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INTRODUCTION 

 

 The endocrine control of ovarian function through 

gonadotropins - Follicular growth and differentiation 

 

  

 ART- Folliculogenesis, ovulation and luteal phase 

support 
                                               

                                                    Macklon et al, Endocr Rev 2006 Apr;27(2):170-207 

                                                           de Ziegler et al, Reprod Biomed Online 2007 Nov;15(5):507-13 

                                                          Loutradis et al, J Steroid Biochem Mol Biol 2008 Nov;112(1-3):1-4 

 



INTRODUCTION 

 Specific modification of the endocrine 

environment by the pharmacologic agents used 

in ART cycles 

 

 The use of hormonal assessments in order to 

control the ovarian hyperstimulation and predict 

the cycle outcome 

 



INTRODUCTION 

 Assessment of the required supply of exogenous 

FSH and LH in ART cycles  

 

 

 Steroid output -Implantation and 

paracrine/autocrine effects on the cumulus-

oocyte unit  
                                    



FOLLICULOGENESIS 

60 days 14 days 14 days 

1mm.                                       4-6 mm.                 20 mm. 

                                                                                                                            Gougeon, 1982 



(23,X) 

7.000.000 

2.000.000 

400.000 

PRIMORDIAL GERM CELL 

(46,XX) 

HAPLOID OVUM 

OOGONIUM 

PRIMARY 
OOCYTE 

OVULASYON 

SECONDARY OOCYTE 

FERTILIZASYON 

2.meiosis 

LH egrisi 

MSF 

5-20. week 

OVULATION 

FERTILIZATION 

1.meiosis 

LH SURGE 

MSF 

mitosis 



PRIMORDIAL FOLLICLE 

DEVELOPING FOLLICLES 

   FOLLICLES  DESTINED TO OVULATE 

DOMINANT FOLLICLE (8-12. day) 

           

          OVULATION  (13-15. day) 

atresia 

atresia 

atresia 

RECRUITMENT 

SELECTION 

(1-4.day) 

(5-7.day) 





inactive inactive 

Developing 

 follicle  OVULATION 

atresia atresia 



Hipotalamus 

HYPOPHYSIS 

OVARY 

Estrogen 

Progesterone 

Testosterone 



FSH 

GnRH 

OVARY 

activin inhibin 

+ 
- - 

- 

E2 



TWO CELL-TWO GONADOTROPIN THEORY 
Dorrington and Armstrong, 1979 

Hillier SG, Hol Hum Reprod 2009 Vegetti et al, RBM Online 2006 
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Kumanov P, Reprod Biomed Online 2005 







FOLLICLE STIMULATING HORMONE 

(FSH) 

 FSH -Folliculogenesis, recruitment, selection and 

dominance phases and follicular differentiation 

 

 

 Trophic effect on granulosa cells, recruitment of the 

cohort at the early follicular phase 

 
                                 Vegetti et al,  Reprod Biomed Online, 2006 Jun;12(6):684-94 

                         



FSH TRESHOLD-FSH WINDOW 

 FSH TRESHOLD- A certain amount of FSH is required 

to induce the follicular growth   

 

 FSH WİNDOW- Follicular growth is maintained as long 

as FSH is above the follicle’s treshold 

 

 FSH is the crucial therapeutic agent to control the 

folliculogenesis in ART cycles (except hypohypo) 

 

                             Vegetti et al,  Reprod Biomed Online, 2006 Jun;12(6):684-94 
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SPONTAN SİKLUSLAR STİMÜLE SİKLUSLAR 

Vegetti et al, RBM Online 2006 









FOLLICLE STIMULATING HORMONE 

(FSH) 

 FSH levels is not suitable to evaluate the adequacy of 

exogenous FSH supply  

 

 Plasma FSH-not contributive enough to tailor a 

gonadotropin regimen in a proper manner  

                   Gardner DK, Weissman A, Howles CM, Shoham Z.Textbook of Assisted            

Reproductive Technologies. Laboratory and Clinical perpectives. 3. Edition, Volume 2,2009 



LUTEINISING HORMONE (LH) 

 LH directly acts on granulosa cells as soon as cell 

differentiation is FSH-induced  

 

 LH ensures the synthesis of androgens through LH 

receptors located on Theca cells (Two cell-two 

gonadotropin theory)  

 

 Pivotal role of LH on steroidogenesis in hypo-hypo 

patients  

 



LUTEINISING HORMONE (LH) 

 Addition of LH increases estradiol thus preparing the 

endometrium for implantation 

 

 CL – luteal phase support 

 

 Minimal amount of LH is required for pregnancy (LH 

TRESHOLD)  

 
                                                      Filicori et al, Trends Endocrinol Metab 2003 Aug;14(6):267-73 

                                                     Filicori et al, Hum Reprod Update 2002;8(6):543-557 



LUTEINISING HORMONE (LH) 

 High endogenous LH levels are associated with 

increased incidence of  miscarriages and infertility 

(Endometrium/oocyte) 

 

 Beyond a certain ceiling level, LH seems to have an 

inhibitory effect on cell growth and the granulosa 

proliferation initiating atresia of less mature follicles 

 
                                                               Filicori et al, Hum Reprod Update 2002;8(6):543-557 

 





LUTEINISING HORMONE (LH) 

 

 Within the interval of LH treshold and ceiling, LH support 

is adequate for androgen and subsequent estradiol 

secretion thus participating in folllicular growth 

 



LUTEINISING HORMONE (LH) 

 Determining plasma LH levels is not very informative to 

evaluate the actual consequences of LH preparations 

 

 During stimulated cycles plasma LH level determination 

is restricted to detection of endogenous LH surge 

 

                                Filicori et al, Trends Endocrinol Metab 2003 Aug;14(6):267-73 

                                                     Filicori et al, Hum Reprod Update 2002;8(6):543-557 

 





Tarlatzis et al, RBM Online 2009 

Coomarasamy et al, 2008 



Tarlatzis et al, RBM Online 2009 

Al-INANY et al, 2008 



* 

       Tarlatzis et al, RBM Online 2009 

Kolibianakis et al, 2007 



             Humaidan and Kolibianakis →↑LH is associated 

with ↓ ongoing pregnancy rates 
 

Kolibianakis et al, Reprod Biomed Online 2009 



STEROID PROFILES THROUGH ART CYCLES  

ESTRADIOL 

 Cervical mucus production, endometrial proliferation and 

the induction of midcycle LH surge 
                                                 Maclon &Fauser, Hum Reprod Update 2000;6(4):307-12 

 A good indicator of granulosa  cell differentiation and 

used as an index of follicular maturity 
                                                 Stouffer & Zelinski-Wooten, Reprod Biol Endocrinol 2004;16;2:32  

 

 Ovarian response prediction  

                                                Loutradis et al, J Steroid Biochem Mol Biol 2008 Nov;112(1-3):1-4 



STEROID PROFILES THROUGH ART CYCLES  

ESTRADIOL 

 To calibrate the gonadotropin doses in conjunction with 

USG data in stimulated cycles 

  

 

 Monitorization of the ART cycle in order to detect the risk 

of OHSS and decide for cycle or transfer cancellation 

 

  



ESTRADIOL-GnRHa-GNRH 

ANTAGONISTS 

 To assess the effectiveness of the hypophyseal 

desensitization (<50pg/mL) 

 

 The plasma estradiol pattern of GnRH antagonist 

treatment is not similar with that of GnRH-a  

    (LOWER PREGNANCY RATES) 

  

 



                    Kolibianakis et al, Reprod Biomed Online 2009 



STEROID PROFILES THROUGH ART CYCLES  

PROGESTERONE 

 To detect the hypophyseal desensitization to make sure 

that the corpus luteum is not still active 

 

 

 Plasma P levels in early and late follicular phases are  

recently assessed to predict the cycle outcome  



STEROID PROFILES THROUGH ART CYCLES  

PROGESTERONE 

 Adverse effect on folliculogenesis, oocyte quality and 

pregnancy outcome (early follicular phase) 

 

 Despite supression by GnRH-a, a small increment in P 

has been reported in 20% of the stimulated cycles (late 

follicular phase, endometrium)  

 

 Premature endogenous LH surges related with 

subsequent luteinization of granulosa cells  

 

 

 





PROGESTERONE RISE IN 

FOLLICULAR PHASE 

 P450 side-chain cleavage enzyme is required for de 

novo P synthesis 

 

 

 

 

 

 

 

CL, THECA INTERNA CELLS OF THE FOLLICLE, 

ADRENAL GLAND 

Residual activity of CL, developing follicle, adrenal gland 

activity, indirect sign of ovarian aging, different FSH 

isoforms 

Al-Azemi et al, Reprod Biomed Online 2012 Apr;24(4):381-8 



STEROID PROFILES THROUGH ART CYCLES  

PROGESTERONE 

 

 EXPOSURE TO LARGE DOSES OF EXOGENOUS FSH 

 

 

 Potential adverse effect and plasma P cut off values for 

a decision making for the cycle outcome 

 
                                           De Ziegler et al, J Assist Reprod Genet 2003 Jan;20(1):29-32 

                                          Venetis et al, Hum Reprod Update 2007Jul-Aug;13(4):343-55  

 







      Kolibianakis et al, Reprod Biomed Online 2009 



ANDROGENS 

 A stimulatory effect on granulosa cell proliferation, 

follicular recruitment 
                                                             Vendola et al, L Clin Invest 1998;101:2622-9 

 

 Flare-up effect may be related with increased androgen 

production in ART cycles 

 

 No significant evidence that the oocyte quality is reduced 
                                                            San Roman GA et al, Fertil Steril 1992;58:744-9 

 





ANDROGENS 

 Determination of plasma androgens is not required to be 

routinely included in monitorization of ART cycles, may 

be worthwhile in clinical research  

 

 Gardner DK, Weissman A, Howles CM, Shoham Z. Textbook of Assisted Reproductive Technologies.  

                       Laboratory and Clinical perpectives. 3. Edition, Volume 2,2009 

 



INHIBIN A AND B 

 Heterodimers secreted from granulosa cells following 

FSH stimulation and regulate FSH secretion by negative 

feedback  

 

 Small antral follicles potentially secrete Inhibin B 

whereas preovulatory follicles may secrete Inhibin A 

 

 Serum Inhibin B in the early follicular phase is a valuable 

tool to evaluate the size of the follicular cohort 

                            Kumanov et al, Reprod Biomed Online 2005 Jun;10(6):786-812 

 



 

                    Kumanov et al, 2005 



INHIBIN A AND B 

 

 Inhibin B (4-6. day of FSH stimulation)- Early indicator of 

the number of recruited follicles destined to form mature 

oocytes 
                                                    Pennarubia et al, Hum Reprod 2000;15:1499-1504 

 

 Decision making regarding cycle cancellation or 

modulating gonadotropin dose 
 

                                                   Eldar-Geva et al, Hum Reprod 2002 Sep;17(9):2331-7  

                                                  Engel et al, Reprod Biomed Online 2001;3:104-108 

 

 



ANTİMÜLLERIAN HORMONE 

 A member of transforming growth factor beta family 

produced by granulosa cells of secondary, preantral, 

small antral follicles upto 6 mm  

 

 Serum AMH levels are correlated with antral follicle 

numbers and cycle day independent 

                                 Broer SL et al, Fertil Steril 2008 

                                La Marca et al, Hum Reprod 2006 Dec;21(12):3103-7 

 A good predictor of ovarian reserve both for poor and 

hyperresponders  
                                              La Marca et al, Hum Reprod 2007 Mar;22(3):766-71  



ANTİMÜLLERIAN HORMONE 

 Its performance to predict nonpregnancy is poor since it 

represents only the size of the FSH-sensitive follicles 

 
                                                                                   Muttukrishina et al, BJOG 2005,112:1384 

                                                                                  Ebner et al, Hum Reprod 2006;21:2022-6 

                                                                                  Kwee et al, Fertil Steril 2007 

 

 The association with oocyte or embryo quality is much 

less clear 

 

 Plasma AMH measurement during stimulated cycles is 

not actually recommended 

 



CONCLUSIONS 

 The endocrine characteristics of ART cycles are mainly 

related with the therapeutic agents used for COH 

 

 Although it is clear that FSH is required for every 

stimulation, plasma FSH levels are not predictive enough 

for the adequacy of exogenous FSH supply  

 

 Plasma LH levels determination is restricted to 

hypophyseal desensitization  



CONCLUSIONS 

 There is no evidence that detection of LH levels could be 

useful for patients who require some addition of LH 

during ART cycles  

 

 Plasma estradiol level determination is used in 

conjunction to USG to assess the follicular growth 

 

 Determination of P levels may be restricted to 

hypophyseal desensitization  

 



CONCLUSIONS 

 Plasma androgens are not routinely determined except 

research purposes 

 

 Serum Inhibin B in the early follicular phase is a valuable 

tool to evaluate the size of the follicular cohort 

 

 AMH is a good predictor of ovarian reserve both for poor 

and hyperresponders  

 




