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Mechanisms Involved in Metformin Action in the Treatment of Polycystic
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Abstract: The N, N dimethyl-biguanide : Metformin is an antidiabetic drug that increases glucose utilization in insulin-
sensitive tissues. As Polycystic Ovary Syndrome (PCOS) and diabetes share some altered parameters-such as abnormal
glucose: insulin ratio, altered lipidic metabolism and insulin-resistance syndrome- the use of metformin has become
increasingly accepted and widespread in the treatment of PCOS. Currently, metformin is used to induce ovulation and
during early pregnancy in PCOS patients, however, a complete knowledge of the metformin action has not been achieved
yet. This review describes beyond the classical reproductive action of metformin and explores other benefits of the drug.
In addition, the present work discusses the molecular mechanisms involved further than the classical pathway that

involves the AMP-activated protein kinase.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) - which is charac-
terized by hyperandrogenemia, hirsutism, oligo- or amenorr-
hoea and anovulation- is one of the most common endo-
crinological diseases encountered in premenopausal women
[1, 2]. PCOS is frequently associated with hyperinsu-
linaemia, insulin resistance syndrome, increased cardio-
vascular risk and type 2 diabetes mellitus [1-3]. Its etiology
is uncertain, but current theories emphasize genetic and
intrauterine origins coupled with environmental factors such
as diet and altered lifestyle patterns [1].

Effective treatment of PCOS remains controversial but
needs to be divided into the main requirements of the patient,
depending on whether they are seeking cosmetic improve-
ment, restoration of the menstrual function, fertility, weight
loss, or amelioration of metabolic changes. Reproductive
disorders as low implantation rate, enhanced spontaneous
abortion and neonatal mortality rate are described in women
with PCOS.

The management of PCOS is complex and includes
lifestyle modification combined with dietary-induced weight
loss, and administration of oral contraceptives, clomiphene
citrate, gonadotropins, antiandrogens and insulin-sensitizing
agents. Women with properly diagnosed and managed PCOS
reduces or even reverses the reproductive and metabolic
morbidities and from a reduction in the risk factors for
cardiovascular disorders.

Since the association of PCOS with insulin resistance
impairs the pathophysiology of the syndrome, a family of the
insulin-sensitizing agents, the biguanides are currently used
in the treatment of PCOS. In that context, the use of N,
N"dimethylbiguanide: metformin is becoming increasingly
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accepted and widespread. It has bee reported that metformin
restores sexual cycles and is effective in protecting early
pregnancy of women with PCOS [4- 6]. In addition, the
aminoguanidine-like activity of metformin allows the drug to
cross-talk with other pathways (such prostaglandin pathway,
the nitric oxide system) and acts as a scavenger of reactive
oxygen species (ROS) [7-13]. However, metformin is being
clinically used without a complete understanding of the
mechanism involved. This review describes beyond the
classical role of metformin as an anti-hyperglycemic drug
and explores mechanisms of metformin action.

METFORMIN AND CHANGES IN THE CELLULAR
ENERGY CHARGE

It has been reported that metformin activates AMP-
activated protein kinase pathway (AMPK) in vitro and in
vivo [14, 15]. By means of this mechanism metformin,
decreases glucose production and increases fatty acid
oxidation in hepatocytes [14], bovine aortic cells [16],
skeletal muscle cells [16] and mouse ovarian tissue [11].
Phosphorylation of treonine (Thr'’?) of AMPK is necessary
for its activity [11, 16] which is regulated by the upstream
enzyme LKB1, a recently identified AMPK kinase [17]. In
those studies [11, 16, 17], it has described that metformin
decreases hyperglycemia without affecting insulin secretion.
However, controversial studies describe the role of AMP
levels in inducing metformin to activate the AMPK pathway.
It has been demonstrated that when cellular energy charge
decreases, metformin activates AMPK which in turn inhibits
complex | of the respiratory chain [18, 19]. However, two
recent studies argue against this notion since, in those
studies, metformin activated AMPK without affecting the
AMP/ATP ratio [20, 21]. The common point in all those
studies is the finding that the key regulatory site is the
phosphorylation of the Thr'’? site on the catalytic alpha
subunit of AMPK [11, 20, 21]. On the other hand, a second
AMPK kinase (AMPKK) isoform that is not AMP-
dependent has been reported [17, 22, 23].
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Recently, Zou et al [16] established that the mechanism
by which metformin activates AMPK is mediated by
mitochondria-derived reactive nitrogen species. In that work,
the authors found that the activation of either c-Src kinase or
phosphoinositide 3-kinase (PI3K) generates a metabolite or a
molecule -no identified- that in turn activates AMPK via the
LKB1 complex. In addition, the polymorphism in the STK11
gene (gene that codify by the LKB1) is associated to the
chance of ovulation and was described as a target for the
metformin action [24].

METFORMIN AND CARDIOVASCULAR RISK

One consequence of altered lipid metabolism is the
increased cardiovascular risk shown in women with PCOS.
The endogenous nitric oxide synthase inhibitor asymmetric
dimethyl-L-arginine (ADMA) is associated with the
development of atherosclerosis and represents an indepen-
dent marker for cardiovascular morbidity and mortality. In
fact, women with PCOS have elevated levels of ADMA and
metformin treatment decreases ADMA levels independently
of body mass index (BMI) and metabolic changes [25]. The
mechanisms whereby metformin improves ADMA levels in
women with PCOS are not quite clear. In that work, the
authors found that inflammatory markers as protein C
reactive (CRP) and interleukin 6 (IL-6) were not signi-
ficantly correlated with ADMA and did not change in res-
ponse to metformin. Thus, the reduction in ADMA following
metformin treatment does not seem to be due to this kind of
anti-inflammatory effectors [25].

METFORMIN AS AN ANTI-INFLAMMATORY DRUG

Migration inhibitor factor (MIF) is a pro-inflammatory
cytokine [26-28] which has been related to obesity [29].
Dandona et al. [29] found that mRNA expression of MIF in
the mononuclear cells is elevated in the obese, consistent
with a pro-inflammatory state. The authors demonstrated that
the increases in MIF are related to body mass index (BMI),
fatty acids concentrations and C-reactive protein (CRP).
They also found that metformin suppress plasma MIF con-
centration and normalizes BMI, fatty acids concentrations
and CRP in the obese in a clear anti-inflammatory effect of
the drug.

The pro-inflammatory status associated with the poly-
cystic ovarian pathology is related to increased levels of
serum tumor necrosis factor alpha (TNF alpha) which
mediates insulin resistance [30]. The molecular mechanism
involves the nuclear factor-kappa B (NF-kB) since it has
been described that activation of NF-kB triggers insulin
resistance and inflammation in PCOS [31]. In fact, met-
formin exerts a direct vascular anti-inflammatory effects by
inhibiting NF-kB [32] which in turn decreases ADMA levels
in cultured endothelial cells [25, 33].

METFORMIN AND OXIDATIVE STRESS

Hyperglycemia triggers oxidative stress [34] and glucose
intake, even in normal subjects, leads to increased reactive
oxygen species (ROS) generation and inflammation media-
ted by an increase in NF-kB [35]. This may partly explain
the increased risk factors for the diabetic patients to develop
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cardiovascular complications [36, 37]. As we mentioned,
metformin is able to normalize plasma glucose concentration
without any stimulation of insulin production [11, 16, 17].
To discuss this point we have to consider that the molecular
structure of metformin confers the biguanide an amino-
guanidine-like activity [38]. That activity allows the
biguanide to improve liver antioxidant potential in rats fed a
high-fructose diet [39], ameliorate the antioxidant status in
diabetic patients [40], modulate lipid peroxidation markers
as LDL and HDL cholesterol [41] and increase reduced
glutathione (GSH) in blood concentration [42] and ovarian
tissue from hyperandrogenized mice [11].

Metformin is also able to increase the activities of
antioxidant enzymes, such as catalase and CuZn superoxide
dismutase [42]. Khouri et al [43] have studied the
scavenging capacity of metformin against reactive oxygen
species like hydroxyl (OH"), hydrogen peroxide (H,O,) and
superoxide (Oy) radicals. According to their results, the
authors concluded that metformin does not scavenge O
radicals nor H,O, but is able to react with OH' radicals. In
addition, it seems that metformin exerts its in vivo
antioxidant activity by different pathways other than the
simple free radical scavenging action, such as the increase of
antioxidant enzyme activities [7, 42, 44], the decrease of the
markers of lipid peroxidation [41, 42] and the inhibition of
the formation of advanced glycation end products [45, 46].
In addition, the aminoguanidine-like activity of metformin
allows the biguanide to interact to the heme-group of nitric
oxide synthase enzyme and thus to regulate oxidative
nitrogen species [38]. The thiazolidenediones have antioxi-
dant properties - suppressing production of ROS- [47] and
anti-inflammatory effect [48] and for these reasons represent
an important option in the treatment of infertility in women
with PCOS [49] many times in combination with metformin.

METFORMIN AND THE ENDOTHELIAL FUNCTION

Cardiovascular disease is the leading cause of death in
women; particularly those with PCOS are at a seven-fold or
greater risk for myocardial infarction [50, 51]. One of the
early signs of cardiovascular lesions is the endothelial injury
[52]. The mechanism by which the vascular bed is affected
under the influence of various metabolic and hormonal
abnormalities is not clear. Several hypotheses have been
formulated, and several factors seem to have a synergistic
role in this process. Insulin resistance seems to play a key
role in the development of endothelial damage [53]. The
increased insulin levels shown in women with PCOS are
associated with decreased cardiac flow [54] and extensive
coronary artery disease has been lately demonstrated in
women with PCOS as well [55]. In addition, hyperandro-
genemia underlies the acceleration of the endothelial injury
process [56]. In agreement with those findings, Diamanti-
Kandarakis et al [57] found that both obese and non-obese
women with PCOS have elevated endothelin-1 (ET-1) levels
compared with the age-matched control group. These authors
also demonstrated that metformin therapy for 6 months
reduces ET-1 levels [58].

Anovulatory patients with PCOS have an alteration in
uterine vascularization. These patients have higher pulsatility
index and resistance index, two measures of blood impe-
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dance inversely related to blood flow, compared to healthy
controls [58]. These authors demonstrated that metformin
improves those surrogate markers of endometrial receptivity.
In addition, metformin reverses the formation of pro-apop-
totic structures of endometrial uterus from hyperandro-
genized mice [59]. Moreover, it has been recently reported
that metformin reduces human cancer incidence and
improves the survival of cancer patients including those with
breast cancer [60]. These actions are mediated by the action
of metformin in regulating the cellular cycle. Moreover, a
direct effect of metformin in regulating in vitro the adverse
effect of excess of androgens in the proliferation of T
lymphocyte has been recently reported [61].

CONCLUSION

In spite of the controversial results as regards the action
of metformin, it seems that this drug represents an effective
treatment for the reproductive dysfunctions and for the
alterations derived of polycystic ovary syndrome. A deeper
knowledge of the limitations of metformin will allow the
search for combined treatment with other drugs, a metho-
dology that has been widespread in the last years.

ACKNOWLEDGEMENT

The author wants to thank the support obtained from
Agencia Nacional de Promocién Cientifica y Tecnoldgica
(ANPCyT), PICT 949.

REFERENCES

[1] Franks S. Polycystic ovary syndrome. New England J Med 1995;
333(13): 853-61.

[2] Asuncion M, Calvo RM, San Millan JL, Sancho J, Avila S,
Escobar-Morreale HF. A prospective study of the prevalence of the
polycystic ovary syndrome in unselected Caucasian women from
Spain. J Clin Endocrinol Metabol 2000; 85(7): 2434-8.

[3] Abbott DH, Dumesic DA, Franks S. Developmental origin of
polycystic ovary syndrome- a hypothesis. J Endocrinol 2002;
174(1): 1-5.

[4] Moghetti PR, Castello R, Negri C, Tosi F, Perrone F, Caputo M, et
al. Metformin effects on clinical features, endocrine and metabolic
profiles, and insulin sensitivity in polycystic ovary syndrome: A
randomized, double-blind, placebo- controlled 6-month trial,
followed by open, long-term clinical evaluation. J Clin Endocrinol
Metabol 2000; 85(1): 139-46.

[5] Glueck CJ, Fontaine RN, Wang P, Subbiah MT, Weber K, Illig E,
et al. Metformin reduces weight, centripetal obesity, insulin, leptin,
and low-density lipoprotein cholesterol in nondiabetic, morbidly
obese subjects with body mass index greater than 30. Metabolism
2001; 50(7) : 856-61.

[6] Jakubowicz DJ, Sépala M, Jakubowicz S, Rodriguez-Armas O,
Rivas- Santiago A, Koistinen K, et al. Insulin Reduction with
Metformin increases luteal phase serum Glycodelin and Insulin-
like growth factor-binding protein 1 concentrations and enhances
uterine vascularity and blood flow in he polycystic ovary
syndrome. J Clin Endocrinol Metabol 2001; 86(3): 1126-33.

[7] Faure P, Rossini E, Wiernsperger N. An insulin sensitizer improves
the free radical defense system potential and insulin sensitivity in
high fructose-fed rats. Diabetes 1999; 48(2): 353-7.

[8] Ceriello, A. Oxidative stress and glycemic regulation. Metabolism
2000; 49(2): 27-9.

[9] Srividhya S, Ravichandran MK, Anuradha CV. Metformin
attenuates blood lipid peroxidation and potentiates antioxidant
defense in high fructose-fed rats. J Biochem, molecular biology and
biophysics 2000; 6(6): 379-85.

[10] Bonnefont-Rousselot D, Raji B, Walrand M, Gardes-Albert M, Jore
D, Legrand A, et al. An intracellular modulation of free radical

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Current Pharmaceutical Design, 2009, Vol. 15, No.00 3

production could contribute to the beneficial effects of metformin
towards oxidative stress. Metabolism 2003; 52(5): 586-9.

Elia E, Sander V , Luchetti CG , Solano ME, Di Girolamo G ,
Gonzalez C , et al. The mechanisms involved in the action of
metformin in regulating ovarian function in hyperandrogenized
mice. Molecular Human Reproduction 2006; 12(8): 475-81.

Sander V, Luchetti CG, Elia E, Solano ME, Di Girolamo G,
Gonzalez C, et al. Role of the N,N"- dimethylbiguanide metformin
in the treatment of female prepuberal BALB/c mice
hyperandrogenized with dehydroepiandrosterone. Reproduction
2006; 131(3): 591-602.

Solano ME , Sander V, Elia E, Luchetti CG, Di Girolamo G,
Gonzalez C , et al. Metformin prevents embryonic resorption
induced by hyperandrogenization with dehydroepiandrosterone in
mice. Reproduction Fertility Development 2006; 18(5): 533-44.
Zhou G, Myers R, Li Y, Chen Y, Shen X, Fenyk-Melody J, et al.
Role of AMP- activated protein kinase in mechanism of metformin
action. J Clin Investigat 2001; 108(8): 1167-74.

Musi N, Hirshman MF, Nygren J, Svanfeldt M, Bavenholm P,
Rooyackers O, et al. Metformin increases AMP-activated protein
kinase activity in skeletal muscle of subjects with type 2 diabetes.
Diabetes 2002; 51(7): 2074-81.

Zou MH, Kirkpatrick SS, Davis BJ, Nelson JS, Wiles WG,
Schlattner U, et al. Activation of the AMP-activated protein kinase
by the anti-diabetic drug metformin in vivo. J Biolog Chem 2004;
279(42): 43940- 51.

Woods A, Johnstone SR, Dickerson K, Leiper FC, Fryer LG,
Neumann D, et al. LKB1 is the upstream kinase in the AMP-
activated protein kinase cascade. Curr Biol 2003; 13(22): 2004-8.
EI-Mir MY, Nogueira V, Fontaine E, Haberte N, Rigoulet M,
Levere X. Dimethylbiguanide inhibits cell respiration via an
indirect effect targeted on the respiratory chain complex I. J Biolog
Chem 2000; 275(1): 223-8.

Owen MR, Doran E, Halestrap AP. Evidence that metformin exerts
its anti-diabetic effects through inhibition of complex 1 of the
mitochondrial respiratory chain. Biochem J 2000; 15(3): 607- 14.
Hawley SA, Gadalla AE, Olsen GS, Hardie DG. The antidiabetic
drug metformin activates the AMP-activated protein kinase cascade
via an adenine nucleotide- independent mechanism.Diabetes 2002;
51 (8): 2420-5.

Fryer LG, Parbu-Patel A, Carling D. The Anti-diabetic drugs
rosiglitazone and metformin stimulate AMP-activated protein
kinase through distinct signaling pathways. J Biolog Chem 2002;
277(28): 25226-32.

Frederich M, Balschi JA. The relationship between AMP-activated
protein kinase activity and AMP concentration in the isolated
perfused rat heart. J Biolog Chem 2002; 27(3): 1928-32.

Minokoshi Y, Kim YB, Peroni OD, Fryer LG, Muller C, Carling D,
et al. Leptin stimulates fatty-acid oxidation by activating AMP-
activated protein kinase. Nature 2002; 415(6869): 339-43

Legro RS, Barnhart HX, Schlaff WD, Carr BR, Diamond MP,
Carson SA, et al. Ovulatory response to treatment of polycystic
ovary syndrome is associated with a polymorphism in the STK11
gene. J Clin Endocrinological Metabol 2007; 93(3): 792-300
Heutling D, Schulz H, Nickel I, Kleinstein J, Kaltwasser P,
Westphal S, et al. Asymmetric dimethylarginine, inflammatory and
metabolic parameters in women with polycystic ovary syndrome
before and after metformin treatment. J Clin Endocrinol Metabol
2008; 93(6): 82-90.

Mitchell RA, Liao H, Chesney J, Fingerle-Rowson G, Baugh J,
David J, et al. Macrophage migration inhibitory factor (MIF)
sustains macrophage macrophage proinflammatory function by
inhibiting p53: regulatory role in the innate immune response.
Proceedings of the Nacional Academy of Sciences of USA 2002;
99(1): 345-50

Roger T, Glauser MP, Calandra T. Macrophage migration
inhibitory factor (MIF) modulates innate immune responses
induced by endotoxin and Gram-negative bacteria. J Endotoxin
Research 2001; 7(6): 456-60

Froidevaux C, Roger T, Martin C, Glauser MP, Calandra T.
Macrophage migration inhibitory factor and innate immune
responses to bacterial infections. Critical Care Medicine 2001;
29(7): S13-5

Dandona P, Aljada A, Ghanim H, Mohanty P, Tripathy C,
Hofmeyer D, et al. Increased plasma concentration of macrophage
migration inhibitory factor (MIF) and MIF mRNA in mononuclear



4 Current Pharmaceutical Design, 2009, Vol. 15, No. 00

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

cells in the obese and the suppressive action of metformin . J Clin
Endocrinol Metabol 2004; 89(10): 5043-7

Gonzalez F, Thusu K, Abdel-Rahman E, Prabhala A, Tomani M,
Dandona P. Elevated serum levels of tumor necrosis factor alpha in
normal-weight women with polycystic ovary syndrome.
Metabolism 1999; 48(4): 437-41

Gonzalez F, Rote NS, Minium J, Kirwan JP. Increased activation of
nuclear factor kappaB triggers inflammation and insulin resistance
in polycystic ovary syndrome. J Clin Endocrinol Metabol 2006;
91(4): 1508-12

Isoda K, Young JL, Zirlik A, MacFarlane LA, Tsuboi N, Gerdes N,
et al. Metformin inhibits proinflammatory responses and nuclear
factor-kappaB in human vascular wall cells. Arteriosclerosis
Thrombosis Vascular Biol 2006; 26(3): 611-7.

Yang TL, Chen MF, Luo BL, Xie QY, Jiang JL, Li YJ. Fenofibrate
decreases asymmetric dimethylarginine level in cultured
endothelial cells by inhibiting NF-kappaB activity. Naunyn
Schmiedebergs Archives of Pharmacology 2005; 371(5): 401-7.
Mohanty P, Hamouda W, Garg R, Aljada A, Ghanim H, Dandona
P. Glucose challenge stimulates reactive oxygen species (ROS)
generation by leucocytes. J Clin Endocrinol Metabol 2000; 85(8):
2970-3.

Aljada A, Friedman J, Ghanim H, Mohanty P, Hofmeyer D,
Chaudhuri A, et al. Glucose ingestion induces an increase in
intranuclear nuclear factor kappaB, a fall in cellular inhibitor
kappaB, and an increase in tumor necrosis factor alpha messenger
RNA by mononuclear cells in healthy human subjects. Metabolism
2006; 55(9): 1177-85.

Chu NV, Kong APS, Kim DP, Armstrong D, Baxi S, Deutch R, et
al. Differential effects of metformin and troglitazone on
cardiovascular risk factors in patients with type 2 diabetes.
Diabetes Care 2002; 25(3): 542-9.

Rosen P, Nawroth PP, King G, Moller W, Tritchler HJ, Packer L.
The role of oxidative stress in the onset and progression of diabetes
and its complications: a summary of a congress series sponsored by
UNESCO-MCBN, the American Diabetes Association and the
German Diabetes Society. Diabetes / Metabolism Research and
Reviews 2001; 17(3): 189-212.

Youssef S, Nguyen DT, Soulis T et al. Effect of diabetes and
aminoguanidine therapy on renal advanced glycation end-product
binding. Kidney International 1999; 55(3): 907-16.

Srividhya S, Ravichandran MK, Anuradha CV. Metformin
attenuates blood lipid peroxidation and potentiates antioxidant
defense in high fructose-fed rats. J Biochem Molecular Biol
Biophysic 2002; 6(6): 379-85.

Trivin F, Chevenne D, Hautecouverture M. Maillard reaction
products and chronic diabetic complications. Annales Biologie
Clinic 1999; 57(4): 445-54.

Tessier D, Maheux P, Khalil A, Fulop T. Effect of gliclazide versus
metformin on the clinical profile and lipid peroxidation markers in
type 2 diabetes. Metabolism 1999; 48(7): 897-903.

Pavlovic D, Kocic R, Kocic G, Jevlovic T, Radenkovic S, Mikle D,
et al. Effect of four week metformin treatment on plasma and
erythrocyte anti oxidative defense enzymes in newly diagnosed
obese patients with type 2 diabetes. Diabetes, Obesity Metabol
2000; 2(4): 251-6.

Khouri H, Collin F, Bonnefont-Rousselot D, Legrand A, Jore D,
Gardes-Albert M. Radical-induced oxidation of metformin. Eur J
Biochem 2004; 271(23-24): 4745-52.

Received: May 14, 2009

Accepted: May 15, 2009

[44]

[45]

[46]

[47]

[48]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

A. B. Motta

Ewis SA, Abdel-Rahman MS. Effect of metformin on glutathione
and magnesium in normal and streptozotocin-induced diabetic rats.
J Applied Toxicol 1995; 15(5): 387-90.

Tanaka Y, Uchino H, Shimizu T, Yoshii H, Njwa M, Ohmura C, et
al. Effect of metformin on advanced glycation end product
formation and peripheral nerve function in streptozocin-induced
diabetic rats. Eur J Pharmacol 1999; 376(1-2): 17-22.
Ruggiero-Lopez D, Lecomte M, Moinet G, Patereau G, Lagarde M,
Wiernsperger N. Reaction of metformin with dicarbonyl com-
pounds. Possible implication in the inhibition of advanced
glycation end product formation. Biochem Pharmacol 1999;
58(11):1765-73.

Mohanty P, Aljada A, Ghanim H, Hofmeyer D, Tripathy D, Syed
T, et al. Evidence for a potent antiinflammatory effect of rosigli-
tazone. J Clin Endocrinol Metabol 2004; 89(6): 2728-35.

Froment P, Touraine P. Thiazolidinediones and Fertility in Poly-
cystic Ovary Syndrome (PCOS). PPAR Research 2006; 2006:
73986.

Dahlgren E, Jansen PO, Johansson S, Lapidus L, Odén A. Poly-
cystic ovary syndrome and risk for myocardial infraction.
Evaluated from a risk factor model based on a prospective
population study of women. Acta Obstetricia Gyencologica
Scandinavia 1992; 71(8): 599-604.

Pierpoint T, McKeigue PM, lIsaacs AJ, Wild SH, Jacobs HS.
Mortality of women with polycystic ovary syndrome at log term
follow-up. J Clin Epidemiol 1998; 51(7): 581-6.

Ferri C, Desideri G, Baldoncini R, Bellini C, De Angelis C,
Mazzocchi C, et al. Early activation of vascular endothelium in
nonobese, nondiabetic essential hypertensive patients with multiple
metabolic abnormalities. Diabetes 1998; 47(4):660-7.

Reaven GM, Chen YD. Insulin resistance, its consequences and
coronary heart disease mus we choose on culprit ?. Circulation
1996; 93(10): 1780-3.

Prevelic GM, Beljic T, Balint-Peric L, Ginsburg J. Cardiac flow
velocity in women with polycystic ovary syndrome. Clin
Endocrinol (Oxf) 1995; 43(3): 677-81.

Birdsall MA, Farquhar CM, White HD. Association between
polycystic ovaries and extent of coronary artery disease in women
having cardiac catheterization. Annals Internal Med 1997; 126(1):
32-5.

McCredie RJ, McCrohon JA, Turner L, Griffiths KA, Handelsman
DJ, Celermajer DS. Vascular reactivity is impaired in genetic
females taking high-dose androgens. J Am Colleague Cardiol 1998;
32(5):1331-5.

Diamanti-Kandarakis E, Alexandraki K, Protogerou A, Piperi C,
Papamichael C, Aessopos A, et al. Metformin administration
improves endothelial function in women with polycystic ovary
syndrome. Eur J Endocrinol 2005; 152(5): 749-56.

Palomba S, Russo T, Orio F Jr, Falbo A, Manguso F, Cascella T, et
al. Uterine effects of metformin administration in anovulatory
women with polycystic ovary syndrome. Human Reproduction
2006; 21(2):457-65.

Alimova IN, Liu B, Fan Z, Edgerton SM, Dillon T, Lind SE, et al.
Metformin inhibits breast cancer cell growth, colony formation and
induces cell cycle arrest in vitro. Cell Cycle 2009; 8(6): 909-15.
Elia EM, Belgorosky D, Faut M, Vighi S, Pustovrh C, Luigi D, et
al. The effects of metformin on uterine tissue of hyperandrogenized
BALB/c mice. Molecular Human Reproduction 2009; In press
Solano ME, Sander V, Wald MR, Motta AB. Dehydroepiandro-
sterone and metformin regulate proliferation of murine T
lymphocytes. Clin Exp Immunol 2008; 53(2): 289-96.



