
 
 
 

 

Original Article 

J ReprodInfertil.2014;15(1):35-40 

Comparing the Roles of Sperm Chromatin Integrity and Apoptosis in  
Intrauterine Insemination Outcomes of Couples with Mild Male and  
Female Factor Infertility  
 
Mohammad Ali Khalili 1, Saeedeh Nazari 1*, Razieh Dehghani-Firouzabadi 1, Alireza Talebi 1, Shekofeh Baghazadeh-
Naeini 2, Fatemeh Sadeghian-Nodoshan 1, Azam Agha-Rahimi 1 

 
1- Research and Clinical Center for Infertility, Shahid Sadoughi University of Medical Sciences, Yazd, Iran 
2- Infertility Center, Isfahan University of Medical Sciences, Isfahan, Iran 
 
 
 
 

Abstract 
Background: Intrauterine insemination (IUI) is one of the therapeutic approaches 
for infertility. The objective of this study was to evaluate DNA integrity and apopto-
sis role in success of IUI in both mild male and female factor infertility. 
Methods: Patients were divided into two groups: M (mild male factor; n=29) and F 
(female factor; n=31) undergoing single IUI. Ejaculates were analyzed and chroma-
tin quality was assessed using chromomycin A3 (CMA3) staining. In addition, 
spermatozoal apoptosis was recognized using TUNEL assay. Statistical analyses 
were done using t-test and Mann Whitney test for sperm apoptosis and sperm chro-
matin by SPSS. Data were expressed in mean±SD for variables. P<0.05 was consid-
ered statistically significant.  
Results: Sperm concentration and progressive motility were higher in F than M 
group. Sperm with normal morphology were statistically similar in M and F infertile 
patients (32.7±15.6% vs. 35.5±9.07%, p=0.39). Sperm chromatin immaturity was 
higher in patients with mild male infertility, when compared with the other group 
(p<0.01). Also, 32.0±5.6% and 30.8±6.1% of the spermatozoa showed signs of 
apoptosis in groups M and F, respectively (p=0.49). Very low (3.4%) clinical preg-
nancy rates were noticed in patients with mild male factor infertility 
Conclusion: Defect in sperm motility as well as high rates of DNA damage and 
apoptosis may be involved with very low rate of pregnancy outcomes in patients 
with mild male factor infertility. Therefore, it seems the application of IUI may have 
better outcomes in patients with female infertility compared to mild male factor in-
fertility. 
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Introduction 
ntra-uterine insemination (IUI) was first in-
troduced as a technique for subfertility 
around 200 years ago. This is a simple, inex- 
 

pensive and non-invasive infertility treatment 
which is the most frequently used assisted repro- 
 

 
 
 
 
 
ductive technology (ART) worldwide (1). Proper 
patient selection and sperm preparation became 
the first step for success in IUI program (2). Sev-
eral factors affect the IUI outcome, such as age, 
etiology and duration of infertility, endometrial 
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thickness, time of ovulation, follicular number, 
time and number of insemination (3). IUI has 
been accepted for the treatment of infertile cou-
ples with a variety of indications including mild 
male factor infertility; unexplained infertility and 
cervical mucus hostility (4). The correlation be-
tween sperm quality and clinical outcomes has 
been distinguished in IUI setting. In routine sperm 
preparation using swim-up or density gradients 
techniques, sperm are selected on the basis of 
progressive motility, morphological characteris-
tics, and concentration for IUI. These parameters, 
however, may not guarantee the selection of 
spermatozoa with normal DNA/chromatin integri-
ty (5).  

Sperm DNA damage and apoptosis are useful 
indicators for male factor fertility and have a sig-
nificant relation with infertility of men (6,7). In 
testicular biopsies, increased rates of apoptosis 
have been reported with different degrees of in-
competence (8). It is not clear whether the apop-
totic markers recognized in spermatozoa are the 
remainders of an inconclusive apoptotic process 
initiated before ejaculation or whether they result 
from apoptosis started in the post-ejaculation pe-
riod (1). Apoptosis is a programmed cell death 
that takes place physiologically without any in-
flammation (9). Recent studies have indicated that 
protamine deficiency and sperm DNA damage are 
associated with poor ART outcomes (10, 11). 
CMA3 reversibly binds to G-C base pairs in the 
minor groove of DNA. CMA3 identifies sperm 
with defective packaging and indirectly evaluates 
protamine deficiency. It has been reported that 
sperm protamine deficiency is associated with 
fertilization failure (12). Considering the ad-
vantage of CMA3 in assessment of protamine, and 
its possible use in andrology units, this quick 
evaluation of sperm with CMA3 received much 
attention during recent years. Evenson and his 
associates showed that abnormal chromatin pack-
aging appears to be linked with nuclear DNA 
damage (13). 

The objective of this cross-sectional study was to 
assess the relationship of sperm parameters as 
well as chromatin integrity and apoptosis with IUI 
outcomes in two groups of patients with female or 
mild male factor infertility. 
 

Methods 
Patients and ovulation induction: According to in-

fertility etiology, patients were divided into two 

groups with mild male factor (group M; n=29) and 
female factor infertility (group F; n=31). Women 
aged between 20−35 years were included in this 
study. This investigation lasted from 2010 to 2011 
at Research and Clinical Center for Infertility in 
Yazd. This study was approved by ethics commit-
tee of our institution. 

All women underwent ovarian stimulation with 
daily use of 100 mg clomiphene citrate (Clomifen, 
Leiras, Finland) given between days 3 and 7 of 
cycle, followed by 150 IU of gonadotrophins 
(IBSA Co, Switezerland) added on day 9. Follicle 
growth and maturation was monitored by serial 
transvaginal ultrasonography. Diameter of grow-
ing follicles was recorded on days 10 to 13, and 
10,000 IU of hCG (IBSA Co, Switzerland) was 
administered when at least one or two follicles 
were over 18 mm in diameter. A single IUI was 
performed 36 hr after hCG injection. 

Semen analysis: The ejaculates were collected af-
ter 2−3 days of sexual abstinence and delivered to 
the andrology laboratory. After semen liquefac-
tion, sperm were analyzed for rates of progressive 
and non-progressive motility according to WHO 
criteria (14). Also sperm morphology and sperm 
concentration were evaluated accordingly. Subse-
quently each sample was processed to separate 
motile sperm with normal morphology for IUI. 

Evaluation of sperm nuclear chromatin: Smears 
were prepared from each sperm sample, dried, 
then fixed in Carnoys solution (methanol/glycial 
acetic acid, 3:1) at 4°C for 10 min. Each slide was 
treated with 150 µl of CMA3 (Sigma, St Louis, 
USA) (0.25 mg/ml in Mcvalin buffer; 7 ml citric 
acid, 0.l M +32.9 ml (Na2HPO4)7H2O, 0.2 M, 
pH=7.0 containing 10 mM MgCl2) for 20 min. 
After staining, the slides were washed in buffer 
and mounted with buffered glycerol (Glycerol: 
Mcvalin, 1:1). Chromycine A3-reacted (CMA3+) 
sperm with protamine deficiency were bright yel-
low stained, and yellowish green stained ones 
were related to mature sperm with complete 
protamination (CMA3-) recognized under fluores-
cent microscope with a 460 nm filter (Zeiss Co, 
Jena, Germany) (15). 

Assessment of apoptosis: Sperm apoptosis was 
recognized using apoptosis detection kit (Roche 
Applied Sci, Germany). Smears were dried and 
fixed in 4% paraformaldehyde in PBS (Gibco Co, 
Scotland, UK) at room temperature (RT) for 1 hr. 
The slides were then rinsed three times with PBS 
and incubated with 0.3% H2O2 in methanol for  
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1 hr to quench endogenous peroxidase activity. 
The samples were treated with 0.1% Triton X-100 
(Sigma Co, USA) for 5 min at 4°C and incubated 
with 50 µl TUNEL reaction mixture in a humidi-
fied chamber at 37°C for 1 hr. The samples were 
washed in PBS and exposed to DAB (3,3-
diaminobezidine tetrahydrochloride) (Roche Co, 
Germany) as the substrate solution for color de-
velopment in a dark chamber at RT for 10 min. At 
last, samples were dehydrated in ethanol, cleared 
in xylene (Sigma Co, USA), and mounted. For 
each sample, at least 200 nuclei were counted. For 
negative control, instead of TUNEL reaction mix-
ture, slides were incubated with 50 µl of labeled 
solution with terminal transferase. 

Statistical analysis: Statistical analyses were done 
using t-test and Mann Whitney test for sperm 
apoptosis and sperm chromatin by SPSS (version 
16). Data were expressed in mean±SD for varia-
bles. P<0.05 was considered statistically signifi-
cant. 

 
Results 

The data showed that non-progressive motility as 

well as normal morphology of spermatozoa was 
similar between the M and F groups. However, 
significant differences in other sperm parameters 
were observed between the groups (Table 1). The 
clinical pregnancy rate was noticeably higher in F 
(6/31; 19.3%) than M group (1/29; 3.4%; p=0.06). 
The data also showed that 28.6% (2/7) of the cas-
es achieved multiple pregnancies. Table 2 demon-
strates the variables in pregnant and non-pregnant 
patients. Non-pregnant group showed a significant 
number of immotile sperm, when compared with 
pregnant patients (p<0.01). With regard to infertil-
ity duration, no relation was noticed between du-
ration of infertility and pregnancy rates (Table 2). 
In addition, the results did not show any signifi-
cant differences in age between pregnant and non-
pregnant cases. 

The findings also showed that the rate of sperm 
with protamine deficiency increased in sperm 
samples from patients with mild male infertility, 
when compared with the other group (p<0.01; 
Figure 1). Also, the rate of protamine deficiency 
significantly increased in non-pregnant when 
compared with pregnant patients (p<0.05; Table 

Table 1. Comparisons of sperm parameters in two groups with female or male factor  
infertility undergoing IUI 

 

Sperm variable Female factor  
(n=31) 

Male factor  
(n=29) p-value 

Count (106) 94.3±41.1 28.9±28.0 <0.0001 
Progressive motility (%) 61.8±9.7 37.3±10.9 <0.01 
Non- progressive motility (%) 12.3±3.4 12.6±10.06 NS 
Immotility (%) 26.6±6.3 41.2±14.8 <0.01 
Normal morphology (%) 35.5±9.07 32.7±15.6 NS 
Protamine deficiency (%) 34.2±12.9 49.4±16.9 <0.01 
Apoptosis (%) 30.8±6.1 32.0±5.6 NS 

 

Data are presented as Mean±SD, NS: not significant, values inside parentheses represent (%) 

Table 2. Comparisons of sperm characteristics in pregnant and non-pregnant patients 
 

Variables Pregnants (n=7) Non-pregnants (n=53) p-value 
Count (106) 60±36.05 63±49.8 NS 
Rapid progression (%) 20.6±4.8 20.2±12.4 NS 
Slow progression (%) 39.2±5.8 34.1±10.2 NS 
Non-progressive motility (%) 10.4±3.9 12.8±7.6 NS 
Immotility (%) 29.2±2.2 34.2±14.1 <0.01 
Morphology (%) 37.4±7.8 33.7±13.1 NS 
Infertility duration (years) 5±2.2 5.7±2.7 NS 
Age (years) 26.57±4.03 27.77±4.63 NS 
Chromatin immaturity (%) 28.8±10.1 43.3±16.7 <0.05 
Apoptosis (%) 32.6±5.1 31.2±5.9 NS 

 

Data are presented as Mean±SD, NS: not significant, values inside parentheses represent (%)  
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2). Other findings confirmed that there was no 
correlation between abnormal sperm morphology 
and increased rate of DNA damage. However, our 
result showed that there were no significant dif-
ferences in the rate of apoptosis in both groups of 
patients when compared between pregnant and not 
pregnant patients (Table 2; Figure 2). In addition, 
the result of comparison between male and female 
cases in correlation with sperm apoptosis was sta-
tistically similar. 
 

Discussion 
Some authors suggested that outcomes of semen 

with poor sperm morphology were comparable 
with normal sperm morphology in IUI setting 
(16). Recently, it was demonstrated that both 
sperm morphology and progressive motility had 
positive effects on IUI outcomes (17). Others 
found that normal sperm morphology can be con-
sidered as a predictor of IUI success (18). Also, 
Van Voortis et al. noticed that semen with less 

than 10 million motile sperm was associated with 
lower pregnancy rates in IUI cycles. It was shown 
that when the count of motile sperm was above 10 
million, no significant increase would be achieved 
in IUI pregnancy rates (19). In this study, both 
sperm count and progressive motility were 
demonstrated to be lower in cases with mild male 
factor infertility when compared with female in-
fertility. Conversely, concentration of immotile 
spermatozoa was observed to be higher in male 
factor and non-pregnant patients when compared 
with the other group. Prior to sperm preparation, 
total motile sperm of 30−50% were found to be 
associated with positive IUI outcomes (20). Our 
findings showed that the rates of normal sperm 
morphology were similar in both infertile groups. 
Therefore, sperm morphology criterion could not 
be a reliable predictive indication for IUI out-
come. However, assessment of sperm DNA integ-
rity can be used as a good practicability factor, 
particularly in patients with male infertility. The 
findings of this study indicates that in order to 
select the right candidates for clinical IUI, it is 
necessary to perform cytochemcial assays to as-
sess the sperm DNA integrity of patients. These 
assays should be done in combination with semen 
analysis, especially for patients with male factor 
infertility. This study also showed that patients 
with mild male factor infertility are not suitable 
candidates for IUI, since the rate of chromatin 
immaturity in their sperm was very high. There-
fore, they may benefit from other ART tech-
niques, such as ICSI. 

In one study, sperm chromatin structure and 
DNA integrity were known to have a critical ef-
fect on the rate of fertilization (21). The sperm 
chromatin condensation was shown with CMA3 
assay; indicating protamine defects during his-
tone-protamine replacement of sperm chromatin 
condensation in the testicular phase (21). In this 
regard, Saleh et al. (2003) stated that infertile men 
had higher rate of sperm DNA fragmentation and 
chromatin defects. They showed that DNA frag-
mentation index (DFI) has a direct relation with 
the overall pregnancy rate (22).  Similarly, Bun-
gum et al. also found that couples who failed 
pregnancy after IUI had an increased rate of 
sperm DNA damage (23). The aforesaid group 
also showed that in IUI cases in which sperm 
DNA damage exceeds 30%, the pregnancy suc-
cess rates is close to zero (24). In agreement with 
Saleh et al. regarding chromatin defects, our work 
confirmed that the rate of sperm chromatin imma-

Figure 1. Chromomycin A3 (CMA3) staining: CMA3+ or 
protamine deficient spermatozoa appear as bright yellow, 
CMA3- or spermatozoa with normal protamine appear yel-
lowish green 

Figure 2. TUNEL staining: brown stained sperm shows 
apoptosis+, light colored sperm indicates apoptosis− 
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turity significantly increased in infertile men, 
while the rate of pregnancy decreased in cases 
with male infertility. CMA3 assay seems to be a 
more efficient assay than apoptosis which can be 
applied as a reliable marker for prognosis of preg-
nancy success in IUI program. Givercman et al. 
(2003) also believed that sperm chromatin struc-
ture assay (SCSA) parameter is correlated with 
the level of immotile spermatozoa and the per-
centage of chromatin packaging in ART. Howev-
er, they showed that DFI parameter is independent 
of sperm motility (25). 

In 2007, one study demonstrated that 10−20% of 
patients became pregnant following IUI program, 
which is similar to our cases (26). Recently, 
Lucchini and her colleagues reported 11% rate of 
pregnancy outcomes from their superovulated IUI 
cases (4). Dorjpurev et al. evaluated the effect of 
semen characteristics on the success of IUI. Also, 
they stated that some relevant characteristics of 
pregnancy were younger age, minimal duration of 
infertility and male infertility factors (17). This 
finding is also in agreement with Zadehmodarres  
et al.’s report (27). Moreover, Dorjpurev showed 
that sperm washing/processing did not affect the 
pregnancy outcomes. They achieved similar re-
sults between washed and unwashed seminal 
samples (17). However, it is better to wash the 
ejaculates in order to separate a good fraction of 
spermatozoa from seminal plasma, leukocyte and 
non-motile spermatozoa (17, 18). Also, sperm 
processing is suitable for preventing the transmis-
sion of infectious agents and prostaglandin to the 
uterus. Another finding was related to the correla-
tion between rates of immotile sperm with lower 
pregnancy after IUI. 

In ART, multiple pregnancies are evaluated with 
incidence reports of 6.5−25% (28). In our study, 
the rates of multiple pregnancies were higher than 
the aforementioned study. Our findings also 
showed that the rates of sperm apoptosis assay 
were approximately similar in two groups of mild 
male and female patients. This may indicate that 
apoptosis does not play a major role in prediction 
of IUI outcomes. 
 

Conclusion 
This study confirmed that there was no correla-

tion between abnormal sperm morphology and 
high rate of DNA damage in IUI program. There-
fore, this technology may not be recommended for 
patients with mild male infertility, since high rate 

of DNA damage was observed in their spermato-
zoa. Single IUI can be considered for patients 
with female factor infertility. Also, it might be 
better to plan other ART programs for male factor 
cases. 
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