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Abstract Cryopreservation exposes sperm to phys-

ical and chemical stresses causing cell damages and

impairs sperm functions. The aim of this study was to

evaluate the association between motility and sperm

chromatin/DNA damage before and after cryopreser-

vation and investigate the effects of folic acid and

nicotinic acid on post-thaw sperm quality. Thirty

semen samples were obtained from 30 normozoosper-

mic men, aged between 25 and 45 years old. Each

sample were divided into five aliquots to form the

following groups: fresh, cryopreserved with sperm-

freeze only (control), with nicotinic acid (10 mM),

with folic acid (50 nM), and with a combination of

folic acid (50 nM) ? nicotinic acid (10 mM). Sperm

viability and motility in each group were assessed by

eosin-nigrosine staining and computer-aided sperm

analysis respectively. Sperm chromatin quality was

studied by aniline blue, toluidine blue, acridine orange

staining methods and sperm chromatin dispersion test.

Cryopreservation led to a significant reduction in

sperm quality in comparison to fresh sample groups

(p\ 0.05). Sperm chromatin damage was negatively

correlated with the percentage of progressively motile

cells. Supplementation of the cryopreservation med-

ium with folic acid or nicotinic acid induced a

significant improvement in sperm parameters and

chromatin quality, compared to control groups

(p\ 0.05). Meanwhile, the combination of folic

acid ? nicotinic acid showed a significant protective

effect in post thaw sperm. In conclusion, cryopreser-

vation generated oxidative stress, inducingsperm cry-

odamage, reducing progressive motility and sperm

quality, as an indicator of significant chromatin/DNA

damage. Folic acid and nicotinic acid exhibited a

potential cryoprotective effect by enhancing sperm

quality.
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Introduction

Sperm freezing is a widely used method in human

assisted reproductive technology (ART) setup for

keeping sperm cells from being damaged or destroyed

by time and chemical reactions and stored safely for a

long time (Oberoi et al. 2014; Oehninger et al. 2000;

Verza et al. 2009).

In spite, of many benefits of cryopreservation, this

procedure causes cell damages, including changes in

the composition of membrane lipid, acrosome’s
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condition, motility, survival rate and increase DNA

damage (Amidi et al. 2016; Bateni et al. 2014; Gadea

et al. 2011; Najafi et al. 2016). The levels of

correlation between sperm chromatin structure and

motility status range from nonsignificant up to - 0.53

(Giwercman et al. 2003). The studies reported that

sperm parameters and chromatin/DNA integrity are

significantly associated (Irvine et al. 2000; Zribi et al.

2012).

Mechanism of cryoinjuries are osmotic stresses,

cold shock, intracellular ice crystals formation, ROS

and decrease antioxidant defense capacity of sperm

(Amidi et al. 2016; Bateni et al. 2014; Gadea et al.

2011; Najafi et al. 2016). ROS are active molecules

derived from oxygen (Agarwal et al. 2014; Amidi et al.

2016). The lipid peroxidation is increased through loss

of unsaturated fatty acids causing production of

altered oxidative products, effecting DNA fragmenta-

tion and sperm function (Anghel et al. 2010; Gadea

et al. 2011; Gharagozloo and Aitken 2011; Iranpour

et al. 2017; Toghiani et al. 2016). Efforts are made to

decrease the adverse impact of ROS on sperm DNA

function by pharmacological agents, vitamins and

antioxidants. Antioxidants may has a role in decreas-

ing DNA damage, as the antioxidant capacity in sperm

cells is insufficient in preventing lipid peroxidation

during freeze–thawing process. Recently, there is a

growing awareness about antioxidants, as a safe

alternate agents that can enhance sperm functions

during cryopreservation (Agarwal et al. 2014; Murphy

et al. 2011; Greenberg et al. 2011).

Folic acid is a water-soluble vitamin, used to

prevent peroxidation of lipids. It can regenerate the

oxidized thiol forms by giving electron and oxidation

(Joshi et al. 2001; Nakano et al. 2001; Pietrzik et al.

2010). Folic acid has an important role in the synthesis

of RNA and DNA. It participates in the synthesis of

purines and methionine–homocysteine cycle, exhibit-

ing its role in development and reproduction (Kamen

1997).

Nicotinic acid is a water-soluble vitamin (Lee et al.

2014), participates in different biological processes by

contributing to mitochondrial energy production (Kim

et al. 2015). However, its effect on human sperm

function, survival and DNA integrity during freezing–

thawing process was not known until now. In this

study, association between sperm motility and chro-

matin/DNA damage before and after cryopreservation

was explored, with cryoprotective role of folic acid

and nicotinic acid on sperm quality, as a promising

enhancer of sperm in ART field.

Materials and methods

Chemicals

All chemicals were supplied by Sigma-Aldrich (St.

Louis. MO. USA) and Merck company-Germany

unless stated otherwise.

Experimental design

Semen collection

This study was approved by the Ethical Committee of

Isfahan University of Medical Sciences for all proce-

dures performed in this study involving human

participants. Informed consent obtained from all

individual included in this study. In this experimental

study, thirty fresh semen samples were collected from

30 normozoospermic men (age range between 25 and

45 years old) who were referred to Andrology Unit of

Saint Maryam Fertility and Infertility Center of Shahid

Beheshti Hospital, Isfahan, Iran for a routine semen

analysis. Semen samples were classified as normo-

zoospermic according to the World Health Organiza-

tion (WHO) guidelines (Cooper et al. 2010).

Freshly collected ejaculates were obtained in sterile

containers after 3–4 days of sexual abstinence. Each

sample was first evaluated for semen volume, appear-

ance, PH, and viscosity. Then, sperm concentration

and motility was evaluated (Cooper et al. 2010).

Sperm preparation and cryopreservation

After liquefaction of the samples at room temperature

for 30 min at 37 �C, routine semen analysis was

performed using computer-assisted sperm analysis

system (CASA system, VT-Sperm Test.2.3 model-

company of Video Test-Finland) according to the

WHO guidelines (2010). The semen samples were

washed twice and re-suspended in modified Hams F10

with 5% human serum albumin (Irvine Scientific,

Santa Ana. California).

Each sample were divided into five aliquots to form

the following groups: fresh, cryopreserved with

spermfreeze only (control), with nicotinic acid
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(10 mM), with folic acid (50 nM), and with a com-

bination of folic acid (50 nM) ? nicotinic acid

(10 mM).

In each fresh semen samples, sperm motility,

viability, chromatin condensation, DNA fragmenta-

tion, and DNA denaturation were evaluated. Sperm

cryopreservation of other four groups, was performed

using an egg yolk-free cryoprotectant medium, Sperm

Freeze SolutionTM (SFS) (Sperm Freeze SolutionTM

10137, Vitrolife, Goteborg, Sweden). Each frozen

semen sample was slowly mixed with SFS (1:1) at

room temperature and was drawn into a cryovial.

Except the control group, the remaining three frozen

groups of semen samples of cryovials were loaded

separately with concentration of antioxidants as fol-

lows: nicotinic acid (10 mM), folic acid (50 nM), and

with a combination of folic acid (50 nM) ? nicotinic

acid (10 mM). Each sealed cryovials containing

semen samples were loaded on cryocane and exposed

to liquid nitrogen (LN2) vapor for 30 min at 1–3 cm

above the LN2 level, then plunged into liquid nitrogen

and stored at- 196 �C until their use for evaluation of

sperm parameters.

Thawing of each sample was done at room

temperature by placing it in 35 ± 2 �C water bath

for 20 min. Immediately after thawing, all semen

samples of each group were evaluated for motility,

viability and chromatin/DNA quality (Bateni et al.

2014).

Assessment of sperm viability and motility

Sperm viability was studied by using eosin-nigrosin

staining. A drop of the sample mixed with two drops of

Eosin (1%, prepared in distilled water, Merck com-

pany, Germany), and 3 drops of nigrosin (10% in

distilled water, Merck company, Germany). Then,

smears from each sample, was placed on warm glass

slides (37 �C) and covered with a coverslip (22 mm 9

22 mm). Each sample was analyzed by using the light

microscope (magnification 1000 3) and at least 200

spermatozoa were evaluated. Sperm with red or dark

pink heads was considered nonviable (membrane-

damaged), whereas spermatozoa showing no color

were considered to be alive (membrane-intact) (Bani-

hani et al. 2014; Khamsuk et al. 2014).

The percentage of total sperm motility of each

group sample was evaluated by a light microscope

(Olympus, BX41, Tokyo, Japan) equipped with CASA

system. The percentage of the progressive, nonpro-

gressive, total motility and immotile sperm were

calculated by scanning several microscopic fields

under light microscope. At least 200 sperms were

classified for each sample in this way (Cooper et al.

2010).

Aniline blue (AB) staining

Aniline blue stain determines both the quality and

quantity of sperm nuclear chromatin. From each

sample, air-dried smears were prepared and fixed in

3% buffered glutaraldehyde in 0.2 M phosphate buffer

(pH = 7.2) for 30 min at room temperature. Each

smear was placed in the aqueous solution of aniline

blue stain in 4% acetic acid (PH = 3.5), for 7 min.

Then, at least 200 spermatozoa were counted in a

different field of each slide by using a light microscope

at 1000 3 magnification normal spermatozoa (AB-)

showed to be Unstained or pale blue stain and

abnormal spermatozoa (AB?) showed to be dark blue

stain and were reported as a percentage (Erenpreiss

et al. 2001; Zribi et al. 2012).

Aniline blue stain identify chromatin condensation

and selectively stains sperm with residual histones.

From each sample, air-dried smears were fixed in 3%

buffered glutaraldehyde in 0.2 M phosphate buffer

(pH = 7.2) for 30 min at room temperature. Each

smear was placed in aqueous solution of aniline blue

stain in 4% acetic acid (PH = 3.5), for 7 min. Then, by

using a light microscope at 1000 3 magnification, at

least 200 spermatozoa were counted in different field

of each slide. Unstained or pale blue stained (normal

spermatozoa or AB-) and dark blue stained (abnor-

mal spermatozoa, AB?) cells were reported as

percentage (Erenpreiss et al. 2001; Zribi et al. 2012).

Toluidine blue (TB) staining

Toluidine Blue stain investigate sperm nuclear chro-

matin condensation. Sperm smears were dried and

fixed with fresh ethanol (96%) acetone (1:1) at 4 �C
for 30 min then hydrolyzed with 0.1 N hydrochloric

acids at 4 �C for 5 min and the sperm slides were

washed 3 times in distilled water for 2 min then

stained with 0.05% TB in 50% McIlvain’s citrate

phosphate Buffer (pH 3.5) for 10 min at room

temperature. Each slide was evaluated, 200 sperma-

tozoa were examined under light microscopy
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(magnification 1000 9), and sperm heads were clas-

sified with following scores, 0: light blue (good

chromatin), 1: dark blue (mild abnormal chromatin),

2: violet and purple (severe chromatin abnormality).

Then the sperm with score 0 was considered as normal

(TB-) and spermatozoa in scores 1 and 2 were

considered as abnormal cells (TB ?) (Rahiminia et al.

2017; Taghizabet et al. 2016).

Sperm chromatin dispersion (SCD) test

Sperm samples of each group were evaluated for DNA

fragmentation by using the Halosperm kit (Dayan Zist

Azma Co.). This kit provides detection of sperm

chromatin dispersion. An aliquot of sperm of each

sample (50 ll) was mixed with low melting point

agarose, then pipetted onto a glass slide and covered

with a coverslip. The slides were transferred on a cold

surface with a temperature of 2 �C to 8 �C and left to

solidify at 4 �C for 5 min. This slides were immersed

into denaturation and lysis solution. The sperm

samples were washed in distilled water and then

dehydrated in ethanol (70%, 90%, and 100%) for

2 min at room temperature and air dried. The stained

cells were then washed with water and air dried. For

each sample Slides, minimum of 200 sperms were

examined under a light microscope with oil immersion

objective (1000 9 magnification) for presences of

halos surrounding the sperm. Sperm with large/

medium sized halos was considered to have intact

DNA. Sperm with small or without halos was consid-

ered to have fragmented DNA (Gianaroli et al. 2012;

Kotdawala et al. 2012).

Acridine orange (AO) test

AO stain is used to determine the rate of DNA

denaturation (Zribi et al. 2012). The smears were

prepared and exposed to air for 20 min and then fixed

in a Carnoy’s solution (methanol/glacial acetic acid at

a ratio of 3:1) for at least 2 h at 4 �C. The samples were

stained by freshly prepared solution of AO (at a

concentration of 0.19 mg/ml in McIlvain phosphate-

citrate buffer (pH = 4) for 10 min. Each smear was

evaluated on the same day by using a fluorescent

microscope with a filter of 460 nm. In each slide, 200

spermatozoa were examined and the percentage of

sperm with healthy double-stranded DNA (normal,

green fluorescent), whereas single-stranded DNA

were observed as red fluorescent (abnormal cell)

(Ghasemi et al. 2014; Tejada et al. 1984; Zribi et al.

2012).

Statistical analysis

In this study, statistical analyses were performed using

SPSS version 20. Bivariate associations between

sperm chromatin/DNA damage assay and sperm

progressive motility were evaluated by Pearson’s

correlation coefficient. The result of all groups was

evaluated with One-Way ANOVA test and data were

presented as the mean ± standard deviation (SD).

p\ 0.05 was considered as statistically significant.

Results

Sperm viability

According to Fig. 1, the percentage of the sperm

viability in the fresh groups was 78.23 ± 3.99% in

comparison to cryopreserved groups, was found to be

statistically significant. The percentage of viability in

the control groups in comparison to all treatment

groups after cryopreservation was found to be signif-

icant (p\ 0.05). While the percentage of viable sperm

was higher in the folic acid in combination with

nicotinic acid groups (48.51 ± 3.76) when compared

with control groups (35.18 ± 3.00%), folic acid

groups (40.78 ± 2.41%) and nicotinic acid groups

(37.96 ± 3.57%).

Sperm motility assessed by CASA

At the beginning of the experiment, the mean

percentage of total sperm motility and progressive

motility for fresh groups was 48.2 ± 5.35% and

35.16 ± 1.87%. After cryopreservation, the rate of

total and progressive sperm motility in other groups

was found to be significantly decreased in comparison

to fresh groups (p\ 0.05).

The rate of total and progressive motility after

cryopreservation in control groups when compared to

treatment groups was found to be statistically signif-

icant (p\ 0.05). After cryopreservation, there was no

significant difference between the groups receiving

folic acid and nicotinic acid (p[ 0.05). The groups

receiving folic acid in combination with nicotinic acid
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showed to be statistically significant in comparison to

groups receiving only folic acid and nicotinic acid and

showed to have the best effect on progressive motility

in the cryopreserved sperm (p\ 0.05; Fig. 2).

Sperm chromatin/DNA assessment

In the present study Table 1 and Fig. 3 shows the

sperm chromatin condensation analysis results and

DNA integrity status by using different assays. Results

of AB and TB staining showed that there was a

significant increase in the percentage of sperm with

abnormal chromatin condensation after cryopreserva-

tion in among cryopreserved groups in comparison to

the fresh groups (p\ 0.05; Fig. 4). In addition,

regarding the SCD and AO tests, in all cryopreserved

groups, there was a significant increase in DNA

damage compared to the fresh group (p\ 0.05;

Figs. 5, 6).

The percentage of sperm with abnormal chromatin

condensation in AB and TB staining in control groups

was 36.33 ± 4.19% and 49.68 ± 3.6% respectively.

The changes in the percentage of sperm with abnormal

chromatin condensation in other groups in comparison

with control groups were significant (p\ 0.05). Our

findings revealed folic acid had a better effect on

sperm chromatin integrity in comparison to groups

receiving nicotinic acid. Sperm chromatin condensa-

tion in the groups receiving folic acid and nicotinic

acid showed a significant difference. The percentage

of fragmented and denatured sperm within the control

groups was statistically different in comparison to

Fig. 1 Percentage of sperm

viability before and after

cryopreservation

(mean ± standard

deviation) in different

groups
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Table 1 Statistical analysis of chromatin/DNA assays of the fresh and cryopreserved/thawed groups (p values)

Groups p values

Fresh Control Folic acid Nicotinic acid

Control \ 0.001a – – –

Folic acid \ 0.001a \ 0.001a – –

Nicotinic acid \ 0.001a \ 0.001b,\ 0.01c \ 0.01d,\ 0.05e –

Folic acid and nicotinic acid \ 0.001a \ 0.001a \ 0.001b,\ 0.05c \ 0.001a

aAll assays (AB, TB, SCD, AO)
bAB, TB, SCD
cAO
dAB, TB
eAO, SCD

Fig. 3 Chromatin/DNA evaluation of the fresh and frozen-

thawed groups in different assays (mean ± standard deviation).

a Aniline blue staining, b toluidine blue staining, c sperm

chromatin dispersion test, d acridine orange staining. F, fresh

group; C, control group; FA, folic acid group; NA, nicotinic acid

groups; FA and NA, folic acid and nicotinic acid group. (Color

figure online)
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other groups. The changes in the percentage of DNA

fragmentation and denaturation in the folic acid

groups in combination with nicotinic acid show a

significant difference in comparison to the groups

receiving separately folic acid and nicotinic acid. In

AO test the groups receiving the folic acid revealed

less significant in comparison to the groups receiving

nicotinic acid. In the SCD test the groups receiving

folic acid and nicotinic acid separately was observed

to be statistically significant (p\ 0.05).

Table 2 shows the correlation results in the fresh

and thawed samples. In fresh samples, a negative

correlation was observed between sperm with abnor-

mal chromatin condensation and progressive motility

in both AB and TB stainings (r = - 0.394, p\ 0.05

and r = 0.375, p\ 0.05, respectively). In addition, the

percentage of progressive motile cells in fresh sperm

samples was found to show a negative correlation with

sperm DNA fragmentation and denaturation

(r = - 0.491, p\ 0.001 and r = 0.428, p\ 0.05,

respectively). After cryopreservation/thawed, similar

significant correlations was found between the studied

parameters.

Discussion

Sperm freezing process is a useful technique in human

assisted reproductive technology (ART) setup, but it is

inadequate for evaluation of sperm survival, including

morphology, motility, viability and chromatin/DNA

integrity. The sperm cryopreservation process is a real

challenge in assisted reproduction for improving

motility, chromatin/DNA integrity and maintaining

their survival till fertilization. In the present investi-

gation, we observed the sperm quality, before and after

cryopreservation and indicate new technical measures

to avoid or minimize sperm cryoinjury by antioxi-

dants, thereby enhancing fertilizing ability of sperm.

Several studies reported that freezing process

induces DNA and chromatin damage and reduces the

percentage of sperm viability and motility (Gianaroli

et al. 2012; Keshtgar et al. 2016). Meanwhile, a

correlation between sperm chromatin and DNA

structure and semen quality was reported (Giwercman

et al. 2003; Irvine et al. 2000).

In the present study, the level of correlation

between the sperm chromatin/DNA integrity and

percentage of progressive motility was evaluated by

CASA, before and after freezing. The results revealed

that there was a statistically significant difference

between sperm parameters and chromatin/DNA struc-

ture before and after cryopreservation (p\ 0.05;

Table 2). Sperm DNA fragmentation, denaturation

and chromatin abnormal condensation after cryop-

reservation was increased. The sperm motility was

decrease and thereby a negative correlation between

sperm motility and DNA fragmentation, denaturation,

and chromatin abnormal condensation status was

found for both fresh and thawed sperm (Table 1).

The hypothesis of present study corroborated with

the study of Peris et al. who reported that motility was

negatively related with the sperm chromatin structure

before and after cryopreservation (Peris et al. 2004).

Fig. 4 chromatin condensation tests: Aniline blue (AB) and

toluidine blue (TB) staining. Normal spermatozoa (AB-, TB-)

Unstained or light blue stained and abnormal spermatozoa

(AB?, TB?) dark or violet–blue stained (Light microscopy,

magnification 9 1000). (Color figure online)
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Another study showed a negative correlation between

Sperm chromatin structure assay parameters and the

percentage of motile sperm (Giwercman et al. 2003).

Irvine et al. found that motile sperm with normal

morphology, negatively correlated with DNA damage,

detected by a single-cell gel electrophoresis and in situ

nick translation with prior chemical decondensation

(ISNT-decondensed) assays. However, they did not

observe statistically significant similar relationship by

using the ISNT-condensed assay (Irvine et al. 2000).

In relation to earlier research work, the present study

suggested that progressive motility is directly related

to normal chromatin/DNA integrity.

Cryopreservation increases the concentration of

oxygen radicals in the sperm samples and thereby

exposing them to high ROS concentrations which can

cause cryodamage (Amidi et al. 2016; Khamsuk et al.

2014).

Antioxidants of vitamin E, vitamin C, melatonin,

selenium, carnitine and etc. has been found to improve

the treatment by reversing the adverse impact of high

ROS concentrations (Amidi et al. 2016). In another

study, the cryoprotective effects of vitamin E on rams

Fig. 5 SCD test. Spermatozoa with big halo (a), medium-sized

halo (b), small halo (c) and no halo (d). Sperm cells with large/

medium sized halos were considered to have normal DNA.

Spermwith small/absent halos was considered to have abnormal

DNA (Light microscopy, magnification 1000 9).A fresh group;

B control group; C folic acid group; D nicotinic acid group;

E nicotinic acid ? folic acid group
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sperm was reported to improve sperm progressive

motility and viability (Pour et al. 2013). Branco et al.

reported that ascorbic acid or vitamin C before

cryopreservation prevented DNA damage in human

sperm. In addition, melatonin, selenium, and carnitine

as an antioxidant can protect spermatozoa against

Fig. 6 Acridine orange test. Sperm with healthy double-

stranded DNA (normal, green fluorescent) and single-stranded

DNA (abnormal, yellow and red fluorescent). a fresh group,

b control group, c folic acid group, d nicotinic acid group,

e nicotinic acid ? folic acid group (Fluorescent microscopy

with a filter of 460 nm). (Color figure online)

Table 2 Correlation results

before and after

cryopreserved/thawed

sperm (n = 30 for each

group)

% progressive motility

Fresh Cryopreserved/thawed

r p r p

% abnormal chromatin condensation (AB) - 0.394 \ 0.05 - 0.455 \ 0.05

% abnormal chromatin condensation (TB) - 0.375 \ 0.05 - 0.429 \ 0.05

% DNA fragmentation (SCD) - 0.491 \ 0.001 - 0.477 \ 0.001

% DNA denaturation (AO) - 0.428 \ 0.05 - 0.438 \ 0.05
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cryopreservation injuries and ameliorated sperm

parameters and lower DNA damaged sperms (Amidi

et al. 2016).

It is worthwhile to mention that to our knowledge,

there is no research study that indicated the compen-

satory role of folic acid and nicotinic acid and in

combination on sperm chromatin/DNA integrity in

human sperm during cryopreservation. The results of

the present study showed that folic acid or nicotinic

acid added to the cryopreservation media could

improve the sperm motility and viability in compar-

ison to the control group. There was no significant

difference in sperm parameters of motility in groups

receiving folic acid and nicotinic acid. While sperm

viability, showed a significant difference in antioxi-

dant groups. But folic acid showed a better effect on

the sperm in the present study in comparison to the

nicotinic acid.

In line with our results, a study reported that the use

of folic acid was found to improve sperm parameters

such as motility and viability after freezing (Khamsuk

et al. 2014). It was reported that the addition of

nicotinic acid prior to cryopreservation had a positive

effect on viability, compared with the control group. In

addition, nicotinic acid was simultaneously used with

the L-Carnitine to improves the sperm viability in

miniature pigs (Lee et al. 2016).

In the present study on human sperm, revealed that

addition of folic acid in cryopreservation medium was

found to significantly improve sperm DNA and

chromatin quality after thawing in comparison to

control groups. Up to now, there have been no research

studies investigating the direct impact of folic acid

supplementation on human spermDNA and chromatin

integrity during cryopreservation. Isolated lympho-

cytes from human blood were studied in medium

containing folic acid or medium without folic acid for

a period of 10 days. They reported that poor folic acid

status in human lymphocytes media, studied in vitro,

was found to increase DNA strand breakage (Duthie

and Hawdon 1998). Another study reported that folic

acid concentration in the culture medium containing

lymphocytes was correlated significantly and nega-

tively with all markers of chromosome damage (Crott

et al. 2001). It was reported that folic acid support

DNA stability by donating one-carbon units and

contribute to DNA synthesis, methylation, and repair

(Duthie 2011).

Nicotinic acid reported to have a positive effect on

survival, acrosomal intact and mitochondrial integrity

in frozen-thawed boar semen and improve quality of

embryo and blastocyst formation (Kim et al. 2015).

Another study, reported that nicotinic acid in pig has a

protective effect in fresh semen stored in a liquid state

(Lee et al. 2014). Our results are in agreement with

Lee et al. (2014) about the adverse effect of cryop-

reservation which was improved with the addition of

nicotinic acid. According to previous studies, nicotinic

acid is reported to be a precursor of nicotinic amide

adenine nucleotide (NAD) and nicotinic amide

adenine nucleotide phosphate (NADP) coenzyme.

NADPH maintain ROS in the physiological rate of

cells (Fleury et al. 2002). Moreover, mitochondria in

spermatozoa play a very important role in maintaining

sperm motility, which needs energy and metabolites

such as NAD (NADH) and NADP (NADPH) partic-

ipating in ATP signaling pathway (Lee et al. 2014;

Verdin et al. 2010). It was reported that nicotinic acid

affects ROS compound production in blood leuko-

cytes of dairy cows (Bühler et al. 2017).

The current research revealed that the percentage of

chromatin/DNA damage between folic acid group and

nicotinic acid group was to be statistically significant

difference (p\ 0.05). The present study found that

folic acid is more effective in maintaining chromatin

and DNA integrity than nicotinic acid. Although an

interesting point in the analysis of present study

results, showed that the chromatin condensation and

DNA integrity was maintained and were significantly

reduced in groups receiving a combination of folic and

nicotinic acid in comparison to the folic acid group

(p\ 0.05) and nicotinic acid group (p\ 0.001).

According to earlier studies, folic acid is indicated,

not to be metabolically active (Greenberg et al. 2011;

Pietrzik et al. 2010). Moreover, we propose that

nicotinic acid may increase cell energy level by

producing NADP coenzyme which may enhance and

help to activate folic acid. Moreover, folic acid and

nicotinic acid are reported to have antioxidant activity

(Kim et al. 2015). So, the alterations revealed in the

present study, can be effective in the enhancement of

folic acid by nicotinic acid leading to increase cell

energy level by producing NADP coenzyme, which

could be the major cause of maintaining sperm

chromatin condensation and DNA integrity in the

groups receiving combination of folic and nicotinic

acid. Therefore, folic acid and nicotinic acid can be a
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safe alternative agents in protecting the sperms against

cryopreservation injuries and significantly ameliorate

sperm parameters, lower chromatin/DNA damage and

enhance the post-thaw sperm quality.

Conclusion

This study, demonstrated that antioxidant supplemen-

tation of folic acid and nicotinic acid in the human

sperm cryopreservation medium ameliorate sperm

viability, motility and chromatin/DNA quality. The

use of antioxidants could prevent severe and delete-

rious effects of cryopreservation on sperm fertility

potential. Enhancing sperm quality during cryopreser-

vation can improve functional activity of sperm for a

successful fertilization in the in vitro fertilization and

intracytoplasmic sperm injection procedures. It is

critical for a normal embryo development and birth of

healthy offspring. Further investigation is suggested in

induced damage of sperm such as oligospermia and

azoospermia etc. Therefore, antioxidant supplemen-

tation of folic acid and nicotinic acid may be a

promising alternative agent in maintaining the post-

thaw sperm quality and DNA integrity to enhance the

fertilization rate.
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