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Abstract. – OBJECTIVE: The aim of the study 
is to investigate the efficacy of a treatment with 
myoinositol plus L-tyrosine, selenium, and chro-
mium in women with polycystic ovarian syn-
drome (PCOS).

PATIENTS AND METHODS: One hundred and 
eighty-six women, with diagnosis of PCOS, were 
divided in four groups according to their clinical 
features. Phenotype A: androgen excess + ovu-
latory dysfunction + polycystic ovarian morphol-
ogy. Phenotype B: androgen excess + ovulato-
ry dysfunction. Phenotype C: androgen excess 
+ polycystic ovarian morphology. Phenotype D: 
ovulatory dysfunction + polycystic ovarian mor-
phology. All patients were given daily for six 
months a compound with 2 g myo-inositol, 0.5 
mg L-Tyrosine, 0.2 mg folic acid, 55 mcg seleni-
um, 40 mcg chromium. Hormonal assessment, 
BMI, Ferriman-Gallway Gallway score, HOMA in-
dex, and follicular monitoring were reported be-
fore starting the therapy, three months and six 
months after.

RESULTS: Phenotype A showed an improve-
ment, consistent with restored ovulation: more 
regular length of the menstrual cycle, detection 
of periovulatory follicle at ultrasound, and ris-
ing of progesterone in the luteal phase. A total 
of 45 patients (65.2%) ovulated after six months. 
In the same period glucose and HOMA index de-
creased. In the phenotype B, 80% of patients 
ovulated after six months. An improvement of 
the clinical and biochemical sign of hyperan-
drogenism was also reported. In the phenotype 
C, after BMI had followed the treatment for six 
months, it decreased in a statistically significant 
manner. In the phenotype D, 49 out of 82 wom-
en (59.7%) restored their regular menstrual peri-
od and ovulated.

CONCLUSIONS: Our study reported how the 
synergistic action of myoinositol, L-tyrosine, 
selenium, and chromium could restore normal 
menstrual cycle, ovulation, and decrease weight 
in these patients.
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Introduction

The polycystic ovarian syndrome (PCOS) is 
the most common cause of menstrual disorders, 
ovarian dysfunctions, and infertility in women, 
affecting at least 5-10% of the total reproductive 
population worldwide1. PCOS is a heterogeneous 
endocrine, reproductive, and metabolic disorder. 
PCOS encompasses a broad spectrum of bio-
chemical/clinical signs and symptoms such as 
irregular menstrual cycles that include oligo/
amenorrhea that very often leads to infertility2. 
Approximately 90-95% of anovulatory women 
who come for infertility assessment have PCOS. 
Women with PCOS have a normal number of 
primordial follicles and primary and secondary 
follicles are significantly increased. However, due 
to imbalances in factors involved in normal fol-
licular development, follicular growth becomes 
blocked as follicles reach a diameter of 4-8 mm. 
Given that a dominant follicle does not develop, 
ovulation does not occur3. Hirsutism is a common 
clinical presentation of hyperandrogenism occur-
ring in up to 70% of women with PCOS. Almost 
40% of women with severe acne condition are di-
agnosed with PCOS4. It was also associated with 
several long-term health consequences, including 
obesity, type 2 diabetes, cardiovascular disease, 
psychological distress, and mood disorders5. Oth-
er diagnoses, such as congenital adrenal hyper-
plasia, non-classic adrenal hyperplasia, Cushing 
syndrome, androgen-secreting tumor, idiopathic 
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hyperandrogenism, idiopathic hirsutism, hyper-
prolactinemia, and thyroid disorders must be 
excluded. The criteria for polycystic ovarian mor-
phology proposed by the Rotterdam consensus 
group includes the presence of 2 out of the 
following 3 criteria: biochemical and/or clinical 
sign of hyperandrogenism, oligo/anovulation, and 
polycystic ovarian morphology6. The polycystic 
ovarian morphology7 is defined by twenty or 
more follicles measuring 10 mm in diameter and/
or an increased ovarian volume of greater than 20 
cm3. Despite many decades of extensive research, 
the exact etiology of this disorder remains largely 
unknown. It is widely known that insulin resis-
tance plays an important role in the pathogenesis 
of PCOS. Insulin stimulates ovarian theca cells to 
produce androgens both directly and indirectly8. 
Elevated glucose levels in turn inhibit the he-
patic synthesis of sex hormone-binding globulin 
(SHBG), leading to increased concentration of 
circulating free androgens9. Insulin resistance is 
a common feature in both overweight and lean 
women with PCOS independent of their Body 
Mass Index (BMI)10. In the last two decades the 
use of metformin, in PCOS women, showed a 
reduction of insulin resistance and hyperandro-
genism resulting in improvements of hormonal 
and metabolic patterns, as well as reproductive 
function11,12. 

The supplementation with inositols, both 
myo-inositol (MI) and D-chiroinositol (DCI), a 
natural insulin sensitizer, in women with PCOS 
has been evaluated over the last decade13,14. Ino-
sitols are incorporated into cell membranes as 
phosphatidyl-MI, which is a precursor of inositol 
triphosphate (InsP3). They act as an intracellular 
second messenger and regulate several hormones 
such as thyroid-stimulating hormone (TSH), folli-
cle-stimulating hormone (FSH), and insulin15. MI 
is the most abundant form of inositol in humans. 
An epimerase, an insulin-dependent enzyme, 
converts MI into DCI, depending on the specif-
ic needs of the tissue for these two molecules16. 
Myo-inositol is not only a prominent component 
of membrane-incorporated phosphatidylinositol, 
but participates with its isomers to a multitude 
of cellular processes, including ion channel per-
meability, metabolic homeostasis, mRNA export 
and translation, cytoskeleton remodeling, stress 
response17. The role of inositols in women with 
PCOS can be attributed to deficiency of inositols, 
which are mediators of insulin activity18. It is well 
established that different tissues have different 
ratios of MI/DCI and, in case of PCOS patients, 

the conversion is impaired due to insulin-re-
sistance (IR)19. It is reported that the inositols 
can reduce insulin resistance, improve ovarian 
function, and reduce androgen levels, thus en-
hancing the reproductive impairments associated 
with PCOS20,21. Moreover, the administration of 
MI is a safe and effective method to prevent and 
correct metabolic disorders in teenagers affected 
by PCOS with cutaneous disorders22.

L-tyrosine is a nonessential amino acid syn-
thesized in the body from phenylalanine. L-ty-
rosine is found in many dietary sources, includ-
ing lean proteins such as chicken, eggs, fish and 
whole grain oats, and dairy products including 
milk, cheese, and yoghurt. L-tyrosine is the 
precursor of thyroid hormones and many other 
neurotransmitters like adrenaline, nor-adrena-
line, serotonin, and dopamine. It also helps in 
the production of melanin and in the function of 
organs in the body responsible for making and 
regulating hormones, including the adrenal, thy-
roid, and pituitary glands23. All these hormones 
regulate mood, therefore L-tyrosine is claimed 
to act as an effective antidepressant24. Tyrosine 
kinase signaling pathways are integral parts of 
the mammalian ovulatory process but do not 
involve actions on the synthesis of steroids, 
plasminogen activator or prostaglandins25. The 
study conducted on the old female rats has 
shown that when they were given L-tyrosine 
they would have had their regular menstrual 
cycle and ovulation26. As L-tyrosine binds to 
free radicals, that can potentially cause damage 
to the cells and tissues, it is considered to work 
as a mild antioxidant. Findings from a range of 
clinical studies using allergy vaccines contain-
ing L-tyrosine showed the lack of toxicity seen 
in animal studies and they have showed evi-
dence of enhanced immunostimulatory activity. 
The absence of toxicological concerns in these 
findings supports the hypothesis that L-tyrosine 
is a safe adjuvant for human use27. In the United 
States L-tyrosine is Generally Recognized as 
Safe (GRAS). The Food and Nutrition Board of 
the Institute of Medicine reports that for every 
1 g of protein in the diet, the body needs 47 
mcg of tyrosine. Based on these recommenda-
tions, women need to intake 46 g of proteins; 
therefore, they need 2.2 g of tyrosine daily28. No 
exact dietary supplement recommendation for 
tyrosine exists. It just depends on diet, overall 
health, and what are the symptoms the patients 
are dealing with. Selenium (Se) is a trace ele-
ment that is naturally presented in many foods, 
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like organic lean meat, fish, Brazil nuts, cheese, 
eggs, nutritional yeast, liver, butter, cold wa-
ter fish, alliums, mushrooms, tomatoes, green 
vegetables29. Selenium, which is nutritionally 
essential for humans, plays a critical role in 
reproduction, DNA synthesis, protection from 
oxidative damage, and infection30. It is crucial 
for the several enzymes involved in thyroid 
function. What is more, it has been found that 
selenium diminishes thyroid autoantibody lev-
els31. Selenium supplementation among PCOS 
women resulted in beneficial effects on repro-
ductive outcomes32. The RDA for women is 
55 mcg that rise in case of pregnancy to 60 
mcg. Chromium Picolinate (CrPic) is a widely 
used nutritional supplement for optimal insulin 
function33. Apparently, it has a role in maintain-
ing proper carbohydrate and lipid metabolism 
in mammals34. As this role probably involves 
potentiation of insulin signaling, chromium di-
etary supplementation has been postulated to 
potentially have effects on body composition, 
including reducing fat mass and increasing lean 
body mass, especially in women with PCOS35.

Patients and Methods

The aim of this prospective study is to evalu-
ate the effectiveness of a compound containing 
2 g myo-inositol, 0.5 mg L-tyrosine, 0.2 mg fo-
lic acid, 55 mcg selenium, and 40 mcg chromi-
um (Inotir®, Pharmarte, Rome, Italy) in women 
affected by PCOS. These data were collected 
from patients attending Altamedica Reproduc-
tive Medicine (Rome and Milan, Italy) from 
May 2017 to June 2018. The study encompassed 
a heterogeneous group of women ranging from 
16 to 38 years with PCOS according to the 
Rotterdam ESHRE-ASRM criteria. Therefore, 
inclusion criteria were at least 2 out 3 of the 
following conditions: oligo- or anovulation, 
clinical and/or bio-chemical signs of hyperan-
drogenism, and polycystic ovarian morphology. 
Clinical hyperandrogenism was evaluated us-
ing a modified Ferriman-Gallway (FG) scoring 
system36. The result was used to evaluate hair 
growth at seven spots: upper lip, chin/face, 
chest, back, abdomen, arms, and thighs. A score 
of 0 (zero) was given in the absence of terminal 
hair growth and a score of 4 (four) was given for 
extensive growth with a level ≥ 4-6 indicating 
hirsutism. Ovarian morphology and monitoring 
of ovulation were assessed with repeated ultra-

sound starting at day 3, and progesterone was 
obtained between day 21 and 28 according to 
the investigator’s judgment. Patients that were 
taking hormonal therapy such as oral contra-
ceptive or thyroid hormones were not included 
in the study. We endorse the recommendation 
of the National Institutes of Health Office of 
Disease Prevention Evidence-based Methodol-
ogy Workshop on Polycystic Ovary Syndrome 
PCOS 2012 (https://prevention.nih.gov) that 
specific phenotypes should be reported explic-
itly in all research. Therefore, one hundred and 
eighty-six PCOS women were enrolled in the 
study and divided in four groups according to 
their clinical features.

Phenotype A (69 women): androgen excess + 
ovulatory dysfunction + polycystic ovarian 
morphology;

Phenotype B (15 women): androgen excess + 
ovulatory dysfunction;

Phenotype C (21 women): androgen excess + 
polycystic ovarian morphology;

Phenotype D (82 women): ovulatory dysfunction 
+ polycystic ovarian morphology. 

Patients were asked to take every day, one 
sachet of Inotir® orally, 2 h before or after meals. 
FSH, LH, PRL, estradiol, TSH, free testosterone, 
glucose, SHBG tests were done three times: be-
fore starting the therapy and three months and 
six months after starting it. BMI and HOMA 
indexes were also calculated. Whereas monitor-
ing of ovulation and progesterone evaluation was 
performed at physician’s judgement in the same 
frame time.

Statistical Analysis
The t-test was used to evaluate a null hypothe-

sis, which proposes that no significant difference 
exists in a set of given observations. A t-test as-
sumes a normal distribution of the given sample 
and it is used when the population parameters 
(mean and standard deviation) are unknown. This 
test can be used to compare the means for two 
groups and the means from the same group at dif-
ferent frametime. The null-hypothesis represents, 
as for the t-test, the independence between the 
tested variables so, rejecting this hypothesis, we 
affirm that the two variables are related, and 
they come from the same distribution. Results 
are reported as means ± standard deviation (SD) 
and statistically significant results are considered 
with p<0.05.
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Results

In the phenotype A (Table I), after three-
months treatment, 19 out of 69 women (27.5%) 
showed an improvement in the following param-
eters, consistent with restored ovulation: more 
regular length of the menstrual cycle, detection 
of periovulatory follicle at ultrasound, and rising 
of progesterone in the luteal phase (p<0.05), 
while a total number 45 patients (65.2%) ovu-
lated after six months (Figure 1). In the same 
period, glucose and HOMA indexes decreased 
(p<0.05). An improvement of the clinical and 
biochemical sign of hyperandrogenism was also 
reported (p<0.05). In the phenotype B (Table II), 
after following the treatment for three months, 
30% of woman showed ultrasound and hormon-
al signs of ovulation, while a total number 12 
patients (80%) ovulated after six months (Fig-
ure 1). In the same period, glucose and HOMA 
indexes decreased. An improvement of the clin-
ical and biochemical sign of hyperandrogenism 
was also reported (p<0.05). In the phenotype 
C (Table III), after following the treatment for 
six months, BMI decreased in a statistically 
significant manner. Clinical evaluation of hir-
sutism was also improved. In the phenotype D 
(Table IV), after following the treatment for six 
months, 49 out of 82 women (59.7%) restored 
their regular menstrual period and ovulated 
(Figure 1). In oligo-anovulatory groups (phe-
notype A-B-D), signs of ovulation were noted, 
and BMI decreased (p<0.05) after six months 
(Figure 1). Regardless treatment group, BMI 
decreased in all phenotypes (Figure 2) after 6 
months of therapy. 

Discussion

Polycystic ovary syndrome is a heteroge-
neous endocrine disorder accompanied with an 
increased risk of developing type 2 diabetes 
mellitus and cardiovascular disease37,38; despite 
being a common condition, the pathogenesis of 
PCOS remains unclear. The recognition that a 
metabolic dysfunction, peripheral insulin resis-
tance, might be one of the main trigger points 
of PCOS, has induced clinicians to compare 
different insulin sensitizer to rescue the ovarian 
response to endogenous gonadotropins39,40. The 
use of insulin sensitizer reduces hyperandrogen-
emia and reestablishes menstrual cyclicity and 
ovulation, increasing the chance of a sponta-
neous pregnancy41. Myo-inositol has been shown 
to be able to restore spontaneous ovarian activ-
ity, and consequently fertility, in most patients 
with PCOS42.

Our study indicates, that the administration 
of myoinositol improves several clinical and bio-
chemical parameters in women with PCOS.

The interesting thing is that he association 
with tyrosine, chromium picolinate, and seleni-
um seems to be effective in all the four types of 
phenotype. 

CrPic, given without change in diet or activity 
level, caused a 38% mean improvement in glu-
cose disposal rate in women with PCOS43. This 
suggests that chromium may be useful as an 
insulin sensitizer in the treatment of polycystic 
ovary syndrome44. Based on chromium’s poten-
tial to improve insulin, dopamine, and serotonin 
function, it has been hypothesized that chromium 
has a greater glucoregulatory effect in individuals 

Values (mean ± SD) before starting the treatment (T0) after 3 months (T3) and 6 months (T6). *p<0.05 compared vs. T0.

Table I. Phenotype A – Patients with PCO, hyperandrogenism and oligo/anovulation.

	 T0	 T3	 T6

BMI	 26.52 (± 3.67)	 26.00 (± 2.08)	 25.13 (± 3.06)
FSH (mIU/ml)	 6.84 (± 2.16)	 6.66 (± 1.81)	 6.86 (± 2.01)
LH (mIU/ml)	 8.62 (± 2.32)	 8.73 (± 8.44)	 8.52 (± 2.15)
PRL (ng/ml)	 18.14 (± 4.43)	 18.80 (± 4.22)	 17.72 (± 4.81)
E2 (pg/ml)	 57.46 (± 16.32)	 57.49 (± 14.99)	 57.65 (± 15.36)
TSH (µU/ml)	 2.19 (± 0.74)	 2.05 (± 0.56)	 2.01 (± 0.91)*
P (ng/ml)	 2.29 (± 1.41)	 3.34 (± 4.38)*	 9.41 (± 6.13)*
Glu (mg/dl)	 89.94 (± 8.01)	 85.91 (± 8.30)	 85.22 (± 8.29)*
HOMA	 2.87 (± 1.12)	 2.86 (± 1.12)	 2.82 (± 1.10)*
FreeT (ng/dl)	 4.14 (± 0.94)	 4.09 (± 0.93)	 4.02 (± 0.90)*
SHBG (nmol/L)	 31.77 (± 11.40)	 32.20 (± 11.49)	 41.86 (± 21.79)*
FG	 8.52 (± 1.63)	 8.52 (± 1.27)	 8.16 (± 1.31)
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who have concurrent disturbances in dopamine 
and serotonin function – that is, complex patients 
with comorbid diabetes, depression, and binge 
eating45.

Evidence has also been reported that selenium 
may affect several reproductive complications46. 
Furthermore, current data47,48 supports the bene-
ficial effect of selenium supplementation on met-
abolic profiles and biomarkers of oxidative stress 
among patients with PCOS.

Our results show how all phenotypes resulted in 
a decrease of BMI that is the first line therapy in 
overweight patients with PCOS. The synergic ac-
tion of chromium and tyrosine can lead to improve 
the physiological and neurobehavioral processes 
that are present in many women affected by PCOS.

The addiction of myoinositol with chromium 
and tyrosine, when compared to other studies, 

Figure 1. Patients (%) who ovulated after 3 months 
(T3) and 6 months (T6) of treatment. Phenotype A (69 
women): androgen excess + ovulatory dysfunction + 
polycystic ovarian morphology; Phenotype B (15 women): 
androgen excess + ovulatory dysfunction; Phenotype D 
(82 women): ovulatory dysfunction + polycystic ovarian 
morphology. 

Values (mean ± SD) before starting the treatment (T0) after 3 months (T3) and 6 months (T6); *p<0.05 compared vs. T0.

Table II. Phenotype B – Patients with hyperandrogenism and oligo/anovulation

	 T0	 T3	 T6

BMI	 26.39 (± 5.09)	 26.10 (± 2.83)	 25.09 (± 2.56)
FSH (mIU/ml)	 5.45 (± 1.90)	 7.07 (± 1.85)*	 8.05 (± 2.39)*
LH (mIU/ml)	 8.25 (± 2.38)	 7.15 (± 1.71)	 7.51 (± 1.57)
PRL (ng/ml)	 24.51 (± 5.27)	 26.54 (± 5.89)	 25.51 (± 4.56)
E2 (pg/ml)	 63.20 (± 18.13)	 54.80 (± 15.27)*	 48.47 (± 14.65)*
TSH (µU/ml)	 2.17 (± 0.67)	 1.95 (± 0.54)	 1.89 (± 0.52)*
P (ng/ml)	 1.67 (± 1.08)	 4.13 (± 3.50)*	 10.82 (± 5.79)*
Glu (mg/dl)	 90.27(± 8.95)	 87 (± 8.78)*	 87.20 (± 5.75)
HOMA	 2.06 (± 0.44)	 2.05 (± 0.41)	 1.99 (± 0.33)*
FreeT (ng/dl)	 3.86 (± 1.04)	 3.79 (± 1.03)	 3.50 (± 0.82)*
SHBG (nmol/L)	 25.93 (± 7.94)	 30.93 (± 10.01)*	 44.47 (± 14.16)*
FG	 9.93 (± 1.39)	 9.73 (± 1.12)	 9.00 (± 0.97)

Values (mean ± SD) before starting the treatment (T0) after 3 months (T3) and 6 months (T6); *p<0.05 compared vs. T0

Table III. Phenotype C – Patients with PCO and hyperandrogenism.

	 T0	 T3	 T6

BMI	 25.84 (± 3.13)	 24.91 (± 3.23)	 23.90 (± 3.32)*
FSH (mIU/ml)	 5.99 (± 1.88)	 7.22 (± 2.37)	 7.60 (± 1.65)*
LH (mIU/ml)	 5.84 (± 2.16)	 6.99 (± 1.96)	 6.37 (± 1.60)
PRL (ng/ml)	 24.09 (± 5.91)	 22.91 (± 8.40)	 24.04 (± 5.62)
E2 (pg/ml)	 52.33 (± 17.13)	 54.33 (± 19.66)	 50.57 (± 17.22)
TSH (µU/ml)	 2.35 (± 0.69)	 2.30 (± 0.67)	 2.20 (± 0.59)
P (ng/ml)	 7.1 (± 2.1)	 8.3 (± 1.7)	 8.1 (± 3.1)
Glu (mg/dl)	 86.61 (± 8.16)	 86.62 (± 8.69)	 85.43 (± 7.49)
HOMA	 1.37 (± 0.37)	 1.94 (± 0.38)	 1.92 (± 0.37)
FreeT (ng/dl)	 3.31 (± 0.85)	 3.10 (± 0.83)	 3.01 (± 0.82)
SHBG (nmol/L)	 22.57 (± 11.12)	 22.33 (± 10.58)	 28.10 (± 1.06)
FG	 8.62 (± 1.17)	 7.85 (± 1.08)	 6.62 (± 1.09)
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seems particularly efficient to use a lower dosage 
of myoinositol when compared to the vast major-
ity of the studies49. 

Treatment duration seems crucial, as far as 
the androgen profile is concerned. This agrees 
with the previous observation on acne, whose 
improvement with MI required at least 6 months 
supplementation50. Indeed, insulin affects the 
androgenic state not only directly by interfering 
with metabolism of ovarian androgens, but also 
indirectly by decreasing circulating SHBG lev-
els. SHBG is a protein that binds to testosterone, 
making it unavailable to target tissues. Higher 
levels of SHBG lead to lower bioavailability of 
testosterone, thus minimizing the hyperandro-
genic features51. Furthermore, SHBG appears to 
be a potentially valuable marker of IR in PCOS. 

In addition, there is also increasing evidence 
to suggest that PCOS links to the increased prev-
alence of thyroid diseases such as nodular goiter 
and autoimmune thyroiditis52. Some studies53,54 
report how the association of MI and selenium 

could help to keep a euthyroid state in patients 
with Hashimoto disease and reduce the risk of 
developing overt hypothyroidism in women with 
autoimmune disease. 

Conclusions

According to randomized controlled trials in-
volving inositol supplementation in women with 
PCOS, inositol provides improvement in almost 
all pathologic conditions in PCOS such as recov-
ery of reproductive abnormalities, decreased an-
drogen levels, and improved insulin levels. Chro-
mium has been widely studied in the treatment 
of hyperglycemia, because chromium deficiency 
leads to disorders in glucose homeostasis and 
IR. Biochemical studies have shown that women 
with PCOS have lower tyrosine and selenium 
level compared with controls. In our study the 
association of these elements seems to induce a 
faster improvement in all four phenotypes when 
compared to the previously reported studies that 
used myoinositol.
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