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Abstract 
Background: Phospholipids are distributed asymmetrically between inner and outer 
leaflets of the plasma membrane of live cells. Early during apoptosis, this asymmetry is 
disrupted and phosphatidylserine becomes exposed on the outside surface of the plasma 
membrane. There is little information about the effects of vitrification on apoptosis. 
Objective: The aim of the present study was to evaluate the effect of vitrification on 
apoptosis of subfertile and fertile men. 
Materials and Methods: In this study, semen samples were collected from subfertile 
(n=20) and fertile men (n=10) after 48h abstinence of intercourse. After semen analysis 
according to WHO criterias, each semen sample was divided into two portions. First 
portion was assessed by Annexin V-flous staining kit for showing apoptosis in 
subfertile and fertile men and second portion was assessed after vitrification-thawing. 
Results were analyzed by Paired t-test and Independent t-test.  
Results: After vitrification-thawing, mean percentage of apoptotic spermatozoa has 
increased 6 and 3 times in subfertile and fertile men respectively. This difference is 
significant. 
Conclusion: Vitrification-thawing could disrupted membrane asymmetry and 
caused apoptosis. Therefore, it will cause reduction of functional spermatozoa in access 
of Assisted Reproduction Technologies (ART). 
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Introduction 
 

     Human sperm vitrification is made possible for 
several years (1). Cryopreservation of sperm in 
patients with testicular tumor, whom undergoing 
chemotherapy and radiotherapy and in cases which 
sperms are obtained through testicular biopsy is the 
main part of infertility treatment protocol (2, 3). 
However, recovery of functional sperm in freeze-
thawed samples varies among patients (4). Sperm 
vitrification result in various structural and 
functional    alterations (5). Such    alterations    are  
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partially due to disturbances of membrane integrity 
(6) and include changes in; viability, motility and 
fertilization potential of sperms. The involving 
factors include: temperature, maturity of the cell, 
cryoprotectant and rate of cooling (7). However, 
little is known about the effect of vitrification on 
sperms from fertile and subfertile men.  
     Apoptosis or programmed cell death is a 
phenomenon which leads to in situ cell death 
without any changes on surrounding cells (9). It is 
shown that apoptosis occurs during normal 
spermatogenesis and play an important role in 
controlling sperm population (5). On the other 
hand, apoptosis may induce by several 
environmental, chemical and physical factors 
including; UV irradiation, anticancer drugs and 
temperature changes (10). While it is shown that 
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slow rate freezing and thawing is associated with 
apoptosis in human ejaculated sperm, little is 
known about the effect of vitrification on induction 
of apoptosis in sperms. Apoptosis is associated 
with demolishing of membrane phospholipids 
asymmetry. Phospholipids are distributed 
asymmetrically between inner and outer leaflets of 
the plasma membrane of live cells (10). Early 
during apoptosis this asymmetry is disrupted and 
phosphatidylserine becomes exposed on the 
outside surface of the plasma membrane (11). 
    Annexin V binding measures the translocation 
of phosphatidyleserine (PS) of the plasma 
membrane (5). PS translocation also occurs during 
necrosis. Annexin V is not an absolute marker of 
apoptosis (12). Therefore, it is often used in 
conjunction with propidium iodide (PI), which 
bind to nucleic acids, that can penetrate the plasma 
membrane when membrane integrity is disturbed 
(13).  
     Since vitrification-thawing could demolish 
membrane phospholipid asymmetry (11), and it 
can be postulated that, in general, sperms are more 
susceptible to damage in subfertile men (8), the 
aim of the present study was to evaluate the effect 
of the vitrification on apoptosis of sperms in semen 
from fertile and subfertile men. 
 

Materials and methods 
 

Semen samples 
     In this case-control and interventional study, 
semen samples were collected from 20 subfertile 
and 10 fertile men by masturbation following 48 
hours sexual abstinence. According to World 
Health Organization (WHO) standard, fertile men 
were defined as whom had at least one child and 
subfertile men were from patients who referred to 
infertility center for ART, due to oligospermia 
(14). 
 
Semen analysis 
     After semen liquefaction for 30 min at 37ºC, 
semen analysis was performed by semen analyzer 
system (Sperm Quality Analyzer, Medical 
Electronics System, USA) to determine 
concentration, motility and morphology according 
to WHO guidelines (14). Each sample was divided 
into two portions, one for pre freeze semen 
analysis and evaluation of apoptosis and the other 
for cryopreservation.  
 
Vitrification-Thawing of spermatozoa  
    For vitrification, 500 micro liter of semen were 
pipetted into 1.8 ml cryovials and mixed with 

Human Sperm Preservation Medium (Fertipro, 
Belgium) as 1:0.7, containing Glycerol, HSA, and 
Hepes according to company instruction. The 
mixture was exposed to evaporated nitrogen at 20 
cm over the liquid nitrogen for 30 minutes and 
then placed in liquid nitrogen tank. 
     For thawing, two weeks after freezing, 
specimens were removed from liquid nitrogen 
tank, put in a container of liquid nitrogen for 30 
seconds and then transferred to a water bath at 
37ºC  for 5 minutes. The thawed semen used for 
detection of apoptosis as in fresh semen (3).  
 
Detection of apoptosis 
     Apoptosis detection was performed based on 
translocation of membrane phosphatidyleserine 
and using of Annexin-V-Fluos kit and propidium 
iodid (PI) (Roche, Penzberg, Germany)(13). 
     Semen samples containing 1×106 spermatozoa 
were washed with PBS and centrifugated at 200× g 
for 5 min. Cell pellet was resuspended in 100 μL 
of Annexin V-flous labeling solution (containing 
Annexin V-flous labeling reagent in 1ml 
incubation buffer and propidium iodide (PI) in 
Hepes buffer). After incubation at 15 to 25°C for 
10-15 min, apoptotic cells were detected 
immediately by fluorescence microscopy 
(Olympus BX5, Japan). Apoptotic cells were 
differentiated from necrotic cells based on staining 
with PI. 
 
Statistical analysis  
     The statistical analysis was performed using 
SPSS software for windows. Paired t-test was 
applied for the comparison of parameters in the 
same group pre and post freezing semen. Unpaired 
t test were used for comparison of data from two 
different groups. Results are expressed as Mean ± 
SEM. The difference was considered statistically 
significant when p<0.05.  
 

Results 
 

     A total of 30 semen samples were evaluated in 
this study (10 semen samples from fertile and 20 
semen samples from subfertile men). 
    Semen parameters in fertile and subfertile men 
before vitrification are shown in Table I. As it is 
clear from the table, the concentration of sperm, 
sperm motility and morphology were significantly 
lower in subfertile men in comparison to fertile 
men. The comparison of pre-vitrification and post-
thaw results of annexin-V binding assay for both 
groups are shown in Table II. In this study, 
Annexin V staining were applied for determination 
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of PS exposure. The mean percentage of early 
apoptotic cells after vitrification and thawing 
increased significantly in both study and control 
groups. In addition, the mean percentage of late 
apoptotic or necrotic cells after vitrification and 
thaw increased significantly in both groups. The 
early apoptotic cells based on translocation of PS 
was demonstrated by the staining of annexin V 

conjugated FITC green fluorescence around the 
head, midpiece, and certain parts of the tail, while 
the staining of the sperm head by PI red 
fluorescence indicated the damage of membrane 
and necrotic or late apoptotic cells. Figure 1 shows 
early apoptotic cell with Annexin V-positive but PI 
negative. Figure 2 shows late apoptotic or necrotic 
cell with both Annexin and PI positive. 

 
Table I. Characteristics of semen parameters before vitrification from fertile and subfertile men.  
 

 WHO Criteria (1999) 
for normal value 

Frtile men   (n=10) 
Mean  ±  SEM 

Subfertile men   ( n=20) 
Mean  ±  SEM Semen analysis parameters 

≥2 2.37±0.11 3.9±0.24 Volume(ml) 
≥ 20 23.7±0.33 13.7±0.15 Concentration (106/ml) 

≥50 75% 44.4% Motility(a+b) 

≥30 43.7% 25.5% Normal morphology 

n= number of sample ,a= progressive and fast motility, b= progressive motility      
 
Table II. Annexin V binding to translocated membrane before vitrification and after thawing from fertile and subfertile 
men. 
 

Subfertile men Fertile men Samples 
  

     
Cells 

Previtrification postthaw p  Previtrification postthaw p 

Apoptotic Cells (Mean ± SEM) 3.94± 0.74 22.2± 4.35 0.001 2.84± 1.09 11.61±2.78 0.029 
Necrotic Cells(Mean  ±SEM) 30.4± 5.16 61.2± 3.38 0.001 18.87± 3.26 67.75±4.32 0.001 

 

 
 
Figure 1. Detection of apoptosis in spermatozoa using 
Annexin –V staining. Early apoptotic cell. [Annexin-
V(+)/PI(-)]. Annexin V staining (green color). 

 

 
 
Figure 2. Late apoptotic cell (Necrotic cell). [Annexin-
V(+)/PI(+)]. Annexin V staining (green colour) and PI 
staining (red). 

 
Discussion 

 
    Binding of annexin V to human ejaculated 
spermatozoa was determined in fresh and vitrified-
thawed semen samples. Annexin-V is a calcium 
dependent   binding    protein    with  high   affinity  
for  phosphatidylserine,    a     negatively   charged 
phospholipids (15).     Phosphatidyleserine,     as  a  

 
ligand of annexin V, is located on the inner leaflet 
of plasma membrane normally. It is translocated to  
the outer leaflet of plasma membrane in the 
beginning of apoptotic processes (16). Hence, acts 
as a biomarker for apoptosis by facilitating annexin 
V binding to cell surface receptors. However, it is  
insufficient in late apoptosis when integrity of cell 
membrane is lost and the status of cell is similar to  
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those in necrotic cells. At present, the Annexin V-
staining assay in conjugation with a vital dye 
(Propidium Iodide), has been developed as a 
sensitive method for detection of progressive stage 
of early apoptosis (Annexin-V-positive and PI 
negative) and late apoptosis or necrosis (both 
Annexin and PI-positive) (13). The annexin V-
binding assay is more sensitive than PI staining at 
detecting the early alteration of membrane 
structure.  
    In our study, both early apoptotic cells with 
phosphatidyleserin     translocation    (Annexin-V-
positive and PI negative) and late apoptotic or 
necrotic cells (Annexin V and PI-positive) were 
observed. We also found that annexin V stains; 
head, mid-piece and tail of the spermatozoa. The 
result showed that apoptotic and necrotic cells are 
increased significantly (p ≤ 0.001) in both fertile 
and subfertile men after vitrification, however, this 
rate was higher in subfertile men than fertile men. 
Our findings are in agreement with previous 
findings in that cryopreservation –thawing is 
associated with an increase in the rate of apoptotic 
sperms from fertile (5,6) and subfertile (13) men.  
They have shown that freezing of sperms for 24 
and 48 hours in both fertile and infertile men 
increases the number of apoptotic and necrotic 
cells. Our findings show that vitrification, similar 
to slow rate freezing increases the occurrence of 
apoptotic sperms in semen from fertile and 
subfertile men. Based on a three years vitrification 
of zygote (17) it is concluded that vitrification is a 
reliable method for cryopreservation of human 
embryos.  
    According to our findings, the comparison 
between slow rate freezing and vitrification of 
sperms is not possible. However, it appears that 
both slow rate and vitrification could result in 
apoptosis of sperms. Therefore, improvement of 
cryopreservation techniques would improve quality 
of sperm preservation in both fertile and subfertile 
men. 

 
Conclusion 

 
    It is concluded that phosphatidylserine 
translocation to the outer leaflet occurs at different 
parts of the cell membrane of the sperm. 
Vitrification induced alterations on sperm, as 
apoptosis and necrosis, are similar in both fertile 
and subfertile men, but it proportionally, is much 
higher in semen from subfertile men than fertile 
men. 
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