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The etiology of vitiligo is still unclear. The aim is to investigate a neural and hormonal 
etio-pathology of vitiligo. Sixty acrofacial vitiligo patients were divided into two subgroups 
as active vitiligo patients group (AVPs; n = 35) and stable vitiligo patients group (SVP; 
n  =  25). Forty healthy subjects without any systemic or dermatological disease were 
used as controls. Blood samples were collected, and the samples were used for mea-
surement of free triiodothyronine (fT3), free thyroxine (fT4), thyroid-stimulating hormone 
(TSH), adrenocorticotrophic hormone (ACTH), cortisol, estrogen, testosterone, melatonin, 
and prolactin levels by ELISA, while norepinephrine (NE), epinephrine (Epi), dopamine 
(DA), homo-vanillic acid (HVA), serotonin, and 5-hydroxyindoleacetic acid (5-HIAA) by 
high-pressure liquid chromatography. The current results showed a significant increase 
in plasma levels of Epi, NE, DA, HVA, serotonin, 5-HIAA, melatonin, and in serum level of 
TSH and prolactin either in SVP or AVP groups than the control group and in AVP than 
SVP group. The serum levels of fT3 and fT4 were significantly decreased either in SVP or 
AVP groups than the control group. A significant increase in estradiol levels was observed 
in females within AVP than females in either SVP or control groups. There was a significant 
increase in serum level of cortisol in AVP than either SVP or control group. There was a 
significant decrease in serum level of ACTH in either AVP or SVP than control and in AVP 
than SVP group. In conclusion, there are some neural and endocrine markers that play 
a pivotal role in pathogenesis and/or consequences of vitiligo. The abnormally disturbed 
levels of theses markers lead to melanocyte destruction and/or depigmentation.

Keywords: vitiligo, thyroid hormones, autoimmune, estrogen, catecholamine, prolactin, melatonin

inTrODUcTiOn

Vitiligo (also known as leukoderma) is a chronic skin disease characterized by skin depigmentation 
disorder with well-defined asymptomatic white patches of different size and shape from skin. It 
is considered to have an autoimmune basis responsible for melanocytes destruction (1). Patients 
with stable diseases have the stability of depigmented patches while those with active diseases have 

Abbreviations: AVP, active vitiligo patient; SVP, stable vitiligo patient; T, total; F, female; M, male; fT3, free triiodothyronine; 
fT4, free thyroxine; TSH, thyroid-stimulating hormone; ACTH, adrenocorticotrophic hormone; NE, norepinephrine; Epi, 
epinephrine; DA, dopamine; HVA, homo-vanillic acid; 5-HIAA, 5-hydroxyindoleacetic acid; 5-HT, 5-hyroxytryptamine; MSH, 
melanocyte-stimulating hormone; H2O2, hydrogen peroxide; HPLC, high-performance liquid chromatography; BH4, tetrahy-
drobiopterin; BH2, dihydrobiopterin; ROS, reactive oxygen species; MAO, monoamine oxidase; CRF, corticotrophin-releasing 
factor; POMC, proopiomelanocortin; HPA, hypothalamic–pituitary–adrenal; NF-κB, nuclear factor kappa B.
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a speedy appearance of new lesions (2) and acrofacial vitiligo 
means the depigmentation in the face and distal extremities (3).

Several hypotheses have been proposed to explain the causes 
of melanocyte dysfunction. These include: an autoimmune 
mechanism (4), an altered tetrahydrobiopterin (BH4) homeostasis 
(5) psychological stressor (6) a neural hypothesis (7), hormonal 
changes and stressful hypothesis (8), and an imbalance between 
oxidative stress and antioxidant defense effect that affect melanin 
production (9) singularly or in combination.

The neural and stressful hypothesis of vitiligo etiology is sup-
ported by different findings. The level of catecholamines and their 
metabolites are released as a consequence of emotional and/or 
stressful events is considered as being strictly related to vitiligo (7). 
Moreover, skin cells also possess fully functional serotonin and mel-
atoninergic systems. Melatonin is a product of the multistep conver-
sion of l-tryptophan to serotonin and then melatonin. Melatonin 
synthesis is not restricted to the pineal gland, but was detected in 
several organs, including skin with the activity of a neurotransmit-
ter, antioxidant, modulation of melanogenesis, melanoma growth 
control, and global regulator of the circadian clock (10, 11).

Prolactin is a hormone secreted by the anterior pituitary gland 
and seems to have additional functions in skin biology and hair 
follicle growth as well. It is a growth factor for lymphocytes with 
the potential to stimulate immune responses at many levels (12).

It has been provided an evidence for the presence of oxidative 
stress and impairment in the antioxidant system in the skin and 
in blood cells of vitiligo patients (VP) that results in a free radical-
mediated damage in melanocyte (9). It is noted that the generation 
of hydrogen peroxide (H2O2) by estrogens can contribute to DNA 
damage, so it has been suggested that estrogens may be involved 
in the depigmentation process of vitiligo (13).

The skin is not only a classic source of vitamin D but also a place 
of synthesis and metabolism of several neuropeptides, including 
elements of hypothalamic–pituitary–adrenal (HPA) (14), and 
hypothalamic–pituitary–thyroid (15) axes. The only proopi-
omelanocortin (POMC) peptides with significant melanogenic 
activity play a fundamental role in the regulation of melanogenesis, 
including adrenocorticotrophic hormone (ACTH), α-melanocyte-
stimulating hormone (MSH), and β-MSH (16). Several studies 
have suggested that vitiligo is frequently associated with many 
other autoimmune diseases, such as thyroid disease (17).

The aim of the current study is to investigate possible relation-
ship between neuroendocrine disorders and etio-pathology of 
vitiligo by evaluating plasma and serum levels of norepinephrine 
(NE), epinephrine (Epi), dopamine (DA), homo-vanillic acid 
(HVA), serotonin (5-HT), 5-hydroxyindoleacetic acid (5-HIAA), 
melatonin, free triiodothyronine (fT3), free thyroxine (fT4), 
thyroid stimulation hormone (TSH), estradiol, testosterone, pro-
lactin, cortisol, and ACTH in blood samples of active and stable 
vitiligo subjects in a comparative study with healthy subjects.

MaTerials anD MeThODs

Patients and controls
Informed consent was obtained from 120 volunteers of both 
sexes. 20 out of 120 patients were excluded from the current study 

according to exclusion criteria and study limitation as mentioned 
later in material and methods parts. The included 100 volunteers 
were divided into two main groups; P, patient group (n = 60) and 
C, healthy control (n =  40) groups. Patients and controls were 
visited by dermatologist (at specialized vitiligo outpatient service 
between January 2017 and August 2017, Dermatology, Andrology 
& STDs department, University Hospital, Faculty of medicine, 
Al-Azhar University, Assuit branch), to confirm the existence or 
absence of vitiligo.

Sixty acrofacial VP of both sexes were subdivided into two 
subgroups as active vitiligo patient (AVP), active (n  =  35; 15 
male and 20 female with duration average 2–4  months) and 
stable vitiligo patient (SVP), stable (n  =  25); 10 male and 15 
female with stabilized disease from at least 2 years. Male subjects 
(n = 25), ranged in age (mean ± SEM = 34.76 ± 2.05 years; mini-
mum = 21 years; maximum = 46 years, median = 35 years) and 
females (n = 35) ranged in age (mean ± SEM = 32.49 ± 1.48 year
s; minimum = 22 years; maximum = 44 years, median = 33 years). 
Their BMI was recorded (25 male; mean ± SEM = 23.24 ± 0.54; 
minimum = 20; maximum = 30, median = 23, and 35 female; 
mean ± SEM = 24.17 ± 0.30; minimum = 20; maximum = 29, 
median = 24).

The activity, or progression, of vitiligo was defined as devel-
opment of new lesions or extension of old lesions during the 
3 months before examination by a questionnaire (Do you think 
that vitiliginous patches are spreading and newly formed now?) 
on the history of the disease taken during each patient’s first visit 
to department of Dermatology, Andrology & STDs. The duration 
of vitiligo and family history of vitiligo were noted and extent of 
the vitiligo lesions was scored.

Forty healthy subjects includes 15 male ranged in age (me
an  ±  SEM  =  30.73  ±  2.48  years; minimum  =  18  years; maxi-
mum = 42 years, median = 33 years) and 25 female ranged in 
age (mean ± SEM = 32.04 ± 2.01 years; minimum = 20 years; 
maximum  =  44  years, median  =  33  years) without any sys-
temic or dermatological disease, were used as controls. Their 
BMI was recorded (15 male; mean  ±  SEM  =  21.13  ±  0.68; 
minimum = 17; maximum = 27, median = 21, and 25 female; 
mean ± SEM = 22.68 ± 0.67; minimum = 16; maximum = 29, 
median = 23). Sex and age were matched between the VPs and 
healthy control groups. Almost all the controls were companions 
of patients to the centers.

exclusion criteria and study limitation
Patients were excluded if had any chronic hepatic, sleep, brain, 
and/or kidney disorders, seizure. The post-menopausal, pregnant 
as well as breast feeding women, which have already changes 
ordinary serum hormone concentrations also were excluded. In 
addition, patients using oral contraceptives, DA receptor block-
ers, atypical antipsychotics, metoclopramide, methyldopa, and 
addicts were excluded. 20 out of 120 patients were excluded from 
the current study according to this criteria and limitation.

All females in patients and controls were in the luteal phase 
of their menstrual period at blood sampling. Moreover, all the 
patients were free of medications for at least a week before par-
ticipating in the study. Both patients and controls were avoided 
food and beverages known to affect catecholamine metabolism 

https://www.frontiersin.org/Endocrinology/
https://www.frontiersin.org/
https://www.frontiersin.org/Endocrinology/archive


3

Kotb El-Sayed et al. Neural and Endocrinal Pathobiochemistry of Vitiligo

Frontiers in Endocrinology | www.frontiersin.org April 2018 | Volume 9 | Article 197

for at least 24 h both before and throughout the sample collection 
period. Controls neither had exclusion criteria nor had vitiligo 
diagnosis at the time of study.

Preparation of Blood samples
Fasting 12 ml of blood were taken from the cubital median vein 
of the patients and controls and divided into two aliquots (6 mL 
for each). Circadian variations were avoided by always drawing 
samples between 8:00 a.m. and 9:00 a.m.

Serum
The first aliquot was immediately centrifuged 2,000  rpm for 
10 min at 4°C. Supernatant serum was divided into eight micro 
tubes and was separately stored in −80°C before measurement of 
serum fT3, fT4, TSH, ACTH, cortisol, estrogen, testosterone, and 
prolactin levels by ELISA.

Plasma
The second aliquot placed into tubes was washed with heparin. 
The blood samples were centrifuged at 1,000 rpm for 10 min at 
4°C. The upper plasma phases were carefully pipette and trans-
ferred into seven polypropylene micro tubes and stored at −40°C 
until assay. Plasma levels of NE, Epi, DA, HVA, serotonin, and 
5-HIAA were evaluated by high-pressure liquid chromatography 
and electrochemical detection (HPLC-ECD). The plasma samples 
not subjected to more freeze–thaw cycles once they have been 
prepared readily for the HPLC assay. Melatonin was estimated 
by ELISA kit.

Methods
Determination of Melatonin, fT3, fT4, TSH, Estradiol, 
Testosterone, Prolactin, Cortisol, and ACTH
Serum prolactin was measured by prolactin Human ELISA kit 
(Cat. No. ab108655, Abcam, UK), melatonin was measured by 
melatonin ELISA kit (Cat. No. ab213978, Abcam, UK), TSH 
was measured by TSH Human ELISA kit (Cat. No. ab108660, 
Abcam, UK), fT3 was measured by fT3 Human ELISA kit (Cat. No. 
ab108663, Abcam, UK), fT4 was measured by fT4 Human ELISA 
kit (Cat. No. ab108686, Abcam, UK), Estradiol was measured 
by Estradiol E2 Human ELISA kit (Cat. No. ab108640, Abcam, 
UK), testosterone was measured by testosterone Human ELISA 
kit (Cat. No. ab174569, Abcam, UK), Cortisol was measured by 
Cortisol Human ELISA kit (Cat. No. ab108665, Abcam, UK), 
and ACTH was measured by Human ACTH ELISA kit (Cat. No. 
MBS2511227, MyBioSource. Inc., San Diego, CA, USA).

Determination of Catecholamines, Serotonin, and 
Their Metabolites
Plasma levels of NE, Epi, DA, HVA, serotonin, and 5-HIAA were 
measured by HPLC-ECD (18), after de-proteinization of plasma 
samples with perchloric acid. Chromatographic separation was 
carried out on Column—HR-80 (RP—C18), 4.6 mm × 80 mm; 
3 mm; 120A (ESA, Inc.). The mobile phase consisted of 100 mM 
LiH2PO4, 1.5 mM 1-octanesulfonic acid (OSA, ion-pair reagent, 
SigmaUltra, Sigma-Aldrich), 10% (v/v) methanol (HPLC grade, 
J. T. Baker, Phillipsburg, NJ, USA) and was delivered at a flow rate 

of 1.0 mL/min. The electrochemical detector (ECD), Coulochem 
II-ESA Model 5200A equipped with conditioning (ESA Model, 
5021) and analytical cell (ESA Model, 5011), was used at applied 
potential (millivolts); conditioning cell  =  +10; analytical cell, 
E1 = +50; E2 = +340. Recoveries of the assay were between the 
range of 96 and 105% and the precision (six repeats) was between 
the ranges of 2.0 and 3.6%.

Some of parameter units were converted from the units pro-
vided in manufacturer’s product datasheet to these units, such 
as fT3.

statistical analysis
All results were expressed as mean ± SEM. Statistical analysis for 
all studied parameters were performed using a one-way analysis 
of variance followed by Bonferroni posttests multiple comparison 
tests [vs. Controls and vs. SVP between columns (male vs. male, 
female vs. female, and/or total vs. total) and within each group 
(male vs. female)]. All analyses, statistical calculations, and 
the graph were performed using computer program GraphPad 
Prism Software version 5.0 (GraphPad Software, San Diego, CA, 
USA). The values were considered as statistically significant when 
p < 0.05.

resUlTs

The current study was limited to active and stable acrofacial 
VP (Figure 1). Individual data are listed in supplemental table. 
The data of the current study showed the significant increase 
in plasma levels of both Epi and NE either in stable or active 
vitiligo groups than the control group and in active vitiligo 
group than stable vitiligo group (p  <  0.001), their levels in 
males were higher than females within all groups except within 
a stable vitiligo group (Table 1; Figure 2). The plasma levels of 
both DA and HVA were significantly increased either in stable 
or active vitiligo groups than the control group (p < 0.001) and 
in active than stable vitiligo group (p  <  0.01 and p  <  0.001, 
respectively), but there was no significant difference between 
their levels in females of active group when compared with 
females of stable vitiligo group (b). Their levels in males were 
higher than females within all groups, but no effect of the sex 
on HVA levels within in both stable vitiligo group and control 
groups (Table 1; Figure 2).

The plasma levels of serotonin, 5-HIAA, and melatonin were 
significantly increased either in stable vitiligo group or active 
vitiligo group than the control group (p < 0.001) and in active 
vitiligo group than stable vitiligo group (p < 0.001). The levels 
of both serotonin and melatonin in females were significantly 
higher than males within all groups, while no effect of the sex on 
5-HIAA levels within all studied groups. There was no significant 
difference between 5-HIAA levels in males of active vitiligo group 
when compared with males of stable vitiligo group (b) (Table 1; 
Figure 3).

The serum levels of fT3 and fT4 were significantly decreased 
either in stable vitiligo group or active vitiligo group than the 
control group (p  <  0.001) while no significant difference (b) 
between active vitiligo group and stable vitiligo group groups. 
The levels fT3 in males were significantly higher than females 
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within all groups, while no effect of the sex on fT4 levels within all 
studied groups. The serum levels thyroid-stimulating hormone 
(TSH) was significantly increased either in stable vitiligo group or 
active vitiligo group than the control group and in active vitiligo 
group than stable vitiligo group (p < 0.001). The levels TSH in 
females were significantly higher than males within all (Table 2; 
Figure 4).

There was no significant difference in estradiol levels when 
either stable vitiligo group or active vitiligo group compared with 
control group (a), or when active vitiligo group compared with 
stable vitiligo group, except a significant increase in estradiol 
levels was observed in females within active vitiligo group than 
females in either stable vitiligo group or control groups. There 
was a significant decrease in testosterone levels in serum of 
males in either active vitiligo group or stable vitiligo group when 
compared to controls, and in active vitiligo group than stable 
vitiligo group; therefore, there was no significant difference in 
testosterone level between males and females in the active vitiligo 
group (Table 2; Figure 5).

The serum prolactin level was significantly increased in either 
stable vitiligo group or active vitiligo group when compared with 
control and in active vitiligo group than stable vitiligo group 
(p  <  0.001) with non-significant difference in prolactin levels 
between males and females within a stable vitiligo group (Table 2; 
Figure 5).

There was no any significant difference in serum level of 
cortisol between stable vitiligo group and control group (a), 
while there was a significant increase in serum level of cortisol 
in active vitiligo group than either stable vitiligo group or con-
trol group (p < 0.001). Within all studied groups, the cortisol 
levels were higher in females than males. There was a significant 
decrease in serum level of ACTH in either active vitiligo group 
or stable vitiligo group than control and in active vitiligo group 
than stable vitiligo group (p < 0.001). Within all studied groups, 
the ACTH levels were higher in males than females (Table 2; 
Figure 6).

DiscUssiOn

The etiology of vitiligo is still complexed and unclear. Several theo-
ries were proposed to explain the loss of melanocyte function (19). 
The current study focused on a neural and hormonal hypothesis. 
As consequences of neural and endocrinal disturbances, we will 
discuss here other interrelated causes including; an autoimmune 
mechanism, an altered tetrahydrobiopterin (BH4) homeostasis 
(5), psychological stressors (6), and defective-free radical defense 
on melanin production (9).

Neural factors as well as emotional and/or stressful events 
seem to play a pivotal role in vitiligo onset or exacerbation. 
Schallreuter (20) revealed that human keratinocytes are fully 
able to synthesize and degrade catecholamines. Tyrosine was con-
verted into melanin and catecholamine type neurotransmitters 
(neural signaling molecules DA, NE, Epi, etc., that control both 
central and peripheral nervous systems by a tyrosine hydroxylase 
enzyme) (21).

The results of the current study showed the significant increase 
in plasma levels of both Epi and NE in vitiligo groups than 
controls but, in active than stable vitiligo, their levels in males 
were higher than females within all groups except within stable 
vitiligo (Table 1; Figure 2). Many studies of VP have confirmed 
this neural hypothesis. The depigmented areas tend to sweat less, 
and to have different temperature regulation, electrical resistance, 
and other related neural dysfunctions in the skin (20). So, this 
increased level of Epi and NE in VP, possibly due to a stress-
induced secretion and their levels may play a role in appearance 
of depigmented patches as reported in many studies irrespective 
of the type of vitiligo (22).

In context, the relationship between increased catecholamine 
levels and depigmentation was illustrated by a biochemical 
hypothesis [an abnormal function of the metabolic system of 
biopterins related to high levels of the (6R)-l-erythro 5,6,7,8-tet-
rahydrobiopterin (6BH4) and its isomer 7BH4 in vitiligo epider-
mis related to increased catecholamine biosynthesis on expense 
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of melanin and formation of micromolar levels of H2O2, which 
is toxic for melanocytes (23)] and by autoimmune hypothesis 
(where a damaged melanocyte triggers an autoimmune reaction 
bringing on its own destruction) (4). Moreover, biopterins act as 
inhibitors of the enzymes involved in melanogenesis (namely, 
phenylalanine hydroxylase and tyrosinase) (24).

In context, stress products such as reactive oxygen species 
(ROS) can be produced by exogenous and endogenous stimuli 
such as catecholamine. In addition, abnormally increased cat-
echolamine can produce vasoconstriction leading to epidermal–
dermal hypoxia, and possibly oxidized by different oxidative 
systems with formation of quinones, semiquinone radicals, and 
oxyradicals. However, local and systemic high levels of H2O2 
produced by catecholamine are able to alter calcium homeosta-
sis, so perturbing the uptake of l-phenylalanine, the amino acid 
precursor of tyrosine in melanocytes. It is reasonable to suggest 
that the increased levels of these oxidative radicals from oxida-
tion of monoamine and their metabolites might contribute to 
melanocyte damage in the early phase of vitiligo (24, 25).

The plasma levels of both DA and HVA were significantly 
increased either in vitiligo groups than the control group but in 
active than stable group. Their levels in male were higher than 
female within all groups, but no effect of the sex on HVA levels 
within in both SVP and control groups (Table  1; Figure  2). 
Irrespective of the type of vitiligo, the current results in agree-
ment with many studies (22), but in patients at recent onset of the 
disease than chronic sufferers.

DA is a well-known neurotoxin inducing oxidative stress and 
is thought to be the most potent toxic monoamine (compared 
with NE, Epi, and 5-HT) in inducing apoptosis of neuronal cells 
as well as in human melanocytes (26). This demonstrates the 
relationship between increased DA level and vitiligo.

In contrast to the results of the current study and the above-
mentioned studies, Orecchia et al. (27) failed to find significant 
increases in the levels of plasma catecholamines and their 
metabolites in patients with generalized and acrofacial vitiligo. 
However, these patients were not subdivided according to the 
recent onset (<1 year) or progression of disease.

Skin cells have fully functional serotonin and melatoninergic 
systems and express steroidogenic activity. Melatonin modulates 
melanogenesis (11) and exhibits a number of properties that 
involved in stress–response system of the skin (28). There is a 
complex relationship between skin pigmentary function and 
5-HT.

The plasma levels of serotonin, 5-HIAA, and melatonin in the 
current study were significantly increased either in vitiligo groups 
than the control group and in active than stable group. The levels 
of both serotonin and melatonin in females were significantly 
higher than males within all groups while no effect of the sex on 
5-HIAA levels within all studied groups (Table 1; Figure 3).

The current results in the same line with many investigators 
suggested that melanin synthesis was disrupted by anomalies 
of the melatonin receptor. The activated receptors of—or the 
increased output of—melatonin at peripheral nerve endings in 
the skin lightens the color of pigment cells and decreases new 
melanin formation causing vitiligo (29). So, melatonin can 
inhibit melanin synthesis without affecting the first steps of 
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FigUre 3 | Plasma levels of serotonin (a), 5-HIAA (B), and melatonin (c) in vitiligo patients compared with control subjects. Values expressed as mean ± SEM. 
***p < 0.001 significant vs. Control. ###p < 0.001 significant vs. SVP, b; non-significant vs. SVP (between groups Total vs. Total; Male vs. Male; Female vs. Female). 
NS; is a non-significant within group (Male vs. Female). Abbreviations: C, control; SVP, stable vitiligo patient; AVP, active vitiligo patient; M, male; F, female; T, total; 
5-HIAA, 5-hyroxyindoleacetic acid.

FigUre 2 | Plasma levels of epinephrine (a), norepinephrine (B), dopamine (c), and HVA (D) in vitiligo patients compared with control subjects. Values are 
expressed as mean ± SEM. ***p < 0.001 significant vs. Control. ##p < 0.01, ###p < 0.001 significant vs. SVP, b; non-significant vs. SVP (between groups Total vs. 
Total; Male vs. Male; Female vs. Female). NS is a non-significant within group (Male vs. Female). Abbreviations: C, control; SVP, stable vitiligo patient; AVP, active 
vitiligo patient; M, male; F, female; T, total; HVA, homo-vanillic acid.
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melanogenesis (30). Abnormal activation of the melatonin recep-
tor can occur because of an increased release of catecholamines 
and other neurotransmitters (31).

In the same line with the current study, the higher 5-HIAA lev-
els, also noted by Chakraborty et al. (32). in the urine of vitiliginous 
patients, can be explained by considering that (a) this metabolite 
of 5-HT is a product of monoamine oxidase (MAO)-A activity; 
(b) another MAO-A compound (HVA) showed significantly 
higher levels in VP; and (c) a significant relationship between 
5-HIAA and HVA was found. Thus, these data would further sup-
port the hypothesis of increased MAO-A activity in vitiligo and in 
agreement with current results of serotonin, 5-HIAA, and HVA. 
However, 5-HT dose dependently inhibits melanin production 
and tyrosinase activity in human SK-MEL-188 melanoma cells 
(33). In contrast to the current study, the content of 5-HT in 
blood was decreased in patients with vitiligo as compared with 
healthy persons (34).

In literature, circulating antibodies to melanocytes were 
detected in VP (35). Vitiligo is associated with autoimmune 
disorders; this indirectly supports the idea of an autoimmune 
pathogenesis of the disease (36). Prolactin seemed to have more 
functions in skin biology and hair follicle growth as well (37). The 
serum prolactin level was significantly increased in either SVP or 
AVP when compared with control and in AVP than an SVP group 
with non-significant difference in prolactin levels between males 
and females within an SVP group (Table 2; Figure 5). The result of 
the current study supports the link between endocrine hypothesis 
and autoimmune hypothesis in vitiligo etio-pathology. Prolactin 
is a growth factor for lymphocytes with the potential to stimulate 
immune responses against melanocytes (38).

The disturbance of melanocyte homeostasis due to eczema, 
vitiligo, and during pregnancy is should be considered for 
illustration of real pathogenesis of skin depigmentation (39). In 
the current study, there was no significant difference in estradiol 
levels when either SVP or AVP compared with control group (a), 
or when AVP compared with SVP, except significant increase in 
estradiol levels was observed in females within AVP than females 
in either SVP or control groups (Table 2; Figure 5). Hence, pres-
ence of oxidative stress particularly H2O2 increase in the skin and 
even in blood cells of VP as stated by Rokos et al. (40), is possibly 
due to increased levels of estrogens (as observed in the current 
study) and this possibly involved in the depigmentation process 
of vitiligo as reported by Anderson et  al. (41). In addition, an 
important enzymes, such as BH2 reductase (EC 1.6.99.7), which 
was involved in the recycling of the important cofactor (6R)-l-
erythro-5,6,7,8-BH4 and was deactivated through oxidation of 
important residues in its structures by H2O2 (23, 24).

However, melisma (grayish brown facial pigmentation) may 
often appear in non-pregnant women using oral contraceptive 
pills which contain only steroid hormone analogs (42), suggesting 
that skin pigmentation in humans could be controlled by a factor 
other than α-MSH such as estrogen. So, estrogen acts as ligands 
and affects melanin pigment production through its receptors on 
melanocytes (43).

Different from the current results, females at child-bearing age 
due to high estrogen concentration might be less prone to vitiligo 
as reported by Kang and Ortonne (44).

The lack of fertility and vitiligo were linked to each other. 
In male hypogonadism, testosterone hormone production is 
inadequate, which leads to infertility (45). There was significant 
decrease in testosterone levels in serum of males in either AVP or 
SVP when compared to controls, and in AVP than SVP, therefore 
there was no significant difference in testosterone level between 
males and females with AVP group (Table 2; Figure 5). Here, a 
decrease in testosterone levels in VP, possibly due to emotional 
distress and low self-esteem (46) that affects sexual life of the 
patients (47).

The skin is not only a classical source of vitamin D but also 
a place of synthesis and metabolism of several neuropeptides, 
including elements of hypothalamic–pituitary–thyroid (15) axes. 
Several studies have suggested that vitiligo is often associated 
with many other autoimmune diseases, including thyroid disease. 
Vitiligo commonly coexists with such diseases in a maximum of 
20% of cases (48).

The serum levels of fT3 and fT4 were significantly decreased 
either in VP than the control group in spite of type of vitiligo. The 
levels fT3 in males were significantly higher than females within 
all groups while no effect of the sex on fT4 levels within all studied 
groups. The serum levels TSH was significantly increased either 
in VP than the control group and in AVP than SVP. The levels 
TSH in females were significantly higher than males within all 
groups (Table 2; Figure 4).

This decrease in thyroid hormone levels in blood of VP, pos-
sibly due to autoimmune hypothyroidism due to a strict interplay 
between oxidative stress and immune system, affect skin too, as 
observed in the form of conditions such as dermatitis, urticaria, 
and vitiligo as reported in many studies (49). These studies show 
prevalence of thyroglobulin and thyroid peroxidase b antibodies 
in VP than non-vitiligo controls, but in females than males (50).

In addition, tyrosine is an essential for biosynthesis of thy-
roid hormone, is its deficiency leading to thyroid malfunction? 
From abovementioned results about increased catecholamines 
levels in VP’ blood, it was predicted that thyroid hormones levels 
decreased due to an increase in catecholamine biosynthesis from 
tyrosine on expense of thyroid hormones. Moreover, an abnormal 
level of testosterone has a role in hypothyroidism in studied 
vitiligo groups as reported by Bahrami et al. (51) who stated that 
testosterone has beneficial effect on thyroid functions in rodent 
model. In the same line with the results of the current study, 
Biswas et al. (52) conclude that vitiligo usually precedes the onset 
of thyroid dysfunction. Kasumagic-Halilovic et al. (17) reported 
significantly higher frequency of autoimmune thyroiditis in girls 
and in the patients with long duration of generalized vitiligo.

On the other hand and with disagreement with the current 
results, the vitiligo correlated with the thyroid disturbance such 
as Hashimoto’s disease and Graves’ disease is very strong (53).

The skin is not only a classic source of vitamin D but also a 
place of synthesis and metabolism of several neuropeptides, 
including elements of HPA (14) axes.

Stress causes the release of corticotrophin-releasing factor 
(CRF) from brain hypothalamus and skin. Binding of CRF to the 
receptors on pituitary gland stimulates production of POMC and 
its further proteolytic processing to adrenocorticotropin (ACTH), 
α-MSH, lipotropins (LPH), and β-endorphin, all are secreted by 
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anterior pituitary and ACTH is the prominent hormone respond-
ing to stress. ACTH stimulates the adrenal cortex to produce 
cortisol, a glucocorticoid (54). Melanin synthesis is regulated by 
α-MSH elaborated from POMC (55). So, it can be concluded that 
melanin synthesis is a process regulated by an array of hormones, 
and disruption of any of them can interrupt the pigment genesis. 
It has long been known that MSH and ACTH play a fundamental 
role in regulation of melanogenesis (56). On the other hand, 
MSH activates melanin synthesis in melanocytes by interaction 
of MC1R receptor (57).

The current results showed no any significant difference in 
serum level of cortisol between SVP and control group (a), while 
there was a significant increase in serum level of cortisol in AVP 
than either SVP or control group. Within all studied groups, the 
cortisol levels were higher in females than males. There was a 
significant decrease in serum level of ACTH in either AVP or 
SVP than control and in AVP than SVP group. Within all studied 
groups, the ACTH levels were higher in males than females 
(Table 2; Figure 6).

From abovementioned results of the current study, we hypoth-
esized that CRF, POMC, ACTH, and MSH possibly feedback 
inhibited by higher levels of cortisol in VP, so decrease melanin 
biosynthesis in the skin. In addition, a predicted decreased 
level of CRF affects the role nuclear factor kappa B (NF-κB) in 
human keratinocytes as regulator of immune response (58, 59). 
Moreover, ROS produced by estrogen and catecholamine are able 
to oxidize and inhibit the activity of POMC-derived bioactive 
peptides ACTH and α-MSH leading to skin depigmentation.

Considering a comparison of neuro-endocrinal regulation 
between active and stable VP groups; a significant increase in 
plasma levels of Epi, NE, DA, HVA, serotonin, 5-HIAA, mela-
tonin, prolactin, cortisol, and TSH was observed in AVP than 
SVP group. In addition, a significant increase in estradiol levels 
(in females) and a significant decrease in testosterone levels (in 
males) were noted within AVP than SVP. Moreover, there was a 
significant decrease in serum level of ACTH in AVP than SVP 
group. All these findings lend credence to the hypothesis that 
active vitiligo melanocytes are more prone to neuro-endocrinal 
changes than stable vitiligo. The neural hypothesis is compatible 
with many studies including Morrone et al. (60) and Cucchi et al. 
(22), who reported significant increases in the plasma and urinary 
concentrations of the catecholamine metabolites in active VP. The 
explanation for the differences in the results between stable and 
active vitiligo subgroups is possibly attributed to the communica-
tion between endocrine, nervous, and immune systems through 
hormonal neuropeptide route and to their adaptation with stress 
factors causing vitiligo disease for the maintenance of a homeo-
static balance within the body and good health. This explanation 
supported by conclusion of Taub (61). The current study is 
possibly the first study to observe the endocrinal differences in 
all studied hormones between the active and stable vitiligo with 
notation that there was no significant difference between AVP 
and SVP groups about levels of fT3 and fT4.

Based on the previous studies and the data of the current 
study, we conclude that the pathogenesis of vitiligo is multifacto-
rial owing to psychic stress, autoimmune, endocrinal, neural, 
oxidative stress, and many biochemical factors. Considering 
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FigUre 4 | Serum levels of fT3 (a), fT4 (B), and TSH (c) in vitiligo patients compared with control subjects. Values expressed as mean ± SEM. ***p < 0.001 
significant vs. Control. ###p < 0.001 significant vs. SVP, b; non-significant vs. SVP (between groups Total vs. Total; Male vs. Male; Female vs. Female). NS is a 
non-significant within group (Male vs. Female). Abbreviations: C, control; SVP, stable vitiligo patient; AVP, active vitiligo patient; M, male; F, female; T, total; fT3, free 
triiodothyronine; fT4, free thyroxine; TSH, thyroid-stimulating hormone.

FigUre 5 | Serum levels of estradiol (a), testosterone (B), and prolactin (c) in vitiligo patients compared with control subjects. Values expressed as mean ± SEM. 
*p < 0.05, ***p < 0.001 significant vs. Control. ###p < 0.001 significant vs. SVP, a; non-significant vs. control, b; non-significant vs. SVP (between groups Total vs. 
Total; Male vs. Male; Female vs. Female). NS is a non-significant within group (Male vs. Female). Abbreviations: SVP, stable vitiligo patient; AVP, active vitiligo patient; 
M, male; F, female; T, total.
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FigUre 7 | Diagrammatic illustration of possible neuro-endocrinal pathogenesis of vitiligo. Abbreviations: NE, norepinephrine; Epi, epinephrine; T3, triiodothyronine; 
T4, thyroxine; TSH, thyroid-stimulating hormone; CRF, corticotrophin-releasing factor; TRF, thyrotrophic-releasing factor; MSH, melanocyte-stimulating hormone; 
POMC, proopiomelanocortin; NF-κB, nuclear factor kappa B; BH4, tetrahydrobiopterin; BH2, dihydrobiopterin; ACTH, adrenocorticotrophic hormone; HVA, 
homo-vanillic acid; HIAA, hydroxyindoleacetic acid; H2O2, hydrogen peroxide; Phe-Ala-OHase, phenylalanine hydroxylase. ↑ and +, increase or activate, ↓ or −, 
decrease or inhibits, the solid lines mean above the page plane, whereas the dotted lines mean below page plane to differentiate between the beginning and the 
end of each arrow.

FigUre 6 | Serum levels of cortisol (a) and ACTH (B) in vitiligo patients compared with control subjects. Values expressed as mean ± SEM. ***p < 0.001 significant 
vs. Control. ###p < 0.001 significant vs. SVP, a; non-significant vs. control, b; non-significant vs. SVP (between groups Total vs. Total; Male vs. Male; Female vs. 
Female). Abbreviations: SVP, stable vitiligo patient; AVP, active vitiligo patient; M, male; F, female; T, total; ACTH, adrenocorticotrophic hormone.
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neural and endocrinal hypothesis, the different types of stress 
stimulates catecholamine synthesis from tyrosine on expense of 
both melanin and thyroid hormones biosynthesis, leading to skin 
depigmentation and hypothyroidism. Increased catecholamines 
stimulate melatonin biosynthesis or activate its receptors on 

skin resulting in a decrease in melanin biosynthesis. Moreover, 
increased levels of catecholamines, DA, estrogen, and prolactin 
(62) result in hyper-production of H2O2 that leads to either 
induction of immune response against melanocytes (depigmen-
tation) or inhibition of BH2 reductase and BH4 cofactor (reduced 
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pigmentation). In addition, stress-induced cortisol hypersecre-
tion is inhibited by feedback regulation of CRF, POMC, ACTH, 
and MSH related to abnormally low pigmentation of skin and/or 
the changes of CRF effects on NF-κB immune response, resulting 
in melanocyte destruction (Figure 7).

The present study possibly introduces a new efficient strategy 
for attenuation of vitiligo progress and improvement of vitiligo 
treatment, so we recommend that any dermatologist should 
take the neurological, psychological, and endocrine disorders 
into account because the possible causes associated with vitiligo 
disease are able to control the progress of the disease, turn it 
quickly from active to stable state and improve vitiligo treatment. 
Collectively, we can address these neuro-endocrinal disorders 
associated with vitiligo formation.
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