
Original Article 

135

Evaluation of The Relationship among The Levels of SIRT1 and 
SIRT3 with Oxidative Stress and DNA Fragmentation in 

Asthenoteratozoospermic Men

Abolfazl Nasiri, M.Sc.1, Asad Vaisi-Raygani, Ph.D.2*, Zohreh Rahimi, Ph.D.3, Mitra Bakhtiari, Ph.D.2, 
Fariborz Bahrehmand, Ph.D.3, Amir Kiani, Ph.D.4, Hadi Mozafari, Ph.D.3, Tayebeh Pourmotabbed, Ph.D.5

1. Students Research Committee, Kermanshah University of Medical Sciences, Kermanshah, Iran
2. Fertility and Infertility Research Center, Health Technology Institute, Kermanshah University of Medical Sciences, 

Kermanshah, Iran
3. Medical Biology Research Center, Health Technology Institute, Kermanshah University of Medical Sciences, Kermanshah, Iran

4. Regenerative Medicine Research Center, Kermanshah University of Medical Sciences, Kermanshah, Iran
5. Department of Microbiology, Immunology, and Biochemistry, University of Tennessee Health Science Center, Memphis, TN, 

USA 

Abstract 
Background: Reactive oxygen species (ROS) play a crucial role in etiology of DNA fragmentation and lipid peroxi-
dation in sperm, leading to infertility in men. The silent information regulators SIRT1 and SIRT3 are members of the 
sirtuins protein family known to be involved in cancer genetics, aging and oxidative stress responses. The aim ofthis 
study is to determine the correlation between SIRT1 and SIRT3 with antioxidants, oxidative stress biomarkers, and 
DNA fragmentation in the semen of asthenoteratozoospermic and normozoospermic men.

Materials and Methods: In this case-control study, after spermogram analysis the specimens were divided into 
two groups, normozospermic (n=40) and asthenoteratozoospermic (n=40), according to World Health Organization 
(WHO) standards. Sperm DNA fragmentation was evaluatedusing the sperm chromatin dispersion (SCD) test.Catalase 
activity was measured using the Aebi spectrophotometeric method. Total antioxidant capacity (TAC) level and super-
oxide dismutase (SOD) activitywere measured by using commercially available colorimetric assays. Enzyme-linked 
immune sorbent assay (ELISA) was used to measure SIRT1 and SIRT3 protein levels of seminal plasma. Malondial-
dehyde (MDA) level in seminal plasma was determined by high-performance liquid chromatography (HPLC).

Results: The asthenoteratozoospermic group had significantly lower catalase and SOD activities and TAC levels in 
comparison with the normozoospermic group (P<0.001).The percentage of DNA fragmentation and MDA level in the 
asthenoteratozoospermic group were remarkably higher than in the normozoospermic group. The SIRT1 and SIRT3 
protein levels in seminal plasmawere remarkably lower in asthenoteratozoospermic group than the normozoospermic 
group (P<0.001).

Conclusion: The results of this study suggest that SIRT1 and SIRT3 protein levels are negatively correlated with 
oxidative stress and DNA fragmentation in semen. The low levels of SIRT1 and SIRT3 in asthenoteratozoospermic 
men may lead to an increase in oxidative stress, DNA fragmentation, and lipid peroxidation that eventually result in 
immotile and immature spermatozoa (asthenoteratozoospermia).
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Introduction

Up to 15 percent of couples are infertile and male infer-
tility includes more than 40% of all infertility cases (1). 
DNA fragmentation and membrane lipid peroxidation 
have been regarded as influential factors inthe etiology 
of male infertility. Many studies have attributed oxidative 
stress to the DNA fragmentation in men. Many studies 
suggest that ROSa clue in etiology of DNA fragmenta-
tion and lipid peroxidation. In pathologic conditions, the 

generation of ROS exceeds the enzymatic [glutathione 
peroxidase (GPx), superoxide dismutase (SOD) and cata-
lase] and non-enzymatic (glutathione and vitamins A, E, 
C) antioxidant capacities in seminal plasma, resulting in 
lipid peroxidation and DNA fragmentation (2, 3).

Sirtuins family, which are also referred to as the silent 
information regulators, are nicotinamide adenine dinu-
cleotide (NAD)-dependent class III histone deacetylase 
enzymes, which are present in a wide range of microor-
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ganisms from bacteria to humans (4). Generally, sirtuins 
are involved in various biological and physiological func-
tions, including resistance to oxidative stress, DNA repair, 
apoptosis and the control of metabolic enzymes (5-7). In 
mammals, seven sirtuins have been discovered, ranging 
from SIRT1 to SIRT7. SIRT1 and SIRT2 exist in the cy-
toplasm and nucleus, while SIRT6 and SIRT7 are located 
only in the nucleus. SIRT3, SIRT4, and SIRT5 are known 
as mitochondrial sirtuins (8).

Among mammalian sirtuins, the SIRT1 and SIRT3 are 
well characterizedand are reported to play a role in oxi-
dative stress responses (6, 9, 10). SIRT1 that regulates 
proinflammatory mediators by deacetylating histone and 
non-histone proteins,enhances the levels of SOD2, GPx 
and catalase through activation of p53, FOXO3a and 
PGC1 transcription factors (11, 12). SIRT3 is the major 
mitochondrial deacetylase that regulates the enzymatic 
activity of critical metabolic enzymes in biochemical 
pathways, such as the tricarboxylic acid (TCA) cycle 
and electron transport chain, and it reduces oxidative 
stress. 

Studies have shown that deacetylation of SOD2 and cat-
alase by SIRT3 increases their catalytic activities. In ad-
dition, the catalytic activity of SOD2 is diminished when 
SIRT3 is deleted (13). Thus, SIRT3 regulates the levels 
of cytoplasmic and mitochondrial ROS and regulates the 
complex III of chain reaction, one of the main source of 
ROS production (14).

Testes express high levels of sirtuins (15). It has been 
shown that SIRT1 is involved in male germ cell devel-
opment during the spermatogenesis (16, 17) and that 
Sirt1 knockout mice become completely infertile. A de-
crease in SIRT1 expression causes defects in acrosome 
formation and consequently changes in sperm morphol-
ogy (18). However, the relationship between SIRT1 and 
SIRT3, especially, with oxidative stressin the semen and 
male infertility is largely unclear.Considering the an-
tioxidant roles of SIRT1 and SIRT3, we hypothesized 
that SIRT1 and SIRT3 may play a contributory role in 
the ROS damage (lipid peroxidation, and DNA frag-
mentation) of sperms, and the aim of this study was to 
determine the association of SIRT1 and SIRT3 expres-
sion with oxidative stress, lipid peroxidation, and DNA 
fragmentation in asthenoteratozoospermia compared to 
normozoospermia.

Materials and Methods

Study participants and sample collection
The present research is a case-control study. The 

study was confirmed by the Research Ethical Commit-
tee of Kermanshah University of Medical Sciences (IR.
KUMS.REC.1397.353). Informed consent was received 
from all participants before sample collection. The ex-
clusion criteriawere leukocyte concentration >0.8×106 

per milliliter of ejaculation (highly increased leukocyte 
count leads to the formation of oligozo and azospermia 

in the samples. Specimens with cytoplasmic droplets 
>50% and round sperm>106 per milliliter, samples with 
an infection such as bacteria or viruses, hyperviscous 
samples, samples from subjects with a history of smok-
ing and/or diseases (varicocele, diabetes mellitus, hy-
pertension, and chronic diseases) were also excluded 
from the study. Semen samples from 80 healthy do-
nors, aged between 22-45 years, were obtained from 
the individuals referred to Moatazedi Infertility Center 
by masturbation after 3 days of sexual abstinence. The 
semen samples were analyzed macroscopically (physi-
cal appearance, volume, and pH) and microscopically 
(count, motility, and morphology) according to WHO 
(2010) recommendations within 1 hour after sample 
collection (19). In addition to spermogram, morphol-
ogy was determined by Diff-Quik staining and was 
graded according to the Kruger’s strict criteria and 
cutoff value established by WHO (2010) guideline. 
Motility was determined and categorized (progressive 
spermatozoa, non-progressive spermatozoa and immo-
tile spermatozoa) by movements of 100spermatozoa. 
After spermogram analysis (especially morphology 
and motility). Specimens were divided into two groups, 
normozospermic (n=40) and asthenoteratozoospermic 
(n=40) based on the WHO standards.

One hundred microliters of each semen sample was used 
for DNA isolation and the seminal plasma was separated 
from the remaining portion of the semen samplesby cen-
trifugation at 600 g for 10 minutesand stored at -80°C for 
subsequent measurements ofoxidative stress biomarkers 
[malondialdehyde (MDA), catalase, SOD, and total anti-
oxidant capacity (TAC)] and SIRT1 and SIRT3 proteins. 

Antioxidants and oxidative stress biomarkers
Measurement of malondialdehyde

The level of lipid peroxidation in seminal plasma was 
determined according to the MDA levels, which were de-
termined by reverse phase high-performance liquid chro-
matography (HPLC) (Agilent Technologies1200 Series) 
with a fluorescence detector using EC 250/4.6, Nucleo-
dur100–5 C18ec column (Macherey-Nagel, Duren, Ger-
many); mobile phase 60:40 V/V of methanol: buffer (50 
mM potassium monobasicphosphate buffer with pH=6.8);  
detection, Ex515-Em555 (20).

Measurement of catalase activity
The activity of seminalplasma catalase was determined 

according to Aebi et al. (21). Catalase degrades hydro-
gen peroxide (H2O2). The basis of this method is a direct 
measurement of the reduction of H2O2 absorption by cata-
lase activity at 240 nm wavelength, which is ultimately 
expressed as Enz. Ut/l.

Measurement of superoxide dismutase activity
The activity of seminalplasma SOD was determined 

by colorimetric assay (Kiazist SOD kit, Kiazist, Iran). 
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The main principle in the management of this labora-
tory method is the production of superoxide radicals 
by xanthine oxidase. These radicals react with resa-
zurin to produce resorufindye, which is detectable at 
570 nm (Ex/Em=575/585). The SOD activity is then 
calculated as the percentage of reduction in resazurin 
production. A unit of SOD activity was described as 
the amount of SOD reducing production of resazurin 
by 50%. 

Measurement of total antioxidant capacity
TAC was measured by Kiazist TAC kit (Kiazist, Iran). 

This protocol employs the ferric reducing antioxidant 
power (FRAP) method, which is relying on the reduction 
of the ferric tripyridyltriazine to the ferrous tripyridyltria-
zine along with a color production visible at 450 nm.

Measurement of SIRT1 and SIRT3
Concentrations of SIRT1 and SIRT3 in the semen sam-

ples were measured by enzyme-linked immune sorbent 
assay (ELISA) kit (Eastbiopharm, Hangzhou, USA). 

Assessment of sperm DNA fragmentation
Halosperm kit INDAS Laboratories was used to eval-

uated DNA fragmentation using the sperm chromatin 
dispersion (SCD) test. In an SCD test, the spermato-
zoa containing non-fragmented DNAdisplaya large and 
spotty halo dispersed DNA loops, while the spermato-
zoa with fragmented DNA show very small or no halos 
(22). 

Statistical analysis
The data are shown as mean ± standard deviation (SD) 

and analyzed by using statistical software SPSS (version 
16, Chicago, IL). The normality of variables are analyzed 
by Kolmogorov-Smirnov test. The student’s t test was 
used for comparisons of the parameters in asthenotrato-
zoospermic and normozoospermic groups. Pearson’s cor-
relation coefficient was evaluated for correlation among 
the variables. A probability (P) value less than 0.05 was 
considered statistically significant. 

Results

The results of the variable parameters including age, 
body mass index (BMI) and routine semen analysis are 
summarized in Table1. As expected, sperm morphology in 
asthenoteratozoospermic group was abnormal and sperm 
motility in asthenoteratozoospermic group was remarka-
bly lower than in the normozoospermic group (P<0.001). 

Level of antioxidants and oxidative stress biomarkers 
in seminal plasma
Asthenoteratozoospermic groups had lower levels of cat-
alase (P<0.001), SOD (P<0.001), and TAC (P<0.001) and 
higher levels of MDA (P<0.001) in seminal plasma com-
pared to the normozoospermic group (Table 2).    

Table 1: Baseline characteristics of the age, BMI and semen parameters

Parameters Groups P value

Normozoospermia
 n=40

Asthenoterato-
zoospermia 
n=40

Age (Y) 34.67 ± 5.37 35.65 ± 4.82 0.396
BMI 
(Kg M-2) 27.40 ± 3.20 26.42 ± 3.55 0.201

pH 7.54 ± 0.11 7.50 ± 0.14 0.176
Volume 
(ml) 3.35 ± 0.21 3.31 ± 0.52 0.821

Concentration 
106 per ml) 43.37 ± 9.41 35.72 ± 5.62 0.001*

Motility (%) 23.37 ± 2.54 16.75 ± 2.65 0.001*

Morphology 
(%) 7.00 ± 1.12 3.9 ± 1.2 0.001*

The data are shown as mean ± SD. *; P value<0.05, significant difference among the 
groups and BMI; Body mass index. 

Table 2: Comparison of seminal plasma antioxidants and oxidative stress 
biomarkers

Parameters Groups P value

Normozoospermia
n=40

Asthenoterato-
zoospermia 
n=40

MDA 
(µmol/L) 0.75 (0.52-1.12) 2.12 (1.51-3.01) 0.001*

Catalase 
(U/ml) 20.18 (13.36-30.06) 9.04 (2.22-13.36) 0.001*

SOD (U/ml) 23.48 (20.23-26.19) 12.08 (9.52-14.28) 0.001*

TAC (mM) 2.14 (1.84-2.40) 1.20 (0.97-1.40) 0.001*

Data are presented as median and interquartile range (IQR). *; P<0.05, significant differ-
ence among the groups, MDA; Malondialdehyde, SOD; Superoxide dismutase, and TAC; 
Total antioxidant capacity.

DNA fragmentation
The spermatozoa with DNA fragmentation had small 

haloes or no haloes at all, whereas spermatozoa with no 
DNA fragmentation showed large haloes of chromatin, 
as shown in Figure 1. The percentages of spermatozoa 
cells with fragmented DNA were 20.97% (17.00-24.00) 
and 36.1% (34-38.75) in normozoospermicand and asthe-
notratozoospermic groups, respectively. DNA fragmenta-
tion was significantly (P<0.001) higher in the asthenoter-
atozoospermic group compared to the normozoospermic 
group (Fig.2).

SIRT1 and SIRT3
The protein levels ofSIRT1 and SIRT3 weresignificant-

ly (P<0.001) low in the asthenoteratozoospermic group 
compared to the normozoospermic group. The amount of 
SIRT1 protein in the asthenoteratozoospermic and nor-
mozoospermic groups were 5.1 ± 0.59 ng/ml and 7.02 ± 
0.62 ng/ml , respectively. The amounts of SIRT3 protein 
in asthenoteratozoospermic and normozoospermic groups 
were 3.20 ± 0.21 ng/ml and 4.28 ± 0.32  ng/ml, respec-
tively (Figs.3, 4).
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Fig.1: Visualization of DNA fragmentation in sperm samples using the 
SCD test. Photographs were taken under light microscopy (×50) (Olympus 
BX- 40, Olympus U-RFL-T, and Tokyo, Japan). The spermatozoa with DNA 
fragmentation show the lack or small haloes of chromatin (left), whereas 
these haloes were detected as larger spheres in spermatozoa with no DNA 
fragmentation (right). SCD; Sperm chromatin dispersion.

 Fig.2: DNA fragmentation in normosospermic (n=40) and asthenoterato-
zoospermic (n=40) sperm samples using the sperm chromatin dispersion 
(SCD) test. ***; P<0.001. 

Fig.3: Sperm SIRT1 level (ng/ml) of normozoospermic (n=40) and asthe-
noteratozoospermic (n=40) men were measured by enzyme-linked im-
mune sorbent assay (ELISA) test. ***; P<0.001.

Fig.4: SpermSIRT3 level (ng/ml) of normozoospermic (n=40) and asthe-
noteratozoospermic (n=40) men were measured by enzyme-linked im-
mune sorbent assay (ELISA) test. ***; P<0.001.

Discussion

This study demonstrated that: i. There is a significant 
elevation inMDA, oxidative stress biomarkers, and the 
percentage of DNA fragmentation, as well as a decrease 
in antioxidant biomarkers, such as catalase, SOD activity, 
and TAC levels in asthenoteratozoospermic specimens 
compared with normozoospermic specimens; ii. SIRT1 and 
SIRT3 proteins exist in the seminal plasma; and iii. Both 
SIRT1 and SIRT3 levels in seminal plasma are negatively 
correlated with oxidative stress and DNA fragmentation.

Although association of seminal levels of SIRT1 and 
SIRT3 with male infertility at this point is unclear, the 
results of this study suggest that low SIRT1 and SIRT3 
protein levelsin seminal plasma correlate with a high 
concentration of ROS andabnormal morphology and 
motility of sperms in asthenoteratozoospermia. Seminal 
plasma is involved in providing nutrition for the 
maintenance of spermatozoa.  Increased ROS production 
in the seminal plasma leads to reduced sperm metabolism 
and motility, resulting in infertility (23, 24). Studies have 
shown that under mild oxidative stress, the expression and 
activation of SIRT1 is increased, while high and harsh ROS 
results in increased destruction and inactivation of SIRT1 
(25). These results in combination with our findings, 
suggest that the relationship between SIRT1 and SIRT3 
with oxidative stress is reciprocal. These findings suggest 
that high oxidative stress leads to a decrease in the amount 
and activity of SIRT1 and SIRT3 through i. Inducing the 
expression of sirtuins, ii. Altering protein interactions 
with sirtuins post-translationally, and iii. Changing NAD 
levels. Ultimately, the decrease in SIRT1 and SIRT3 leads 
to an increase in ROS levels (26). In addition, SIRT1 and 
SIRT3 are involved in ROS production due to their effects 
on the expression and activation of antioxidants such as 
SOD, catalase and GPx (11-14, 26).

Lipid peroxidation plays a major role in the quality 
of sperm. In this study we have shown that there is a 
direct relationship between increased levels of MDA 
and abnormal of sperm morphology and motility. This is 
similar to several studies showing that lipid peroxidation 
changes the morphology of the sperm and reduces its 
concentration and motility (3, 27). However, Suleiman 
et al. (28) showed no significant correlation between the 
increased levels of MDA and concentration and motility 
of sperms in seminal plasma.

The present study has also demonstrated that there is a 
direct relationship between increased activity of SOD with 
sperm morphology and motility improve, suggesting that 
there is a direct relationship between the activity of SOD 
and the optimal quality of sperms. This is consistent with 
the studies of Macanovic et al. (29) and Khosrowbeygi et 
al. (30), showing that the activity of catalase and the level 
of TAC are low in the seminal plasma of infertile men 
and these phenomena are directly related to poor motility 
and morphology of sperms. However, in several studies, 
no significant relationship between the SOD or catalase 
activity and the quality of sperms was found (31, 32).  

Relationship between SIRT1 and SIRT3 with Fertility and Infertility
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Aktan et al. (33) and Atig et al. (34) stated that elevation 
of oxidative stress and a decline in antioxidant defense 
in seminal fluid are the most important factors in DNA 
fragmentation.  DNA fragmentation reduces sperm quality 
and therefore, it increases the incidence of infertility in men 
(7, 35). The results of the present study show that there is a 
direct relationship between DNA fragmentation, increase 
in MDA, and the reduction of antioxidants (catalase, SOD, 
and TAC).  In addition, we have found that catalase, SOD, 
and TAC levels are positively correlated with low SIRT1 
and SIRT3 levels in asthenoteratozoospermia. In addition, 
SIRT1 is involved in male germ cell development during 
the spermatogenesis (16, 17) and thus in Sirt1 knockout 
mice, they became completely infertile. Lower level 
of SIRT1 causes defects in acrosome formation and 
consequently changes in sperm morphology (18). These 
data suggest that reduction in SIRT1 and SIRT3 levels in 
seminal plasma lead to antioxidants reduction, resulting 
in an increase in ROS and DNA fragmentation and thus, 
affecting semen quality and reducing sperm motility and 
changing sperm morphology in asthenoteratozoospermia.

Conclusion

This study demonstrated that SIRT1 and SIRT3 protein 
levels and the antioxidant biomarkers are reduced, 
while the amount of oxidative biomarkers and DNA 
fragmentation are increased in asthenoteratozoospermia. 
These changes lead to defects in the morphology and 
motility of sperms in the semen and thus, infertility in 
men. Although in idiopathic infertility and assessing the 
health of reproductive systems this finding is important, 
further molecular and biochemical studies are needed 
to determine the exact mechanisms, through which 
SIRT1 and SIRT3 affect fertility. Also, investigating the 
correlation between the results of the present study and 
the success rate of assisted reproductive methods or in 
vitro fertilization (IVF) may be helpful in predicting the 
outcomes of such methods.
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