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Background and aim: Skin aging influences the changes in skin, including skin dryness, wrinkle, and
irregular pigmentation. Amla (Phyllanthus emblica L.) branch has shown several benefits, but not the anti-
skin aging. The study aimed to evaluate the anti-skin aging efficacy of amla branch.
Experimental procedure: Amla branches were standardized the phenolic acids. The extract was investi-
gated anti-skin aging activities, including antioxidant, anti-tyrosinase, anti-melanogenesis, and matrix
metalloproteinase-2 inhibitory assays. Topical gel containing extract was prepared and evaluated the
skin irritation by a single closed patch test. Randomized, double-blind, placebo-control study was per-
formed in 20 volunteers for 84 consecutive days. The tested skin was evaluated by Chromameter® CR
400, Dermalab® USB, Mexameter® MX 18, Corneometer® CM 825, and Visioscan® VC 98.
Results: Amla branch extract, a dark brown powder, consisted a variety of phenolic acids, mainly sinapic
and ferulic acids. The extract exhibited the potent antioxidant and tyrosinase inhibitory activities in vitro
assays and the melanin suppression through inhibition of tyrosinase and tyrosinase-related protein-2
activities, the strong antioxidant, and the potent matrix metalloproteinase-2 in cellular assays at 0.1 mg/
mL. Topical gel containing 0.1% extract was a stable and safe formulation. Clinical study was proved the
superior anti-skin aging efficacy, including the lightening skin color, the enhanced skin elasticity and
hydration, and the skin wrinkle reduction.
Conclusion: The study results suggested that amla branch is a rich source of bioactive compounds and
can be a potential ingredient for utilization in anti-skin aging products.
© 2021 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Phyllanthus emblica L. (amla), a medicinal plant in family Phyl-
lanthaceae, has generally been cultivated in tropical and subtropical
countries, including China, India, Sri Lanka, and Thailand.1 It has
been used for treatment of illnesses in traditional medicines,
including Indian traditional healthcare system, Tibetan medicine, Sri
Lankan medicine, Chinese herbal medicine, and Thai medicinal
system.2 Amla demonstrates several biological activities, including
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antioxidant,3 anti-cancer activity,4,5 anti-diabetic activity,6 anti-
inflammatory activity,7,8 anti-microbial activity,9 treatment of
gastric ailments,10,11 adaptogenic activity,3 rejuvenating,1,12 and
promoting health and longevity13,14 (details of each activity shown in
Table A). Also, it is a rich source of nutrients, such as amino acids,
vitamin C, carbohydrates, alkaloids, and phenolic acids. All parts of
amla, particularly fruit, have been studied and reported to possess a
variety of pharmacological activities in prevention and treatment of
diseases.1,15e18 Due to the fluctuations in fruit productivity and time
of fruiting, other parts of amla have been investigated to use as the
substituent for fruit.18,19 Amla branch has been studied and shown as
a promising part for utilization in natural healthcare products,
including food, health, and cosmetic products. The ethanolic extract
of amla branch and its fractions exhibit the potent cytotoxicity
against cancerous cells, including human leukemia (HL-60) and
human hepatocellular carcinoma (SMMC-7721) cells.20 The branch
tion and hosting by Elsevier Taiwan LLC. This is an open access article under the CC
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List of abbreviations

AcOH acetic acid
ABTS 2,20-azino-bis(3-ethylbenzothiazoline-6-sulfonic

acid)
Cps centipoise
DPPH 2,2-diphenyl-1-picrylhydrazyl
GAE gallic acid equivalent
FeSO4 ferrous sulfate
FRAP ferric reducing ability of plasma
MII mean irritation index
MMP matrix metalloproteinase
NO2CO3 sodium carbonate
PE Phyllanthus emblica L.
SRB sulforhodamine B
TPC total phenolic content
TRP-2 tyrosinase-related protein-2
UPLC ultra-performance liquid chromatography
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extract also possesses the protective effect on testicular damage in
valproic acid-induced rats,21 the antioxidant, the anti-
melanogenesis, the anti-inflammatory, the anti-microbial, and the
antimutagenic activities in vitro and cellular assays.19,22 According to
literature, the free radicals and inflammation play the important role
in skin aging via upregulation of matrix metalloproteinases (MMPs),
thereby resulting in the degradation of connective tissue, tissue
remodeling, and processes that orchestrate many of the degenera-
tive processes associated with aging.23 However, the efficacy of amla
branch extract against skin aging has not been reported so far.

Skin aging is a multifactorial process resulted from intrinsic and
extrinsic factors. Intrinsic factors are associated with the influences
of genetic, hormones, and metabolic slowdown, whereas extrinsic
factors include the exposure to solar radiation, pollutants, and
lifestyle behaviors.24 Both factors have influenced the changes in
skin appearances, including skin dryness, laxity, dynamic and static
wrinkles, and irregular pigmentation.25 As the current global hu-
man lifespan dramatically increases, people have paid attention to
the aging-related issues, including anti-aging strategies, food sup-
plement, and application of anti-aging products, for eradication of
aging signs and living long with satisfactory health and well-be-
ing.26 The global anti-aging industry has gained the worth at 292
billion US dollars in 2015 and the market trend tends to be a robust
growth.27 Currently, the natural origin ingredients and formula-
tions have gained the increasing interest, because of consideration
on health, environmental awareness, and safety of synthetic
chemicals.28

In this study, amla branch was standardized and evaluated the
anti-skin aging activities, including anti-melanogenesis, antioxi-
dant, and matrix metalloproteinase (MMP)-2 inhibitory assays
in vitro and cellular tests. Topical gel containing extract was also
prepared and performed the safety test. The clinical efficacy study
of gel containing extract was evaluated in 20 volunteers in a ran-
domized, double-blind, placebo-control trial.

2. Materials and methods

2.1. Preparation and standardization of extract

Amla branches were harvested at Mae Fah Luang University,
Chiang Rai, Thailand. The voucher specimen (PE_BR MFU18) was
deposited for further reference at our laboratory herbarium at Mae
Fah Luang University, Chiang Rai. The extraction was performed as
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previously described with some modification.11,22 The branches
were cleansed and dried in hot air oven at 45 ± 2 �C for 24 h. The
dried branches were ground and then macerated with 50% ethanol
for 24 h. The proportion of branch powder and solvent was 1:5 (w/
v). The extract was filtered and concentrated by using a rotary
evaporator and a spray drier, respectively. The extraction was per-
formed for 3 times and calculated for an extraction yield.

2.2. Analysis of total phenolic contents (TPC)

A serial dilution of standard gallic acid and extract were mixed
with water, Folin-Ciocalteu reagent, and Na2CO3, respectively. The
mixture was mixed and incubated for 1 h. The absorbance was
measured. TPC of extract was calculated and expressed as mg of
gallic acid equivalent per g of extract (mg GAE/g extract).29 The
measurement was performed in triplicate.

2.3. Analysis of phenolic profile by ultra-performance liquid
chromatography (UPLC)

UPLC analysis was performed on an ACQUITY H-Class system
equipped with an ACQUITY UPLC PDA el detector using a BEH C18
1.7 mm column (2.1✕100 mm). Gallic, protocatechuic, chlorogenic,
caffeic, syringic, p-coumaric, ferulic, sinapic, and rosmarinic acids,
vanillin, and quercetin at various concentrations in acetonitrile
were used to prepare the calibration curve. The sample was sepa-
rated by a gradient mobile phase consisting of acetonitrile (A) and
3% acetic acid (AcOH) (B). The eluent was set as follows: 0 min 100%
B,1.5min 95% B, 3min 85% B, 5min 80% B, and 8min 70% B at a flow
rate of 0.6 mL/min. The characterization of phenolic acids in extract
(1 mg/mL) was performed in triplicate.29

2.4. In vitro assays

2.4.1. Antioxidant activity
The antioxidant activity was performed by DPPH scavenging

assay, ABTS scavenging assay, and ferric reducing ability of plasma
(FRAP), and used vitamin C as a standard. The antioxidant value
obtained from DPPH and ABTS scavenging assays was presented as
the concentration required to scavenge 50% of free radicals (IC50),
whereas that from FRAP was expressed as mg FeSO4/mg extract.
Each assay was performed in triplicate.30

2.4.2. Anti-tyrosinase activity
Anti-tyrosinase activity was evaluated by dopachrome forma-

tionmethodwith l-dopa as the substrate. A serial dilution of extract
and kojic acid, a standard, was prepared and mixed with a mixture
of phosphate buffer and mushroom tyrosinase. L-dopa was added
into mixture and incubated for 20 min. The absorbance was
measured. The concentration that was able to deactivate enzyme at
50% (IC50) was calculated. The assay was performed in triplicate.30

2.5. Cellular assays

2.5.1. Cell culture
B16F10 melanoma cells (ATCC® CRL-6475™) and human skin

fibroblasts (PromoCell® at the 15th-18th passages) were cultured
in DMEM supplemented with 10% fetal bovine serum and 1%
penicillin/streptomycin solution in a humidified incubator at 37 �C
with 5% carbon dioxide. Cells were harvested to perform each
experiment in triplicate.

2.5.2. Cytotoxicity assay
The assay was evaluated by sulforhodamine B (SRB) method.28

Briefly, cells were seeded and incubated for 24 h. Cells were then
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treated with different concentrations of samples. After 72 h, cells
were fixed and stained with SRB. The excess dye was washed away,
and the bound dye was solubilized in tris buffer to measure
absorbance. The percent of cell viability was calculated in compared
to solvent control.

2.5.3. Analysis of anti-skin aging activities
2.5.3.1. Melanogenesis assay. The assay was consisted of melanin
content measurement and activities of tyrosinase and tyrosinase-
related protein (TRP)-2.28 Briefly, B16F10 melanoma cells were
plated and treated with noncytotoxic concentrations of samples for
72 h. Cells were then detached to determine melanin content and
enzyme activities. The total protein content was performed by the
Bradford protein assay for calculation of actual melanin content and
enzyme activities. The percent of relative ratio of melanin content
and enzyme activities was calculated in compared to solvent
control.

2.5.3.2. Antioxidant assay. The cellular antioxidant was evaluated
as previous method.28 Briefly, human skin fibroblasts were seeded
and treated with noncytotoxic concentrations of samples. After
24 h incubation, all samples were replaced with fresh medium
containing 150 mM hydrogen peroxide and further incubated for
4 h. The cells were then fixed and evaluated the cell viability by SRB
assay.

2.5.3.3. MMP-2 inhibitory assay. Human skin fibroblasts were
seeded and incubated overnight. The culture mediumwas replaced
with fresh medium without serum supplement. The greatest non-
cytotoxic concentration of samples was added and incubated for
72 h. The culture medium was collected to analyze the enzyme
activity by SDS-PAGE zymographywith gelatin as the substrate. The
zymographic bands were determined with the Bio-Rad Gel Doc
Imaging System. The percent of MMP-2 inhibitory activity was
calculated in compared to solvent control.31

2.6. Topical gel formulations

Base gel composing of water, propylene glycol, glycerin,
hydroxyethyl cellulose and liquid germall™ plus and PE gel con-
sisting of 0.1% extract incorporated into base gel (data shown in
Table B) were prepared. Both base and PE gels were performed the
physicochemical properties, including pH, viscosity, and physical
appearance, at initial and after stability test by 7 cycles of heating-
cooling cycle.29

2.7. Clinical assays

2.7.1. Ethical conduction
The study protocol in healthy volunteers was followed the

guidelines of Declaration of Helsinki and was approved by The Mae
Fah Luang University Ethics Committee with registered approval
no. REH-62117.

2.7.2. Volunteer recruitment
Twenty healthy Thai volunteers aged 25e50 years old showing

mild to moderate clinical signs of skin aging with no existing skin
conditions and history of allergic reactions were screened to enroll
according to the inclusion and exclusion criteria. All procedures
were described to all volunteers, and the informed consent state-
ments were signed prior to conducting the test.

2.7.3. Safety test
The safety test was performed by a single closed patch appli-

cation.29 The samples, including base gel, PE gel, and deionized
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water, were applied to the volar forearm of volunteers for 24 h.
After patch removal, the skin reaction, which was assessed at
30 min and 24 h, was focused on degree of skin erythema and
edema, and graded as following score: 0 ¼ no reaction, 0.5 ¼ very
slight reaction (barely visible), 1.0 ¼ slight reaction, 2.0 ¼ obvious
reaction, and 3.0 ¼ significant reaction. The mean irritation index
(MII) of each sample was calculated and degree of irritation was
categorized based on the MII value as nonirritating (MII<0.2),
slightly irritating (0.2�MII<0.5), moderately irritating (0.5�MII<1),
and strongly irritating (MII�1).

2.7.4. Analysis of clinical anti-skin aging efficacy
Twenty healthy volunteers who had not shown skin reactions in

safety test were included in a randomized, double-blind, placebo-
control study. Regarding the inter-individual variability, all volun-
teers were randomly assigned to apply two formulations, base and
PE gel, to each half of their faces twice daily after face cleansing in
morning and evening for 84 consecutive days. During study, any
skin treatment on treated areas was prohibited as well as smoking
and liquor drinking. The tested skin was also protected against
strong sun radiation and any skin insulting. All volunteers washed
their faces and then rested for 30 min in a waiting room. The
measurement was performed in the climate-controlled room at 20
± 2 �C and 40e60% relative humidity. The tested skinwas evaluated
the CIE L*a*b* color system by Chromameter® CR 400 (Konica
Minolta, Japan), the melanin index byMexameter®MX 18, the skin
elasticity by Dermalab® USB elasticity probe (Cortex Technology,
Denmark), the skin hydration by Corneometer® CM 825, and the
skin wrinkles (SEw) by Visioscan® VC 98 (Courage and Khazaka,
Germany) at baseline and after 14, 28, 42, 56, 70, and 84 days of
application.29 The comparison of clinical assessment was per-
formed between baseline and the post-application evaluation and
presented as the percent change. Upon the final assessment, all
volunteers were requested to complete the questionnaires for
subjective satisfaction assessment.

2.8. Statistical analysis

Data were presented as means ± standard error of mean (S.E.) of
three independent experiments. In vitro and cellular data were
compared using one-way analysis of variance (ANOVA) and the
least significant difference test (LSD), whereas clinical efficacy data
were analyzed by one-way repeated measures ANOVA and Inde-
pendent t-test. A p-value <0.05 was considered statistically
significant.

3. Results and discussion

3.1. Preparation and standardization of extract

Amla branch extract was dark brown powder with an extraction
yield of 10.40 ± 0.20% (w/w). TPC and analysis of phen olic profile
presents in Table 1 and Fig. 1, respectively. Sinapic and ferulic acids
were the major bioactive components in extract, along with the
presence of eight minor phenolics. Since phenolic compounds play
the main role in plant biological activities, the determination of
phenolic content is an important criterion for plant quality.32 The
study reported that TPC of different amla fruit cultivars are in the
range of 239.6e274.3 mg GAE/100 g dry matter33 and the major
phenolics in fruit extract are gallic and tannic acids.16 Interestingly,
TPC and the major phenolics of branch extract were different from
those of fruit extract. The variation in content and phenolic acids in
plant may be influenced by the difference in genetic, maturity,
stages and agronomic conditions, and activity of polyphenoloxidase
enzyme among the plant cultivars.33



Table 1
TPC and in vitro assays.

Parameter PE extract Standard

Total phenolic content (mg GAE/g extract) 673.96 ± 3.68 e

Antioxidant activity
DPPH assay (IC50; mg/mL) 3.65 ± 0.27 Vitamin C: 2.98 ± 0.08*
ABTS assay (IC50; mg/mL) 2.83 ± 0.12* Vitamin C: 3.15 ± 0.05
FRAP (mg FeSO4/mg extract) 9.08 ± 0.05 e

Anti-tyrosinase activity (IC50; mg/mL) 310.34 ± 3.84 Kojic acid: 30.82 ± 1.99**

* and ** indicate the significant difference at p-value<0.05 and 0.001, respectively.

Fig. 1. Standardization of phenolic profile: (a) ULPC chromatogram of standards and amla branch extract, and (b) content of phenolic acids in extract.
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Sinapic acid, the major constituent, along with other phenolics
in extract have reported the benefit effects on human health,
including anti-carcinogen and anti-inflammation.34 Accordingly,
the biological activities of branch extract against skin aging were
performed.
3.2. In vitro assays

Table 1 presents TPC and in vitro assays. Amla branch extract
exhibited the potent free radical scavenging and the tyrosinase
inhibitory activities. The ability of extract for combating radicals
and inhibiting tyrosinase may be attributed to the phenolics. The
study reported that plant antioxidant activity depends on TPC, and
position and availability of free hydroxyl groups to scavenge radi-
cals.35,36 Additionally, the high phenolic content is associated with
strong antioxidant by electron transfer mechanism17 and tyrosi-
nase inhibitory activity. Ferulic and p-coumaric acids have
demonstrated to act as the competitive tyrosinase inhibitors.29 To
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investigate the factors affecting skin aging, including antioxidant,
anti-melanogenesis, and MMP inhibition, the amla branch extract
was evaluated the anti-skin aging activity in the cellular assays
compared with sinapic acid, a major phenolic constituent.
3.3. Cellular assays

3.3.1. Cytotoxicity assay
Since the cytotoxic concentration of treated samples influenced

the anti-skin aging activity, the cytotoxicity assay was performed to
obtain the noncytotoxic concentrations. Fig. 2 presents the viability
of cells treated with extract, sinapic acid, theophylline, kojic acid,
and vitamin C. The similar cell viability results were observed in
B16F10 melanoma cells and human skin fibroblasts. The non-
cytotoxic concentrations of extract, sinapic acid, theophylline, kojic
acid, and vitamin C, which demonstrated cell viability greater than
80%, were found in the range of 0.0001e0.1 mg/mL. The decreased
cell viability was observed when treated with the increased



Fig. 2. Cytotoxicity assay in (a) B16F10 melanoma cells and (b) human skin fibroblasts treated with amla branch extract (PE), sinapic acid (SiA), theophylline (TP), kojic acid (KJ), and
vitamin C (VC) at 0.0001e1 mg/mL * indicates the significant difference from the control (*p < 0.05, **p < 0.001).
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concentration. The cytotoxic concentration of 1 mg/mL extract,
sinapic acid, theophylline, and kojic acid resulted in the decreased
cell viability to 16.67 ± 0.20, 7.24 ± 0.51, 67.04 ± 0.69, and
71.02 ± 1.69%, respectively, in B16F10 melanoma cells. For human
skin fibroblasts, the cytotoxic concentration of 1 mg/mL extract,
sinapic acid, and vitamin C treatment reduced the cell viability to
59.35 ± 3.48, 57.49 ± 0.93, and 75.23 ± 1.87%, respectively.

The cytotoxicity of extract was in agreement with that of sinapic
acid, a main component in extract. Sinapic acid and its derivatives
have demonstrated the anticancer effect,37 while other phenolics in
extract, including ferulic, p-coumaric, and gallic acids, have also
reported to inhibit cell proliferation, particularly cancerous
cells.38,39 The cytotoxicity of theophylline, kojic acid, and vitamin C,
which were used as the controls in the further assays, was in
agreement with previous studies.28,40 The extract, sinapic acid, and
controls at noncytotoxic concentrations (0.0001e0.1 mg/mL), that
demonstrated the cell viability greater than 80%, were further
tested the anti-skin aging activities.

3.3.2. Analysis of anti-skin aging activities

3.3.2.1. Melanogenesis assay. Fig. 3 presents the melanogenesis
assay of extract and sinapic acid compared with theophylline and
kojic acid. Due to the interference color of the brownish-red extract,
at 0.01e0.1 mg/mL, in the end point measurement of melanin
content analysis, so, only 0.0001 and 0.001 mg/mL amla branch
extract were analyzed the effect on melanin content. The remark-
able decline in melanin content and melanogenic enzyme activities
was observed in a concentration-dependent manner. Theophylline
stimulated the melanin content and enzyme activities, whereas
kojic acid suppressed the pigment and enzyme activities. Regarding
melanogenesis suppression, the activity of amla branch extract,
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sinapic acid and kojic acid was mediated through suppression of
tyrosinase and TRP-2 activities. In addition, extract at the greatest
tested concentration significantly suppressed the melanin content
and the melanogenic enzyme activities greater than sinapic acid
and kojic acid.

Melanogenesis, a pigment biosynthesis in melanocytes, involves
at least 3 melanogenic enzymes, including tyrosinase, TRP-1 and
TRP-2. Tyrosinase is known as a key enzyme in the pathway.28With
aging, the irregular pigmentation is associated with the uneven
distribution of pigment cells, greater a-dihydroxyphenylalanine
(dopa) positivity in sun-exposed skin, a local loss of melanocytes,
and a modification in interaction between melanocytes and kera-
tinocytes.41 According to study results, melanogenesis suppression
of extract may be attributed to the synergistic effect of phenolic
acids. Sinapic acid slightly inhibits the enzymatic oxidation of l-
dopa,42 whereas other phenolics, including ferulic, p-coumaric, and
gallic acids, are reported to inhibit the melanogenic enzyme ac-
tivities.29,39 Theophylline, a pigment stimulating agent, induces
pigment by activation of cyclic adenosine monophosphate and
increasing of dopa- and gamma-glutamyl transpeptidase-reactive
cells,43 whereas kojic acid, a skin lightening agent, reduces pigment
through complex formation of enzyme and inhibitor, resulting in
enzyme malfunction.44
3.3.2.2. Antioxidant assay. To evaluate the protective effect of
antioxidant against free radical-induced cytotoxicity, cells were
treated with extract, sinapic acid, and vitamin C prior to induction
of cell damage. Hydrogen peroxide is used to cause damage by cell
membrane leakage and DNA damage.45 Fig. 4 demonstrates the
antioxidant activity of extract, sinapic acid, and vitamin C
compared with solvent control and oxidative control (H2O2). Cells



Fig. 3. Melanogenesis assay in B16F10 melanoma cells treated with amla branch extract (PE), sinapic acid (SiA), theophylline (TP), and kojic acid (KJ) at 0.0001e0.1 mg/mL: (a)
melanin content, (b) tyrosinase activity, and (c) TRP-2 activity. * indicates the significant difference from the control (*p < 0.05, **p < 0.001).
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treated with hydrogen peroxide (oxidative control) significantly
decreased cell viability to 74.98 ± 0.99%, indicating cytotoxicity. In
Fig. 4. Antioxidant activity assay in human skin fibroblasts treated with solvent con-
trol (ctr), H2O2 (oxidative control), amla branch extract (PE), sinapic acid (SiA), and
vitamin C (VC) at 0.0001e0.1 mg/mL * indicates the significant difference from the
control (*p < 0.05, **p < 0.001).
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contrast, cells treated with antioxidants exhibited the greater cell
viabilities than oxidative control. The cell viabilities of 0.01 mg/mL
extract, sinapic acid, and vitamin C were 93.24 ± 0.88, 95.89 ± 6.52,
and 93.48 ± 4.33%, respectively, which were comparable to solvent
control.

Currently, free radicals are associated with the causes of several
disorders, including hyperpigmentation and skin aging. Free radi-
cals, that are produced by endogenous metabolic processes and
exogenous factors, such as sun irradiation and pollution, are largely
attributed to a complex cascade of cellular oxidative damage.
Strategies for manipulating the generated free radicals have been
extensively studied. Antioxidant, one of several strategies, can
deactivate and slow down the damaging reactions induced by free
radicals.46 The ability of extract for radical scavenging, whichwas in
agreement with in vitro assays, may be attributed to phenolic
acids.29,37,47 Vitamin C, a known antioxidant, is mediated activity by
reacting with aqueous peroxyl radicals and restoring the antioxi-
dant properties of vitamin E.48

3.3.2.3. MMP-2 inhibitory assay. MMPs, the zinc-dependent endo-
peptidases, can degrade extracellular matrices and lead to the
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turnover and remodeling of tissue. In aging skin, the increased
expression of MMPs results in the breakdown of fibrils, including
collagen, gelatin, and elastin, and subsequently causes skin laxity
and wrinkles. Among several classes of MMPs, MMP-2 takes its role
in cleavage of dermal extracellular matrices, including basement
membrane glycoproteins and proteoglycans.23 As shown in Fig. 5,
amla branch extract exhibited the greatest MMP-2 inhibition
compared to sinapic acid, and vitamin C.

The MMP deactivation is associated with specific zinc chelating
agent at enzyme active site as well as non-specific inhibiting by
natural substances, including plant polyphenols and terpenoids.23

The enzyme suppression of extract may be obtained from high
phenolic content. The anti-inflammation and antioxidant of sinapic
acid together with other phenolics, including quercetin, ferulic, p-
coumaric, and gallic acids, are associated with the inhibition of
MMP gene expression, resulting in prevention of enzyme
substrate.17,23,29,47,49

3.4. Topical gel formulations

As amla branch extract exhibited several in vitro and cellular
anti-skin aging effects, the topical gels, including base and PE gels,
were prepared. For concentration of extract incorporated into
topical formulation, it was the extrapolated value from the greatest
noncytotoxic concentration. In cytotoxicity assay, the cells were
directly exposed to the tested substance, but the percutaneous
absorption would influence the topically applied formulation.
Many factors affecting percutaneous absorption of substances,
including base formulation, physicochemical properties, skin
application sites, population variability, and skin surface condi-
tions, are taken into consideration, thus, the extrapolated concen-
tration of amla branch extract would be in the range of
0.05e0.1%.28,50 The previous study reported the extrapolated
in vitro noncytotoxic concentration (0.1 mg/mL) to the relevant
concentration (0.1 and 0.2%) added into cosmetic product is the safe
concentration without induction of skin irritation in the clinical
study.29 So, 0.1% was selected to add in the gel preparation.

Base gel was a colorless and viscous formulation, whereas PE gel
was a slightly turbid, light brown, and more viscous formulation.
The pH of PE gel (5.10 ± 0.10) was slightly less than base formula-
tion (6.40 ± 0.10), owing to acidic characteristics of amla branch
extract. After the completion of heating-cooling cycle, both
Fig. 5. MMP-2 inhibitory activity in human skin fibroblasts treated with solvent
control (ctr), amla branch extract (PE), sinapic acid (SiA), and vitamin C (VC) at 0.1 mg/
mL: (a) zymogram, and (b) inhibition of MMP-2 activity. * indicates the significant
difference from the control (*p < 0.05, **p < 0.001).
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formulations were observed the slight changes in physicochemical
properties but were stable without phase separation (data shown
in Table C). The chemical stability of extract was performed in the
aqueous solution bymeasurement of TPC at initial and after 7 cycles
of heating-cooling cycle. The decreased TPC of extract was observed
but appeared to be the non-significant change (p-value ¼ 0.33)
compared to the initial content (data not shown). This result indi-
cated the stable phenolic contents in extract over time.29

3.5. Clinical assays

3.5.1. Safety test
The safety test was performed in 20 female volunteers by a

single closed patch test. During 24 h of patch application and after
patch removal, all volunteers did not report and show any sign
accompanied by skin erythema and edema on all treated areas. The
results indicated that base and PE gels were nonirritating products
with MII value of 0.

3.5.2. Analysis of clinical anti-skin aging efficacy
To investigate clinical efficacy, 20 female volunteers aged 25e50

years were enrolled in the study. According to the different ages of
included volunteers, the analysis of clinical data was classified into
2 groups, including mild aging and moderate aging. The mild aging
group was recruited 10 volunteers aged 25e29 years (average age
25.60 ± 0.64 years), whereas the moderate aging group was
included 10 volunteers aged 30e50 years (average age 40.20 ± 2.34
years). The non-invasive instruments were employed to determine
effects of gel application at baseline, and post-application at 14, 28,
42, 56, 70, and 84 days. Throughout the study, all volunteers did not
report any adverse events, confirming the safety of base and PE gel.
Clinical efficacy and subjective satisfaction assessment after base
and PE gel treatment in the mild and moderate aging groups are
shown as percent change in Fig. 6. The skinmeasurement in clinical
anti-skin aging efficacy presents in Table D.

3.5.2.1. Skin color. Chromameter® CR 400 was used for skin color
assessment. The measured L*a*b* values, which indicated the skin
lightness, red/green component, and blue/yellow component,
respectively, were converted into the individual typology angle
(ITA�), an index for determining overall skin color degree of a
subject. The ITA� values in both mild and moderate aging groups at
baseline were not different. The ITA� values indicated the tan to
intermediate skin color in the included volunteers.51 The greater
ITA� value, showing the lighter skin color, was observed after
treatment with base and PE gels for 14 days in both mild and
moderate aging groups. At the completion of study, the increased
ITA� was greater when treated with PE gel in both aging groups, but
there was no statistical difference.

3.5.2.2. Skin pigment. The baseline melanin indexes of volunteers
included in the mild andmoderate aging groups were not different.
According to Fitzpatrick skin type, the skin color of volunteers was
classified as skin type III.52 After application of base and PE gels, a
decrease in melanin indexes was observed in the mild and mod-
erate aging groups. Compared to baseline, PE gel significantly
reduced the skin pigment in both aging groups, but the effect was
found in the moderate aging group in the shorter time of applica-
tion (28 days, p ¼ 0.031) compared with the mild aging group (84
days, p ¼ 0.018). At the completion of study, PE gel significantly
decreased skin pigment greater than base gel (p ¼ 0.048).

3.5.2.3. Skin elasticity. The skin elasticity analyzed by Dermalab®
USB elasticity probe measures the retraction time after skin
stretched by pressure within the vacuum chamber in the device.53



Fig. 6. Clinical anti-skin aging efficacy of base and PE gels: (a) skin color, (b) skin pigment, (c) skin elasticity, (d) skin wrinkle reduction, (e) skin hydration, and (f) subjective
assessment at the completion of study period. * indicates the significant difference from the baseline (*p < 0.05, **p < 0.001).
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The improved skin elasticity corresponds to the shorter retraction
time. Among mild and moderate aging groups, the retraction times
at baseline were significantly different, owing the aging charac-
teristics of volunteers. Compared to baseline, PE gel significantly
shortened the retraction times, resulting in the enhanced skin
elasticity after 14 (p ¼ 0.036) and 70 (p ¼ 0.019) days of application
in the mild and moderate aging groups, respectively. Base gel
demonstrated the change in retraction times, but there was no
significant difference. The significant improvement in skin elastic-
ity after PE gel treatment was found after 28 days of application in
both mild (p ¼ 0.016) and moderate (p ¼ 0.035) aging groups.

3.5.2.4. Skin wrinkle reduction. Skin wrinkle (SEw) values deter-
mined by Visioscan® VC 98 in mild and moderate aging groups at
baseline were not different. After treatment with base and PE gels,
the decrease in skin wrinkles was observed. The significant skin
wrinkle reduction was found after 84 days of PE gel treatment in
the mild aging group. At the completion of study, the skin wrinkle
reduction in PE gel were greater than base gel, but there was no
significant difference.

3.5.2.5. Skin hydration. Skin hydration values measured by Corne-
ometer® CM 825 in themild andmoderate aging groups at baseline
were not different. The improved skin hydration in both mild and
moderate aging groups were observed when treated with base and
PE gels. The significantly increased skin hydration was found only
in the moderate aging group after treatment with base and PE gels
for 28 (p ¼ 0.032) and 14 (p ¼ 0.002) days, respectively. There was
no significant difference in skin hydration among two formulations.

3.5.2.6. Subjective satisfaction assessment. After completion of
study, the 5-point scale questionnaires of subjective assessment
were completed by volunteers to compare the satisfaction on base
397
and PE gels. The results showed that the overall satisfaction scores
for PE gel were 4.00 ± 0.26 and 4.30 ± 0.21 in the mild and mod-
erate aging groups, respectively. The satisfaction scores for base and
PE gels were comparable in the mild aging group, whereas those
were different in the moderate aging group. The skin brightening
score for PE gel in this group was significantly greater than base gel
(p¼ 0.026). The satisfaction scores for other parameters after PE gel
treatment were greater than that of base gel treatment, but there
was no significant difference. However, the slight difference in the
overall satisfaction score among base and PE gels may be due to the
slight changes in skin conditions that were unnoticeable by vol-
unteers’ perception.

According to clinical assessment, several non-invasive in-
struments were employed to evaluate the anti-skin aging efficacy
of prepared formulations. Skin color was determined by 2 devices,
including Chromameter® CR 400 measured by the CIE L*a*b* color
system and Mexameter® MX 18 measured by the narrow-band
simple reflectance meter. The strong correlation between ITA�

and melanin indexes have been reported to assess the skin
pigmentation.52 The greater ITA� and less melanin indexes than
baseline after application of PE gel in bothmild andmoderate aging
groups indicated the lightening skin color. Additionally, volunteers
in the moderate aging group significantly noted the change in skin
color after PE gel application, thereby leading to the greater skin
brightening score than base gel in the subjective assessment. The
skin lightening effect in clinical study was in accordance with
in vitro anti-tyrosinase and cellular anti-melanogenesis effects.
According to literature, the aging skin is associated with the loss of
skin hydration and elasticity as well as the appearance of skin
wrinkles and deep furrows.54 The determination of skin elasticity,
wrinkles and hydration in clinical study was performed to inves-
tigate the anti-skin aging efficacy of PE gel compared to base gel.
The improvement in skin elasticity, wrinkles and hydration after PE
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gel treatment was observed, indicating the younger skin properties.
The clinically relevant improvement of skin elasticity and wrinkles
were associated with the strong antioxidant and the MMP inhibi-
tory activities of extract in vitro and cellular assays. Sinapic acid, a
major component, together with other phenolic acids in extract
may synergistically act on the anti-skin aging effects.1,29,47 The
significantly increased skin hydration after treatment with base
and PE gels was found only in the moderate aging group. Since dry
skin is a prominent clinical manifestation of skin aging, the appli-
cation of moisturizing product would make an effort to moisturize
the skin.55 The similar skin hydration effect after treatment with
base and PE gels may be attributed to the incorporation of hu-
mectants, including propylene glycol and glycerin, in the
formulation.

4. Conclusions

Amla branch extract consisted of a variety of phenolics, mainly
sinapic and ferulic acids, demonstrated the biological activities
in vitro, cellular, and clinical assays against skin aging. The viabil-
ities of cells treated with 0.1 mg/mL extract, the greatest non-
cytotoxic concentration, were 91.21 ± 3.33 and 89.98 ± 2.11% in
B16F10 melanoma cells and human skin fibroblasts, respectively.
The in vitro and cellular anti-skin aging results, including antioxi-
dant, anti-melanogenesis, and MMP-2 inhibitory activities, were
strongly associated with the improved skin conditions in clinical
trial. The lightening skin color, the enhanced skin elasticity and
hydration, and the reduced skin wrinkles after PE gel application
were correlated to younger skin properties. The study results sug-
gested that amla branch can be a potential ingredient for utilization
in anti-skin aging products.
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