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A B S T R A C T   

Premature hair graying and hair loss in men and women can cause a serious aesthetic problem. However, not 
much effective treatment is available, especially from natural sources. In this study, the efficacy of mangosteen 
pericarp water extract in promoting hair growth and tanning activities on hair dermal papilla cells was studied 
by using in vitro assays. The proliferation and cytotoxicity study on hair dermal papilla cells treated with 
mangosteen pericarp extract were measured by 3-(4,5-dimethylthiazol-2- yl)− 2,5-diphenyltetrazolium bromide 
(MTT) and Sulforhodamine B assay. The degree of hair dermal papilla cells proliferation increased with 
increasing concentration of the extract up to 500 μg/ml of extract treatment. The cell proliferation significantly 
increased by 157.56 % compared to the control with 500 μg/ml of extract treatment. The mangosteen pericarp 
extract was found to stimulate melanin synthesis and tyrosinase activity of hair dermal papilla cells in a 
concentration-dependent manner. The melanin synthesis in hair dermal papilla cells was upregulated more than 
four-fold with mangosteen pericarp extract as compared to the control group. The mangosteen pericarp extract 
was more potent and better in comparison with known effective melanogenic agents such as α-melanocyte 
stimulating hormone and forskolin in inducing the melanogenic effects of hair dermal papilla cells.   

1. Introduction 

Garcinia mangostana Linn. known as mangosteen, is a tropical fruit 
classified to the Guttiferae family (Zarena and Sankar, 2011). The 
pericarp of mangosteen has a long history of medicinal use in both 
Chinese and Ayurvedic medicine (Shibata et al., 2013). People have 
used this waste pericarp as a traditional medicine for the treatment of 
abdominal pain, diarrhea and dysentery; and to heal wound infections, 
suppuration and chronic ulcers (Zhou et al., 2011). The pericarp con
tains a considerable amount of biologically active compounds that have 
been reported beneficial to human health, such as xanthones, which 
have relatively strong antifungal and antibacterial activities (Obolskiy 
et al., 2009); tannins that assure astringency to discourage infestation by 
insects, fungi, plant viruses, bacteria and animal predation (Akao et al., 
2008); anthocyanin like cyanidin-3-sophoroside which have high anti
oxidant properties (Chaovanalikit et al., 2012); and phenols which 
exhibited strong pH-dependent bacteriostatic and bactericidal effects 

against gram-positive bacteria (Palakawong et al., 2013). Furthermore, 
phenolic compounds such as afzelechin, epiafzelechin, catechin, epi
catechin, gallocatechin and epigallocatechin which possess oxygen 
radical scavenging capacities are also found in mangosteen pericarp 
(Karim and Azlan, 2012; Zadernowski et al., 2009). However, there is 
currently no report specifically addressing the effect of mangosteen 
pericarp extract on hair-growth promoting activity and hair tanning in 
hair dermal papilla cells. 

The hair follicle, is a complicated organ, consisting of many different 
epidermal (epithelial cells) and dermal (mesenchymal cells) compo
nents, which are mesenchymally derived fibroblasts at the base of the 
hair follicles (Sun et al., 2013; Yoon et al., 2014). The hair follicle is 
subject to fixed turnover in a hair growth cycle through three phases 
known as anagen (growth phase), catagen (regressing or involuting 
phase) and telogen (quiescent phase); and the cycle involves rapid 
remodeling of both the epithelial and dermal components of hair folli
cles (Rho et al., 2005; Trüeb, 2002; Yoo et al., 2010). The role of hair 
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dermal papilla cells in hair growth is very important. It carries nutrients 
to maintain and enhance new hair growth, possesses receptors for an
drogens and other diverse hormones, and induces the anagen phase (Bak 
et al., 2013; Yoon et al., 2014). Furthermore, a reduction in the secretion 
of stem cell factor by hair follicle dermal papilla associated with 
pigmentation losing in miniaturizing anagen follicles of androgenetic 
alopecia (Tobin and Paus, 2001). Isolated dermal papilla cells are 
frequently used for studies of hair growth regulation. The size of dermal 
papilla is well correlated with the hair growth cycle and the cell number 
of dermal papilla is increased in the anagen phase (Rho et al., 2005). 
Moreover, the number of dermal papillae dominates the size and shape 
of the hair, and degeneration of the dermal papilla population causes 
different types of hair thinning and loss (Yoon et al., 2014). 

Melanin is an amorphous, insoluble, heterogeneous dark, high mo
lecular weight polymer that is found in many pigments of biological 
origin, including those giving the characteristic colors of skin, hair, 
feathers, scales, eyes and some internal membranes (Ghiani et al., 2008; 
Tobin, 2008). Melanins are formed as an end-product in cytoplasmic 
organelles called melanosomes produced by neural-crest derived 
pigment cells called melanocytes and are the product of a complex, 
phylogenetically ancient, biochemical pathway called melanogenesis 
(eu- and pheomelanogenic pathways) (Tobin and Paus, 2001). Mela
nogenesis is a biochemical production of melanin that converts the 
amino acid tyrosine into dihydroxyphenylalanine and subsequently into 
the brown-black pigment eumelanin and the yellow-red pigment pheo
melanin (McDonough and Schwartz, 2012). Derivation from different 
relative amounts of brown-black eumelanin and yellow-red pheomela
nin causes the dramatic range of human hair colors (Tobin and Paus, 
2001). Tyrosinase is the main enzyme in melanogenesis that catalyzes 
the hydroxylation of L-tyrosine to L-3,4-di-hydroxyphenylalanine 
(L-dopa), which is followed by oxidation to dopaquinone. The reduction 
of L-dopaquinone back to L-dopa, or a direct hydroxylation of tyrosine 
by tyrosine hydroxylase isoform I have described the alternative 
mechanism for L-dopa formation (Slominski et al., 2005). There are two 
separate pathways, which include several intermediate steps, lead to the 
formation of eumelanin and pheomelanin after the generation of 
L-dopaquinone (Schmid et al., 2007). Melanogenesis can proceed 
further through oxido-reduction reactions and intramolecular trans
formations happening spontaneously once L-dopa is formed, the rate 
determined by local concentrations of hydrogen ion, metal cations, 
thiols and other reducing agents, oxygen, and hydrogen peroxide (Slo
minski et al., 2005). 

The use of chemicals and synthetic ingredients in hair products, 
particularly hair dye has been reported to be associated with bladder 
cancer (Huncharek and Kupelnick, 2005) and non-Hodgkin lymphoma 
(Zhang et al., 2008). Hence, it is important to discover natural resources 
for the development of new hair treatment products to treat hair graying 
and promote hair growth. Rho et al. (2005) reported that Asiasari radix 
extract shows the most potent hair growth stimulation among other 45 
plant extracts examined. The extract was able to significantly upregulate 
the expression of VEGF in human dermal papilla cells and enhanced 
proliferation of human dermal papilla cells and immortalized human 
keratinocyte cell line (HaCaT). Furthermore, Asiasari radix extract gives 
remarkable hair growth stimulation on in vivo mice experiments and 
increases protein synthesis in vibrissae follicle cultures. Other plant 
extracts such as Sophora flavescens extract (Roh et al., 2002), red ginseng 
extract (Park et al., 2015), Cinnamomum osmophloeum Kanehira leaf 
extract (Wen et al., 2018), Erica multiflora extract (Kawano et al., 2009), 
Zizyphus jujuba essential oil (Yoon et al., 2010), Persea americana, 
flowers of Althaea officinalis, Chamaemelum nobile, Thymus vulgaris, 
leaves of Rosmarinus officinalis, and Urtica dioica (Rastegar et al., 2015) 
were reported to significantly increase hair dermal papilla cells prolif
eration and enhance hair growth. However, not much has been reported 
on the hair tanning effect of plant extract. In this study, the potency of 
mangosteen pericarp water extract as hair loss and hair greying treat
ment were studied. 

2. Materials and methods 

2.1. Chemicals and reagents 

Chemicals and solvents used were of analytical grade, which include 
methanol (Merck), ethanol (Merck), 3-(4,5- Dimethylthiazol-2-yl)− 2,5- 
diphenyl tetrazolium bromide (MTT), dimethyl sulfoxide (DMSO), 
α-Melanocyte Stimulating Hormone (α-MSH), forskolin (FK), Bovine 
Serum Albumin (BSA) Fraction V, glucose, Folin-Ciocalteau reagent 
were purchased from Sigma-Aldrich (St. Louis, USA). Human follicle 
dermal papilla cell growth basal medium and follicle dermal papilla cell 
growth medium supplement mix were purchased from PromoCell 
(Germany). The final supplement concentration included 0.04 ml/ml 
fetal calf serum, 0.004 ml/ml bovine pituitary extract, 1 ng/ml basic 
fibroblast growth factor and 5 μg/ml insulin. 

2.2. Extraction of mangosteen pericarp 

Fresh mangosteens were purchased from Segamat, Johor, Malaysia 
in August 2014. The voucher specimen (KLU49850) was deposited in the 
Herbarium of the University of Malaya. The mangosteen fruits were 
cleaned with water and inspected to remove damaged, diseased or pest- 
infested fruits. The edible aerial parts were removed. The mangosteen 
pericarps were washed, cut into small pieces and underwent a drying 
process in an oven at 45 ◦C for 48 h. The tray-dried samples were ground 
into powder of 100 meshes fineness using a stainless steel powder 
grinder. The samples were stored at room temperature under aseptic 
conditions. 

The extraction of mangosteen pericarp was carried out by using an 
in-house turbo extractor. 10 kg of dried mangosteen pericarp were 
extracted for 2 h in 80 litres of boiling water. The extracted solution was 
separated from the solids by filtration. The filtrate was spray-dried by a 
pilot spray dryer with inlet temperature 200 ◦C, outlet temperature 
110 ◦C and 7 L/h feed capacity. The mangosteen pericarp crude extract 
was yielded at an average of 2 % (w/w) of the total raw material. The 
resultant powder of mangosteen pericarp extract was used to treat hair 
dermal papilla cells for hair-growth and promote hair melanogenesis 
activity. Mangosteen pericarp extract working solution was prepared as 
follow: dried powder was dissolved in water to 1 % (w/v) final con
centration and sterilized through filtration. The resulted filtrates were 
stored at − 20 ◦C. 

2.3. Hair dermal papilla cell culture 

Human follicle dermal papilla cells were obtained from PromoCell 
(Germany) and cultured in a basal medium supplemented with Sup
plementMix (PromoCell, Germany) that contains 0.04 ml/ml fetal calf 
serum, 0.004 ml/ml bovine pituitary extract, 1 ng/ml basic fibroblast 
growth factor, and 5 μg/ml insulin. The cells were cultured at 37 ◦C in a 
humidified atmosphere with 5 % CO2. The human follicle dermal papilla 
cells were cultured according to the instruction manual of PromoCell. 

2.4. α-MSH and mangosteen pericarp extract treatment 

Human dermal papilla cells were seeded at a density of 1.5 × 105 

cells/well for 6-well plates and 2 × 103 cells/well for 96-well plates that 
consisted of medium supplemented with fetal calf serum, bovine pitui
tary extract, basic fibroblast growth factor and insulin. After 24 h, the 
medium was replaced by a fresh medium supplemented with 10 nM of 
α-MSH, 10 μM of FK, or various concentrations of mangosteen pericarp 
extract (62.5, 125, 250, 500 or 1000 μg/ml) and further incubated for 
48 h. Cells untreated with α-MSH were used as a negative control and 10 
μM FK was used as positive controls to compare with the results of 
various concentrations of mangosteen pericarp extract (Hamid et al., 
2012). 
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2.5. Cell viability (MTT) assay 

The MTT assay is a colorimetric assay that analyzes cell viability and 
cell proliferation. It can also be used to determine the cytotoxicity of a 
compound. It measures the mitochondrial activity of enzymes that 
reduce MTT to purple color formazan dye. Human dermal papilla cells 
were treated as described in Section 2.4. After 48 h, the culture medium 
was eliminated and incubated with the MTT solution for 90 mins at 
37 ◦C. 0.04 N HCl-isopropyl alcohol solution was used to substitute the 
solution and undergo further incubation for half an hour at room tem
perature. The harvested solution was centrifuged for 5 mins at 13,000 
rpm. The absorbance of the supernatant was measured at 570 nm by a 
microplate reader (Mosmann, 1983). 

2.6. Cell cytotoxicity (SRB) assay 

The Sulforhodamine B assay, SRB is used to determine the cytotoxic 
effects of the unknown material by counting viable cells after staining 
with a vital dye. In this study, SRB assay was carried out according to 
Sigma-Aldrich in vitro toxicology assay kit Sulforhodamine B based 
(TOX6) protocol. The dermal papilla cells were plated at 2 × 103 cells/ 
well in 96-well plates and left it to attach for 24 h before treatment. After 
48 h of treatment, the cells were fixed with 1⁄4 vol of cold 50 % (w/v) 
trichloroacetic acids (TCA) solution on top of growth medium and 
incubated for 1 h at 4 ◦C. and then were rinsed with water four times to 
remove the TCA solution. The cells were stained with 0.4 % SRB solution 
for 30 mins. The stain was removed and rinsed quickly with wash so
lution (1 % acetic acid) and the incorporated dye was then solubilized in 
solubilization solution (10 nM Tris) for 5 mins at room temperature. The 
absorbance was measured at 565 nm by using a microplate reader. 

2.7. Cell proliferation (WST-1) assay 

The proliferation of human dermal papilla cells was evaluated by 
measuring their metabolic activities using a 2-(2-methoxy-4-nitro
phenyl)− 3-(4-nitrophenyl)− 5- (2,4-disulfophenyl)− 2 H-tetrazolium 
(WST-1) assay. In this study, WST- 1 assay was carried out by using Cell 
Proliferation Reagent WST-1 (Roche Applied Science, Germany). The 
cell proliferation reagent WST-1 is used for the non-radioactive, spec
trophotometric quantification of cell proliferation, viability, growth, 
and chemosensitivity in cell populations using 96- well plate format. The 
dermal papilla cells were seeded at a concentration of 2 × 103 cells/well 
of a 96-well microplate in 100 μl culture medium. After 48 h of treat
ment, 10 μl of WST-1 was added into each well and the cells underwent 
incubation for 4 h at 37 ◦C. The absorbance was measured at 440 nm by 
using microplate reader. 

2.8. Melanin assay 

2.8.1. Secreted melanin assay 
In this study, secreted melanin assay was carried out according to the 

method reported by Rosenthal et al. (1973). After 48 h of α-MSH and 
mangosteen pericarp extract treatment, the culture medium was har
vested and centrifuged for 10 mins at 10,000 rpm. The absorbance was 
measured at 405 nm by a microplate reader. The ratio formulation of 
secreted melanin was calculated by using Eq. (1).  

Secreted melanin ( %) = (C-A)/B x 100                                              (1) 

In this formula, all absorbance value was obtained from measure
ments at 405 nm. A = absorbance value of the medium supplemented 
with extract before incubation, B = absorbance value of the untreated 
medium which harvested from incubation after 48 h, C = absorbance 
value of the medium supplemented with extract which harvested from 
incubation after 48 h. 

2.8.2. Intracellular melanin assay 
Intracellular melanin assay was carried out according to the method 

reported by Rosenthal et al. (1973). After 48 h of α-MSH and mango
steen pericarp extract treatment, the cells were washed with PBS and 
harvested. Cell pellets were obtained from centrifugation for 10 min at 
1000 rpm and lysed with 1 ml of (ratio of water: 1 N NaOH: DMSO is 7: 
2: 1) solution for 24 h at 37 ◦C. The absorbance of supernatant was 
measured at 405 nm by using microplate reader. 

2.8.3. Intracellular tyrosinase activity assay 
After 48 h of α-MSH and mangosteen pericarp extract treatment, the 

cultured cells were washed using PBS. The cells were harvested in RIPA 
cell lysis buffer supplemented with a protease inhibitor. The cells un
derwent centrifugation for 15 mins at 13,000 rpm. The cell lysate was 
collected. The protein amount was determined by Bradford assay, with 
BSA (bovine serum albumin) as standard. Each cell lysate was adjusted 
with lysis buffer to achieve the same concentration of protein among all 
lysate samples. 10 μl L-DOPA in 10 nM sodium phosphate buffer was 
added and incubated at room temperature for 1 h. The absorbance was 
measured at 475 nm by a microplate reader (Rosenthal et al., 1973). 

2.9. Statistical analysis 

Statistical significances were assessed using the Student’s t-test. All 
results were presented as the mean ± SD of the combined data obtained 
from replicate experiments. 

3. Results and discussions 

3.1. Yield of mangosteen pericarp extract 

The yield of the mangosteen pericarp crude extract was obtained at 2 
% (w/w) of the total raw material. Chemical constituents extracted 
depend on the solvent used. Yoshimura et al. (2015) extracted 600 kg of 
powdered dried mangosteen pericarps with 5600 L of hot water for 3 h 
to yield 92.1 kg of spray-dried powder with the addition of dextrin (to 
25 %). In other words, the above reported extraction yield of mango
steen pericarp crude extract was 0.15 % (w/w) of the total raw material 
with an addition of 25 % dextrin. In this study, the hot water extraction 
using a turbor extractor has a better crude extraction yield compare to 
normal hot water decoction. 

Other reported extractions of mangosteen pericarp used ethanol or 
methanol as extraction solvent to extract xanthones such as α- and 
γ-mangostin in the pericarp of Garicinia mangostana. According to 
Pothitirat et al. (2010), the content of α-mangostin in mangosteen 
pericarp extract from different solvent extraction was in the following 
order: dichloromethane extract (46.21 % w/w), ethanol extract (18.03 
% w/w), and hexane extract (17.21 % w/w), respectively. These results 
showed that α-mangostin is soluble in alcohol, ether, acetone, chloro
form and ethyl acetate because of the moderate polarity of the chemical 
structure of α-mangostin but not soluble in water. In addition, according 
to Widowati et al. (2014), ethanol extract from mangosteen pericarp is 
comprised of 75 %− 85 % α-mangostin and 5 %− 15 % γ-mangostin. 
α-mangostin was undetectable in water extract of mangosteen pericarp 
(Ngawhirunpat et al., 2010). 

In the previous study, Yoshimura et al. (2015) also reported that 
α-mangostin and other xanthones which known as representative 
bioactive components of mangosteen were not observed in the hot water 
extract of the pericarp. These prenylated xanthones were effectively 
extracted with ethanol from the mangosteen pericarp. In traditional 
medicine, mangosteen pericarp is mainly decocted or macerated in 
water, thus preserving the bioactive properties of the polar compounds 
such as polyphenols and condensed tannins. Yoshimura et al. (2015) 
found three new polyphenols and 14 other known compounds isolated 
from the hot water extract of mangosteen pericarp. The major poly
phenolic compounds detected using HPLC in the hot water extract of 
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mangosteen pericarp were epicatechin and procyanidin B2. 

3.2. Cell viability (MTT) assay 

The cellular mitochondria activity of cultured hair dermal papilla 
cells was measured by MTT assay. Fig. 1 shows the viability of hair 
dermal papilla cells by using mangosteen pericarp crude extract. 

As shown in Fig. 1, 10 nM α-MSH and 10 μM forskolin increased 
cellular mitochondrial activity of hair dermal papilla cells in comparison 
to negative control with no sign of adverse effects on the cell viability of 
dermal papilla cells. The concentration of 10 nM α-MSH and 10 μM 
forskolin were used in this study as positive control. The treatment with 
mangosteen pericarp extract showed no detectable adverse effect on hair 
dermal papilla cellular mitochondrial activity at concentrations between 
62.5 μg/ml to 500 μg/ml over 48 h treatment. The concentrations of 
62.5, 125, 250 and 500 μg/ml extract resulted in increases in cell 
viability with 95.69 %, 98.95 %, 107.33 % and 123.05 %, respectively. 
Rho et al. (2005) reported that the optimum increase in proliferation of 
dermal hair papilla cells treated with 0.00001 % of Asiasari radix extract 
was 115.6 %. Park et al. (2011) reported that Fructus Panax ginseng 
extract significantly increased the proliferation of human hair dermal 
papilla cells by 128 – 135 % with 0.8–100 μg/ml treatment concentra
tion. These plant extracts reported have comparable results with 
mangosteen pericarp extract in promoting cell proliferation in hair 
dermal papilla cells by using MTT assay. 

3.3. Cell cytotoxocity (SRB) assay 

The effect of mangosteen pericarp extract on cell survival of hair 
dermal papilla cells was determined through SRB assay method (Fig. 2). 
Mangosteen pericarp extract showed no cytotoxicity effect between 
62.5 μg/ml and 500 μg/ml concentrations. The cell survival of hair 
dermal papilla cells increased from 95.57 %, 97.56 %, 98.54–99.5 % 
with increases in the extract concentration from 62.5, 125, 250–500 μg/ 
ml, respectively. 

MTT assay and SRB assay resulted in an increasing degree of cell 
survival and cell viability of dermal papilla cells with increasing con
centration of magosteen pericarp extract from 62.5 to 500 μg/ml. The 

extract within this range of concentration did not possess any significant 
toxic effect on the hair dermal papilla cells as the cell viability was above 
90 % of those untreated control. Ngawhirunpat et al. (2010) reported 
that the water extract of mangosteen pericarp has no significant cyto
toxicity to keratinocyte cells under 50 μg/ml up to 500 μg/ml concen
tration range. Sattayasai et al. (2013) uses up to 800 μg/ml of 
mangosteen pericarp ethanolic extract treated on SK-N-SH human 
neuroblastoma cells and do not show cytotoxicity to the cells. Moon
gkarndi et al. (2014) reported that the water extract of mangosteen 
pericarp does not show cytotoxicity towards breast cancer cell (SKBR3) 
with 50 % cancer cell killing effect (ED50) for the water extract of 
mangosteen pericarp were 160.50 μg/ml, however, the phenolic con
stituents (α-mangosteen) from the ethanolic of mangosteen pericarp 
extract recorded ED50 of 8.21 μg/ml on the same cancer cell. Therefore, 
from various reports, the water extract of mangosteen pericarp does not 
show significant cytotoxicity to other cells. 

3.4. Cell proliferation (WST-1) assay 

The proliferation of hair dermal papilla cells was determined based 
on the WST-1 assay. As shown in Fig. 3, treatment with 62.5, 125, 250, 
and 500 μg/ml of extract significantly increased cell proliferation by 
114.53 %, 136.78 %, 142.47 % and 157.56 % compared with untreated 
control respectively. The degree of hair dermal papilla cells proliferation 
increased with increasing concentrations of extract and this indicated 
that dermal papilla cells treated with a higher concentration of 
mangosteen pericarp extract showed better efficacy as compared to 
lower concentration. Therefore, it was concluded that mangosteen 
pericarp extract concentrations of 125, 250, and 500 μg/ml have 
maximum growth-promoting effect on hair dermal papilla cells, and 
these concentrations were used in further experiments. The highest 
degree of proliferation was achieved when treated with 500 μg/ml of 
mangosteen pericarp extract. 

Dermal papilla cells play an important role in hair growth regulation. 
The morphology of dermal papilla cells can be altered through the hair 
growth cycle, being maximal in volume in the growing phase (anagen) 
and least in the resting phase (telogen) (Kang et al., 2013). Previous 
studies have shown that the size of the dermal papilla cells correlates 

Fig. 1. Cell viability of hair dermal papilla cells treated by mangosteen pericarp crude extract at different concentration (μg/ml). Results were the average of three 
independent experiments ± SD. *P < 0.05, **P < 0.01 compared to positive α- MSH control. 
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well with hair growth and the number of the dermal papilla cells was 
increased in the growing phase of the hair cycle (Sun et al., 2013). 

The increment of dermal papilla cells proliferation seems to result in 
an increase of hair-fiber length (Kang et al., 2013). Mangosteen pericarp 
extract treatment increases the proliferation of hair dermal papilla cells 
as compared with the control group (Fig. 3). Forskolin, a positive con
trol, enhanced the proliferation of dermal papilla cells by 125.2 % at the 
concentration of 10 μM compared with the untreated control. The re
sults indicated that the mangosteen pericarp extract exhibit hair growth 
promoting effect via the proliferation of dermal papilla cells. The extract 
has the substantial potential of acting as a hair growth active ingredient. 

3.5. Melanin assay 

3.5.1. Secreted melanin assay 
The secreted melanin assay was carried out using different 

concentrations of mangosteen pericarp extract on hair dermal papilla 
cells. Both α-MSH (alpha- melanocyte stimulating hormone) and for
skolin (FK) have been proven as effective melanogenic agents, so they 
were used as positive controls. Furthermore, both α-MSH and FK are 
known as cAMP-elevating agents, as cAMP pathway is one of the most 
pivotal signaling pathways in melanogenesis (Hamid et al., 2012). In 
this study, dermal papilla cells were treated with mangosteen pericarp 
extract in concentration ranges of 2-fold series dilutions (62.5, 125, 250 
and 500 μg/ml), 10 nM α- MSH, and 10 μM FK for 48 h, and the amount 
of melanin secreted into the culture medium and present inside the cells 
was analyzed. 

After 48 h of treatment with the mangosteen pericarp extract, the 
secreted melanin content increased with increasing concentration of 
mangosteen pericarp extract treatment from 62.5 μg/ml to 500 μg/ml as 
shown in Fig. 4. Forskolin showed a significant 3-fold increase in 
melanin secretion, proving its powerful melanogenic activity; whereas 

Fig. 2. Cell survival of hair dermal papilla cells treated by mangosteen pericarp crude extract at different concentration (μg/ml). Results were the average of three 
independent experiments ± SD. *P < 0.05, **P < 0.01 compared to positive forskolin control. 

Fig. 3. Cell proliferation of hair dermal papilla cells treated by mangosteen pericarp crude extract at different concentration (μg/ml). Results were the average of 
three independent experiments ± SD. *P < 0.05, **P < 0.01 compared to positive forskolin control. 
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α-MSH increased the secreted melanin to the level of 2.5-fold of the 
untreated control. However, mangosteen pericarp extract showed 
stronger melanogenic effects in the secretion of melanin than forskolin 
and α-MSH under these experimental conditions. At 62.5 μg/ml treat
ment concentration, the melanin secretion increased 267.11 %, which 
had a similar melanogenic effect to α-MSH at 253.63 %. The effect of 
125 μg/ml and 250 μg/ml mangosteen pericarp were comparable to the 
α-MSH-treated control and were 3.3-fold and 3.8-fold higher as 
compared to the negative control, respectively. The melanin secretion of 
hair dermal papilla cells increased in a concentration-dependent manner 
up to the highest extract concentration of 500 μg/ml. The result of 
500 μg/ml was more efficient than the α-MSH-treated and forskolin 
control, which was 4-fold higher compared to the negative control. The 
secreted melanin assay shows that the mangosteen pericarp extract 
strongly increases melanin synthesis in hair dermal papilla cells and was 
more effective than 10 nM of α- MSH and 10 μM of forskolin. 

3.6. Intracellular melanin assay 

Fig. 5 shows the intracellular melanin content of hair dermal papilla 
cells. The results of the intracellular melanin assay show a similar 
pattern to the secreted melanin assay, which also demonstrate a 
concentration-dependent increasing trend. Treatment with 125 and 
250 μg/ml mangosteen pericarp extract resulted in intracellular melanin 
contents of 116.77 % and 135.7 %, respectively. Furthermore, for the 
highest concentration of 500 μg/ml extract treatment, the intracellular 
melanin content for hair dermal papilla cells was increased by 157.42 %, 
which showed almost 1.6-fold higher than the negative control. α-MSH 
treatment shown no significant effect in intracellular melanin assay. 
α-MSH increased only the secreted melanin significantly, but not the 
intracellular melanin. However, forskolin treatment increased intracel
lular melanin content up to 1.2-fold compared to the untreated control, 
and had a similar effect to 125 μg/ml mangosteen pericarp extract 

Fig. 4. Effects of mangosteen pericarp extract on melanin secretion of hair dermal papilla cells at different concentration (μg/ml). Results were the average of three 
independent experiments ± SD. *P < 0.05, **P < 0.01 compared to positive α- MSH control. 

Fig. 5. Effects of mangosteen pericarp extract on intracellular melanin content of hair dermal papilla cells at different concentration (μg/ml). Results were the 
average of three independent experiments ± SD. *P < 0.05, **P < 0.01 compared to positive α- MSH control. 
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treatment. The treatment with 250 and 500 μg/ml of mangosteen peri
carp extract showed better melanogenic activity in hair dermal papilla 
cells with higher intracellular melanin content as compared with the 
positive control groups, α-MSH and forskolin. 

The total melanin content was calculated by adding the percentage 
of both intracellular melanin assay and secreted melanin assay (Fig. 6). 
Forskolin had induced total melanin of 429.22 %, which exhibited a very 
strong melanogenic effects by stimulating melanogenesis activity up to 
4.3-fold when compared to untreated control. Although the results ob
tained from the melanin content assay were not as significant as those 
obtained by the secreted melanin assay, α-MSH had induced 359.48 % 
total melanin, and also showed significant effects on stimulating mela
nogenesis activity by 3.6-fold. 

The mangosteen pericarp extract displayed stronger melanogenic 
activity as compared to forskolin and α-MSH. The total melanin content 
in hair dermal papilla cells treated with 125, 250 μg/ml and 500 μg/ml 
extract was 4.5-fold, 5.1-fold and 5.7-fold higher compared to the 
negative control, respectively. This showed that the mangosteen peri
carp extract has a significant melanogenic effect to induce melanogen
esis activity. The total melanin content of hair dermal papilla cells 
increased in a concentration-dependent manner up to the highest con
centration of 500 μg/ml extract. 

3.7. Intracellular tyrosinase assay 

Hair dermal papilla cells were treated with the mangosteen pericarp 
extract at the same ranges of concentrations with those of the melanin 
assay to describe the stimulation of melanogenesis mechanism stimu
lated by the extract. The percentage of tyrosinase activity in the treated 
hair dermal papilla cells was determined by comparison with the control 
group. The same amount of cell lysate calibrated with respect to protein 
concentration was applied to the oxidation reaction with L-DOPA. 

The intracellular tyrosinase activity of the dermal papilla cells by 
treating with α-MSH increased 2.4-fold compared with untreated control 
as shown in Fig. 7, whereas treatment with forskolin increased the 
intracellular tyrosinase activity significantly by 3-fold in comparison 
with a negative control group. Treatment with 125 μg/ml and 250 μg/ 
ml mangosteen pericarp extract resulted in upregulating the intracel
lular tyrosinase activity of hair dermal papilla cells by 298.67 % and 
354.05 %, respectively; which were ~3-fold and 3.5-fold higher than the 
negative control, respectively. These two treatment concentrations were 
comparable and better in stimulating the intracellular tyrosinase 

activity in hair dermal papilla cells than α-MSH and forskolin. Further
more, the treatment with the highest concentration of 500 μg/ml extract 
showed a 4-fold increase in intracellular tyrosinase activity. 

In this study, mangosteen pericarp extract significantly increased 
and up-regulated the intracellular tyrosinase activity and melanin syn
thesis of hair dermal papilla cells in a concentration-dependent manner. 
Furthermore, the extract at the concentrations as low as 250 μg/ml 
induced melanogenesis significantly in cultured hair dermal papilla cells 
and were more potent than those treated by 10 nM α-MSH and 10 μM 
forskolin. Therefore, the mangosteen pericarp extract can be one of the 
melanogenic-stimulating agents that stimulate the melanogenesis ac
tivity in hair dermal papilla cells. 

4. Conclusion 

The degree of hair dermal papilla cells proliferation increased by 
157.56 % with 500 μg/ml concentration of mangosteen pericarp extract 
as compared to the untreated control group. The mangosteen pericarp 
extract is non-toxic and did not affect the hair dermal papilla cell 
viability up to 500 μg/ml. The mangosteen pericarp extract was found to 
stimulate melanin synthesis and tyrosinase activity of hair dermal 
papilla cells in a concentration-dependent manner. This study also 
showed that mangosteen pericarp extract was more potent and better in 
comparison with known effective melanogenic agents such as α-mela
nocyte stimulating hormone and forskolin in inducing the melanogenic 
effects of dermal papilla cells. The overall results suggest that mango
steen pericarp water extract could potentially be used as a safe active 
ingredient for the development of hair growth and hair tanning 
products. 

CRediT authorship contribution statement 

Ying Fang Tan: Methodology, Validation, Formal analysis, Investi
gation, Data curation, Resources, Visualisation, Writing – original draft. 
Yin Shin Koay: Methodology, Validation, Formal analysis, Investiga
tion, Data curation, Resources, Visualisation, Writing – review & edit
ing. Razauden Mohamed Zulkifli: Conceptualization, Supervision, 
Resources. Mariani Abdul Hamid: Conceptualization, Supervision, 
Funding acquisition. 

Fig. 6. Effects of mangosteen pericarp extract on total melanin (secreted and melanin content) of hair dermal papilla cells at different concentration (μg/ml). Results 
were the average of three independent experiments ± SD. *P < 0.05, **P < 0.01 compared to positive α-MSH control. 

Y.F. Tan et al.                                                                                                                                                                                                                                   



Journal of Herbal Medicine 36 (2022) 100594

8

Conflict of interest 

We wish to confirm that there are no known conflicts of interest 
associated with this publication and there has been no significant 
financial support for this work that could have influenced its outcome. 

Acknowledgments 

This work was supported by the Ministry of Higher Education of 
Malaysia under Fundamental Research Grant Scheme (FRGS) (grant 
numbers R.J130000.7809.4F673). 

References 

Akao, Y., Nakagawa, Y., Nozawa, Y., 2008. Anti-cancer effects of xanthones from 
pericarps of mangosteen. Int. J. Mol. Sci. 9 (3), 355–370. 

Bak, S., Ahn, B., Kim, J., Shin, S., Kim, J., Kim, M., Sung, Y., Kim, S., 2013. Ecklonia cava 
promotes hair growth. Clin. Exp. Dermatol. 38 (8), 904–910. 

Chaovanalikit, A., Mingmuang, A., Kitbunluewit, T., Choldumrongkool, N., Sondee, J., 
Chupratum, S., 2012. Anthocyanin and total phenolics content of mangosteen and 
effect of processing on the quality of mangosteen products. Int. Food Res. J. 19 (3), 
1047–1053. 

Ghiani, S., Baroni, S., Burgio, D., Digilio, G., Fukuhara, M., Martino, P., Monda, K., 
Nervi, C., Kiyomine, A., Aime, S., 2008. Characterization of human hair melanin and 
its degradation products by means of magnetic resonance techniques. Magn. Reson. 
Chem. 46 (5), 471–479. 

Hamid, M.A., Sarmidi, M.R., Park, C.S., 2012. Mangosteen leaf extract increases 
melanogenesis in B16F1 melanoma cells by stimulating tyrosinase activity in vitro 
and by up-regulating tyrosinase gene expression. Int. J. Mol. Med. 29 (2), 209–217. 

Huncharek, M., Kupelnick, B., 2005. Personal use of hair dyes and the risk of bladder 
cancer: results of a meta-analysis. Public Health Rep. 120 (1), 31–38. 

Kang, J.-I., Kim, E.-J., Kim, M.-K., Jeon, Y.-J., Kang, S.-M., Koh, Y.-S., Yoo, E.-S., 
Kang, H.-K., 2013. The promoting effect of Ishige sinicola on hair growth. Mar. Drugs 
11 (6), 1783–1799. 

Karim, A.A., Azlan, A., 2012. Fruit pod extracts as a source of nutraceuticals and 
pharmaceuticals. Molecules 17 (10), 11931–11946. 

Kawano, M., Han, J., Kchouk, M.E., Isoda, H., 2009. Hair growth regulation by the 
extract of aromatic plant Erica multiflora. J. Nat. Med. 63 (3), 335–339. 

McDonough, P.H., Schwartz, R.A., 2012. Premature hair graying. Cutis 89 (4), 161–165. 
Moongkarndi, P., Jaisupa, N., Samer, J., Kosem, N., Konlata, J., Rodpai, E., Pongpan, N., 

2014. Comparison of the biological activity of two different isolates from 
mangosteen. J. Pharm. Pharmacol. 66 (8), 1171–1179. 

Mosmann, T., 1983. Rapid colorimetric assay for cellular growth and survival: 
application to proliferation and cytotoxicity assays. J. Immunol. Methods 65 (1–2), 
55–63. 

Ngawhirunpat, T., Opanasopi, P., Sukma, M., Sittisombut, C., Kat, A., Adachi, I., 2010. 
Antioxidant, free radical-scavenging activity and cytotoxicity of different solvent 
extracts and their phenolic constituents from the fruit hull of mangosteen (Garcinia 
mangostana). Pharm. Biol. 48 (1), 55–62. 

Obolskiy, D., Pischel, I., Siriwatanametanon, N., Heinrich, M., 2009. Garcinia 
mangostana L.: a phytochemical and pharmacological review. Phytother. Res. 23 (8), 
1047–1065. 

Palakawong, C., Sophanodora, P., Toivonen, P., Delaquis, P., 2013. Optimized extraction 
and characterization of antimicrobial phenolic compounds from mangosteen 
(Garcinia mangostana L.) cultivation and processing waste. J. Sci. Food Agric. 93 
(15), 3792–3800. 

Park, G.H., Park, K.Y., Cho, H.I., Lee, S.M., Han, J.S., Won, C.H., Chang, S.E., Lee, M.W., 
Choi, J.H., Moon, K.C., Shin, H., Kang, Y., Lee, J., D. H, 2015. Red ginseng extract 
promotes the hair growth in cultured human hair follicles. J. Med. Food 18 (3), 
354–362. 

Park, S., Shin, W.S., Ho, J., 2011. Fructus Panax ginseng extract promotes hair 
regeneration in C57BL/6 mice. J. Ethnopharmacol. 138 (2), 340–344. 

Pothitirat, W., Chomnawang, M.T., Supabphol, R., Gritsanapan, W., 2010. Free radical 
scavenging and anti-acne activities of mangosteen fruit rind extracts prepared by 
different extraction methods. Pharm. Biol. 48 (2), 182–186. 

Rastegar, H., Ashtiani, H.A., Aghaei, M., Barikbin, B., Ehsani, A., 2015. Herbal extracts 
induce dermal papilla cell proliferation of human hair follicles. Ann. Dermatol. 27 
(6), 667–675. 

Rho, S.-S., Park, S.-J., Hwang, S.-L., Lee, M.-H., Kim, C.D., Lee, I.-H., Chang, S.-Y., 
Rang, M.-J., 2005. The hair growth promoting effect of Asiasari radix extract and its 
molecular regulation. J. Dermatol. Sci. 38 (2), 89–97. 

Roh, S.S., Kim, C.D., Lee, M.H., Hwang, S.L., Rang, M.J., Yoon, Y.K., 2002. The hair 
growth promoting effect of Sophora flavescens extract and its molecular regulation. 
J. Dermatol. Sci. 30 (1), 43–49. 

Rosenthal, M.H., Kreider, J.W., Shiman, R., 1973. Quantitative assay of melanin in 
melanoma cells in culture and in tumors. Anal. Biochem. 56 (1), 91–99. 

Sattayasai, J., Chaonapan, P., Arkaravichie, T., Soi-ampornkul, R., Junnu, S., 
Charoensilp, P., Samer, J., Jantaravinid, J., Masaratana, P., Suktitipat, B., 
Manissorn, J., Thongboonkerd, V., Neungton, N., Manissorn, J., 2013. Protective 
effects of mangosteen extract on H2O2-induced cytotoxicity in SK-N-SH cells and 
scopolamine-induced memory impairment in mice. PLoS One 8 (12), e85053. 

Schmid, D., Belser, E., Zulli, F., 2007. Self-tanning based on stimulation of melanin 
biosynthesis. Cosmet. Toilet. 122 (7), 55–62. 

Shibata, M.-A., Matoba, Y., Tosa, H., Iinuma, M., 2013. Effects of mangosteen pericarp 
extracts against mammary cancer. Altern. Integr. Med. 1–6. 

Slominski, A., Wortsman, J., Plonka, P.M., Schallreuter, K.U., Paus, R., Tobin, D.J., 2005. 
Hair follicle pigmentation. J. Investig. Dermatol. 124 (1), 13–21. 

Sun, Y.N., Cui, L., Li, W., Yan, X.T., Yang, S.Y., Kang, J.I., Kang, H.K., Kim, Y.H., 2013. 
Promotion effect of constituents from the root of Polygonum multiflorum on hair 
growth. Bioorg. Med. Chem. Lett. 23 (17), 4801–4805. 

Tobin, D., 2008. Human hair pigmentation–biological aspects. Int. J. Cosmet. Sci. 30 (4), 
233–257. 

Tobin, D.J., Paus, R., 2001. Graying: gerontobiology of the hair follicle pigmentary unit. 
Exp. Gerontol. 36 (1), 29–54. 

Trüeb, R.M., 2002. Molecular mechanisms of androgenetic alopecia. Exp. Gerontol. 37 
(8), 981–990. 

Wen, T.C., Li, Y.S., Rajamani, K., Harn, H.J., Lin, S.Z., Chiou, T.W., 2018. Effect of 
Cinnamomum osmophloeum Kanehira leaf aqueous extract on dermal papilla cell 
proliferation and hair growth. Cell Transplant. 27 (2), 256–263. 

Widowati, W., Darsono, L., Suherman, J., Yelliantty, Y., Maesaroh, M., 2014. High 
performance liquid chromatography (HPLC) analysis, antioxidnat, antiaggregation 
of mangosteen peel extract (Garcinia mangostana L.). Int. J. Biosci., Biochem. 
Bioformatics 4 (6), 458–466. 

Fig. 7. Effects of mangosteen pericarp extract on intracellular tyrosinase activity of hair dermal papilla cells at different concentration (μg/ml). Results were the 
average of three independent experiments ± SD. *P < 0.05, **P < 0.01 compared to positive α-MSH control. 

Y.F. Tan et al.                                                                                                                                                                                                                                   

http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref1
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref1
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref2
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref2
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref3
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref3
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref3
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref3
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref4
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref4
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref4
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref4
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref5
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref5
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref5
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref6
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref6
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref7
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref7
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref7
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref8
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref8
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref9
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref9
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref10
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref11
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref11
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref11
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref12
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref12
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref12
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref13
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref13
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref13
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref13
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref14
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref14
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref14
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref15
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref15
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref15
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref15
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref16
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref16
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref16
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref16
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref17
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref17
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref18
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref18
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref18
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref19
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref19
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref19
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref20
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref20
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref20
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref21
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref21
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref21
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref22
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref22
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref23
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref23
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref23
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref23
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref23
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref24
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref24
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref25
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref25
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref26
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref26
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref27
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref27
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref27
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref28
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref28
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref29
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref29
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref30
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref30
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref31
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref31
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref31
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref32
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref32
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref32
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref32


Journal of Herbal Medicine 36 (2022) 100594

9

Yoo, B.-Y., Shin, Y.-H., Yoon, H.-H., Seo, Y.-K., Park, J.-K., 2010. Hair follicular cell/ 
organ culture in tissue engineering and regenerative medicine. Biochem. Eng. J. 48 
(3), 323–331. 

Yoon, J.I., Al-Reza, S.M., bKang, S.C., 2010. Hair growth promoting effect of Zizyphus 
jujuba essential oil. Food Chem. Toxicol. 48 (5), 1350–1354. 

Yoon, S.-Y., Yoon, J.-S., Jo, S.J., Shin, C.Y., Shin, J.-Y., Kim, J.-I., Kwon, O., Kim, K.H., 
2014. A role of placental growth factor in hair growth. J. Dermatol. Sci. 74 (2), 
125–134. 

Yoshimura, M., Ninomiya, K., Tagashira, Y., Maejima, K., Yoshida, T., Amakura, Y., 
2015. Polyphenolic constituents of the pericarp of mangosteen (Garcinia mangostana 
L.). J. Agric. Food Chem. 63, 7670–7674. 

Zadernowski, R., Czaplicki, S., Naczk, M., 2009. Phenolic acid profiles of mangosteen 
fruits (Garcinia mangostana). Food Chem. 112 (3), 685–689. 

Zarena, A., Sankar, K.U., 2011. Xanthones enriched extracts from mangosteen pericarp 
obtained by supercritical carbon dioxide process. Sep. Purif. Technol. 80 (1), 
172–178. 

Zhang, Y., Sanjose, S.D., Bracci, P.M., Morton, L.M., Wang, R., Brennan, P., Hartge, P., 
Boffetta, P., Becker, N., Maynadie, M., 2008. Personal use of hair dye and the risk of 
certain subtypes of non-Hodgkin lymphoma. Am. J. Epidemiol. 167 (11), 
1321–1331. 

Zhou, H.-C., Lin, Y.-M., Wei, S.-D., Tam, N.F.-y, 2011. Structural diversity and 
antioxidant activity of condensed tannins fractionated from mangosteen pericarp. 
Food Chem. 129 (4), 1710–1720. 

Y.F. Tan et al.                                                                                                                                                                                                                                   

http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref33
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref33
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref33
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref34
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref34
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref35
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref35
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref35
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref36
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref36
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref36
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref37
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref37
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref38
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref38
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref38
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref39
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref39
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref39
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref39
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref40
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref40
http://refhub.elsevier.com/S2210-8033(22)00063-X/sbref40

	In Vitro hair growth and hair tanning activities of mangosteen pericarp extract on hair dermal papilla cells
	1 Introduction
	2 Materials and methods
	2.1 Chemicals and reagents
	2.2 Extraction of mangosteen pericarp
	2.3 Hair dermal papilla cell culture
	2.4 α-MSH and mangosteen pericarp extract treatment
	2.5 Cell viability (MTT) assay
	2.6 Cell cytotoxicity (SRB) assay
	2.7 Cell proliferation (WST-1) assay
	2.8 Melanin assay
	2.8.1 Secreted melanin assay
	2.8.2 Intracellular melanin assay
	2.8.3 Intracellular tyrosinase activity assay

	2.9 Statistical analysis

	3 Results and discussions
	3.1 Yield of mangosteen pericarp extract
	3.2 Cell viability (MTT) assay
	3.3 Cell cytotoxocity (SRB) assay
	3.4 Cell proliferation (WST-1) assay
	3.5 Melanin assay
	3.5.1 Secreted melanin assay

	3.6 Intracellular melanin assay
	3.7 Intracellular tyrosinase assay

	4 Conclusion
	CRediT authorship contribution statement
	Conflict of interest
	Acknowledgments
	References


