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Unknown etiology

Anovulation consists in the lack of oocyte release during the menstrual cycle, leading to an irregular men-
strual cycle. Untreated chronic anovulation is one of the major causes of female infertility and can induce hy-
poestrogenism. Different etiological factors can contribute to anovulation; therefore, the clinical approaches
to manage this condition should take into account the specific patient characteristics. Oral ovulation-inducing
agents are first-line treatments for most anovulatory patients. Drugs used include selective estrogen receptor
modulators (SERMs) such as clomiphene citrate and aromatase inhibitors (Als) such as letrozole. The latter, in
particular, halts the estrogen biosynthesis by blocking the activity of steroidogenic enzyme aromatase, which
catalyzes the conversion of androgens to estrogens. Similarly, b-chiro-inositol (DCI) modulates the activity of
aromatase by reducing the corresponding gene expression, and DCl supplementation was successfully used
to induce ovulation in anovulatory PCOS patients. Here, we report the use of DCI to induce ovulation in non-
PCOS anovulatory oligomenorrheic women.

Two young non-PCOS anovulatory oligomenorrheic women received treatment with high-dose (1200 mg) DCI
for 6 weeks. Based on an initial evaluation, both patients had normal hormone levels and were non-insulin-
resistant. Ovulation assessment was based on the increment of progesterone and LH levels, as well as on the
endometrial thickening. Also, the treatment with DCl resulted in a reduction of testosterone levels relative to
baseline values.

After the 6-week treatment with 1200 mg DCI, ovulation was restored in both women, as confirmed by in-
creased progesterone and LH and endometrial thickening.

Anovulation ¢ Aromatase ¢ Ovulation Induction
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Background

Anovulation entails the lack of oocyte release during the
menstrual cycle, with consequent oligomenorrhea or amen-
orrhea [1]. When untreated, chronic anovulation becomes a
leading cause of female infertility, accounting for up to 30%
of couples who fail to conceive, and often determines condi-
tions related to a systemic lack of estrogens [2-4]. As anovula-
tion comes with diverse etiological factors [1,5], the condition
should be treated according to the specific patient character-
istics. To facilitate the therapeutic approach, the World Health
Organization (WHO) proposed a 3-group classification of infer-
tile anovulatory women [6], based on their gonadotropin and
estrogen levels [7]. WHO group Il represents 80-90% of cas-
es, including patients with polycystic ovary syndrome (PCOS)
and non-PCOS patients with dysfunctional hypothalamic pitu-
itary ovarian axis [8]. The latter, in particular, have physiologic
basal levels of hormones but inconsistent release of gonado-
tropin-releasing hormone (GnRH) during ovarian folliculogen-
esis [2]. Low GnRH levels result in insufficient release of FSH
and LH to stimulate follicular growth and estradiol biosynthe-
sis in the granulosa. As a consequence, endometrial lining fails
to proliferate, and menstrual bleeding often does not occur.

Oral ovulation-inducing agents are first-line treatments for
WHO group Il anovulatory patients [9,10]. They primarily in-
clude selective estrogen receptor modulators (SERMs), such as
clomiphene citrate (CC), which prevent the interaction of estro-
gens with their receptors [11]. Aromatase inhibitors (Als) [12],
such as letrozole, are also widely used to induce ovulation, as
they block estrogen biosynthesis by inhibiting the activity of
the enzyme CYP19A1, commonly known as aromatase. Albeit
with different mechanisms, the final effect of these pharma-
cological approaches is to reduce the negative feedback of es-
trogens on the hypothalamus, thereby stimulating the release
of GnRH and gonadotropins.

Two isomers from the inositol family, myo-inositol (MI) and
p-chiro-inositol (DCI), have a crucial role in ovarian physiolo-
gy [13]. Studies on patients undergoing assisted reproduction
procedures found that both compounds are necessary [14-16],
and that a specific ratio is required for optimal oocyte devel-
opment [17,18]. As phosphorylated derivatives, Ml and DCl are
second messengers of insulin [19], but also have specific in-
dividual roles: while MI was extensively studied as a second
messenger of FSH, insulin, and TSH [20], the understanding of
the involvement of DCl in intracellular physiological process-
es is more recent [21]. In particular, DCI modulates the activi-
ty of aromatase and exerts some of the effects normally asso-
ciated with Als [22]. Indeed, due to this effect on aromatase,
DCl may increase the androgen pool at the expense of estro-
gens in the ovaries. As suggested by Carlomagno et al [23,24]
the ovaries never display insulin resistance. As a consequence,
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in insulin-resistant PCOS patients, those tissues show an en-
hanced epimerase activity and an increased DCl content (the
“ovarian paradox”). Therefore, DCI supplementation for pro-
longed times (>3 months) and in high doses (1200 mg) can
exacerbate the hyperandrogenism that is a feature of PCOS
women. Thus, evaluating the clinical status of the patient be-
fore starting DCI supplementation should be mandatory.

However, since short-term treatments with DCI successfully
induce ovulation in women with PCOS [25], our interest is to
determine whether it could be used in non-PCOS, non-IR WHO
group Il anovulatory patients with the same purpose. Here,
we report 2 cases of young oligomenorrheic women with such
characteristics, who achieved ovulation after a 6-week treat-
ment with a high dose (1200 mg) of p-chiro-inositol. We hy-
pothesized that a hypothalamic feedback is possibly involved,
mediated by the supposedly negative effect of DCl on aroma-
tase enzyme, in a way similar to letrozole.

The present investigation was approved by the institutional

review board of Alma Res IVF Center (approval #002/2020),
and written informed consent was signed by both participants.

Case Reports

Case 1

A 19-year-old woman with a diagnosis of anovulatory oligo-
menorrhea was referred to our center. The patient was euthy-
roid and had hormone levels in the physiologic range (Table 1).
Transvaginal ultrasound (US) revealed multifollicular ovaries
with the absence of cysts. On this basis, anovulation was as-
sociated with altered hypothalamic—pituitary—ovarian response
(anovulatory WHO group II). Oral glucose tolerance test (OGTT)
revealed physiologic blood glucose clearance and normal in-
sulin levels, and the associated HOMA-IR index denotes the
absence of insulin resistance. Moreover, basal estradiol lev-
els were in the early follicular phase range. The patient was
treated for 3 months with 400 mcg q.d. oral folic acid (Folidex,
Italfarmaco, Milan, Italy), without evidence of ovulation (based
on serum progesterone measured at 10 days interval <1.0 ng/
ml). The treatment was then modified with a galenical combi-
nation of 400 mcg folic acid and 1200 mg p-chiro-inositol (once
daily) and further extended for 6 weeks, starting at the follicu-
lar phase of the cycle (progesterone < 1.0 ng/ml). Monitoring
was carried out every 10 days by vaginal ultrasound and se-
rum progesterone, estradiol, LH, and testosterone assessment.
Ovulation was confirmed by increased LH and progesterone
levels at days 30 and 40, respectively, accompanied by tes-
tosterone decrease and endometrial thickening. The patient
menstruated 52 days after starting treatment.
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Table 1. Characteristics of the patients.

Age 19 23

Ageatmenarche | n 4
No.ofcyclesiyear i 8 7
CBMiGgm) T 201
Fastingglucose (mg/d) [ 76 82
" OGTT glucose, 120 min (mg/d) | 56 78
Fastinginsulin mioZ) s 37
 OGTT insulin, 120 min (miV/) | 16 a9
HOMA-Rindex 094 075
CBasallH (miu/m) 43 57
CBasalFSH (mum) 72 69
Basal PRL(ng/m) 235 136
BasalAMH (ng/m) 35 46
 Basaltestosterone (ng/m) | 02 05
 Basal free testosterone (pg/ml) - 4
BasalDHT (g/m) 02 03

Basal SHBG (nmol/L) 40.3 56.4
CBasal4A(ng/m) 1 o5
BasalDHEAS (mcg/m) 18 32
Basalestradiol (pg/m) 95 e
Basalprogesterone (ng/m) 04 05

(Bma:)l endometrium thickness 34 45

(Drgx;nain;apilrzgvulatory follicle 206 223
CHatday30 mu/m) 3 18
Estradiol at day 30 (pg/ml) ‘6 0
Progesterone atday 30 (ng/ml) 042 063
Testosterone at day 30 (ng/m) 032 048
Endometrium thickness around . B L

ovulation at day 30 (mm)

Estradiol at day 40 (pg/ml) 72 12
Progesterone atday 40 (ng/m) 103 Lo

BMI — body mass index; OGTT — oral glucose tolerance test; HOMA-IR — homeostatic model assessment for insulin resistance;
LH — luteinizing hormone; PRL — prolactin; DHT — dihydrotestosterone; SHBG — sex hormone binding globulin; 4-A — androstenedione;

DHEAS - dehydroepiandrosterone sulfate.

Case 2

A 23-year-old woman with a diagnosis of anovulatory oligo-
menorrhea was referred to our center. The patient was euthy-
roid and had hormone levels in the physiologic range (Table 1).
US revealed multifollicular ovaries with the absence of cysts.
On this basis, anovulation was associated with altered hy-
pothalamic—pituitary-ovarian response (anovulatory WHO
group Il). OGTT revealed physiologic blood glucose clearance
and normal insulin levels, and the associated HOMA-IR index
denotes the absence of insulin resistance. Moreover, basal es-
tradiol levels were in the early follicular phase range. The pa-
tient was treated for 3 months with 400 mcg q.d. oral folic
acid (Folidex, Italfarmaco, Milan, Italy), without evidence of
ovulation (based on serum progesterone measured at 10-day
intervals <1.0 ng/ml). The treatment was then modified with
a galenical combination of 400 mcg folic acid and 1200 mg
Dp-chiro-inositol (once daily) and further extended for 6 weeks,
starting at the follicular phase of the cycle (progesterone
<1.0 ng/ml). Monitoring was carried out every 10 days by vag-
inal ultrasound and serum progesterone and estradiol assess-
ment. Ovulation was confirmed by increased LH and proges-
terone levels at days 30 and 40, respectively, accompanied by
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testosterone decrease and endometrial thickening. The patient
menstruated 50 days after starting treatment.

Discussion

We describe 2 cases of successful utilization of DCI to induce
ovulation in women that were non-PCOS and non-IR. The ovula-
tory cycle occurred after about 6 weeks of treatment, accompa-
nied by increased progesterone levels and thickened endome-
trial lining. To further support the induction of ovulation, also
LH levels increased while testosterone importantly decreased.

The positive effect of DCI on ovulation was first described by
Nestler and co-workers in obese, insulin-resistant PCOS pa-
tients with anovulation [25]. Administration of 1200 mg/day
of DCI for 6-8 weeks resulted in a significantly higher num-
ber of patients that ovulated compared to placebo. Moreover,
DCI treatment led to a significant reduction of insulin and
systemic androgen levels. Interestingly, the same authors lat-
er proved that the effect of DCl is dose-dependent, and that
amounts below 1200 mg/day were less effective in inducing
ovulation [26]. The results of the present case report mirrored
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the findings recorded by Nestler and co-workers. Accordingly,
dose and timing of DCI treatment reflect the protocol of DCI
supplementation applied in Nestler’s study.

Decreased insulin levels accounted for such results, as DCl-
containing phosphoglycans are intracellular insulin mediators
and increase cell sensitivity [27-31]. Indeed, insulin sensitizers
such as metformin proved effective in inducing ovulation, espe-
cially in women with hyperinsulinemia [32,33]. Metformin was
also successfully used to potentiate the effect of other ovula-
tion-inducing agents in stimulation protocols [34,35]. Insulin di-
rectly activates aromatase, and elevated insulin levels increase
the biosynthesis of estrogens [36]. Unsurprisingly, PCOS women
often present with a hyper-estrogenic state [36]. The decrease
of systemic levels of estrogens results in less negative feedback
on the hypothalamus, with consequent release of GnRH [12].

Independent of the insulin status, current approaches to in-
duce ovulation rely either on exogenous gonadotropin injection
or on the anti-estrogenic activity necessary to stimulate the
hypothalamic—pituitary response [34,37]. Clomiphene citrate
is still the most widely used drug to stimulate ovulation [38].
It is a SERM and binds to the estrogen receptors in the hypo-
thalamus, preventing the negative feedback of estrogens and
allowing the release of FSH, which stimulates the follicles to
grow. A major drawback of CC use is the lack of specificity, as
other estrogen-dependent organs and tissue are affected. In
particular, CC inhibits endometrial thickening and cervical mu-
cus formation [39,40] at the expense of fertility [41]. In fact, a
poor-quality endometrium for embryo implantation may un-
dermine the advantages of restoring the ovulatory function in
assisted reproductive technology (ART) protocols. Letrozole is
a third-generation Al that prevents estrogen biosynthesis by
blocking the activity of aromatase, the enzyme responsible for
conversion of androgens [42,43]. In addition to enhancing the
hypothalamic response, it increases the FSH sensitivity of the
ovaries [44]. Due to its shorter half life, compared to CC, le-
trozole does not interfere with endometrial proliferation and
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reduces the occurrence of multiple pregnancies in ART proto-
cols [45,46]. However, such use of letrozole is off label in many
countries and concerns have been raised regarding possible
negative fetal outcomes connected with its use, although such
concerns are not supported by experimental evidence [47].

In addition to mediating the intracellular signaling of insulin,
DCl modulates the ratio of androgen-to-estrogen biosynthe-
sis by reducing the activity of aromatase [48]. Although long
known, Sacchi and co-workers only recently proved this effect,
demonstrating in vitro that DCl downregulates the gene ex-
pression of the enzyme [49].

Considering that our 2 patients were normo-insulinemic, it is
unlikely that insulin regulation had a role in restoring the ovu-
latory function. We rather believe that the observed effect of
DCl treatment on aromatase activity yields a lower biosynthe-
sis of estrogens and stimulates the release of GnRH. On these
premises, we also suggest that DCI treatment may be evalu-
ated to induce ovulation in non-PCOS, non-IR women, as con-
cluded by Gambioli and colleagues, who reported on different
doses and times for DCI supplementation [50].

Conclusions

As long-term administration of high doses of DCI are proved
to increase testosterone levels, DCI supplementation to PCOS
women should be carefully evaluated, and should be limited to
short-term treatments for all other types of patients. Indeed,
non-IR and non-PCOS women may benefit from adequate DCI
treatment. Here, we provide evidence of DCI’s efficacy in in-
ducing ovulation in such patients. Our findings suggest that
DCl is a safe alternative approach to pharmaceuticals to stim-
ulate ovulatory function in anovulatory women. Further con-
trolled studies on an appropriate number of patients are nec-
essary to confirm our preliminary observations.
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