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Abstract
This paper explores the relationship among sperm DNA integrity, routine semen parameters and in vitro
fertilization (IVF) clinical outcome. It applies sperm chromatin dispersion (SCD) test to conduct sperm
DNA fragmentation index (DFI) towards the semen samples of 60 male patients who undergoing assisted
reproduction techniques (ART) treatments including intrauterine insemination (IUI), in vitro fertilization
(IVF), and intracytoplasmic sperm injection (ICSI) treatment in human assisted reproductive medical
technology of our hospital. According to the test results, semen samples are divided into group A
(DFI≤10%), group B (10%<DFI<30%) and group C (DFI≥30%) to compare semen routine main parameters
in each group as well as fertility rate, cleavage rate and high-quality embryonic rate. There is a negative
correlation among DFI and sperm activate rate, progressive motility(PR) rate as well as non-progressive
motility(NP) rate. The difference of the sperm activate rate, progressive motility rate and non-progressive
motility rate in three groups are statistically signi�cant (P<0.05), and there is no statistically signi�cant
difference in sperm concentration (P>0.05). The fertility rate, cleavage rate and high-quality embryonic
rate in each group have no statistical signi�cance (P>0.05). Sperm DNA integrity have some connection
with routine semen parameters, thus, it could play a guiding role for the analysis of semen routine
diagnosis. DFI has little in�uence on the assisted reproductive technology IVF clinical outcome, which
requires follow-up tracking clinical outcome and a large number of samples for validation.

1. Introduction
Approximately 60-80 million people suffer infertility around the world, which is almost 10%-15% of the
bearing population [1]. Among these infertile couples, about 20% of cases are associated with male
infertility [2]. However, the semen routine analysis shows that about 15% infertile men still have normal
semen [3]. As the sperm DNA carries with parents' genetic information, the examination of sperm DNA
integrity not only can make us have a more comprehensive understanding of the sperm function in male
patients, but also provide reference frame for assisted reproductive technology outcome prediction. Under
normal circumstances, ovums are able to identify and repair damaged sperms by repairing function [4, 5].
As a woman gets older, there come adverse conditions including ovary dysfunction, organic diathesis
decline and the ovum self-repair function gradually reduces. When overburden, it may exert some effect
on the outcome of assisted reproductive technology. Therefore, sperm DNA integrity is worth studying to
assess male fertility and explore the relationship between assisted reproductive technology clinical
outcomes.

At present, there are mainly two methods for the determination of DFI : sperm chromatin structure assay (
SCSA ) and sperm chromatin dispersion ( SCD ).Studies have shown that SCSA is determined by the
machine sperm DFI, with objectivity, however, due to the need to buy high �ow cytometry, its cost is too
high, ordinary medical institutions are di�cult to promote. Secondly, there are limitations for �ow
cytometry to detect samples with extremely low concentration. If the concentration is particularly low and
the detection time is long, the number of detected sperm cannot meet the detection requirements of �ow
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cytometry. Compared with SCSA, SCD depends on human judgment[6]. Although SCD has subjective
in�uence, it is simple to operate and can maintain the same detection level for low concentration semen
samples. Therefore, this experiment mainly used SCD method to detect DFI, and explored the correlation
between DFI and routine semen parameters and clinical outcomes of in vitro fertilization.

2. Material And Methods
2.1 Patients

The research object of this study was 60 infertile couples who undergoing assisted reproduction
techniques (ART) treatments including intrauterine insemination (IUI), in vitro fertilization (IVF), and
intracytoplasmic sperm injection (ICSI) treatment in human assisted reproductive medical technology of
southwest medical university from May 2019 to May 2020. Inclusion criteria: after regular sexual life for
more than one year, there was no natural conceived on the condition of no contraception. The female
showed normal ovarian function. Neither of the couple show any inherited disorders, sexual dysfunction
and anatomical deformity, mumps history. There were no obvious abnormalities can be found in physical
examination and ancillary testing. Male patients preservde pre-treatment sperm samples for routine
semen analysis and sperm nuclear DNA integrity detection. For female participants, they were arranged
ovums extraction under the ultrasound detection to conduct IVF assisted reproductive technology
treatment. Based on DFI, the participants were divided into group A (DFI≤10%), group B (10%<DFI<30%)
and group C (DFI≥30%).

2.2 Semen routine

After keeping abstinence for 2-7 days, samples were left in the one-time sperm collectors through
masturbation and stored in the environment of 20-37°C with the specimen number, name of patients,
semen collection time and days without ejaculation record. It kept notes of total specimens and lique�ed
duration. According to the Human Semen Examination and Processing Laboratory Manual (version V)
published by Word Health Organization in 2010[7], it applied computer-assisted sperm, microbial dynamic
(static) state image analysis system (THTF, CASAS-QH-III) to analysis and record the following data:
sperm concentration, sperm activate rate, sperm non- progressive motility rate, progressive motility. rate
and immotility rate.

2.3 SCD

This study improved the SCD method proposed by scholars such as Meseguer[8]. In this study, it �rst used
phosphate buffer (PBS pH 7.2) to wash semen samples adequately. After centrifugation the supernatant
was discarded. The concentration of the specimen was adjusted to 4-10×106/ml. Make 1% 100ml low-
melting-point agarose solution, took 70 ul to 1.5ml centrifuge tube to be melted in 65-90℃ water bath
and be kept in 47℃ for three minutes. Added treated semen samples 30 ul and do mechanical blending.
Dropped 20 ul into the slide with 0.65% prepared standard agarose gel, closed the 18×18cm cover glass
to be placed in 4℃ refrigerator for 35 minutes. If the agarose was completely cured, carefully peeled off
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the surface cover glass. Put into the prepared diluted hydrochloric acid (0.08mmol/L)with avoiding light
in order to degeneration and immerse in the sperm cracking liquid (0.4mol/L DTT consists of Tris, DTT,
SDS and EDTA). Conducted natural dehydration in 70%, 90%, 100% ethanol and withdraw them into
object slide stand to dry naturally for Wright Stain. After completion of dyed, the samples were placed
under Olympus microscope (10×40) to observe the account. It was worth stressing that more emphasis
was placed on the preparation of reagent when using on the basis of previous test, especially sperm
cracking liquid con�guration.

Because normal sperm DNA could be attached to the loose chromatin structure and form a dizzy ring,
while damaged sperm DNA cannot or can only form a small ring [9]. Through microscope observation,
sperm head diameter is d1 and unilateral halo thickness is d2 (see Fig 1). When evaluating d2≤1/3d1, it
showed that the existence of sperm DNA fragmentation (small halo ring); if the head was deeply stained,
it was considered as no halo ring. As can be seen from Fig 2, big halo ring (d2≥2/3d1) and middle halo
ring (1/3d1<d2<2/3d1) were complete DNA sperm.

2.4 Conventional stimulation protocol Fertilization

On day 2 of menstrual cycle, the female participants began to accept intramuscular
injectiongonadotrophin releasing hormone agonists (Diphereline, Ipsen Pharma Biotech) 0.1mg/day for
14 consecutive days. B ultrasound and estrogen were used to monitor the condition of follicular
development at any time. After reaching the standard of falling tone, gave with recombinant human
follicle stimulating hormone injections (Recombinant Human Follitropin for Injection, Swiss Serono
pharmaceutical). When the 18 nm above follicles were more than 2, combined with patient blood P and
E2 level, they were given intramuscularly injection of human chorionic gonadotropin (HCG, Swiss Serono
Company) 6000U. 36 hours after intramuscularly injection, punctured ovum extraction under the guide of
B ultrasound. Added Protein insemination culture (G-IVF PLUS, vitrolife, Sweden) and placed in 37℃, 6%
CO2 incubator to cultivate sperm egg interaction for �ve hours.

2.5 Embryological observation and high-quality embryo number selection

Normal fertilization refered to 2 pronuclears (PN) and Polar body2 (Pb2) could be found under a
microscope. Abnormal fertilization refered to monopronuclear (1PN) was less than or equal to 1 or
multipronuclear (3PN) was equal or greater than 3. According to Peter’s cleavage stage [10] embryo
scoring system, embryo quality could be assessed through segmentation sphere volume, form, fragments
and cytoplasma granula.

Those I and II level embryos that develoed into 6-10 segmentation spheres on the third day were de�ned
as high quality embryos, and the rest were considered as low-score embryos. High quality embryos were
selected to be transplanted.

2.6 Data collection
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The study collected the data of clinical sperm concentration, sperm activate rate, sperm progressive
motility rate, non-progressive motility rate and immotility rate (see Figure 3). SCD method was used to
calculate the sperm number with DNA fragmentation in 400 sperm smears under microscope. Sperm
DNA fragmentation index(DFI)=(small halo ring sperm+ no halo ring sperm)/ observed 400 sperm×100%
[11]. Figure 4 shows retrieved oocytes, fertilized oocytes, cleavage number and high quality embryo
number after the treatment of IVF assisted reproductive technology. Fertility rate=fertilized ocum
number/mature ocum number×100%, cleavage rate=cleavage number/fertilized ocum number×100%,
high-quality embryo rate=high quality embryo number/total number of embryos×100%.

2.7 Statistical analysis

SPSS17.1 statistical software was applied to deal with all the collected statistics analysis. All the data
adopted mean standard deviation and measurement data using to test analysis. One-way analysis of
variance was used on the basis of DFI classi�cation. It explored the relationship between DFI and routine
semen parameters, fertility rate, cleavage rate and high-quality embryo rate. Correlation analysis used
Pearson correlation analysis and the correlation coe�cient refers to P<0.05 presents the difference was
statistically signi�cant.

3. Results
3.1 Statistical analysis of each group and routine semen parameters

After welch test correction, there were signi�cant differences between sperm activate rate, progressive
motility rate, non-progressive motility rate and immotility rate under DFI classi�cation (P<0.05). It had
statistical signi�cance. However, sperm concentration had no signi�cant difference (P>0.05). It was
shown that the differences among sperm activate rate, progressive motility rate, non-progressive motility
rate was greatest in group A (DFI≤10%), followed with group B (10%<DFI<30%) and group C (DFI≥30%).
The differences in spermatium rate showed group C> group B> group A.(Table 1) Meanwhile, DFI and
sperm activate rate, progressive motility rate, non-progressive motility rate had a negative correlation,
which meant if the DFI was higher, sperm activate rate, progressive motility rate, non- progressive motility
rate became lower; On the other hand, it showed a positive correlation with immotility rate. As can be seen
from Table 2, if the DFI was higher, the proportion of immotility was higher correspondingly.

3.2 Statistical analysis of DFI each group and IVF clinical outcome

Through welch test correction, it could be seen from Table 2 that there was no statistical signi�cance
when comparing fertility rate, cleavage rate and high-quality embryo rate with DFI in each group after IVF
assisted reproductive technology (P>0.05).

3.3 Correlation between each group and IVF clinical outcome
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Pearson correlation analysis was used to explore DFI and fertility rate, cleavage rate and high-quality
embryo rate with represents correlation coe�cient. The results showed that no correlation was observed
among sperm fragmentation rate DFI and fertility rate, cleavage rate and high-quality embryo rate (See
Table 4).

4. Discuss
It is still a matter of public debate whether sperm DFI can represent routine semen parameters to conduct
clinical diagnosis towards partients’sperm quality. According to the semen routine parameters and DFI
Pearson correlation analysis, it was found that DFI and sperm activate rate, progressive motility rate, non-
progressive motility rate has negative correlation, that is, if the DFI was higher, sperm activate rate,
progressive motility rate, non- progressive motility rate were lower; Meanwhile, it has positive correlation
with immotility. rate, which means higher DFI will have higher immotility. rate. The �ndings are in
consistent with most of the DFI and routine semen parameters analysis researches. When analyzing the
relationship between sperm DNA integrity and seminal parameters, Multiple previous analyses [12.13] that
sperm nucleus DFI shows negative correlation with forward movement sperm rate and fast movement
sperm concentration. The �ndings [14] show that sperm activate rate and (a+b) level sperm rate of male
after 40 reduce signi�cantly with age.

The study divided DFI into group A (DFI≤10%), group B (10%<DFI<30%) and group C (DFI≥30%), and
conducted One-Way ANOVA towards correspondent routine semen parameters. Considered the number of
each group are different, it did homogeneity test of variances before one-way analysis of variance. After
welch test correction, there were signi�cant differences among sperm activate rate, non- progressive
motility rate, progressive motility rate, and immotility. rate under DFI classi�cation. But sperm
concentration had no signi�cant difference. It was shown that the differences among sperm activate rate,
non- progressive motility rate, progressive motility rate, was greatest in group A (DFI≤10%), followed with
group B (10%<DFI<30%) and smallest in group C (DFI≥30%). Moreover, the differences in spermatium
rate showed group C> group B> group A, which was in accordance with other study[15]. If the sperm is
in�uenced by themselves or external environment high risk factors such as impairing of immunity, sleep
deprivation, age and smoking, the highly condensed chromatin results inside the sperm will be destroyed
[16] resulting in sperm chromatin osteoporosis, which �nally makes the internal pattern of nucleoprotein
abnormal and sperm DNA damage and fracture. At the same time, the production of reactive oxygen
species (ROS) in the spermatid increases. Accumulation too much will lead to stronger oxygen free
radical attack[17,18]. Early-stage sperm apoptosis usually uses Fas/FasL and caspase to mediate,
however, when the way is abnormal, it can make the sperm DNA damage.

Part cell apoptosis will prompt sperm cellss to escape natural death, which further aggravates the sperm
DNA damage [19]. Too much sperm DNA chain rupture will induce sperm cells apoptosis, which can be
demonstrated in sperm morphology, sperm activate rate, sperm density and forward movement
conditions. It is reported that the damage of sperm DNA integrity will also change sperm movement and
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sperm morphology [20,21].Sperm motion device abnormal can also result in the decrease of sperm vitality,
meanwhile, it will have direct effect on sperm nuclear DNA, causing spontaneous damage of sperm DNA,
sperm DNA fragments rate to increase[22]. After the sperm goes through the cervical mucus, it touches
eggs zona pellucida for fusion and complete the fertilization step. In the process, sperm forward
movement rate and normal morphology are the assurance of fertilization to be completed.

The results of this study shows that fertility rate, cleavage rate and high-quality embryo rate have no
signi�cant differences under DFI classi�cation (P>0.05). Pearson correlation analysis indicates sperm
fragmentation rate has no association with fertility rate, cleavage rate and high-quality embryo rate. It is
believed that high DFI and low DFI group show no signi�cant relationship with fertility rate. In other
words, whether DFI is high or low has no in�uence on fertility rate[23]. Whether DFI will affect the analysis
of assisted reproductive technologyclinical outcome, domestic and foreign scholars have different
research conclusions. The author thinks that, in principle, sperm DFI has little in�uence on the clinical
outcome of IVF-ET and ICSI, especially little effect on IVF-ET. ICSI seminal �uid technology is directly into
the egg cell, there is no egg zona pellucida recognition process. In addition, eggs can repair DNA
damaged sperm cells. Only when the repaire is overloaded, it will exert some in�uence on the clinical
outcome of ICSI. But before the success of IVF, it requires egg zona pellucida for screening application, to
a certain extent, the sperm that successfully fertilized has relatively small damage, so sperm DFI has little
or no in�uence on the clinical outcome of IVF [24,25]. Besides that, egg maternal gene may dominate an
important position in the process of embryonic development for regulating the fertilization process and
embryonic development process, which makes egg DNA integrity become more important in the early
embryonic development [26]. In the study of male patients whose 6 gene promoter methylation will make
sperm protamine abnormal, sperm DFI and IVF outcome has no association. When exploring the
relationship between IVF and perinatal morbidity rate, some studies have previously posited that the level
of DFI has no obvious effect on the clinical outcome of IVF[27]. After analyzing sperm DNA fragmentation
rate, the regardless of own eggs or donor eggs, the level of DFI does not achieve statistical signi�cance
with fertility rate, available embryos rate and clinical pregnancy rate, which is in consistent with the
conclusion of this study, that is, there are no signi�cant differences in fertility rate, cleavage rate, high-
quality embryo rate under DFI classi�cation[28].

DFI can be used as a supplement of semen routine analysis’ clinical diagnosis. DFI has no effect or little
effect on IVF clinical outcome, but cannot rule out whether it is connected with the following clinical
outcome. Thus, it can continue to follow-up, record clinical outcome data including the pregnancy rate,
miscarriage rate and aberration rate for DFI statistical analysis.
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* *. At 0.01 level (double side). *. At 0.05 level (double side).

Attention A =A group DFI≤10% B=B group 10% DFI 30% C=C group DFI≥30%

Table 2 Correlation analysis of DFI) between groups with IVF clinical outcome

* *. At 0.01 level (double side). *. At 0.05 level (double side).

Table 3 Different pieces of sperm rate DFI grouping IVF clinical outcome of single factor analysis of
variance
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* *. At 0.01 level (double side). *. At 0.05 level (double side).

Attention A =A group DFI≤10%  B=B group 10% DFI 30%  C=C group (DFI≥30%)

Table 4 Correlation analysis of DFI between groups with IVF clinical outcome
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* *. At 0.01 level (double side). *. At 0.05 level (double side).

Figures

Figure 1

Schematic diagram of sperm halo
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Figure 2

Results of sperm chromatin dispersion test (40x10) 1: no halo 2: small halo 3: medium halo 4: large halo

Figure 3
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Semen routine parameters of basic information

Figure 4

Basic situation each IVF clinical outcome 1. Oocytes number 2. Fertilization number 3. Cleavage number
4. High-quality embryos number


