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ABSTRACT

Myo-inositol and D-chiro-inositol are insulin sensitising agents. In the ovary, myo-inositol acts as second
messenger of Follicle Stimulating Hormone (FSH). Both molecules were administered to Polycystic
Ovary Syndrome (PCOS) women. The gynaecologist Vittorio Unfer was the first to give specific value to
myo-inositol for the treatment of PCOS: this important innovation opened new ways of research to
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identify efficient therapies based on myo-inositol alone or with low doses of D-chiro-inositol.
Significant successes were also gained using myo-inositol in treating male and female infertility. Unfer's
researches allowed to identify “the D-Chiro-Inositol Paradox in the Ovary” and the best myo-inositol/D-
chiro-inositol ratio (40:1) for the treatment of PCOS. Furthermore, his studies allowed to improve the
inositol’s efficacy using alpha-lactalbumin. As shown in this review, the main stages of Unfer’s scientific
career have been closely intertwined with important phases of the recent pharmacological research

about the topic.

Introduction

Infertility and subfertility are a growing worldwide common
problem, affecting a significant proportion of the population.
As far Europe is concerned, there is also an increasing drop
in the birth rate, and couple infertility is one of its causes.
About 40% of infertility cases are related to women, 40% to
men, 10% to both of them, and in 10% the reason is not
clear (Kumar and Singh 2015).

On the one hand, many couples are frustrated in their
desire for parenthood and ask the medical world to solve
their problem; on the other hand, gynaecologists and androl-
ogists have to face these difficult challenges and offer solu-
tions, as well as concrete results.

In the last decade of the previous century, some research-
ers increasingly began to focus their attention on the study
of some natural molecules, namely inositols, since they were
found to be involved in the insulin intracellular signalling
process. In addition, new data were demonstrating a robust
link between these compounds and male and female fertility.
However, some results were interesting, other disappointing.
As we will highlight in the next sections, the intuition of very
few researchers allowed that specific mistakes were
later overcome.

Unfer’s researches and studies

Among them, we mention Vittorio Unfer, born in Rome (Italy)
in 1963, graduated with honours in Medicine and Surgery at

the Sapienza University of Rome where then he specialised in
gynaecology and obstetrics. He is an established researcher
on nutrition and dietary supplements. Unfer is the founder of
The Experts Group on Inositol in Basic and Clinical Research
(EGOI), that brings together several international experts,
researchers and opinion leaders, skilled in the field of inositol
physiology and therapy. Unfer published many scientific
books and papers in international journals in the field of
Obstetrics, Gynaecology. Endocrinology, Drug safety, Genetics
(about ninety of Unfer’s papers are on PubMed). His scientific
researches allowed him to achieve twenty patents which
attest his commitment in these fields. In addition, Unfer has
been lecturer in a hundred international conferences about
specific topics in gynaecology.

Furthermore, he was the founder of Lo.Li.Pharma (2002), a
pharmaceutical company strongly oriented towards research
and development with the aim of providing innovative prod-
ucts, Medical Devices and Food Supplements, for obstetrics
and gynaecology. Later this company has entered also other
specialist  fields  (endocrinology, urology, neurology).
Nowadays it sells products worldwide, in more than
50 countries.

Unfer has managed to unite the expertise in science with
his great attention to solve some relevant therapeutic gaps,
found during his direct experience in medical practice.

Almost twenty years ago, Unfer was the first promoter of
the Myo-inositol (MI) use in the obstetric and gynaecological
clinical practice. Later he tested this molecule also in androl-
ogy for the male fertility problems. From the beginning, he
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focussed his attention on Polycystic Ovary Syndrome (PCOS),
a complex endocrine disorder that was the bench test to
evaluate in depth the use of inositols, going beyond some
wrong ideas of the nineties. Unfer gained a relevant scientific
role in identifying and developing an effective treatment for
the various aspects of PCOS (in the first place, the recovery
of fertility). As a researcher, he believes that the progress in
science is primarily based on the open and continuous com-
munication among experts. Discussions, exchange of ideas,
also heated debates, fertilise the ground of science. Without
this background of comparison and testing of hypotheses
among scientists, the level of medicine, pharmacology, biol-
ogy, would be much less advanced. The researches, aimed at
clarifying the pathophysiologic mechanisms underlying PCOS
and at identifying its best treatment, constitute a convincing
example of this process. Unfer's achievements were recog-
nised by well-known scientists, such as Josef Larner (Heimark
et al. 2014) and John Nestler, who had an intense exchange
of ideas with him (Nestler and Unfer 2015). By retracing his
path in research, we have the opportunity to critically reread
some significant phases of the development of the thera-
peutic approach to PCOS. To carry out this review, we sys-
tematically consulted multiple databases (MEDLINE, Embase
and Google Scholar) and analysed all the scientific literature
on inositols and Polycystic Ovary Syndrome over the past
40years, highlighting the focal points of advancement in
pathophysiology and therapy studies.

V. UNFER

PCOS features and therapy: a metaphorical
battleground

PCOS represents a relevant health problem that gynaecolo-
gists, but also endocrinologists, have to face. This syndrome
consists of four different phenotypes and affects up to
10-15% of women of reproductive age in western countries,
where it is one the main causes of infertility (Monastra et al.
2017). Currently, its definition requires the presence of two of
the three following criteria: (1) chronic oligo-ovulation or
anovulation, (2) hyperandrogenism (either clinically estab-
lished or confirmed by laboratory testing); and (3) the pres-
ence of >12 follicles measuring 2-9 mm in diameter in each
ovary and/or increased ovarian volume (>10mL), detected
by ultrasound examination (Rotterdam 2004). These criteria
do not take in consideration other pathological characteris-
tics, such as insulin resistance and related compensatory
hyperinsulinemia, that play both a pivotal role in the

pathogenesis of PCOS (hyperinsulinemia is present in
approximately 80% of obese women with PCOS and 30-40%
of lean women with PCOS) (Paul et al. 2016). In the early
eighties, Burghen et al. were the first to demonstrate that
hyperandrogenism correlates with hyperinsulinism in obese
patients with PCOS (Burghen et al. 1980). In those years, insu-
lin resistance was proved to be a feature of PCOS patients,
even in the absence of obesity (Cotrozzi et al. 1983; Lagana
and Pizzo 2015).

Overall, PCOS is a heterogeneous disorder, favoured by
the interaction of environmental and genetic factors
(Monastra et al. 2017), and shows several reproductive, meta-
bolic and cardiovascular anomalies, that can give rise to
long-term health problems during the life span. Obviously,
not all PCOS women wish to get pregnant, however for
many of them this is an important purpose and PCOS consti-
tutes a potential impairment. However, all of them desire to
solve the abnormalities of the menstrual cycle as well as cure
hyperandrogenism.

Until the early 2000s, PCOS women were treated with
some insulin-sensitising, or insulin-mimetic, agents to signifi-
cantly reduce hyperinsulinemia, such as metformin, thiazolidi-
nediones (troglitazone, rosiglitazone and pioglitazone), and
D-chiro-inositol (DCI) (Seli and Duleba 2004; Lagana et al.
2015). Physicians still followed this scientific approach of the
end of twentieth century. Unfortunately, metformin and thia-
zolidinediones have very unpleasant (in few cases, serious)
adverse effects that reduce patients’ compliance and can
severely limit their use. Indeed, metformin administration
causes gastrointestinal symptoms (nausea, vomiting, diar-
rhoea and abdominal swelling) as well as metabolic disor-
ders. Thiazolidinediones can induce fluid retention, body
weight increase, fractures, coronary artery disease, myocardial
infarction, and bladder cancer.

The treatment with DCI in PCOS: successes
and failures

The other administered compound, DCl, is naturally present
in the human body. It is an inositol stereoisomer such as MI.
Towards the end of the nineties the renowned American
pharmacologist Josef Larner, one of the most important
researchers on insulin activity, was publishing his results on
DCl as hypoglycaemic agent, useful for diabetes (Larner et al.
1998). DCl was tested also in PCOS. This molecule is pro-
duced in the tissues from MI with the intervention of a spe-
cific enzyme, a NAD-NADH-dependent epimerase, which is
stimulated by insulin, with a non-reversible reaction. Of note,
different tissues, based on their specific physiological roles,
may have different MI/DCl ratio, however DCl levels are
always much less than MI. Therapeutically, this feature should
always be kept in mind, as Unfer did. DCI gave interesting
but conflicting results in a few clinical trials with PCOS
patients. Some studies carried out by John Nestler and his
team (Cheang et al. 2008) had demonstrated that the impair-
ment of insulin activity in PCOS could derive from a defect in
the insulin second messenger pathway. Indeed, some low-
molecular-weight inositol phosphoglycan mediators (IPGs) are



necessary for the physiological activity of insulin. The binding
of insulin to its receptor gives rise to these IPGs, produced
by hydrolysing the glycosylphosphatidylinositol lipids of the
outer leaflet of the cell membrane. After their internalisation,
the released mediators activate essential enzymes that con-
trol the oxidative and nonoxidative metabolism of glucose in
cells. At that time, it was speculated that a deficit of IPGs
(specifically DCI-IPG) in tissues can have a role in inducing
insulin resistance (Nestler et al. 1999). However, from a thera-
peutic perspective we take into account that the DCI-IPG
second messenger was found to directly stimulate (in dose-r-
esponse manner) testosterone biosynthesis by human theca
cells from healthy and PCOS patients (Nestler et al. 1998).
Going back where it all began, in 1999 during the first con-
trolled clinical study with DCI, 44 obese PCOS patients
received 1200mg DCl or placebo, daily by oral route for
6-8 weeks. The authors found an improvement of insulin sen-
sitivity and ovulation, and reduced levels of free testosterone,
whereas no effects were detected in the placebo group
(Nestler et al. 1999). Afterwards in 2002, the same group of
research gave 600 mg DCl or placebo, daily by oral route for
6-8 weeks, to lean PCOS women (luorno et al. 2002). In
agreement with the first clinical trial, the DCI administration
improved insulin sensitivity and ovulation, and decreased the
circulating free testosterone. Then Insmed Pharmaceuticals
made a large clinical study with DCI in PCOS women, admin-
istering 2400 mg DCl, doubling the dose used in the first trial.
The study failed in confirming the effectiveness of DCl and
the results were never published. The disappointing results
were surely related to the high dose of DCI given. In
September 2002 Insmed Pharmaceuticals gave up proceeding
with DCl administration to PCOS patients and abandoned the
project aimed to identify a drug based on DCI alone, consid-
ering that the expectations had been contradicted by the
facts. Although the insulin-sensitising agents such as inositols
were suitable to treat PCOS, something had to be corrected
in the basic assumptions on the therapeutic effects exerted
by these molecules.

Myo-inositol in PCOS: a different paradigm and a
new therapeutic approach

Few years later, Unfer decided to follow a new approach,
based on a different paradigm. For the first time MlI, the pre-
cursor of DCI was given to PCOS patients. Ml and some of its
derivatives are extensively distributed in the tissues of ani-
mals (vertebrates and invertebrates), plants, fungi and bac-
teria (Bizzarri et al. 2016). These molecules play important
roles in vital processes and in the structures of the living
beings, such as osmoregulation, signal transduction, cell
regulation, ion channel physiology, cell membrane compos-
ition (Bizzarri et al. 2016; Chatree et al. 2020; Maffucci and
Falasca 2020). Ml is synthesised from glucose-6-phosphate by
myo-inositol-3-phosphate synthase to give rise to myo-inosi-
tol-3-phosphate (Ins3P) (Lagana et al. 2016), then dephos-
phorylated to MI (Lackey et al. 2003). There was a well-
defined therapeutic rationale in the MI use, based on its
physiological role. Indeed, also Ml exerts an insulin sensitising
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effect (Muscogiuri et al. 2016a), being one of the second
messengers of this hormone, in the form of MI-IPG
(Muscogiuri et al. 2016b). Therefore, the MI presence is just
as essential as that of DCI for allowing insulin to play its role.
However, for years several researchers did not agree on this
(Baillargeon et al. 2006). Of note, cellular glucose uptake is
mainly under MI control, and, in keeping with this physio-
logical role, Ml content is significant in tissues with high-glu-
cose utilisation, such as the brain, the heart, and the ovary
(Larner et al. 1988; Huang et al. 1993; Bevilacqua and Bizzarri
2018). Moreover, MI decreases free fatty acids release from
adipose tissues by means of the adenylate cyclase inhibition
(Croze and Soulage 2013). Instead, DCI concentrations are
high in tissues that store glycogen (e.g. liver and muscle) and
low in those where glucose is actively used (Pak et al. 1992).
In addition to the above-cited effects, Ml (as InsP3) in the
ovary is one of the second messengers of Follicle Stimulating
Hormone (FSH) (Milewska et al. 2016; Lagana et al. 2017),
without any involvement of DCIl. The concentration of Ml in
the mammalian female reproductive tract is substantially
higher than in blood serum, suggesting that Ml plays specific
roles at the ovarian level, ensuring correct oocyte maturation
(Lewin et al. 1982).

In the past, some similarities of action between MI and
DCl had led somebody to believe these two stereocisomers
almost interchangeable, instead their therapeutic rationale is
very different, mainly at the ovarian level (Pizzo et al. 2014).
Thus, a paradigm shift was necessary, and the new paradigm
would prove correct.

The early clinical studies with myo-inositol in PCOS

In 2003, the first clinical study (double-blind RCT) on PCOS
patients treated with MI was published (Gerli et al. 2003). The
trial was suggested by Unfer as scientific director of
Lo.Li.Pharma, his young pharmaceutical company founded
just the previous year, which provided MI. This trial shows his
original interest, as researcher and manager, specifically
focussed on MI, in contrast with the treatments based on
DCl. The authors administered 200 mg MI daily for 14 weeks
to 136 women and placebo to 147 women. Their study
achieved promising results, shedding light on a previously
disregarded molecule for PCOS therapy. The ovulation fre-
quency significantly increased (p <.01) in the study group
(23%) compared with the placebo (13%) and the first ovula-
tion occurred in a shorter time (p<.05). A significantly
smaller number of patients receiving placebo has ovulated
(p <.05). In the first week of treatment, Oestradiol (E2) serum
levels were found higher only among MI treated women. A
significant (p <.01) weight decrease was noted in the MI
group, whereas patients in the placebo group had a weight
increase (p <.05). The concentrations of HDL were found
higher only in the MI treated group. Supported by these
interesting results, some years later Unfer conducted another
clinical trial, in collaboration with Papaleo and Baillargeon
(Papaleo et al. 2007): also this study provided very encourag-
ing results. Twenty-five PCOS women (28-38years old) with
oligo- or amenorrhoea (six or fewer menstrual cycles during
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a period of 1year) were enrolled. Patients were affected by
hyperandrogenism (hirsutism, acne or alopecia) or hyperan-
dogenemia (elevated levels of total or free testosterone) and
typical ovarian features on ultrasound scan. The subjects
were administered daily with 2g MI plus 200 ug folic acid
until the end of the study (after six months) or the positive
pregnancy test. After 34.6x55days of MI treatment, 22
patients (88% of the entire group) presented a first menstrual
cycle and 18 of them had monthly menstruations in the fol-
low-up period. They maintained spontaneous ovulation, with
follicular growth and increase of serum progesterone levels
during the luteal phase (mean 10.5+1.8ng/mL). Moreover,
MI administration significantly reduced the concentrations of
total testosterone and free testosterone in serum and
improved the Ilength of the successive cycles to
31.7 £ 3.2 days. Multiple pregnancies were not recorded.

In the same year, a double-blind RCT was also published
(Gerli et al. 2007) which confirmed the previous positive
results. After the randomisation of 92 patients, 45 of them
received MI plus folic acid (4g MI plus 400pug folic acid),
whereas 47 were administered with 400 pg folic acid as pla-
cebo. The ovulation frequency was found significantly higher
(p<.01) in the study group (25%) in comparison with the
placebo (15%), and the time to the first ovulation signifi-
cantly decreased (p <.05). The placebo group had signifi-
cantly less patients who ovulated (p<.05) compared to
those treated. The E2 levels in blood increased during the
first week of treatment only in women administered with M.
HDL in circulation were significantly higher in Ml group. No
changes were recorded after 14 weeks of MI or placebo ther-
apy in fasting glucose concentrations, fasting insulin, or insu-
lin responses to glucose challenge test. The authors found an
inverse relationship between body mass and treatment effi-
cacy. A significant weight loss (p <.01) was detected in the
study group, whereas the weight of placebo patients
increased (p < .05). These results supported again the benefi-
cial effects of Ml in women with oligomenorrhea and PCOS
in improving ovarian function.

In the following years, Unfer went ahead in his studies
and researches, achieving new confirmations to the effective-
ness of Ml in PCOS. Of note, Unfer administered Ml to 46
women with hyperandrogenism (Minozzi et al. 2008).
Patients, affected by mild to moderate hirsutism, were
treated for six months with 2g MI twice a day. The therapy
allowed to significantly reduce hirsutism (p <.001) and insulin
resistance (p<.01), analysed by Homeostasis Model
Assessment (HOMA) index. Likewise, total androgens, FSH
and LH concentrations decreased. Instead, the E2 levels
raised. There was a small non-significant reduction of total
cholesterol and LDL cholesterol, and an increase in HDL chol-
esterol concentration. In addition, also other studies and
researches, not driven by him, confirmed his results
(Facchinetti and Neri 2020). Hence, it was confirmed Unfer’s
hypothesis that the deficiency of Ml is deeply involved in the
development and persistence of PCOS, and that MI supple-
mentation can be an effective treatment (Unfer 2010).

Ml human plasma concentration has a mean value of
32.5+1.5uM/L, with a range of 26.8-43.0 uM/L, according to
Leung et al. (Leung et al. 2011). Monastra et al. (Monastra

et al. 2018b) administered 6 g Ml in a single oral administra-
tion to 18 healthy volunteers (men and women). They found
that baseline levels in the study subjects were
32.17 £4.76 uM/L, using gas chromatography-mass spectrom-
etry for this detection. After MI administration, its average
peak plasma concentration (at 180 min) increased about
threefold with respect to baseline, reaching 95.06 +7.31 uM/L.
Of note, this Ml dose was chosen to get a good detection of
this molecule, however this dosage is not very different from
that normally given to patients, i.e. 4g per day per os for at
least 3 months. In the study by Montanino et al. (Montanino
Oliva et al. 2018), where the authors used gas chromatog-
raphy-mass spectrometry, the basal Ml value found in PCOS
patients was less than in normal women, i.e. 17 +3.5 umol/L,
in agreement with Unfer's hypothesis that M| deficiency is a
common feature in PCOS patients. After a treatment with 2g
MI plus 50 mg alpha-lactalbumin, twice a day by oral route
for three months, this concentration raised by 106%, reaching
35+ 3.8 umol/L.

Last, but not least, it is necessary to emphasise that Ml is
a totally safe molecule, as stated by Food and Drug
Administration (FDA 2017) and demonstrated by some clin-
ical studies (Carlomagno and Unfer 2011), with no side
effects at the therapeutic dose (maximum 4 g/die).

Myo-inositol to improve female fertility

The positive effects due to MI administration in improving
female fertility gave new opportunities to many women,
regardless of whether they are suffering from PCOS or not
(Papaleo et al. 2009a; Lagana et al. 2018a). This area of
research was initially developed starting from pioneering
Chiu’s studies. His attention was focussed on the content of
follicular fluid (FF), since it is a metabolically active micro-
environment where oocytes are hosted and grow. FF plays a
key role in the processes of fertilisation and embryogenesis.
Chiu et al. demonstrated that the amount of Ml contained in
human follicles is related to the quality of oocytes. Higher Ml
concentrations represent an excellent marker of good quality
oocytes and embryos (Chiu et al. 2002). Then, a research con-
ducted in mice confirmed this effect due to Ml (Chiu et al.
2003). This evidence is in line with a previous study that had
demonstrated a directly proportional relationship between
inositol content in human serum and reproductive outcome
in IVF (Chiu and Tam 1992). On the other hand, the results
achieved with MI in PCOS women, that wish getting preg-
nant, represent a further confirmation (Gerli et al. 2007;
Genazzani et al. 2008; Costantino et al. 2009; Papaleo et al.
2009b). In particular, a study by Unfer et al. showed that the
MI treatment in patients with PCOS undergoing IVF decreases
germinal vesicles and degenerated oocytes at ovum pick-up,
without compromising total number of retrieved oocytes.
This procedure allows to have lower E2 levels at hGC admin-
istration and can reduce the risk of ovarian hyperstimulation
in these patients. Of note, the administration of Ml to PCOS
women undergoing IVF permitted to decrease the quantity
of recombinant FSH (rFSH) administered and the number of
days of stimulation, as clearly shown in a systematic review



by Lagana et al. (2018b). This evidence proves that Ml can
increase FSH sensitivity providing further support to the
beneficial effect of Ml administration on ovarian function and
oocyte development. Then, Unfer and co-workers highlighted
that only MI plays a beneficial role for oocytes, differently
from DCI (Unfer et al. 2011a). The authors enrolled 84 eugly-
cemic PCOS patients, undergoing ovulation induction for
ICSI; among them 43 were administered with 2g MI and 41
patients with 0.6g DCl, both twice a day for 8 weeks before
rFSH administration. This comparison study demonstrated
that the number of mature oocytes was significantly higher
in the MI group than in the DCl group. Furthermore, the
authors found that the number of immature oocytes
decreased in the MI treated women as well as the mean
number of top-quality embryos and the total number of
pregnancies increased in the patients administered with Ml
respect to those treated with DCI. The results clearly demon-
strated that in these PCOS women MI treatment works better
than DCI in improving oocyte and embryo quality for ovarian
stimulation.

Myo-inositol to improve male fertility

As previously mentioned, Unfer investigated the efficacy of
MI, without DCI, also to solve male infertility and obtained
satisfying results. Again, this intuition was derived by the
analysis of the physiological data, which demonstrate that
male reproductive organs are particularly rich in free M. It
was a clear hint that Ml is central also in male reproduction
(Eisenberg and Bolden 1964; Voglmayr and Amann 1973;
Ghafoorunissa 1975; Hinton and Setchell 1981). Indeed, this
stereoisomer plays a vital role for the maturation of sperma-
tozoa in the seminiferous tubules and for their migration to
the epididymis and then to the vas deferens. Ml biosynthesis
seems to be indispensable for the normal metabolism of the
germinal epithelium. Ml de novo synthesis could be required
for maintaining satisfactory intracellular levels of nucleotide
precursors, essential to keep the integrity of the mature epi-
thelial cells (Morris and Collins 1971). In addition, Ml may act
as osmoprotective molecule to safeguard the sperm cells,
exerting the same function that it does in the kidney to pro-
tect other kind of cells (Chauvin and Griswold 2004). As far
as the phospholipid-bound MI is concerned, one of the
essential roles that IP3 plays in the male reproductive system
consists in the mobilisation of calcium ions which activate
the nuclear fusion of vesicles (Sullivan et al. 1993). The
release of calcium from the acrosome could be fundamental
to promote membrane fusion and therefore exocytosis
(Walensky and Snyder 1995). Moreover, the fertilisation pro-
cess needs the spermatozoa hyperactivated motility which
allows these cells swimming along the oviduct to reach the
egg. As we know, Ca®* is required for starting the sperm
motility and to keep it, since Ca®" controls the asymmetrical
flagellar beating (Correia et al. 2015). The above evidence
was essential for determining the best exploitation of inosi-
tols in ART. MI was given to men with fertility problems,
mainly affected by oligoasthenoteratozoospermia (OAT), a
disorder including oligozoospermia (low sperm count),
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asthenozoospermia (reduced sperm movement), and terato-
zoospermia (malformed sperm cells). This stereoisomer was
used in vivo, in vitro and in both ways in the same patient
(Colone et al. 2010; Condorelli et al. 2011; Colone et al.
2017). Also other researchers, following his strategy, reached
convincing results (Condorelli et al. 2012; Calogero et al.
2015; Rubino et al. 2015; Gulino et al. 2016; Montanino Oliva
et al. 2016; Palmieri et al. 2016; Artini et al. 2017; Condorelli
et al. 2017; Dinkova et al. 2017).

Tissue targets of insulin-resistance and “the D-
Chiro-Inositol paradox in the ovary”

Unfer focussed his attention on the tissue-specific nature of
insulin resistance in PCOS women. Indeed, although the liver,
fat and muscle become insulin-resistant in these patients, the
ovaries maintain the physiological sensitivity to the hormone
(Monastra et al. 2017). In 2011, Unfer elaborated the so-called
“DCl paradox” in the ovary, a milestone that allowed to under-
stand the intriguing enigma of the very different effects of Mi
and DCl in PCOS patients (Carlomagno et al. 2011b). As men-
tioned above, the epimerase enzyme, under insulin stimula-
tion, converts Ml to DCl in all the tissues where it is present;
the ovary is one among them. Hence, in insulin-resistant tis-
sues there is a decrease of DCl concentration; nevertheless,
Unfer suggested that the situation should be different in the
ovary. He suggested that in women with PCOS, hyperinsuline-
mia likely stimulates epimerase activity in the ovary, resulting
in an overproduction of DCl and a concomitant depletion of
MI. It was postulated that the consequential deficiency of M
could be responsible for the poor oocyte quality and the
impairment of the FSH signalling. Clearly, DCI supplementation
in PCOS patients is ineffective, if not harmful in such women
as they already have high levels of this molecule in the ovary.
DCl may exert some beneficial effects at systemic level by
properly modulating insulin-based activity, however it may
hamper ovarian function at high levels. Indeed, high release of
DCl-phosphoglycans, under insulin stimulation, enhances de
novo testosterone biosynthesis from ovarian theca cells, thus
raising serum androgen levels (Nestler et al. 1998). In addition,
DCl may impair the subtle equilibrium in between Ml and DCI
within ovary cells. Both DCl and MI are required to ensure a
proper glucose metabolism in cooperating with insulin,
although MI seems to play a more critical role in oocyte, as
suggested by the fact that almost 99% of intracellular inositol
pool is constituted by ML In 2013, Larner and co-workers
(Heimark et al. 2014) formally recognised that Unfer was the
first to discover what occurs in the ovaries of PCOS women:
«In a paper entitled “The D-Chiro-Inositol Paradox in the
Ovary” (Carlomagno et al. 2011b), the authors speculate that
PCOS patients with hyperinsulinemia likely present an
enhanced MI to DCl epimerization in the ovary; this would
result in an increased DCI/MI ratio (i.e. overproduction of DCI),
which would in turn would lead to a MI deficiency in the
ovary». The present data with theca cells from PCOS subjects
and controls demonstrates that this is indeed the case”.
Shortly after Unfer published a similar paper on this topic
(Unfer et al. 2014). This study was carried out on PCOS and
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non-PCOS patients and provided the experimental evidence
that PCOS women have an abnormal MI-DCI ratio in FF. The
authors observed that this ratio changes from 100:1, in healthy
women, to 0.2:1 in PCOS patients. Since Ml is one of the
second messengers of FSH (Milewska et al. 2016), PCOS can
harm even the signalling pathway of this hormone.

From inositol levels in tissues to the correct therapy

Since many years Unfer was driven by the firm conviction
that the respective physiological concentrations of two nat-
ural molecules, such as Ml and DCl, in each district of the
body should lead the researchers and physicians to establish
the best therapy. All the available data in healthy subjects
(Garzon et al. 2019) suggest that DCI should be administered,
at least in most cases, at very low levels. Since his effort was
ever to improve the already satisfactory effect obtained with
Ml alone, he addressed his attention to the mean concentra-
tions of both inositol stereoisomers, i.e. their reciprocal ratio,
in plasma of healthy women. The aim was defining, in the
most reliable way, the correct dosage of MI and DCI to
administer orally in PCOS (and not only), in harmony with
the woman'’s physiology. In 2016, Facchinetti and co-workers,
based on unpublished data obtained by some Unfer’s collab-
orators, had established that the MI/DCI plasma ratio is
around 40:1 (Facchinetti and Neri 2016), confirming some
Unfer's ideas based on previous studies (Dinicola et al. 2014;
Unfer and Porcaro 2014). Translated at therapeutic level, it
means that PCOS women, under inositol treatment aimed at
restoring a physiological condition, should take 4g MI and
0.1g DCI in powder, but the use of innovative technologies
for the improvement of drug absorption have led to the
administration of 550mg of Ml and 13.8mg of DCl in a
pharmaceutical form of soft gel capsule, patented by the
company of Unfer, corresponding to the plasma ratio 40:1 of
MI and DCI (Carlomagno et al. 2012; De Grazia et al. 2012).
On this line of researches and studies, a further confirmation
and deepening of the results already obtained in FF was pro-
vided in 2017. A prospective observational study, performed in
an IVF centre, allowed to correlate the concentrations of MI
and DCl in the FF in healthy subjects with the oocyte and
blastocyst quality (Ravanos et al. 2017). The trial involved 8 egg
donors and eleven couples undergoing in vitro fertilisation. The
donors, all selected to have a homogeneous condition, under-
went the same standard stimulation protocol. To avoid any
confounding factor, male partners were chosen from normo-
spermic subjects. MI/DCI ratio, calculated in FF, was correlated
with different blastocyst grades. The authors found that the
MI/DCI ratio was significantly higher in the samples evaluated
as good quality blastocysts, in comparison to those graded as
poor-quality blastocysts. Almost all the transferred blastocysts,
rated as good quality, were correlated to lower DCI levels in FF
and gave satisfying results for the implantation rate and preg-
nancy rate. These data demonstrate that the reduction of the
MI/DCI ratio plays a negative role in the development of the
follicle, that is of the oocyte and blastocyst quality. It was pos-
sible to define a good quality threshold of the MI/DCI ratio in
FF, fixed very close or higher than 70:1 (up to 100:1), whereas

the blastocysts of low quality were under this value, which
may represent a new biomarker for estimating the good fea-
tures of blastocysts, and a prognostic factor of embryo implant-
ation and pregnancy success. These results gave a further
support to pre-treat women undergoing IVF with MI, in order
to improve oocyte quality and ART outcome.

Alpha-lactalbumin story

In parallel with these studies, Unfer has opened up another
line of research to solve the problem of inositol resistance,
which refers to the therapeutic inefficacy of inositols in some
patients (named ‘resistant’), a condition found in several clin-
ical studies (luorno et al. 2002; Gerli et al. 2007; Raffone et al.
2010; Kamenov et al. 2015). In 30-40% of PCOS patients,
indeed, inositols failed to significantly improve the metabolic
and hormonal parameters and restore ovulation. A well-
founded hypothesis argues that such problem can derive
from the reduced or absent absorption of inositol due to
unclear or unpredictable conditions (e.g. obesity, chronic
intestinal diseases, dysbiosis).

Unfer, based on some date already available, had sug-
gested to use alpha-lactalbumin, a whey protein, to improve
MI absorption (Unfer 2018). Two studies confirmed the valid-
ity of this proposal. One was carried out in vivo and in vitro
(Monastra et al. 2018b). In the first phase, a single dose of
6g of Ml was administered to 18 healthy volunteers and,
after a week of washout, 6g of Ml + 150 mg of alpha-LA in
single dose were given to the same subjects. The average
peak plasma concentration (Cmax) and the area under the
time-course curve (AUC) of plasma concentration after the
combined treatment were found significantly higher (+32.4%
and +27.5%, respectively) compared to the results obtained
with 6g MI alone. Then, the authors examined in vitro the
underlying mechanism(s) with the aim to explain this effect.
They tested the MI transport alone and together with alpha-
LA (as biopeptides, i.e. ‘digested’ protein) using the human
intestinal Caco-2 cell monolayer, a usually adopted in vitro
model of gut mucosa (Sambuy et al. 2005; Lemmer and
Hamman 2013). In this case, an increased passage of MI in
the presence of alpha-LA was found and, concomitantly, a
lowering of the Trans-Epithelial Electrical Resistance (TEER)
was detected. This means that alpha-LA induced the opening
of the tight junctions between the cells allowing a ‘passive’
passage, in addition to the active one, due to transporters.
This effect is transient, i.e. reversible, hence physiological,
and not toxic. Ml and alpha-LA, at effective doses, are not
harmful to Caco-2 cells. A successive study on PCOS patients
was carried out to confirm clinically the effects of the alpha-
LA together with MI, having as primary outcome the ovula-
tion restoration. The trial supported the efficacy of the new
formulation (Montanino Oliva et al. 2018). The number of
inositol-resistant patients was drastically reduced. Initially, 37
anovulatory PCOS women received orally 2g of MI, twice a
day for 3 months. After this treatment, only 23 subjects (62%)
ovulated, while 14 (38%) did not. Of note, they had no rise in
MI plasma levels, so demonstrating a reduced absorption of
the administered compound. This group of patients was



further treated with the same daily dose of MI with the add-
ition of 50 mg alpha-LA twice a day, for an additional period
of 3 months. At the end, 12 (86%) patients ovulated, display-
ing significantly increased level of plasmatic Ml and a better
hormone and lipid profile with respect to the baseline. This
clinical trial showed that a reduced intestinal MI absorption
may explain the inefficacy observed in some PCOS patients
treated with inositols. Therefore, together with the study by
Monastra et al. (Monastra et al. 2018b), it allowed to improve
some disappointing results of this therapy, which until
recently were unexplained.

The “litmus test” for the 40:1 ratio in PCOS therapy

Many preclinical researches and clinical trials supported
Unfer’s assertions on the 40:1 plasma ratio as parameter to
establish the optimal therapy. Two studies deserve to be
mentioned, being the most significant.

A preclinical study was recently carried out with a standar-
dised mouse model of PCOS (Bevilacqua et al. 2019). Female
mice were exposed to continuous light for 10weeks and
developed an androgenic-like phenotype of the ovaries as in
PCOS women. The experiment gave the first evidence that
the efficacy exerted by various MI/DCl molar ratio (5:1; 20:1;
40:1; 80:1) changes, supporting the metabolic link between
the two stereoisomers, specifically for PCOS. Mice treated
daily with 420 mg/kg MI/DCI in a 40:1 molar ratio obtained a
rapid and almost full recovery from PCOS signs and symp-
toms, whereas the other MI/DCI ratios were found less effect-
ive or even harmful for the pathology. In particular, the
formulation with the higher DCI dose worsened the PCOS
pathological features. The other study, carried out in humans,
provided additional support to define the best posology with
inositols in the treatment of PCOS (Nordio et al. 2019).
Nordio conducted a randomised, interventional, open-label
study, that for the first time, directly evaluated the efficacy of
seven different MI/DCI ratios administered to PCOS patients.
Fifty-six women entered the trial and were randomly allo-
cated into seven groups of eight patients each. They were
treated for 3 months with different formulations of inositols:
DCl alone, and in 1:3.5; 2.5:1; 5:1; 20:1; 40:1, 80:1 MI/DCI ratios
(in total, 2g of inositols twice daily). The primary outcome
was ovulation whereas the secondary outcomes included
BMI, menses, basal and postprandial insulin levels, HOMA-IR
index, FSH, LH, sex hormone binding globulin (SHBG), E2,
free testosterone. Among the seven tested formulations, the
40:1 ratio achieved the best results, restoring ovulation in
62.5% of women. The higher DCl dose was unable at all to
restore ovulation, whereas the 5:1, 20:1, and 80:1 ratios
induced ovulation however in a lower percentage respect to
the 40:1. Furthermore, such ratio more effectively normalised
basic parameters such as progesterone, LH, SHBG, E2, testos-
terone, whereas HOMA-IR index similarly improved in all the
groups. The results, achieved using the 40:1 ratio, were sig-
nificantly better in comparison to the other formulations,
except for HOMA-IR index. These results very well agree with
the study carried out with the PCOS mice (Bevilacqua
et al. 2019).
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We have seen that the inositol(s) dose and posology
slowly changed over the years. In particular, Ml dose was
increased based on the clinical experience demonstrating
that 4g/die, with or without DCl depending on the thera-
peutic target, is the best posology to achieve the most sig-
nificant improvement in PCOS patients.

In recent years, Unfer published some reviews and meta-
nalysis that gathered and evaluated the most robust scientific
data available, which confirmed again his positions on PCOS
therapy (Unfer et al. 2016, 2017; Gateva et al. 2018;
Facchinetti et al. 2019).

Moreover, some reviews (two Consensus Conferences and
a very recent Expert's Opinion, edited by Unfer and
Facchinetti and written with the collaboration of several
experts of international level in this field) confirmed Unfer’s
ideas and studies (Bevilacqua et al. 2015; Facchinetti et al.
2015, 2020).

A new chapter still to be developed ...

The research on these fascinating molecules never stops and
new discover recently allowed to increase the knowledge on
the DCI activity with reference to a new target, the aroma-
tase enzyme, also called oestrogen synthetase, that was
detected in fat tissue, ovaries, testicles, placenta, brain, bone,
etc. (Stocco 2012). Its inhibition can be therapeutically very
important for the treatment of several disorders. All the aro-
matase inhibitors entail a systemic increase of testosterone
levels and a parallel reduction of oestrogens. It was shown
that DCI reduces in dose-response manner the expression of
aromatase gene (CYP19A1) (Sacchi et al. 2016), and conse-
quently the conversion of testosterone to oestrogen. These
data, with those previously mentioned regarding the stimula-
tory effect of DCI-IPG on testosterone biosynthesis in human
theca cells, demonstrate that DCl can increase the androgen
levels and reduce the oestrogen levels through different
pathways. Unfer suggested that DCl at high dose may be
used in clinical conditions which need the oestrogen reduc-
tion. In other words, DCI would work as a brake. Therefore,
DCI may be very appropriate to treat endometriosis as well
as oestrogen-dependent breast and endometrial cancers.
Likewise, the administration of DC| alone or in combination
with other aromatase inhibitors, such as letrozole, may be
used to induce ovulation, in some kinds of patients.
Obviously, the length of the DCI treatment has to be care-
fully defined to avoid unintended effects. Furthermore, DCI
can be very beneficial in several conditions, such as sexual
dysfunctions in man (for instance, hypogonadism) in which
androgen levels must be significantly increased (Lagana and
Unfer 2019).

The overall idea proposed by Unfer is that MI works in our
organism as an accelerator and DCl as a brake, and this is a
piece of the new paradigm which helps to identify innovative
therapeutic approaches, opening unexplored scenarios for
practical applications in several fields.
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Some conclusions at the end of this long journey

The research carried out by Unfer on inositols started from
MI in PCOS and reproduction disorders and then opened
innovative ways, also far beyond the PCOS therapy, in areas
hitherto little or nothing explored in connection with MI or
MI/DCI in the 40:1 ratio. Now we very briefly mention his
studies on the use of MI in combination with oral contracep-
tive pill, achieving the goal to reduce the dose of the contra-
ceptive pill (Minozzi et al. 2011) or in combination with
melatonin (Vitale et al. 2016) to improve the outcome of IVF
(Unfer et al. 2011b, Carlomagno et al. 2011a, Carlomagno
et al. 2018). Furthermore, he tested MI in gestational diabetes
mellitus (GDM), obtaining interesting results (Costabile and
Unfer 2017), confirmed by other groups (Santamaria et al.
2016; Fraticelli et al. 2018; Pintaudi et al. 2018; Santamaria
et al. 2018; Celentano et al. 2020). Finally, he highlighted the
usefulness of MI to regulate iodine organification and thyroid
hormone biosynthesis. This MI effect may increase thyroid
functionality and possibly allow a quicker recovery from iod-
ine deficiency (Barbaro et al. 2019).

Then, outside the inositol sector, we mention his studies
on alpha-lipoic acid to prevent miscarriage or treat peripheral
neuropathy in obstetrics (Costantino et al. 2014; Monastra
et al. 2016; Parente et al. 2017). Also these studies had sev-
eral confirmations by other groups of research (Porcaro et al.
2015; Costantino et al. 2016).

Another important field of research where we found the
involvement of Unfer concerns the identification of vitamin D
as a progesterone-like hormone, very helpful to improve
pregnancy (Monastra et al. 2018a, Colonese et al. 2015).

Summarising what we wrote previously concerning the
core of his research, Unfer was the first to administer specific-
ally Ml in PCOS and to carry out researches and studies from
a scientifically new point of view. His scientific vision has
allowed to realise an innovative therapy for PCOS.

Incidentally, we emphasise that until the year 2006 some
very valid scholars wrote that Ml is “an inositol not believed
to influence insulin sensitivity” (Baillargeon et al. 2006).
However, soon enough they changed their mind. Therefore,
at that time Unfer was a precursor of the MI use, going
against the mainstream. The aspiration to link the therapeutic
treatment, based on natural molecules, to their different con-
centrations (reciprocal equilibrium) in our organism was
always one of Unfer's guidelines. Hence, the introduction of
Ml and DCI in the 40:1 ratio for PCOS treatment was a step
forward a more advanced therapy, derived not only from
their role as insulin mimetic (or “insulin sensitising”) agents
and their effectiveness in improving metabolism, but also
from the knowledge of their physiological plasma ratio. As
we have seen, Unfer's lifetime has been devoted to inositol
use in obstetrics and gynaecology, but also far beyond,
towards the discovery of new therapeutic territories to
explore. Retracing the path of Unfer's scientific research has
allowed us to re-read, rethink and reconsider together with
him, some important pages of recent studies in the field of
obstetrics, gynaecology and endocrinology, reminding to all
researchers how the desire to know and investigate allows to
go further and build the future of health.
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