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Abstract:

Azoospermia, characterized by the absence of sperm in ejaculation, is a severe male
infertility condition resulting from defects in spermatogenesis or the testicular duct system.
DNA-alkylating agents, often from chemical drugs, contribute to infertility, while
antioxidants play a crucial role in addressing fertility issues in couples facing subfertility.
Traditional medicinal plants, particularly saffron, have been recognized for their fertility-
enhancing effects. Crocins in saffron are noted for their potential to improve fertility
indicators in rat models. This study aimed to investigate the effects of the combination of
letrozole and crocin on sperm motility and biochemical markers in azoospermia,
complemented by gene expression analysis. Thirty male Wistar rats were divided into five
groups: control, azoospermia, azoospermia with letrozole, azoospermia with crocin, and
azoospermia with both letrozole and crocin. Azoospermia was induced using a 10 mg
intraperitoneal injection of busulfan over ten days. Subsequent analyses included
histopathological, molecular, and hormonal assessments, with data analyzed using Graph
Prism software. The combination treatment with letrozole and crocin significantly
improved sperm motility compared to the azoospermia group, while reducing motility
compared to the control group. Additionally, there was an increase in total sperm count,
Total Antioxidant Capacity (TAC), and testosterone levels, accompanied by a decrease in
Total Oxidant Status (TOS) enzyme activity (P<0.05). QRT-PCR analysis indicated
decreased expression of the GDNF gene compared to the control (P<0.001) but increased
expression compared to the azoospermia group (P<0.001). Likewise, 5-alpha-reductase
gene expression showed a significant decrease (P<0.05). Therefore, the synergistic
administration of crocin and letrozole holds promise for mitigating DNA damage caused
by busulfan, potentially reducing long-term damage to bone marrow and improving
fertility outcomes.
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Introduction:

Male factors significantly contribute to infertility in couples struggling to conceive. Around
15% of people worldwide are affected by infertility [1]. Azoospermia, a severe male
infertility condition, is marked by the complete absence of spermatozoa in two centrifuged
semen samples [2]. Azoospermia, in contrast, involves no ejaculate being produced at all.
Azoospermia affects about 1% of all men and represents 10% to 15% of male infertility
cases [3]. This condition often results from various irreversible conditions affecting the
testicles [4]. Azoospermia is classified into pre-testicular, testicular, or post-testicular types
based on its origin. It is further divided into obstructive azoospermia (OA), where there is
a blockage in the sperm-carrying ducts or vas deferens, and nonobstructive azoospermia
(NOA). Differentiating these types is essential, especially for identifying primary testicular
failure [5]. Sperm DNA fragmentation (SDF) is a structural alteration in DNA that leads to
cellular damage and decreased viability, playing a critical role in male infertility. SDF
serves as a significant prognostic and diagnostic indicator [6]. DNA damage is categorized
into endogenous, caused by internal agents or chemicals, and exogenous, resulting from
external factors [7]. The primary forms of endogenous DNA damage induced by reactive
oxygen species (ROS) include DNA fragmentation, mitochondrial DNA damage, telomere
shortening, Y-chromosome microdeletions (Y-CMs), and alterations in methylation and
acetylation patterns. Thus, DNA fragmentation can affect both single-stranded and double-
stranded DNA structures [8]. Chemotherapy can cross the blood-testis barrier and is known
to have both short-term and long-term harmful effects on male fertility [9], with over 25%
of men undergoing cancer diagnosis and treatment reporting fertility issues (ranging from
mild oligozoospermia to persistent azoospermia) [10]. Busulfan is one of the most common
chemotherapy drugs used before bone marrow transplantation in both children and adults
[11]. Additionally, this drug is widely used in the treatment of chronic myelogenous
leukemia and ovarian cancer [12]. However, busulfan also damages healthy cells during
chemotherapy. The cytotoxic effects of chemotherapy drugs like busulfan induce DNA
damage in cells, leading to senescence [13] and in some conditions, apoptosis [12]. This
drug has the capability to induce apoptosis in germ cells [14]. On the other hand, this drug
has numerous side effects on both male and female gonads, spermatogenesis, and the
production of natural sperm [15]. Due to its alkylating properties, busulfan adversely
affects DNA in cells with higher divisional capacity. Therefore, it exerts one of its most
significant effects on testicular spermatogonia. However, not all spermatogonia are
eliminated following busulfan administration [16]. Chemotherapy agents like busulfan can
potentially impact hormonal balance, which may indirectly influence androgen production
and metabolism. However, direct effects on 5-alpha reductase activity are less clear. As
busulfan treatment has been shown to affect sperm production and function. Changes in
testosterone levels due to the impact on 5-alpha reductase could also affect
spermatogenesis [17]. Deficiency of 5-alpha reductase also affects male sexual



development before birth and during puberty. DHT plays an important role in male sexual
development, and deficiency of this hormone disrupts the formation of external sex organs
before birth [18]. Therefore, it is obvious that 5 alpha reductase is important for the
development of male external genitals and male fertility. There are two isoforms of this
enzyme, Salpha reductase 1 and 2. This enzyme is highly expressed in epididymis and
vesicles of semen, genital, prostate, and liver and plays the most important role in the
development of the male reproductive system [19]. Reports also show that GDNF is one
of the most important growth factors in spermatogonial stem cells, which promotes the
proliferation of undifferentiated spermatogonies in both "in vivo" and "in vitre" [20].
GDNEF is a glial derived neurotrophic factor that is produced by glial cells in the brain and
other organs such as the ovary and testis (from sertoli cells) that binds to a complex receptor
at the cell surface [21]. Based on an understanding of the hormonal control of
spermogenesis, several drugs such as gonadotropins, androgens, estrogen receptor
blockers, and aromatase inhibitors are being used as experimental treatments for idiopathic
male infertility. Letrozole as an aromatase inhibitor has been widely used in the treatment
of female infertility [22]. There are limited studies that have evaluated the therapeutic
potential of letrozole in male infertility [23]. Yao et al. also noted that letrozole improved
body weight, sperm count, motility, vitality, and plasma testosterone levels in cadmium
exposed rats [24]. In another review, concluded that letrozole improved spermatogenesis
but did not produce pathological changes in testicular tissue [25]. On the other hand,
frequent administration of chemical drugs may directly affect the function of male gonads,
leading to infertility or indirectly affect the function of the gonads, such as the prostate,
semen vesicles, and Cooper gland, as well as the hypothalamus-testis axis, causing
malfunction in sperm characteristics such as count, survival, motility and sperm structure
[26]. This phenomenon has led researchers to turn to herbal remedies that naturally have
fewer side effects [27]. Crocin has been identified as the main active biological component
in saffron. In recent research, it has been revealed that saffron can increase insulin
sensitivity and lower blood glucose levels and also has antioxidant properties [28]. Studies
have shown that the use of natural antioxidant agents such as crocin modulates improper
function caused by oxidative stress. According to studies, crocin improves mitochondrial
dysfunction through signaling pathways in the endothelium, leading to reduced production
of reactive oxygen species. Crocin also has a protective role against idiopathic pulmonary
fibrosis [29]. Therefore, due to the increasing tendency of medical science to herbal
medicines and the positive effects of saffron on the reproductive system, the aim of the
present study, investigate the effects of the combination of letrozole and crocin on sperm
motility and biochemical markers in azoospermia, complemented by gene expression
analysis.

Material & method:



This study has been approved by the Ethics Committee (IR.IAU.PIAU.REC.1403.001) for
the care and use of laboratory animals at the Islamic Azad University, Parand Branch in
Iran.

Animals:

In this study, a total of 30 male Wistar desert rats (8-10 weeks old, weighing 180 to 220
grams) were obtained from the Pasteur Institute in Tehran. The rat was kept in temperature-
regulated rooms with 12-hour light/dark cycles. They had unlimited access to food and
water. Improvements were made in housing and monitoring the animals, and protocols
were developed to ensure animal welfare. This included providing cardboard tunnels and
mouse houses to enhance the cages. The mice were housed in social groups, with cage sizes
meeting the legislative requirements for the number of rat [30].

Crocin preparation:

Crocin is a water-soluble carotenoid derived from Crocus sativus (saffron). It is formed
through the esterification of the disaccharide gentiobiose with the dicarboxylic acid
crocetin [31]. This compound belongs to a group of hydrophilic carotenoids, which
includes monoglycosyl or diglycosyl polyene esters of crocetin [32]. In this study, crocin
powder was purchased ready from Sigma Company and stored in a dry and dark place. For
intraperitoneal injection, per day, crocin dissolved in distilled water with a concentration
of 10 mg per milliliter and varied according to the weight of the mice [33].

Inducing infertility in mice:

To halt spermatogenesis and induce azoospermia in mice, a dose of 10 milligrams of
busulfan was injected intraperitoneally for 10 days [34].

Experimental design:
The mice were randomly divided into 5 groups (each group consisting of 6 mice):

1) Control group injected with normal saline and citrate buffer intraperitoneally

2) Treatment group with a single dose of 10 mg of busulfan intraperitoneally in a volume
of 1.0 milliliters for 10 days

3) Treatment group with a single dose of 10 mg of busulfan intraperitoneally in a volume
of 1.0 milliliters plus a dose of 5 mg letrozole with BSF solvent

4) Treatment group with a single dose of 15 mg crocin extract with normal saline plus 10
mg of busulfan intraperitoneally in a volume of 1.0 milliliters

5) Treatment group with a single dose of 10 mg of busulfan intraperitoneally in a volume
of 1.0 milliliters plus a dose of 5 mg letrozole with BSF solvent and a dose of 15 mg
crocin extract with normal saline

Sperm count and morphology:



The epididymis was sectioned into three parts and immersed in 2.5 ml of normal saline,
followed by incubation at 37 °C for 15 minutes. Subsequently, a 10 ul aliquot of the
solution was placed on a Neubauer slide, and sperm within four squares were enumerated
using a light microscope (Olympus BX51) equipped with a 40x objective lens. The average
number of sperm counted was then recorded. The concentration of sperm per milliliter was

determined utilizing the following formula:
n= (mean of sperms in four squarex2.5

volume of one square(100nL)

For the assessment of abnormal sperm, a smear was prepared by placing 50 ul of the
epididymal sperm solution on a slide and fixing it with 70% methanol. Papanicolaou
staining was then performed. Sperm morphology was examined on each slide, and
abnormal sperm (those without tails, with coiled or bent tails, or with dual and abnormal
heads) were counted using an optical microscope [35]. The status of the testicular capsule
tissue was also examined using trichrome Masson staining.

Evaluation of gene expression by quantitative real-time polymerase chain reaction:

After extraction, the testicular tissue was stored at -80°C. The tissues were homogenized
thoroughly, and total RNA was isolated using the RNeasy Mini Kit (Qiagen, Germany).
The RNA concentration was measured using the ND1000 NanoDrop spectrophotometer.
For ¢cDNA synthesis, 2 pg of total RNA was utilized with the QuantiTect Reverse
Transcription Kit (Qiagen, Germany). The quality of the synthesized cDNA was assessed
via polymerase chain reaction (PCR) targeting the GAPDH gene. The PCR products were
analyzed through electrophoresis on a 1% agarose gel. Primers for the reference gene, Sa-
reductase, and GDNF were designed using Primer Premier 7 software (Premier BioSoft
International, Palo Alto, CA, USA). The rat GAPDH gene was employed as the reference
gene for data normalization (Table 1). Finally, the data were calculated using the AACt
method, with GAPDH as the reference [36-37]

Table 1. List of primers for real-time PCR

Genes Sequence 3-'5
r-GAPDH F AGGTCGGTGTGAACGGATTTG
R TGTAGACCATGTAGTTGAGGTCA
r-GDNF F CCAGCCCAGAGAATTCCAGAG
R GCTTCACAGGAACCGCTACAA
r-Sa-reductase F TCATATGTGTGTGTTGGGGGT
R ACATTTCTCCTGATGCTCCCC




Biochemical analyses:
Enzyme Activity of Oxidative and Antioxidative Status:

The oxidative and antioxidative status of liver tissue was measured using a commercial
TOS/TAC kit from Biotech, employing spectrophotometric and colorimetric methods. For
this purpose, 100 milligrams of tissue were placed in one milliliter of RIPA buffer and
centrifuged at 4000 RPM for 20 minutes. After preparing the solutions, the samples were
aliquoted into a 96-well microplate [38]. To measure total antioxidant enzyme activity, 50
microliters of the sample were added to each well, followed by the addition of 200
microliters of working buffer solution. After incubating for 10 minutes, the absorbance was
read at 560 nanometers. For assessing the stability of oxidative status, 10 microliters of the
sample were added to the well. Initially, 190 microliters of chromogenic solution were
added, and the absorbance was read at 490 nanometers. Subsequently, after adding 50
microliters of Solution 3, the mixture was incubated for 2 minutes. Finally, 50 microliters
of stop solution were added, and the absorbance was measured again at 490 nanometers
[39].

Measurement of testosterone hormone:

The collected blood samples were centrifuged to separate the serum. Testosterone levels
were quantitated using the Free Testosterone kit from Pars Peyvand Company. In this
assay, blood samples were initially added to the wells, followed by the introduction of
testosterone solution and anti-testosterone solution. The samples were then incubated at
37°C for 90 minutes. After incubation, the wells were washed with deionized water, and a
substrate was added to each well, followed by an additional incubation period of 20
minutes. The reaction was subsequently terminated by adding a stop solution, and the
absorbance was measured at a wavelength of 450 nanometers [40].

Statistical analysis:

The data were presented as mean + standard deviation. One-way analysis of variance
(ANOVA) with Tukey's post hoc test was used to compare the means in the study groups
(P <0.05), and statistically significant differences were considered. The graphs were also
plotted using Graph Pad Prism software.

Result:
Sperm motility

Sperm motility in the azoospermia group treated with letrozole and crocin exhibited a
significant decrease when compared to the control group (P<0.001). However, this group
also demonstrated a substantial increase in motility relative to the untreated azoospermia
group (P<0.0001). These results indicate that while the combination treatment reduced



motility compared to healthy controls, it enhanced motility compared to azoospermia
alone. Thus, the effects of letrozole and crocin are nuanced, leading to improvements over
the untreated condition. Overall, these findings highlight the complex interaction between
treatment and sperm motility dynamics-( Figure-1).
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Figure 1-Sperm motility rate in the studied groups.
*: Significant differences with the control group (P<0.0001, P<0.005)
#: Significant difference with azoospermia group (P<0.001 , P<0.0001)

ns: Significant difference with azoospermia + letrozole group (P>0.05)

Sperm viability

Sperm viability in the azoospermia groups treated with crocin or letrozole did not demonstrate
significant changes. In contrast, the azoospermia group showed a marked increase in sperm
viability relative to the control group. This difference was statistically significant (P<0.05). Thus,
while the treatments did not impact sperm viability, the azoospermia group displayed improved
viability when compared to controls. These findings suggest a specific response within the
azoospermia context.— ( Figure-2).
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Figure 2- Sperm viability rate in the studied groups.

* Significant difference at significance level >0.05, ns no significant difference
Total sperm count

The total sperm count in the azoospermia group receiving treatment with letrozole and
crocin showed a significant decrease compared to the control group (P<0.001). Conversely,
this treated group exhibited a notable increase in sperm count relative to the untreated
azoospermia group (P<0.0001). These findings suggest that while the combination
treatment resulted in lower sperm numbers than the control, it did improve count compared
to the untreated condition. Thus, letrozole and crocin may contribute to enhancing sperm
production in an azoospermia context. Overall, the data highlight the differential impact of
treatment on sperm count dynamics— ( Figure-3).
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Figure 3- Total sperm count in the studied groups.
*: Significant differences with the control group (P<0.0001, P<0.005)
#: Significant difference with azoospermia group (P<0.001, P<0.0001)

ns: Significant difference with azoospermia + letrozole group (P>0.05)

Testicular capsule

The examination of the testicular capsule in the azoospermia group treated with letrozole
revealed significant evidence of fibrotic changes. In this group, fibroblastic cells
prominently produced type I collagen fibers, leading to a notable increase in the diameter
of the capsule compared to the other two groups. The thickness of the testicular capsule, as
revealed by specific trichrome staining, was clearly distinguishable from surrounding
tissue structures. Additionally, in the azoospermia group treated with both letrozole and
crocin, there were observable changes, including the dilation and tortuosity of adjacent
vessels beneath the testicular capsule. These vascular alterations were markedly different
from those seen in the azoospermia + crocin and azoospermia groups, suggesting a
significant manifestation of fibrotic processes in the letrozole-treated group-(Figure-4).
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Figure

Azo: Image of testicular

Control: Image of testicular tissue from control group rats showing normal morphology;

tissue from rats receiving busulfan drug at a dose of 10 mg/kg; Azo+Let: Image of testicular tissue from rats



receiving busulfan drug at a dose of 10 mg/kg along with Letrozole drug; Azo+Cro: Image of testicular tissue from
rats receiving busulfan drug at a dose of 10 mg/kg along with crocin; Azo+Letl+Cro: Image of testicular tissue
from rats receiving busulfan drug at a dose of 10 mg/kg along with Letrozole and crocin simultaneously.

Genes expression:

Based on the results obtained from the 2-24° method of qRT-PCR and two-way ANOVA
analysis, the expression level of the 5-alpha-reductase gene in the azoospermia group was
significantly reduced compared to the control group and other groups (P<0.001).
Additionally, the Azoospermia + Letrozole and Azoospermia + Crocin groups showed a
significant decrease compared to the control group, with the reduction being more
pronounced in the Azoospermia + Letrozole group (P<0.001). Furthermore, the
Azoospermia + Letrozole + Crocin group exhibited a significant increase in the expression
of the 5-alpha-reductase gene compared to the azoospermia group (P<0.001). The
Azoospermia + Letrozole group did not show a significant difference compared to the
azoospermia group (P>0.05). In intergroup comparisons, the Azoospermia + Letrozole +
Crocin group demonstrated a significant increase in the 5-alpha-reductase gene expression
compared to the Azoospermia + Letrozole and Azoospermia + Crocin groups (P<0.005)
(Finger-5). The expression level of the GDNF gene in the azoospermia group was
significantly reduced compared to the control group and other groups (P<0.001).
Additionally, the Azoospermia + Letrozole and Azoospermia + Crocin groups showed a
significant decrease compared to the control group, with the reduction being more
pronounced in the Azoospermia + Letrozole group (P<0.001). Furthermore, the
Azoospermia + Letrozole + Crocin group exhibited a significant increase in the expression
of the GDNF gene compared to the azoospermia group (P<0.001). The Azoospermia +
Letrozole group did not show a significant difference compared to the azoospermia group
(P>0.05). In intergroup comparisons, no significant differences in GDNF gene expression
were observed between the Azoospermia + Letrozole, Azoospermia + Crocin, and
Azoospermia + Letrozole + Crocin groups (P>0.05) (Finger-5).
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Figure -5 The results obtained from the expression levels of the genes GDNF & 5-alpha-reductase in different
groups.

*: Significant differences with the control group (P<0.0001, P<0.005, P<0.5)
#: Significant difference with azoospermia group (P<0.001, P<0.0001)
@: Significant difference with azoospermia + letrozole group (P<0.001,P<0.01,P<0.005)
Activity of Oxidative and Antioxidative Enzymes:

Based on the results obtained from the current study, the total antioxidant enzyme activity
(TOS) in the group (Azoospermia + Letrozole + Crocin) showed a significant decrease



compared to the azoospermia group (P<0.05); however, no significant changes were
observed in the total oxidant enzyme (TAC). The TOS enzyme activity in the Azoospermia
+ Crocin group increased compared to the control group (P<0.005) and decreased
significantly when compared to the azoospermia group (P<0.001). Conversely, TAC
enzyme activity in the Azoospermia + Crocin group decreased compared to the control
group and showed a significant increase compared to the azoospermia group (P<0.005). In
the Azoospermia + Letrozole group, the TOS enzyme activity increased compared to the
control group (P<0.05) but exhibited a significant decrease compared to the azoospermia
group (P<0.001). However, TAC enzyme activity was significantly reduced compared to
the control group (P<0.05) (Figure-6).
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Figure -6 The results obtained from the measurements of total oxidant enzyme activity (TAC)& total antioxidant
enzyme activity (TOC) compared to the control group, the azoospermia group, and the Azoospermia + Letrozole

group.
*: Significant differences with the control group (P<0.0001, P<0.005, P<0.5)

#: Significant difference with azoospermia group (P<0.001, P<0.0001)
Testosterone hormone:

The level of testosterone hormone in the azoospermia group was significantly reduced
compared to the control group (P<0.001). Meanwhile, the testosterone levels in the
Azoospermia + Letrozole and Azoospermia + Crocin groups showed a significant decrease
compared to the control group (P<0.005). Additionally, when comparing the intergroup
differences with the azoospermia group, the testosterone level in the Azoospermia +
Letrozole + Crocin group exhibited a significant increase (P<0.001). In contrast, both the
Azoospermia + Letrozole and Azoospermia + Crocin groups showed a similar increase
(P<0.05) compared to the azoospermia group (Figure-7).
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Finger-7 -The results of the variations in testosterone hormone levels in different groups.
*: Significant differences with the control group (P<0.0001, P<0.005, P<0.5)

#: Significant difference with azoospermia group (P<0.001, P<0.0001)
Discussion:

This study was conducted with the aim of reducing or eliminating the complications arising
from the drug busulfan on the mechanisms of azoospermia. The effects were evaluated
through various assessments involving the simultaneous administration of rats with crocin
and letrozole, which will be elaborated upon in the following sections. Sperm morphology



and semen parameters are considered primary morphological and physicochemical
diagnostic markers of male infertility. These factors are crucial for the development of
appropriate treatment strategies [41]. In examining sperm parameters, combined treatment
with letrozole + crocin caused a significant decrease in sperm motility compared to the
control group and a significant increase compared to the azoospermia group, but in sperm
viability retention did not show any significant differences with other groups. While the
total sperm count in the group treated with letrozole + crocin decreased compared to the
azoospermia group treated with letrozole and significant increased compared to the control
group. These results are consistent with the previous reports [42—43]. This suggests that
while this treatment may have potential effects, it could also impair the motility of sperm
cells under certain conditions [44]. Conversely, the treatment demonstrated a significant
improvement in sperm motility compared to the azoospermia group, indicating that it may
help rejuvenate or enhance motility in cases of azoospermia, at least in terms of the
comparative assessment [45]. This finding is particularly important as it suggests that while
the treatment may reduce motility in a general sense, it can still offer benefits in specific
pathological scenarios [46]. However, when it comes to sperm viability, the study found
that there were no significant differences across the various treatment groups. This lack of
difference implies that while motility may be affected by the combined treatment, the
overall survival of sperm cells does not vary significantly when treated with letrozole and
crocin compared to other groups. Maintaining sperm viability is crucial for fertility, and
the results of this study highlight the need for further research to clarify the complexities
of how such treatments can influence different sperm parameters [47]. Future studies
should also aim to explore the underlying mechanisms contributing to these observed
effects on motility and viability, which could help in optimizing treatment protocols for
male infertility. Gregoriou et al. [48] reported in a study that all sperm parameters increase
after treatment with letrozole due to the rise in gonadotropin and testosterone levels. In
many cases of spermatogenic situations, letrozole treatment improves the number of motile
sperm by increasing the levels of gonadotropin and serum testosterone [49].Crocin is
believed to enhance sperm motility by increasing intracellular calcium levels. Calcium ions
play a crucial role in various cellular processes, including muscle contraction and motility.
In sperm, an increase in intracellular calcium can lead to improved flagellar movement,
which is essential for sperm motility [50]. Also, crocin may also influence the cyclic
adenosine monophosphate (cCAMP) signaling pathway. cAMP is a secondary messenger
that regulates various physiological processes, including sperm motility. By increasing
cAMP levels, crocin can inhibit the activity of phosphodiesterase, an enzyme that breaks
down cAMP. This inhibition can lead to prolonged cAMP signaling, enhancing sperm
motility [51-52]. Given the limited number of cytoplasmic enzymes in sperm cells, the
ability to repair oxidative damage is severely constrained [53]. In this regard, antioxidants
and antioxidant enzymes present in seminal fluid are of special importance and play a key
role in defending against oxidation-induced damage. The results of a study conducted by



Mesbahzadeh et al. [54] confirm these findings and indicate that the presence of crocin can
assist in the motility of immotile sperm. Furthermore, according to a report by Mehdipour
et al. [55], the addition of crocin to the culture medium improves the viability of rooster
sperm. Additionally, other research has shown that the use of crocin can lead to a reduction
in the levels of free radicals and, ultimately, enhance the viability of sperm [56].
Rueangchainikhom et al. [57] concluded that crocin supplementation is effective on sperm
permetries, while El-Sheikh er al. [58] reported the protective effect of crocin on the
AKT/FOXO pathway against testicular toxicity caused by ionizing radiation. Also, in other
studies, it has been found that the use of crocin reduces free radical levels and ultimately
increases sperm viability [59]. In this study, the increase in testosterone levels observed in
the treated group is significant as testosterone is critical for many aspects of male health,
including libido, energy levels, and the maintenance of muscle mass. Moreover,
testosterone plays a pivotal role in sperm production. Therefore, higher testosterone levels
could potentially lead to improved sperm count and motility, offering a promising avenue
for treating male infertility, particularly in cases classified as azoospermia [60-61]. crocin
vessel dilation and increased blood flow, in addition to its antioxidant properties, appear to
be a factor in the increase in testosterone levels in the current study [62]. In fact,
testosterone controls the secretion of the LH hormone from the anterior pituitary through
the negative feedback mechanism. Increased serum testosterone levels from treatment with
crocin indicate the effect of crocin on the hypothalamus-pituitary axis of the testicle [63].
It seems that crocin as one of the main compounds of saffron can enhance the sexual
performance of animal models and increase testosterone levels and play a prominent role
in improving Sperm quality plays. In general, crocin has protective effects that improve
some of the effects of bosulfan-induced azoospermia in reducing sperm count and sperm
abnormalities [64]. Because, busulfan in single doses higher than 10 mg/kg exerts
numerous side effects on the gonads of both sexes, spermatogenesis and natural sperm
production [65]. According to the investigations carried out, busulfan has harmful effects
on the fertility of mice and leads to azoospermia [66].

Recent studies on stromal cells have shown that the myoid surrounding a tube is an
important source of GDNF in the retinal testicle [67], while rats have reported an over-
expression of GDNF «Clusters show undifferentiated spermatogonia [68]. The results of
the molecular analysis indicate that the expression level of the GDNF (Glial-Derived
Neurotrophic Factor) gene exhibited a significant decrease when compared to a control
group but showed a significant increase relative to the azoospermia group. A significant
decrease in GDNF expression in the tested group compared to a control suggests an
impairment in the mechanisms supporting spermatogenesis or testicular function. This
finding may indicate that the physiological or treatment conditions applied to the study
group negatively impacted the regulation of the GDNF gene. It can point toward underlying
issues such as oxidative stress, hormonal imbalances, or disruptions in the



microenvironment of the testes. Conversely, an increase in GDNF expression when
compared to the azoospermia group indicates a potential compensatory mechanism or
recovery due to the treatment or environmental changes encouraging enhanced
spermatogenesis. This result suggests that the interventions tested could be beneficial in
terms of enabling the expression of GDNF, which is essential for supporting sperm
development and potentially improving fertility outcomes. In Khan et al.'s research, it was
shown that crocin improves gene expression related to fertility and fertility potential of
buffalo sperm [69]. Spermatogonia of type A have the potential to modulate their
homeostasis by downregulating GDNF expression when they are sufficiently abundant.
This finding aligns with observations in normal mice, where the removal of germ cells after
exposure to busulfan results in an upregulation of GDNF levels [70]. Garcia et al. also
reported in their research that the mRNA expression of the GDNF gene and the levels of
GDNEF protein per Sertoli cell were significantly decreased in SCO testes [71].

The molecular analysis conducted in the presented study revealed a significant decrease in
the expression levels of the Sa-reductase gene when compared to the control group. A
reduction in Sa-reductase expression could lead to alterations in the androgen environment,
potentially impacting sperm development and maturation and affect the composition of
seminal plasma, possibly influencing fertility [72-73]. on the other hand, impact of
Letrozole on increased testosterone levels might lead to higher 5a-reductase expression,
thereby increasing DHT levels. Elevated DHT can enhance spermatogenesis, which could
be beneficial for men experiencing azoospermia due to low DHT levels [74]. Any
improvement in androgen signaling due to letrozole treatment could potentially reverse
azoospermia in certain contexts [75]. By reducing oxidative damage in Leydig and Sertoli
cells (important cells in the testes), crocin could help maintain or enhance testosterone
production, potentially influencing Sa-reductase activity and expression [76]. While some
studies suggest that certain compounds derived from natural sources can inhibit S5a-
reductase, there is limited direct evidence regarding crocin's specific inhibitory effects.
However, if crocin does exhibit such actions, it could help to modulate DHT levels in
specific contexts [77]. Also, administration of crocin may lead to improvements in various
semen parameters, including sperm count and motility. If crocin helps increase the
proliferation and function of Sertoli cells and enhances testosterone-mediated
spermatogenesis, this could indirectly suggest a supportive role for Sa-reductase [78].

The activity of the TAC enzyme and testosterone hormone in the group treated with
Letrozole and Crocin increased significantly compared to the azoospermia group. In groups
treated with Letrozole or Crocin alone, the activity levels decreased significantly compared
to the control group. The combination treatment demonstrated a synergistic effect,
significantly increasing the activity of TAC and levels of testosterone compared to the
azoospermia group. This suggests that Letrozole and Crocin together enhance antioxidant
capabilities and possibly improve endocrine function, contributing to potentially better



spermatogenic outcomes. Also, the activity of the TOS enzyme decreased significantly in
the group treated with Letrozole and Crocin compared to the azoospermia group. The
significant reduction in TOS enzyme activity in the group treated with Letrozole and
Crocin indicates reduced oxidative stress. Decreasing oxidative stress can be beneficial as
it reduces cellular damage and improves the overall testicular environment, which is crucial
for spermatogenesis. In this regard, Salhshoor et al. reported that crocin possesses
antioxidant and defensive effects, enhancing the quality of certain sperm by improving
morphology, viability, motility, and normal count [56]. Additionally, the positive effects
of crocin on many sperm parameters have been attributed to the increase in testosterone
levels as a result of crocin injection [79]. Moreover, crocin can mitigate the negative effects
of oxidative stress and augment cellular capacity to overcome oxidative stress conditions
by preventing glutathione depletion and enhancing antioxidant capacity [80]. The findings
of Safayedgar et al. were consistent with the results of the present study, indicating that
phytoestrogens like crocin bind to testicular estrogen receptors and stimulate
spermatogenesis through strategies such as increasing epithelial layers and the diameters
of seminiferous tubules and lumens [81]. In other studies, the findings of Asadi et al.
demonstrated that saffron significantly improves the epididymal sperm parameters exposed
to cadmium [82].

The interaction between letrozole and antioxidant enzyme activity has potential
implications for both cancer treatment and fertility [83]. Optimizing letrozole use in women
with oxidative stress-related infertility could enhance reproductive outcomes by balancing
hormone levels and antioxidant activity [84]. Clinical studies have shown the efficacy of
letrozole in enhancing ovulation rates in women with polycystic ovary syndrome (PCOS)
and other forms of ovulatory dysfunction [85]. Compared to clomiphene citrate, letrozole
increases the pregnancy rate for ovulation in women with unexplained infertility [86].
Therefore, letrozole is a potent and selective aromatase inhibitor that inhibits intracellular
aromatase activity. As a result, it can reduce the rate of conversion of testosterone to
estrogen and estrone to androstenedione, subsequently decreasing the negative feedback to
the hypothalamus through the inhibition of aromatization [87]. This leads to an increase in
FSH levels due to the activation of the pituitary axis, as well as an increase in luteinizing
hormone levels, which in turn can enhance spermatogenesis and testosterone levels [88].

Oxidative stress can result in breaks in DNA strands, which negatively affects the
fertilization ability of sperm [89]. This type of fragmentation is associated with
abnormalities in embryos, which can disrupt their development and raise the chances of
early pregnancy loss [90]. Beyond fragmentation, oxidative stress can induce genetic
mutations and chromosomal abnormalities within sperm DNA. These irregularities can
contribute to developmental defects in embryos and increase the risk of miscarriage [91].
The DNA found in sperm cells is particularly susceptible to oxidative damage due to its
high level of compaction and tight packaging, making it vulnerable to reactive oxygen



species (ROS) [92]. This type of damage has been associated with lower fertilization rates,
diminished embryo quality, and a greater likelihood of developmental issues in offspring
[93]. The positive effects of crocin on sperm parameters suggest its potential as a
complementary therapy for male infertility [94]. It might be particularly beneficial in
individuals with oxidative stress-related fertility issues [95]. The mechanisms through
which crocin exerts its effects include modulation of enzymatic activities and gene
expression related to antioxidant defense and reproductive health. Preliminary studies
suggest that crocin can enhance spermatogenesis by promoting the proliferation of germ
cells within the testes [96]. This is particularly crucial for patients with azoospermia, where
sperm production is disrupted [97]. Chronic inflammation can contribute to azoospermia
by 1impacting testosterone production and spermatogenesis [98]. Crocin's anti-
inflammatory effects may mitigate these inflammatory processes, helping restore normal
function [99]. Considering that preliminary findings are promising, further clinical trials
are necessary to fully understand the efficacy and optimal dosing of crocin for enhancing
sperm parameters in various populations. Thus, azoospermia caused by busulfan can lead
to long-term fertility issues. In many cases, men who undergo treatment may not recover
normal spermatogenesis after cessation of therapy. Even those who regain sperm
production may develop oligospermia (reduced sperm count) rather than complete
recovery to normal sperm production levels. The combination of letrozole, an aromatase
inhibitor commonly used for the treatment of hormone receptor-positive breast cancer and
for inducing ovulation, alongside crocin a natural compound derived from saffron with
antioxidant properties could yield beneficial effects on fertility. Therefore, carotenoids in
saffron can directly or indirectly regulate epigenetic changes and change gene expression
profiles. Among the limitations of the research, one can refer to the lack of sample studies
and the mortality of mice during the testing process, which seems essential to address
through further studies and a focus on the precise dosage of crocin and attention to the
related mechanisms of action.

Conclusion

The simultaneous treatment of letrozole and crocin demonstrates a notable potential in
mitigating the effects of busulfan-induced DNA damage. Busulfan, an alkylating agent
known for its DNA-damaging properties, poses significant risks not only to rapidly
dividing cancer cells but also to normal somatic and germ cells, leading to detrimental
reproductive outcomes. In this context, letrozole, an aromatase inhibitor, appears to
synergistically interact with crocin, a bioactive compound derived from saffron, which
possesses antioxidant properties. This combination treatment may work by both enhancing
protective cellular mechanisms and reducing oxidative stress associated with busulfan
exposure. The results indicate that the dual administration of letrozole and crocin could
effectively reduce the extent of DNA damage in cells influenced by busulfan, as observed
through biochemical markers and molecular analyses. This treatment could potentially



restore normal cellular function and fertility parameters that are commonly disrupted by
chemotherapy agents. Further investigation is essential to fully characterize the
mechanisms through which this combined therapy supports DNA integrity and to evaluate
its potential for protecting against reproductive toxicity in clinical settings. Such insights
may lead to improved strategies for preserving fertility in patients undergoing
chemotherapy, ultimately enhancing their quality of life post-treatment.

Data availability:
The data underlying this article will be shared upon reasonable request to the corresponding
author.
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Let Letrozole
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DHT Di hydro testosterone
PCR Polymerase chain reaction
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TOC Total oxidant capacity
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PCOS polycystic ovary syndrome
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