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Abstract

Background: Oligoasthenoteratozoospermia (OAT) is the most prevalent male infertility con-
dition that is mainly caused by sperm DNA fragmentation (SDF). This study compared the sen-
sitivity and effectiveness of two different approaches for analyzing SDF in patients with OAT: 
sperm chromatin dispersion (SCD) and terminal deoxynucleotidyl transferase dUTP nick end 
labeling (TUNEL). Materials and Methods: In this study, which received ethical committee 
approval, participants were divided in to normal and OAT groups (n=20 for each). both TUNEL 
and SCD assays were used to analyze the sperm DNA fragmentation. And Malondialdehyde 
(MDA) levels was measured to determine levels of lipid peroxidation in the seminal plasma.
Results: The TUNEL assay showed better ability to predict OAT patients than that of 
the SCD. For our patient population, the projected cut-off points for the DNA fragmenta-
tion index of 29% and 19% were reported using the TUNEL and SCD tests, respective-
ly. Seminal levels of MDA were significantly higher in the OAT group (P=0.002) than 
that of control group. Conclusion: OAT patients showed higher MDA levels of semi-
nal plasma and DNA fragmentation than the control group. Although sperm DNA frag-
mentation can be detected with high efficiency and sensitivity using both TUNEL and 
SCD assays, the TUNEL test was found to be a more accurate predictor for OAT patients.
[GMJ.2024;13:e3515] DOI:10.31661/gmj.v13i.3515
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Introduction

The failure of a couple to conceive after a 
year of trying is known as clinical infertil-

ity. About 50% of infertility are related to the 

male partner conditions [1]. It is commonly 
known that sexual and fertility dysfunction 
are the results of the majority of male infer-
tility issues that are linked to both qualitative 
and quantitative spermatogenesis defects [2]. 

https://www.gmj.ir/index.php/gmj/article/view/3515
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The most prevalent male infertility disorder 
is known as oligoasthenoteratozoospermia 
(OAT), and it is typified by aberrant sperm 
morphology, reduced sperm motility, and un-
commonly mature sperm [3, 4]. Sperm DNA 
fragmentation (SDF) is an important un-
derlying etiology of OAT, in addition to the 
many known causes, which include aging, 
varicocele, cryptorchidism, infection, sys-
temic illnesses, testicular trauma, blockages, 
endocrine disorders, immunological factors, 
and idiopathic factors [5]. The consistency of 
sperm Reproductive function requires DNA to 
be maintained [6]. 
Research indicates that lipid peroxidation, 
apoptosis, low sperm quality, and damage 
to proteins and DNA can result from sperm 
the harm that reactive oxygen species cause 
(ROS) [7, 8] .Elevated fragmentation of the 
sperm nucleus has been directly linked to a 
higher chance of miscarriage, low-quality 
embryos, and unsuccessful implantation [9]. 
Damaged sperm can still fertilize eggs, but 
there may be problems with embryo develop-
ment [10]. 
Single- or double-stranded DNA fragmenta-
tion is the most frequent kind of DNA frag-
mentation in the sperm nucleus. [11]. SDF 
detection has several advantages over conven-
tional semen analysis, including high stability 
in examination results, accuracy in predicting 
pregnancy outcome or assisted reproductive 
results, and the ability to accurately evaluate 
fertilization ability [12]. 
Recent years have seen a lot of research on 
SDF, and while opinions on the most appro-
priate way to diagnose it are still divided, it 
seems widely accepted that the degree of 
sperm nucleus fragmentation is a good pre-
dictor of successful reproduction. Therefore, 
SDF detection is becoming more and more 
significant in reproductive laboratories as a 
significant addition to traditional semen anal-
ysis. Elevated levels of SDF have been linked 
to recurrent failures in assisted reproductive 
technologies [13-15]. The World Health Orga-
nization (WHO) manual also notes that SDF is 
a valuable addition and a promising biomarker 
in the work-up of male infertility; however, it 
does not offer a clinical context, suggest which 
tests are most sensitive, or specify diagnostic 
cut-off values [13]. As a result, various SDF 

and chromatin condensation measurement 
techniques have been created. The comet, the 
sperm chromatin structure assays (SCSA), the 
TUNEL, and the sperm chromatin dispersion 
(SCD) are among the most often used tests for 
SDF (12). Few studies have fully established 
the clinical utility and interrelationships of 
these methods, despite the introduction of nu-
merous experiments with various techniques 
to assess sperm DNA damage. [16]. The SCD 
test is based on the theory that even after nu-
clear protein removal and acid denaturation, 
sperm with DNA fragmentation are unable to 
generate a halo of scattered DNA loops. [17, 
18]. One of the most popular methods for as-
sessing SDF is the TUNEL assay. By label-
ing only the 30 OH terminal with terminal 
deoxynucleotidyl transferase (TdT), this test 
measures the incorporation of fluoresceinated 
dUTP into double- strand DNA breaks (DSBs) 
or single-strand breaks (SSBs) in DNA that 
contains free 30 OH extremities[6]. The most 
common test for assessing SDF in spermato-
zoa and various endpoint circumstances in as-
sisted and natural reproduction is the TUNEL 
assay [19]. While the use of different methods 
for examining SDF has been extensively re-
viewed, A handful of studies have thoroughly 
examined the medical value and interactions 
of the most widely used techniques. Even in 
large meta-analyses, the inclusion of studies 
using various SDF assays poses a challenge 
to reaching firm conclusions[20]. Thus, in this 
study, we determine seminal plasma MDA, 
DNA fragmentation. also, determine the sen-
sitivity, specificity, and correlation of two 
commonly used methods, including TUNEL 
and SCD, for determining SDF in OAT pa-
tients.

Materials and Methods

1. Patients’ Selection
The institutional review board of Tehran 
University of Medical Science gave permis-
sion to this study (IR.TUMS.MEDICINE.
REC.1402.180). The OAT patients who re-
ferred to Arash Women Hospital during June 
and September of 2023. In this study, 20 sam-
ples were considered for the normal group and 
20 samples for the case group using G*Power 
statistical software (version 1.3 Franz Faul, 
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Universitate Kiel, Germany), Twenty normo-
zoospermic men with mean age of 34.8 years 
old, with an age range of 25 to 40 years old, 
were also included.  None of the participants 
used alcohol, tobacco, vitamin supplements, 
or drugs. The study’s objectives were commu-
nicated to the participants, who also signed 
an informed consent form. The semen anal-
ysis was conducted in compliance with WHO 
2020 guidelines. 

2. Sample of Semen
Masturbation was used to obtain the semen 
samples after three to five days without hav-
ing sex. The semen samples were incubated 
at 37°C to complete liquefaction. The com-
puter-assisted semen analysis system Lens 
Hooke X1PRO® (Bonraybio Co.) was used 
for the determination of the semen volume, 
concentration, motility (total, progressive, 
and non-progressive), pH, and normal mor-
phology by analyzing 40 µL of the sample. 
The residual semen samples were utilized to 
analyze sperm lipid peroxidation by measur-
ing the MDA levels and SDF using TUNEL 
and SCD assays.

3.Semen Analysis
Semen analysis was conducted in compliance 
with WHO 2020 guidelines (total Sperm con-
centration ≤20 million/mL; Sperm total mo-
tility ≤ 42% or ≤30% Progressive motility; 
total ejaculate volume 1.0 ml; normal sperm 
morphology≤4%. Sperm morphology from 
Diff-Quick stained smears was also conduct-
ed according to the criteria of WHO (2020). A 
total of 200 spermatozoa were observed from 
each semen specimen. All the smears were 
evaluated by the same individual.

4. Malondialdehyde (MDA) Assessment
MDA level of seminal plasma was measured 
by ZellBio GmbH MDA kit (Cat. no. ZBM-
DA-96A, Germeny). Briefly, MDA testing 
solution (50 μl) was combined with 50 μl of 
seminal plasma or standard dilutions. Follow-
ing that, the mixtures were heated in a bath 
of boiling water for one hour at 100 °C. After 
allowing to cool to 37°C, the combined solu-
tion was centrifuged at 3000–4000 rpm for 
10 min. After isolating the supernatant, spec-
trometry was used to measure absorbance at 

535 nm. Using a standard curve, the quantity 
of the seminal MDA level was determined.

5. Sperm DNA Fragmentation
TUNEL and SCD assays were used for evalu-
ation of DFITUNEL Assay

5.1. TUNEL Assay
Kit (Roche, Germany) was utilized in compli-
ance with the manufacturer’s instructions to 
assess sperm DNA damage in the semen sam-
ple. Briefly, the semen samples were washed 
by phosphate-buffered saline (PBS) (Gibco, 
Germany) twice and prepared smears. The 
prepared smears were fixed through fixative 
Buffer Polyformaldehyde dissolved in PBS 
with a final concentration of 4%. PBS was 
used to wash the slides three times with 5 
min intervals at 37°C. After adding the pro-
teinase K working solution. The slides were 
then washed with PBS for 3 times. Next, each 
slide received 100 μL of TdT equilibration 
working buffer, and it was incubated at room 
temperature for 30 minutes. Slides were cov-
ered with 50 μL of TdT enzyme working solu-
tion and incubated for 60 minutes at 37°C in 
a wet environment. The slides were washed 
with PBS for 3 times and stained with 4′,6-di-
amidino-2-phenylindole (DAPI) staining and 
incubated at 37°C for 5 min. The slides were 
washed with PBS 4 times. A fluorescence mi-
croscope was used to count about 200 sper-
matozoa. (Olympus BX50, Optica, Olympus 
DP72). To demonstrate TUNEL’s objectivity 
and accuracy, positive and negative controls 
ought to be set up. Sperm of the positive con-
trol group were incubated with 100 μL of 
DNase I solution (Sigma, Germany) and incu-
bated at (25~37°C) for 10–30 min.

5.2. SCD Assessment
The SCD kit was used to assess sperm DNA 
damage following the guidelines provided by 
the manufacturer (Idea Venture for the Future, 
Iran). Briefly, Eppendorf tubes of low-melt-
ing-point agarose were heated to 90 to 100 de-
grees Celsius in a water bath for five minutes. 
Simultaneously, 50 µl of semen sample with a 
concentration of 5-10×106 mL of sperm sam-
ple was mixed with 1% agarose at 37°C and 
placed on a slide covered with 65% agarose 
were obtained from the semen samples, which 
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had been twice cleaned with PBS (Gibco, Ger-
many). Subsequently, a lamella measuring 22 
by 22 mm was placed on the slide and main-
tained at 4°C for five minutes. After removing 
the lamella, the hydrochloric acid-containing 
denaturation solution was applied for 7 min-
utes at 37°C, and it was then left in the lysing 
solution (Triton X-100, dithiothreitol) for 15 
minutes. The samples were gently dehydrated 
by immersing them in a graded variety of al-
cohol solutions (70%, 90%, and 100%). After 
that, the slides were given a five-minute rinse 
with distilled water. The slides were dried and 
stained for ten minutes with C, D, and E stain-
ing solutions. Finally, the samples were eval-
uated under Light microscopy. Based on the 
size and existence of a halo surrounding the 
nucleus, five distinct cell types were identified 
to analyze the range of DNA fragmentation. 
The reported data included the mean percent-

age of spermatozoa containing non-fragment-
ed DNA (i.e., sperm nucleus DNA with large 
and medium halo) and fragmented DAN (i.e., 
sperm nucleus DNA with small halo, without 
a halo, and cell degradation).

6. Statistical Analysis
PRISM version 9 and IBM SPSS version. 
20.0 were used to conduct the statistical anal-
ysis (IBM SPSS Corp., Armonk, NY, USA). 
Continuous variables were expressed as mean 
± SD, while categorical variables were ex-
pressed as a number (percentage). The Kolm-
ogorov-Smirnov test verified the normality of 
the variables. If the variables showed normal 
distribution or were parametric, the relation-
ship between them was assessed using an in-
dependent t-test; otherwise, the Man Withney 
test was used if the variables were non-para-
metric.  The specificity, sensitivity, and cut-off 

Table 1. Sperm Parameters, MDA and SDF in OAT and Normozoospermia

NL (n=20)
Mean ± SD

OAT (n=20)
Mean ± SD P-value

Volume (ml) 2.75±1.03 2.82±1.16 0.679

Concentration (million/mL) 30.5±9.33 5.9±4.28 <0.001

Progressive Motility (%) 47.65±17.91 1.75±3.82 <0.001

Morphology (%) 4.1±0.31 1.2±0.83 <0.001

MDA (%) 16.73±6.92 24.2±7.15 0.002

SCD (%) 9.59±6.01 17.85±13.11 0.015
TUNEL (%) 22.02±7.46 33.3±14.56 0.004

Data presented as Mean ± SD. MDA: malondialdehyde; SCD: sperm chromatin dispersion; TUNEL: terminal 
deoxynucleotidyl transferase dUTP nick end labelling

Figure 1. The MDA levels in the OAT and the normal groups were compared. Seminal level of MDA was significantly higher in the OAT 
group (**: P=0.002), than that of the control group. 
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values for each test were ascertained through 
receiver operating characteristic (ROC) curve 
analysis, and maximum sensitivity and spec-
ificity was used to calculate the cut of point. 
the Spearman test was employed to assess the 
correlations between the methods. The P<0.05 
was considered as statistically significant.

Results 

1. Semen Analysis
The results of sperm parameters including 
concentration, volume, motility, and morphol-
ogy achieved from the normozoospermia and 
OAT men are shown in Table-1. There was a 
significant difference between two groups in 
terms of sperm count, progressive motility 
and morphology of sperms (P<0.001).

2. Malondialdehyde (MDA) Assessment
Seminal levels of MDA were significantly 
higher in the OAT group (P=0.002, Figure-1) 
than that of control group. The higher levels 

of MDA in the present study indicates a high-
er oxidative stress status of OAT semen. No 
correlation was found between the mean per-
centage of typical morphological spermatozoa 
and the seminal levels of MDA (P=0.832, r=-
0.035, Table-2).

3. Sperm DNA Fragmentation

3.1. SCD Test Assay
The results of SCD assay results showed a 
negative correlation between sperm progres-
sive motility and DFI (P=0.020, r=-0.367, 
Table-2).  Figure-2 illustrates the compari-
son of SCD between the OAT group and the 
normal group. Even so, the SCD was signifi-
cantly increased in the OAT group (P=0.015, 
P<0.05) compared to the normal group. In 
addition, the SCD in the two groups was dis-
covered to have a positive correlation with 
MDA (r=0.232, P=0.149, Table-2). The SDF 
demonstrated by the Halosperm technique is 
presented in Figure-3.

Table 2. Comparison of seminal plasma MDA, Semen analysis and Sperm DNA fragmentation between 
two groups

MDA Volume Concentration Progressive 
motility Morphology

MDA 1 -0.066(0.686) -0.026(0.872) 0.038(0.818) -0.035(0.832)

TUNEL 0.072(0.658) -0.065(0.691) -0.335(0.034) -0.516(0.001) -0.503(0.001)
SCD 0.232(0.149) -0.098(0.547) -0.27(0.092) -0.367(0.020) -0.411(0.009)

MDA: malondialdehyde; SCD: sperm chromatin dispersion; TUNEL: terminal deoxynucleotidyl transferase 
dUTP nick end labelling, coefficient correlation (P-value)

Figure 2. The SCD levels of the OAT group and the normal group were compared. The SCD as significantly increased in the OAT group. 
*: P=0.015 compared to the normal group. 
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3.2. TUNEL Assay
The results of TUNEL assay results demon-
strated a negative relationship between the 
concentration of sperm and DFI (r=-0.335, 
P=0.034; Table-2). Figure-4 illustrates the 
comparison between TUNEL in the OAT 
group and the normal group. While the 
TUNEL level was considerably increased in 
the OAT group compared to the normal group 
(P=0.004). In addition, it was discovered that 
the TUNEL findings in two groups positive-
ly correlated with MDA (r=0.072, P=0.658; 
Table-2). SDF demonstrated by the TUNEL 
assay is represented in (Figure-5).

4. Relationships among Procedures
Strong and significant correlations between 
the SCD test and the TUNEL assay were 
revealed by Spearman correlation analysis 
(P=0.008, r=0.739).

4.1. Specificity, Sensitivity, Cut-off values, and 
ROC Analysis
The specificity, sensitivity and cut-off values 
of the two distinct assays for predicting OAT 
men were evaluated using the ROC curve 
analysis.
The TUNEL assay showed a larger area un-
der the graph of 0.75, with an SDF cut-off that 

Figure 3. Sperm chromatin dispersion test (SCD) assay under a light microscope was used to determine the integrity of human sperm 
DNA (Magnification ×1,000). a and b: Defragmented spermatozoa with a large or medium halo. c and d: Fragmented spermatozoa with a 
low or without the halo.

Figure 4. TUNEL levels in the OAT group and the normal group were compared.  The mean percentage of TUNEL assay was significant-
ly increased in the OAT group compared to the normal group **: P=0.004.
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was29.00 yielding a specificity and sensitivity 
of 0.90 and 0.55, respectively. The area un-
der the curve of 0.71 for the SCD test with an 
SDF cut-off value of 19.00 yields a specificity 
and sensitivity of 0.90 and 0.40, respectively. 
(Table-3, Figure-6).

Discussion

Three main topics including the spermatic pa-
rameters, the MDA levels of seminal plasma, 
and sensitivity and efficiency of the TUNEL 
and SCD assays as two distinct methods for 
SDF analysis in patients with OAT were eval-
uated. The sperm count, their morphology, 
and their progressive motility differed signifi-
cantly between the two groups. Additionally, a 
noteworthy inverse relationship was observed 
between the average spermatozoa percentage 

and the fragmented DNA, the mean percent-
age of motile spermatozoa, and sperm con-
centration. In agreement with these results, a 
negative correlation between the sperm DFI 
level, the sperm survival rate, and progres-
sive motility has been previously reported 
[21, 22]. Numerous lipid peroxides that pro-
duce ROS target the sperm cell membrane, 
shattering and destroying the integrity of the 
sperm DNA strand. According to our find-
ings, the OAT group's seminal plasma MDA 
levels were significantly greater than that of 
the normal group. Our results also showed 
that   a high percentage of SDF, highlighted 
by TUNEL assay and SCD test, appears to be 
associated with a significant increase in sem-
inal MDA level. Patients with higher sperm 
DNA damage has been shown to have high-
er seminal MDA levels[23]. Similar to our 

Figure 5. Human SDF assessed by the TUNEL test. The TUNEL assay micrograph identifies sperm with DNA damage (green), and 
DAPI (blue) staining indicates the total number of nuclei. The TUNEL assay's correct labeling is confirmed by the positive control that was 
stained following DNAse treatment and the negative control that was not stained. scale bar: 10 μm. positive control (a), negative control 
(b), DAPI (c), and TUNEL (d).

Table 3. Specificity, Sensitivity and Cut-off Values Associated with every Assay

Technique AUC P-value1 Cut-off Specificity Sensitivity

SCD 0.71 0.023 19 0.9 0.4

TUNEL 0.75 0.008 29 0.9 0.55

TUNEL: terminal deoxynucleotidyl transferase dUTP nick end labelling; SCD: sperm chromatin dispersion; 
AUC: Area under the receiver operating characteristic curve
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study, it has been recently shown that analysis 
of SDF revealed a significant statistical differ-
ence for the detection of DNA fragmentation 
between normozoospermia and OAT patients 
in the TUNEL assay and SCD test [24-28] 
Numerous methods have been created for 
evaluating SDF with direct clinical applica-
tions. While the ideal method for measuring 
SDF and its thresholds remain to be yet estab-
lished, the four main SDF tests (Comet, SCD, 
TUNEL, and SCSA) provide trustworthy data 
about SDF in subfertility[29-31]. However, it 
is crucial to comprehend how each test pres-
ents findings. Numerous studies have reported 
different clinical values using these methods; 
however, only the correlation between SCD, 
TUNEL, and SCSA assays has rarely been 
proved [32]. 
We have not only compared the efficiency of 
TUNEL and SCD assays and their sensitivity 
to detect SDF, but also the values of the sperm 
DNA fragmentation index (DFI) reported. The 
TUNEL technique yielded statistically signifi-
cant higher estimates of SDF in OAT patients 
when compared to the SCD test, suggesting 
that the TUNEL technique has a higher sen-
sitivity in detecting fragmentation of sperm 
DNA. In fact, our results showed the TUNEL 
method shows more predictive method than 
the SCD test for the detection of DNA frag-
mentation in OAT patients. The ROC curve 
showed that the TUNEL assay was more sen-
sitive than the SCD test for the detection of 

DNA fragmentation in OAT patients (Table-3, 
Figure-6). On the other hand, the TUNEL test 
with an area under the curve of 0.745 and an 
SDF threshold of 29.00 showed higher sensi-
tivity and specificity. These results are almost 
exact replicas of those obtained by Javed et al. 
[20] who has reported a sensitivity, specificity, 
and area under the curve of 0.754, 0.942, and 
0.901, respectively, with a cut-off estimation 
of 22.08%. Our findings are in line with previ-
ous research that has reported values of rough-
ly 20%, but our estimated limit of 19.00% for 
SCD is on the low end of the distribution. In 
order to ascertain sensitivity and specificity, 
Ribas Maynou et al. also used receiver oper-
ating characteristic curves[32]. According to 
their findings, the alkaline comet assay was 
the most reliable technique for identifying 
DNA fragmentation in infertile males. It was 
followed by the neutral comet assay, TUNEL 
assay, SCD test, and SCSA. 
Nonetheless, infertile patients dependably 
have showed a high SDF[20]. Both of the 
methods' dependability in evaluating sperm 
DNA fragmentation is confirmed by our re-
sults, which align with earlier research. These 
results suggest that different methods may 
detect different aspects of SDF, since the 
TUNEL assay directly detects DNA fragmen-
tation and SCD focuses on chromatin frag-
mentation. Thus, in the bimodal distribution 
among OAT participants, the cut-off SDF 
value demonstrated low specificity and con-

Figure 6. The sperm DNA fragmentation assays' receiver operating characteristic curve

Evaluation of Sperm DNA Fragmentation in Oligoasthenoteratozoospermia Chegini R, et al.
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siderable sensitivity, as has been previously 
reported. Clinical data from two widely used 
techniques that the majority of frequently uti-
lized to evaluate SDF in a similar collection 
of patients are presented in this study. These 
findings suggest that two methods are useful 
in distinguishing between OAT patients and 
fertile individuals; however, the TUNEL as-
say is a better predictor of OAT patients than 
the SCD test.

Conclusion

According the results of the current study the 
OAT patients show higher levels of seminal 
plasma level of MDA and DNA fragmenta-
tion. It seems that sperm DNA fragmentation 

can be detected with high efficiency and sen-
sitivity using both TUNEL and SCD assays. 
However, the TUNEL test was found to be a 
more accurate predictor for OAT patients
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