sperm 
quality [16,17]. In this study, we used carbimazole (CBZ), an oral an-
ti-thyroid drug, to experimentally induce HT [18]. Drawing on this 
background, the present study was designed to examine the poten-
tial protective effects of PRP on hormonal measurements, sperm pa-
rameters, and testicular tissue changes using stereological assess-
ment, in the context of the detrimental impacts of CBZ-induced HT. 

Methods 

1. Animals 
A total of 40 male Sprague-Dawley rats, aged 8 weeks and weigh-

ing 180 to 230 g, were purchased from the Animal Laboratory Center 
of Shiraz University of Medical Sciences. The rats were maintained on 
a 12-hour light/12-hour dark cycle and given unlimited access to 
standard food and water. Animals were housed at room temperature 
(22±2 °C), with normal humidity. All animal procedures were con-
ducted in accordance with the guidelines established by the Animal 
Care and Regional Ethics Committee of Shiraz University of Medical 
Sciences (IR.SUMS.REC.1400.006). 

2. Experimental design 
The animals were randomized into four groups (n=10 each). The 

control group received 2 mL of distilled water orally per day for 45 
days, along with a 40-μL NaCl solution administered in two doses di-
rectly injected into the testes on days 15 and 30. Another group was 
treated with CBZ at a dose of 1.35 mg/kg, dissolved in 2 mL of dis-
tilled water and given orally each day for 45 days [18]. A third group 
received a combination of CBZ and PRP, with the CBZ administered 
as in group 2 and the PRP in two 40-μL doses, injected directly into 
the testes on days 15 and 30 [13]. The fourth group was administered 
PRP alone, provided in the same fashion as in the group receiving 

CBZ and PRP. On day 46 of the experiment, all animals were weighed 
and then sacrificed (Figure 1). 

3. PRP preparation 
PRP was obtained from 10 adult male Sprague-Dawley rats. Under 

anesthesia, blood samples were collected from the right ventricle 
and transferred into test tubes containing 3.2% sodium citrate (Mer-
ck) at a 9:1 blood-to-citrate ratio. The preparation involved two cen-
trifugation steps. During the first centrifugation, conducted at 380 
×g for 15 minutes at room temperature, the whole blood was sepa-
rated into three layers. These included an upper layer, predominantly 
consisting of platelets and white blood cells (WBCs); a thin middle 
layer (known as the buffy coat) that is rich in WBCs; and a bottom 
layer, mainly composed of red blood cells (RBCs). The majority of the 
RBCs were discarded, and the upper layer and buffy coat were trans-
ferred to a sterile tube and centrifuged at 1,300 ×g for 8 minutes to 
collect the PRP. Subsequently, a filtration process was employed to 
remove WBCs using leukocyte filtration filters. A PRP platelet count 
of 1 million/µL has been identified as the optimal therapeutic dose 
[17]. The PRP was divided into aliquots and stored at −20 °C for sub-
sequent use [19,20].  

4. Blood sampling and hormone assay 
To measure the levels of T3, T4, and testosterone, blood samples 

were collected via cardiac puncture and subsequently centrifuged at 
3,500 rpm for 15 minutes. Following centrifugation, serum samples 
were stored at −70 °C for further biochemical analysis [21,22]. The 
concentrations of T3, T4, and testosterone were determined using an 
enzyme-linked immunosorbent assay kit (Monobind Inc.). 

5. Spermatozoa collection and assessment 
To obtain a sperm suspension, the caudal portion of the epididy-

mis was excised and minced in a Petri dish containing 2 mL of physi-
ological saline (0.9% NaCl) at 37 °C for 5 to 10 minutes [23]. To evalu-
ate the sperm count, we manually counted the sperm heads by ex-
amining the samples under a light microscope using a Neubauer 
hemocytometer. We counted between 200 and 300 spermatozoa for 
each rat [24]. 

To assess sperm motility, microscope slides were preheated on a 
heating table set to 37 °C before the sperm suspension was applied 
to each slide. The slides were then randomly examined across 10 mi-
croscopic fields, with 200 to 300 spermatozoa assessed per animal. 
Sperm motility was categorized as progressive, non-progressive, or 
immotile. Progressive motility was characterized by spermatozoa 
moving in a straight line, non-progressive motility was indicated by 
spermatozoa moving in a circular pattern, and immotile spermato-
zoa exhibited no movement whatsoever [13]. 
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Figure 1. Schematic representation of the experimental design, showing the study groups and the timeline. PRP, platelet-rich plasma; T3, 
triiodothyronine; T4, thyroxine.

Sperm viability was assessed using eosin Y staining. A 10-μL vol-
ume of each sample was mixed with an equal volume of eosin Y 
solution. Subsequently, the samples were smeared on slides and al-
lowed to air-dry for 5 to 10 minutes. We examined over 200 sperma-
tozoa under a light microscope. Sperm that remained unstained 
were considered living, while those that took up the pink or red (eo-
sin) stain were identified as dead [17]. 

To analyze sperm morphology, a suspension of sperm was placed 
on a microscope slide. The smear was subsequently air-dried and 
stained with 1% eosin Y for 5 to 10 minutes. For each rat, between 
200 and 300 spermatozoa were examined, and the ratio of normal to 
abnormal spermatozoa was determined. Abnormal sperm morphol-
ogy was defined as the presence of any irregularities in the head or 
tail [21]. 

6. Stereological study 
On the final day of the experiment, the left testis was excised, and 

its weight was recorded. Subsequently, its primary volume, denoted 
as V (testis), was determined using the immersion method. For stere-
ological analysis, the left testis was preserved in a 4% buffered form-

aldehyde solution. Following the orientator method, isotropic uni-
form random sections were prepared. This technique yielded ap-
proximately eight to 12 slabs from each testis. To assess tissue shrink-
age, a circular piece was excised from a randomly selected testis slab 
using a trocar with a 4-mm diameter. After tissue processing, the cir-
cular piece and slabs were embedded, sectioned at respective thick-
nesses of 5 and 25 µm, and stained with hematoxylin and eosin (Fig-
ure 2). The areas of the circular pieces were measured both before 
processing (the unshrunken state) and after (the shrunken state) 
[21,25]. The degree of shrinkage, represented as d (shr), was then 
calculated using the following formula: 

d (shr)=1−[Area (after)/Area (before)]1.5 

The total volume of the testis was measured based on shrinkage 
volume (V [shrunken]), calculated using the following formula: 

V (shrunken)=V (unshrunken)×[1−d (shr)]

7. Estimation of the volumes of testicular components 
The volume densities of the seminiferous tubules, germinal epi-

thelium, lumen of each tubule, and interstitial tissue were estimated 
using the point-counting method. A point grid was overlaid on the 
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Figure 2. Stereological techniques for quantitative analysis. (A) Testicular volume was assessed using the immersion method. (B) Uniform 
isotropic tissue sections were prepared in accordance with the orientator method. The testis was divided into halves along a randomly 
selected direction within the evenly divided circle. (C, D) Each half was then cut in a random direction from the cosine-weighted divided 
circle, resulting in 8–10 slabs collected from each testis. A circle was punched out from a random slice. (E, F, G) Tissue processing, sectioning, 
and slide preparation were performed. (Ha) Finally, the point-counting method was used to assess the volume density of the structures, 
and (Hb) optical sections of the testicular tissue were examined to determine the numerical densities of various cells (H&E staining, ×400 
magnification).

live microscopic image of the sections, which had a thickness of 5 
μm, during monitoring. This was achieved using software developed 
at the Centre of Histomorphometry and Stereology [21,26]. 

The volume density, denoted as “Vv (structure/testis),” of each 
structure was calculated using the following formula: 

Vv (structure/testis)=∑ P (structure)/∑ P (testis) 
Here, ∑P (structure) refers to the number of points intersecting the 
profiles of the seminiferous tubules, germinal epithelium, the lumen 
of each tubule, and the interstitial tissue. ∑P (testis) denotes the 
number of points intersecting the testis. 

The total, or absolute, volume of each component was determined 
by multiplying its volume density by the final volume of the testis: 

V (structure)=Vv (structure/testis)×V (shrunken) 

8. Estimation of the number of testicular cells of various types 
The total numbers of testicular cells of several types—including 

spermatogonia, spermatocytes, round and elongated spermatids, 
Sertoli cells, and Leydig cells—were estimated using the optical dis-
ector method. This technique was applied to hematoxylin and eo-
sin-stained sections that were 25 µm thick, utilizing a computer-as-
sisted light microscope (E200; Nikon) equipped with a ×40 oil im-
mersion lens. Subsequently, microscopic fields were examined 
through systematic uniform random sampling, which involved mov-
ing the microscope stage at equal intervals in the X and Y directions. 
Adjustments in the Z direction were made using a microcator (MT12; 
Heidenhain) fixed on the microscope stage. The distribution of testic-
ular cells across different focal planes in the Z-axis was analyzed to 
determine the disector’s height and the guard zones [13,21,27]. To 
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estimate the numerical density—termed “Nv (cells/testicle)” and 
representing the number of cells per unit volume of the germinal 
epithelium—the following formula was employed: 

Nv (cells/testis)=ΣQ/(ΣA×h)×(t/BA) 
The total number of nuclei from each cell type that came into focus 
was represented by ΣQ, with ΣA denoting the total area of the unbi-
ased counting frame, h representing the height of the disector, t in-
dicating the mean section thickness, and BA reflecting the advance 
of the microtome block. Ultimately, to determine the total number 
of testicular cells by type, the numerical density (Nv) was multiplied 
by the volume of the structure (V): 

N (cells)=Nv×V (structure) 
Here, V (structure) represented the total volume of interstitial tissue 
for the Leydig cells and the total volume of germinal epithelium for 
the germinal layer cells.  

9. Determination of antioxidant levels via superoxide dismutase 
assay 

Superoxide dismutases (SODs) catalyze the dismutation of the su-
peroxide anion free radical (O2−) into molecular oxygen and hydro-
gen peroxide (H2O2). This reaction is crucial for the regulation of the 
antioxidant defense system. To assess SOD activity, we followed the 
protocol established by Pal and Mukhopadhyay [28]. Testicular tissue 
was homogenized in 1 mL of phosphate buffer (pH 7.4) and then 
centrifuged at 10,000 ×g for 10 minutes at 4 °C. The supernatant was 
collected, transferred to fresh tubes, and placed on ice. Samples des-
ignated for biochemical assays were stored at −70 °C until use. 

10. Statistical analysis 
For data that met the criteria for homogeneity of variance and 

normality of distribution, statistical analysis was conducted using 
one-way analysis of variance (ANOVA). Outcomes are presented as 
mean±standard deviation to represent the range of possible results 
across groups. The Tukey test was utilized for post hoc comparisons 

following ANOVA. p-values of less than 0.05 were considered to indi-
cate statistical significance. For data that did not follow a normal dis-
tribution, the Kruskal-Wallis test was used. All statistical analyses 
were carried out with Graph Pad Prism ver. 5 (GraphPad Software 
Inc.). 

Results 

1. Body weight 
After 45 days, we observed no statistically significant changes in 

body weight among the various treatment groups (Table 1). 

2. Testis weight 
The results indicated a significantly lower testicular weight in the 

CBZ group compared with the control rats (p<0.0001). The reduction 
in testicular weight was less pronounced in the CBZ+PRP animals 
relative to the CBZ group (p<0.01) (Table 1). 

3. Testicular volume 
The testicular volume of the CBZ group was significantly lower 

than that of the control animals (p<0.0001). However, the rats treat-
ed with CBZ+PRP exhibited a smaller decline in testicular volume 
than those in the CBZ group (p<0.01) (Figure 3). 

4. Spermatozoa count, viability, morphology, and motility 
Figure 4 demonstrates that, in comparison to the control rats, the 

sperm count, viability, normal morphology, and progressive and 
non-progressive motility were dramatically lower in the CBZ group 
(p<0.0001). When compared to the control group, the percentage of 
immotile sperm was significantly higher in the CBZ group 
(p<0.0001). Additionally, PRP therapy in the CBZ+PRP group en-
hanced sperm count, vitality, normal morphology, progressive and 
non-progressive motility, while decreasing the percentages of im-
motile sperm, relative to the CBZ group (p<0.0001). 

Table 1. Comparison of body weight, testis weight, levels of serum T3, T4, testosterone hormones, and SOD parameters between the 
groups of the CON, CBZ, CBZ+PRP, and PRP groups (n=10)

Variable CON CBZ CBZ+PRP PRP
Body weight (g) 286.9 ± 16.62 277.4 ± 14.74 278.7 ± 12.93 291.3 ± 33.66
Testis weight (g) 1.56 ± 0.08 1.26 ± 0.03a) 1.35 ± 0.09b) 1.52 ± 0.09
T3 (ng/mL) 1.33 ± 0.06 0.73 ± 0.04a) 0.78 ± 0.04 1.30 ± 0.04
T4 (ng/mL) 42.11 ± 4.20 25.63 ± 3.67a) 25.96 ± 2.09 40.32 ± 2.87
Testosterone (ng/mL) 3.23 ± 1.03 1.03 ± 0.33a) 2.36 ± 0.93c) 3.10 ± 0.86
SOD (U/mg protein) 31.94 ± 3.66 11.53 ± 6.49a) 17.65 ± 4.06b) 33.44 ± 4.7

Values are presented as mean±standard deviation.
T3, triiodothyronine; T4, thyroxine; SOD, superoxide dismutase; CON, control; CBZ, carbimazole; PRP, platelet-rich plasma.
a)p<0.0001 (CBZ vs. CON); b)p<0.01, c)p<0.001 (CBZ+PRP vs. CBZ).
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Figure 3. Dot plots illustrate the total volume of the testis and various testicular components: (A) testis, (B) seminiferous tubules, 
(C) interstitial tissue, and (D) germinal epithelium. These values are presented across four groups: control (CON), carbimazole (CBZ), 
CBZ+platelet-rich plasma (PRP), and PRP alone. The horizontal bars represent the mean values for each parameter within the groups.  
a)p<0.01; b)p<0.001; c)p<0.0001.

5. Serum levels of T3, T4, testosterone, and SOD activity 
Serum concentrations of total T3 and T4 were significantly lower in 

the CBZ and CBZ+PRP groups compared to the control group 
(p<0.0001). Testosterone levels in the control, CBZ, and CBZ+PRP 
groups were 3.21±1.03, 1.03±0.33, and 2.36±0.92 ng/mL, respec-
tively, indicating a statistically significant difference among the 
groups. The mean total testosterone level in the CBZ group was sig-
nificantly lower than that in the control group (p<0.0001), while the 
mean total testosterone level in the CBZ+PRP group was significant-
ly higher than the level in the CBZ group (p<0.001). Additionally, CBZ 
exposure significantly reduced SOD antioxidant enzyme activity in 
testis tissue compared with control animals (p<0.0001). PRP treat-
ment resulted in significantly higher SOD activity levels in the CB-
Z+PRP group compared with the CBZ group (p<0.01). Moreover, PRP 
significantly restored the activity of this antioxidant enzyme in the 
testicular tissue (Table 1). 

6. Volume of the seminiferous tubules 
The tubular volumes were reduced by 36% in the rats exposed to 

CBZ compared to the control group (p<0.0001). However, this pa-
rameter showed considerable recovery in the animals that received 
CBZ+PRP compared to the CBZ group (p<0.001) (Figure 3). 

7. Volume of the seminiferous tubule epithelium 
The results also indicated a 34% lower total volume of the germi-

nal epithelium in the rats treated with CBZ compared to the control 
animals (p<0.0001). However, this reduction was significantly miti-
gated in the CBZ+PRP group when compared to the CBZ-only group 
(p<0.001) (Figure 3). 

8. Volume of the interstitial tissue 
The volume of interstitial tissue was significantly lower in the CBZ 

group compared to the control group (p<0.0001). However, this re-
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Figure 4. Comparison of (A) sperm count, (B) viability, (C) normal morphology, (D) progressive motility, (E) non-progressive motility, and 
(F) immotility across the control (CON), carbimazole (CBZ), CBZ+platelet-rich plasma (PRP), and PRP groups. The horizontal bars represent 
the mean values for each parameter within the groups. Data are expressed as mean±standard deviation, with n=10 for each group.  
a)p<0.01; b)p<0.001; c)p<0.0001.
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duction was mitigated in the CBZ+PRP animals (p<0.001) (Figure 3). 

9. Number of cells by type 
The total numbers of testicular cells of various types (spermatogo-

nia, spermatocytes, round spermatids, elongated spermatids, Sertoli 
cells, and Leydig cells) decreased by 68%, 59%, 60%, 58%, 67%, and 
59%, respectively, in the CBZ group compared to the control group 
(p<0.0001). The counts of spermatogonia, spermatocytes, round and 
elongated spermatids, Sertoli cells, and Leydig cells were significantly 
higher in the CBZ+PRP group than in the CBZ group alone (p<0.0001) 
(Figure 5). 

10. Qualitative changes 
The qualitative evaluation of the testis is illustrated in Figure 6. His-

tological analysis of rats treated with CBZ revealed marked structural 
changes, including atrophy and a reduced number of seminiferous 
tubules. However, the co-administration of PRP with CBZ mitigated 
these adverse effects. 

Discussion 

The first part of our study highlights the detrimental effects of HT 
on sperm parameters and structural changes in the testes. Consis-
tent with our results, Cooke et al. [29] observed a decrease in sperm 
count in cases of neonatal HT, which they attributed to increased 
apoptosis and cell death. Similarly, research has indicated that HT 
can lead to reduced sperm count and motility in the epididymis of 
rats exposed to CBZ [30]. Our findings also indicated that testicular 
structural changes, including reduced volume of the testis, seminif-
erous tubules, germinal epithelium, and interstitial tissue, could stem 
from testicular abnormalities and tubular atrophy associated with 
HT. The observed decline in sperm quality and quantity may be due 
to disruptions in spermatogenic cells, as seen in HT-affected rats. In 
2020, Ibrahim et al. [18] found that CBZ exposure could decrease 
sperm count by reducing spermatocyte density and germinal epi-
thelium thickness. Another cell type present in the tubules is the Ser-
toli cell, which provides nutritional and structural support [31]. The 
loss of these cells in HT-treated rats may lead to declines in support-
ive functions and spermatogenic cells. A reduction in the volume of 
testicular structures may be largely attributable to a decreased num-
ber of Sertoli cells, as reported by Lara et al. [32]. It has been hypoth-
esized that a reduction in Sertoli and Leydig cell numbers could lead 
to a decrease in germ cells [13]. The decline in Sertoli cells following 
HT may be linked to lower testosterone levels. Moreover, we ob-
served decreases in both Leydig cell numbers and testosterone lev-
els. Fadlalla et al. [4] also noted a reduction in Leydig cell numbers in 
HT groups. Additionally, HT is known to promote oxidative stress, 

which exacerbates the condition by inhibiting deiodinases and es-
tablishing a vicious circle [33]. In line with this, we observed a signifi-
cant decrease in SOD antioxidant activity in the testes of HT rats. This 
finding aligns with the research of Wang et al. [34] and Algaidi et al. 
[35], which indicated that HT is associated with a weakened antioxi-
dant defense mechanism against free radicals produced during nor-
mal cellular metabolism. Studies have highlighted the importance of 
mitochondrial reactive oxygen species level during spermatogenesis 
in HT rats, as it affects both the quality and quantity of sperm, partic-
ularly in mitochondria-rich cells [36]. Research suggests that growth 
factors play a role in stimulating spermatogenesis and inhibiting 

Figure 6. Microscopic evaluation of testicular tissue in the (A) control 
(CON), (B) carbimazole (CBZ), (C) CBZ+platelet-rich plasma (PRP), and 
(D) PRP groups. The spermatogenic cells, including spermatogonia 
(blue arrow), spermatocytes (green arrow), spermatids (yellow 
arrow), Sertoli cells (white arrow), and Leydig cells (red arrow), are 
depicted in the (E) CON group. Image (B) shows that the germinal 
epithelium of the seminiferous tubules has degenerated (asterisks). 
(F) A reduction in germ cells, small spermatogonia with dark nuclei, 
and disarrangement of spermatocytes throughout the lumen of 
the seminiferous tubule are evident in the CBZ group (arrows). (C) 
Concurrent treatment of the hypothyroidism-affected rats with PRP 
increased the numbers of various testicular cell types. Scale bar=300 
µm in images (A, B, C, D) and 30 µm in images (E, F), H&E staining.
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apoptosis [17,37]. 
Our second step reveals that treating HT animals with PRP injec-

tions significantly restored sperm parameters and mitigated testicu-
lar changes. Findings by Bader et al. [17] and Dehghani et al. [13] also 
indicated that PRP positively influences sperm parameters, improv-
ing sperm count, motility, and morphology. Furthermore, an earlier 
study reported that intratesticular injection of autologous PRP effec-
tively enhances the function of rabbit sperm [38]. Research has 
demonstrated that the interaction of growth factors is crucial in reg-
ulating germ cell division, ensuring an appropriate balance between 
the proliferation and differentiation of germ cells [39]. Growth factors 
present in PRP, such as PDGF and VEGF, exert multiple effects on tes-
ticular tissue. Specifically, VEGF and its receptors play a role in testicu-
lar growth regulation, and VEGF contributes to the activation of nu-
clear factor erythroid 2-related factor 2, which in turn helps reduce 
oxidative stress during spermatogenesis [13]. Our findings corrobo-
rate the role of reproductive hormones and the reduction of oxida-
tive stress in the beneficial effects of PRP on HT-induced testicular 
toxicity in rats. According to results from Kutluhan et al. [14], intrates-
ticular PRP injections favorably impact Leydig cell proliferation and 
testicular steroidogenesis. One limitation of the present study was 
the lack of investigation into the correlation between signaling 
mechanisms and the restorative effect of PRP on the reproductive 
hormones of the hypothalamic-pituitary-gonadal axis following HT 
exposure. 

In conclusion, based on the data obtained, the present study 
demonstrates that HT adversely affects sperm parameters, the vol-
umes of testicular structures, and the number of cells in the rat sper-
matogenesis line. Additionally, this disorder induces oxidative stress 
and reduces antioxidant activity, including that of SOD, which nega-
tively impacts the testicles. Conversely, the findings indicate the ben-
eficial effect of intratesticular PRP injection in improving testicular 
parameters, the volumes of seminiferous tubules and interstitial tis-
sue, and the number of germ cells in HT-affected rats. Therefore, it 
can be proposed as a potential treatment for patients with infertility 
due to HT. 
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