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Methods: In this interventional study, the semen of 10 men referred to Tehran
infertility center who had normal sperm parameters according to international health
standards were used. The samples were analyzed and monitored according to the
standard of the World Health Organization. Each seminal fluid sample was further
divided into three parts. The control group was frozen without any intervention. The
toxicity test group was mixed with 10 uM curcumin and the experimental group was
mixed with 10 uM curcumin and then frozen and thawed, then, the findings were
analyzed in SPSS software version 25.

Results: Based on the obtained findings from this study, it was found that in the
curcumin freezing group, the viability is significantly more favorable than the control
group. (P<0.05) The results also showed that the progressive sperm motility in the
freezing group with Curcumin increased significantly and non-progressive motility
of sperm significantly decreased. On the other hand, the normal morphology of
sperms in the curcumin frozen group did not show a significant difference compared
to the control group (P-Value<0.05). the amount of ROS production in the control
group after thawing is significantly increased compared to the toxicity and curcumin
test group (P<0.001), the amount of lipid peroxidation in the control group after
thawing compared to the toxicity and curcumin test group as has increased
significantly.

Conclusion: Based on the findings of this study, it can be said that curcumin at a
dose of 10 uM can effectively improve the parameters of human sperm after freezing
and thawing.
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Extended Abstract

Introduction

Male fertility preservation has become an essential component of assisted reproductive technologies (ART), particularly
in cases of cancer treatment, infertility management, and fertility planning prior to medical or surgical interventions.
Cryopreservation of human sperm is widely used to preserve male reproductive potential; however, despite significant
technical advances, the freezing and thawing process remains associated with considerable cellular and molecular
damage. One of the main limitations of sperm cryopreservation is the decline in post-thaw sperm quality, including
reduced motility, viability, membrane integrity, and increased DNA fragmentation. Oxidative stress is recognized as a
major contributor to cryodamage during sperm freezing and thawing. During this process, sperm cells are exposed to cold
shock, osmotic stress, and ice crystal formation, all of which promote excessive production of reactive oxygen species
(ROS). Although low levels of ROS are necessary for normal sperm function, excessive ROS generation leads to lipid
peroxidation of sperm membranes, mitochondrial dysfunction, protein oxidation, and impairment of sperm motility and
survival. Given that spermatozoa possess limited cytoplasmic antioxidant defenses, they are particularly vulnerable to
oxidative damage. To address this challenge, the use of exogenous antioxidants has been proposed as a protective strategy
to improve post-thaw sperm quality. Antioxidants can neutralize free radicals, enhance endogenous antioxidant systems,
and reduce oxidative stress-induced cellular injury. Among various antioxidants, curcumin has attracted increasing
attention due to its potent antioxidant, anti-inflammatory, and cytoprotective properties. Curcumin is a natural
polyphenolic compound derived from the rhizome of Curcuma longa (turmeric) and has been extensively studied in
biomedical research. Curcumin exerts its antioxidant activity through multiple mechanisms, including direct scavenging
of ROS, inhibition of lipid peroxidation, upregulation of antioxidant enzymes, and modulation of intracellular signaling
pathways involved in oxidative stress. Several experimental studies, particularly in animal models, have demonstrated
the beneficial effects of curcumin on sperm parameters such as motility, viability, DNA integrity, and membrane stability.
However, the effects of curcumin on human sperm during cryopreservation remain insufficiently explored, and available
data are limited and sometimes inconsistent. Therefore, the present study aimed to investigate the effect of curcumin
supplementation at a concentration of 10 uM on human sperm parameters following freezing and thawing. Specifically,
this study evaluated sperm viability, motility patterns, morphology, oxidative stress markers, lipid peroxidation, and
antioxidant status. By focusing on human semen samples and standardized cryopreservation protocols, this research seeks
to provide clinically relevant evidence regarding the potential role of curcumin as a protective antioxidant in sperm
cryopreservation.

Methods

In this interventional study, the semen of 10 men referred to Tehran infertility center who had normal sperm parameters
according to international health standards were used. The samples were analyzed and monitored according to the standard
of the World Health Organization. Each seminal fluid sample was further divided into three parts. The control group was
frozen without any intervention. The toxicity test group was mixed with 10 pM curcumin and the experimental group was
mixed with 10 uM curcumin and then frozen and thawed, then, the findings were analyzed in SPSS software version 25.

Results

Based on the obtained findings from this study, it was found that in the curcumin freezing group, the viability is
significantly more favorable than the control group. (P<0.05) The results also showed that the progressive sperm motility
in the freezing group with Curcumin increased significantly and non-progressive motility of sperm significantly
decreased. On the other hand, the normal morphology of sperms in the curcumin frozen group did not show a significant
difference compared to the control group (P-Value<0.05). the amount of ROS production in the control group after
thawing is significantly increased compared to the toxicity and curcumin test group (P<0.001), the amount of lipid
peroxidation in the control group after thawing compared to the toxicity and curcumin test group as has increased
significantly.

Conclusion

The findings of the present study demonstrate that curcumin supplementation at a concentration of 10 pM exerts a
protective effect on human sperm parameters following freezing and thawing. Notably, sperm viability and progressive
motility were significantly improved in the curcumin-treated freezing group compared to the control group, while the
percentage of non-progressive and immotile sperm was reduced. These results suggest that curcumin can effectively
mitigate cryopreservation-induced damage and enhance post-thaw sperm quality. One of the most important mechanisms
underlying sperm cryodamage is oxidative stress, which is characterized by excessive production of reactive oxygen
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species. In the current study, ROS levels were significantly elevated in the control group after thawing, whereas curcumin-
treated samples exhibited markedly lower ROS production. This finding is consistent with previous reports indicating
that curcumin acts as a potent free radical scavenger and suppresses oxidative stress during cellular injury. Reduced ROS
levels contribute directly to the preservation of sperm motility and viability, as oxidative stress negatively affects
mitochondrial activity and flagellar movement. In addition to ROS reduction, curcumin significantly influenced
intracellular antioxidant balance. The control group showed increased levels of oxidized glutathione (GSSG) and
decreased levels of reduced glutathione (GSH) after thawing, indicating oxidative imbalance. In contrast, curcumin
treatment preserved GSH levels and limited GSSG accumulation, suggesting that curcumin supports endogenous
antioxidant defense mechanisms. Since glutathione plays a central role in cellular redox homeostasis, maintaining an
optimal GSH/GSSG ratio is critical for sperm survival under cryogenic stress. Lipid peroxidation, measured via
malondialdehyde (MDA) levels, was also significantly higher in the control group after thawing, reflecting severe
oxidative damage to sperm membranes. Curcumin treatment significantly reduced lipid peroxidation, indicating effective
protection of membrane lipids. Preservation of membrane fluidity is essential for sperm motility, acrosome reaction, and
fertilization capability; therefore, the observed reduction in lipid peroxidation further supports the beneficial role of
curcumin in sperm cryopreservation. Interestingly, sperm morphology did not differ significantly between the curcumin-
treated and control groups. This finding suggests that while curcumin effectively protects functional and biochemical
sperm parameters, it may have limited influence on structural abnormalities induced during cryopreservation. In
conclusion, the results of this study indicate that curcumin at a dose of 10 uM can significantly improve post-thaw human
sperm viability, motility, and antioxidant status while reducing oxidative stress and lipid peroxidation. These findings
support the potential use of curcumin as a safe and effective antioxidant supplement in sperm cryopreservation media.
Nevertheless, further studies with larger sample sizes and clinical fertility outcomes are recommended to confirm these
results and establish standardized protocols for clinical application.
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