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Inositols are natural compounds present in animal and plant cells and play a key role in glucose
metabolism, acting as second messengers of insulin. They have been shown to be able to counteract
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the downstream consequences of insulin resistance, exerting beneficial effects on metabolic diseases,
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infertility and polycystic ovary syndrome (PCOS). We summarize the mechanisms of action of inositol
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compounds, focusing on the most important functions of myoinositol and D-chiro-inositol in the treat-
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ment of metabolic syndrome, hyperlidaemia, insulin resistance and PCOS.

Introduction

Metabolic disease

functions, including cell growth and survival [3], the development and function of peripheral nerves [4], osteogenesis

Inositols are sugars and have a cyclic structure consisting

[5] and cell reproduction [6]. It is absorbed by the tissues

of six carbon atoms with a hydroxyl group attached at each

through a co-inositol transporter that also mediates sodium-

carbon. The inositol family comprises a group of molecules

dependent glucose uptake (which competitively inhibits the

called inositol stereoisomers which exist in nine possible

intake of inositol) [7]. Another isomer of significant impor-

forms, all stemming from the same basic structure:   myo-,

tance is D-chiro-inositol (DCI), involved in insulin signal-

scyllo-, epi, D-chiro-, L-chiro, neo, allo- and mucus cis-iso-

ling and glucose homeostasis, since numerous studies have

mers [1]. Among these isomers, myoinositol (MI) is the most

shown that any anomalies in MI/DCI metabolism are asso-

abundant in nature, being present in animal and plant cells,

ciated with insulin resistance and long-term microvascular

either in its free form as a component of phospholipids or

complications in patients with diabetes [8]. Indeed, in dia-

in its form of inositol phosphate derivatives. It is a precur-

betic animal models and in human subjects, MI intracellular

sor of known compounds such as phosphorylated phospho-

depletion with concomitant accumulation of intracellular

inositides, which are involved in signal transduction, includ-

sorbitol is commonly observed in the main sites of diabetic

ing diacylglycerol and inositol triphosphate (IP3), a second

microvascular complications, such as the kidneys, the sci-

messenger responsible for the regulation of many hormones

atic nerve and the retina [9].

such as insulin, thyroid stimulating hormone (TSH) and follicle-stimulating hormone (FSH) [2]. For this reason, MI is es-

Metabolic pathways involving inositol

sential for the proper functioning of a wide range of cellular
Inositol plays an important role in glucose metabolism and
acts as a second messenger of insulin action because bind1Master
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(PIP3), activating protein kinase B (PKB), which is the metabolic pathway leading to glycogen synthesis [10, 11].

www.ceceditore.com

Nf3_2017.indb 147

147

09/10/17 15:31

Original Research

Nutrafoods (2017) 16:79-151

Another important mechanism of action of inositol is the

and hyperinsulinaemia are not included among the criteria,

activation of pyruvate dehydrogenase kinase, isoenzyme 1

they are important aetiological factors associated with the

(PDK1), which acts on glucotransporter 4 (GLUT4), favour-

typical clinical signs and hormonal disorders of PCOS.

ing glucose transportation through the plasma membrane

Treatment of PCOS with insulin-sensitizing drugs, such as

into the cells of tissues that use it more as an energy sub-

metformin, troglitazone and pioglitazone, has been shown

strate [11]. In addition, some of the actions of insulin may in-

to improve ovulatory function and reduce circulating an-

volve a low molecular weight mediator, such as DCI, which

drogens, corroborating the critical link between insulin re-

is a component of   inositol phosphoglycan (DCI-IPG) and

sistance and the pathogenesis of this syndrome. Of these

together with galactosamine regulates glucose metabolism

insulin-sensitizing agents, metformin is the most commonly

[12]. Ultimately, inositol acts at multiple levels, playing a

used in the treatment of PCOS, although it is considered an

key role in promoting the action of insulin. Numerous ex-

off-label product when used in non-diabetic women with

perimental data suggest that inositol plays a significant role

PCOS. However, metformin has many side effects, such as

in the pathogenesis of insulin resistance, being a mediator

nausea, diarrhoea and weight gain, which significantly re-

of the action of insulin, which is necessary for the activation

duce patient compliance and its suitability [20–22].

of key enzymes in glucose metabolism. Some experimental

Over the past two decades, several studies have reported the

and clinical data have shown that in certain insulin-resistant

effectiveness of inositols, mainly the two stereoisomers MI

conditions, there is impaired renal elimination of inositol

and DCI, in improving the pathological conditions associ-

and that supplementation with it is able to improve glucose

ated with PCOS [19]. DCI affects insulin-mediated ovarian

metabolism [13].

androgen levels [23], while MI regulates glucose uptake and

Moreover, studies conducted on rhesus monkeys [14] and

FSH levels in the ovaries [24–27].

Goto-Kakizaki (GK) rats [15] have shown that MI depletion results in excessive excretion of MI and in decreased
amounts of DCI in urine (a condition called inosituria). The

Use of inositols in medically
assisted reproduction

same abnormal inositol pattern is observed in the insulinsensitive tissues (liver, muscle, fat and kidney) of human [16]

In the last few decades, problems connected with infertility

and animal [15] diabetic subjects. The excessive urinary

and the use of assisted reproductive techniques have greatly

excretion of MI reduces the plasma level and results in a

increased. Many studies seeking to identify compounds able

decrease in the production of DCI (which derives from the

to improve the quality of oocytes [28] have focused on the

epimerization of MI), reducing its intracellular availability,

effects of MI because its concentration in follicular fluid ap-

fundamental for its incorporation into IPG, a second mes-

pears to be directly correlated with the quality of oocytes

senger of insulin. Therefore, the reduced content of DCI in

and embryos [29]. In addition, it has been observed that

insulin target tissues reduces transduction of the insulin sig-

women treated with MI before hormonal stimulation require

nal, contributing to the increased insulin resistance in the

less FSH and fewer days for successful stimulation [30], have

tissues. Low DCI plasma levels are, in fact, often observed

better quality oocytes [31–33] and embryos [34], and have a

in patients with polycystic ovary syndrome (PCOS), under-

greater probability of successful implantation [35].

scoring the correlation between plasma changes in DCI and

The results of several randomized controlled trials conduct-

insulin resistance [8].

ed in patients with PCOS [36] have confirmed that MI can
be used to treat women undergoing in vitro fertilization (IVF)

Polycystic ovary syndrome

based on evidence demonstrating improved oocyte quality
[37]. Studies have also been conducted on male subjects

PCOS is the most common cause of infertility, ovarian dys-

with oligoasthenoteratozoospermia (OAT), a serious medical

function and menstrual irregularities, and affects 5–10% of

condition where the number of sperm is reduced and their

women of reproductive age [17]. According to the Rotter-

morphology and function are altered. These studies have

dam criteria, elaborated in 2003 [18], PCOS is diagnosed

shown that MI increases the activity of sperm [38], suggest-

if the patient meets two out of the three following charac-

ing that its use in the treatment of semen samples during

teristics: oligo-chronic anovulation, polycystic ovaries ana-

IVF cycles could have a positive impact on fertilization rate

tomically diagnosed by ultrasound, and biochemical and/or

and embryo quality, thus leading to an increased chance of

clinical hyperandrogenism [19]. Although insulin resistance

pregnancy.
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Several experiments conducted on laboratory species also

thologies could originate a vicious epigenetic cycle where

suggest that MI plays a vital role in oogenesis and promotes

maternal metabolic and cardiovascular diseases are passed

reproduction. In fact, therapy with MI before conception has

down to their offspring. A hostile intrauterine environment

demonstrated positive effects on the meiotic maturation of

causes specific changes in placenta pathways as demon-

mouse oocytes [39] and improved the embryo implantation  

strated in animal models and in humans. However, larger

rates in cows [40], rabbits [41] and mice [42]). These obser-

double-blind trials in more heterogeneous populations are

vations led to the hypothesis that inclusion of MI in the cul-

required to investigate the effect of the administration of DCI

ture media for human embryos might increase the number of

and MI in subjects with insulin resistance or with a genetic

high quality embryos during IVF cycles [37].

predisposition for one of the above conditions.

Experimental studies on obese, diabetic
and metabolic-like syndrome models

Conflict of interest
The authors certify that they have no affiliations with or involvement in any organization or entity with any financial

A recent study evaluated the therapeutic effect of MI in hy-

interest, or non-financial interest in the subject matter or ma-

perlipidaemic and insulin-resistant rats. The results showed

terials discussed in this manuscript.

that in hyperlipidaemic rats, MI administration resulted in

References

significant reductions in total cholesterol and triglycerides,
while in insulin-resistant diabetic rats, MI administration

1.

resulted in significant reductions in fasting blood glucose
and plasma insulin levels compared with control. Inositol

Berridge MJ, Irvine RF (1984) Inositol triphosphate, a novel second
messenger in cellular signal transduction. Nature 308(22):339

2.

Ferrari F, Facchinetti F, Ontiveros AE, Roberts RP, Saade MM, Black-

treatment significantly normalized the biochemical abnor-

well SC et al (2016) The effect of combined inositol supplementa-

malities induced by hyperglycaemia in insulin-resistant dia-

tion on maternal metabolic profile in pregnancies complicated by

betic rats, supporting the role of MI in glucose disposal into

metabolic syndrome and obesity. Am J Obstet Gynecol 215(4):503.

adipose tissue by an insulin-dependent signalling cascade

e1–e8

mechanism. Hence, MI could be used in the treatment of

3.

Eagle H, Oyama VI, Levy M, Freeman A (1956) Myo-inositol as an

obesity-associated type 2 diabetes mellitus [43].

essential growth factor for normal and malignant human cells in tis-

Furthermore, a combination of MI and DCI has recently been

sue culture. Sci New Ser 123(3202):845–847

tested both in a pregnant obese mouse model and in a preg-

4.

Chau JF, Lee MK, Law JW, Chung SK, Chung SS (2005) Sodium/

nant metabolic-like syndrome mouse model obtained from

myo-inositol cotransporter-1 is essential for the development and

the offspring born to hypertensive dams lacking endothelial

function of the peripheral nerves. FASEB J 19(13):1887–1889

nitric oxide synthase, fed a high-fat diet. The treatment with

5.

combined inositol during pregnancy improved blood pres-

Dai Z, Chung SK, Miao D, Lau KS, Chan AWH, Kung AWC (2011)
Sodium/myo-inositol cotransporter 1 and myo-inositol are essential

sure, glucose levels determined with the glucose tolerance

for osteogenesis and bone formation. J Bone Miner Res 26(3):582–

test, and leptin levels in pregnant dams with a metabolic-like

590

syndrome phenotype but not in obese pregnant dams. In ad-

6.

dition, inositol treatment was associated with lower gesta-

myo-inositol and melatonin to human reproduction. Eur J Obstet

tional weight gain in the obese but not in the metabolic-like
syndrome pregnant dams [2]. Inositol has a role in restoring

Carlomagno G, Nordio M, Chiu TT, Unfer V (2011) Contribution of

Gynecol Reprod Biol 159(2):267–272
7.

Coady M, Wallendorff B, Gagnon D, Lapointe J (2002) Identifi-

maternal cardiovascular and metabolic status in pregnancy

cation of a novel Na+/myo-inositol cotransporter. J Biol Chem

affected by obesity and metabolic syndrome.

277(38):35219–35224
8.

Conclusion

Croze ML, Soulage CO (2013) Potential role and therapeutic interests of myo-inositol in metabolic diseases. Biochimie 95(10):1811–
1827

In light of the evidence and considering that problems such
as obesity, diabetes, PCOS and infertility have dramatically

9.

Winegrad A (1987) Does a common mechanism induce the diverse
complications of diabetes? Diabetes 36:396–406

increased in the last decades, dietary supplementation with

10. Huang L, Heimark D, Linko J, Nolan R, Larner J (1999) A model

inositol isomers should be recommended to ameliorate

phosphatase 2C phosphatase 1 activation cascade via dual control

these conditions, especially as women affected by such pa-

of inhibitor 1 (INH-1) and DARPP-32 dephosphorylation by two

www.ceceditore.com

Nf3_2017.indb 149

149

09/10/17 15:31

Original Research

Nutrafoods (2017) 16:79-151

inositol glycan putative insulin mediators from beef liver. Biochem
Biophys Res Commun 255:150–156
11. Yoshizaki T, Maegawa H, Egawa K, Ugi S, Nishio Y, Imamura T
(2004) Protein phosphatase-2C alpha as a positive regulator of insulin sensitivity through direct activation of phosphatidylinositol 3-kinase in 3T3-L1 adipocytes. J Biol Chem 279:22715–22726

24. Unfer V, Carlomagno G, Dante G, Facchinetti F (2012) Effects of
myo-inositol in women with PCOS: a systematic review of randomized controlled trials. Gynecol Endocrinol 28(7):509–515
25. Nestler J, Unfer V (2015) Reflections on inositol(s) for PCOS therapy:
steps toward success. Gynecol Endocrinol 31(7):501–505
26. Unfer V, Carlomagno G, Papaleo E, Vailati S, Candiani M, Baillar-

12. Larner J, Brautigan D, Thorner M (2010) D-chiro-inositol glycans in

geon J (2014) Hyperinsulinemia alters myoinositol to d-chiroinosi-

insulin signaling and insulin resistance. Mol Med 16:543–552

tol ratio in the follicular fluid of patients with PCOS. Reprod Sci

13. Di Benedetto A, Giunta L, Ruffo MC, Cannizzaro D (2013) Nuove
evidenze sul ruolo della supplementazione con inositolo nel diabete gestazionale. G It Diabetol Metab 33:199–203

21(7):854–858
27. Carlomagno G, Unfer V, Roseff S (2011) The D-chiro-inositol paradox in the ovary. Fertil Steril 95(8):2515–2516

14. Kennington AS, Hill CR, Craig J, Bogardus C, Raz I, Ortmeyer HK

28. Revelli A, Delle Piane L, Casano S (2009) Follicular fluid content

et al (1990) Low urinary chiro-inositol excretion in non-insulin-de-

and oocyte quality: from single biochemical markers to metabo-

pendent diabetes mellitus. N Engl J Med 323:373–378

lomics. Reprod Biol Endocrinol 7:40

15. Sun TH, Heimark DB, Nguygen T, Nadler JL, Larner J (2002) Both

29. Chiu T, Rogers M, Law E (2002) Follicular fluid and serum concen-

myo-inositol to chiro-inositol epimerase activities and chiro-inositol

trations of myo-inositol in patients undergoing IVF: relationship with

to myo-inositol ratios are decreased in tissues of GK type 2 diabetic
rats compared to Wistar controls. Biochem Biophys Res Commun
293(3):1092–1098
16. Asplin I, Galasko G, Larner J (1993) Chiro-inositol deficiency and
insulin resistance: a comparison of the chiro-inositol and the myo-

oocyte quality. Hum Reprod 17:1591–1596
30. Pal L, Jindal S, Witt B, Santoro N (2008) Less is more. . . increased
gonadotropin use for ovarian stimulation adversely influences clinical pregnancy and live birth following IVF. Fertil Steril 89:1694–
1670

inositol containing insulin mediators isolated from urine, hemodi-

31. Ciotta L, Stracquadanio M, Pagano I (2011) Effects of myo-inositol

alysate, and muscle of control and type II diabetic subjects. Proc

supplementation on oocyte’s quality in PCOS patients: a double

Natl Acad Sci U S A 90(13):5924–5928

blind trial. Eur Rev Med Pharmacol Sci 15:509–514

17. Homburg R (1996) Polycystic ovary syndrome – from gynaecologi-

32. Papaleo E, Unfer V, Baillargeon J, Fusi F, Occhi F, De Santis L (2009)

cal curiosity to multisystem endocrinopathy. Hum Reprod 11:29–39

Myo-inositol may improve oocyte quality in intracytoplasmic sperm

18. The Rotterdam ESHRE/ASRM Sponsored PCOS Consensus Work-

injection cycles. A prospective, controlled, randomized trial. Fertil

shop Group (2004) Revised 2003 consensus on diagnostic criteria
and long-term health risks related to polycystic ovary syndrome
(PCOS). Hum Reprod 19(1):41–47

Steril 91:1750–1754
33. Unfer V, Raffone E, Rizzo P, Buffo S (2011) Effect of a supplementation with myo-inositol plus melatonin on oocyte quality in women

19. Unfer V, Carlomagno G, Dante G, Facchinetti F (2012) Effects of

who failed to conceive in previous in vitro fertilization cycles for

myo-inositol in women with PCOS: a systematic review of rand-

poor oocyte quality: a prospective, longitudinal, cohort study. Gy-

omized controlled trials. Gynecol Endocrinol 28(7):509–515

necol Endocrinol 27:857–861

20. Genazzani A, Battaglia C, Malavasi B, Strucchi C, Tortolani F,

34. Colazingari S, Treglia M, Najjar R, Bevilacqua A (2013) The com-

Gamba O (2004) Metformin administration modulates and restores

bined therapy myo-inositol plus D-chiro-inositol, rather than D-

luteinizing hormone spontaneous episodic secretion and ovarian

chiroinositol, is able to improve IVF outcomes: results from a rand-

function in nonobese patients with polycystic ovary syndrome. Fertil
Steril 81(1):114–119

omized controlled trial. Arch Gynecol Obstet 288:1405–1411
35. Lisi F, Carfagna P, Oliva M et al (2012) Pretreatment with myo-inositol

21. Lord J, Flight I, Norman J (2003) Metformin in polycystic ovary syn-

in non-polycystic ovary syndrome patients undergoing multiple fol-

drome: systematic review and meta-analysis. BMJ 327(7421):951–

licular stimulation for IVF: a pilot study. Reprod Biol Endocrinol 10:52

953
22. Pasquali R, Gambineri A (2006) Insulin-sensitizing agents in polycystic ovary syndrome. Eur J Endocrinol 154(6):763–775
23. Nestler J, Jakubowicz D, de Vargas A, Brik C, Quintero N, Medina F
(1998) Insulin stimulates testosterone biosynthesis by human thecal

myoinositol plus folic acid plus melatonin in comparison with a
treatment with myo-inositol plus folic acid on oocyte quality and
pregnancy outcome in IVF cycles. A prospective, clinical trial. Eur
Rev Med Pharmacol Sci 14:555–561

cells from women with polycystic ovary syndrome by activating its

37. Facchinetti F, Bizzarri M, Benvenga S, D’Anna R, Lanzone A, Sou-

own receptor and using inositolglycan mediators as the signal trans-

lage C et al (2015) Results from the International Consensus Con-

duction system. J Clin Endocrinol Metab 83(6):2001– 2005

ference on Myo-inositol and d-chiro-inositol in Obstetrics and Gy-

150

Nf3_2017.indb 150

36. Rizzo P, Raffone E, Benedetto V (2010) Effect of the treatment with

www.ceceditore.com

09/10/17 15:31

Original Research

necology: the link between metabolic syndrome and PCOS. Eur J
Obstet Gynecol Reprod Biol 195:72–76
38. Condorelli R, La Vignera S, Bellanca S et al (2012) Myoinositol: does
it improve sperm mitochondrial function and sperm motility? Urology 79:1290–1295
39. Chiu T, Rogers M, Briton-Jones C, Haines C (2003) Effects of myoinositol on the in-vitro maturation and subsequent development of
mouse oocytes. Hum Reprod 18(2):408–416

Nutrafoods (2017) 16:79-151

without serum-proteins. Theriogenology 52:683–700
41. Warner S, Conlon F, Kane M (2005) Inositol transport in preimplantation rabbit embryos: effects of embryo stage, sodium, osmolality
and metabolic inhibitors. Reproduction 129:128
42. Colazingari S, Fiorenza M, Carlomagno G et al (2014) Improvement
of mouse embryo quality by myo-inositol supplementation of IVF
media. J Assist Reprod Genet 31:463–469
43. Antony PJ, Gandhi GR, Stalin A, Balakrishna K, Toppo E,

40. Holm P, Booth P, Schmidt M et al (1999) High bovine blastocyst

Sivasankaran K et al (2017) Myoinositol ameliorates high-fat diet

development in a static in vitro production system using SOFaa me-

and streptozotocin-induced diabetes in rats through promoting in-

dium supplemented with sodium citrate and myo-inositol with or

sulin receptor signaling. Biomed Pharmacother 88:1098–1113

www.ceceditore.com

Nf3_2017.indb 151

151

09/10/17 15:31

