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Introduction 
 
Oligoasthenoteratozoospermia (OAT) is a condi-
tion in which the semen sample has Oligozoo-
spermia, which is low sperm count, Asthenozoo-

spermia, which is poor motility and teratozoo-
spermia, which is abnormal morphology of 
sperm. OAT is the most common kind of male 
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ing sperm cryopreservation and freeze-thawing. 
Methods: RNA-seq was performed using the Galaxy Europe server in IKHC (Imam Khomeini Hospital 
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casp9, apaf-1, SOD, cat, and GPX4 genes were measured using RT-PCR. 
Result: RNA-seq analysis showed increased expression of NANOS1, HSPA6, and ALOXE3 genes, while 
BHLHE41, Hey1, and PPM1D genes were down-regulated in OAT patients' sperm. Curcumin (20 μM) effec-
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infertility. OAT is one of the causes of male in-
fertility, which is accompanied by a decrease in 
the sperms' concentration (15 x 106 sperm/ml) 
and motility (<40%) (1).  
OAT risk factors include varicocele, family histo-
ry (genetics), tobacco, alcohol, age (>45), and 
infections (2). The most important etiology of 
this disease is defects in spermatogenesis result-
ing from DNA fragmentation and mainly trig-
gered by oxidative stress, leading to sperm apop-
tosis (3). Herwig by proteomic analysis of seminal 
plasma showed upregulation of proteins involved 
in the anatomical structure development, stress 
and defense responses, oxidation-reduction, and 
inflammation (3). However, despite the recent 
advances in identifying the pathophysiology of 
OAT, its exact mechanism has not yet been elu-
cidated. Assisted reproductive technique (ART) 
including ‘standard’ IVF therapy recommended 
for OAT patients (4), requires taking sperm from 
patients and cryopreservation. 
 Sperm cryopreservation of OAT patients helps 
fertility (5) and long-term storage of sperm at 
very low temperatures (-196 °C) by inhibiting 
metabolic activities (6). However, during the pro-
cess of freezing and thawing, sperm is damaged. 
For example, recently cryopreservation of OAT 
sperm causes a 1.7-fold increase in head defects 
and the use of these sperm in IVF leads to a de-
crease in fertility (7). During the freezing-thawing 
process of sperm, DNA fragmentation is one of 
the most important reasons for reducing sperm 
viability (8), and oxidative stress and the activa-
tion of the mitochondrial apoptosis pathway play 
central roles in this phenomenon (9). Therefore, 
the use of antioxidant compounds in sperm 
freezing-thawing environments helps to maintain 
sperm parameters.  
Curcumin is a polyphenol isolated from the rhi-
zome of Curcuma longa and has a wide range of 
pharmacological activities such as antioxidant and 
anti-inflammatory effects. In some studies, the 
protective effects of this compound on cryo-
preserved sperms have been reported (10,11). 
Interestingly, the addition of 20 μM Cur to the 
freeze-thawing medium resulted in a significant 
improvement in sperm motility by reducing the 

levels of reactive oxygen species (ROS) and DNA 
fragmentation (12). The antioxidant property of 
Cur plays a role in the effects of semen protec-
tion during cryopreservation (13). Considering 
the improvement of the motility parameter by 
curcumin in the aforementioned studies, this 
compound has the potential to be used in the 
cryopreservation medium of OAT patients' 
sperm.  
Therefore, the current research was carried out 
with the two objectives of RNA-sequencing of 
the OAT patients' sperm to identify the molecu-
lar pathways involved in the pathogenesis of this 
disease and to study the effects of Cur on the 
expression of some genes during sperm cryo-
preservation and freeze-thawing process. 
 

Methods 
 
Sperms preparation 
This study was an interventional experimental 
type, sperms were taken from 30 OAT patients 
referred to the Imam Khomeini Hospital, Teh-
ran, Iran in 2023 and 30 healthy volunteers. Each 
patient is divided to, two test and control groups. 
The WHO guidelines 
(https://pmc.ncbi.nlm.nih.gov/articles/PMC109
29669/pdf/TAJU_22_2298048.pdf ) were used 
for sperm parameters evaluations. The sperm 
viability and viability were detected by light mi-
croscopy and Eosin-Nigrosin staining, respective-
ly. In addition, sperm morphology was evaluated 
by Diff Quick staining and all the data were ana-
lyzed in Casa software.  
The written consent was obtained from all pa-
tients before taking semen samples and was ap-
proved by the ethics committee of Islamic Azad 
University, North Tehran branch 
(IR.IAU.TNB.REC.1403.007). The researchers 
adhered to the Helsinki Declaration while exper-
imenting. 
 
Inclusion and exclusion criteria  
The age between 25 to 45 yr, confirmation of the 
OAT, and 46. XY normal karyotype were the 
inclusion criteria and drug addiction, smoking, 
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intake of antioxidants, alcohol consumption, un-
derlying diseases, and ejaculation less than 3 days 
or more than 5 days were exclusion criteria. 
 
RNA sequencing and analyzing 
The relevant article was selected by searching the 
NCBI website (14) and the raw data was down-
loaded from the SRA Run selector and through 
the Faster Download and Extract Reads tool in 
FastQ by the Galaxy Europe server. The quality 
of the raw data was checked by FastQC Read 
Quality Reports, and the removal of the Illumina 
Universal Adapter and poly A tail was performed 
using Trim Galor and confirmed by FastQC 
Read Quality Reports. In the next step, mapping 
was done using the HISAT2 tool, and after that 
counts were done using the Feature Count tool. 
Finally, using the DESeq2 tool, identified genes 
were determined and changes in expression were 
calculated. 
 
Curcumin preparation 
Curcumin (C21H20O16) was purchased from 
Tabshahr Cop. (Tehran, Iran) and then curcumin 
solutions in the used concentrations (15, 20, and 
25µM) were prepared using 96% ethanol as a sol-
vent. First, a 1000 μmol solution of ethanol was 
prepared, which was used as a stock. Then, a 100 
μmol solution was prepared from a 1000 μmol 
solution. After preparing a 100 μmol solution, 
dilute solutions of 15, 20 and 25 μmol were pre-
pared. We evaluated sperm parameters before 
and after adding curcumin. In each group where 
sperm parameters were better, in that group, to 
prove the positive effects of curcumin was inves-
tigated (12). The concentration of 20 μmol had 
the best sperm parameters. 
 
Treatment procedure 
The sperm sample of each individual was divided 
into four aliquots (107 sperm/mL) (n=30) and in 
the presence of Sperm Freeze Medium 
(KITAZATO, Germany) (ratio 1:1) and curcu-
min (20 μM) were frozen. Before freezing, the 
samples were placed on nitrogen vapor for 5 min 
and then transferred to the nitrogen tank (-196 
°C). Seven days after cryopreservation, the mi-

crovials containing sperm were placed in a water 
container at 37 °C for 5 min immediately after 
being removed from the nitrogen tank, and 
sperm parameters were measured. 
 
Gene expression analysis 
In the present study, the expression levels of bax, 
bak, bcl-2, bclw, casp9, apaf-1, SOD, cat, and GPX4 
genes in sperm samples were studied. First, RNA 
extraction was performed using a Trizol RNA 
extraction kit (Sigma Aldrich) according to the 
manufacturer's instructions. Quantitative and 
qualitative evaluations of the extracted RNA were 
performed. After ensuring the quantity and quali-
ty of the extracted RNA, cDNA synthesis was 
performed using the Yekta Tajhiz kit (Iran) ac-
cording to the manufacturer's instructions. The 
sequences of bax, bak, bcl-2, bclw, casp9, apaf-1, 
SOD, cat, and GPX4 genes primers were designed 
by Primer 3 Plus software. To ensure the cor-
rectness of the designed primers, the sequences 
were searched in the human genome sequence 
using Primer Blast software. In this study, the 
GAPDH gene was used as an internal control 
gene. The sequence of forward and reverse pri-
mers of each study gene is given in Table 1. The 
reaction mixture for RT-PCR included 7.5 µL of 
Syber green, 5 µL of Nuclease-free water, 1.5 µL 
of cDNA, and 1 µL of each of the forward and 
reverse primers. The temperature-time program 
of the device included 1 cycle of 95 °C for 15 
min, 40 cycles of 95 °C for 15 sec, and 60 °C for 
30 sec. Then, the melting curve was checked and 
finally, Ct was calculated from the obtained data, 
and graphs were drawn. Moreover, the samples 
were done duplicate. 
 
Statistical analysis 
After ensuring the normal distribution of the data 
using the One-Sample Kolomogorov-Smirnov 
test, data analysis was performed based on a one-
way analysis of variance (ANOVA) and T-test. 
The Tukey mean comparison at the probability 
level of P<0.05 was utilized for the mean com-
parison. The data analysis was carried out in 
GraphPad Prism V.8 software. The 2-ΔΔCT method 
was used to analyze gene expression data. 
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Table 1: The primer sequences of bax, bak, bcl-2, bclw, casp9, apaf-1, SOD, cat and GPX4 genes 

 
Gene Sequences [5'-3'] 

bcl-2-F ATCGCCCTGTGGATGACTGAGT 

bcl-2-R GCCAGGAGAAATCAAACAGAGGC 

bax-F TCAGGATGCGTCCACCAAGAAG 

bax-R TGTGTCCACGGCGGCAATCATC 

bak-F TTACCGCCATCAGCAGGAACAG 

bak-R GGAACTCTGAGTCATAGCGTCG 

Bclw-F CAAGGAGATGGAACCACTGGTG 

Bclw-R CCGTATAGAGCTGTGAACTCCG 

casp9-F GTTTGAGGACCTTCGACCAGCT 

casp9-R CAACGTACCAGGAGCCACTCTT 

apaf-1-F GCCAAGCAGGAGGTCGATAATG 

apaf-1-R GACCATCCTCAGAAAAGCAGGC 

SOD-F СТСАСТСТСCAGGAGACCATTGC 

SOD-R CCACAAGCCAAACGACTTCCAG 

cat-F GTGCGGAGATTCAACACTGCCA 

cat-R CGGCAATGTTCTCACACAGACG 

GPX4-F TCAGCAAGATCTGCGTGAAC 

GPX4-R CCGGATGCCATAGTCAGGAT 

GAPDH-F CTTTGGTATCGTGGAAGGAC 

GAPDH-R GCAGGGATGATGTTCTGG 

 

Results 
 
Clinical data and Sperms parameters 
There were no significant differences in the mean 
age of control (32.78±6.42) and case 
(34.45±5.91) groups as well as BMI (Control: 
25.3±6.44; Case: 27.49±3.22). However, sperm 
parameters including motility, abnormal mor-
phology, and counts showed significant differ-
ences between groups (P<0.05). The OAT 

sperms' motility (22.20±4.81%) and counts 
(8.6×106 sperms/mL) were lower than healthy 
individuals (motility: 78±18.93%; counts: 
19.34×106+ sperms/mL), but sperms viability 
showed no significant differences between 
groups (P>0.05). on the other hand, sperm with 
abnormal morphology was significantly higher in 
OAT patients (97.20±1.48%) than in control 
ones (18.48±7.96%) (Table 2). 

 
Table 2: The clinical data and Sperms' parameters of control (healthy) and case (OTA) subjects 

 
Variables Control (n=30) Case (n=30) P-value 

Age 32.78±6.42 34.45±5.91 0.638 

BMI 25.3±6.44 27.49±3.22 0.614 

Sperm viability (%) 97.23±2.48 95.22±4.52 0.243 

Sperm motility (%) 78-18.93 22.20±4.81 <0.0001 

Sperm abnormal mor-
phology 

18.48±7.96 97.20±1.48 <0.0001 

Sperm counts 
(sperm/mL) 

19.34×106 8.6×106 <0.0001 
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RNA-seq 
The differences in gene expressions of healthy 
individuals and OAT patients were studied and 
the results indicated the identification of 3852 
genes. Among these numbers, 1988 genes were 
down-regulated and 1864 genes were up-

regulated in OAT patients compared to controls. 
The genes that showed the most overexpressions 
or downregulations are listed in Table 3. Moreo-
ver, based on the obtained data, volcano and 
heatmap plots were drawn, which are shown in 
Fig. 1. 

 

 
Fig. 1: The differentially expressed genes (DEGs) in OAT and healthy sperms. a) Volcano plot; grey and blue dots 

show non-significant and significant DEGs, respectively. (b) Heatmap of DEGs 

 
Table 3: The 10 most overexpressed and downregulated genes in OAT patients 

 
Overexpressed Downregulated 

NO Gene LogFC P-value Gene LogFC P-value 

1 NANOSI 7.4286 1.65E-277 BHLHE41 -1.8203 1.29E-14 

2 HSPA6 2.9236 1.90E-89 HEY1 -1.4596 6.25E-18 

3 ALOXE3 2.4153 8.23E-46 PPMID -1.4463 8.02E-16 

4 AC106774.4 1.6615 3.27E-23 DUSP1 -1.4184 5.55E-13 

5 PHRF1 1.6151 1.30E-15 ZNF14 -1.3881 9.81E-09 

6 IFNL1 1.5669 2.04E-10 SGK1 -1.3815 4.34E-24 

7 CHAC1 1.4927 3.21E-14 PRDM1 1.3531 4.80E-12 

8 PRAMEF12 1.4196 6.17E-12 CXCR4 -1.3461 1.89E-13 

9 DISP2 1.4137 8.97E-17 FEMIC -1.2845 2.67E-08 

10 ISG15 1.4077 9.21E-22 ZNF608 -1.2667 1.61E-10 

LogFC: log fold change 

 
Curcumin effects on Cryopreserved healthy 
and OAT sperms 
Sperm parameters 
Sperm cryopreservation reduced sperm parame-
ters including viability (Fig. 2a) and motility (Fig. 
2c) in both healthy and OAT subjects, but ab-
normal morphology (Fig. 2b) was increased only 

in control. The supplementation of freeze-
thawing medium with 20 µM curcumin prevented 
the reduction of sperm viability and motility and 
the increase of abnormal sperms in control. 
However, this natural product only prevented 
sperm motility losses in OAT patients (Fig. 2c).
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Fig. 2: The effects of supplementation of freeze-thawing medium with 20 µM curcumin on the sperms' viability (a), 

abnormal morphology (b), and motility (c) of healthy and OTA patients. *P<0.05Befor; **P<0.01Befor; 
****P<0.0001Befor; $P<0.05cryopreservation; $$$$P<0.0001cryopreservation 

 
Gene expression analysis 
Healthy individuals' sperms cryopreservation 
medium supplemented with 20 µM Cur down-
regulated significantly bax (Fig. 3a, P=0.048) and 
casp9 (Fig. 3e, P=0.022) genes expressions com-
pared with untreated ones. Besides, there were 
non-significant reductions in bak (Fig. 3b) and 
apaf-1 (Fig. 3f) gene expression in healthy sperms 
cryopreserved in a medium supplemented with 
20 µM Cur compared to untreated sperms. How-
ever, significant overexpression of bcl-2 was seen 
in the healthy individuals’ sperms cryopreserved 
in a medium supplemented with 20 µM Cur 

compared to untreated sperms (Fig. 3c, P=0.018). 
OAT patients’ sperms cryopreserved in a medi-
um supplemented with 20 µM Cur showed signif-
icant downregulations of bak (Fig. 3b, P<0.01), 
casp9 (Fig. 3e, P=0.004) and apaf-1 (Fig. 3f, 
P=0.036) expressions compared untreated OAT 
sperms. However, bcl-2 significantly overex-
pressed in OAT sperms cryopreserved along with 
20 µM Cur (P=0.011). There were no significant 
differences in the bax and bclw expressions in 
OAT sperms cryopreserved in a medium sup-
plemented with 20 µM Cur compared to untreat-
ed ones (P>0.05).
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Fig. 3: The effects of supplementation of freeze-thawing medium with 20 µM curcumin (Cur) on the expression 

levels of bax (a), bak (b), bcl-2 (c), bclw (d), cap9 (e), and apaf-1 (f) genes of healthy and OAT patients' sperms. 

 
We studied the three major genes involved in an-
ti-oxidant defense response, SOD, Cat, and 
GPX4, in sperms of healthy and OAT patients 
cryopreserved for 7 days and the results showed 
overexpression of both SOD and GPX4 in 

sperm' cryopreserved in medium supplemented 
with 20 µM Cur compared with untreated ones in 
healthy and OAT patients (Fig. 4a, c). However, 
there were no significant differences in cat gene 
expression (Fig. 4b).
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Fig. 4: The effects of supplementation of freeze-thawing medium with 20 µM curcumin (Cur) on the expression 

levels of SOD (a), cat (b), and GPX4 (c) genes of healthy and OAT patients' sperms 

 

Discussion 
 
In the comparison between the studied genes, the 
increase in the expression of some genes and the 
decrease in the expression of others can have a 
significant effect on male spermatogenesis. By 
knowing these genes and their effect on the pro-
cess of male infertility and the positive effect of 
curcumin on maintaining healthy sperms, it is 
possible to increase the human population. In the 
sperm of OAT patients, we detected the highest 
amount of overexpressions in NANOS1, 
HSPA6, and ALOXE3 genes and the highest 
number of downregulations in BHLHE41, 
HEY1, and PPM1D genes using RNA-seq bioin-
formatics tools.  
NANOS1 is a key gene in spermatogenesis (15) 
and it has been found that 
p.Pro77_Ser78delinsPro and p.Ala173del muta-
tions in this gene are related to the development 
of severe OAT (16). Although NANOS2 and 
NANOS3 knockouts were associated with infer-
tility (17). However, recently, NANOS has been 
shown to play an inhibitory role in apoptosis 
(18). In the present study, the most upregulated 
gene in RNA-seq analysis in the sperm of OAT 
patients was NANOS1, which seems to prevent 
the apoptosis of the sperm cells of these patients. 
Nevertheless, although the expression of this 
gene was the highest in the OAT patients’ 

sperms, it seems that it could not prevent the de-
crease in the viability of sperm cells. 
The second most upregulated gene in sperms of 
OAT patients was HSPA6. This gene belongs to 
the heat shock protein member and is activated 
as a result of heat exposure. HSPA6 is expressed 
more under stressful conditions and is not de-
tected under normal conditions (19). Its expres-
sion is associated with the improvement of cell 
viability (20), its high expression in the sperm of 
OAT patients indicates the defensive response of 
cells to stressful conditions, especially oxidative 
stress, which is one of the reasons for the death 
of sperm cells.  
The protein produced by the ALOX3 gene is 
arachidonate lipoxygenase 3, which is involved in 
the lipid peroxidation of the cell membrane (21). 
The overexpression of this gene in the sperm of 
OAT patients indicates the strong activation of 
the lipid peroxidation of the sperm membrane, 
which leads to the death of sperm cells. ALOX3 
overexpression in the sperm of OAT patients can 
explain the decrease in sperm viability in these 
patients compared to healthy subjects in this 
study.  
The BHLHE41 gene is involved in cell differen-
tiation and any disruption in the expression of 
this gene results in cell differentiation disorders 
(22, 23). We, herein, showed the downregulation 
of BHLHE41 in the OAT sperms by RNA-seq 
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analysis, explaining the increases in the abnormal 
sperm morphology of these patients.  
Hey1 plays a central role during the process of 
spermatogenesis, and the binding of BIOP to the 
Orange domain of Hey1 is involved in the devel-
opment of sperm cells (24). The expression of 
this gene has been reported in all testicular cells 
(24), and in the present study, its downregulation 
in the sperm of OAT patients can justify the re-
duction of sperm parameters in these patients. 
PPM1D is one of the key elements in the regula-
tion of spermatogenesis and its defect is associat-
ed with defects in this process (25). This gene is 
expressed in most tissues and its expression re-
duction is related to defects in immune responses 
and spermatogenesis (25). Therefore, the down-
regulation of PPM1D can explain the reduction 
of sperm parameters in OAT patients in the cur-
rent study (26,27).  
In this study, 20 μM Cur could prevent the de-
creases in viability and motility and increase in 
abnormal sperm morphology in cryopreserved 
sperm of healthy individuals (28). However, in 
OAT sperms only motility was significantly im-
proved. The improvement of sperm parameters 
by adding 20 μM Cur was reported previously, 
which is in line with the current study findings 
(12). To better understand the action mechanism 
of the protective effects of Cur on the cryo-
preserved sperm, we focused on the expression 
of genes involved in the apoptosis process and 
antioxidant defense response. The results of this 
section indicated the effect of Cur on the expres-
sion of pro-apoptotic (bax and bak), anti-
apoptotic (bcl-2), casp9, and apaf-1 genes. Both 
Casp9 and Apaf-1 are involved in the formation 
of the apoptosome complex (29). The release of 
cytochrome c, which indicates the beginning of 
the apoptosis process, and its binding to Apaf-1 
leads to the formation of apoptosome and the 
activation of apoptosis (30). The release of cyto-
chrome c from the mitochondrial outer mem-
brane and its entry into the cytoplasm is regulated 
by bcl-2 family proteins (31). In stress conditions 
such as oxidative stress leading to DNA damage, 
BH3-only proteins such as bad and bim are acti-
vated and cause inactivation of Bcl-2 and Bclw 

proteins and activation of pro-apoptotic proteins 
Bax and Bak (32). This results in the release of 
cytochrome c and cell apoptosis. Therefore, the 
decrease in the expression of the pro-apoptotic 
genes bax and bak, and the increase in the expres-
sion levels of the anti-apoptotic gene bcl-2 and as 
a result casp9 and apaf-1 in the sperms of OAT 
patients and healthy individuals after cryopreser-
vation and treated with Cur indicate the preven-
tion of the reduction of cell apoptosis during the 
freeze-thawing process by this natural product. 
Finally, our results showed overexpression of 
SOD and GPX4 genes in cryopreserved sperms 
of the healthy and OAT subjects treated with 
Cur, showing improvement in the anti-oxidant 
responses for oxidative stress induced by the 
freeze-thawing process. The overexpression of 
GPX4 in the cryopreserved sperms by adding 20 
µM Cur to the freeze-thawing medium was re-
ported recently (12), which is in line with the cur-
rent research findings. Cur can reduce oxidative 
stress during the freeze-thawing process by im-
proving anti-oxidant defense response. 
 

Conclusion 
 

The upregulations of NANOS1, HSPA6, and 
ALOXE3 genes and the downregulations of 
BHLHE41, HEY1, and PPM1D genes may be 
involved in the pathogenesis of OAT. Further-
more, the supplementation of freeze-thawing 
medium with 20 µM Cur is strongly recommend-
ed for OAT and healthy subjects sperm cryo-
preservation. To complete this plan, other genes 
can also be studied or the same population ex-
panded. And by reducing the male infertility rate, 
society can be pushed towards the youth of the 
population and childbearing. In addition, the 
process of sperm freezing can be a solution to 
the treatment of some men's diseases. This plan 
is a way to prevent male infertility and reduce its 
rate in the human population. 
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