Scarselli_Stesura Seveso 09/01/17 09:54 Pagina 279

DOI: 10.4081/aiua.2016.4.279

ORIGINAL PAPER

Analysis of MYO-Inositol effect on spermatozoa motility,
in hyper viscous ejaculates and in patients
with grades II and III varicocele
Filomena Scarselli 1, Anna Maria Lobascio 1, Mario Terribile 1, Valentina Casciani 1,
Pierfrancesco Greco 1, Giorgio Franco 2, Maria Giulia Minasi 1, Ermanno Greco 1
¹ Centre for Reproductive Medicine, European Hospital, Rome, Italy;
2 Dept. Gynaecological-Obstetrical and Urological Sciences, Sapienza University, Rome, Italy.

Summary

The goal of this study is to evaluate MYOInositol effects on spermatozoa motility, in
patients’ ejaculates with severe varicocele or hyper viscosity.
The study included normal viscosity ejaculate from 30
patients affected by varicocele and hyper viscosity ejaculate
from 33 patients without any testicular pathologies. All selected samples showed sperm concentration > 2 million/ml and
progressive motility < 32%. In both groups, the pellet obtained
after centrifugation in buffered medium, was divided in two
aliquots, both incubated for 15 minutes at 37°C: one with
MYO-Inositol and the other one, as control, only in phosphate
buffered saline (PBS). Afterwards, the sperm progressive
motility was assessed using Computer Assisted Sperm
Analysis (CASA system).
Incubation with MYO-Inositol improved sperm progressive
motility in high viscosity samples compared to control group
(38.9% ± 3.0 vs 24.35% ± 2.41, respectively; p ≤ 0.0001).
Conversely, no statistically significant difference was observed
in total sperm progressive motility in varicocele samples compared with control group (22.7% ± 2.07 vs 26.7% ± 3.31,
respectively; p = 0.085).
The MYO-Inositol positive effect on spermatozoa motility may
depend on the type of sperm damage: heavy structural and
biochemical defects which typically affects patients with varicocele are not restored by Inositol. On the contrary, MYOInositol is able to improve sperm motility in semen samples
with high viscosity, since those samples show no substantial
structural sperm defects.
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INTRODUCTION

Inositol (C6H12O6) is a chemical compound existing in
nine different stereoisomers synthesized from glucose-6phosphate. The most widespread form of Inositol in nature
is MYO-Inositol (MYO-Ins), which belongs to the vitamin
B group. MYO-Ins is synthesized by two different
enzymes: MYO-1-phospate synthase (ISYNA1) and MYOmonophospatase-1 (IMPA1). These enzymes are present in
high concentration in seminal plasma and in the testis, particularly in Sertoli cells rather than in germinal cells. After
its synthesis, MYO-Ins is co-transported in the fluid of

seminiferous tubules by the sodium/MYO-Inositol protein
(SLC5A3), which is up-expressed in Sertoli cells (1, 2).
Several roles of MYO-Ins are known: it is involved in
mitochondrial membrane potential (MMP) maintenance,
in the control of intracellular Ca²+ concentration, in the
cytoskeleton assembly, in gene expression regulation
and it is also an important component of the structural
lipids.
Phosphatidylinositol (PI) is involved in diacylglycerol
(DAG) and Inositol triphosphate (IP3) formation, which
are produced from phospholipase C (PLC) that hydrolyses phosphatidylinositol 4,5-bisphosphate (PIP2) to
DAG and IP3, two second messengers involved in the
cellular signal transduction and in the regulation of
intracellular calcium concentration, respectively. IP3
binds to its receptor (IP3R) placed on the intracellular
membrane of Ca²+ storages and triggers Ca²+ release necessary for sperm motility. There is evidence of the IP3Rlinked Ca²+ storages presence at the base of sperm flagellum, where only two membrane-bound organelles
have been detected: mitochondria and the redundant
nuclear envelope (RNE) (3). The latter arises from excess
of nuclear envelope which is discarded during sperm
nuclear chromatin condensation. Observations indicate
that RNE has only a storages role and upon induction it
releases Ca²+ which seems to act directly on the axoneme
and, perhaps, indirectly on mitochondrial ATP production, both necessary to improve sperm motility. As
reported in literature, MYO-Ins treatment does not affect
the mitochondrial function of spermatozoa in normozoospermic patients, whereas it increases significantly
the number of spermatozoa with high MMP in oligoasthenoteratospermic (OAT) patients (4). Observations
show that the number of spermatozoa with high MMP
levels correlates positively to sperm concentration and
sperm progressive motility (5, 6). Furthermore spermatozoa with high MMP are directly linked to fertilization
rate, in vivo and in vitro (7). However, the effects of
MYO-Ins on phosphatidylserine (PS) externalization, an
early marker of apoptosis, on chromatin compactness
and on DNA fragmentation, in normozoospermic and
OAT patients, were not known (4, 8).
Low sperm motility is a primary cause of male infertility,
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associated with biochemical defects and/or with delayed
or missing semen liquefaction. Semen samples coagulation and liquefaction with their physiological characteristics are still not fully understood; however, the negative
effects of hyperviscosity on semen parameters, above all
motility, are known. As reported in literature, hyperviscosity is due to a “trapping effect” that prevents normal
sperm progression through the female genital tract (9,
10-12). There is evidence of a correlation between
hyperviscosity (SHV) and low levels of fructose in seminal plasma, due to an impaired function of the seminal
vesicles (11). Some studies show a potential correlation
between hyperviscosity and altered levels of Ca²+, zinc
and acid phosphatase for prostate dysfunction (13, 14).
Data reported in literature, correlate SHV to an excess of
reactive oxygen species (ROS) (15), infections and/or
genital tract’s inflammations (16) and to genetic factors,
such as the Cystic Fibrosis Transmembrane conductance
Regulator (CFTR) gene expression. The cystic fibrosis
causes defects in active ions transport (Cl-), resulting in
a lower water content in the intraluminal secretions that
may be responsible for reduced semen fluidity and for
progressive obstruction and destruction of the vas deferens and epididymis (17). Other authors demonstrate that
hyper viscosity is not due to a single factor, but rather to
several factors, which act in synergy (10).
Varicocele is a well-known infertile male condition. It is
found in 10-20% of male population and it is associated
to progressive decline of testicular function. Three grades
of varicocele are known: grade I, palpable with Valsalva
maneuver only; grade II, palpable without Valsalva
maneuver and grade III, palpable and visible through the
scrotal skin. Varicocele is associated to several conditions: altered testicular thermoregulation (18), blood stasis in spermatic veins (19) and elevated levels of abnormal sperm-associated Reactive Oxygen Species (ROS)
(20). The effects of varicocele consist in a reduced testicular volume, a compromised sperm quality (motility,
morphology and concentration) and reduced Leydig
cells function. Some authors suggest a possible relation
between varicocele and abnormal retention of sperm
cytoplasmic droplets, typical of sub-fertile men (21).
The aim of this study was to evaluate the MYO-Ins effect
on spermatozoa motility, in ejaculates of patients with
severe varicocele (grade II and III) and in ejaculates with
hyper viscosity.

MATERIALS

AND METHODS

The study was performed from September 2012 to
January 2013. Semen samples were collected by masturbation after 3-5 days of sexual abstinence. After 30 minutes of liquefaction at 37°C, semen parameters were
analysed according to World Health Organization
(WHO) criteria 2010 (22). The thread length of both
ejaculates with hyper viscosity and ejaculates of patients
with grades II and III varicocele were measured, gently
aspirating the semen liquid into a glass disposable
pipette and leaving fall down, in gravity, a drop of sample on a slide. When the viscosity is normal, the semen
sample leaves the pipette in small discrete drops; if viscosity is abnormal (increased), such as in SHV group, the
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drop will form a thread more than 2 cm long. The thread
length was measured on a centimetre scale. Ejaculates of
30 patients (mean male age 39.9 years old, SD ± 10.89)
with grade II and III varicocele (according to Sarteschi
classification), with sperm concentration > 2 million/ml,
normal viscosity and low progressive motility (< 32%,
according to WHO 2010) (22), were included in the
study (varicocele group).
Ejaculates of 33 patients without testicular pathologies
(mean male age 39.6 years old, SD ± 1.15), with sperm
concentration > 2 million/ml, high viscosity (thread
length > 2 cm) and low progressive motility (< 32%,
according to WHO 2010) (22), were analysed (SHV
group).
The enrolled semen samples were centrifuged in MOPSbuffered medium (G-MOPS ™ PLUS - Vitrolife, Sweden)
at 1800 rpm/10 minutes an the pellet was divided in two
aliquots: the first one was incubated with 2 mg/ml of
MYO-Ins (Andrositol DGN, Lo.Li. Pharma S.R.L., Italy), for
15 minutes at 37°C temperature, in MOPS-buffered
medium (G-MOPS™ PLUS - Vitrolife, Sweden) and the
second one, as control, was incubated at the same conditions.
After incubation, sperm progressive motility, using
Computer Assisted Sperm Analysis (CASA system - Sperm
Class Analyzer Automatic Diagnostic Systems- MICROPTIC
S.r.l. Spain), was evaluated.
Statistical analysis
Statistical analyses were performed using Student T-test
and Wilcoxon T-test (parametric and non-parametric
statistical test, respectively); P value of < 0.05 was considered to be statistically significant. Results were
expressed as mean ± SD.

RESULTS

No statistically significant differences in total sperm progressive motility (slow and rapid) were observed in ejaculates of patients with grades II and III varicocele, after
incubation with MYO-Ins and in control group (22.7% ±
2.07 and 26.7% ± 3.31, respectively; P student = 0.085).
On the contrary, incubation with MYO-Ins improved
sperm progressive motility in SHV group. Our data
demonstrate an enhanced sperm motility in semen with
hyper viscosity (38.9% ± 3.0), compared to control
group (24.35% ± 2.41) (Wilcoxon test p ≤ 0.0001;
Figure 1).
The effects of MYO-Ins treatment observed in ejaculates
of patients of varicocele group and in ejaculates of SHV
group, have been separated in four categories, according
to ANDROSITOL-LAB procedure, which divides the
responses to Inositol in the following classes, summarized in Table 1:
1. High responder (HR): samples with increased sperm
progressive motility from ≥ 60% to 100%.
2. Middle responder (MR): samples with increased
sperm progressive motility from ≥ 30% to < 60%.
3. Poor responder (PR): samples with increased sperm
progressive motility from ≥ 1% to < 30%.
4. No responder (NR): samples with none increased
sperm progressive motility.
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Figure 1.

Analysis of image, using CASA system,
of spermatozoa motility in ejaculates
with hyper viscosity not incubated with
MYO-Inositol (control, part A) and in
ejaculates with hyper viscosity incubated
with MYO-Inositol (part B). The coloured
lines indicate the spermatozoa showing
rapid progressivity (red), slow
progressivity (green), in-situ motility
(blue) and immotile spermatozoa
(yellow), respectively. In hyper viscosity
samples, the lines red and green are
significantly increased after incubation
with MYO-Inositol.

Table 1.

SHV group
Varicocele group

DISCUSSION

HR
(≥ 60 - 100) %
19/33 (57.6%)
6/30 (20%)

MR
(≥ 30 - < 100) %
8/33 (24.2%)
5/30 (16.7%)

PR
(≥ 1 - < 30) %
4/33 (12.1%)
8/30 (26.7%)

The aim of this study was to evaluate the MYO-Ins effects
on sperm motility in samples with SHV or varicocele, in
which asthenozoospermia is a common features. A positive
effect of Inositol on sperm progressive motility (slow and
rapid) in ejaculates of patients with SHV was observed.
Particularly, sperm progressive motility increased from ≥
30% to < 60% (MR) and from ≥ 60% to 100% (HR), in
SHV group. An increase in sperm progressive motility from
≥ 1% to < 30% (PR) or absence of response (NR) to MYOIns was observed in varicocele group.
Asthenozoospermia is one of male infertility causes, that
involves an array of functional and biochemical sperm
defects. Asthenozoospermic patients show both low
sperm motility and low fertilizing ability due to their
poor capability of hyper activation-capacitation linked.
A relationship between sperm membrane fluidity and
tyrosine phosphorylation is well known. Specifically, a
deficit in tyrosine phosphorylation in asthenozoospermic patients produces a low sperm membrane fluidity
and, therefore, a low sperm motility (23).
Some Authors (24), found an increase in sperm motility
after 2 hours of incubation with MYO-Ins (2 mg/ml), in
OAT samples. In our study, a positive Inositol effect, at
the same concentration, is observed on motility in SHV
samples, after 15 minutes of incubation. Incubation
attempts at 15 minutes, 30 minutes and 2 hours were
done, but the highest Inositol effect on semen samples
was observed at 15 minutes.
The faster Inositol effect observed in this study, is probably due to the samples rinsing with MOPS-buffered
medium, before MYO-Ins treatment. It is possible that in
SHV samples, the most of mucoid mass in which spermatozoa are tangled is dissolved or taken-away by rinsing. As a consequence, MYO-Ins may easily tie up sperm
and mitochondrial membrane and active ion fluxes
(mainly HCO³-, Na+, K+, and Ca²+) which are involved in
tyrosine phosphorylation and in sperm capacitation
(motility and hyperactivation) (25).
However, our hypothesis is in agree with Colone et al. (24),

NR
(0) %
2/33 (6.1%)
11/30 (36.7%)

Effect of MYO-Inositol on progressive sperm
motility in the ejaculates of patients with
hyperviscosity or with varicocele
(HR = High Responder, MR = Middle Responder,
PR = Poor Responder, NR = No Responder).

who observed, through Scansion Electron Microscopy
(SEM), that spermatozoa of OAT patients appear entirely
covered with an amorphous fibrous material, perhaps
responsible of semen high viscosity and consequently of a
reduced sperm motility. Additionally, Colone observed,
through Transmission Electron Microscopy (TEM),
altered mitochondrial cristae, placed in sperm intermediate tract of OAT samples. Nevertheless, after incubation
with MYO-Ins, the authors found that, the surface spermatozoa and mitochondrial cristae of enrolled samples,
appeared to be more similar to the controls (absence of
amorphous fibrous material on sperm surface and intact
mitochondrial cristae). These results show the ability of
Inositol to dissolve the amorphous fibrous material and to
improve spermatozoa motility, perhaps inducing a modification in semen samples PH and then acting on spermatozoa plasma and mitochondrial membranes.
Even the ejaculates of patients with grade II and III varicocele show low sperm motility. Nevertheless, in this
study, the incubation with MYO-Ins did not always
increase progressive sperm motility as in SHV samples.
It is possible that PR and NR, observed in varicocele
group, are due to a damaged spermatogenesis and/or to
irreversibly altered biochemical factors.
Several studies demonstrate that in varicocele, the secretions of impaired sex accessory glands, such as fructose,
might have a negative influence on motility of ejaculated
spermatozoa (26). Other studies assert that fructose levels in varicocele samples are not significantly different to
those of samples without varicocele (27). Steroid hormones, such as testosterone, play a fundamental role not
only in sexual differentiation and in expression of secondary sexual characteristics but also, in spermatogenesis. Wang et al. (28), report that the action of androgens
is mediated by androgen receptors (AR), which act as a
ligand-inducible transcription factor. AR ligands are:
testosterone (T) and dihydrotestosterone (DHT), its
more active metabolite. Ejaculated mammalian spermatozoa express AR in the head and in the mid piece, this
Archivio Italiano di Urologia e Andrologia 2016; 88, 4
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latter corresponding to the mitochondria site. AR play an
important role in sperm survival and capacitation, acting
on PI3K/AKT signaling pathway (29-31). As reported,
during capacitation, spermatozoa undergo a final maturation by increasing cholesterol efflux which acts on
tyrosine phosphorylation and on sperm membrane fluidity (32). Some Authors (33), found that the basal cholesterol efflux is reduced in spermatozoa of patients with
varicocele compared to spermatozoa of patients without
varicocele. This provokes a reduced sperm membrane
fluidity and thus a decreased motility, in varicocele samples. These authors also observed that in normal spermatozoa, DHT induced G6PDH activity, an enzyme
involved in glucose metabolism, through PI3K/AKT
pathway. This effect is not observed in varicocele samples (33). Jackaman et al. (34) and Al-Daghistani et al.
(27) demonstrate that testosterone levels in samples
without varicocele are lower than in samples with varicocele. This feature may indicate severe atrophy of seminiferous tubules, sclerosis and Leydig cells hyperplasia,
causing the humoral immune response and then ASA
(Anti Sperm Antibodies) production; these latter, as
known, are involved in a reduced sperm motility. It is
probable that in ejaculates with varicocele, oxidative
stress and spermatogenesis dysfunction are the two main
causes of an impaired tyrosine phosphorylation and,
consequently, an altered membrane fluidity. It is known,
for example, that sperm motility and capacitation are
related to sperm membrane composition: high levels of
polyunsaturated fatty acids makes it oversensitive to the
attack of reactive oxygen species which cause both an
altered tyrosine phosphorylation and altered signal
transduction, resulting in low membrane fluidity and
consequently, reduced sperm motility (35, 36).
In sustain of that, some authors establish that spermatozoa of patients with varicocele, have an abnormal retention of cytoplasmic droplets due to excessive ROS production (21). ROS are negatively correlated with sperm
motility, through oxidation of membrane fatty acids
which alter sperm membrane fluidity (37, 38). Excessive
ROS production, associated to increased testicular temperature, typical condition of varicocele, and to abnormal retention of cytoplasmic droplets, due to an
impaired spermatogenesis, causes a reduced/altered
sperm functions correlated with DNA damages. Studies
confirm higher levels of damaged and fragmented DNA
ROS related and thus reduced MMP and decreased
sperm motility (39), in infertile men with varicocele
compared to fertile men without varicocele (40-41).

CONCLUSIONS

The lack or absence of MYO-Inositol effect observed in
varicocele group seems principally due to impaired spermatogenesis and to heavy biochemical and structural
sperm defects. Defects linked to varicocele considerably
compromise sperm functionality on which Inositol has
no or partially positive effect (the benefits of varicocelectomy to improve sperm quality are discussed). On the
contrary the increase of sperm motility observed in SHV
group after incubation with MYO-Inositol, may be connected to the absence of substantial structural sperm
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defects. The low spermatozoa motility observed in SHV
samples is most probably related above all to mucoid
mass in which sperm are tangled and of which, the partial or total removal, allows the improving of sperm
motility by Inositol activity.
In conclusion MYO-Inositol appears to have a positive
effect on spermatozoa motility, depending on the type of
sperm damage: heavy structural defects, typical of varicocele samples, are not restored by Inositol.
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