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Abstract

BACKGROUND: Molecular genetics suggest that hair pigmentation is related to the melanocortin-1 receptor gene. Itis
a G protein-coupled receptor, which is activated by a number of peptides to stimulate melanogenesis. Melanocortin-1
receptor gene mutation tends to produce functional variability in premature hair graying (PHG) or canities.

AIM: Therefore, the objective of this study was to determine melanocortin-1 receptor expression and asses serum
melanin in college students canities at Universitas Sumatera Utara.

METHODS: This study was a cross-sectional design. We recruited 80 subjects equally divided into normal (control)
and premature hair graying groups. The sample included males, aged 25 years who had gray hair and had no history
of pigmentary disorders of the skin. Expression of melanocortin-1 receptor was detected with conventional PCR and
serum melanin was measured with Elisa using Elisa kit melanin for human.

RESULTS: The results showed that the Mean + SD graying age was 20.28 + 1.99 years with an age range of
19-24 years and the average age in the control group was 21.25 = 2.02 years with an age range of 18-24 years.
Melanocortin-1 receptor gene expression was shown in the control and PHG groups. Serum melanin levels were
decreased significantly (p = 0.0001) in the gray-haired group was 9.27 + 1.62 ug/dl and the control group was
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10.72 + 1.78 pg/dl.

levels were low significantly.

Introduction

Healthy hair is a sign of general well-being
and youth. Hair is a great esthetic tool and a means of
nonverbal communication. Hair color and style describe
a person’s physical appearance and can change his
body image [1]. Canities (hair graying) has a negative
impact on a person, reducing one’s self-confidence,
because gray hair is a sign of aging [1]. Premature
graying of hair (PHG) occurs prematurely, before
the age of 20 in Caucasians, 25 in Asians, and 30 in
Africans [2].

Gray hair is physiologically associated with a
progressive loss of pigment-producing cells. The genetic
factor plays arole in hair color variations. Melanocortin-1
receptor (MC1R) interacted with other peptides to
modify the penetration of this variant and expressed
on the surface of skin and hair melanocytes. Red hair
is associated with coding variations in the MC1R45
gene [3]. A previous study showed that loss of MC1R
signaling resulted in the inability to produce eumelanin
that causes yellow or red pigment [4]. Melanocortin-1
receptor is a G-protein-coupled receptor, binds to other
peptides, pro-opiomelanocortin (POMC), a-melanocyte
stimulating hormone (a-MSH), and adrenocorticotropic

CONCLUSION: Melanocortin-1 receptor gene plays a role in hair graying at young age and there serum melanin

hormone (ACTH), induce a melanogenic cascade that
results in the production of dark eumelanin, which is
then packaged into vesicles called melanosomes, for
transport to epidermal keratinocytes which provide
protection against ultraviolet radiation. The migration
of melanosomes to keratinocytes in hair follicles also
gives the growing hair its color [3].

Variants of the MC1R gene are also
associated with an increased risk for the development
of cutaneous melanoma [5]. The MC1R gene variant is
also associated with phenotypical features such as fair
skin and red hair that carry a higher risk for melanoma
and non-melanoma skin cancers [6]. Considering this
association, the MC1R gene is very important as a
susceptibility gene for sunburn, photo-aging, and skin
melanoma [7].

Previous studies had suggested the factors
associated with gradual loss of pigmentation to include
exhaustion of enzyme involved in melanogenesis,
impaired DNA synthesis, loos of telomerase, antioxidant
mechanism, and anti-apoptotic signals that all may
contribute in part to hair graying [8].

Different variants of the MC1R gene can lead
to altered ligand binding, altered function, or loss of
ligand function. The effect of MC1R on melanogenesis
is mediated through activation of adenylate cyclase to
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increase cyclical levels of adenosine monophosphate
after binding with o-MSH and ACTH. The loss of
functional variants may lead to reduced cyclic adenosine
monophosphate production after stimulation with
o-MSH resulting in increased levels of pheomelanins
which are predominantly found in individuals with fair
skin and red hair and which may contribute to the
increased risk of cancer by generating free radicals by
ultraviolet exposure [6], [7]

Based on the data above, many studies on
PHG found an associated with genetics, but the study
in Indonesia and in North Sumatra in particular did
not been find. Therefore, the aim of this study was to
provide an overview, of which risk factors are dominant
in early graying of hair at a young age, particularly of
college students at Universitas Sumatera Utara (USU).

Materials and Methods

This study was a cross-sectional design with
80 samples of the college students at the Universitas
Sumatera Utara (USU) area such as Faculty of Medicine,
Dentistry, Engineering, Public Health, Mathematics and
Natural Science, Agriculture, and Politeknik Negeri
Medan. The protocol of this study was approved by
the Medical Ethics Committee at Universitas Sumatera
Utara.

Study subjects

These included forty respondents with PHG
and 40 healthy controls with normal hair. The inclusion
criteria were male sex, below 25 years old, with gray
hair and not have skin pigmentation disorders. Written
informed consent was taken from all respondents. The
questionnaires including onset, location, and numbers of
graying hair were collected. The MC1R expression was
detected with PCR and the serum melanin was assessed
by Elisa. The data were analyzed with independent t-test
with P< 0.05 was considered significant.

Results

The mean = SD age of cases was 20.28 +
1.99 years and the age range was 19-24 years, whereas
the control was 21.25 £ 2.02 years and 18-24 years,
respectively.

In this study, majority of the gray areas were
parietal regions (50%), followed by more than one
region, frontal, occipital, and temporal regions which
were 17%, 15%, 13%, and 5%, respectively (Figure 1).

Location of PHG

M Parietal

M > one location
[ Frontal

B Occipital

B Temporal

Figure 1: Distribution of PHG areas.
In addition, this study showed that the

expression of MC1R gene was positive in control and
PHG groups (Figure 2).

Figure 2: Expression of MC1R in control group (A) and PHG group (B)

Table 1 showed that serum melanin level was
significantly lower in PHG (9.27 + 1.62 ug/dl) than in
control group (10.72 £ 1.78 ug/dl) (p = 0.0001).

Table 1: The level of serum melanin in PHG and control groups

Group Level of serum melanin serum (ug/dl) p
Mean and SD N

Control 10.72+£1.78 40 0.0001

PHG 9.27 +1.62 40

Discussion

Canities (hair graying) is an age-related loss of
pigmentation (melanin) from hair. It is one of the most
unique traits in humans ranging from black, brown, and
blonde to red. It is modulated by genetic, oxidative,
senescence-associated, metabolic, and nutritional
factors. Human hair color is caused by the melanin
pigment produced by melanocytes which are derived
from the neural crest. Human hair follicles contain two
types of melanin eumelanin and pheomelanin [1].

Till today, the pathogenesis of canities remains
incompletely understood. A hypothesis that pH and
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cysteine level of melanosome play critical roles in
determining the course of mixed melanosome leading
to dark, light, or red hair phenotype has been proposed
causes of diversity of human pigmentation [8]. Few
studies had also reported that environmental factors
(such as ultraviolet light and climate), smoking,
drugs, deficiencies of trace elements, and nutritional
deficiencies also play a role in PHG [9], [10], [11].

This study was continued of the previous
studied to detect risk factors associated with premature
graying, including family history, levels of vitamin D,
calcium, vitamin B12, Fe, and trace elements. The
mean age of cases was 20.28 + 1.99 years (mean vs.
standard deviation), range was 19-24 years old and the
controls were 21.25 + 2.02 years, and the range was
18—24 years old.

It has been observed that pattern of gray
hair depends on age of onset, gender, and smoking
habit, with increased chances of having canities in
smokers [1]. Jo et al. (2012) showed that temporal
area is involved in males, while females are the frontal
and parietal areas. Onset of graying also affects the
area involvement: In early onset, parietal and occipital
areas are involved, while in late onset, frontal area is
involved [1]. In this study, an analysis of questionnaire
responses revealed that majority of the gray areas were
parietal region (50%), followed frontal, occipital, and
temporal. Daulatabad et al. (2016) showed involvement
of the frontal more likely than temporal region. Another
study had reported that differences in pattern are
related with racial variation [13].

In this study, serum melanin concentration
was significantly lower in PHG compared with controls
(9.27 + 1.62 vs. 10.72 £ 1.78 ug/DI, respectively,
p = 0.0001). Human hair follicles contain two types of
melanin as follows: Eumelanin and pheomelanin. The
diversity of hair color arises mostly from the quantity
and ratio of black-brown eumelanin and reddish-
brown pheomelanin. It has been hypothesized that
the pH and cysteine level of melanosomes influence
the phenotype of hair. As pH reduces, there is a
progressive reduction in tyrosinase activity leading to
increased pheomelanin and reddish or blonde hair [12].
A mutation in melanocortin-1 receptor (MC1R) gene
causes auburn or red color of hair. This mutation is
seen usually in individuals of Northern Europe with
less sun exposure [12], [13]. A study, in 2012, showed
a recessive mutation in tyrosinase-related protein 1
(TYRP1) in people with blonde hair [14].

The graying of hair is usually progressive
and permanent, but there are occasional reports of
spontaneous repigmentation of gray hair. Environmental
factors such as ultraviolet light, climate, smoking, drugs,
trace elements, and nutritional deficiencies all play a
role in the pathogenesis of canities [14], [15]. Trace
element deficiencies lead to a spectrum of the clinical
manifestations, especially in skin and hair. Kruglugeret
et al. (year) hypothesized that iron and vitamin B12

affect hair growth and pigmentation [16], whereas
Anggraini et al. (year) showed that premature graying
is associated with deficiency of vitamin D at young
age [17]. Deficiency in trace metal ions may also lead to
hypopigmentation. Tyrosinase enzyme in melanocytes
requires copper ion to maintain normal color [14].

This study supported a critical role of
expression of M1CR gene and decreasing of serum
melanin may contribute as risk factors of PHG at
young age especially in college students at Universitas
Sumatera Utara, Medan.

The limitation of this study was small sample.
The different genetic backgrounds affected different
consequences for the functioning of the MC1R. In the
next study, we will recruit big sample compare male and
female at young age.

Conclusion

Expression of MC1R gene and decreasing of
serum melanin concentrations may contribute to the
risk of premature hair graying of college students.
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