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ABSTRACT
Introduction. Skin is deeply affected by aging as all the organs do, including endocrine glands and neuroen-
docrine circuits. The anomalies of aging are connected to the internal aspects including hormonal panel 
mostly vitamin D status and glucocorticoid axes integrity, melatonin networking, thyroid function, and cat-
echolamines/serotonin release), state of health/illness, genetic background and bio-neuroendocrine/neuro-
transmitters pathways as well as immune defence. Moreover, external environment elements like sun expo-
sure, radiations, pollution, physical, chemical and biological agents are consistent with internal mentioned 
aspects. Our purpose is to provide a mini-review regarding neuroendocrine and endocrine perspective of skin 
aging. Particular aspects on glucocorticoids, vitamin D and 5-hydroxytryptamine are pointed out. This is a 
narrative type of review. Skin is situated at the crossroad between intrinsic and extrinsic aging and the neu-
roendocrine approach is essential for understanding its time dependent changes.
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Abbreviations: ACTH = adrenocorticotropic hormone, UV = ultraviolet

INTRODUCTION

Skin is deeply affected by aging as all the organs 
do, including endocrine glands and neuroendocrine 
circuits (1). The time dependent complex equation 
normally involves a certain level of dys-function, 
loss of integrity and a damaged capacity to stress 
response regardless the type of stress (1). The 
anomalies of aging are connected to the internal as-
pects including hormonal panel mostly vitamin D 
status and glucocorticoid axes integrity, melatonin 
networking, thyroid function, and catecholamines/
serotonin release, the state of health/illness, genetic 
background and bio-neuroendocrine/neurotrans-
mitters pathways as well as immune defence (1) 
(Figure 1). Moreover, external environment ele-
ments like sun exposure, radiations, pollution, 
physical, chemical and biological agents are con-
sistent with internal mentioned aspects (1). 

Skin represents the strategic cut-off between in-
ternal and external world, being appreciated as the 
largest organ of the human body but also it repre-
sents a major neuro-endocrine-immune organ (2). 
The epidermal and dermal cells respond to neu-
roendocrine mainstream though their receptors (2). 
The local response is to neurotransmitters, cy-
tokines, and hormones based on local receptors (2). 
The circuits involve paracrine, endocrine and neu-
roendocrine parameters (2). Skin has numerous re-
ceptors to internal and external stimulus; it is 
self-regulated through bidirectional coordination 
and feedback (3). Ultraviolet (UV) action of tegu-
ment surface causes its absorption converting an 
electromagnetic wave into a chemical reaction in-
cluding generation of local cytokines, urocortins, 
enkephalins, and activation of ACTH (adrenocorti-
cotropic hormone) – cortisol axes and vitamin D 
absorption (3). UB type B is more potent than type 
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A (3). The circuits of response are hierarchical (4). 
Their suffer anomalies during aging process in-
cluding the way of response and further on the way 
skin generates commands (4). Controversies around 
skin aging are still running, for instance, stress is a 
general term that involves the activation of differ-
ent mechanisms or the blockage of others and the 
particular types of response are altered during time 
whether is physiological or pathological (5). Acute 
stress releases cathecolamines and chronic expo-
sure to stress induces persistent hypercorticism (5). 
Overall, skin is the crossroad between intrinsic ag-
ing (chronological) and extrinsic aging (like pho-
to-aging) (6).

AIM

Our purpose is to provide a mini-review regard-
ing neuroendocrine and endocrine perspective of 
skin aging. Particular aspects on glucocorticoids, 
vitamin D and 5-hydroxytriptamine are pointed 
out. 

METHOD

This is a narrative type of review. The search 
words are “neuroendocrine”, “skin aging”. A selec-
tion of 33 papers represents the included articles. 

GENERAL DATA PRESENTATION

Glucocorticoid axes
The hypotalamic-hypophyseal-adrenal axe in-

volves steroidogenic production and further on the 
glucocorticoids exerts a multi-organ action at every 
organ of human body including the skin (4). From 

some point of view, skin is a steroidogenic target 
and site since CYP11A1 is the local enzyme capa-
ble of converting cholesterol to a derivate like preg-
nenolone which is then driven into human body at 
different steroidogenic tissues and it is converted to 
other steroids metabolites (4). Also, at skin level 
CYP11A1 catalysis the conversion of 7-dehydro-
cholesterol to 7-dehydropregnolone and further on 
to vitamin D if UVB action is positive (downstream 
with CYP27B1, A1 and CYP24A (4). Also 
CYP11A1 is situated on the pathway of lumisterol 
(4). Circadian rhythm is also reflected at skin level 
as dictated by hypothalamic pacemaker in addition 
to pineal gland that normally controls body temper-
ature, food and water intake, cardiac rhythm etc. 
(7). The local skin cells have, however, independ-
ent cycles of circadian (for 24 hours) and ultradian 
(less than 24 hours) that integrate different stimulus 
(7). Collagen, the key component of the skin re-
sponsible for elasticity and integrity, is damaged in 
autoimmune conditions and pathological excess of 
glucocorticoids that also modulate the immune re-
sponse inclusive at skin level (8). Chronic stress 
associates persistent hypercortisolemia which in-
duces an alteration of skin homeostasis (8). Gener-
ally, there is an increasing incidence of metabolic 
complication through lifespan and type 2 diabetes 
mellitus, obesity, hyperlipemia causes not only car-
diovascular disorders, skeleton alterations, but also 
a damaged elasticity and repair program of the skin 
in association with chronic infections, alterations 
of wound healing etc. (9,10). In metabolic syn-
drome (with an age-dependent pattern of incidence) 
there is reactive hypercorticism which is different 
from Cushing’s syndrome (11). Somewhere in the 
middle, between franc Cushing’s syndrome and in-

              Figure 1. The neuroendocrine networking involving the skin aging
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tact glucocorticoid axes, there is subclinical Cush-
ing’s syndrome (a terminology that is no longer 
encouraged nowadays) (12,13). One third of adre-
nal incidentalomas have persistent autonomous 
cortisol secretion (13). Adrenal incidentaloma has 
an age-dependent pattern, opposite to pituitary in-
cidentaloma which can be found also in youth 
without a severe clinical significance (14,15). 
Cushing’s syndrome affects the skin causing striae, 
acne, virilisation in females etc. (16). Adequate 
therapy by tumour removal in endogenous cases 
partially reverses dermatological manifestations 
(17,18).

Vitamin D system
Vitamin D, the element that ensures the health 

of bone and muscles, is essentially related to the 
skin since its synthesis start here (80% of endoge-
nous origin) (19). 7-dehydrocholesterol is the basis 
of synthesis; then two more steps of activation are 
at the level of liver and kidney (19). Parathormone 
(PTH) regulates its intestinal effect of stimulating 
calcium absorption, the role in skeletal health, and 
the conversion of 25-hydroxyvitamin D to calcitri-
ol at the level of renal cortex (20). Vitamin D recep-
tor is distributed in all tissues including in the skin, 
thus its role in cardio-metabolic conditions as well 
as different cancers but also dermatological condi-
tions like psoriasis, atopic dermatitis, alopecia etc. 
(21). Aging involves lower sun exposure thus in-
herent lower vitamin D synthesis (21). Changes 
caused by chronic exposure to oxidative stress, for 
instance due to photo-exposure, induce local dete-
rioration (22). The effect is not only on vitamin D 
synthesis but also on DNA repair, RNA function 
and proteins metabolism (22).

Serotonin and skin
5-hydroxytryptamine (serotonin) release is re-

lated to climacteric syndrome in peri-menopause 
with transitory flushes and increase body tempera-
ture (23). Moreover, the tryptophan derivate prod-
uct negatively influence bone biology especially in 
addition to a time dependent bone loss (24). Exces-
sive 5-hydroxytriptamine is pathologically found 
in carcinoid syndrome with flushes and diarrhoea 
due to neuroendocrine tumours with an increasing 
incidence in seniors (25,26). They may be primary 
located in skin (which is rare) or specific dermato-
logic manifestations have been reported like type 1 
neurofibromatosis (27,28). Moreover, serotonin via 
its receptors (type 3) sensitizes the cells from the 
level of the skin involving the response to irradia-
tion (29). 

DISCUSSION 

We should also mention the skin effect of thy-
roid hormones knowing that thyroid conditions like 
nodules and some types of differentiated cancer has 
an increasing incidence during lifespan (30,31). 
The role of menopause is controversial in this topic 
but menopause also brings into the general picture 
of aging osteoporosis and a progressive increase of 
breast cancer prevalence and even ovarian carcino-
ma in elderly (32,33). 

CONCLUSION

Skin is situated at the crossroad between intrin-
sic and extrinsic aging and the neuroendocrine ap-
proach is essential for understanding its time de-
pendent changes.

1. Bocheva G, Slominski RM, Slominski AT. Neuroendocrine Aspects of
Skin Aging. Int J Mol Sci. 2019; 20(11).

2. Slominski AT, Zmijewski MA, Skobowiat C, Zbytek B, Slominski RM,
Steketee JD. Sensing the environment: regulation of local and global
homeostasis by the skin’s neuroendocrine system. Adv Anat Embryol 
Cell Biol. 2012; 212:v, vii, 1-115.

3. Slominski AT, Zmijewski MA, Plonka PM, Szaflarski JP, Paus R. How
UV Light Touches the Brain and Endocrine System Through Skin, and
Why. Endocrinology. 2018;159(5):1992-2007.

4. Slominski AT, Manna PR, Tuckey RC. On the role of skin in the
regulation of local and systemic steroidogenic activities. Steroids.
2015; 103:72-88.

5. Dunn JH, Koo J. Psychological Stress and skin aging: A review of
possible mechanisms and potential therapies. Dermatol Online J.
2013; 19(6):18561.

6. Lephart ED. Skin aging and oxidative stress: Equol’s anti-aging effects
via biochemical and molecular mechanisms. Ageing Res Rev. 2016;
31:36-54.

7. Matsui MS, Pelle E, Dong K, Pernodet N. Biological Rhythms in the
Skin. Int J Mol Sci. 2016;17(6). pii: E801. doi: 10.3390/ijms17060801.

8. Kletsas D, Pratsinis H, Gioni V, Pilichos K, Yiacoumettis AM,
Tsagarakis S. Prior chronic in vivo glucocorticoid excess leads to an
anabolic phenotype and an extension of cellular life span of skin
fibroblasts in vitro. Ann N Y Acad Sci. 2007;1100:449-54.

9. Poiana C, Radoi V, Carsote M, Bilezekian J. New Clues that May Link
Osteoporosis to the Circulating Lipid Profile. Bone Research 2013;
1(3):260-266.

10. Ceccato F, Boscaro M. Cushing’s Syndrome: Screening and
Diagnosis. High Blood Press Cardiovasc Prev. 2016;23(3):209-15.

11. Gheorghisan-Galateanu AA, Carsote M, Valea A. Incidentaloma: from
general practice to specific endocrine frame. J Pak Med Assoc. 2017;
67(6):917-922.

12. Fassnacht M, Arlt W, Bancos I, Dralle H, Newell-Price J, Sahdev A,
Tabarin A, Terzolo M, Tsagarakis S, Dekkers OM. Management of
adrenal incidentalomas: European Society of Endocrinology Clinical
Practice Guideline in collaboration with the European Network for the
Study of Adrenal Tumors. Eur J Endocrinol. 2016; 175(2):G1-G34.

REfERENCES

Conflict of interest: none declared 
Financial support: none declared



Romanian medical JouRnal – Volume lXVii, no. 1, 202030

13. Gheorghiu M, Hortopan D, Dumitrascu A, Caragheorgheopol A, 
Stefanescu A, Trifanescu R, Niculescu D, Baciu I, Carsote M, Poiana 
C, Badiu C, Coculescu M. Age-related endocrine tumors: Non-functio-
ning adrenal tumors as compared to pituitary adenomas. Acta 
Endocrinologica, 2009; V(3):371-384 

14. Poiana C, Chirita C, Carsote M, Hortopan D, Ioachim D, Corneci CM, 
Stanescu B. Adrenal and Pituitary Incidentalomas in a Case of 
Cushing’s Syndrome. Chirurgia 2013; 6(108):886-891.

15. Pivonello R, Isidori AM, De Martino MC, Newell-Price J, Biller BM, 
Colao A. Complications of Cushing’s syndrome: State of the art. 
Lancet Diabetes Endocrinol. 2016;4(7):611-29. 

16. Poiana C, Carsote M, Chirita C, Terzea D, Paun S, Beuran M. Giant 
adrenal cyst: Case study, J Med Life 2010;3(3):308-313.

17. Paduraru DN, Nica A, Carsote M, Valea A. Adrenalectomy for 
Cushing’s syndrome: Do’s and don’ts. Journal of Medicine and Life. 
2016;4(9):334-341.

18. Kechichian E, Ezzedine K,. Vitamin D and the Skin: An Update for 
Dermatologists. Am J Clin Dermatol. 2018;19(2):223-235. 

19. Radu L, Carsote M, Gheorghisan-Galateanu AA, Preda SA, 
Calborean V, Stanescu R, Gheorman V, Albulescu DM. Blood 
Parathyrin and Mineral Metabolism Dynamics. A clinical analyze. Rev.
Chim. (Bucharest). 2018;69(10):2754-2758.

20. Piotrowska A, Wierzbicka J, Żmijewski MA. Vitamin D in the skin 
physiology and pathology. Acta Biochim Pol. 2016;63(1):17-29. 

21. Kammeyer A, Luiten RM. Oxidation events and skin aging. Ageing 
Res Rev. 2015;21:16-29. 

22. Freedman RR. Menopausal hot flashes: Mechanisms, endocrinology, 
treatment. J Steroid Biochem Mol Biol. 2014;142:115-20.

23. Al Saedi A, Sharma S, Summers MA, Nurgali K, Duque G. The 
multiple faces of tryptophan in bone biology. Exp Gerontol. 2020 
Jan;129:110778. doi: 10.1016/j.exger.2019.110778. 

24. Poiana C, Neamtu MC, Avramescu ET, Carsote M, Trifanescu R, 
Terzea D, Neamtu OM, Danciulescu Miulescu R. The dedifferentiation 

of neuroendocrine tumor metastases: Myth or reality? Rom J Morphol 
Embryol. 2013; 54(1):201-3.

25. Dasari A, Shen C, Halperin D, Zhao B, Zhou S, Xu Y, Shih T, Yao 
JC.Trends in the Incidence, Prevalence, and Survival Outcomes in 
Patients With Neuroendocrine Tumors in the United States. JAMA 
Oncol. 2017; 3(10):1335-1342. 

26. Poiana C, Neamţu MC, Avramescu ET, Carsote M, Trifănescu R, 
Terzea D, Neamtu OM, Ferechide D, Danciulescu Miulescu R. The 
poor prognosis factors in G2 neuroendocrine tumor. Rom J Morphol 
Embryol. 2013; 54(3 Suppl):717-20.

27. Xie R, Fu KI, Chen SM, Tuo BG, Wu HC. Neurofibromatosis type 
1-associated multiple rectal neuroendocrine tumors: A case report and 
review of the literature. World J Gastroenterol. 2018;24(33):3806-3812. 

28. Curtis JJ, Vo NTK, Seymour CB, Mothersill CE. Serotonin and 5-HT3 
receptors sensitize human skin cells to direct irradiation cell death but 
not to soluble radiation-induced bystander signals. Environ Res. 2020 
Jan;180:108807. doi: 10.1016/j.envres.2019.108807. 

29. Dumitru N, Ghemigian A, Carsote M, Albu SE, Terzea D, Valea A. 
Thyroid nodules after initial evaluation by primary health care 
practitioners: an ultrasound pictorial essay. Archives of the Balkan 
Medical Union. 2016;51(3):434-438.

30. Poiana C, Carsote M, Ardeleanu C, Terzea D, Avramescu ET, Neamtu 
MC, Miulescu RD. The value of the immunohistochemistry in a case of 
gastric neuroendocrine tumor and thyroid metastasis. Rom J Morphol 
Embryol. 2011; 52(1):187-92.

31. Carsote M, Albu SE, Iorgulescu R, Dumitrascu A, Terzea D, Goldstein 
A, Poiana C. From vasomotor symptoms to solid and insular papillary 
thyroid cancer with oxyphil variant areas. Journal of Surgical 
Sciences. 2015;2(2):87-91.

32. Poiana C, Virtej I, Carsote M, Banceanu M, Sajin M, Stanescu B, 
Ioachim D, Hortopan D, Coculescu M. Virilising Sertoli-Leydig cell 
tumour associated with thyroid papillary carcinoma: Case report and 
general considerations, Gynecol Endocrinol 2010; 26(8):617-622. 


	_Hlk34195436



