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Neuroactive steroids (i.e., steroids synthesised both in peripheral glands and in nervous 

system) are important physiological regulators of the nervous functions. In particular, they 

are involved in the control of many physiological aspects of reproduction, stress response, 

and metabolism, as well as in several pathologies including depression, obesity, feeding and 

reproduction disorders (Panzica and Melcangi, 2008, Melcangi et al., 2011, Melcangi and 

Panzica, 2013). 

Due to the large diffusion of metabolic diseases the study of the interaction between 

metabolic axis and nervous function represents a really hot topic in biomedical research.  

For this reason, we have collected in this special issue some reviews exploring the 

relationships among neuroactive steroids and the metabolic axis that originated from the 

lectures presented at a satellite symposium of the 9th International meeting "Steroids and 

Nervous System " (February 2017, Torino, Italy). 

The reviews by Chowen et al. (Chowen et al., 2017), and by Pinos et al. (Pinos et al., 2017)  

elucidate the role played by early exposure to sex steroids in later inducing metabolic 

alterations that could be the gate to obesity and metabolic syndrome. Sex differences have 
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been largely reported in response to high- or low-fat diets (Zammaretti et al., 2007; Mele et 

al., 2016), but what it is now emerging is that the early postnatal environment may play an 

important role in establishing these differences and that in addition to the neurons, glial cells 

have an important role (Chowen et al., 2016). Estradiol and thyroid hormones regulate the 

energy metabolism through the hypothalamic-pituitary-gonadal (HPG) and the hypothalamic-

pituitary-thyroid (HPT) axis. In addition, they are important for the development of neuronal 

circuits directly controlling food intake and energy metabolism (in the hypothalamus), but 

also important for many other regions of the brain (Bernal, 2000; Bernal, 2005; Hedges et al., 

2012; Adhya et al., 2017; Galea et al., 2017). Alterations of the environment through the 

exposure to metabolic disrupting chemicals (Heindel et al., 2015; Heindel et al., 2017) 

interfere directly with those two hormone systems inducing alterations of the brain 

development. These effects are summarized in the review of Zsarnovszky et al. (Zsarnovszky 

et al., 2017), with particular emphasis of the effects of phytoestrogens and other endocrine 

disruptors on in vitro models of the developing cerebellum.  

The functions of HPG axis are strictly connected to the metabolic state of the organism, this is 

particularly evident for puberty and during pregnancy (Castellano and Tena-Sempere, 2013; 

De Bond and Smith, 2014). The review of Manfredi-Lozano et al. (Manfredi-Lozano et al., 

2017)  summarizes the major physiological mechanisms involved in the metabolic control of 

hypothalamic-pituitary-gonadal axis by discussing the roles of the major neuropeptidergic 

pathways that send metabolic information to the GnRH system. 

In addition to the HPG and HPT axis, also the hypothalamic-pituitary-adrenal (HPA) axis is 

involved in the control of energy metabolism through the regulation of glucose and lipids 

metabolism (Garabedian et al., 2017; Gray et al., 2017; Legeza et al., 2017). The review of de 

Kloet and Herman (de Kloet and Herman, 2017) explores the fat-to-brain pathway based on 

the integration of psychogenic signals by the fat cells that give rise to feedback signals to the 



  

HPA axis. This is particularly relevant in the connections between stress and metabolism, 

whose comorbidities are recognized as complicating factors in metabolic diseases and in 

neuropsychiatric conditions.  

Finally, the last two reviews discuss the relationships of neuroactive steroids with diabetes 

and obesity. In fact the levels of neurosteroids are altered in pathological conditions (Melcangi 

et al., 2014). As reviewed by Giatti et al. (Giatti et al., 2017), neuroactive steroids levels are 

affected by the diabetes mellitus (a disease that can lead to important complications in central 

and peripheral nervous system) in a sex-dimorphic way. In addition, neuroactive steroids, 

such as metabolites of progesterone and testosterone, may act as protective agents against 

the damage induced by diabetes in the nervous system. 

In the last review Holmberg et al. (Holmberg et al., 2017) discuss the roles of GABA to 

stimulate food intake by activation of GABA-A receptors in hypothalamus. Interestingly, 

increased levels of allopregnanolone (i.e., a progesterone metabolite able to interact with 

GABA-A receptors) are associated with increase in food intake, preference for energy-rich 

food and obesity.  

In conclusion, the data discussed in these reviews support the idea that there is a very close 

link among neuroactive steroids (including both hormones produced by the endocrine 

peripheral glands and those synthetized within the central nervous system) and the control of 

metabolic axis. This opens new perspectives to understand the biological basis of many 

pathologies based on metabolic alterations, as the metabolic syndrome, obesity or diabetes. 

 

Acknowledgements. We want to acknowledge the support of the Fondazione Cavalieri 

Ottolenghi, the University of Torino, the University of Milano, the Department of 

Neuroscience, Rita Levi Montalcini (Torino) and the Department of Pharmacological and 



  

Biomolecular Sciences (Milano). Finally, we want to thank Elsevier and all the staff of 

Frontiers in Neuroendocrinology that hosted this special issue.  

 

 

 

References 

 

Adhya, D., Annuario, E., Lancaster, M.A., Price, J., Baron-Cohen, S., Srivastava, D.P., 2017. 

Understanding role of steroids in typical and atypical brain development: Advantages 

of using a "brain in a dish" approach. J Neuroendocrinol doi: 10.1111/jne.12547 

Bernal, J., 2000. Thyroid Hormones in Brain Development and Function. In: Endotext (De 

Groot, L. J. et al., eds) South Dartmouth (MA). 

Bernal, J., 2005. Thyroid hormones and brain development. Vitam Horm 71, 95-122. 

Castellano, J.M., Tena-Sempere, M., 2013. Metabolic regulation of kisspeptin. Adv Exp Med Biol 

784, 363-383. 

Chowen, J.A., Argente-Arizon, P., Freire-Regatillo, A., Argente, J., 2017. Sex differences in the 

neuroendocrine control of metabolism and the implication of astrocytes. Front 

Neuroendocrinol. 

Chowen, J.A., Argente-Arizon, P., Freire-Regatillo, A., Frago, L.M., Horvath, T.L., Argente, J., 

2016. The role of astrocytes in the hypothalamic response and adaptation to metabolic 

signals. Prog Neurobiol 144, 68-87. 

De Bond, J-A.P., Smith, J.T., 2014. Kisspeptin and energy balance in reproduction. 

Reproduction (Cambridge, England) 147, R53-63. 

de Kloet, A.D., Herman, J.P., 2017. Fat-Brain Connections: Adipocyte Glucocorticoid Control of 

Stress and Metabolism. Front Neuroendocrinol. 



  

Galea, L.A.M., Frick, K.M., Hampson, E., Sohrabji, F., Choleris, E., 2017. Why estrogens matter 

for behavior and brain health. Neurosci Biobehav Rev 76, 363-379. 

Garabedian, M.J., Harris, C.A., Jeanneteau, F., 2017. Glucocorticoid receptor action in metabolic 

and neuronal function. F1000Res 6, 1208. 

Giatti, S., Mastrangelo, R., D'Antonio, M., Pesaresi, M., Romano, S., Diviccaro, S., Caruso, D., 

Mitro, N., Melcangi, R.C., 2017. Neuroactive steroids and diabetic complications in the 

nervous system. Front Neuroendocrinol. 

Gray, J.D., Kogan, J.F., Marrocco, J., McEwen, B.S., 2017. Genomic and epigenomic mechanisms 

of glucocorticoids in the brain. Nat Rev Endocrinol 13, 661-673. 

Hedges, V.L., Ebner, T.J., Meisel, R.L., Mermelstein, P.G., 2012. The cerebellum as a target for 

estrogen action. Front Neuroendocrinol 33, 403-411. 

Heindel, J.J., Blumberg, B., Cave, M., Machtinger, R., Mantovani, A., Mendez, M.A., Nadal, A., 

Palanza, P., Panzica, G., Sargis, R., Vandenberg, L.N., Vom Saal, F., 2017. Metabolism 

disrupting chemicals and metabolic disorders. Reprod Toxicol 68, 3-33. 

Heindel, J.J., Vom Saal, F.S., Blumberg, B., Bovolin, P., Calamandrei, G., Ceresini, G., Cohn, B.A., 

Fabbri, E., Gioiosa, L., Kassotis, C., Legler, J., La Merrill, M., Rizzir, L., Machtinger, R., 

Mantovani, A., Mendez, M.A., Montanini, L., Molteni, L., Nagel, S.C., Parmigiani, S., 

Panzica, G., Paterlini, S., Pomatto, V., Ruzzin, J., Sartor, G., Schug, T.T., Street, M.E., 

Suvorov, A., Volpi, R., Zoeller, R.T., Palanza, P., 2015. Parma consensus statement on 

metabolic disruptors. Environ Health 14, 54. 

Holmberg, E., Sjostedt, J., Malinina, E., Johansson, M., Turkmen, S., Ragagnin, G., Lundqvist, A., 

Lofgren, M., Jaukkuri, L., Bixo, M., Backstrom, T., 2017. Allopregnanolone involvement 

in feeding regulation, overeating and obesity. Front Neuroendocrinol. 



  

Legeza, B., Marcolongo, P., Gamberucci, A., Varga, V., Banhegyi, G., Benedetti, A., Odermatt, A., 

2017. Fructose, Glucocorticoids and Adipose Tissue: Implications for the Metabolic 

Syndrome. Nutrients 9. 

Manfredi-Lozano, M., Roa, J., Tena-Sempere, M., 2017. Connecting metabolism and gonadal 

function: Novel central neuropeptide pathways involved in the metabolic control of 

puberty and fertility. Front Neuroendocrinol. 

Melcangi, R.C., Giatti, S., Calabrese, D., Pesaresi, M., Cermenati, G., Mitro, N., Viviani, B., Garcia-

Segura, L.M., Caruso, D., 2014. Levels and actions of progesterone and its metabolites in 

the nervous system during physiological and pathological conditions. Prog Neurobiol 

113, 56-69. 

Melcangi, R.C., Panzica, G., Garcia-Segura, L.M., 2011. Neuroactive steroids: focus on human 

brain. Neuroscience 191, 1-5. 

Melcangi, R.C., Panzica, G.C., 2013. Neuroactive Steroids and the Nervous System: Further 

Observations on an Incomplete Tricky Puzzle. J Neuroendocrinol 25,957–963. 

Mele, P., Zammaretti, F., Longo, A., Panzica, G., Oberto, A., Eva, C., 2016. Sex-dependent 

regulation of hypothalamic neuropeptide Y-Y1 receptor gene expression in leptin 

treated obese (ob/ob) or lean mice. Brain Res 1649, 102-109. 

Panzica, G.C., Melcangi, R.C., 2008. The endocrine nervous system: Source and target for 

neuroactive steroids. Brain Res Rev 57, 271-276. 

Pinos, H., Carrillo, B., Diaz, F., Chowen, J.A., Collado, P., 2017. Differential vulnerability to 

adverse nutritional conditions in male and female rats: Modulatory role of estradiol 

during development. Front Neuroendocrinol. 

Zammaretti, F., Panzica, G., Eva, C., 2007. Sex-dependent regulation of hypothalamic 

neuropeptide Y-Y1 receptor gene expression in moderate/high fat, high-energy diet-

fed mice. J Physiol 583, 445-454. 



  

Zsarnovszky, A., Kiss, D., Jocsak, G., Nemeth, G., Toth, I., Horvath, T.L., 2017. Thyroid hormone- 

and estrogen receptor interactions with natural ligands and endocrine disruptors in 

the cerebellum. Front Neuroendocrinol. 

 


