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                    Abstract
Hormones locally synthesized in the anterior pituitary gland are involved in regulation of pituitary cell renewal. In the pituitary, testosterone (T) may exert its actions per se or by conversion to dihydrotestosterone (DHT) or 17β-estradiol (E2) by 5α-reductase and aromatase activity, which are expressed in this gland. Previous reports from our laboratory showed that estrogens modulate apoptosis of lactotropes and somatotropes from female rats. Now, we examined the in vitro and in vivo effects of gonadal steroids on apoptosis of anterior pituitary cells from adult male rats. T in vitro did not modify apoptosis in anterior pituitary cells from gonadectomized (GNX) male rats. DHT, a non-aromatizable androgen, exerted direct antiapoptotic action on total anterior pituitary cells and folliculo-stellate cells, but not on lactotropes, somatotropes, or gonadotropes. On the contrary, E2 exerted a rapid apoptotic effect on total cells as well as on lactotropes and somatotropes. Incubation of anterior pituitary cells with T in presence of Finasteride, an inhibitor of 5α-reductase, increased the percentage of TUNEL-positive cells. In vivo administration of DHT to GNX rats reduced apoptosis in the anterior pituitary whereas E2 exerted proapoptotic action and reduced cells in G2/M-phase of the cell cycle. In summary, our results indicate that DHT and E2 have opposite effects on apoptosis in the anterior pituitary gland suggesting that local metabolization of T to these steroids could be involved in pituitary cell turnover in males. Changes in expression and/or activity of 5α-reductase and aromatase may play a role in the development of anterior pituitary tumors.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1


Fig. 2


Fig. 3


Fig. 4


Fig. 5


Fig. 6


Fig. 7



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    

                                
                                
                                    
                                        A review of the physiology behind letrozole applications in infertility: are current protocols optimal?
                                        
                                    

                                    
                                        Article
                                         Open access
                                         26 July 2020
                                    

                                

                                Bruce I. Rose & Samuel E. Brown

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Advances in Knowledge of Androgens: How Intentional and Accidental Neurosteroid Changes Inform Us of Their Action and Role
                                        
                                    

                                    
                                        Article
                                         Open access
                                         16 December 2020
                                    

                                

                                Cheryl A. Frye, Dan DaCosta, … Alicia A. Walf

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Diagnosis and management of precocious sexual maturation: an updated review
                                        
                                    

                                    
                                        Article
                                        
                                         21 March 2021
                                    

                                

                                Amanda Veiga Cheuiche, Leticia Guimarães da Silveira, … Sandra Pinho Silveiro

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	C. Denef, Paracrine control of lactotrope proliferation and differentiation. Trends Endocrinol. Metab. 14, 188–195 (2003)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	S. Takahashi, Intrapituitary regulatory system of proliferation of mammotrophs in the pituitary gland. Zoolog. Sci. 21, 601–611 (2004)
Article 
    PubMed 
    
                    Google Scholar 
                

	A. Seilicovich, Cell life and death in the anterior pituitary gland: role of oestrogens. J. Neuroendocrinol. 22, 758–764 (2010)
CAS 
    PubMed 
    
                    Google Scholar 
                

	J. Ferraris, S. Bernichtein, D. Pisera, V. Goffin, Use of prolactin receptor antagonist to better understand prolactin regulation of pituitary homeostasis. Neuroendocrinology 98, 171–179 (2013)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	P.R. Le Tissier, D.J. Hodson, C. Lafont, P. Fontanaud, M. Schaeffer, P. Mollard, Anterior pituitary cell networks. Front. Neuroendocrinol. 33, 252–266 (2012)
Article 
    PubMed 
    
                    Google Scholar 
                

	L.A. Nolan, E. Kavanagh, S.L. Lightman, A. Levy, Anterior pituitary cell population control: basal cell turnover and the effects of adrenalectomy and dexamethasone treatment. J. Neuroendocrinol. 10, 207–215 (1998)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Y. Oishi, M. Okuda, H. Takahashi, T. Fujii, S. Morii, Cellular proliferation in the anterior pituitary gland of normal adult rats: influences of sex, estrous cycle, and circadian change. Anat. Rec. 235, 111–120 (1993)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	F. Claessens, S. Denayer, N. Van Tilborgh, S. Kerkhofs, C. Helsen, A. Haelens, Diverse roles of androgen receptor (AR) domains in AR-mediated signaling. Nucl. Recept. Signal. 6, e008 (2008)
PubMed Central 
    PubMed 
    
                    Google Scholar 
                

	A.J. Tilbrook, I.J. Clarke, Negative feedback regulation of the secretion and actions of gonadotropin-releasing hormone in males. Biol. Reprod. 64, 735–742 (2001)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	R.S. Swerdloff, W.D. Odell, Feedback control of male gonadotrophin secretion. Lancet 2, 683 (1968)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	M.K. Gill-Sharma, N. Lehri-Balasinor, H.S. Juneja, Effect of prolonged incubation of male rat whole pituitary or pituitary-hypothalamus complex with testosterone on release of gonadotrophin and prolactin in vitro. Indian J. Exp. Biol. 30, 1084–1092 (1992)
CAS 
    PubMed 
    
                    Google Scholar 
                

	K.C. Copeland, M.M. DeSouza, P.C. Gibson, Influence of gonadal steroids on rat pituitary growth hormone secretion. Res. Exp. Med. (Berl). 190, 137–143 (1990)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	K.Y. Ho, M.O. Thorner, R.J. Krieg Jr, S.K. Lau, Y.N. Sinha, M.L. Johnson, D.A. Leong, W.S. Evans, Effects of gonadal steroids on somatotroph function in the rat: analysis by the reverse hemolytic plaque assay. Endocrinology 123, 1405–1411 (1988)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	F. Labrie, All sex steroids are made intracellularly in peripheral tissues by the mechanisms of intracrinology after menopause. J. Steroid Biochem. Mol. Biol. 145, 133–138 (2015)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	H. Yokoi, Y. Tsuruo, T. Miyamoto, K. Kitagawa, S. Futaki, K. Ishimura, Steroid 5 alpha-reductase type 1 immunolocalized in the anterior pituitary of intact and castrated male rats. Histochem. Cell Biol. 106, 359–366 (1996)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	J. Carretero, G. Vazquez, E. Blanco, M. Rubio, M. Santos, A. Martin-Clavijo, J.L. Torres, R. Vazquez, Immunohistochemical evidence of the presence of aromatase P450 in the rat hypophysis. Cell Tissue Res. 295, 419–423 (1999)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	H. Vanderstichele, W. Eechaute, E. Lacroix, Regulation of the pituitary 5 alpha-reductase activity by gonadotropin releasing hormone and testosterone in the adult male rat. J. Steroid Biochem. 35, 575–581 (1990)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	G. Galmiche, S. Corvaisier, M.L. Kottler, Aromatase gene expression and regulation in the female rat pituitary. Ann. N. Y. Acad. Sci. 1070, 286–292 (2006)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	J.M. Carretero, E. Blanco, M. Rubio, J.M. Riesco, M.J. Garcia Barrado, M.C. Iglesias Osma, M. Carretero Hernandez, J.J. Herrero, D. Burks, Gonadal steroids regulate aromatase P450 expression in the rat pituitary. Eur. J. Anat. 15, 98–106 (2011)

                    Google Scholar 
                

	C.A. Heinlein, C. Chang, Androgen receptor (AR) coregulators: an overview. Endocr. Rev. 23, 175–200 (2002)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	M. Duskova, H. Pospisilova, The role of non-aromatizable testosterone metabolite in metabolic pathways. Physiol. Res. 60, 253–261 (2011)
CAS 
    PubMed 
    
                    Google Scholar 
                

	D.W. Russell, J.D. Wilson, Steroid 5 alpha-reductase: two genes/two enzymes. Annu. Rev. Biochem. 63, 25–61 (1994)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	G. Pelletier, Localization of androgen and estrogen receptors in rat and primate tissues. Histol. Histopathol. 15, 1261–1270 (2000)
CAS 
    PubMed 
    
                    Google Scholar 
                

	L. O’Hara, M. Curley, M. Tedim Ferreira, L. Cruickshanks, L. Milne, L.B. Smith, Pituitary androgen receptor signalling regulates prolactin but not gonadotrophins in the male mouse. PLoS One 10, e0121657 (2015)
Article 
    PubMed Central 
    PubMed 
    
                    Google Scholar 
                

	S. Zarate, G. Jaita, V. Zaldivar, D.B. Radl, G. Eijo, J. Ferraris, D. Pisera, A. Seilicovich, Estrogens exert a rapid apoptotic action in anterior pituitary cells. Am. J. Physiol. Endocrinol. Metab. 296, E664–E671 (2009)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	G. Pelletier, C. Labrie, F. Labrie, Localization of oestrogen receptor alpha, oestrogen receptor beta and androgen receptors in the rat reproductive organs. J. Endocrinol. 165, 359–370 (2000)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	G.G. Kuiper, B. Carlsson, K. Grandien, E. Enmark, J. Haggblad, S. Nilsson, J.A. Gustafsson, Comparison of the ligand binding specificity and transcript tissue distribution of estrogen receptors alpha and beta. Endocrinology 138, 863–870 (1997)
CAS 
    PubMed 
    
                    Google Scholar 
                

	S. Zarate, G. Jaita, J. Ferraris, G. Eijo, M.L. Magri, D. Pisera, A. Seilicovich, Estrogens induce expression of membrane-associated estrogen receptor alpha isoforms in lactotropes. PLoS One 7, e41299 (2012)
Article 
    PubMed Central 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Z. Jin, W.S. El-Deiry, Overview of cell death signaling pathways. Cancer Biol. Ther. 4, 139–163 (2005)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	S. Xiong, T. Mu, G. Wang, X. Jiang, Mitochondria-mediated apoptosis in mammals. Protein Cell 5, 737–749 (2014)
Article 
    PubMed Central 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	G. Galmiche, N. Richard, S. Corvaisier, M.L. Kottler, The expression of aromatase in gonadotropes is regulated by estradiol and gonadotropin-releasing hormone in a manner that differs from the regulation of luteinizing hormone. Endocrinology 147, 4234–4244 (2006)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	S. Sakuma, N. Shirasawa, F. Yoshimura, A histometrical study of immunohistochemically identified mitotic adenohypophysial cells in immature and mature castrated rats. J. Endocrinol. 100, 323–328 (1984)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	L.A. Nolan, A. Levy, The effects of testosterone and oestrogen on gonadectomised and intact male rat anterior pituitary mitotic and apoptotic activity. J. Endocrinol. 188, 387–396 (2006)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	G. Michels, U.C. Hoppe, Rapid actions of androgens. Front. Neuroendocrinol. 29, 182–198 (2008)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	W.H. Walker, Non-classical actions of testosterone and spermatogenesis. Philos. Trans. R. Soc. Lond. B Biol. Sci. 365, 1557–1569 (2010)
Article 
    PubMed Central 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	H.C. Christian, N.J. Rolls, J.F. Morris, Nongenomic actions of testosterone on a subset of lactotrophs in the male rat pituitary. Endocrinology 141, 3111–3119 (2000)
CAS 
    PubMed 
    
                    Google Scholar 
                

	S. Zarate, A. Seilicovich, Estrogen receptors and signaling pathways in lactotropes and somatotropes. Neuroendocrinology 92, 215–223 (2010)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	S. Gutierrez, A.L. De Paul, J.P. Petiti, L. del Valle Sosa, C.M. Palmeri, M. Soaje, E.M. Orgnero, A.I. Torres, Estradiol interacts with insulin through membrane receptors to induce an antimitogenic effect on lactotroph cells. Steroids 73, 515–527 (2008)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	M. Shihan, A. Bulldan, G. Scheiner-Bobis, Non-classical testosterone signaling is mediated by a G-protein-coupled receptor interacting with Gnalpha11. Biochim. Biophys. Acta 1843, 1172–1181 (2014)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	R.J. Santen, H. Brodie, E.R. Simpson, P.K. Siiteri, A. Brodie, History of aromatase: saga of an important biological mediator and therapeutic target. Endocr. Rev. 30, 343–375 (2009)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	A.S. Caglar, A. Kapucu, K.A. Dar, H.M. Ozkaya, E. Caglar, H. Ince, P. Kadioglu, Localization of the aromatase enzyme expression in the human pituitary gland and its effect on growth hormone, prolactin, and thyroid stimulating hormone axis. Endocrine 49, 761–768 (2015)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	M.J. Garcia Barrado, E.J. Blanco, M. Carretero Hernandez, M.C. Iglesias Osma, M. Carretero, J.J. Herrero, D.J. Burks, J. Carretero, Local transformations of androgens into estradiol by aromatase P450 is involved in the regulation of prolactin and the proliferation of pituitary prolactin-positive cells. PLoS One 9, e101403 (2014)
Article 
    PubMed Central 
    PubMed 
    
                    Google Scholar 
                

	M.C. Kaushik, M.M. Misro, N. Sehgal, D. Nandan, AR versus ER (alpha) expression in the testis and pituitary following chronic estrogen administration in adult rat. Syst. Biol. Reprod. Med. 56, 420–430 (2010)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	S. Devnath, K. Inoue, An insight to pituitary folliculo-stellate cells. J. Neuroendocrinol. 20, 687–691 (2008)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	E. Sakuma, I. Wada, T. Otsuka, K. Wakabayashi, K. Ito, T. Soji, D.C. Herbert, Involvement of the adrenal glands and testis in gap junction formation via testosterone within the male rat anterior pituitary gland. Microsc. Res. Tech. 75, 1632–1638 (2012)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	L.A. Nolan, A. Levy, Prolonged oestrogen treatment does not correlate with a sustained increase in anterior pituitary mitotic index in ovariectomized Wistar rats. J. Endocrinol. 200, 301–309 (2009)
Article 
    PubMed Central 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	D. Pisera, M. Candolfi, S. Navarra, J. Ferraris, V. Zaldivar, G. Jaita, M.G. Castro, A. Seilicovich, Estrogens sensitize anterior pituitary gland to apoptosis. Am. J. Physiol. Endocrinol. Metab. 287, E767–E771 (2004)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	G. Eijo, S. Zarate, G. Jaita, J. Ferraris, M.L. Magri, V. Zaldivar, D. Radl, V. Boti, D. Pisera, A. Seilicovich, Inhibition of nuclear factor-kappa B sensitises anterior pituitary cells to tumour necrosis factor-alpha- and lipopolysaccharide-induced apoptosis. J. Neuroendocrinol. 23, 651–659 (2011)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	J. Carretero, G. Vazquez, M. Rubio, E. Blanco, J.A. Juanes, E. Perez, D. Burks, R. Vazquez, Postnatal differentiation of the immunohistochemical expression of aromatase P450 in the rat pituitary gland. Histol. Histopathol. 18, 419–423 (2003)
CAS 
    PubMed 
    
                    Google Scholar 
                

	M.P. Gillam, M.E. Molitch, G. Lombardi, A. Colao, Advances in the treatment of prolactinomas. Endocr. Rev. 27, 485–534 (2006)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	I. Shimon, M.D. Bronstein, J. Shapiro, G. Tsvetov, C. Benbassat, A. Barkan, Women with prolactinomas presented at the postmenopausal period. Endocrine 47, 889–894 (2014)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	J. Carretero, D.J. Burks, G. Vazquez, M. Rubio, E. Hernandez, P. Bodego, R. Vazquez, Expression of aromatase P450 is increased in spontaneous prolactinomas of aged rats. Pituitary 5, 5–10 (2002)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	H. Akinci, A. Kapucu, K.A. Dar, O. Celik, B. Tutunculer, G. Sirin, B. Oz, N. Gazioglu, H. Ince, S. Aliustaoglu, P. Kadioglu, Aromatase cytochrome P450 enzyme expression in prolactinomas and its relationship to tumor behavior. Pituitary 16, 386–392 (2013)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	A. Selek, B. Cetinarslan, Y. Gurbuz, I. Tarkun, Z. Canturk, B. Cabuk, Aromatase enzyme expression in acromegaly and its possible relationship with disease prognosis. Endocrine 49, 250–257 (2015)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	M.F. Guzzo, L.R. Carvalho, M.D. Bronstein, Apoptosis: its role in pituitary development and neoplastic pituitary tissue. Pituitary 17, 157–162 (2014)
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                


Download references




Acknowledgments
We would like to thank Miss Mercedes Imsen for her kind help with animal care and handling. This work was supported by grants from the Agencia Nacional de Investigaciones Científicas y Tecnológicas, National Research Council (CONICET) and the University of Buenos Aires, Argentina.


Author information
Authors and Affiliations
	Instituto de Investigaciones Biomédicas (UBA-CONICET), Paraguay 2155, C1121ABG, Buenos Aires, Argentina
María Laura Magri, María Florencia Gottardo, Sandra Zárate, Guadalupe Eijo, Jimena Ferraris, Gabriela Jaita, Mariela Moreno Ayala, Marianela Candolfi, Daniel Pisera & Adriana Seilicovich


Authors	María Laura MagriView author publications
You can also search for this author in
                        PubMed Google Scholar



	María Florencia GottardoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Sandra ZárateView author publications
You can also search for this author in
                        PubMed Google Scholar



	Guadalupe EijoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jimena FerrarisView author publications
You can also search for this author in
                        PubMed Google Scholar



	Gabriela JaitaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Mariela Moreno AyalaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Marianela CandolfiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Daniel PiseraView author publications
You can also search for this author in
                        PubMed Google Scholar



	Adriana SeilicovichView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Adriana Seilicovich.


Ethics declarations

              
              
                Conflict of interest

                The authors declare that they have no conflict of interest.

              
            

Rights and permissions
Reprints and permissions


About this article
       



Cite this article
Magri, M.L., Gottardo, M.F., Zárate, S. et al. Opposite effects of dihydrotestosterone and estradiol on apoptosis in the anterior pituitary gland from male rats.
                    Endocrine 51, 506–516 (2016). https://doi.org/10.1007/s12020-015-0719-2
Download citation
	Received: 08 April 2015

	Accepted: 08 August 2015

	Published: 22 August 2015

	Issue Date: March 2016

	DOI: https://doi.org/10.1007/s12020-015-0719-2


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Pituitary
	Apoptosis
	Estrogens
	Androgens
	Aromatase
	5α-reductase








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					54.205.7.152
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    