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Physiological Intra-Cytoplasmic Sperm Injection
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Abstract. - OBJECTIVE: The aim of the cur-
rent study was to evaluate the effect of an oral
pretreatment with a mix of myo-Inositol (Myo-
Ins), folic acid, vitamin E, L-carnitine, L-arginine
and selenium (Folandrol, Exeltis, Hungary) and
subsequent direct Myo-Ins incubation of sper-
matozoa before Physiological Intra-Cytoplasmic
Sperm Injection (PICSI) procedures in infertile
couples due to oligoasthenoteratozoospermia
with previous failed PICSI procedures.

PATIENTS AND METHODS: We performed a
prospective, randomized controlled trial at the
Assisted Reproduction Unit of the Kaali Insti-
tute (Gyor, Hungary). The male partners were
randomly assigned to two groups: the first one
treated with a myo-Inositol-based supplement
(Folandrol®, Exeltis, Hungary) for two months;
the second one did not undergo any treatment in
the same time range (controls). The semen of the
treated group was incubated for 2 h with 2 mg/ml
of Ml (Andrositol Lab, Lo.Li. Pharma, Rome, Ita-
ly) for the PICSI protocol.

RESULTS: There was no significant differ-
ence for mean female partner age (p = 0.17) and
mean previous failed PICSI procedures (p =
0.65) between the two groups. Although there
was no significant difference (p = 0.85) regard-
ing the rate of mature oocytes and the fertiliza-
tion index was significantly higher (p < 0.001)
in the treatment group than control group. Al-
so, despite the comparable average number of
transferred embryos between the two groups
(p = 0.55), in the treatment group there was a
significantly higher rate of good quality embry-
os at day 3 after fertilization (p = 0.001). Finally,
11 pregnancies were obtained only in the treat-
ment group (p = 0.001).

CONCLUSIONS: The combination of oral sup-
plementation and semen incubation with Ml in
oligoasthenoteratozoospermic men could im-
prove PICSI outcomes.
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Introduction

Oligoasthenoteratozoospermia (OAT) is de-
fined as a decreased sperm count, motility and
altered morphology. In 30-35% of these cases
the etiology is unknown. Oxidative stress (OS)
is considered as an important factor, which may
influence male infertility and be linked to the pro-
duction of reactive oxygen species (ROS)'. ROS
play an important physiological role, modulating
sperm proliferation, differentiation, and function.
In the semen of fertile men, the amount of ROS
generation is controlled by seminal antioxidants?.
When ROS production exceed the antioxidant ca-
pabilities of the male reproductive tract, a damage
of spermatozoa may occur, since these cells are
highly susceptible to ROS. In particular, ROS in-
duces peroxidative damage in the sperm plasmat-
ic membrane and DNA fragmentation®. ROS may
arise from different sources: on the one hand,
morphologically abnormal spermatozoa (with re-
sidual cytoplasm, in particular) and leukocytes?;
on the other hand, ROS may be due to insufficient
antioxidant protection and/or action of redox cy-
cling xenobiotics. Regardless of the cause(s), high
levels of ROS are associated with extensive per-
oxidation of unsaturated fatty acids at membranes
level, which subsequently leads to DNA damage
in the spermatozoa and reduced fertility rate®.
Also, ROS may induce changes in mitochondrial
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membranes: the alteration of these ATP-produc-
ing organelles impairs sperms motility’, leading
to a reduced fertility rate®. It is widely accepted
that sperm DNA integrity is directly related to
pregnancy outcome during in vitro fertilization
(IVF). On this regard, accumulating evidence
suggests that high sperm DNA fragmentation
impair embryo quality and it is associated with
spontaneous miscarriage or biochemical preg-
nancy following assisted reproductive technology
(ART)S. Furthermore, sperm DNA fragmentation
seems to affect also embryo postimplantation de-
velopment in Intra-Cytoplasmic Sperm Injection
(ICSI) procedures’®.

Inositol is a polyalcohol classified as an insu-
lin sensitizer and it is naturally occurring as nine
stereoisomers. It is synthesized by both prokary-
otic and eukaryotic cells, even if in mammals it is
mainly obtained from dietary sources (as free in-
ositols, phosphatidyl-inositol or inositol-6-phos-
pahte), and endogenous synthesis from glucose’.
Myo-Inositol (Myo-Ins), which is the most abun-
dant form of inositol in humans, is converted to
D-Chiro-Inositol by an epimerase enzyme'®. Myo-
Ins derivative inositol triphosphate (Ins-1,4,5P3,
InsP3) acts as an intracellular second messenger,
regulating the activities of several hormones such
as insulin, follicle stimulating hormone (FSH)
and thyroid stimulating hormone (TSH)". In par-
ticular, several studies'!"* have already proved its
efficacy in restoring hormonal and metabolic pa-
rameters toward homeostasis in polycystic ovary
syndrome (PCOS), in reducing metabolic altera-
tions during menopause' and even in preventing
gestational diabetes mellitus®.

Recent studies already found that myo-Ino-
sitol plays an important role in both the matu-
ration of male gametes and migration from the
epididymis'®", Tt is present in higher concentra-
tion in the seminiferous tubules than in the sem-
inal plasma, but the significance of these differ-
ences are still unknown. In humans, Inositol plays
a role in the regulation of the vescicular seminal
solution: natrium/myo-inositol cotransport pro-
tein (SLC5A3), which expression is increased in
hyperosmotic environment, is required for the
passage of inositol through the tissue; also, a low
concentration of Inositol in the epididymis is as-
sociated to decreased fertility!®.

Accumulating evidence' suggests that cell-spe-
cific Inositol phosphate signaling regulates organ-
ismal responses to ROS. Recent data demonstrat-
ed that ROS results in a selective up-regulation
of type-2 InsP3 receptors®. Reflecting these el-

ements from basic science into the clinical per-
spective, it was shown that Myo-Ins can reduce
oxidative stress also during PCOS?"22. Also, sev-
eral in vitro studies®? tested inositol as possible
antioxidant agent for the treatment of male infer-
tility, in order to improve spermatozoa quality
and subsequently fertilization.

Last but not least, Myo-Ins has also been sug-
gested to play a role in the human sperm chemot-
axis and thermotaxis through activation of phos-
pholipase C, resulting in the production of InsP3
and opening of calcium channels; finally, Inositol
regulates the intracellular Ca?* concentrations by
acting on the sperm plasma membrane, mitochon-
dria, acrosome and neck region, other intracellu-
lar Ca*" stores®. In this regard, not surprisingly,
Inositol causes an increase of cytosolic calcium
concentration and consequently an increase of
mitochondrial Ca?* that stimulates the oxidative
mechanism and the ATP production, improving
mitochondrial function of spermatozoa, prevent-
ing apoptosis, and facilitating chromatin com-
pactness?’.

Based on available evidence, the aim of the
current study was to evaluate the effect of oral
pretreatment with a mix of Myo-Ins and selected
antioxidant agents such as folic acid, vitamin E,
L-carnitine, L-arginine and Selenium (Folandrol,
Exeltis, Hungary) and subsequent direct Myo-Ins
incubation of spermatozoa before PICSI proce-
dures in infertile couples for andrologic reasons
(OAT) with previous failed ICSI procedures.

Patients and Methods

Study Design and Population

This prospective, single-center, randomized
controlled trial was performed at the Assisted Re-
production Unit of the Kaali Institute (Gy6r, Hun-
gary). We selected 22 couples that had to undergo
PICSI procedures for male infertility issues.

In particular, all the couples met the following
inclusion criteria: age under 42 years (for both
male and female partners); for females: regular
menstrual cycles with less than 10 mIU/ml basal
FSH level and more than 1 ng/ml Anti-Miilleri-
an Hormone (AMH) concentration in serum; for
males: OAT, defined according to World Health
Organization (WHO) parameters® in the ejacu-
lated semen (in order to exclude obstructive syn-
dromes such as vasectomy, congenital absence
of vas deferens, herniorrhaphy, hydrocelectomy,
Young’s syndrome and ejaculatory duct obstruc-
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tion?’) and previous failed ICSI procedures. We
excluded any other type of endocrine, metabolic,
autoimmune, neoplastic diseases in both female
and male partners.

The male partners were randomly assigned
to two groups, using a computer-generated ran-
domization schedule (www.randomization.com):
the first group underwent treatment with 1 g of
myo-inositol, 30 mg of L-carnitine, L-arginine
and Vitamin E, 55 pg of selenium, and 200 pg
of folic acid (Folandrol®, Exeltis, Hungary) twice
a day, for two months; the second group did not
undergo any treatment in the same time range
(controls).

Any patient taking less than 80% of the allocat-
ed dose of study drug was regarded as non-com-
pliant and excluded from the current analysis. En-
rolled patients did not take any other drug, which
may modify the analyzed parameters during the
previous 3 months, the beginning of the study or
during the treatment. As per study design (control
group was not on placebo; the evaluation was per-
formed by a single operator), it was not possible
to blind the study.

All the design, analysis, interpretation of data,
drafting and revisions conform the Helsinki Dec-
laration, the Committee on Publication Ethics
(COPE) guidelines (http:/publicationethics.org/),
the CONSORT (CONsolidated Standards of Re-
porting Trials)***! and SPIRIT (Standard Protocol
Items: Recommendation for Interventional Tri-
als)” statements, available through the EQUA-
TOR (enhancing the quality and transparency of
health research) network (www.equator-network.
org). As standard protocol, each patient was in-
formed about the procedures and signed a consent
allowing data collection for research purposes
and the study was approved by the Institutional
Review Board (IRB) of the setting in which the
study was performed.

Controlled Ovarian Stimulation

Patients were evaluated for serum levels of
FSH, luteinizing hormone (LH) and estradiol (E,)
levels on day 2 of the cycle, which resulted all in
their respective physiologic ranges. Also, antral
follicle count (AFC) was performed using trans-
vaginal ultrasound (TVS). All patients underwent
flexible gonadotropin-releasing hormone (GnRH)
antagonist protocol. The recombinant FSH dose
was tailored to patient’s response (as described
elsewhere®) and/or purified menotropin was add-
ed to the stimulation protocol. Patients were re-
checked after 4 days of stimulation and on day 10

by TVS and serum E, and LH. As soon as three
follicles > 18 mm were observed by TVS, oocyte
maturation was triggered using 250 pg of choriog-
onadotropin alfa (Ovitrelle, Merck Serono, Ger-
many). Oocyte pickup was performed between 35
and 36 h after choriogonadotropin alfa trigger.

Semen Preparation

The fresh collected samples were analyzed im-
mediately before PICSI procedures. According to
the abovementioned WHO criteria?®, semen sam-
ples were collected into sterile containers by mas-
turbation after 1 to 3 days of sexual abstinence.
After liquefaction, semen was evaluated by light
microscopy to evaluate semen’s volume, sperma-
tozoa’s number and motility. All samples were
processed through density gradients centrifuge
and swim-up method. Thereafter, the samples of
the treated group were incubated for 2 h with 2
mg/ml of MI (Andrositol Lab®, Lo.Li. Pharma,
Rome, Italy) dispersed in the in vitro fertiliza-
tion medium (Quinns Advantage™ Fertilization
Medium, Origio, Denmark). Spermatozoa were
placed in PICSI dish containing samples of hy-
aluronan hydrogel and selected after binding es-
say, accounting for their maturity as previously
described?*.

Physiological Intra-Cytoplasmic
Sperm Injection

Fertilization of the oocytes was carried out by
PICSI procedures according to the standard in
vitro technique described by Palermo et al**. Em-
bryos were examined for the number, regularity
and granularity of blastomeres and the degree of
embryonic fragmentation on day 3 after PICSI,
according to criteria proposed by Nagy et al®®.
The five days blastocysts were analyzed by us-
ing Gardner et al*’ criteria. Two embryos of good
quality were transferred on day 3 or 5 using a
dedicated soft catheter (Wallace Classic Embryo
Replacement Catheter, Smiths Medical, Brunn
am Gebirge, Austria), while supernumerary em-
bryos were vitrified by the Open Pulled Straw
method?®. Lutheal phase supplementation was ad-
ministered since day 1 after the oocytes retrieval
with intravaginal progesterone gel (Crinone 8%,
Merck Serono, Darmstadt, Germany). Serum
human chorionic gonadotropin (hCG) level was
measured 12-14 days after embryo transfer and, if
positive, we continued progesterone therapy un-
til 9-10 gestation weeks. Ultrasound examination
was scheduled 2 weeks later to assess the number
and viability of the implanted embryos.
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Statistical Analysis

Statistical analyses were performed using the
SPSS 12.0 (SPSS Inc., Chicago, IL, USA) statisti-
cal software package. The assumption of normal
distribution of continuous variables was tested
by Kolmogorov-Smirnov test for goodness of fit.
Continuous variables were expressed as means
and standard deviations (SD) and compared be-
tween the two groups using the Student f-test.
Categorical variables were expressed as percent-
ages and compared between the two groups using
the two-tailed X? test. A p-value < 0.05 was con-
sidered statistically significant.

Results

We included data about PICSI outcomes in 22
couples in which oligoasthenoteratozoospermic
male partners underwent oral treatment with 1 g
of myo-inositol, 30 mg of L-carnitine, L-arginine
and Vitamin E, 55 pg of selenium, and 200 pg of
folic acid twice per day. Furthermore, the semen
samples of these patients were collected and in-
cubated with 2 mg/ml Myo-Ins for 2 h. Other 13
couples in which oligoasthenoteratozoospermic
male partners did not undergo any pharmacologic
treatment were considered as control group. As
showed in Table I, there was no significant differ-
ence for mean female partner age (p = 0.17) and
mean previous failed ICSI procedures (p = 0.65),
which allows us to consider the two groups homo-
geneous for the subsequent analysis.

In the first group, fresh embryo transfer was
performed in 18 cases: regarding the remaining
four cases, in one patient all embryos were cryo-
preserved due to her high serum progesterone lev-
el; in the other three cases, we used vitrified em-
bryo from previous cycles. In the control group,

fresh embryo transfer was performed in 13 cases.

Although there was no significant difference
(p = 0.85) regarding rate of mature oocytes (as
expected, considering the selective enrolment of
infertile couples for male factor), the fertilization
index was significantly higher (p < 0.001) in the
treatment group than in the control group.

Also, despite the comparable average number
of transferred embryos between the two groups
(p = 0.55), in the treated group there was a signif-
icantly higher rate of good quality embryos at day
3 after fertilization (p = 0.001). Finally, 11 preg-
nancies were obtained only in the treated group
(p = 0.001). Among these pregnancies, after the
end of the study, 2 ended in early spontancous
miscarriages, 5 had already delivered and 4 were
still ongoing uncomplicated.

Discussion

Spermatogenesis is essential for human repro-
duction: this process is finely regulated by multi-
ple hormonal influences, autocrine and paracrine
controls. In several cases, male infertility could
be due, at least in part, by defective spermatogen-
esis caused by altered germ cell proliferation and
differentiation. As previously summarized, ROS
play a pivotal role in male infertility: on the one
hand, spermatozoa are particularly sensitive to
ROS action for their plasma membrane, which is
rich in polyunsaturated fatty acids; on the other
hand, the male gametes lose their cytoplasm dur-
ing their maturation and, consequently, the pos-
sibility of antioxidant activity by cytoplasmatic
enzymes®.

Based on these elements, accumulating evi-
dence suggests that antioxidants may improve
fertility outcomes both as oral supplement*® and

Table 1. Characteristic of enrolled patients and PICSI outcomes in couples in which oligoasthenoteratozoospermic male
partners underwent treatment with Myo-Ins, folic acid, vitamin E, L-carnitine, L-arginine, selenium, and couples in which
oligoasthenoteratozoospermic male partners did not undergo any pharmacologic treatment (controls).

Treatment (n = 22) Controls (n = 13) P

Female partner age (years) 36.7+2.7 352+37 0.17
Previous failed ICSI 39+ 1.2 3714 0.65
Number of fresh embryo transfers 18 13 -
Rate of the matured oocytes (%) 81.8 (158/194) 80.7 (109/135) 0.85
Fertilization index (%) 84.8 (134/158) 60.5 (66/109) <0.001
Number of transferred embryos 19+04 2.0+0.6 0.55
Good quality embryos at day 3 (%) 547 32 0.001
Number of pregnancies 11 0 0.001

Data are expressed as means + standard deviations, or as percentages.
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additive during in vitro techniques for the prepa-
ration of seminal fluid* before ART. Among the
possible therapeutic strategies to target the ROS,
recent data showed that myo-Inositol improved
motility in semen of patients affected by OAT;
in particular, an accurate ultrastructural analysis
by both scansion and transmission electron mi-
croscopy found a reduction of amorphous fibrous
material around spermatozoa and improved mor-
phology of mitochondrial cristae®.

Beside this elegant study, other robust evidence
supports the role of Myo-Ins in modulating the
molecular and cellular pathways, which orches-
trate the physiologic regulation of sperms mito-
chondrial functions and DNA integrity'®!8:2425:27,
both key determinants of male fertility potential.

In our prospective, randomized controlled trial
we found that the oral treatment with Myo-Ins,
folic acid, vitamin E, L-carnitine, L-arginine, se-
lenium and incubation of spermatozoa with Myo-
Ins significantly improved fertilization index, rate
of good quality embryos at day 3 and pregnancy
rate in couples undergoing PICSI for male infer-
tility (OAT).

Despite our data analysis, several limitations
should be considered: firstly, the study sample is
small, although it allowed us to get significant re-
sults; secondly, we used a mix of different oral
nutraceuticals and subsequent semen incubation
with Myo-Ins, thus we can not desume whether
the observed results could be due to the action of
a single oral nutraceutical, to the mix of several
oral nutraceuticals, to the semen incubation with
Myo-Ins or to a combination of all these elements.
Nevertheless, since previous studies!®2+2%4? al-
ready showed a clear correlation between Myo-
Ins action and improvement of male fertility, our
data allow us to hypothesize that it plays a pivotal
role on investigated parameters. Also, we con-
firmed the widely accepted favorable safety pro-
file of Myo-Ins.

Conclusions

To the best of our knowledge, this is the first
study, which tested the combination of oral sup-
plementation and semen incubation with Myo-
Ins in oligoasthenoteratozoospermic men before
PICSI. Based on our analysis, we solicit future
investigations on the larger cohort of patients to
confirm whether the proposed combined thera-
peutic strategy improve male fertility. Finally, we
take the opportunity to suggest the identification

of “tailored-dose treatments” of Myo-Ins as a fu-
ture therapeutic target for male infertility, basing
on both personal biophysical characteristics and
seminal fluid parameters.

Conflict of Interest

All the authors have no proprietary, financial, profession-
al, or other personal interest of any nature in any product,
service, or company. The authors are responsible for all the
contents and writing of the paper. No specific funding was
obtained.

References

1) Amken RJ, FisHer H. Reactive oxygen species gen-
eration and human spermatozoa: the balance of
benefit and risk. Bioessays 1994; 16: 259-267.

2) Amken RJ, BuckingHAM D, WesT K, Wu FC, ZikopouLos
K, RicHarpson DW. Differential contribution of leu-
cocytes and spermatozoa to the generation of re-
active oxygen species in the ejaculates of oligo-
zoospermic patients and fertile donors. J Reprod
Fertil 1992; 94: 451-462.

3) ARMSTRONG JS, RAJASEKARAN M, CHAMULITRAT W/, GAT-
7 P, HeLLstrom W, Sikka SC. Characterisation of re-
active oxygen species induced effests on human
spermatozoa movement and energy metabolism.
Free Radic Biol Med 1999; 26: 869-880.

4) Borint A, TArozzi N, Bizzaro D, Bonu MA, Fava L,
Framigni C, CoticcHio G. Sperm DNA fragmenta-
tion: paternal effect on early post-implantation
embryo development in ART. Hum Reprod 2006;
21: 2876-2881.

5) Aitken RJ. The Amoroso Lecture. The human sper-
matozoon — a cell in crisis? J Reprod Fertil 1999;
115:1-7.

6) Evenson DP, Jost LK, MARrSHALL D, ZinamaN MJ, CLEGG
E, Purvis K, DE AnGELs P, CLaussen OP. Utility of the
sperm chromatin structure assay as a diagnos-
tic and prognostic tool in the human fertility clinic.
Hum Reprod 1999; 14: 1039-1049.

7) Esteves SC, SANCHEZ-MARTIN F, SANCHEZ-MARTIN P, ScH-
NEIDER DT, GosAwvez J. Comparison of reproductive
outcome in oligozoospermic men with high sperm
DNA fragmentation undergoing intracytoplas-
mic sperm injection with ejaculated and testicular
sperm. Fertil Steril 2015; 104: 1398-1405.

8) ParmMEGIANI L, CogNigNI GE, BernArDI S, TroiLo E, Ciam-
PAGLIA W, Fiicori M. "Physiologic ICSI": hyaluronic
acid (HA) favors selection of spermatozoa with-
out DNA fragmentation and with normal nucleus,
resulting in improvement of embryo quality. Fertil
Steril 2010; 93: 598-604.

9) Muscoaciurl G, Palomsa S, LaganA AS, Orio F. Cur-
rent insights about inositol isoforms, mediterrane-
an and ketogenic diets for polycystic ovary syn-
drome: from bench to beside. Curr Pharm Des
2016; 22: 5554-5557.



Myo-inositol and male fertility

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

Muscoalurl G, PAaLomBA S, LAGANA AS, Orio F. Inosi-
tols in the treatment of insulin-mediated diseases.
Int J Endocrinol 2016; 2016: 3058393.

PauL C, LAGANA AS, MaNiGLIo P, TrioLo O, BrRaby DM.
Inositol's and other nutraceuticals' synergistic ac-
tions counteract insulin resistance in polycys-
tic ovarian syndrome and metabolic syndrome:
state-of-the-art and future perspectives. Gynecol
Endocrinol 2016; 32: 431-438.

LAGANA AS, RossetTl P, BuscemA M, LA VIGNERA S, CoN-
DORELLI RA, GuLLo G, GraANESE R, TrioLo O. Metabo-
lism and ovarian function in PCOS women: a ther-
apeutic approach with inositols. Int J Endocrinol
2016; 2016: 6306410.

Pizzo A, LAGANA AS, Barsaro L. Comparison be-
tween effects of myo-inositol and D-chiro-inositol
on ovarian function and metabolic factors in wom-
en with PCOS. Gynecol Endocrinol 2014; 30: 205-
208.

SANTAMARIA A, GlorDANO D, CorrADO F, PINTAUDI B, IN-
TERDONATO ML, Vieste GD, BeneDeTTO AD, D’ANNA R.
One-year effects of myo-inositol supplementation
in postmenopausal women with metabolic syn-
drome. Climacteric 2012; 15: 490-495.

SANTAMARIA A, Di BENEDETTO A, PETRELLA E, PINTAUDI B,
CorrADO F, D'ANNA R, NErI I, FaccHINETTI F. Myo-in-
ositol may prevent gestational diabetes onset in
overweight women: a randomized, controlled tri-
al. J Matern Fetal Neonatal Med 2016; 29: 3234-
3237.

PALMIERI M, PAPALE P, DELLA RAGIONE A, QUARANTA G,
Russo G, Russo S. In vitro antioxidant treatment of
semen samples in assisted reproductive tech-
nology: effects of myo-inositol on nemasper-
mic parameters. Int J Endocrinol 2016; 2016:
2839041.

Hinton BT, WHite RW, SetcHerL BP. Concentrations
of myo-inositol in the luminal fluid of the mammali-
an testis and epididymis. J Reprod Fertil 1980; 58:
395-399.

CoNDORELLI RA, LA VIGNERA S, BELLANCA S, VicArl E,
CaLoGero AE. Myoinositol: does it improve sperm
mitochondrial function and sperm motility? Urolo-
gy 2012; 79: 1290-1295.

TerHzAZ S, FINLAYSON AJ, STIRRAT L, YANG J, TrRICOIRE H,
Woobs DJ, Dow JA, Davies SA. Cell-specific inosi-
tol 1,4,5 trisphosphate 3-kinase mediates epitheli-
al cell apoptosis in response to oxidative stress in
Drosophila. Cell Signal 2010; 22: 737-748.

KAJA'S, DUNCAN RS, LONGORIA S, HILGENBERG JD, PAYNE
AJ, Desai NM, ParikH RA, BurrouGHs SL, GREGG
EV, Goap DL, Kouten P. Novel mechanism of in-
creased Ca2+ release following oxidative stress
in neuronal cells involves type 2 inositol-1,4,5-tri-
sphosphate receptors. Neuroscience 2011; 175:
281-291.

DonA G, SaBaDIN C, Fiore C, BRAGADIN M, GIORGINO
FL, RAaGAazzi E, CLarl G, BorpiN L, ArRmANINI D. Ino-
sitol administration reduces oxidative stress in
erythrocytes of patients with polycystic ovary syn-
drome. Eur J Endocrinol 2012; 166: 703-710.

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

DEe Leo V, LA Marca A, CappeELLI V, STENDARDI A, Fo-
cAReLLI R, MusaccHio MC, Piomeoni P. [Evaluation of
the treatment with D-chiro-inositol on levels of ox-
idative stress in PCOS patients]. Minerva Ginecol
2012; 64: 531-538.

CoLoNE M, MAaReLLI G, UNFER V, Bozzuto G, MOLINARI
A, STRINGARO A. Inositol activity in oligoasthenoter-
atospermia--an in vitro study. Eur Rev Med Phar-
macol Sci 2010; 14: 891-896.

Poverint R, CarLomaGNO G, Lisi R, Lisi F, MonNTaNI-
No Ouva M. Improving IUl outcomes by adding
myo-inositol to semen preparation procedure.
Fertil Steril 2014; 102: e334.

RusiNno P, Pauni S, CHiciont S, CARLOMAGNO G,
QuAGLIARELLO A, DE SteraNi S, BagLiont A, BuLtett C.
Improving fertilization rate in ICSI cycles by add-
ing myoinositol to the semen preparation proce-
dures: a prospective, bicentric, randomized trial
on sibling oocytes. J Assist Reprod Genet 2015;
32: 387-394.

Ho HC, Suarez SS. Characterization of the intracel-
lular calcium store at the base of sperm flagellum
that regulates hyperativated motility. Biol Reprod
2003; 68: 1590-1596.

CoNDORELLI RA, LAVIGNERA S, Di BArl F, UNFER V, CALO-
Gero AE. Effect of myoinositol on sperm mitchon-
drial function in vitro. Eur Rev Med Pharmacol Sci
2011; 15: 129-134.

WorLD HeaLTH OrGANIzATION. WHO Laboratory man-
ual for the examination and processing of human
semen. 5th Edition, 2010.

NistAL M, RiesTRA ML, GALMEs-BELMONTE |, PANIAGUA
R. Testicular biopsy in patients with obstructive
azoospermia. Am J Surg Pathol 1999; 23: 1546-
1554,

ScHuLz KF, Attman DG, Morer D, CONSORT GRrour.
CONSORT 2010 Statement: updated guidelines
for reporting parallel group randomised trials. Tri-
als 2010; 11: 32.

MoHer D, HorewelL S, ScHurz KF, MonToRI V,
GotzscHE PC, Devereaux PJ, ELBourNE D, EGGER
M, Aitvan DG. CONSORT 2010 explanation
and elaboration: updated guidelines for report-
ing parallel group randomised trial. BMJ 2010;
340: c869.

CHAN A-W, TetzLArr JM, GgrzscHE PC, Attman DG,
MANN H, BeruN JA, DickersiN K, HROBJARTSSON A,
ScHuLz KF, Parulekar WR, Krleza-Jeric K, Laupacis
A, Moher D. SPIRIT 2013 explanation and elab-
oration: guidance for protocols of clinical trials.
BMJ 2013; 346: €7586.

Lubwic M, KataLinic A, BAnz C, ScHRODER AK, LONING
M, Weiss JM, DiepricH K. Tailoring the GnRH an-
tagonist cetrorelix acetate to individual patients'
needs in ovarian stimulation for IVF: results of
a prospective, randomized study. Hum Reprod
2002; 17: 2842-2845.

MokANszkl A, TOTHNE EV, BobNAR B, TANDOR Z, Mot~
NAR Z, Jakas A, UsraLusi A, OLAH E. Is sperm hy-
aluronic acid binding ability predictive for clinical
success of intracytoplasmic sperm injection: PIC-



T. Korosi, C. Barta, K. Rokob, T. Torok

35)

36)

37)

38)

Sl vs. ICSI? Syst Biol Reprod Med 2014; 60: 348-
354.

PaLermo G, Joris H, DevrRoEeY P, VAN STEIRTEGHEM AC.
Pregnancies after intracytoplasmic injection of
single spermatozoon into an oocyte. Lancet 1992;
340: 17-18.

NAGY ZP, VERHEYEN G, TOURNAYE H, VAN STEIRTEGHEM
AC. Special applications of intracytoplasmic
sperm injection: the influence of sperm count, mo-
tility, morphology, source and sperm antibody on
the outcome of ICSI. Hum Reprod 1998; 13: 143-
154.

GARDNER DK, ScHooLcrarT WB. In vitro culture of hu-
man blastocysts. In: Jansen R, Mortimer D, edi-
tors. Towards reproductive certainty: fertility and
genetics beyond, 1999.

VAITA G, Howm P, Kuwavamva M, BootH PJ, Jacossen H,
Greve T, CaLLesen H. Open Pulled Straw (OPS) vit-
rification: a new way to reduce cryoinjuries of bo-
vine ova and embryos. Mol Reprod Dev 1998; 51:
53-58.

39)

40)

41)

42)

AcARWAL A, Makker K, SHArRvA R. Clinical relevance
of oxidative stress in male factor infertility: an up-
date. Am J Reprod Immunol 2008; 59: 2-11.

Gual-Frau J, ABap C, AMENGUAL MJ, HAannAoul N,
CHeca MA, RiBAs-MAavynou J, Lozano I, NikoLaou A,
BeneT J, GArcia-PEiRO A, Prats J. Oral antioxidant
treatment partly improves integrity of human
sperm DNA in infertile grade | varicocele patients.
Hum Fertil (Camb) 2015; 18: 225-229.

TAaLevi R, BArBATO V, FIORENTINO I, BRAUN S, LONGOBAR-
pi S, GuALTErl R. Protective effects of in vitro treat-
ment with zinc, d-aspartate and coenzyme q10 on
human sperm motility, lipid peroxidation and DNA
fragmentation. Reprod Biol Endocrinol 2013; 11:
81.

CaLoGero AE, GuLLo G, LA VIGNERA S, CONDORELLI RA,
ValAreLtl A. Myoinositol improves sperm param-
eters and serum reproductive hormones in pa-
tients with idiopathic infertility: a prospective dou-
ble-blind randomized placebo-controlled study.
Andrology 2015; 3: 491-495.



