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Abstract 
 
Background It is well known that cryopreservation procedure may result in negative impact on spermatozoa 

function throughout relative overproduction of reactive oxygen species (ROS). However, ROS 
overproduction can be corrected by antioxidants. 

Objective To find out the effect of vitamin A on cryopreserved spermatozoa throughout measuring their 
motility rate and DNA fragmentation and compare it with vitamin E effect.  

Methods Forty seminal fluid specimens were individually collected from forty healthy, non-drug and non-
alcohol consumers, normozoospermic males in Um Al-Baneen Center for Infertility Management 
and In Vitro Fertilization in Baghdad. To facilitate comparing between used vitamins and 
experimenting each one alone, those specimens were distributed into 4 groups of 10 specimens 
each. Following deriving their own controls without any vitamin treatment, specimens of these 
groups, in general, were treated with two concentrations of vitamin A (20 µg/dl and 30 µg/dl), and 
two concentrations of vitamin E (10 µmol/l and 20 µmol/l). Then, each specimen was incubated for 
1 hour before being cryopreserved in liquid nitrogen for 14 days. Motility percentage and DNA 
fragmentation were assessed following cryopreservation and thawing of spermatozoa. 

Results Results revealed that there were significant statistically differences in post-thawing motility and 
DNA fragmentation means between specimens treated with vitamin A and their relevant control; 
between specimens treated with vitamin E and their relevant control; and between specimens 
treated with vitamin E and those treated with vitamin A among all groups of the study. 

Conclusion These results lead to the conclusion that both of vitamin A and E play an important role in 
improving and protecting sperm motility and DNA integrity following cryopreservation, and vitamin 
E is more effective than vitamin A. 
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Introduction 
n spite of the advances in the field of 
assisted reproductive technology (ART) 
nowadays (1-7), infertility still constitutes a 

big challenge in medicine since it affects about 
48 million couples and about 186 million 
individuals live with infertility all over the world 
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(8). It has many variable classifications (8-13), and 
has multiple etiological factors (14-17). One of 
the most common etiological factors of male 
infertility is relative overproduction of reactive 
oxygen species (ROS) in relation to antioxidant 
activity since it accounts for 30-80% of male 
infertility cases (18-20). ROS overproduction leads 
to increased oxidative stress, which can 
adversely affect various types of molecules 
within spermatozoa such as nucleic acids, 
lipids, and proteins resulting in DNA 
fragmentation, which subsequently lead to 
their apoptosis, lipid peroxidation in sperm 
plasma membrane, which accounts for motility 
defect represented by asthenozoospermia, and 
denaturation of the enzymes that finally lead 
to abnormal spermatogenesis represented by 
teratozoospermia (19,21,22). Cryopreservation is 
considered as one of the extrinsic physical 
stress factors that account for overproduction 
of ROS (23-25). In the same time, 
cryopreservation constitutes an important 
procedure used in ART since it keeps family 
chance to acquire children when the male 
partner requires chemotherapy, radiotherapy, 
or radical surgery; or when the male partner is 
azoospermic and exposed to high risk of 
testicular damage following testicular sperm 
extraction (5,25). This urges researchers to 
experiment adding antioxidants into seminal 
fluid and follow up its effect on sperm 
parameters specifically following 
cryopreservation. It has been found that 
vitamin E and D improve and protect motility 
and DNA integrity of sperms following 
cryopreservation (26-28).  
Regarding to vitamin A, it has been found that 
sperms of human ejaculate retain high levels of 
retinyl palmitate and stearate besides retaining 
retinyl hydrolase enzyme (29,30). It has been 
shown that seminal plasma level of vitamin A in 
normozoospermic men constitutes about 19.1 
(±2.5) µg/dl, while level of vitamin A in seminal 
plasma of oligozoospermic men constitutes 
about 10.4 (±1.8) µg/dl (31).  These collectively 
indicates to the role of vitamin A in sperm 
function. However, little studies were done to 

investigate the role of vitamin A in improving 
sperm parameters. These studies, in general, 
depended the oral route to supplement this 
vitamin to seminal fluid to improve sperm 
parameters and did not experiment the 
possibility of being added directly into it that 
facilitates its usage in ART. Besides what is 
preceded, these studies did not assess the role 
of vitamin A in improving sperm parameters 
following cryopreservation (32-34).  
Methods of DNA fragmentation assessment 
can be categorized into: direct assessment 
methods such as TUNEL test and COMET test, 
and indirect assessment methods such as 
Sperm Chromatin Structure Assay (SCSA) and 
Sperm Chromatin Dispersion (SCD) (35,36). 
However, TUNEL test is widely used because of 
its high valuable indication to DNA 
fragmentation and, in turn, to male infertility 
(36). The word ‘TUNEL’ represents the 
abbreviation of Terminal deoxynucleotidyl 
transferase (TdT) – Mediated deoxyuridine 
triphosphate (dUTP) Nick-End Labeling (35). Its 
principle is based on activation of 
endonuclease enzymes between nucleosomes 
when cells begin to undergo apoptosis. This 
results in genomic DNA cleavage which, in turn, 
exposes the cleaved site (3'-OH) to react with a 
fluorescein deoxyuridine triphosphate as a 
result of the catalytic effect of TdT. Then, cells 
are examined by fluorescence microscopy (37).    
Undergoing seminal fluid analysis (SFA), 
motility can be assessed using light microscope 
with magnification power of (X200) or (X400) 
(38). The four – grade system is considered as 
the most convenient system to classify sperms 
according to velocity of their motility. It 
consists of four grades of sperm movement. 
Grade (A) represents rapidly progressive 
spermatozoa, which move actively either 
linearly or in a large circle, covering a distance, 
from the starting point to the end point, of at 
least 25 µm (equal to ½ tail length) in one 
second. Grade (B) represents slowly 
progressive spermatozoa, which move actively 
either linearly or in a large circle, covering a 
distance, from the starting point to the end 
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point, of 5 to <25 µm (or at least one head 
length to less than ½ tail length) in one second. 
Grade (C) represents non-progressive 
spermatozoa that include all other patterns of 
active tail movements that are associated with 
an absence of progression; i.e., swimming in 
small circles, such as the flagellar force 
displacing the head less than 5 µm (one head 
length), from the starting point to the end 
point, in one second. While, grade (D) 
represents immotile spermatozoa, which 
reveal no active tail movement. Summation of 
grade (A), (B), and (C) represents the motility 
rate (38-41). 
The of objective of this study was trying to find 
a clinical basis to overcome stressful effect of 
cryopreservation and, thus, improve ART in 
cases requiring sperm cryopreservation, 
objectives of this study aim to find out the 
effect of vitamin A on cryopreserved 
spermatozoa throughout measuring their 
motility rate and DNA fragmentation and 
compare it with vitamin E effect.   
 
Methods 
This study was intended to be a prospective 
experimental analytic study. Its plan was 
determined to collect a number of specimens 
of seminal fluid from a number of randomly 
selected participants, in which each participant 
gave only one specimen following an 
abstinence of 2-5 days. Forty participants in 
this study were randomly selected from Um Al-
Baneen Center for Infertility Management and 
In Vitro Fertilization, Al-Imamein Al-Kadhimein 
Medical City in Baghdad. Inclusion criteria of 
participants in this study included being less 
than 50 years old, healthy, non-smokers, non-
drug consumers, and non-alcohol consumers, 
and having normozoospermic seminal fluid 
criteria with volume more than 2 ml for each 
specimen.  
All seminal fluid specimens were subjected to 
same conditions. Following assessing their first 
SFA, all specimens then were incubated at 
room temperature (22-27 ̊C) preparing for 
experimental groups derivation. The collected 
specimens were subdivided according to their 

volumes into two categories. Using vitamin A 
(Central Drug House (P) Ltd.; India) and vitamin 
E (HIMedia Laboratories Pvt. Ltd.; India), each 
category was managed according to possibility 
to derive the main experimental groups of this 
study from it.  
Representing the first category, the collected 
specimens with volume ranging between >2 ml 
and 2.5 ml were subjected to procedures by 
which vitamin A treated group (Group I) and 
vitamin E treated group (Group II) were 
derived. These procedures included dissolving 
a quantity of vitamin A or vitamin E in about 
500 µl seminal plasma derived from 
centrifugation of seminal fluid to form vitamin 
A solution with a concentration approximately 
equal to 0.1 µg/µl or vitamin E solution with a 
concentration approximately equal to 4 µg/µl 
respectively. Then, 1 µl and 1.5 µl of vitamin A 
solution from each specimen were well-mixed 
with two partitions of about 500 µl of seminal 
fluid each preparing for two specimens with 20 
µg/dl and 30 µg/dl concentrations of vitamin A 
respectively; while, 0.5 µl and 1 µl of vitamin E 
solution from each specimen were well-mixed 
with two partitions of about 500 µl seminal 
fluid each preparing for two specimens with 10 
µmol/l and 20 µmol/l concentrations of vitamin 
E respectively.  
Representing the second category, the 
collected specimens with volume >2.5 ml were 
subjected to procedures by which low 
concentrations vitamin A and E treated group 
(Group III) and high concentrations vitamin A 
and E treated group (Group IV) were derived. 
These procedures were similar to those 
deriving Group (I) and group (II) except that 
preparation of vitamin solution in each of 
group III and IV required derivation of two 
partitions of seminal plasma of about 500 µl 
each, which were derived from each specimen 
in the group in order to dissolve each vitamin 
individually.    
Following vitamin supplemented subgroup 
derivation, each experimental group would be 
consisted of three subgroups: one of them 
representing the control, which was not 
supplemented with vitamins and the other two 
were supplemented with vitamins.  
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Table (1) briefly demonstrates vitamin treated 
subgroups preparation, while table (2) 

demonstrates the finally formed experimental 
groups.  

 
 

Table 1. Preparation of vitamin supplemented subgroups 
 

Procedure 
Vitamin type 

Vitamin A Vitamin E 

Concentration of vitamin used in the beginning of 
preparation 

100 µg/µl 
400 µg/µl (approximately 

equivalent to 1000 µmol/ml) 

Preparation 
of vitamin 
solutions 

Volume of solute (vitamin) taken 0.4 – 0.5 µl 4 – 5 µl 

Volume of solvent (seminal plasma) taken 399.6 – 499.5 µl 396 – 495 µl 

Concentration of vitamin solution formed 
0.1 µg/µl 

(approximately) 
4 µg/µl (approximately 

equivalent to 10 µmol/ml) 

Preparation 
of vitamin 

treated 
subgroups 

 
Lower vitamin 
concentration 

subgroups 

Recommended volume of 
vitamin solution 

1 µl 0.5 µl 

Recommended volume of 
seminal fluid 

499 µl 499.5 µl 

Final vitamin 
concentration 

0.0002 µg/µl 
(approximately equal to 

20 µg/dl) 

0.004 µg/µl (approximately 
equivalent to 10 µmol/l) 

 
Higher vitamin 
concentration 

subgroups 

Recommended volume of 
vitamin solution 

1.5 µl 1 µl 

Recommended volume of 
seminal fluid 

498.5 µl 499 µl 

Final vitamin 
concentration 

0.0003 µg/µl 
(approximately equal to 

30 µg/dl) 

0.008 µg/µl (approximately 
equivalent to 20 µmol/l) 

 
 

Table 2. Finally formed experimental groups 
 

Experimental 
group 

Group I: 
vitamin A treated 

group 

Group II: 
vitamin E treated 

group 

Group III: 
Low concentrations 

vitamin A and vitamin 
E treated group 

Group IV: 
High concentrations 

vitamin A and vitamin 
E treated group 

Its 
constituting 
subgroups 

Control (500 µl) Control (500 µl) Control (500 µl) Control (500 µl) 
Low vitamin A 

concentration (500 µl) 
Low vitamin E 

concentration (500 µl) 
Low vitamin A 

concentration (500 µl) 
High vitamin A 

concentration (500 µl) 

High vitamin A 
concentration (500 µl) 

High vitamin E 
concentration (500 µl) 

Low vitamin E 
concentration (500 µl) 

High vitamin E 
concentration (500 µl) 

 
 

Following their derivation, these experimental 
groups were subjected to 1 hour incubation at 
room temperature (22-27 ̊C) before being 
cryopreserved for 14 days. Following 
cryopreservation and thawing of sperms, 
assessment of sperm motility rate, and DNA 
fragmentation were done for all specimens in 
all experimental groups.        
Motility was assessed by undergoing seminal 
fluid analysis, and examining spermatozoa by 

light microscope at (X400) magnification 
power. While DNA fragmentation was assessed 
by TUNEL test depending fluorescein 
isothiocyanate (FITC) stain as the main 
fluorescent stain, which stains fragmented DNA 
green, and 4̍,6-diamidino-2-phenylindole 
(DAPI) as the contrast stain (37). 
Statistical analysis was done using GraphPad 
Prism 9.3.1 released on 2021. ANOVA and 
Multiple Comparisons Tuckey’s tests were 
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applied to statistically evaluate results. 
Significant P value was specified to be <0.05 
(28).  
 
Results 
Applying ANOVA test and Tukey’s multiple 
comparisons test, statistical studies revealed 
the following according to each experimental 
group.  
In group (I) as shown in tables (3) and (4), in 
addition to graphs (1) and (2), it has been 
shown that there are significant statistical 
differences in motility rate and DNA 

fragmentation means between vitamin A 
treated subgroups and their relevant controls. 
However, there is no significant statistical 
difference between lower and higher vitamin A 
treated subgroups (adjusted P value < 0.05). 
This means that motility and DNA preservation 
is significantly more in vitamin A treated 
subgroups than in control; while, the difference 
in motility and DNA preservation between low 
and high vitamin A subgroups is of no 
significance in spite of being higher in high 
vitamin A subgroup. 

 
 

Table 3. Multiple comparison of post-thawing motility of vitamin A group 
 

Tukey's multiple 
comparisons test 

Mean Diff. 95% CI of diff. 
Below 

threshold? 
Summary 

Adjusted P 
Value  

Control (post) vs. 
low vit. A (post) 

-13.5 
-20.94 to  
-6.062 

Yes *** 0.0003 

Control (post) vs. 
high vit. A (post) 

-18.5 
-25.94 to  
-11.06 

Yes **** <0.0001 

Low vit. A (post) vs. 
high vit. A (post) 

-5 
-12.44 to  

2.438 
No ns 0.2362 

(***) refers to P value <0.001; while, (****) refers to P value <0.0001 
 

 
 

Figure 1. Post-thawing motility percentage assessment and statistical analysis of vitamin A 
experimental group. It reveals that there are significant differences among its subgroups. The 

symbol (***) refers to P value <0.001; while, (****) refers to P value <0.0001 



Al-Anbari et al, Vitamin A versus Vitamin E effect on Cryopreserved Sperms 

48 
 

 

Table 4. Multiple comparison test of post-thawing DNA fragmentation of vitamin A group 
 

Tukey's multiple 
comparisons test 

Mean Diff. 95% CI of diff. 
Below 

threshold? 
Summary 

Adjusted P 
Value  

Control (post) vs. 
low vit. A (post) 16.6 1.783 to 31.42 Yes * 0.0258 

Control (post) vs. 
high vit. A (post) 15.4 

0.5825 to 
30.22 Yes * 0.0404 

Low vit. A (post) vs. 
high vit. A (post) -1.2 -16.02 to 13.62 No ns 0.978 

(*) refers to P value <0.05 

 
 

 
 

Figure 2. Post-thawing DNA fragmentation assessment and statistical analysis of vitamin A 
experimental group. It reveals that there are significant differences among its subgroups. The 

symbol (*) refers to P value <0.05 
 

 
In group (II) as shown in table (5) and (6), in 
addition to graph (3) and (4), it has been shown 
that there are significant statistical differences 
in motility rate and DNA fragmentation means 
between vitamin E treated subgroups and their 
relevant controls (adjusted P value <0.05). 
However, there is no significant statistical 
difference between lower and higher vitamin E 
treated subgroups. 

This means that motility and DNA preservation 
is significantly more in vitamin E treated 
subgroups than in control; while, the difference 
in motility and DNA preservation between low 
and high vitamin E subgroups is of no 
significance in spite of being higher in high 
vitamin E subgroup. 
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Table 5. Multiple comparison test of post-thawing vitamin E group motility 
 

Tukey's multiple 
comparisons test 

Mean Diff. 95% CI of diff. 
Below 

threshold? 
Summary 

Adjusted P 
Value  

Control (post) vs. 
low vit. E (post) 

-13.5 
-20.13 to 
-6.871 

Yes **** <0.0001 

Control (post) vs. 
high vit. E (post) 

-15.5 
-22.13 to 
-8.871 

Yes **** <0.0001 

Low vit. E (post) vs. 
high vit. E (post) 

-2 
-8.629 to 

4.629 
No ns 0.7374 

(***) refers to P value <0.001; while, (****) refers to P value <0.0001 
 
 

 
 

Figure 3. Post-thawing motility assessment and statistical analysis of vitamin E experimental 
group. It reveals that there are significant differences among its subgroups. The symbol (****) 

refers to P value <0.0001 
 
 

Table 6. Multiple comparison test of post-thawing vitamin E group DNA fragmentation 
assessment 

 
Tukey's multiple 
comparisons test 

Mean Diff. 95% CI of diff. 
Below 

threshold? 
Summary 

Adjusted P 
Value  

Control (post) vs. 
low vit. E (post) 

22.5 13.25 to 31.75 Yes **** <0.0001 

Control (post) vs. 
high vit. E (post) 

23 13.75 to 32.25 Yes **** <0.0001 

Low vit. E (post) vs. 
high vit. E (post) 

0.5 -8.746 to 9.746 No ns 0.9901 

(***) refers to P value <0.001; while, (****) refers to P value <0.0001 
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Figure 4. Post-thawing DNA fragmentation assessment and statistical analysis of vitamin E 
experimental group. It reveals that there are significant differences among its subgroups. The 

symbol (****) refers to P value <0.0001 
 
 

In group (III) as shown in table (7) and (8), in 
addition to graph (5) and (6), it has been shown 
that there are significant statistical differences 
in motility rate and DNA fragmentation means 
between lower concentrations vitamin A and E 
treated subgroups and their relevant control, 
and between motility rate means of vitamin A 
treated subgroup and vitamin E treated 
subgroup (adjusted P value <0.05). However, 
there is no significant statistical difference 

between DNA fragmentation means of vitamin 
A treated subgroup and vitamin E treated 
subgroup. 
This means that motility and DNA preservation 
is significantly more in low vit. E and low vit. A 
treated subgroups than in control, and 
significantly more in low vit. E treated 
subgroups than in low vitamin A treated 
subgroups. 
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Table 7. Multiple comparison of post-thawing low concentration vitamin A and E  
treated group motility assessment 

 
Tukey's multiple 
comparisons test 

Mean Diff. 95% CI of diff. 
Below 

threshold? 
Summary 

Adjusted P 
Value  

Control (post) vs. 
low vit. A (post) 

-7.8 
-14.74 to 
-0.8635 

Yes * 0.0252 

Control (post) vs. 
low vit. E (post) 

-16.5 
-23.44 to 
-9.564 

Yes **** <0.0001 

Low vit. A (post) vs. 
low vit. E (post) 

-8.7 
-15.64 to 
-1.764 

Yes * 0.0118 

(***) refers to P value <0.001; while, (****) refers to P value <0.0001 

 

 

 
 

Figure 5. Post-thawing motility assessment and statistical analysis of low concentration 
vitamin A and E treated experimental group. It reveals that there are significant differences 
among its subgroups. The symbol (*) refers to P value <0.05; while, (****) refers to P value 

<0.0001 
 
 
 
 
 
 
 
 

 
 



Al-Anbari et al, Vitamin A versus Vitamin E effect on Cryopreserved Sperms 

52 
 

 

Table 8. Multiple comparison test of post-thawing low concentration vitamin A and E treated 
group DNA fragmentation 

 
Tukey's multiple 
comparisons test 

Mean Diff. 95% CI of diff. 
Below 

threshold? 
Summary 

Adjusted P 
Value  

Control (post) vs. 
low vit. A (post) 

12.1 
1.382 to 
22.82 

Yes * 0.0245 

Control (post) vs. 
low vit. E (post) 

22.7 
11.98 to 
33.42 

Yes **** <0.0001 

Low vit. A (post) vs. 
low vit. E (post) 

10.6 
-0.1178 to 

21.32 
No ns 0.053 

The symbol (*) refers to P value <0.05; while, (****) refers to P value <0.0001 
 

 

 
 

Figure 6. Post-thawing DNA fragmentation assessment and statistical analysis of low 
concentration vitamin A and E treated group. It reveals that there are significant differences 
among its subgroups. The symbol (*) refers to P value <0.05; while, (****) refers to P value 

<0.0001 
 

 
In group (IV) as shown in tables (9) and (10) in 
addition to graphs (7) and (8), it has been 
shown that there are statistically significant 
differences in motility rate and DNA 
fragmentation means between higher 
concentrations vitamin E treated subgroup and 
their relevant control (adjusted P value < 0.05); 
and between motility means of vitamin A 
treated subgroup and its relevant control 

(adjusted P value <0.05). However, there is no 
statistically significant differences in motility 
rate and DNA fragmentation means between 
vitamin A treated subgroup and vitamin E 
treated subgroup, and between DNA 
fragmentation means of vitamin A treated 
subgroup and its relevant control. 
This means that motility and DNA preservation 
is significantly more in high vitamin E and high 



Iraqi JMS 2023; Vol. 21(1) 
 

 
53 

 

vitamin A treated subgroups than in control, 
and significantly more in low vitamin E treated 

subgroups than in high vit A treated subgroups. 

 
 

Table 9. Multiple comparison test of post-thawing motility of high concentration vitamin A and E 
group 

 
Tukey's multiple 
comparisons test 

Mean Diff. 95% CI of diff. 
Below 

threshold? 
Summary 

Adjusted P 
Value  

Control (post) vs. 
high vit. A (post) 

-8.8 
-16.09 to  
-1.513 

Yes * 0.0156 

Control (post) vs. 
high vit. E (post) 

-15.5 
-22.79 to  
-8.213 

Yes **** <0.0001 

High vit. A (post) vs. 
high vit. E (post) 

-6.7 
-13.99 to 
0.5870 

No ns 0.076 

The symbol (*) refers to P value <0.05; while, (****) refers to P value <0.0001 
 
 
 

 
 

Figure 7. Post-thawing motility assessment and statistical analysis of high concentration vitamin 
A and E treated experimental group. It reveals that there are significant differences among its 

subgroups. The symbol (*) refers to P value <0.05; while, (****) refers to P value <0.0001 
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Table 10. Multiple comparison test of post thawing high concentration vitamin A and E treated 
group DNA fragmentation 

 
Tukey's multiple 
comparisons test 

Mean Diff. 95% CI of diff. 
Below 

threshold? 
Summary 

Adjusted P 
Value  

Control (post) vs. 
high vit. A (post) 

9.6 
-4.494 to  

23.69 
No ns 0.2277 

Control (post) vs. 
high vit. E (post) 

16.1 
2.006 to  

30.19 
Yes * 0.0227 

High vit. A (post) vs. 
high vit. E (post) 

6.5 
-7.594 to  

20.59 
No ns 0.4964 

The symbol (*) refers to P value < 0.05 

 
 
 

 
 

Figure 8. Post-thawing DNA fragmentation assessment and statistical analysis of high 
concentration vitamin A and E treated group. It reveals that there is significant difference among 

its subgroups.  The symbol (*) refers to P value < 0.05 
 

 
Figures (9), (10), (11), (12), (13), (14), and (15) 
reveal TUNEL test showing DNA fragmentation 
of spermatozoa of different subgroups. 
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Figure 9. This figure represents demonstration for TUNEL test, in which the seminal fluid 
sample was stained with the main fluorescent DNA stain (FITC) and the counter stain (DAPI); 

and reveals the presence of spermatozoa, round cells and epithelial cells. Magnification 
power was (X200) 

 
 

 
 

Figure 10. This figure demonstrates TUNEL test undergone for a post-thawing control 
sample. Magnification power was (X100) 
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Figure 11. This figure demonstrates TUNEL test undergone for a sample from post-thawing 
low concentration vitamin A treated group. Magnification power was (X100) 

 
 

 
 

Figure 12. This figure demonstrates TUNEL test undergone for a sample from post-thawing 
low concentration vitamin E treated group. This sample reveals high number of 

spermatozoa. Magnification power was (X100) 
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Figure 13. This figure demonstrates TUNEL test undergone for a sample from post-thawing 
high concentration vitamin A treated group. Magnification power was (X100) 

 
 

 
 

Figure 14. This figure demonstrates TUNEL test undergone for a sample from post-thawing 
high concentration vitamin E treated group. Magnification power was (X100) 
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Figure 15. This figure demonstrates TUNEL test undergone for a sample of post-thawing 
lower concentration vitamin A group, in which spermatozoa were stained by FITC as the 
main fluorescent stain and DAPI as the counter stain. Magnification power was (X400) 

 
 

Discussion 
In spite of being more possible to be conducted 
on animal models, this study was not intended 
to be done on animal models but on human-
being since animal model experiments depend 
on prediction to meet reality while studies 
done on human-being reflect the real effect of 
antioxidants on human sperm quality.  
Depending normozoospermic men in this 
study, this is in order to minimize the effect of 
any factor other than ROS to properly assess 
antioxidant role (28).   
This study was designed to investigate the role 
of vitamin A in maintaining and improving 
sperm function and to compare it with the role 
of one of the previously experimented 
antioxidants such as vitamin E in maintenance 
of sperm activity, specifically following thawing 
of cryopreserved sperms since 

cryopreservation has a negative impact on 
spermatozoa.  
Regarding to their concentrations used in this 
study, each of vitamin A and vitamin E was 
experienced with two concentrations, which 
are in close relation to their normal seminal 
plasma levels since the concentrations of 20 
µg/dl and 10 µmol/L, which represented the 
lower concentrations used in this study, were 
approximately equal to the normal upper limits 
of vitamin A and vitamin E concentrations in 
seminal plasma of normozoospermic men 
according to Singer et al. (1982), and Omu et al. 
(1999) respectively (31,42). This was intended in 
order to study the effect of normal upper limits 
of these vitamins and their slight increment on 
sperm motility, and DNA fragmentation before 
and after cryopreservation.     
Comparing results of vitamin A treated 
subgroups with those of their relevant controls, 



Iraqi JMS 2023; Vol. 21(1) 
 

 
59 

 

statistical differences in means of motility rate 
and DNA fragmentation between them, in 
general, reveal the effect of vitamin A in 
improving motility rate and reducing DNA 
fragmentation of sperms. This agrees with 
Singer et al. (1982), Pappas et al. (1993), 
Schreiber et al. (2012), and Ghyasvand et al. 
(2015), who collectively indicate the role of 
vitamin A in maintaining and improving sperm 
function (29-31,34). However, these significant 
differences show variable extent among all 
groups taking their P values in consideration. 
This is convenient with Nallella et al. (2004), 
whose findings revealed that the process of 
cryopreservation could produce significant 
increment in inter-sample variability in post-
thawing sperm parameters in comparison to 
pre-cryo parameters (43). Besides that, small 
sample size could be an additional reason 
behind this increased variability since it is 
associated with increased impact of random 
error, which is in accordance with what is 
stated by Lee et al. (2015), Thiese et al. (2016) 
and Andrade et al. (2020) (44-46).  Added to what 
is preceded, the findings of Le et al. (2019), 
which revealed that DNA fragmentation index 
is not strongly correlated with other 
conventional semen parameters, may also 
bring for increased variability in statistical 
differences among groups (47).  
Comparing results of vitamin E treated 
subgroups with those of their relevant controls, 
statistical differences in means of motility rate 
and DNA fragmentation between them, in 
general, reveal the effect of vitamin E in 
improving motility rate and reducing DNA 
fragmentation of sperms. This agrees with the 
findings of Maruoka et al. (2008), Zhu et al. 
(2011), and Howard et al. (2015), which 
revealed that vitamin E has a potent 
antioxidant that scavenges ROS, repairs and 
protects plasma membrane, and stabilizes it 
(26,48,49).  
Comparing between vitamin A treated 
subgroups and vitamin E treated subgroups, 
statistical differences in means of motility rate 
and DNA fragmentation between them, in 
general, reveal that vitamin E has more effect 
in improving sperm function than that of 
vitamin A. This could be due to the potent dual 

action of vitamin E as both an ROS scavenger 
and plasma membrane stabilizer, which agrees 
with Maruoka et al (2008), and Howard et al. 
(2011) (48,49).  
Comparing between lower concentration 
vitamin A and higher concentration vitamin A 
treated subgroups, statistical results revealed 
that there are no significant differences in 
motility rate and DNA fragmentation means 
between them. This may be due to individual 
baseline plasma level differences in their 
vitamin A contents as stated by singer et al. 
(1982) (31), which make variable responses 
toward addition of the high concentration of 
vitamin A that either result in improvement of 
spermatozoa function or suppression in their 
function due to the toxic effect of vitamin A. 
This, in turn, make the statistical differences 
between means of these parameters in the two 
subgroups small and not significant. This 
requires performing the study on larger size 
sample to reach the proper conclusion.  
Comparing between lower concentration 
vitamin E and higher concentration vitamin E 
treated subgroups, statistical results reveal 
that there are no significant differences in 
motility rate and DNA fragmentation means 
between them. This may be due to individual 
baseline plasma level differences in their 
vitamin E contents as stated by Omu et al. 
(1999) (42), which make, upon addition of high 
concentration vitamin E, variable responses 
that either result in improvement of 
spermatozoa function or relative suppression 
in their function due to the toxic effect of 
vitamin E. This, in turn, make the statistical 
differences between means of the parameters 
in the two subgroups small and not significant. 
This requires performing the study on larger 
size sample to reach the proper conclusion.  
Taking these results in consideration, it has 
been concluded that both concentrations of 
vitamin A and vitamin E have a vital role in 
improving and protecting spermatozoa motility 
and DNA integrity parameters following 
cryopreservation. However, differences 
between the low and high concentrations of 
each vitamin used in this study need to be 
further assessed; and it is recommended both 
in terms of safety and efficacy to use low levels 
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for both vitamin A and vitamin E since both 
vitamin A and E can be potentially toxic at high 
concentrations taking in consideration that 
there is no significant difference in motility and 
DNA fragmentation between low and high 
concentrations of these vitamins. In addition to 
that, vitamin E is shown to be more effective 
than vitamin A. 
 
Acknowledgement 
Authors owe, and greatly acknowledge, a 
considerable debt to Dr. Shu’aib I. Ali, master 
degree in applied embryology, manager of Um 
Al-Banin Center for Infertility Management and 
In Vitro Fertilization in Al-Imamein Al-
Kadhimein Medical City, for his cooperation 
and facilities he offered to complete this work; 
and to Dr. Nibras H. Khamees, assistant 
professor, director of Anatomy Department at 
College of Mdicine, university of Al-
Mustansiriya for his cooperation in performing 
the statistics of this study. 
 
Author contribution 
The authors, altogether, conceived and 
planned the study. The experiment was done 
by Samir A. Al-Anbari under supervision of Dr. 
Ibraheem and Dr. Farhan. 
 
Conflict of interest  
There is no conflict of interest.  
 
Funding 
The study was self-funded. 
 
References 
1. Sadler TW. Langman’s Medical Embryology. 12th ed.  

Lippincott Williams & Wilkins; 2012. p. 29-42. 
2. Deep JP. Assisted reproductive technology. J Chitwan 

Med Coll. 2014; 4(7). 1-10. doi: 
10.3126/jcmc.v4i1.10840. 

3. Southern California Reproductive Center (SCRC). The 
evolution of fertility treatments and development of 
IVF. 2016 Cited from: https://blog.scrcivf.com/ivf-
the-history-and-evolution-fertility-treatments. 

4. Foote RH. The history of artificial insemination: 
Selected notes and notables. Am Society Animal Sci; 
2002. cited from: 
https://www.asas.org/docs/default-
source/midwest/mw2020/publications/footehist.pdf
?sfvrsn=59da6c07_0 in 4 Feb 2021. 

5. Pegg DE. The history and principles of 
cryopreservation. Semin Reprod Med. 2002; 20(1): 5-
13. doi: 10.1055/s-2002-23515.  

6. Gook DA. History of oocyte cryopreservation. Reprod 
Biomed Online. 2011; 23(3): 281-9. doi: 
10.1016/j.rbmo.2010.10.018.  

7. Sztein JM, Takeo T, Nakagata N. History of 
cryobiology, with special emphasis in evolution of 
mouse sperm cryopreservation. Cryobiology. 2018; 
82: 57-63. doi: 10.1016/j.cryobiol.2018.04.008.  

8. World Health Organization (WHO). Infertility. 2020. 
Cited from: https://www.who.int/news-room/fact-
sheets/detail/infertility in 5 Feb 2021. 

9. Jenkins J, Daya S, Kremer J, et al. European 
Classification of Infertility Taskforce (ECIT) response 
to Habbema et al., 'Towards less confusing 
terminology in reproductive medicine: A proposal. 
Hum Reprod. 2004; 19(12): 2687-8. doi: 
10.1093/humrep/deh499.  

10. Aflatoonian A, Baghianimoghadam B, Partovi P, et al. 
A new classification for female infertility. Clin Exp 
Obstet Gynecol. 2011; 38(4): 379-81.  

11. Lee HD, Lee HS, Park SH, et al. Causes and 
classification of male infertility in Korea. Clin Exp 
Reprod Med. 2012; 39(4): 172-5. doi: 
10.5653/cerm.2012.39.4.172.  

12. Naz M, Kamal M. Classification, causes, diagnosis and 
treatment of male infertility: A review. Oriental 
Pharm Experiment Med; 2017; 17, 89-109. 
https://doi.org/10.1007/s13596-017-0269-7. 

13. Sharma A. Male infertility; evidences, risk factors, 
causes, diagnosis and management in human. Ann 
Clin Lab Res. 2017; 5(3): 188. doi: 10.21767/2386-
5180.1000188. 

14. Wong TW, Straus FH, Jones TM, et al. Pathological 
aspects of the infertile testis. Urol Clin North Am. 
1978; 5(3): 503-30.  

15. Eisenberg ML, Lipshultz LI. Male infertility. In: Bieber 
EJ, Sanfilippo JS, Horowitz IR, et al (eds). Clinical 
gynecology; Section 8 – Infertility and reproductive 
endocrinology. Cambridge University Press; 2015. p. 
898-917.  

16. Nargund VH. Effects of psychological stress on male 
fertility. Nat Rev Urol. 2015; 12(7): 373-82. doi: 
10.1038/nrurol.2015.112.  

17. Dimitriadis F, Adonakis G, Kaponis A, et al. Pre-
testicular, testicular, and post-testicular causes of 
male infertility. In: Simoni M, Huhtaniemi I (eds). 
Endocrinology of the testis and male reproduction. 
Endocrinology. Springer, Cham. 2017. 
https://doi.org/10.1007/978-3-319-29456-8_33-2 . 

18. Ahmadi S, Bashiri R, Ghadiri-Anari A, et al. 
Antioxidant supplements and semen parameters: An 
evidence based review. Int J Reprod Biomed. 2016; 
14(12): 729-36.  

19. Sabeti P, Pourmasumi S, Rahiminia T, et al. Etiologies 
of sperm oxidative stress. Int J Reprod Biomed. 2016; 
14(4): 231-40.  

20. Tvrdá E, Massanyi P, and Lukáč N. Physiological and 
pathological roles of free radicals in male 



Iraqi JMS 2023; Vol. 21(1) 
 

 
61 

 

reproduction. In: Meccariello R (ed). Spermatozoa - 
Facts and perspectives. InTechl 2018. doi: 
10.5772/intechopen.70793. 

21. Phaniendra A, Jestadi DB, Periyasamy L. Free radicals: 
Properties, sources, targets, and their implication in 
various diseases. Indian J Clin Biochem. 2015; 30(1): 
11-26. doi: 10.1007/s12291-014-0446-0.  

22. Guthrie HD, Welch GR. Effects of reactive oxygen 
species on sperm function. Theriogenology. 2012; 
78(8): 1700-8. doi: 
10.1016/j.theriogenology.2012.05.002.  

23. Kim S, Lee YJ, Kim YJ. Changes in sperm membrane 
and ROS following cryopreservation of liquid boar 
semen stored at 15 °C. Anim Reprod Sci. 2011; 124(1-
2): 118-24. doi: 10.1016/j.anireprosci.2011.01.014.  

24. Kim S, Agca C, Agca Y. Effects of various physical 
stress factors on mitochondrial function and reactive 
oxygen species in rat spermatozoa. Reprod Fertil Dev. 
2013; 25(7): 1051-64. doi: 10.1071/RD12212.  

25. Anger JT, Gilbert BR, Goldstein M. Cryopreservation 
of sperm: indications, methods and results. J Urol. 
2003; 170(4 Pt 1): 1079-84. doi: 
10.1097/01.ju.0000084820.98430.b8.  

26. Zhu Z, Fan X, Lv Y, et al. Vitamin E Analogue Improves 
rabbit sperm quality during the process of 
cryopreservation through its antioxidative action. 
PLoS One. 2015; 10(12): e0145383. doi: 
10.1371/journal.pone.0145383.  

27. Kalthur G, Raj S, Thiyagarajan A, et al. Vitamin E 
supplementation in semen-freezing medium 
improves the motility and protects sperm from 
freeze-thaw-induced DNA damage. Fertil Steril. 2011; 
95(3): 1149-51. doi: 
10.1016/j.fertnstert.2010.10.005.  

28. Taheri Moghadam M, Asadi Fard Y, Saki G, et al. 
Effect of vitamin D on apoptotic marker, reactive 
oxygen species and human sperm parameters during 
the process of cryopreservation. Iran J Basic Med Sci. 
2019; 22(9): 1036-43. doi: 
10.22038/ijbms.2019.36258.8634.  

29. Pappas RS, Newcomer ME, Ong DE. Endogenous 
retinoids in rat epididymal tissue and rat and human 
spermatozoa. Biol Reprod. 1993; 48(2): 235-47. doi: 
10.1095/biolreprod48.2.235.  

30. Schreiber R, Taschler U, Preiss-Landl K, et al. Retinyl 
ester hydrolases and their roles in vitamin A 
homeostasis. Biochim Biophys Acta. 2012; 1821(1): 
113-23. doi: 10.1016/j.bbalip.2011.05.001.  

31. Singer R, Barnet M, Sagiv M, et al. Vitamin A and 
beta-carotene content of seminal fluid and sperm of 
normospermic and oligozoospermic men. Arch 
Androl. 1982; 8(1): 61-4. doi: 
10.3109/01485018208987019.  

32. Hogarth CA, Griswold MD. The key role of vitamin A 
in spermatogenesis. J Clin Invest. 2010; 120(4): 956-
62. doi: 10.1172/JCI41303.  

33. Ramadhan O, Ian FP. The Biological significance of 
vitamin a in humans: A review of nutritional aspects 
and clinical considerations. ScienceJet. 2012; 1: 1-13.   

34. Ghyasvand T, Goodarzi MT, Amiri I, et al. Serum 
levels of lycopene, beta-carotene, and retinol and 
their correlation with sperm DNA damage in 
normospermic and infertile men. Int J Reprod 
Biomed. 2015; 13(12): 787-92.  

35. Denton D, Kumar S. Terminal Deoxynucleotidyl 
Transferase (TdT)-Mediated dUTP Nick-End Labeling 
(TUNEL) for detection of apoptotic cells in 
Drosophila. Cold Spring Harb Protoc. 2015; 2015(6): 
568-71. doi: 10.1101/pdb.prot086199.  

36. Hassanen E, Elqusi K, Zaki H, et al. TUNEL assay: 
Establishing a sperm DNA fragmentation cut-off value 
for Egyptian infertile men. Andrologia. 2019; 51(10): 
e13375. doi: 10.1111/and.13375.  

37. Elabscience. TUNEL assay kit (Enhanced FITC): 
Detection principle. 8th ed. Copyright©2020-2021 
Elabscience Biotechnology Inc.; catalog no. E-CK-
A334. 

38. World Health Organization (WHO). Basic 
examination/ 2.4. Examination and post examination 
procedures. In: WHO laboratory manual for the 
examination and processing of human semen. 6th ed. 
World Health Organization; 2021. p. 15-63. 

39. Vasan SS. Semen analysis and sperm function tests: 
How much to test? Indian J Urol. 2011; 27(1): 41-8. 
doi: 10.4103/0970-1591.78424.  

40. Campbell MJ, Lotti F, Baldi E, et al. Distribution of 
semen examination results 2020 - A follow up of data 
collated for the WHO semen analysis manual 2010. 
Andrology. 2021; 9(3): 817-22. doi: 
10.1111/andr.12983.  

41. World Health Organization (WHO). Appendices/ 8.1. 
Interpretation of semen examination results. In: 
WHO laboratory manual for the examination and 
processing of human semen. 6th ed. World Health 
Organization; 2021. p. 211-3. 

42. Omu AE, Fatinikun T, Mannazhath N, et al. 
Significance of simultaneous determination of serum 
and seminal plasma alpha-tocopherol and retinol in 
infertile men by high-performance liquid 
chromatography. Andrologia. 1999; 31(6): 347-54. 
doi: 10.1046/j.1439-0272.1999.00296.x.  

43. Nallella KP, Sharma RK, Said TM, et al. Inter-sample 
variability in post-thaw human spermatozoa. 
Cryobiology. 2004; 49(2): 195-9. doi: 
10.1016/j.cryobiol.2004.07.003.  

44. Lee DK, In J, Lee S. Standard deviation and standard 
error of the mean. Korean J Anesthesiol. 2015; 68(3): 
220-3. doi: 10.4097/kjae.2015.68.3.220.  

45. Thiese MS, Ronna B, Ott U. P value interpretations 
and considerations. J Thorac Dis. 2016; 8(9): E928-
E931. doi: 10.21037/jtd.2016.08.16.  

46. Andrade C. Sample Size and its Importance in 
Research. Indian J Psychol Med. 2020; 42(1): 102-3. 
doi: 10.4103/IJPSYM.IJPSYM_504_19.  

47. Le MT, Nguyen TAT, Nguyen HTT, et al. Does sperm 
DNA fragmentation correlate with semen 
parameters? Reprod Med Biol. 2019; 18(4): 390-6. 
doi: 10.1002/rmb2.12297.  



Al-Anbari et al, Vitamin A versus Vitamin E effect on Cryopreserved Sperms 

62 
 

 

48. Maruoka N, Murata T, Omata N, et al. Effects of 
vitamin E supplementation on plasma membrane 
permeabilization and fluidization induced by 
chlorpromazine in the rat brain. J Psychopharmacol. 
2008; 22(2): 119-27. doi: 
10.1177/0269881107078487.  

49. Howard AC, McNeil AK, McNeil PL. Promotion of 
plasma membrane repair by vitamin E. Nat Commun. 
2011; 2: 597. doi: 10.1038/ncomms1594.  

 

Correspondence to Samir A. Al-Anbari 
E-mail: samer_anbari@yahoo.com 

Received Apr. 20th 2022 
Accepted May 15th 2022

 

mailto:samer_anbari@yahoo.com

