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Skin ageing is characterized by features such as wrinkles, loss of elasticity, laxity, rough-textured appear-
ance, melasma and freckles. Several researches have focused for preventing, and treating skin ageing by
many natural ingredients. This study aimed to assess the anti-ageing activities for anti-skin ageing of the
ethanolic extracts of Pink rambutan (PR) (Nephelium lappaceum Linn.) from leaves (L), branches (B), seeds
(S), and peels from ripe (R) and young (Y) fruits. The extraction yields of all Pink Rambutan (PR) extracted
by the Maceration (M) and the Soxhlet extraction (Sox) using 95% ethanol as a solvent, ranged from
10.62% to 30.63%. Flavonoids were found as the main phytochemicals in almost all the PR extracts. The
PR-Y-M and PR-Y-Sox extracts gave the highest total phenolic contents by the Folin-Ciocalteu assay of
67.60 ± 4.38 mgGAE/g, and total flavonoid contents by the modified aluminum chloride colorimetric
assay of 678.72 ± 23.59 mgQE/g, respectively. The PR-L-M extracts showed the highest three anti-
oxidative activities; the free radical scavenging (SC50 of 0.320 ± 0.070 mg/mL), the lipid peroxidation inhi-
bition (LC50 of 0.274 ± 0.029 mg/mL), and the metal chelation activity (MC50 of 0.203 ± 0.021 mg/mL). All
the PR extracts at 0.01 and 0.1 mg/mL showed no cytotoxicity on B16F10 cells, and human skin fibroblasts,
respectively. Likewise, the PR-R-Sox extract exhibited the highest anti-melanogenesis on B16F10 cells (52.
7 ± 0.9%) and, the mushroom tyrosinase inhibition activity (IC50 of 0.04 ± 0.02 mg/mL), which was signif-
icantly comparable to kojic acid (p < 0.05). The PR-Y-Sox extract showed the collagen biosynthesis by the
Sirius Red method, and the stimulation of anti-ageing genes (Sirt1 and Foxo1) on human skin fibroblasts
by the RT-PCR method, which were similar to standards ʟ-ascorbic acid and resveratrol, respectively. This
study suggests that the PR-R-Sox and PR-Y-Sox extracts can be further developed as natural anti-ageing
agents for whitening and anti-wrinkle in the cosmetics, cosmeceutical, and pharmaceutical industries.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Globally, the ageing population in the world is growing faster
than all the other age groups. The World Health Organization esti-
mated that the world’s population over 60 years and older would
be 2.1 billion in 2050, and will be faced with common conditions
including osteoarthritis, diabetes, hearing loss, alzheimer’s disease,
chronic obstructive pulmonary diseases (COPDs), depression and
dementia, cancers, and neurological and cardiovascular diseases
(Darawsha et al., 2021, WHO, 2021). Skin is one of the most visible
organs during the ageing process. Skin aging is related to social
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communication because good appearances make a favorable
impression and improve self-confidence. Skin ageing is affected
by environmental or external factors such as air pollutants, xenobi-
otics, UV radiation, and smoking, and by internal factors such as
genetics, cellular metabolism, hormones, and metabolic processes
(Darawsha et al., 2021). Many recent researches have focused for
maintaining a healthy skin by postponing, preventing, and treating
ageing to improve the skin appearance by regenerating and stimu-
lating natural physiological processes to protect the skin from
ageing.

The reactive oxygen species (ROS) from the cellular oxidative
stress can cause induction of apoptotic cell death by the activation
of inflammatory processes and their signaling pathways, increas-
ing of metalloproteinases (MMPs) levels, the degradation of unsat-
urated lipids, and changing the structures of fibrillar proteins
including collagens and elastin that due to the skin ageing
(Miastkowska and Sikora, 2018, Darawsha et al., 2021). Following
melanogenesis, melanin is a polyphenolic pigment produced in
melanosomes of melanocytes that are located in animal’s eyes,
hairs and skins, and can protect the skin damaged by ultraviolet
radiation (Ali and Naaz, 2018). Tyrosinase is the copper containing
enzyme, that can transform L-tyrosine to L-dopa and L-dopa to o-
dopaquinone-H + by hydroxylation and oxidation reactions, and
then passes through intermediates finally to melanin (Solano,
2018). The ROS also play a significant role in the regulation of cel-
lular oxidative stress in melanocytes which are dendritic cells that
localize in the basal layer of the epidermis in the skin. The inflam-
matory mediators in the skin such as interleukin (IL), prostaglandin
E2, tumor necrosis factor, and interferon gamma that are mainly
secreted by Th cells, lymphocytes, dendritic cells, and monocytes,
regulate to stimulating tyrosinase activity and upregulating
TYRP-1 and TYRP-2 expression and promoting melanocyte prolifer-
ation which related to melanin production (Fu et al., 2020). How-
ever, the overproduction and high accumulation of melanin cause
skin ageing such as melasma, freckles, dark spots, lentigo, and
hyperpigmentation disorders, which can be aesthetically undesir-
able (Ali and Naaz, 2018).

Sirtuins are nuclear nicotinamide adenine dinucleotide
(NAD + )-dependent class III histone deacetylase that regulate cell
senescence and apoptosis, and cell growth by controlling p53, fork-
head transcription factors (FOXOs), and peroxisome proliferator-
activated receptor gamma (PPAR-c) involving regulations of meta-
bolism, cell differentiation, survival, and aging. (Son et al., 2021).
The SIRT1, SIRT6, and rarely SIRT7 in the sirtuin family have been
regulated for dermatologic problems, including skin inflammation,
cutaneous infection, cancer, autoimmune diseases, inherited der-
matologic diseases, especially skin aging (Son et al., 2021). As well,
FOXO1 is a transcription factor that is located in the cytoplasm.
SIRT1 deacetylates FOXO1 and activates the FoxO1 transcription
in multiple pathways such as MAPK (mitogen-activated protein
kinase), protein kinase (AKT), and pancreatic and duodenal
homeobox-1 (Pdx1) pathways (Sin et al., 2015). The increase of Sirt1
and Foxo1 mRNA expression regulates glucose metabolism, DNA
repairing, neuroprotection, differentiation, vascular protection,
and insulin secretion; and decreases ageing and age-related dis-
eases such as oxidative stress, cellular senescence, neurodegenera-
tion, inflammation, insulin resistance, cardiovascular diseases,
adiposity, and liver steatosis as well as skin ageing (Son et al., 2021).

The Pharmaceuticals (Drugs) and Cosmetics Act of 1940 defines
a drug as ‘‘all medicines for internal or external uses by human
beings or animals, and all substances intended to be used for, or
in the diagnosis, treatment, mitigation, or prevention of any dis-
ease or disorder in humans or animals.” Cosmetic is any article
intended to be rubbed, poured, sprinkled, or sprayed on, intro-
duced into, or applied to any part of the human body for cleansing,
beautifying, promoting attractiveness, or altering the appearance,
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and includes any article intended for use as a component of cos-
metic. Cosmeceuticals are cosmetic-pharmaceutical hybrids
intended to enhance health and beauty through ingredients that
influence the skin’s biological textures and functions (Joshi and
Pawar, 2015). Presently, anti-ageing cosmetics, cosmeceuticals,
and pharmaceuticals contain active compounds which neutralize
free radicals such as vitamin E, vitamin C, glutathione, and coen-
zyme Q10; and delay skin ageing from wrinkles and melasmas
such as nucleic acids, protein hydrolysates, algae extracts, plant
oils, phytohormones, cytokines, and neuropeptides (Kim et al.,
2015, Miastkowska and Sikora, 2018), as well as polyphenols and
flavonoids from various natural plant extracts such as the extracts
of Vigna subterranean, Stichopus japonicus, Citrus aurantifolia,
Ananus comosus and Manihot esculenta (Chutoprapat et al., 2020;
Ding et al., 2020 Boonpisuttinant et al., 2022, Jampa et al., 2022).

Pink rambutan or Ngo See Chom Pu (Nephelium lappaceum L.) is
a plant from the family of Sapindaceae, which is the indigenous
plant of Klung District, Chanthaburi Province, in the eastern part
of Thailand. The Pink rambutan (PR) fruits are sweet and have a
good taste. They have a thin peel with a yellowish-pink rind and
a light-pink spine with a light green tip, which is different from
the other species such as Ngo Rongrien and Ngo Nasarn, which
have light red rinds and spines. The main phytochemicals found
in the rambutan plants are ellagic acid, corilagin, geraniin, querce-
tin, and rutin (Phuong et al., 2019, Phuong et al., 2020). It has been
previously reported that the peels of rambutan from the other spe-
cies have been found to have a high level of phenolic compounds
and have many biological activities such as DPPH radical scaveng-
ing, anti-inflammatory, antiviral, anticancer, and antibacterial
(Chingsuwanrote et al., 2016; Hernández-Hernández et al., 2019;
Rohman, 2017; Sukmandari et al., 2017; Thitilertdecha and
Rakariyatham, 2011). However, the Pink rambutan extracts have
no scientific report for biological activities, especially anti-ageing
activity for skin health and aesthetic purposes. Therefore, the cur-
rent study aimed to assess and evaluate the potentials of the PR
extracts in the skin applications on cosmetics, cosmeceuticals,
and pharmaceuticals. The investigations of in vitro anti-ageing bio-
logical activities including the tyrosinase inhibition and the anti-
melanogenesis, the collagen biosynthesis, and the stimulation of
Sirt1 and Foxo1 mRNA expressions, and the three anti-oxidative
activities as well as the cytotoxicity on human dermal fibroblasts,
indicate the efficiency and safety of the PR extracts which can be
further developed to natural skincare products.
2. Materials and methods

2.1. Preparation and extraction

The five parts of Pink rambutan (PR) including leaves (L),
branches (B), seeds (S), and peels from ripe (R) and young (Y) fruits
were collected from Klung District, Chantaburi, Thailand from June
to August 2017. The voucher specimens were identified by a bota-
nist at the Forest herbarium of Thailand, and registered at the
herbarium (Code: RSPG-RMUTT-0102) of Innovative Natural Prod-
ucts from Thai Wisdom Research Unit, Faculty of Integrative Med-
icine, RMUTT, Pathum Thani, Thailand. All the parts of the Pink
rambutan were cut, washed with tap water, dried at 60 �C in a
hot air oven, and ground into powder using a grinder. All parts of
Pink rambutans were extracted by Maceration and Soxhlet extrac-
tion using 95% ethanol as a solvent, which is the most frequently
used for extraction of medicinal plants because it is safe and eco-
nomical. Briefly, 10 g of each of the PR powders were extracted
by (1): the Maceration (M) in 100 mL of 95% (v/v) ethanol (Bangkok
Alcohol Industrial, Thailand) with the shaking at 200 rpm at room
temperature (25 ± 2 �C) for 48 h; and (2): the Soxhlet extraction
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(Sox) with 100 mL of 95% (v/v) ethanol at 80 ± 5 �C for 24 h. After
that, the extracts were first filtered through cotton wool and then
passed through a filter paper connected with a vacuum pump. The
filtrates were collected, pooled, and dried by a rotary evaporator.
The PR crude extracts were kept in glass bottles and stored at
4 �C in the refrigerator until used. The extraction yields were car-
ried out based on a dry weight basis. The 95% ethanol was used
as a solvent for dissolving the PR extracts before the experiments.

2.2. Phytochemicals, total phenolics and flavonoids, and quercetin
contents

Phytochemicals such as anthraquinones, alkaloids, carotenoids,
glycosides, flavonoids, tannins, and xanthones of the PR extracts
were investigated as previously described (Boonpisuttinant et al.,
2022). The qualitative results are expressed as (+) for the presence
and (-) for the absence of phytochemicals. The total phenolic con-
tents (TPC) were assayed by the Folin-Ciocalteu assay as previously
described (Boonpisuttinant et al., 2022). Briefly, 50 lL of the PR
extracts, 75 lL of Folin-Ciocalteu reagent (Sigma-Aldrich, USA),
and 75 lL of 7.5%(w/v) Na2CO3 (Loba Chemie, India) were added
into a 96-well microplate, gently mixed, and then incubated at
room temperature in a dark place for 90 min. Then, the absor-
bances at the wave length of 725 nm were measured by a micro-
plate reader. The phenolic contents were calculated from the
standard curve of gallic acid (Sigma-Aldrich, USA). The results were
carried out as mg of gallic acid equivalents (GAE)/g of extract.

The total flavonoid content (TFC) by the modified aluminum
chloride method was assayed following Shraim et al. (2021).
Briefly, 50 lL of the PR extracts, 25 lL of 10%AlCl3 (BDH Prolabo
Chemicals, Belgium), and 100 lL of 5% NaNO2 (Loba Chemie, India)
were added into a 96-well microplate. After 5 min incubation, the
plates were added 25 lL of 1 M NaOH (BDH Prolabo Chemicals,
Belgium). The reaction was allowed by incubation at room temper-
ature for 10 min. Then, the absorbances at the wavelength of
450 nm were measured by a microplate reader. The flavonoid con-
tents were calculated from the standard curve of quercetin (Sigma-
Aldrich, USA). The results were carried out as mg of Quercetin
equivalents (QE)/g of extract.

The quercetin contents in the PR extracts were investigated by
the HPLC method (Shaikh and Jain, 2018). Briefly, an accurately
weighed amounts of the standard quercetin was dissolved in
methanol in a 100 mL of volumetric flask, to obtain a stock solution
of 1,000 lg/mL. The standard solutions were subsequently 2-fold
serially diluted to 3.125 lg/mL. For sample preparation, 2.5 g of
the extracts was dissolved in 25 mL of methanol in a 25 mL of vol-
umetric flask to obtain 1,000 mg/mL. All analysis was performed
on an Agilent 1260 infinity HPLC system (Waters, Millford, MA,
USA) equipped with a photodiode array detector. The analytical
column used was an Agilent Zorbax extended column C18
(5l � 100 mm � 4.6 mm) with a mobile phase of methanol:
0.1% ortho phosphoric acid (75:25) at a flow rate of 0.6 mL/min.
The column temperature was maintained at 25 �C and the detec-
tion wavelength was set at 370 nm. All solutions and solvents were
filtered through a 0.22 lm filter and degassed. The sample injec-
tion volume was 10 lL, and the run time was 8 min.

2.3. Antioxidant activity

2.3.1. Free radical scavenging activity
The free radical scavenging activity of the PR extracts was

assayed by the 2,2-diphenyl-1-picrylhydrazyl (DPPH) method by
Boonpisuttinant et al. (2019). An amount of 100 lL of the PR
extracts or ʟ-ascorbic acid (Sigma-Aldrich, USA) as the positive
control and 100 lL of 0.1 mg/mL of DPPH (Sigma-Aldrich, USA)
solution in absolute ethanol were added to a 96 well microplate.
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After incubation at room temperature in a dark place for 30 min,
the absorbances were measured at the wavelength of 515 nm
using a microplate reader. The percentages of DPPH radical scav-
enging activity were calculated according to the following formula:

%DPPHradical scavenging activity ¼ ½A0 � A1=A0� � 100 ð1Þ
Where, A0 is the absorbance of the control and A1 is the absor-

bance of the samples. The concentrations providing 50% scaveng-
ing (SC50) were then calculated from the graph plotted between
the %free radical scavenging and the sample concentrations.

2.3.2. Lipid peroxidation inhibition
The lipid peroxidation inhibition of the PR extracts was assayed

by the Ferric-thiocyanate method Boonpisuttinant et al. (2019). An
amount of 50 lL of the PR extracts or a-tocopherol (Sigma-Aldrich,
USA) as the positive control and 50 lL of linoleic acid in 50%(v/v)
DMSO (Sigma-Aldrich, USA) were added to a 96 well microplate.
The reaction was initiated by the addition of 50 lL of 5 mM NH4-
SCN and 50 lL of 2 mM FeCl2. After incubation at 37 �C in a dark
place for 60 min, the absorbances at a wavelength of 490 nm were
measured using a microplate reader. The percentages of lipid per-
oxidation inhibition were calculated according to the following
formula:

%Lipidperoxidation inhibition ¼ ½ðA0 � A1Þ=A0� � 100 ð3Þ

Where A0 is the absorbance of the control and A1 is the absor-
bance of the samples. The concentrations providing 50% of lipid
peroxidation inhibition (LC50) were calculated from the graph plot-
ted between the % lipid peroxidation inhibition and the sample
concentrations.

2.3.3. Metal chelation
The metal chelation of the PR extracts was assayed by the fer-

rous ion chelating (FIC) method by Boonpisuttinant et al. (2019).
An amount of 50 lL of the PR extracts or EDTA (Loba Chemie, India)
as the positive control, 1 mg/mL FeCl2, and 50 lL of 1 mg/ml of fer-
rozine in 1% HCl (TCI, USA) were added to a 96 well microplate.
After incubation at room temperature in a dark place for 60 min,
the absorbances at the wavelength of 570 nm were measured
using a microplate reader. The percentages of metal chelation were
calculated according to the following formula:

%Metal chelation ¼ ½ðA0 � A1Þ=A0� � 100 ð2Þ
Where A0 is the absorbance of the control and A1 is the absor-

bance of the samples. The concentrations providing 50% of metal
chelation (MC50) were calculated from the graph plotted between
the % metal chelation and the sample concentrations.

2.4. Mushroom tyrosinase inhibition

The mushroom tyrosinase inhibition activity of the PR extracts
was assayed by the modified dopachrome method
(Boonpisuttinant et al., 2022). An amount of 50 lL of the PR
extracts or kojic acid (Sisco Research Laboratories (SRL), India) as
the positive control, 50 lL of 0.1 mg/mL L-tyrosine (Sigma-
Aldrich, USA), 50 lL of 0.1 mM phosphate buffer, and 50 lL of
0.1 mg/mL mushroom tyrosinase (Sigma-Aldrich, USA) were added
to a 96-well microplate. Before and after incubation at 37 �C in a
dark place for 60 min, the absorbances at the wavelength of
450 nm were measured using a microplate reader. The percentages
of mushroom tyrosinase inhibition were calculated according to
the following formula:

%Mushroomtyrosinase inhibition

¼ ½ðA� BÞ � ðC� DÞ�=ðA� BÞ � 100 ð4Þ
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Where A is the absorbance of the blank after incubation, B is the
absorbance of the blank before incubation, C is the absorbance of
the samples after incubation, and D is the absorbance of the sam-
ples before incubation. The concentrations providing 50% tyrosi-
nase inhibition (IC50 mg/mL) were calculated from the graph
plotted between the % tyrosinase inhibition and the sample
concentrations.

2.5. In vitro anti-ageing activities on cell cultures

2.5.1. Cell cultures
Murine melanomas (B16F10) and human skin fibroblasts were

used to investigate the anti-melanogenesis, collagen biosynthesis,
and anti-ageing of Sirt1 and Foxo1 mRNA expression, respectively.
These two cells were obtained from the American Type Culture
Collection (ATCC), Virginia, USA. The cells were cultured in the Dul-
becco’s Modified Eagle Medium (DMEM) (Sigma-Aldrich Biotech-
nology, St. Louis, MO, USA) supplemented with 10% fetal bovine
serum (FBS) (Sigma-Aldrich Corporation, St. Louis, MO, USA),
100 IU/ml of penicillin and 100 mg/mL of streptomycin (Gibco
BRL, Gaithersburg, USA) under the standard conditions at 37 �C
under the 5% CO2 incubator before experiments.

2.5.2. Cytotoxicity test on human skin fibroblasts
The various concentrations of the PR extracts were investigated

for the cytotoxicity on the murine melanomas (B16F10) and human
skin fibroblasts by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte
trazolium bromide (MTT) assay as the previously described
Boonpisuttinant et al. (2022). The human skin fibroblasts at the
density of 1 � 104 cells per well were plated in 96-well plates,
adjusted the volume to 180 lL with the DMEM, and incubated at
37 �C under a 5% CO2 atmosphere for 24 h. The extracts at the var-
ious concentrations were then added. The cells were incubated at
37 �C under a 5% CO2 atmosphere for 24 h. After that, the cells were
washed with 10 mM PBS at pH 6.8 for 3 times and added 1 mL of
0.5 mg/mL of MTT solution (Sigma-Aldrich, USA). After incubation
at room temperature for 3 h, the MTT solution was removed, and
100 lL of dimethyl sulfoxide (DMSO) was added to each well.
The plates were gently shaken at 200 rpm for 15 min. The absor-
bances at the wavelength of 570 nm of the solutions were mea-
sured using a microplate reader. The percentages of the cell
viability were calculated according to the following formula:

%Cell viability ¼ ½Asample=Acontrol� � 100

Where Acontrol is the absorbance of the control and Asample is the
absorbance of the samples.

2.5.3. Anti-melanogenesis on B16F10 cells
The anti-melanogenesis on B16F10 cells of the PR extracts was

examined using the previously described method by
Boonpisuttinant et al. (2022). The B16F10 cells at the density of
2.5 � 105 cells per well were seeded in 6-well plates and incubated
at 37 �C under a 5% CO2 atmosphere overnight. The extracts at a
concentration of 0.01 mg/mL were then added. Kojic acid was used
as a positive control. The cells were incubated at 37 �C under 5%
CO2 atmosphere for 72 h. After that, the supernatants were col-
lected to the clean microfuge tubes, whereas the cells were washed
with 10 mM Phosphate Buffer Saline (PBS) at pH 6.8 for 3 times,
dissolved in 200 lL of 10% NaOH, and incubated at 60 �C for 1 h.
The absorbances at the wavelength of 450 nm of the supernatants
and the cell lysates were measured using a microplate reader. The
percentages of the melanin content were calculated according to
the following formula:

%Melanin content ¼ Msample=Mcontrol
� �� 100 ð5Þ
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Where, Msample was the absorbance of the samples, and Mcontrol

was the absorbance of the control.
2.5.4. Collagen biosynthesis on human skin fibroblasts
The collagen biosynthesis of the PR extracts was examined as

the previously described method by Boonpisuttinant et al.
(2022). The human skin fibroblasts at a density of 5 � 105 cells
per well were seeded into 6-well plates and incubated at 37 �C
under a 5% CO2 atmosphere for overnight. The extracts at a concen-
tration of 0.1 mg/mL were then added. ʟ-ascorbic acid was used as
a positive control. The cells were incubated at 37 �C under a 5% CO2

atmosphere for 24 h. After that, the cells were washed with 10 mM
PBS at pH 6.8 for 3 times, added 1 mL of 0.1% (w/v) Sirius red solu-
tion (Sigma-Aldrich, USA) in the saturated picric acid (Sisco
Research Laboratories (SRL), India), and then incubated at room
temperature for 1 h. The dye was removed, and the plates were
washed with 1 mL of 10 mM HCl (Merck Millipore, Germany) 5
times. Then, the cells were dissolved by adding 1 mL of 0.1 M
NaOH. The absorbances at the wavelength of 450 nm of the super-
natants and the cell lysates were measured using a microplate
reader. The percentages of the collagen amount were calculated
according to the following formula:
%Collagen content ¼ ðCsample =CcontrolÞ � 100 ð6Þ
Where, Csample was the collagen content of the samples, and

Ccontrol was the collagen content of the control.
2.5.5. Stimulation of anti-ageing genes on human skin fibroblasts
The stimulation of anti-ageing genes (Foxo1 and Sirt1) of the PR

extracts was determined by the RT-PCR as the previously described
Polouliakh et al. (2020). The human skin fibroblasts at the density
of 5 � 105 cells per well were seeded into 6-well plates incubated
at 37 �C under 5% CO2 atmosphere overnight. The extracts at the
concentration of 0.01 mg/mL were then added. After incubation
for 24 h, the total RNA was extracted with the NucleoSpin RNA Plus
(Macherey Nagel, Dueren, Germany) according to the manufac-
turer’s instructions. The amount of total RNA was quantified by
Qubit 2.0 fluorometer (Invitrogen, Massachusetts, USA.). The speci-
fic primers for RT-PCR including Foxo1, Sirt1 and b-actin were pur-
chased from Macrogen Oceania, Australia. The sequences of the
specific primers were followed; Foxo1: 50-GAC GCC GTG CTA CTC
GTT-30 (Forward) and 50-CGG TTC ATA CCC GAG GTG-30 (Reverse);
Sirt1: 50-TAG CCT TGT CAG ATA AGG AAG GA-30 (Forward), 50-ACA
GCT TCA CAG TCA ACT TTG T-30 (Reverse); and b-actin: 50TCA TGC
AGT GTG ACG TTG ACA TCC GT-30 (Forward), 50-CCT AGA AGC ATT
TGC GGT GCA CGA TG �30 (Reverse). The PCR mixtures have con-
tained 1x SuperScriptTM III One-Step RT-PCR System with Plat-
inumTM Taq DNA Polymerase Supermix (Invitrogen,
Massachusetts, USA.), 250 nM of specific primers, and 2 lg of
RNA. All the RT-PCR reactions were performed on TProfessional
Basic Gradient 070–601 (Biometra GmbH, Göttingen, Germany)
under the amplification conditions: 60 �C 30 min for reverse tran-
scription; then 40 cycles at 94 �C for 15 s of denaturation, 55 �C for
30 s of annealing, and 68 �C for 30 s of extension; and finally at
68 �C for 5 min. After RT-PCR processes, the PCR products were
then separated on a 1.5% agarose gel mixed with the Novel Juice
6x DNA Loading Buffer (GeneDireXTM, China), viewed with a transil-
luminator, and then photographed using Quantity One 4.6.8 (basic)
(Bio-Rad Laboratories, Inc., California). Subsequently, the band
density was quantified using Image J (Version 1.47, National Insti-
tutes of Health, Bethesda, MD, USA), and was normalized to the
housekeeping gene, b-actin.
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2.6. Statistical analysis

All experiments were expressed as the mean ± standard devia-
tion (S.D.) of the independent experiments (n = 3). Statistical differ-
ences were analyzed by the ANOVA with the Tukey test (p < 0.05).
The relationships between the bioactivities were tested by Pear-
son’s correlation coefficient.

3. Results

3.1. The extraction yields, physical characteristics and phytochemical
contents of the PR extracts

The extraction yields, physical characteristics, and phytochemi-
cal contents of the PR extractswere exhibited in Table 1. The extrac-
tion yields of the PR extracts ranged from 10.62% to 30.63%. The
main phytochemical components of the PR extracts were flavo-
noids. Exceptional, the Pink rambutan extracts from seeds (PR-S-
M and PR-S-Sox) did not contain flavonoids but showed only glyco-
sides as their phytochemicals. Only, the PR extracts from the ripe
and young peels by the Maceration (M) showed the presence of
xanthones, which is a heat-labile polyphenol. In addition, the
extraction yields of the PR extracts by the Soxhlet extraction
(Sox) seemed to be higher than the Maceration (M).

3.2. Total phenolic (TPC), flavonoid (TFC), and quercetin contents of
the PR extracts

The PR extract from peels of young fruits by the Maceration (PR-
Y-M) gave the highest total phenolic contents by the Folin-
Ciocalteu assay of 67.60 ± 4.38 mgGAE/g, while the PR extract from
peels of young fruits by the Soxhlet extraction (PR-Y-Sox) gave the
highest total flavonoid contents by the modified aluminum chlo-
ride colorimetric assay of 678.72 ± 23.59 mgQE/g (Fig. 1)
(p < 0.05). However, the PR-B-M, PR-S-M, and PR-S-Sox extracts
showed no phenolic content. It was revealed that all PR extracts
demonstrated the quercetin contents determined by the HPLC
analysis. In addition, the PR extract from peels of ripe fruits by
the Maceration (PR-R-M) gave the highest quercetin contents of
190.10 ± 0.28 lg/mL. (Fig. 2).

3.3. Antioxidant and mushroom tyrosinase inhibition activities of the
PR extracts

Table 2 demonstrated the three anti-oxidative activities, includ-
ing the free radical scavenging activity by the DPPH method, the
lipid peroxidation inhibition by the Ferric-thiocyanate method;
the metal chelation by the FIC method; and the mushroom tyrosi-
nase inhibition of the PR extracts. Most of the PR extracts except
Table 1
The extraction yields, physical characteristics, and phytochemical contents of the PR extra

Extracts % Yields Physical characteristics Phytochemic

Glycosides

PR-L-M 22.02 viscous, dark green –
PR-L-Sox 17.63 viscous, dark green –
PR-B-M 10.62 viscous, brown –
PR-B-Sox 22.96 viscous, brown –
PR-S-M 13.24 viscous, light yellow ++
PR-S-Sox 15.30 viscous, light yellow +
PR-R-M 16.54 viscous, dark brown –
PR-R-Sox 29.90 viscous, dark brown –
PR-Y-M 16.02 viscous, brown –
PR-Y-Sox 30.63 viscous, brown –

Note: The qualitative results are expressed as (+) for the presence and (-) for the absence
respectively. PR is the Pink rambutan extracts. L, B, S, R, and Y are leaves, branches, seed
ethanol by shaking at 200 rpm at room temperature (25 ± 2 �C) for 48 h. Sox is the Sox
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the PR-L-M, PR-B-M, and PR-S-Sox extracts showed superior free
radical scavenging activity with the SC50 range of 0.023 –
0.045 mg/mL, which was comparable to standard ʟ-ascorbic acid
(SC50 of 0.036 ± 0.003 mg/mL) at p < 0.05. In addition, the PR-L-
M extract showed the highest lipid peroxidation inhibition with
the LC50 of 0.274 ± 0.029 mg/mL, and the metal chelation activity
with the MC50 of 0.203 ± 0.021 mg/mL, which was comparable to
standard a-tocopherol (LC50 of 0.122 ± 0.015 mg/mL) and EDTA
(MC50 of 0.518 ± 0.034 mg/mL), respectively (p < 0.05). All of the
PR extracts demonstrated the mushroom tyrosinase inhibition
activity, while the PR-R-Sox extract showed the highest activity
with the IC50 of 0.04 ± 0.02 mg/ml, which was comparable to the
standard kojic acid (IC50 of 0.02 ± 0.01 mg/ml) (p < 0.05).

3.4. Cytotoxicity of the PR extracts

Fig. 3 showed the cytotoxicity on the B16F10 cells (A) human
skin fibroblasts by the MTT assay of the PR extracts. All of the PR
extracts at the concentrations of 0.01 and 0.1 mg/mL had no cyto-
toxicity on the B16F10 cells and human skin fibroblasts, respectively
since they gave>80% relative viability compared to the untreated
group. Despite this, the higher concentrations of all PR extracts
were considered cytotoxic on those cells. The higher concentration
than that of 1 mg/ml was not tested since it could not completely
dissolve in the solvent.

3.5. Anti-melanogenesis of the PR extracts

In this study, there is a screening method from many samples,
therefore we highlight only the highest concentration that had
no cytotoxicity on the both cells, and might have the highest
anti-melanogenesis activity. This concentration is the highest con-
centration that showed no cytotoxicity on the B16F10 cells after
being treated with the PR extracts and kojic acid (>80% cell viabil-
ity) (data not shown). Fig. 4 exhibited the anti-melanogenesis on
the murine melanomas (B16F10) cells of the PR extracts at the con-
centration of 0.01 mg/ml. All PR extracts exhibited anti-
melanogenesis on B16F10 cells. The PR extracts from leaves,
branches, seeds, and ripe and young fruits by the Soxhlet extrac-
tion (PR-L-Sox, PR-B-Sox, PR-S-Sox, PR-R-Sox and PR-Y-Sox)
showed the highest anti-melanogenesis of 50.6–54.1%, which
was dramatically superior to the standard kojic acid (37.9 ± 3.9%)
by about 1.5 folds, whereas the activity of the RB-M and PR-Y-M
extracts was comparable to the standard kojic acid (p < 0.05).

3.6. Stimulation of collagen biosynthesis of the PR extracts

All PR extracts at the concentration of 0.1 mg/ml showed the
stimulation of collagen biosynthesis on the human skin fibroblasts
cts.

al contents

Flavonoids Carotenoids Tannins Xanthones

++ ++ + –
++ + ++ –
+ ++ – –
+ – – –
+ – – –
+ – – –
++ – + +
+ – ++ –
++ – ++ +
+++ – + –

of phytochemicals. +++, ++, and + is shown the higher, moderate, and low contents,
s, and peels of ripe and young fruits, respectively. M is the Maceration in 95% (v/v)
hlet extraction with 95% (v/v) ethanol at 80 ± 5 �C for 24 h.



Fig. 1. Total phenolic content (TPC), total flavonoid content (TFC), and quercetin content (QC) of the PR extracts. Superscript asterisks (a-e for TPC, A-E for TFC and i-ix for QC) in
the column indicate denote significant differences at p < 0.05 by Tukey test. PR is the Pink rambutan extracts. L, B, S, R and Y are leaves, branches, seeds, peels of ripe and
young fruits, respectively. M is the Maceration in 95% (v/v) ethanol by shaking at 200 rpm at the room temperature (25 ± 2 �C) for 48 h. Sox is the Soxhlet extraction with 95%
(v/v) ethanol at 80 ± 5 �C for 24 h.
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determined by the Sirius Red method. The concentration of 0.1 mg/
ml of the PR extracts and ʟ-ascorbic acid is the highest concentra-
tion that showed no cytotoxicity on the human skin fibroblasts.
The PR extracts from leaves and branches by the Soxhlet extraction
(the PR-L-M and the PR-B-M extracts) demonstrated the highest
collagen biosynthesis (16.46 ± 0.07% and 14.66 ± 0.09%, respec-
tively), which was lower than the standard ʟ-ascorbic acid (34.07
± 0.03%) by about 2 folds (p < 0.05) (Fig. 5).

3.7. Stimulation of anti-ageing genes

Fig. 6 showed the stimulation of anti-ageing genes including
Sirt1 and Foxo1 genes on the human skin fibroblasts of the PR
extracts at 0.01 mg/ml was determined by the RT-PCR technique.
The concentration of 0.01 mg/ml of the PR extracts and resveratrol
is the highest concentration that showed no cytotoxicity on the
human skin fibroblasts. Interestingly, the PR-L-Sox, PR-S-Sox, PR-
R-M, PR-R-Sox, PR-Y-M and PR-Y-Sox extracts at 0.01 mg/ml
exhibited the highest stimulation of Foxo1 anti-ageing mRNA
expression (495 bp), which was dramatically superior to the stan-
dard resveratrol by about 2 folds (p < 0.05). On the other hand, the
PR-S-Sox and PR-Y-Sox extracts exhibited the highest stimulation
of Sirt1 anti-ageing mRNA expression (160 bp), which was lower
than that of resveratrol (p < 0.05). Although almost all PR extracts
demonstrated the stimulation of anti-ageing gene expression, the
PR-R-Sox and PR-B-M extracts did not stimulate Sirt1 and Foxo1
expression, respectively.

4. Discussion

Several natural plants have usually been screened for their phy-
tochemicals, bioactive compounds, and biological properties to
find new promising natural ingredients for medicine, food supple-
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ments, and cosmetic applications. Pink rambutan is one of the local
fruits in Klung District, Chanthaburi Province, Thailand. There are a
few scientific reports on its biological and pharmaceutical activi-
ties, especially its anti-ageing activity. In this study, the five parts
of Pink rambutan, including leaves, branches, seeds, and peels from
ripe and young fruits, were extracted by the Maceration and the
Soxhlet extraction using 95% ethanol as solvent. Several newly dis-
covered phytochemicals, including quercetin, which are secondary
metabolites of plants, have been studied for anti-ageing effects in
cells, animals, and humans (Phuong et al., 2020). From the findings
of this study, flavonoids were the main phytochemicals of the PR
extracts. It has been previously reported that the extracts from
the other species of rambutan were presented with phytochemi-
cals including flavonoids, tannins, and carotenoids, which corre-
lated with their antioxidant properties (Rohman, 2017). The
absence of xanthones by the Soxhlet extraction might be from high
temperatures (Yuvanatemiya et al. 2022, Sankeshwari et al., 2018).
Quercetin is one of the most abundant phenolic and flavonoid com-
pounds found in many fruits and vegetables, as well as in rambu-
tan (Phuong et al., 2020). In this study, the higher temperature
(80 �C) of Soxhlet process can extract a non-heat labile substance
including quercetin more than the cold process. The quercetin
amount determined by HPLC analysis can be used as a marker
for quality control of the PR extracts on the production scale. The
Pearson’s correlation coefficient (R2) between the TFC and the
TPC of the PR extracts was 0.825 classifying a very strong relation-
ship (R2 = ± 0.80 to ± 1.00) (p < 0.01) which means if the TFC is
increased, the TPC would be dramatically increased as well. In
addition, the R2 coefficient between the TPC and the quercetin con-
tent of the PR extracts was 0.650 classifying a strong relationship
(R2 = ± 0.60 to ± 0.79) (p < 0.05). The difference in extraction yields,
phytochemicals, as well as TPC, TFC and quercetin of the PR
extracts might be affected by the solvents, extraction processes,



Fig. 2. HPLC chromatograms of quercetin contents in the PR extracts. PR is the Pink rambutan extracts. L, B, S, R, and Y are leaves, branches, seeds, and peels of ripe and young
fruits, respectively. M is the Maceration in 95% (v/v) ethanol by shaking at 200 rpm at room temperature (25 ± 2 �C) for 48 h. Sox is the Soxhlet extraction with 95% (v/v)
ethanol at 80 ± 5 �C for 24 h.

Table 2
Anti-oxidant and mushroom tyrosinase inhibition activities of the PR extracts.

Extracts Free radical scavenging activity
(SC50 mg/ml)

Lipid peroxidation inhibition
(LC50 mg/ml)

Metal chelation
(MC50 mg/ml)

Mushroom tyrosinase inhibition
(IC50 mg/ml)

PR-L-M 0.320 ± 0.070b 0.274 ± 0.029A 0.203 ± 0.021i 2.80 ± 0.18VII

PR-L-Sox 0.023 ± 0.004a 1.852 ± 0.361C 2.793 ± 0.551ii 0.66 ± 0.18III

PR-B-M 0.309 ± 0.050b 1.301 ± 0.120B 3.999 ± 0.961iii 1.01 ± 0.30IV

PR-B-Sox 0.045 ± 0.003a 1.714 ± 0.188C 4.548 ± 0.521iii 1.72 ± 0.32VI

PR-S-M NA NA 3.494 ± 1.175ii 0.95 ± 0.07IV

PR-S-Sox 5.106 ± 0.061c NA 2.480 ± 0.828ii 1.03 ± 0.07IV

PR-R-M 0.035 ± 0.001a 2.317 ± 0.229D NA 1.50. ± 0.52 V

PR-R-Sox 0.036 ± 0.003a 1.582 ± 0.246C 5.446 ± 1.161iii 0.04 ± 0.02I

PR-Y-M 0.032 ± 0.005a 1.606 ± 0.470C NA 1.70 ± 0.07VI

PR-Y-Sox 0.034 ± 0.002a 2.077 ± 0.298D 4.714 ± 0.454ii 0.23 ± 0.02II

Std. ʟ-ascorbic acid 0.036 ± 0.003a – – –
Std. a-tocopherol – 0.122 ± 0.015A – –
Std. EDTA – – 0.518 ± 0.034i –
Std. Kojic acid – – – 0.02 ± 0.01I

Note: The data are expressed as mean ± SD and different superscript asterisks (a-c for SC50, A-D for LC50, i-iii for MC50, I-VII for IC50) in the column indicate denote significant
differences at p < 0.05 by Tukey test. PR is the Pink rambutan extracts. L, B, S, R and Y are leaves, branches, seeds, peels of ripe and young fruits, respectively. M is the
Maceration in 95% (v/v) ethanol by shaking at 200 rpm at the room temperature (25 ± 2 �C) for 48 h. Sox is the Soxhlet extraction with 95% (v/v) ethanol at 80 ± 5 �C for 24 h.
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and temperatures (Chutoprapat et al., 2020). Several studies have
found that flavonoid and phenolic compounds, as well as querce-
tin, have a wide range of biological and pharmaceutical activities,
including anti-microbial, antioxidant, anti-inflammation, and
anti-aging activity (Panche et al., 2016, Shahidi and Yeo, 2018,
Musika et al., 2021, Wang et al., 2022).

As previously stated, radical oxygen species, or ROS, can cause
age-related damage at the cell and tissue levels, accelerating
chronologic and environmental ageing characterized by wrinkles
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and atypical pigmentation (Papaccio et al., 2022). Natural antioxi-
dants have the ability to scavenge free radicals, which results in
reduced anti-inflammatory effects, the prevention of cancer, dia-
betes, and brain disorders, the reduction of blood pressure and
atherosclerosis, and the slowing of skin aging (Miracle Uwa,
2017). Free radical scavenging, inhibition of lipid peroxidation,
and metal chelation have been widely investigated as systems to
investigate the antioxidant activity of natural products. For DPPH
free radical scavenging, the odd electrons in DPPH molecules are



Fig. 3. Cytotoxicity on B16F10 cells (A) and human skin fibroblasts (B) of the PR extracts. PR is the Pink rambutan extracts. L, B, S, R, and Y are leaves, branches, seeds, and peels
of ripe and young fruits, respectively. M is the Maceration in 95% (v/v) ethanol by shaking at 200 rpm at room temperature (25 ± 2 �C) for 48 h. Sox is the Soxhlet extraction
with 95% (v/v) ethanol at 80 ± 5 �C for 24 h.
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reduced by receiving a hydrogen atom from antioxidants to
become hydrazine molecules (Ionita, 2021). The lipid peroxidation
method is based on the oxidation of copper (II) to copper (III) ions
passed by a linoleic acid emulsion (Bakir et al., 2017), while the
metal chelation method is based on the oxidation of copper (II)
to form a ferric-ferrozine complex (Wong et al., 2014). The pres-
ence of flavonoid and phenolic content in the PR extracts from this
study may have contributed to the three antioxidative activities. It
was found that the phenolic compounds (e.g., corilagin, ellagic
acid, geraniin, and quercetin) from the rambutan extracts exhibit
antioxidant activity by DPPH radical scavenging and lipid peroxi-
dation inhibition (Hernández-Hernández et al., 2019, Phuong
et al., 2019, Monrroy et al., 2020, Araujo et al., 2021). This is similar
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to the previous reports that the peel extracts from the other species
of rambutan exhibit high TPC and TFC, as well as show stronger
antioxidant activities such as ABTS, DPPH, O2-scavenging, ferric
reducing assay power (FRAP), chelating agents, and lipid peroxida-
tion (Lourith et al., 2017, Rohman, 2017, Monrroy et al., 2020).
Interestingly, the R2 coefficient between the metal chelation and
the lipid peroxidation inhibition of the PR extracts showed a very
strong positive correlation of 0.953, classifying a strong relation-
ship at a significant level of p < 0.01.

A cytotoxicity study of plant extracts involving normal mam-
malian or human cells must be conducted before a given plant
extract can eventually be investigated for evaluation in animal
models and clinical trials. Our study showed that all the PR extracts



Fig. 4. Anti-melanogenesis on the B16F10 cells of the PR extracts at the concentration of 0.01 mg/ml. Superscript asterisks (a-d) in the column indicate denote significant
differences compared to kojic acid at p < 0.05 by the Tukey test. PR is the Pink rambutan extracts. L, B, S, R, and Y are leaves, branches, seeds, and peels of ripe and young fruits,
respectively. M is the Maceration in 95% (v/v) ethanol by shaking at 200 rpm at room temperature (25 ± 2 �C) for 48 h. Sox is the Soxhlet extraction with 95% (v/v) ethanol at
80 ± 5 �C for 24 h.

Fig. 5. Collagen biosynthesis on human skin fibroblasts of the PR extracts at the concentration of 0.1 mg/ml. Superscript asterisks (a-e) in the column indicate denote
significant differences compared to L-ascorbic acid at p < 0.05 by the Tukey test. PR is the Pink rambutan extracts. L, B, S, R, and Y are leaves, branches, seeds, and peels of ripe
and young fruits, respectively. M is the Maceration in 95% (v/v) ethanol by shaking at 200 rpm at room temperature (25 ± 2 �C) for 48 h. Sox is the Soxhlet extraction with 95%
(v/v) ethanol at 80 ± 5 �C for 24 h.
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at the concentrations of 0.01 and 0.1 mg/mL had no cytotoxicity on
the B16F10 cells and normal human skin fibroblasts, respectively,
indicating non-toxicity for dermal applications such as cosmetics,
cosmeceuticals, and pharmaceuticals, and there was the proper
concentration for investigation of the anti-melanogenesis on
543
B16F10 cells and collagen biosynthesis on human skin fibroblasts.
The cytotoxic effect on the normal cells of the PR extracts at the
higher concentrations of > 0.1 mg/mL in this experiment might
probably cause cell damage and death. The different cytotoxic
effects of the plant extracts depend on the cell types, which have



Fig. 6. Stimulation of anti-ageing genes on human skin fibroblasts of the PR extracts at the concentration of 0.1 mg/ml. Superscript asterisks (a-c for Foxo1 and A-D for Sirt1) in
the column indicate significant differences compared to kojic acid at p < 0.05 by the Tukey test. PR is the Pink rambutan extracts. L, B, S, R, and Y are leaves, branches, seeds,
and peels of ripe and young fruits, respectively. M is the Maceration in 95% (v/v) ethanol by shaking at 200 rpm at room temperature (25 ± 2 �C) for 48 h. Sox is the Soxhlet
extraction with 95% (v/v) ethanol at 80 ± 5 �C for 24 h.
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a different response to the nature of plants and their biologically
active compounds (Rezk et al., 2015).

Hyperpigmentation can result from melanin overproduction,
which is a sign of skin aging and diseases such as melasma and
freckles (Ali and Naaz, 2018). Commonly, the inhibition of tyrosi-
nase is a method for reducing skin pigmentation by controlling a
rate-limiting enzyme and down-regulating melanogenesis, includ-
ing tyrosinase-related proteins 1 and 2 (TRP1 and 2) and a-MSH-
stimulated microphthalmia-associated transcription factor (MITF)
in melanogenesis (Lee et al., 2015, Serre et al., 2018, Panzella and
Napolitano, 2019). The amounts of TFC, TPC, and quercetin, as well
as tannins in the PR-R-Sox extract, might be responsible for inhibit-
ing the mushroom tyrosinase activity and melanogenesis by form-
ing divalent ions with the Cu (II) ion content of the enzyme to form
insoluble complexes (Obaid et al., 2021). The structure of tannin
contains a benzene ring with many hydroxyl (AOH) groups, which
is very similar to the structure of tyrosine and might inhibit the
oxidation process of tyrosinase substrate (Chai et al., 2018). Many
enzymes, including trypsin, amylase, and lipase, which contain Fe
(II) and Zn (II) ions, can exhibit this effect. Lourith et al. (2017)
reported that the extract of rambutan peels suppressed melanin
production with a calculated cellular IC50 of 0.040 mg/mL.

Collagen is a fibrillar protein of the extracellular matrix, which
is abundant in the body. The breakdown of collagen in organs,
including bones, tendons, cartilage, and skin, resulting in a loss of
elasticity and durability, can cause ageing process (Reilly et al.,
2021). According to collagen biosynthesis, it starts with transcrip-
tion of collagen genes, translation, and translocation of the nascent
polypeptide chain to the rough endoplasmic reticulum (rER). Then,
it passes to highly complex processes including co-translational
modification and folding, trafficking through the Golgi network,
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secretion, and maturation (Onursal et al., 2021). It was revealed
that the PR extracts by the Maceration seemed to stimulate the col-
lagen biosynthesis more than the Soxhlet extraction. Although,
there is no previous report on the collagen biosynthesis of the PR
extracts, many reports suggest investigation of this activity in nat-
ural plants. Chutoprapat et al. (2020) reported that the ethanolic
seed extract of Bambara groundnut, which contains flavonoids
and tannins, stimulated collagen biosynthesis. It also suggests that
a natural extract high in carotenoids can protect the skin from age-
related collagen type I degradation (Meinke et al., 2017). The cor-
relations between collagen biosynthesis and lipid peroxidation;
and metal chelation, with the R2 coefficients of 0.677 and 0.689,
respectively, were classified as strong positive correlations. As
known, collagen can be damaged by ROS, whereas antioxidants
inhibit ROS production, which can damage the biosynthesis of con-
nective tissue, including collagen in fibroblasts, resulting in
increased collagen biosynthesis (Tu and Quan, 2016). Darawsha
et al. (2021) report that carotenoids, polyphenols, and estradiol
could protect dermal fibroblasts from oxidative stress-induced
damage through a reduction in ROS levels.

Generally, the NAD + -dependent histone deacetylase SIRT1 reg-
ulates glucose metabolism, DNA repair, neuroprotection, differen-
tiation, vascular protection, and insulin secretion, whereas the
transcription factor FOXO1 plays a role in several biological path-
ways, including apoptosis, oxidative stress, and cell cycle arrest
(Grabowska et al., 2017, Mo et al., 2019). Both SIRT1 and FOXO1
have been studied for aging mechanisms in the oxidative phospho-
rylation system and restoring mitochondrial dysfunction such as
insulin resistance, oxidative stress resistance, and metabolism in
mammals, especially the development of ageing (Sin et al., 2015,
Son et al., 2021). Natural phytochemicals, both polyphenols (quer-
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cetin, resveratrol, fisetin, and curcumin) and non-polyphenols
(berberine), can modulate Sirt1 and Foxo1 mRNA expression and
activity for the prevention and treatment of stress-related oxida-
tive diseases (Iside et al., 2020). Resveratrol (3,5,4-
trihydroxystilbene) derived from grape skin is an effective SIRT1
and FOXO1 activator, extending the lifespan of aged mice, regulat-
ing ageing-related factors by decreasing insulin-like growth factor-
1, increasing AMP-activated protein kinase and PPAR-coactivator 1,
decreasing the level of malondialdehyde and fibronectin in the
renal cortex, and increasing superoxide activity (Son et al. Up-
regulation of Sirt1 and Foxo1 mRNA expression on various cells
in response to natural plant extracts and phytochemicals has been
reported in vitro and in vivo. Son et al. (2021) discovered that a
Prunus mume seed extract can up-regulate Sirt1mRNA expression,
increase collagen levels, and decrease metalloproteinase 1 mRNA
expression in mouse dorsal skin tissue. Verbascoside and lycopene
increased SIRT1 activity in rabbit liver and heart tissues while also
improving blood lipid and glycemic profiles (Corbi et al., 2018). The
extract from Dracocephalum kotschyi significantly enhanced p-
FOXO1, p-AKT, SREBP-1, and PPARc expressions in the lipid meta-
bolism of adipose tissue (Aslian and Yazdanparast, 2018).
Tabatabaie and Yazdanparast (2017) study reveals that the Teu-
crium polium extract could up-regulate Pdx1 and p-FoxO1 pro-
teins and reduce p-JNK expression in diabetic rats. The extracts
of Retama monosperma (L.) Boiss seed and flowers, and the isolated
flavonoids, including quercetin, genistein, 6-methoxykaempferol,
and kaempferol, can enhance Sirt1 and Sirt3 gene expression in
HaCaT cells and show anti-oxidative activity (Zefzoufi et al.,
2021). The stimulation of Sirt1 and Foxo1 mRNA expression by
the extracts from Pink rambutan (Nephelium lappaceum Linn.) is
reported for the first time. Punicalagin hydrolysable tannin is
found in pomegranates and could increase the total FOXO1 protein
and enhance its nuclear translocation (Liu et al., 2019), and
enhance SIRT1 nuclear distribution and NRF-2-HO-1 signaling,
resulting in a reduction of the inflammatory response, nitrosative
stress, and cardiac oxidative stress induced by the myocardial
ischemia/reperfusion (MI/R) operation (Yu et al., 2019). It has also
been reported that hydrolysable tannins from other plants, includ-
ing gallic acid, geraniin, ellagic acid, and corilagin, have been found
in the peels of N. lappaceum Linn. with anti-hyperglycemic and
antioxidant properties (Monrroy et al., 2020), which might have
stimulation activity on Sirt1 and Foxo1 genes similar to
punicalagin.

According to the findings, the anti-aging properties of most PR
extracts may be attributed to phytochemical constituents such as
phenolic and flavonoid content, as well as quercetin. However,
there is a weak positive correlation between the quercetin content
and all anti-ageing activities in these experiments. As a result,
other phytochemicals in the PR extract, such as ellagic acid, cori-
lagin, geraniin, and rutin, may be responsible for the anti-aging
properties (Phuong et al., 2019; Phuong et al., 2020).
5. Conclusion

Presently, natural anti-ageing ingredients and products have
become popular worldwide, including in Thailand. The rambutan
is an indigenous plant of Klung District, Chanthaburi Province, in
the eastern part of Thailand. The pharmaceutical activity of the
Pink rambutan including its anti-ageing activity would be benefi-
cial to promoting the utilization of valuable natural sources for
the development of innovative products. We highlight the Pink
rambutan from ripe peels extracted by the Soxhlet extraction
(PR-R-Sox) extract as a whitening agent since it exhibits the high-
est tyrosinase inhibition and anti-melanogenesis activities, and
also the Pink rambutan from young peels extracted by the Soxhlet
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extraction (PR-Y-Sox) extract as an anti-wrinkle agent because it
exhibits the highest stimulation of anti-ageing Sirt1 and Foxo1
genes, collagen biosynthesis, and anti-oxidation activity. This
study suggested that the PR extracts can be further developed as
natural anti-ageing of bioactive substances in cosmetic, cosmeceu-
tical and pharmaceutical industries. Further studies are required to
fraction or isolate anti-ageing compounds from the PR extracts as
well as the improvement of skin permeation and efficiency by
nanotechnology.
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