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Abstract The aim of this study is to evaluate the

beneficial effect of Myoinositol (MYO) supplement in

freezing media on the post thaw sperm quality. Semen

samples from 40 normozoospermic men were divided

into two aliquots and frozen with simple or 2 mg/mL

MYO supplemented freezing medium. Post thaw

process including, computer-assissted sperm analysis

was used to analyze sperm motility and morphology.

Reactive oxygen species was evaluated by the fluo-

rometry of DCFH-DA, as well as total antioxidant

capacity and lipid peroxidation were measured based

on colorimetric assay by ELISA reader. Eventually,

DNA fragmentation was assessed using TUNEL

staining. MYO significantly improved progressive

motility and normal morphology in treated samples

(p\ 0.05). Lipid peroxidation (malondialdehyde

level) can be diminished in samples were frozen by

MYO supplemented freezing media (p\ 0.05). While

MYO did not affect the amount of ROS (p[ 0.05), it

was associated with high values of total antioxidant

capacity (p\ 0.05). DNA integrity was significantly

affected by MYO, as in MYO treated samples, DNA

fragmentation was decreased compared to control
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ones (p\ 0.001). The findings support the use of

2 mg/mLmyoinositol supplemented freezing media in

sperm cryopreservation to increase sperm quality after

freezing–thawing procedures.

Keywords Myoinositol � Human sperm

cryopreservation � Sperm parameters � Apoptosis �
DNA fragmentation

Introduction

Over the last years, the field of cryobiology has

undergone a great improvement. In the context of the

cryobiology of reproductive cells and tissues, sperm

cryopreservation has the longest history and is the

most widely used in human reproductive medicine,

due to their higher cryoresistance, large numbers and

straight protocols (Nagy et al. 2017). Sperm banking

following cryopreservation is embraced to preserve

the future fertility of men who temporarily or perma-

nently lose their fertility due to a variety of reasons,

including cancer, lupus, multiple sclerosis and ulcer-

ative colitis (Gupta et al. 2014; Hamada et al. 2012).

Sperm cryopreservation is often recommended to

patients with urological diseases and surgical proce-

dures, including varicocele, testicular torsion and

bilateral vasectomy (Anger et al. 2003; Hamada

et al. 2012). Healthy men with occupational exposure

to toxic chemicals, ionizing radiation or biological

contaminants, moreover males undergoing gender

reassignment may also be a potential target population

(Anger et al. 2003; Gupta et al. 2010). Ultimately,

cryopreservation is widely used to store spermatozoa

retrieved from oligozoospermic and azoospermic

patients, men with ejaculatory dysfunction or spinal

cord injury and in cases of testicular sperm extraction

or percutaneous epididymal sperm aspiration to avoid

the need for repeated biopsies and aspiration (Vargh-

ese et al. 2010).

Despite the general exploitation of cryopreserva-

tion in assisted reproductive technology, it is clear that

cryopreservation still can cause extensive damage to

membranes, alter the functional and metabolic status,

disturb the bioenergetics processes by damaging the

mitochondria and cause damage to the integrity of

genetic material in reproductive cells (Johnston et al.

2012; Kopeika et al. 2014). Reactive Oxygen Species

(ROS) in physiological level is necessary for sperm

function, but in pathological level should be scavenge

immediately by the cumulative sum of the enzymatic

and non-enzymatic antioxidants called total antioxi-

dant capacity (TAC). Nevertheless, Sperm cells are

sensitive to oxidative stress due to lack of cytoplasmic

defenses and the polyunsaturated fatty acids richness

of their plasma membrane, which are vulnerable to

ROS attack. It is established that cryopreservation can

induce oxidative stress (OS) because of imbalance

between ROS production and TAC level (Agarwal

et al. 2005). It is known that oxidative stress can

damage a variety of biomolecules such as carbohy-

drates, lipids, proteins, and DNA, and thus can

negatively affect membrane integrity, viability, motil-

ity, morphology and fertility potential of the cryopre-

served sperms (Aitken et al. 2010; Kao et al. 2008;

Vatannejad et al. 2017). High levels of ROS causing

damage to the mitochondrial membrane and may thus

compromise mitochondrial membrane potential

(MMP), ATP production and consequently sperm

function, on the other hand, the damaged mitochon-

drial membrane causing increased ROS production

(Alizadeh et al. 2016; Wang et al. 2003). Moreover it

has been shown that malondialdehyde (MDA) as a

product of lipid peroxidation induced by oxidative

stress, negatively correlate with sperm viability,

motility and morphology (Benedetti et al. 2012; Das

et al. 2009).

In order to achieve the optimal sperm cryopreser-

vation outcomes, many factors including composition

of cryopreservation medium, the way of packaging the

samples, freezing and thawing duration and etc. have

been assessed (Ansari et al. 2011; Meamar et al. 2012;

Pavlovych et al. 2016). According to studies, one of

the effective strategies for overcoming the sperm

cryopreservation problems, is sperm freezing media

supplementation with antioxidants agents such as

vitamin E, vitamin C, taurine, selenium and glu-

tathione (Branco et al. 2010; Brugnon et al. 2013;

Ghorbani, et al. 2016; Kalthur et al. 2011; Rezaeian

et al. 2016).

Myoinositol (MYO), the most important form of

inositol in nature, belongs to the vitamin B complex

group1 and it is produced by the human body. MYO

plays a crucial role in cell morphogenesis and

cytogenesis, involved in cell membrane formation,

lipid synthesis and cell growth (Eisenberg Jr and

Parthasarathy 1987). MYO is a precursor of second
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messengers in the cellular signal transduction system

and consequently participates in the regulation of

calcium intracellular concentration (Marat and

Haucke 2016). Therefore, it plays crucial role in

insulin sensitization, metabolic alterations and partic-

ularly reproduction (Santamaria et al. 2012, 2016).

MYO concentration is significantly higher in the

seminiferous tubules than in the serum (Chauvin and

Griswold 2004). In male reproductive organs, MYO is

mainly produced by Sertoli cells in response to

follicle-stimulating hormone (FSH) and is involved

in processes that include the regulation of maturation,

motility, capacitation and acrosome reaction of sperm

cells (Bevilacqua et al. 2015). It has been suggested

that MYO may play a role in the osmoregulation of

seminal fluid (Chauvin and Griswold 2004). In

addition, it acts in the human sperm chemotaxis and

thermotaxis through activation of phospholipase C,

resulting in the production of InsP3 and opening of

calcium channels. In this regard, MYO causes an

increase of cytosolic calcium concentration and con-

sequently an increase of mitochondrial Ca2? that

stimulates the oxidative mechanism and the ATP

production, improving mitochondrial function of

spermatozoa, preventing apoptosis, and facilitating

chromatin compactness (Condorelli et al. 2011).

Several in vivo/vitro studies tested myoinositol as

possible antioxidant agent for the treatment of male

infertility, in order to improve spermatozoa quality

and subsequently fertilization (Korosi et al. 2017;

Poverini et al. 2014; Rubino et al. 2015).

However, there are no literature publications on the

effects of MYO on optimization of human sperm

cryopreservation outcomes. This research aimed to

evaluate the effect of myoinositol on different bio

functional parameters of human sperm after freezing–

thawing procedures.

Materials and methods

Patient selection

This study was approved by the Ethical Committee of

Iran University of Medical Sciences and informed

consent was obtained from all individual participants

included in the study. Forty healthy men, aged

25–40 years, who have been referred to Akbarabadi

and Mehr IVF clinic, were enrolled in this study. Men

with history positive for cryptorchidism or varicocele,

microrchidism, systemic diseases, accessory gland

infection, cigarette smoke, alcohol intake and recent

hormonal treatment were excluded.

Semen samples collection and freezing–thawing

procedures

Semen samples were collected after 3–5 days of

sexual abstinence and after liquefaction were analyzed

according to the World Health Organization criteria

2010 (Organization 2010). Samples with normal

semen analysis divided into two aliquots: First, frozen

semen sample with treatment by 2 mg/mL MYO,

according to Condorelli (2011), Second, frozen semen

sample without treatment as a control. Both samples

were cryopreserved by sperm slow freezing method

(Anger et al. 2003). After one month, the specimens

were thawed at room temperature and different

biofunctional parameters were assessed.

Computer assisted semen analysis (CASA)

The CASA system was used in this study. Sperm

parameters including motility and morphology were

calculated according to WHO guidelines (2010) after

thawing (Organization 2010).

Measurement of ROS

Total production of ROS was measured by detecting

Dichlorofluorescin diacetate (DCFH-DA,

D6883.SIGMA, Sigma-Aldrich, St. Louis, Missouri,

United States) fluorescence in semen that had under-

gone freezing–thawing process. A 100 mM DCFH-

DA was prepared in DMSO. 100 lL of the working

solution of DCFH-DA was added to 300 lL of sperm

samples. Samples were incubated at 25 �C for 40 min

and then analyzed using a fluorometer equipped with

488 nm laser as a light source (Agarwal et al. 2009).

Total antioxidant (TAC) assay

ZellBio TAC assay kit (ZB-TAC-96A, ZellBio

GmbH, Germany) was used to quantitative assay

Antioxidant Capacity on the basis of the oxidation

reduction colorimetric assay. According to manufac-

turer’s instructions with minor changes, after cen-

trifuging seminal plasma at 600 g for 10 min, 10 lL
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samples or 10 lL reconstituted Trolox in different

concentrations as standard, were mixed with 190 lL
prepared working chromogen reagent at each well of

microplate. The plate was covered and incubated for

2 min at room temperature. Eventually the absorbance

was read at 490 nm using a plate ELISA reader

(Agarwal et al. 2009).

Measurement of malondialdehyde (MDA)

Seminal MDA levels were analyzed by ZellBio MAD

assay kit (ZB-MDA-96A, ZellBio GmbH, Germany)

according to manufacturer’s instructions. Briefly, a 50

lL reagent 4 was added to 50 lL semen samples or

different concentrated standards. After adding 1 lL
ready chromogen solution in the microtubes, the

mixtures were heated for one hour in boiling water

bath and cooled in ice bath. Then each microtube was

centrifuged for 10 min at 3000–4000 g and the

supernatant absorbance was read with microplate

reader/ELISA reader at 535 nm (Agarwal et al. 2009).

Sperm DNA Fragmentation (SDF)

The terminal deoxynucleotidyl transferase-mediated

fluorescein-dUTP nick end labeling (TUNEL) assay

using the In Situ Cell Death Detection Kit

(11684795910ROCHE, Roche, Mannheim, Germany)

was applied for SDF detection in freezing–thawing

semen.

According to the manufacturer’s instruction, semen

samples were washed in phosphate-buffered saline

(PBS). 100 lL of each sample were resuspended in

100 lL 4% paraformaldehyde and incubated 60 min

in 15–25 �C. After centrifuging for 10 min at 300 g

for removing fixative, the samples were washed with

200 lL PBS. Thereafter sperm pellets were resus-

pended in 50 lL of TUNEL reaction mixture for

60 min at 37 �C. The specimens were washed in twice

in PBS. The analysis of SDF was performed by

Becton–Dickinson FACScan flow cytometer (excita-

tion, 488 nm). SDF was reported as the percentage of

spermatozoa emitting green fluorescence at

515–555 nm using the FL-1 detector. The software

used to analyze the data was flowJo software and

results presented as the percentage of fluorescent

spermatozoa (Mahfouz et al. 2009).

Statistical analysis

Shapiro–Wilk test was used to assess the normality of the

variables. The datawere compared using the independent

Student’s t test and showed as themean ± SE. Statistical

significance was defined as p B 0.05.

Results

Effect of MYO on sperm parameters

MYO in frozen/thawed samples could improve sig-

nificantly the total and progressive sperm motility

compared to control (p\ 0.05). The result of sperm

morphology revealed that the MYO increased the

normal sperm morphology in comparison to the group

without MYO (p\ 0.05) (Table 1).

Assessment the effect of MYO on TAC and ROS

levels

As illustrated in Fig. 1a, the result of TAC level

revealed that the MYO could improve total antioxi-

dant capacity in the treated group in comparison to the

control (p\ 0.001). However, based on Fig. 1b, the

level of ROS was attenuated in the treated group with

MYO compared to control group, however this

attenuation was not significant.

The effect of MYO supplementation on Lipid

peroxidation

MDA as a marker of spermatozoa lipid peroxidation

was evaluated in samples frozen without/whit 2 mg/

mLMYO. Results showed a significant decrease in the

MDA production with adding 2 mg/mL MYO to

sperm freezing media (p\ 0.001, Fig. 2).

Evaluation the effect of MYO on DNA damage

The percentage of sperm DNA fragmentation between

the control and treatment group was different, so that

TUNEL levels in the control group was significantly

higher than the samples were frozen with MYO

supplemented freezing media (p = 0.001, Fig. 3a).

Representative fluorometric analysis for the SDF

levels in both groups are presented in Fig. 3b.
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Table 1 Sperm parameters in the frozen/thawed samples with simple freezing media or MYO supplemented freezing media

Groups

Without MYO (n = 40) With MYO (n = 40) p

Total motility (%) 16.32 ± 2.75 19.62 ± 2.68 0.045*

Progressive motility (%) 12.77 ± 1.78 16.97 ± 1.86 0.042*

Normal morphology (%) 9.57 ± 0.9 11.9 ± 0.97 0.019*

Results are presented as mean ± SE

MYO myoinositol

* shows significant differences at p\ 0.05

Fig. 1 a. TAC levels in the

frozen/thawed samples with

simple freezing media or

MYO supplemented

freezing media. The level of

statistical significance was

set at p\ 0.001 and was

shown with**, b ROS levels

in the frozen/thawed

samples with simple

freezing media or MYO

supplemented freezing

media
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Discussion

It has been proven that freezing–thawing procedure

can impress the different parameters of sperm (O’con-

nell et al. 2002). For the first time, present study

investigated the effect of myoinositol supplement in

freezing media on the post thaw sperm quality and

showed that using MYO can optimize sperm

parameters.

This study revealed that samples frozen by MYO

supplemented freezing media had significantly higher

progressive motility and normal morphology than

control samples. Condorelli et al. (2012) showed that

incubation the fresh semen samples with 2 mg/mL

MYO increases significantly progressive and total

motility in both normozoospermic men and patients

with oligo-astheno-teratozoospermia. Palmieri et al.

(2016) confirmed the ameliorant effect of myoinositol

on the sperm total and progressive motility in both

fresh and thawed samples. Montanino Oliva et al.

(2016) found that Andrositol, which contains

myoinositol as principal compound, improves sperm

motility and morphology in asthenospermic males

with metabolic syndrome. MYO plays a role in the

chemiotaxis and human sperm thermotaxis through

the activation of PLC. It results in production of InsP3

and calcium channels opening leading to an increase in

Ca2? intracellular concentrations in the flagellum and

consequently regulates sperm motility (Bahat and

Eisenbach 2010). On the other hand, MYO amends

semen samples quality in OAT patients by reduction

of amorphous fibrous material around spermatozoa

removing the amorphous material around spermatozoa

and improved morphology of mitochondrial cristae

(Calogero et al. 2015).

It is shown that oxidative stress as a result of an

inappropriate balance between oxidants and antioxi-

dants, increases during the freezing and thawing

process (Chatterjee and Gagnon 2001; Memon et al.

2012). In this study, although the reduction in ROS

production was not significant by MYO, total antiox-

idant capacity level in MYO supplemented cryopre-

served samples was higher than control samples. It is

proven that due to the possible effect of myoinositol on

the cytoplasmic and mitochondrial inner membranes,

MYO plays an antioxidant role in sperms of patients

with OAT (Colone et al. 2010), men with metabolic

syndrome (Montanino Oliva et al. 2016) and erythro-

cytes of PCOS patients (Donà et al. 2012).

Malondialdehyde as one of the reactive and muta-

genic aldehyde products of lipid peroxidation in

seminal plasma (Shang et al. 2004) was measured in

present study. The results suggest that MYO supple-

mentation in semen freezing media can affect nega-

tively the level of lipid peroxidation of spermatozoa.

Sperm plasma membrane is susceptible to lipid

peroxidation in oxidative stress condition, due to the

high concentration of polyunsaturated fatty acids,

Fig. 2 MDA levels in the frozen/thawed samples with simple freezing media or MYO supplemented freezing media. The level of

statistical significance was set at p\ 0.05 and was shown with*
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consequently lipid peroxidation can lead to loss of

membrane fluidity and integrity (Duru et al. 2000).

The inverse relationship between antioxidant levels

and lipid peroxidation has been proven (Atig et al.

2012; Colagar et al. 2013). Geva et al. (1996)

determined that treatment of fertile normospermic

men with low fertilization rates by vitamin E, may

improve the fertilization rate of them after 1 month of

treatment, possibly by reducing the MDA levels.

Asadpour, et al. (2012) in their study showed that

production of malondialdehyde decreases by addition

of 100 IU superoxide dismutase/mL, 0.5 and 1 mM

butylated hydroxytoluene to semen extender in chilled

bull spermatozoa. The antioxidant effect of MYO on

the MDA production in fresh or cryopreserved sper-

matozoa has not been investigated to date.

Oxidative stress due to freezing–thawing procedure

can negatively influence DNA integrity through DNA

strand breaks (Kalthur et al. 2011; Meamar et al. 2012;

Zandieh et al. 2017). Kalthur et al. (2011) suggested

that that supplementation of vitamin E (5 mM)

significantly improves the post-thaw motility and

Fig. 3 a TUNEL levels in

the frozen/thawed samples

with simple freezing media

or MYO supplemented

freezing media. The level of

statistical significance was

set at p\ 0.05 was shown

with*, b Fluorometric

analysis for the SDF levels

in the frozen/thawed

samples with simple

freezing media or MYO

supplemented freezing

media
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DNA integrity in normozoospermic and astheno-

zoospermic semen samples. Also Branco, et al. indi-

cated that the addition of ascorbic acid as an

antioxidant to semen samples of infertile men before

cryopreservation can reduces DNA damage. In present

study the effect of MYO on DNA fragmentation was

assessed by TUNEL test and results revealed that

myoinositol may protect DNA fragmentation in

frozen-thawed semen samples. Since sperm DNA

susceptibility to increased oxidative stress because of

poor DNA repair mechanisms and low levels of

cytoplasmic antioxidant enzymes (Agarwal et al.

2008; Prakash et al. 2014), MYO as an antioxidant

agent, may protects DNA against ROS induced

damages (Condorelli et al. 2017; Montanino Oliva

et al. 2016).

In conclusion, this study showed that MYO is able

to ameliorate the frozen-thawed sperm quality in men

with normal sperm parameters. If these results are

confirmed by other studies, possible use of MYO

supplementation in freezing media for the optimiza-

tion of sperm cryopreservation success is

recommended.
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