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Ruolo dei Mitocondri nella fisiologia riproduttiva femminile: focus della 
cellula della granulosa



Functional voltage dependent potassium currents in human granulosa cells

Two principal voltage potassium currents are characterized in mammalian 
GCs

• A slow activating no inactivating current may be ascribed to KCNQ1 with 
KCNE,  defined IKs (Kusaka et al., 1993 and Mattioli, 1993, Mason et al., 
2002) 

• A fast activating inactivating current, defined IKur (Mattioli et al., 1993 and 
Manson et al., 2002) with a molecular association to omo and 
eterotetrameric subunit Kv.1 potassium channel co-expressed with beta 
regulatory subunit. 

Voltage Potassium channels are the principal determinant in the setting of membrane potential and their 

modulation by FSH and LH are suggested to explain the biological effect promoted by these gonadotropins 

(Kusaka et al., 1993, Mattioli et al., 1990, 1991, 1993).



Potassium channels



A FAST ACTIVATING INACTIVATING CURRENT (IKUR) IS EXPRESSED IN 
COV434 HUMAN GRANULOSA CELL LINE

Patch-clamp tecnique

Kv1 subfamily expression table

24h 48h 72h

Kv1.1 - + ++

Kv1.2 - - -

Kv1.3 - + -

Kv1.4 - - -

Kv1.5 - - -

Kv1.6 - - -

Kv1.7 - + -

RT-PCR

Gene expression of

Kv1 subfamily members

during time of COV434

subcoltures

48 h of subculture

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjMxI-R1YzeAhUtsKQKHbuYDdcQjRx6BAgBEAU&url=http://www.gentechbio.com/inicio/40-rotorgene.html&psig=AOvVaw17mOKvWeMFkiJBH9h9CMNK&ust=1539837800442634


DEPOLARIZATION OF MEMBRANE POTENTIAL INCREASE INTRACELLULAR 
CALCIUM CONCENTRATION IN GRANULOSE CELLS  

Au HK, Yeh TS, Kao SH, Shih CM, Hsieh RH, Tzeng CR. Calcium-dependent up-regulation of mitochondrial electron transfer 

chain gene expressions in human luteinized granulosa cells. Fertil Steril. 2005 Oct;84 Suppl 2:1104-8. doi: 

10.1016/j.fertnstert.2005.03.072. PMID: 16210000.



Mitochondrial cellular function



RESVERATROL REDUCE IKUR AND DEPOLARIZED GRANULOSA CELLS

Patch-clamp tecnique Voltage clamp configuration Current clamp configuration

Resveratrol decrease about 

30% K currents

Resveratrol depolarizes 

about  8 mV resting 

membrane potential



Ragonese et al., 2021, Fertility and Sterility,

Greater energy

related to oxidative 

phosphorylation

Mitochondrial 

biogenesis 

stimulation

RESVERATROL INCREASES  MITOCHONDRIAL BIOGENESIS AND THE 
ENERGY STATE IN GRANULOSA CELLS 



 Potenziale 
Mitocondriale

 Biogenesi 
Mitocondriale

 Produzione di ATP

Adapted from Ragonese F. et al. 2021 Fertility and Sterility



CONCLUSIONI (1)

 Modelli di linee cellulari di granulosa umana 
(COV434) esprimono Ikur sostenuto a 
membri Kv.1.1, Kv1,3 e Kv1.7 (dati 
farmacologici e trascrizionali)

 Ikur modula il potenziale di membrana a 
riposo e regola i livelli di calcio intracellulare-
FSH attiva IKUR (?)

 Ikur è un bersaglio di agenti fisiologici (FSH, 
LH, ecc) e farmaceutici (resveratrolo) Ragonese et 

al.2020; Gerli S et.al 2021.

Granulosa

l’attività promossa da nutraceutici modulano l’eccitabilità e la funzionalità delle cellule di 
supporto –Cellule della Granulosa- e potrebbero spiegare gli effetti positivi di questo 

nutraceutico rendendolo un’opzione TERAPEUTICA 
PER L’INFERTILITÀ



ATTUALE RICERCA: Cumulus-oocytes complex (COC) 

Resveratrolo aumenta il potenziale globale e biogenesi mitocondriale

Fioretti et al. Unpubblished data
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TEMPO DALLA SOMMINISTRAZIONE (MINUTI)

 REVIFAST

 Resveratrolo puro

REVIFAST: RESVERATROLO PER USO CLINICO

REVIFAST prolunga il tempo di 
assorbimento del Resveratrolo 

permettendo di raggiungere 
concentrazioni plasmatiche 

maggiori

R.G. Iannitti et al. Frontiers in Nutrition 2020 



S.Gerli et al. J Matern Fetal Neonatal Med. 2021

EFFETTI BIOLOGICI PROMOSSI IN VIVO



S.Gerli et al. J Matern Fetal Neonatal Med. 2021

EFFETTI BIOLOGICI PROMOSSI IN VIVO



Conclusions & Future directions

 Human granulosa cell line models (COV434) expressed Ikur sustained to 
Kv.1.1, Kv1,3 and Kv1.7 members (pharmacological and transcriptional data)

 Ikur set the resting membrane potential and regulates intracellular calcium 
levels

 Ikur is a target of physiological (FSH, LH, etc) and pharmaceutical 
agents(Resveratrol)

 Resveratrol-based Nutraceutica represent a clinical opportunity to promote 
follicologenesis

The functional coupling between membrane potential, intracellular calcium and 
mitochondrial biogenesis represents the future direction of our research and 

clinical application in women and male fertility
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