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Background: In phytotherapy, the therapeutic potential is based on the combined action of
different herbal drugs. Our objective was to evaluate the antioxidant, anti-collagenase (in vitro),
and anti-wrinkle (in vivo) effect of combined formulation containing Ginkgo biloba, Punica
granatum, Ficus carica, and Morus alba fruits extract.

Methods: Antioxidant evaluation was based on the scavenging activity of free radicals
(1,1-diphenyl-2-picrylhydrazyl, H,0,, and O,) and the anti-collagenase activity was based
on the reduction of collagenase enzyme in vitro. In an in vivo study, 21 female subjects were
examined in a placebo-controlled trail. Facial wrinkle, especially the crow’s feet region of eyes,
was treated with topical formulated 2% cream for 56 days and compared with the placebo.
Results: In the in vitro study, the combination of fruits extract showed a higher antioxidant activ-
ity which was comparable with the positive standard (ascorbic acid, butylated hydroxyanisole,
and Trolox). The data also showed a dose-dependent inhibition of collagenase. In the in vivo
study, treatment with 2% formulated cream for 56 days significantly reduced the percentage of
wrinkle depth, length, and area with 11.5, 10.07, and 29.55, respectively.

Conclusion: The combined formulation of fruit extracts showed excellent antioxidative and
anti-collagenase activity as well as a significant effect on anti-wrinkle activity on human skin.
Keywords: antioxidant, anti-collagenase, anti-wrinkle, fruits, topical formulation

Introduction

Plant extracts rich in phytochemicals such as flavonoids, phenolic acids, tocopherols,
alkaloids, and monoterpenes, having antioxidant or anti-inflammatory activity, are being
widely used for the development of topical cosmetic products.' Recently in market,
an increased number of pharmaceutical or cosmetic products with the combination
of several herbal extracts have been introduced. It is found that the multiple combina-
tions of plants extract have shown higher phytotherapy efficacy compared with the
products with single extracts.>® For instance, clinical evidences of synergy effects
of Valeriana officinalis + Humulus lupulus, V. officinalis + Kava-kava, Urtica dioica
+ Pygeum africanum, Ginseng + Ginkgo always showed higher efficacy than their
single extract.* Likewise, extracts of Hypericum perforatum, Sabal serrulata, Hedera
helix, and Boswellia serrata also showed better therapeutic efficacy than that of the
synthetic drugs (standard) used in the clinical studies.® Other studies have shown the
pharmaceutical superiority of the extracts over the isolated compounds. For example,
Valeriana extract (¥ officinalis), Zingiber extract (Zingiber officinalis), Ginkgo extract
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(Ginkgo biloba), Piper methysticum extract, and Licorice
extract (Glycyrrhiza glabra) showed higher efficacy than
that of its individual constituents.*

The present investigation has been carried out on four
different plants (Punica granatum, Ficus carica, Morus
alba, and G. biloba) fruit extracts whose individual pharma-
ceutical efficacy has already been understood. For instance,
P, granatum fruit (Punicaceae family) extract is widely used
in therapeutics, cosmetics, and food seasonings. The fruit
extract showed its protective and chemopreventive proper-
ties in human skin fibroblasts against ultraviolet- (UVA and
UVB) induced damage.’ The extract also have efficacy to
inhibit matrix metalloproteinase (MMP)-1 produced by
dermal fibroblasts.®

Morus alba (Moraceae family) fruit contain a higher
amount of polyphenols, phytosterols, anthocyanins, saponins,
triterpenes, amino acids, fatty acids, and minerals.” It is
also rich in flavonoid compounds such as rutin, kaempferol,
quercetin, and scopolitin. M. alba proved its efficacy in neu-
roprotective, immunomodulatory, anticancer, antimicrobial,
and antioxidant activities.® Likewise, another fruit from the
same Moraceae family, F carica, contains numerous pheno-
lics (ferulic, caffeoyl quinic acid, and quercetin glycosides)
and organic acids (malic, citric, fumaric, oxalic, quinic,
shikimic, and chlorogenic acids). The fruit extract showed its
efficacy in antioxidant, anti-inflammatory, anti-ulcerogenic,
hepatoprotective, and gastroprotective activities.’

Ginkgo biloba (Ginkgoaceae family) contains differ-
ent phytoactive compounds such as flavonoids, terpene
trilactones, proanthocyanidins, ginkgolic acids, biflavone,
and ginkgotoxins. Ginkgo fruits and seed are also used
traditionally against various diseases such as asthma,
cough, and enuresis.! The Ginkgo fruits (nuts) are also
known to have health benefits for prevention of cancer,
cardiovascular, neurological disorder, and photoprotec-
tive effect.!12

Collagenase enzyme is a metalloproteinase which can
degrade molecules such as aggrecan, elastin, fibronectin,
gelatine, laminin, and collagen.!® Therefore, the agents
that inhibit collagenase activity may have beneficial effects
to maintain healthy skin by preventing dermal matrix
degradation. Here, we investigated the inhibitory activity of
combined fruits formulation against collagenase enzyme to
elucidate their therapeutic potential against anti-wrinkle
activity. In this study, our main objective was to evaluate
the antioxidant, anti-collagenase (in vitro), and anti-wrinkle
(in vivo) effect of fruit’s extract of four different plant species
in combination.

Materials and methods

Sample preparation

The ripened fruits of P granatum, G. biloba, F carica, and
M. alba were purchased from the local market in their avail-
able season in the year 2011. After collection, the samples
were air dried (moisture free), grinded to powder, and stored
in a refrigerator till used. The air-dried fruit sample (100 g
each) was extracted using 70% ethanol at room temperature.
The extracts were evaporated in a rotatory evaporator at 40°C.
The extracted powder samples were combined in equal pro-
portion and used for experiment after dilution for antioxidant
and collagenase inhibition activity in vitro.

Topical formulation of fruits extract

Two percent of combined fruit extracts (P granatum, F carica,
M. alba, and G. biloba) were mixed with a formulation
containing water, carbomer, glycerine, disodium EDTA
(ethylenediaminetetraacetic acid), methyl paraben, trietha-
nolamine, tocopheryl acetate, polysorbate 60, stearyl alcohol,
PEG-100 (polyethylene glycol-100) stearate, sorbitan stearate,
caprylic/capric triglyceride, dimethicone, mineral oil, propylpa-
raben, butylene glycol, beeswax, and fragrance. The placebo
(control) was identical in composition, except fruits extract.

In vitro antioxidant activity

DPPH free radical scavenging assay

The antioxidant activity of extract on the basis of the scav-
enging activity of the stable 1,1-diphenyl-2-picrylhydrazyl
(DPPH) free radical was determined according to the method
described by Braca et al,'* with a slight modification. Briefly,
adilution series (three different concentrations) of formulated
extract was prepared in a 96-well plate. The reaction mixture
consisted of 0.1 mL extract with 0.2 mL DPPH solution
(0.15 mM in 80% methanol solution). The mixture was shaken
vigorously and left to stand for 30 minutes at room tempera-
ture in the dark. Ascorbic acid was taken as positive control.
The absorbance of the resulting solution was measured
spectrophotometrically at 517 nm and the percent inhibition
activity was calculated according to following formula:

Scavenging activity (%) = (A Asamplc)/A x 100

control control

where A is the absorbance of the control reaction and

control

A is the absorbance in the presence of extract.

sample

H,O, scavenging inhibition activity
The scavenging activity of H,O, was performed according
to the protocol of Sroka and Cisowski."> Briefly, sample
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extract (100 uL) was diluted in different concentrations. To
the sample, H,O, (100 uL), 0.1 M NaCI (100 uL),and 0.1 M
phosphate buffer (700 UL, pH, 7.0) were mixed thoroughly
and incubated at 37°C for 20 minutes. Furthermore, 1 mL of
a solution containing phenol red (0.2 g/mL) and horseradish
peroxidase (0.1 mg/mL) was added and mixed thoroughly
before incubated at 37°C for 15 minutes. The absorbance
was taken at 610 nm against a blank after the addition of 1
M NaOH (100 pL) to the incubated solution. The percent-
age of inhibition was calculated according to the following
formula:

Percentage inhibition (H,0,) = A

control

/A

sample

x 100

control

where A

control

refers to the control solution without sample (only

water) and A refers to the absorbance with the sample.

pl
Superoxide inhibition activity

The superoxide anion (O,") scavenging activity was mea-
sured according to the method of Nishimiki et al.!® Briefly,
different concentrations of sample (1 mL) were mixed
with nitro blue tetrazolium solution (156 uM in 100 mM
phosphate buffer, pH 7.4) and 1 mL nicotinamide adenine
dinucleotide (468 uM in 100 mM phosphate buffer, pH 7.4).
The reaction was initiated by adding 100 puL of phenazine
methosulfate (prepared with 100 UM phosphate). The mixture
was incubated at 25°C for 5 minutes and the absorbance was
measured at 560 nm against blank samples. The percentage
inhibition of superoxide radical was calculated using the
following formula:

YA x 100

blank

% = (Ab]ank -A

sample

where A  is the absorbance of the control reaction (without

blank

test sample) and A is the absorbance of the extracts.

sample

Collagenase inhibition activity

Collagenase inhibition activity was performed according
to the protocol of Barrantes and Guinea'” with a slight
modification. Briefly, a dilution series (different concentra-
tions of 0.5%, 1%, 2.5%, and 5%) of extract (50 uL) was
prepared in a 96-well plate were mixed with 20 UL of type-I
collagen (substrate). Then, a diluted collagenase enzyme
(100 pL, 0.2U mL) was added to each well and the reac-
tion mixtures were incubated for 30 minutes at 37°C. The
final volume was adjusted to 200 UL with 30 uL of buffer.
Negative control was performed with buffer and substrate
but without enzyme. Fluorescence was measured at excita-

tion maxima of 495 nm and emission maxima of 515 nm.
All assays were performed independently in triplicates. The
inhibition percentage was calculated according to the fol-
lowing formula:

Collagenase inhibition activity (%)
=(1-8, —-Sb, /C,  —Cb,)x100

where S is the sample test absorbance, Sb is the sample blank
absorbance, C is the positive control absorbance, Cb is the
negative control absorbance.

Human clinical study (wrinkle
area difference, length, depth, and

dermatological (visual) score)

The study was proposed during October 15, 2012 to
January 15, 2013 in Guangzhou city, Land Proof Test Tech-
nology Co, Ltd, People’s Republic of China. This study was
a randomized, open, single-blinded, placebo-controlled,
observer-blinded study which was approved by GuangDong
light industry association institutional review committee for
human testing. Twenty-one female subjects aged 45—65 years
(without the history of serious diseases or allergic to cos-
metics or pregnant women) participated in the study. The
subjects’ crow’s feet area on both sides (right and left) were
selected in which the wrinkles must not cross each other and
the length of the main wrinkle must be at least 2 cm long. All
subjects gave a written informed consent prior to the study
and evaluated for tolerance. Subjects were treated with 2%
topical formulated fruit extract on one side of the face (crow’s
feet) and with placebo (ingredients without fruit extract) on
the other side twice a day for 58 days. Clinical evaluations
and measurements were performed on DO (before treatment),
D28, and D56. The effect of extracts on wrinkle was evalu-
ated by using Cutometer MPA 580 (Courage and Khazaka
Electronic, Kdln, Germany), which measures skin elasticity,
Visioline VL650 (Courage and Khazaka Electronic), which
measures wrinkle depth, and SILFLO kit (cuDerm corpora-
tion, Dallas, TX, USA). Prior to visual score (dermatological
score) by dermatologist, subjects were acclimatized under a
standard laboratory condition (temperature 22°C+1°C and
humidity 5013).

Statistical analysis

Statistical analyses were carried out using the SPSS software
(version 11.5; SPSS Inc., Chicago, IL, USA). The differences
among samples were statistically evaluated via one-way
analysis of variance followed by Dunnett’s post hoc test or
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Wilcoxon’s test when appropriate. The level of significance
was set at P<<0.05, P<<0.01, and P<<0.001. Data are expressed
as mean = standard error.

Result

In vitro antioxidant activity

Ethanolic extracts of four different types of fruits
(P granatum, G. biloba, F. carica, and M. alba) in combined
form showed a different pattern of antioxidant activity. The
antioxidant efficacy of combined fruit extract in comparison
with control (standard compounds) is given in Table 1. The
extract showed a higher free radical (DPPH) scavenging
activity with the IC, value of 4.24+1.84 pg/mL. This value
was very close to ascorbic acid (positive control) used in
the experiment, which shows the IC, value of 2.26+0.67
pg/mL. In the hydrogen peroxidation inhibition assay,
the extract showed the IC, value of 35.14%2.58 pg/mL
and the BHA (positive control) showed the IC,; value of
24.6910.87 pg/mL. In the superoxide inhibition assay, the
fruit extract inhibited oxygen radical in a dose-dependent
manner. The IC, value of fruit extract was 4.97£1.02 com-
pared to Trolox (positive control) used in the experiment
with the value of 27.23+1.05 pg/mL.

Collagenase inhibition activity

Figure 1 shows the dose-dependent inhibition of enzymes
by the combined fruit extract. The incubation of the enzyme
with the fruit extract significantly (P<<0.05) inhibited the
enzyme. A concentration of 5 ug/mL extract showed 67.45%
enzyme inhibition, whereas lower concentrations of 0.5, 1,
and 2.5 pug/mL fruit extract caused 12.03%, 32.90%, and
55.61% enzyme inhibition, respectively.

Human clinical study
We examined the effect of 2% topical formulated fruit cream
on the wrinkles of crow’s feet site of the eyes (Figure 2). The

Table | In vitro antioxidant activity of fruits extract

IC,, value £ mean (SD)* (ug/mL)

Extract/compound DPPH Hydrogen Superoxide
peroxidation
Sample (fruits) extract ~ 4.24+1.84  35.14+2.58 4.97+1.02
Standards
Ascorbic acid 226+0.67 - -
Trolox - - 27.23+1.05
BHA - 24.69+0.87 -

Notes: Standard compounds ascorbic acid, BHA, and Trolox were used for
comparison. *Average of three determinations.

Abbreviations: SD, standard deviation; DPPH, 1,-diphenyl-2-picrylhydrazyl; BHA,
butylated hydroxyanisole.
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40
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Collagenase inhibition activity (%)
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Figure | Dose-dependent inhibition of collagenase by combined fruits extract.
Fluorescence was measured at excitation maxima of 495 nm and emission maxima
of 515 nm. The data are representative of three different experiments with similar
results. *P<<0.05 when compared with placebo.

wrinkle area, depth, and length at the baseline were analyzed to
identify the differences at sample treated sites. Treatment with
2% formulated cream for 28 days did not show any significant
difference with the placebo. However, treatment for 56 days
reduced significantly the percentage of wrinkle depth (Figure
3), length (Figure 4), and area (Figure 5) by 11.5%, 10.07%,
and 29.55%, respectively, compared with the placebo. The der-
matological scores of the sides treated by the extract containing
cream decreased significantly (P<<0.05) on 56 days with 1.5
fold lower than that of the placebo treatment (Figure 6).

Discussion

The efficacy of individual plants (P granatum, G. biloba,
F carica, and M. alba) extract on pharmaceutical application
have been evaluated elsewhere.**'® According to our data, the
combined fruit’s extract showed a higher antioxidant activity
in vitro DPPH, H,0,,
with the positive standard (ascorbic acid, BHA, and Trolox)

and O,” model, which was comparable

used in the experiment (Table 1).

According to the published literatures elsewhere, it has
been known that the P granatum fruit (both seed and pills)
exhibits a higher antioxidant activity due to the presence
of different phenolic compositions such as anthocyanins,
punicalagin isomers, and elagic acid.' Singh et al*® reported
that the peels and seeds of P granatum scavenge DPPH free
radicals with 81.0% and 23.2% at 50 and 100 pug/mL con-
centrations of methanolic extract, respectively. The author
also reported 51.0% of hydroxyl scavenging activity of the
fruit at a concentration of 100 pug/mL.
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Fruits extract Fruits extract
o Placebo site . Placebo site
treatment site treatment site

DO

D28

D56

Figure 2 Photograph showing the images of wrinkles used for assessment of wrinkle area, depth, and length in the crow’s feet region of subject’s eyes treated with 2%
topically formulated fruits extract and placebo treated for 56 days. Clinical evaluations and measurements were performed on DO (before treatment), D28, and D56.
Abbreviation: D, day.

Morus alba is rich in polyphenolic compounds especially  cyanidin-3-rutinoside, and stilbene glycoside (mulberroside
the flavonoids and among the flavonoids quercetin 3,6-malo-  A) also attribute to the antioxidant activity of M. alba.?
nyglycoside is the most significant component accounting  According to the report by Khan et al,” the IC, value of M.
for the antioxidant potential of mulberry plant.?! Moreover,  alba in the DPPH model was 76.0 pg/mL and the standard
anthocyanin components such as cyanidin-3-glucoside,  (catechin) used in the experiment showed the IC, value
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Figure 3 Differences in the wrinkle depth after the treatment of 2% topical Figure 4 Differences in the wrinkle length after the treatment of 2% topical
formulated fruit extracts containing cream or the placebo randomly on crow’s feet formulated fruit extracts containing cream or the placebo randomly on crow’s feet
region of eyes of 21 healthy subjects. Data are expressed as mean + SE. *P<<0.05 region of eyes of 21 healthy subjects. Data are expressed as mean + SE. *P<<0.05
when compared with placebo. when compared with placebo.
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® Cream containing 2% fruits extract
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Figure 5 Differences in the wrinkle area after the treatment of 2% topical
formulated fruits extract containing cream or the placebo randomly on crow’s feet
region of eyes of 21 healthy subjects. Data are expressed as mean £ SE. **P<<0.01
when compared with placebo.

of 27.5 ug/mL. The author also compared the hydroxyl
radial scavenging activity of the sample and the standard
(BHT), which showed the IC, value of 177.5 and 8.5 pg/
mL, respectively.

Ficus carica fruit is characterized by the presence of
higher quantities of phenolic acids and has significant antioxi-
dant and anti-inflammatory properties.” Due to the presence

m Cream containing 2% fruits extract
9 & Placebo

Visual score

DO D28
Time (day)

D56

Figure 6 Differences in the visual score after the treatment of 2% topically
formulated fruits extract containing cream or the placebo randomly on the crow’s
feet region of eyes of healthy subjects. Data are expressed as mean + SE. *P<<0.05
when compared with placebo.

of phenolic acids such as chlorogenic acid, quercetin-3-0-
rutinoside (peels), and psoralen (pulp), Ficus fruits are uti-
lized for the treatment of skin depigmentation.?* Yang et al*
reported that the methanolic extract of £ carica fruit showed
the IC, value of 80.0 pg/mL, whereas the water extract of
fruit showed the IC value of 720.0 pg/mL in the DPPH
model. Similarly, the water extract of the fruit also showed
a moderate superoxide radical scavenging activity with the
IC,, value of 950.0 pg/mL.

Ginkgo biloba extracts rich in flavonoid biflavones and
terpene trilactones have been used widely due to the anti-
inflammatory effect. In an experiment, Jain et al*® reported
that the methanol extract of P granatum alone has the IC_
value of 147.6 mg/mL and that of G. biloba was 134 mg/mL
in the DPPH model. In the superoxide scavenging activity
assay, the IC_ value of P granatum and G. biloba was 121.1
and 128.2 mg/mL, respectively. However, in combined for-
mulation, due to the synergistic effects, the IC, values were
increased to 33.5 and 46.39 mg/mL in DPPH and superoxide
scavenging model system, respectively.

According to our data, the combined formulated fruit
extract showed a much higher rate of inhibition (DPPH and
hydroxyl radical scavenging assays) than the aforementioned
efficacy of individual plant’s fruit extract (Table 1). In the
superoxide inhibition assay, the combined fruit extract
showed 5.48-fold higher efficacy than that of Trolox. These
higher inhibition activities of the combined formulated
fruit extract could be due to the synergistic effect of phy-
tochemicals present in the sample. According to Wagner,’?
the higher efficacy of multidrug combination could be due to
the increase in the solubility or resorption rate of one of the
major constituents present in the extract, or could be due to
the antagonistic effects of certain constituents against some
toxic compounds.

It has been reported that collagenase cleaves the amino
acid bond of collagen and breaks down the collagen and
elastin which possibly leads to the prolonged skin damage
or wrinkle formation.?” To prevent the skin from aging
or wrinkles, natural collagenase inhibitors from plant is
desirable. Naturally, plant phenolic compounds have been
known to inhibit the collagenase activity. In previous
findings, it has been reported that the butanol fraction of
G. biloba seed, P granatum (fruit), and M. alba (whole
plant extract) inhibited up to 50.8%, 4.4%, and 19.5% of
MMP-9.% Boiled water extract of P granatum fruit exhibited
both the collagenase (11%) and elastase (14.64%) inhibition
activity.?” According to our research, the combined formu-
lation of fruits exhibited comparatively higher inhibition
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of collagenase (shown in a dose-dependent manner in
Figure 1). A concentration of 5 pug/mL fruit extracts
showed 67.45% enzyme inhibition. This higher activity of
collagenase inhibition by combined fruits may be due to
the conformational change in collagenase induced by the
synergistic effect of polyphenols.*

We examined a human in vivo clinical study focusing
on the reduction of wrinkle (area, depth, and length) located
around the eyes in crow’s feet region (Figure 2). According
to the data, the significant (P<<0.05, P<<0.01) reduction of
wrinkle (depth, length, and area) was observed after 56 days
of application. Our in vivo data are based on observation;
therefore, further molecular work is needed to understand
the proper mechanism of anti-wrinkle activity of topically
formulated fruit extract. According to the literature else-
where, it is known that the reactive oxygen species directly
act on fibroblasts and then reduce collagen production.’!
Therefore, it can be speculated that the anti-wrinkle activity
of fruit extract could be due to the presence of higher radi-
cal scavenging activity which quench the free radicals from
the skin and thereby protect the collagen from degradation.
And also, the phytochemical may have possible interactions
with the special enzymes, mediators in the signal trans-
duction pathway.> For example, the anti-wrinkle activity
of formulated fruit extract may be due to the suppressive
effect of some phytochemicals on C-Jun N-terminal kinase
or MMPs (MMP-1, MMP-3, and MMP-9) which activates
due to oxidative stress.*

In conclusion, the combined formulation of P granatum,
G. biloba, F. carica, and M. alba fruits extract provides excel-
lent antioxidative and anti-collagenase activity in vitro and
also showed a significant effect on the anti-wrinkle activity
in vivo. Overall, the results obtained in this research con-
tributed to elucidate the possible effects on the anti-wrinkle
prospects of skin with combined topical formulation of plant
fruits extract.
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