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Abstract

Intrinsic and extrinsic factors can influence skin aging. Intrinsic skin aging can occur due
to the formation and accumulation of reactive oxygen species, furthermore UV radiation
contributes up to 80% of extrinsic aging. Anti-oxidation bioactive components from natural
sources have been recommended for skin aging prevention.

We explored the anti-oxidation, anti-inflammatory and anti-aging activities of oak extract
(freeze-dried) product.

Anti-oxidation activity was determined using superoxide dismutase (SOD) activity assay
and radical scavenging activity assay (DPPH). Anti-inflammatory activity was determined
by hyaluronidase activity inhibitory assay and hexosaminidase release inhibitory assay.
Anti-aging activity was determined using inhibitory assay of human neutrophil elastase
activity, inhibitory assay of matrix metalloproteinase-1 (MMP-1) and promoting assay of
hyaluronic acid production.

Anti-oxidation activity was observed for oak extract in both SOD activity assay and radical
scavenging activity assay with IC, of 2.27ug/mL and 3.25 pug/mL respectively. Anti-
inflammatory activity was detected in hyaluronidase activity inhibitory assay with an IC,
of >400ug/ml and hexosaminidase release inhibitory effect was observed with IC, 0f 223.4
pg/mL. The oak extract also exhibited anti-aging activity with human neutrophil elastase
activity inhibitory at an IC, of 20.87ug/mL and MMP-1 activity inhibitory effect at an IC,
of 125.7pg/mL. Oak extract did not promote any hyaluronic acid production in epidermal
keratinocytes.

Oak extract exhibits a strong antioxidant effect comparable to control Baicalin and ascorbic
acid. Together with the inhibitory effect on human neutrophil elastase and MMP-1, these
results suggest that oak extract can be an ingredient or part of a formula of a product to be
used as a topical anti-aging agent.
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Introduction

Facial skin aging is a prevalent cosmetic
concern that troubles all genders. Skin aging may
manifest as wrinkles, skin sagging, dark spots, un-
even skin tone and these could significantly affect
an individual’s self-esteem, confidence, and inter-
personal relationships!. Both intrinsic and extrinsic
factors can influence skin aging. Intrinsic factors
can occur due to formation and accumulation of
reactive oxygen species (ROS). Extrinsic factors
such as UV radiation, alcohol usage, smoking, diet
and pollution could exacerbate and accelerate skin
aging. Furthermore, UV radiation can contribute up
to 80% of extrinsic skin aging®*.

Judged to have fewer side effects, treat-
ment with topical anti-oxidation natural bioactive
components offers a noninvasive approach for skin
aging prevention.

Since ancient times, the oak tree has in-
termingled with several fundamental aspects of
human life. From providing shelter, transportation
across the ocean, to the aging of fine whiskey,
humans have uncovered multiple protective benefits
of the esteemed oak tree. Oak trees and their parts
or extracts have also been used extensively in folk
medicine. The acorn has been used to treat colitis,
stomatitis and diarrhea*®. The leaves, bark and wood
have also been investigated for their anti-microbial®,
anti-metastatic’, anti-depressant, and anti-anxiolytic
potential®. In this study, we set out to explore the
anti-oxidation, anti-inflammatory and anti-aging
activities of oak extract (freeze-dried) product to
extend the protective function of oak extract as an
anti-aging skin care ingredient.

Methods

- Oak extract (freeze-dried) product

Oak extract, extracted with 50% ethanol
from Quercus robur Linne (Fagaceae) trees, was
purchased from Maruzen Pharmaceuticals (Hiroshima,
Japan) and used for all experiments in this study.
Test samples were dissolved in DM SO solution and
diluted in medium or buffer to test concentrations.

- Antioxidant (Suppression of Reactive Oxygen
Species)

* Superoxide dismutase (SOD) Activity
Assay’

2.4 mL of 0.05 mol/L sodium carbonate
buffer (pH 10.2), 0.1 mL of 3 mmol/L xanthine,
0.1 mL of 3 mmol/L EDTA, 0.1 mL of 1.5 mg/mL
bovine serum albumin and 0.1 mL of 0.75 mmol/L
nitroblue tetrazolium were added to test tube, where
0.1 mL of test sample solution was added and left
for 10 minutes at 25 °C. 0.1 mL of xanthine oxidase
solution was added and stirred quickly, and the
mixture was allowed to react at 25 °C for 20
minutes. Thereafter, 0.1 mL of 6 mmol/L copper
chloride was added to stop the reaction. The
absorbance at a wavelength of 560 nm was deter
mined. A blank test was performed in the same
manner for correction.

The method for calculating the superoxide
elimination rate is as follows.

Elimination rate (%) = {1 - (A-B)/(C-D)} x 100

A: Absorbance of the test sample solution
at a wavelength of 560 nm

B: Absorbance of the test sample solution
(blank) at a wavelength of 560 nm

C: Absorbance at a wavelength of 560 nm
in the control solution

D: Absorbance at a wavelength of 560 nm
of the control solution (blank)

* Radical-Scavenging Activity Assay (DPPH)'°
3 mL of test sample solution was added
to 3 mL of 150 umol/L diphenyl-p-picrylhydrazyl
(DPPH) ethanol solution and incubate for 30 minutes.
After that, absorbance at a wavelength of 520 nm
was determined. A blank test was performed in the
same manner for correction.
The calculation method of DPPH radical
elimination rate is as follows.

DPPH Elimination Rate (%)= {A-(B-C)} /A x 100}

A: Absorbance at a wavelength of 520 nm
in the control solution

B: Absorbance of the test sample solution
at a wavelength of 520 nm

C: Absorbance of the test sample solution
(blank) at a wavelength of 520 nm

- Anti-inflammatory
* Hyaluronidase activity inhibitory assay'
0.1 mL of hyaluronidase solution (Type I'V-
S) (from bovine testis; SIGMA 400 NF units/mL))
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and 0.2 mL of 0.1 mol/L acetic acid buffer (pH 3.5)
was added to the test sample and incubated at 37 °C
for 20 minutes. After that, 0.2 mL of 2.5 mmol/L
calcium chloride was added as an activator and
incubated at 37°C for 20 minutes. Then, 0.5 mL of 0.8
mg/mL sodium hyaluronate solution (from rooster
comb) was added to the solution and incubated
again at 37 °C for 40 minutes. Thereafter, 0.2 mL
of 0.4 mol/L sodium hydroxide was added to stop
the reaction, and then 0.2 mL of boric acid solution
was added to each reaction solution and boiled for 3
minutes. After ice cooling, 6 mL of p-DABA reagent
was added and the samples were incubated at 37
°C for 20 minutes. Thereafter, the absorbance at a
wavelength of 585 nm was determined. A blank test
was performed in the same manner for correction.

The calculation method of hyaluronidase
activity inhibition rate is as follows.

Hyaluronidase activity inhibition rate (%)
={l-(A-B)/(C-D)} x 100

A: Absorbance of the test sample solution
at a wavelength of 585 nm

B: Absorbance of the test sample solution
(blank) at a wavelength of 585 nm

C: Absorbance at a wavelength of 585 nm
in the control solution

D: Absorbance at wavelength 585 nm of
control solution (blank)

* Hexosaminidase Release Inhibitory Assay'”
Rat basophil leukemia cells (RBL-2H3)

were cultured using 15% FBS-added S-MEM and
collected by trypsinization. Recovered cells were
diluted in medium to a concentration of 4.0x103
cells/mL and DNP-specific IgE was added such
that the mixture will have a final concentration of
0.5 pg/mL of DNP-specific IgE. 100 pL mixture
was plated onto each well of the 96-well plate and
cultured overnight. The medium was next removed,
and the cell was washed twice with 100 pL of Sira-
ganian buffer. Next, 30 uL of the buffer and 10 uL.
of the test sample prepared in the Siraganian buffer
were added and allowed to stand at 37 °C for 10
minutes. Thereafter, 10 uL of 400 ng/mL DNP-BSA
solution was added and allowed incubate at 37 °C
for 15 minutes to release hexosaminidase. Later,
the reaction was stopped by placing the 96-well
plate on ice. 10 pL of cell supernatant of each well
and 10 pL of 1 mmol/L p-nitrophenyl N-acetyl-D-

glucosaminide B (p-NAG) solution was added to
a new 96-well plate and incubated at 37 °C for 1
hour. After completion of the reaction, 250 pL of
0.1 mol/L Na,CO,/ NaHCO, were added to each
well, and the absorbance at wavelength 415 to 650
nm was determined. Blank tests include 10 puL of
cell supernatant, 10 pL of citrate buffer and 250
uL of 0.1 mol/L Na,CO,/NaHCO, mixture, where
absorbance at wavelength 415 to 650 nm was
determined and corrected.

The method for calculating the hexosamini-
dase release inhibition rate is as follows.

Hexosaminidase release inhibition rate (%)
={l1-(B/A)} x100

A: Absorbance at wavelength 415 to 650
nm without test sample added

B: Absorbance at wavelength 415 to 650
nm with test sample added

- Anti-aging
* Inhibitory Assay of Human Neutrophil

Elastase Activity'®

50 pL test sample prepared in 0.1 mol/L
HEPES buffer (pH 7.5) was mixed with 25 pL of
6 pg/mL elastase (Human Leukocyte) solution in
a 96-well plate. Thereafter, 25 pL of 2 mmol/L N-
METHOXYSUCCINYL-ALA-ALA-PRO-VAL-
p-NITRO-ANILIDE solution prepared with the
above buffer solution was added and incubated at
25 °C for 15 minutes. After completion of the reac-
tion, absorbance at a wavelength of 415 nm was
determined. A blank test was performed in the same
manner for correction.

The method for calculating the elastase
activity inhibitory rate is as follows.

Elastase activity inhibition rate (%)
={1-(C-D)/(A-B)} x 100

A: Absorbance at wavelength 415 nm
without test sample added but enzymes added

B: Absorbance at wavelength 415 nm
without test sample and enzymes added

C: Absorbance at wavelength 415 nm with
test sample added and enzyme added

D: Absorbance at wavelength 415 nm with
test sample added but no enzymes added

e Inhibitory Assay of MMP-1'*
This test method is a partial modification
of the Wunsch and Heidrich method. 50 pL of test
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sample that was dissolved in 0.1 mol/L Tris-HCl buffer
(pH 7.1) containing 20 mmol/L calcium chloride
was mixed with MMP-1® solution 50 pL and 400
uL of Pz-peptide ® solution. After incubating at
37°C for 30 minutes, the reaction was stopped with
1 mL of 25 mmol/L citric acid solution. Thereafter,
5 mL of ethyl acetate was added and vigorously
shaken. This was centrifuged (1600 % g, 10 min)
and the absorbance of the ethyl acetate layer at a
wavelength of 320 nm was determined. A blank test
was performed in the same manner for correction.

The calculation method of the MMP-1
activity inhibitory rate is as follows.

MMP-1 activity inhibition rate (%)
={l1-(C-D)/(A-B)} x 100

A: Absorbance at wavelength of 320 nm
without test sample but with enzymes added

B: Absorbance at a wavelength of 320 nm
without both test sample and enzymes added

C: Absorbance at wavelength of 320 nm
with both test sample and enzyme added

D: Absorbance at wavelength of 320 nm
with test sample added but no enzymes added

(a) MMP-1: COLLAGENASE Type 1V
from Clostridium histolyticum (Sigma)

(b) Pz-peptide: Pz-Pro-Leu-Gly-Pro-D-
Arg-OH (BACHEM Feinchemikalien AG)

* Promoting Assay of Hyaluronic Acid Pro-
duction (Epidermal Keratinocytes)'*'

Normal human neonatal epidermal kerati-
nocytes (NHEK) were cultured using normal hu-
man epidermal keratinocyte proliferation medium
(KGM), and then cells were collected by trypsin
treatment. The recovered cells were diluted with
KGM to a concentration of 1x10° cells/mL and
plated at a volume of 100 puL per well in a 96-well
plate and cultured for 24 hours. After which 100
pL of test sample dissolved in KGM was added to
each well and cultured for 3 days. The amount of
hyaluronic acid in the medium of each well was

determined by the sandwich method using hyaluronic
acid-binding protein (HABP).
The calculation method of the hyaluronic
acid production promotion rate is as follows.
Hyaluronic acid production promotion rate
(%)=(A/B)*x 100

A: Amount of hyaluronic acid with test
sample added

B: Amount of hyaluronic acid without test
sample added

e MTT Assay

Cell viability in this study was confirmed
using the MTT assay. After 2 hours of incubation,
the blue formazan produced in the cells was ex-
tracted with 100 uL of 2-propanol. After extraction,
measured the absorbance at 570 nm and at 650 nm
as turbidity, and counted the difference between the
two as the amount of blue formazan produced. The
difference between blue formazan production in
the cells with and without the test sample was
evaluated.

Statistical analysis

All statistical analyses were carried out using
the paired t-test and compared with the control (no
sample added). A p-values <0.05 were considered
statistically significant. Data in the Tables are shown
as mean = SEM.

Results

- Antioxidant effects (Suppression of Reactive
Oxygen Species)

e Effect of Oak Extract on Superoxide
dismutase (SOD) Activity Assay

Oak extract exhibited a strong anti-

oxidation effect in SOD activity assay. In the same
experiment, compared to positive control Baicalin,
Oak extract was more effective with a determined
IC,, 0f 2.27 pg/mL compared to 3.94 pg/mL of the
positive control. (Table 1)
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Table 1 Effect of Oak Extract on SOD Activity

Concentration of tested sample (ng/mL) Elimination rate (%) of Oak Extract Product
0 0.0+£3.3
1.56 37.6 £ 0.8%%*
6.25 80.1 £ 0.2%%*
25 94.4 £ 0.1%**
IC,, (ug/mL) 2.27

Positive control Baicalin; IC, = 3.94 pg/mL
Mean + S.E., n = 3, ***: p<0.001

* Effect of Oak Extract on Radical-
Scavenging Activity Assay (DPPH)

Oak extract exhibited a strong radical-

scavenging activity in DPPH assay. Compared to

Table 2 Effect of Oak Extract on DPPH elimination

positive control, ascorbic acid, a well-known anti-
oxidant, the IC, of Oak extract was determined to
be 3.25 ug/mL comparable to the IC, of 3.04 pg/
mL ascorbic acid. (Table 2)

Concentration of DPPH Elimination Rate (%) of
Tested sample (nug/mL) Oak Extract Product
0 0.0£1.2
3.125 48.2 £ 1.1%%*
6.25 84.2 £ 0.1%%*
12.5 92.4 £ 0.0%**
IC, (ng/mL) 3.25

Positive control ascorbic acid; IC, = 3.04 pg/mL
Mean + S.E., n = 3, ***: p<0.001

- Anti-inflammatory effects
¢ Effect of Oak Extract in hyaluronidase
activity inhibitory assay
Oak extract exhibited a weak anti-inflam-
matory action on hyaluronidase activity inhibitory

assay. Compared to indomethacin IC, of 30.3 ng/
mL, Oak extract has an IC, of more than 400
pg/mL. (Table 3)

Table 3 Effect of Oak Extract on hyaluronidase activity inhibitory assay

Concentration of Hyaluronidase Activity Inhibition Rate (%) of
Tested sample (ng/mL) Oak Extract Product
0 0.0+0.2
25 -12.6 £3.5
100 1.8+1.6
400 24.7 £ 0.7%%*
IC,, (ng/mL) >400

Control indomethacin; IC, = 30.3 pg/mL
Mean + S.E., n = 3, ***: p<0.001
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¢ Effect of Oak Extract on Hexosaminidase
Release Inhibitory Assay

Oak extract exhibited a weak anti-

inflammatory action on hexosaminidase release

inhibitory Assay. Compared to indomethacin IC,  of
101.8 pg/mL, Oak extracthas an IC of 223.4 ug/mL.
(Table 4)

Table 4 Effect of Oak Extract on Hyaluronidase activity inhibitory assay

Concentration of Hexosaminidase Release Inhibition Rate (%) of
Tested sample (nug/mL) Oak Extract Product
0 0.0+6.0
100 85+32
200 43.6 = 1.0**
400 75.5 £ 1.3%%*
IC, (ng/mL) 2234

Control indomethacin; IC, = 101.8 pg/mL
Mean + S.E., n =3, **: p<0.01, ***: p<0.001

- Anti-aging effects
e Effect of Oak Extract on Inhibitory Assay
of Human Neutrophil Elastase Activity
Anti-aging effect was observed for Oak
extract on inhibitory assay of human Neutrophil

Elastase activity with an IC, 0f 20.87 pg/mL. This
is effect is stronger compared to Hypericum As-
cyron flowers an ingredient with established IC, of
150 ug/mL!7. (Table 5)

Table 5 Effect of Oak Extract on Inhibitory Assay of Human Neutrophil Elastase Activity

Concentration of Elastase Activity Inhibition Rate (%) of
Tested sample (ng/mL) Oak Extract Product
0 0.0+8.2
6.25 23.7+6.0
25 57.4 + 0.3%*
100 79.9 £ 0.1%%*
IC,, (ug/mL) 20.87

Mean + S.E., n = 3, **: p<0.01, ***: p<0.001

* Effect of Qak Extract on Inhibitory Assay
of MMP-1
Inhibitory assay of MMP-1 was carried out

to determine the IC, of Oak Extract. A moderate
inhibitory effect could be detected with an IC_ of
125.7 pg/mL. (Table 6)

Table 6 Effect of Oak Extract on Inhibitory Assay of MMP-1

Concentration of MMP-1 Activity Inhibition Rate (%) of
Tested sample (ng/mL) Oak Extract Product
0 0.0+0.2
25 8.7 £ 1.5%
100 40.9 + 0.7%%*
400 77.4 £ 0.2%%*
IC_, (ng/mL) 125.7

Mean + S.E., n = 3, *: p<0.05, ***: p<0.001
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- Effect of Oak Extract on Promoting Assay of
Hyaluronic Acid Production (Epidermal Kera-
tinocytes)

Finally, we tried to detect if Oak extract has
any effect in promoting hyaluronic acid production
in epidermal keratinocyte, however we were not

able to detect any activity. The lowest hyaluronic
acid production rate at the highest concentration
(100 pg/mL) was due to a decrease in cell viability
to 10% (confirmed by MTT assay). (Table 7)

Table 7 Effect of Oak Extract on Promoting Assay of Hyaluronic Acid Production (Epidermal Keratinocytes)

Concentration of Hyaluronic Acid Production Promotion Rate
Tested sample (ng/mL) (%) of Oak Extract Product
0 100.0 2.1
1.56 983+ 1.2
6.25 82.1+1.2
25 82.1+1.9
100 67.1+1.4
Discussion Hexosaminidase is released by mast cells via

Facial skin aging is a prevalent cosmetic
concern that troubles all genders. Skin aging may
manifest as wrinkles, skin sagging, dark spots,
uneven skin tone and these could significantly affect
an individual’s self-esteem. UV radiation, ambient
pollutant and smoking are the most prominent and
prevalent external stressor affecting skin aging, the
continuous exposure to these environmental stressors
stimulate the production of reactive oxygen
species, leading to oxidative stress'®%, In this study
we set out to investigate if oak extract can confer
any in vitro anti-oxidation, anti-inflammatory and
anti-aging activities.

In our anti-oxidation study (Table 1 and
2) we found that oak extract was able to confer
anti-oxidation effect at a level that is comparable
or stronger than the control. This is consistent with
other studies which had demonstrated oak genus
possess antioxidant capacity?** which suggests that
oak extract has a great potential to be used to counter
oxidative stress dealt to the skin by the environment.

Skin inflammation can manifest as redness,
pain, itchiness and dryness which can be unsightly
and a challenge to manage®. We evaluated the
anti-inflammatory action in Oak extract through
Hyaluronidase activity inhibitory assay (Table 3)
and Hexosaminidase Release Inhibitory Assay
(Table 4). Hyaluronidase is an enzyme that
depolymerizes the hyaluronic acid involved in
inflammation, and it has been shown that the inhibition
of hyaluronidase could reduce inflammation®*.

IgE-mediated degranulation and the release
mediates inflammation and acute allergy reaction®.
While oak extract weakly inhibited hyaluronidase
activity, we were able to detect hexosaminidase
release inhibitory activity, therefore suggesting that
oak extract product might play a role in attenuation
of inflammation and acute allergy reaction.

Intrinsic skin aging can be classified as
natural aging and is caused by changes in skin
elasticity. Collagen, the most abundant protein in
the extracellular matrix (ECM) of connective tissue
in the human dermis, can be cleaved by elastase
which can then cleave elastin, fibronectin and other
ECM proteins, leading to a deterioration of the skin
structure®®. The degradation of elastin and collagen
further induce the production of MMPs, which
activates a series of destructive processes such as
inflammation and aging of the skin®’. Compared
to Hypericum ascyron flowers, an ingredient with
established IC_ of 150 ug/mL", oak extract product
has a more potent IC, (Table 5) and at the same
time we were able to detect its inhibitory effect
on MMP-1 (Table 6). Hyaluronic acid is another
key component of the ECM and it’s free-radical
scavenging function makes it an attractive molecule
to study for anti-aging skin care. Unfortunately, we
were not able to detect any effect of oak extract
on the production of hyaluronic acid in epidermal
keratinocytes (Table 7), the reduction in hyaluronic
acid observed was due to reduction of cell viability,
which we validated with an MTT assay.
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In conclusion, we have investigated and
reported on the in vitro anti-oxidation, anti-inflam
matory and anti-aging activities of oak extract
through multiple experiments. Oak extract exhibits
a strong antioxidant effect comparable to control
Baicalin and ascorbic acid. It also exhibited an
inhibitory effect on human neutrophil elastase and
MMP-1. In addition to being able to confer protec-
tion on extrinsic aging factors, oak extract has the
potential to inhibit intrinsic factors responsible for
skin aging. These results suggest that oak extract can
be an ingredient or part of a formula of a product to
be used as a topical anti-aging agent.

This study has shed light on the in vitro
activity of oak extract, in order to further establish
the functionality, an in vivo clinical study should
be considered. This study also warrants further
investigation to identify the key active ingredient
in oak extract.
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