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Background: Skin-aging is a progressive changes in the skin combine with cumulative extrinsic factors which are mostly
caused by free radicals caused by exposure to lots of free radicals molecules from pollutant, wrongly food intake, or too
much sun bathing. These free radicals can be tackled by a treatment using antioxidants. Prevention of aging can be done
by escalating antioxidant intake. Protocatechuic acid (PCA) and Ferulic acid (FA) have been known for their scavenging
properties on free radicals and antiaging activity. Antioxidant and antiaging activity of both compounds have not been
compared comprehensively before. Hence, current study was conducted to compare the potential of PCA and FA for their
antioxidant and antiaging activities using various methods.
Materials and Methods: Antioxidant analysis of PCA and FA was conducted using H2O2 scavenging assay, 2,2’-azinobis-3ethylbenzo-thiazoline-6-sulfonic acid (ABTS), 2,2-diphenyl-1-picrylhydrazil (DPPH), and ferric reducing antioxidant power
(FRAP). Meanwhile, antiaging activities of PCA and FA were examined using inhibitory activities of tyrosinase, collagenase,
elastase, hyaluronidase and tyrosinase.
Results: IC50 of scavenging activity of ABTS were 125.18 µg/mL (PCA) and 35.55 µg/mL (FA), inhibition activity of collagenase
were 126.16 µg/mL (PCA) and 52.85 µg/mL (FA) and inhibition activity of tyrosinase were 246.42 µg/mL (PCA), 253.58 µg/
mL (FA).
Conclusion: In conclusion, FA has better ABTS scavenging and collagenase inhibition activities compared to PCA. Meanwhile,
PCA has better activity of tyrosinase inhibition than FA.
Keywords: antioxidant, antiaging, ferulic acid, protocatechuic acid

Introduction
The most common and ongoing dermatological problem is
aging of the skin, especially in women.1,2 Unwanted changes

that occur on the skin will be very visible because the skin is
the outermost layer. This change occurs due to aging which
has a wide effect on all body systems, the integumentary
system is one of them.3 There are two types of skin aging,
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natural or intrinsic aging and photo or extrinsic aging. The
differences between them are that natural or intrinsic aging
is inevitable, cannot be prevented and originates in the body
while extrinsic or photoaging can be avoided and prevented
due to outside the body origins such as excessive exposure
to ultraviolet (UV) A and UV B solar radiation. Rough, dull,
saggy skin, wrinkles are results of aging.2,4
External aging caused by UV can induce functional
reduction, protein biosynthesis decrement, and internal
aging.5 Oxidative stress is a leading role in the aging process
that causes the complex interactions in the integument system
so that the resulting formation of wrinkles, pigmentation
and asteatosis.2,6,7 Therefore, compounds that act as fair
antioxidant and anti-inflammatory activities are expected to
inhibit formation of pigmentation and wrinkle by affecting
biosynthesis of melanin and collagen.5 Basically, our body
produces reactive oxygen species (ROS) during metabolism.
Induction of extrinsic factors such as UV will cause an
increase of ROS in the body. This increment will weaken
the function of several components in the skin, including
fibroblast, collagen, elastin and hyaluronic acid. The
effect is wrinkles, that can be caused by the destruction of
collagen and elastin structure with the increasing expression
of matrix metalloproteinases (MMPs).8 Other than ROS,
enzymes such as hyaluronidase, elastase, tyrosinase,
and collagenase can affect skin proteins that maintain the
structure and elasticity of the skin.9 Hence, inhibition of
ROS and those enzymes activities are needed in order to
prevent aging.
Antiaging and cosmetic procedures (gels, oils, creams,
powders, lotions) are widely produced and are thought to
reduce or delay the aging process by inhibiting the activity
of ROS and enzymes mentioned earlier.1,4 Polyphenols
are antioxidants that can be found in food and plants,
often used as ingredients in the manufacture of antiaging
products.10-12 Examples of the most common polyphenols
are protocatechuic acid (PCA) and ferulic acid (FA).
Many studies have mentioned that FA has various
activities such as free radical cleansing and cytotoxicity
activities, prevention of photo-oxidative skin damage,
antioxidant protection. Especially as an antioxidant that can
potentially prevent aging.13-15 PCA and FA can be found in
fruits such as snake fruit (Salacca zalacca) and nuts, such as
almonds (Prunus amygdalus).17,18 Products made from olive
oil or white wine contains PCA and this polyphenol has been
reported to have anti-bacterial, anti-cancer, antioxidant, antiatherosclerotic, anti-ulcer, anti-diabetic, hepatoprotective,
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antiaging, antiviral, anti-inflammatory, analgesic, cardiac,
neurological and nephron-protection activities.19
Both of phenolic compounds are abundant in nature
and have pharmacological effect. Hence, this study is aimed
to compare the antioxidant and antiaging activity of both
compounds comprehensively through radical scavenging
assay for antioxidant and aging related enzymes inhibition
activity.

Materials and methods
Hydrogen Peroxide (H2O2) Scavenging Activity Assay
Protocatechuic acid, 4-Carboxy-1,2-dihydroxybenzene
(Catalogue #BP1155, Chengdu Biopurify Phytochemicals
Ltd, Chengdu, China) and Ferulic acid, 4-hydroxy-3methoxycinnamic acid (Catalogue #BP0586, Chengdu
Biopurify Phytochemicals Ltd), each were dissolved using
10% DMSO (Catalogue #1.02952.1000, Supelco, Missouri,
Amerika) in various concentrations. H2O2 scavenging
activity was measured by the method according to previous
study. The reaction begins by adding each reagent and sample
to the 96 well plate, 12 µL of 1 mM ferrous ammonium
sulphate (Catalogue #215406, Sigma-Aldrich, Missouri,
USA), 60 µL of various concentration sample (PCA, FA),
and 3µL of 5mM H2O2 (Catalogue #1.08597.1000, Merck)
was incubated at dark room temperature for 5 min. Briefly,
it was added 1,10-phenanthroline (Catalogue #131377,
Merck) (1 mM, 75µL) the total volume in each plate was
150 µL, and then incubated for 10 min at room temperature.
Absorbance was measured at wavelength of 510 nm using
spectrophotometer (Catalogue #N10588 Multiskan-Go,
Thermo Fisher Scientific Inc., Vantaa, Finlandia). The result
was depicted as scavenging percentage that was calculated
using the following formula20:
H2O2 % scavenging = (S/C) x 100
C = absorbance of activity without sample
S = absorbance of activity with the addition of samples
tested
The 2,2’-azinobis-3-ethylbenzo-thiazoline-6-sulfonic acid
(ABTS) Radical Scavenging Assay
The ABTS radical scavenging assay was done using a
method previously described according to previous study.21
The working solution was prepared by mixing 14 mM
ABTS (Catalogue #A1888, Merck) and 4.9 mM K2S2O8
(Catalogue #EM105091, Merck) in equal quantities. Both
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reagents were left to react in the dark overnight at room
temperature. Dilution with water was done untill absorbance
of 0.70±0.03 at 734 nm obtained. The ABTS solution (200
µL) mixed with 20 µL various concentration of samples,
and the absorbance was measured at 734 nm after 6 min
of incubation at room temperature. ABTS reducing activity
was measured using the formula:
% ABTS Reducing Activity = (Ac – As) / Ac x 100
Ac = negative control absorbance (without sample)
As = sample absorbance
The 2,2-Diphenyl-1-picrylhydrazil (DPPH) Radical
Scavenging Assay
The DPPH radical scavenging assay was done according
to previous study.22 About 200 μL of 0.077 mM DPPH
(Catalogue #D9132, Merck) were added to 96-well plate
(Catalogue #30096, SPL Life Sciences, Pocheon, Korea)
containing a range of samples concentrations (50 μL each
well). At blank well, 250 µL sample solvent (dimethyl
sulfoxide (DMSO)) was added and for control well, 250 µL
of 0.077 mM DPPH was added. The mixture was incubated in
a dark chamber for 30 min at room temperature. Microplate
spectrophotometer was used to measure the absorbance (λ =
517 nm). Percentage of scavenging activity was calculated
using formula below. The DPPH scavenging activity was
measured using the formula:
% DPPH Scavenging Activity = (Ac – As) / Ac x 100
Ac = negative control absorbance (without sample)
As = sample absorbance
The Ferric Reducing Antioxidant Power (FRAP) Assay
Briefly 10 mL of 300 mM acetate buffer (pH 3.6 adjusted
with addition of acetic acid) 1 mL of 10 mM 2,4,6-Tris(2pyridryl)-s-triazine (TPTZ) (Catalogue #T1253, Supelco,
Missouri, USA), and 1 mL of 20 mM ferric chloride
hexahydrate (Catalogue #1.03943.0250, Supelco) were
mixed as FRAP reagent. 7.5 µL of sample in various
concentration and standard FeSO4 was inserted into
samples well and blank well, consecutively. As much
as 142.5 µL FRAP was added to the well plate (Catalogue
#30096, SPL Life Sciences) containing the sample (well
sample). In well blank, 142.5 µL sample solvent (DMSO)
was added instead. The plate was incubated for 6 min at
37°C. The absorbance was measured using a microplate
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reader at λ = 745 nm. FRAP activity was measured based
on the linear equation of the standard FeSO4 curve. Ferrous
reducing activity of sample was calculated based on FeSO4
standard curve.23,24
The Tyrosinase Inhibition Assay
Inhibition of tyrosinase was evaluated based on dihydroxyphénylalanine (DOPA) chrome formation measured as
previously described.25 Samples were dissolved in solvent
resulted in varied concentrations. Samples were prepared in
a 96-well plate (Catalogue #30096, SPL Life Sciences), and
the components were added as follows: 20 mM phosphate
buffer (pH 6.8), 20 μL of sample and 20 μL tyrosinase from
mushroom (125 U/mL, Catalogue #T3824, Sigma-Aldrich).
Volume of phosphate buffer added into control, sample,
and blank well were 160, 140, and 160 μL. Furthermore, a
mixture of 20 µL of 1.5 mM L-DOPA substrate (Catalogue
#D9628, Sigma-Aldrich) was added. After incubation
at 25°C for 10 min, the tyrosinase inhibition activity was
determined by measuring the absorbance at at 470 nm, with
following formula:
% Tyrosinase Inhibition Activity = (Ac – As) / Ac x 100
Ac = negative control absorbance (without sample)
As = sample absorbance
The Collagenase Inhibition Assay
The measurement of N-[3-(2-Furyl)acryloyl]-Leu-Gly-ProAla (FALGPA) hydrolysis was carried out as a collagenase
inhibition test using the method described previously.22 The
test was carried out in 50 mM tricine buffer, containing 10
mM CaCl2 (pH 7.5) and 400 mM NaCl. 10 µL collagenase
from Clostridium histolyticum (Catalogue #C8051, SigmaAldrich) (0.01 U/mL in cold aquadest) was added to each
well, followed by addition of 90, 60, 80 µL of Trycine buffer
to control, sample, and blank well, respectively. After that,
30 µL sample with various concentration were added and
followed by incubation for 15 min at 37°C. Last, FALGPA
(Catalogue #F5135, Sigma-Aldrich) that were dissolved in
the tricine buffer for use at initial concentrations of 1 mM
was added to each well. Collagenase activity was measured
at 335 nm, with following formula:
% Collagenase Inhibition Activity = (Ac – As) / Ac x 100
Ac = negative control absorbance (without sample)
As = sample absorbance
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hyaluronic acid. The solution composed of 79 mM acetic
acid (pH 3.75) and 0.1% BSA in 24 mM sodium acetate. The
solution was allowed to stand for 10 min at room temperature,
absorbance was measured using a spectrophotometer (600
nm). The percentage of hyaluronidase inhibition activity
was calculated with following formula:

The Elastase Inhibition Assay
Elastase inhibition was assayed using the method according
to previous study.23 The color intensity of the solution was
measured following elastase-mediated N-Succinyl-Ala-AlaAla-p-Nitroanilide (SANA) (Catalogue #S4760, SigmaAldrich) cleavage to be the basis for determining inhibition.
First of all, 1 mM SANA was prepared in 0.1 M Tris-HCl
buffer (pH 8.0). Sample (10 µL) in various concentration.
Five µL of elastase was added into control and sample well.
About 135, 125, 130 µL of Tris-HCl buffer 0.1 M (pH 8.0)
(200 μL) was added to control, sample, and blank well,
respectively. The solutions were vortexed and preincubated
for 15 min at 15°C, and then 10 μL of SANA substrate (2
mg/mL in Tris buffer) solution was added then vortexed and
placed in a 25°C water bath for 15 min. Absorbance was
measured at 410 nm. The percentage of elastase inhibition
activity was calculated with following formula:

% Hyaluronidase Inhibition Activity = (Ac – As) / Ac x 100
C = absorbance of enzyme activity without sample
S = absorbance of enzyme activity with the addition of
samples tested
Statistical Analysis
All the experiment was done in triplicate. Statistical analysis
was conduct using SPSS software (Version 20.0, IBM
Corporation, New York, America). Data were presented
as mean±standard deviation. The Significant differences
within the groups were determined using the Analysis of
variance (One Way ANOVA) followed by Tukey’s HSD
Post-hoc Test. Significance of difference between PCA and
FA activities were analyzed using the Independent Samples
Mann-Whitney U-Test

% Elastase Inhibition Activity = (Ac – As) / Ac x 100
Ac = negative control absorbance (without sample)
As = sample absorbance
The Hyaluronidase Inhibition Assay
Inhibition of hyaluronidase was determined according to
previous study.23 A mixture of enzyme diluent consisted
of a 5 μL of hyaluronidase derived from bovine
solution containing 1.50 U of enzyme in 100 μL of solution
comprising 20 mM (pH 7.0) sodium phosphate buffer,
77 mM sodium chloride, and 0.01% bovine serum albumin
(BSA) was incubated for 10 min at 37°C. In addition,
a control containing 3 µL enzymes and 37 µL phosphate
buffers and a blank containing 15 µL phosphate buffers and
25 µL samples were incubated at 37°C for 10 min. Rooster
comb derived hyaluronic acid sodium (10 μL in 0.03% in
300 mM sodium phosphate, pH 5.35) was added to the
mixture, followed by incubation for 45 min at 37°C. Acid
albumin solution (1 mL) was added to precipitate undigested

Results
Antioxidant and antiaging activity of PCA and FA can be
seen in Figure 1 and Figure 2. Post hoc test on results on
each assay indicate the activities of both compounds on
each assay are in concentration dependent manner. The
concentration of both compounds are directly proportional
to each activity. IC50 of Antioxidant and Antiaging activity
of PCA and FA can be seen on Table 1 and Table 2.
PCA activities on inhibition of tyrosinase, elastase, and
hyaluronidase are higher compared to FA. PCA also have
higher H2O2 and DPPH scavanging activity compared to
FA. Meanwhile, on other assay, FA has higher activity.
Statistic results using Independent Samples Mann-Whitney

Table 1. The IC50 value of antioxidant activity of PCA and FA.
Scavenging Assay of

Substances
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H2 O2

ABTS

DPPH

Activity at The
Highest
Concentration

Unit

µM

µg/mL

µM

µg/mL

µM

µg/mL

FRAP (μM FeII/μg)

PCA

274.14

42.25

812.22

125.18

92.2

14.21

480.08

FA

377.85

73.37

183.08

35.55

130.34

25.31

526.50
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B

Activity (%)

Activity (%)

A

Final Concentration (µg/mL)

Final Concentration (µg/mL)
D

Activity (%)

Power (μM Fe(II)/μg)

C

Final Concentration (µg/mL)
Protocatechuic Acid

Final Concentration (µg/mL)
Ferulic Acid

Figure 1. Antioxidant activity of PCA and FA. A: H2O2 scavenging activity, different letter (a,b,c,d,e) in the black histogram
indicated significant differences among concentrations of PCA, and (a,b,c,d,e) in the gray histogram indicated significant
differences among concentration of FA; B: ABTS scavenging activity, different letter (a,b,c,d,e,f) in the black histogram
indicated significant differences among concentrations of PCA, and (a,b,c,d,e) in the gray histogram indicated significant
differences among concentration of FA; C: DPPH scavenging activity, different letter (a,ab,b,bc,c,d,e,f) in the black
histogram indicated significant differences among concentrations of PCA, and (a,b,c,d,e,f) in the gray histogram indicated
significant differences among concentration of FA; D: FRAP assay, different letter (a,b,c,d,e) in the black histogram indicated
significant differences among concentrations of PCA, and (a,b,c) in the gray histogram indicated significant differences
among concentration of FA. Data were presented as mean±standard deviation.
U-Test shows significant difference of ABTS scavenging,
collagenase inhibition, and tyrosinase inhibition activity
between PCA and FA (p<0.05). Other assays resulted in
insignificant difference between PCA and FA.

Discussion
The constituent components of the skin are the complex
structures of non-cellular cellular and extra-cellular (ECM)
matrix (glycoprotein, elastin, hyaluronic acid, collagen).
The cellular process in the skin is influenced by ECM
and also acts as a defense to prevent skin damage. All

components play a functional role to keep the skin in the
proper conditions. However, over time, the levels of each
component decrease as a result of several biochemical
processes that occur in the body that produce various
clinical manifestations associated with aging. In this
context, the use of an extract containing a wide range of
topical materials has been proven effective as photoprotector
against UV radiation and as an immune suppressant nuclear
factor (NF)-kβ pathway. In general, antioxidants act as
metal chelators, inhibitors of lipid peroxidation and ROS
scavengers and incorporated in cosmetic formulations for
reducing the effects of aging.8 Thus, they can be effective
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B

Inhibition (%)

Inhibition (%)

A

Final Concentration (µg/mL)

Final Concentration (µg/mL)
D
Inhibition (%)

Inhibition (%)

C

Final Concentration (µg/mL)

Final Concentration (µg/mL)
Protocatechuic Acid

Ferulic Acid

Figure 2. Anti-aging activity of PCA and FA. A: tyrosinase inhibition activity, different letter (a,b,c,d) in the black histogram
indicated significant differences among concentrations of PCA, and (a,b,c,d) in the gray histogram indicated significant
differences among concentration of FA; B: collagenase inhibition activity, different letter (a,ab,c,d,e) in the black histogram
indicated significant differences among concentrations of PCA, and (a,ab,bc,cd,d,e) in the gray histogram indicated significant
differences among concentration of FA; C: elastase inhibition activity, different letter (a,ab,b,c,d,e) in the black histogram
indicated significant differences among concentrations of PCA, and (a,b,c,d) in the gray histogram indicated significant
differences among concentration of FA; D: hyaluronidase inhibition activity, different letter (a,b,c,d,e,f) in the black histogram
indicated significant differences among concentrations of PCA, and (a,ab,b,c,d.e) in the gray histogram indicated significant
differences among concentration of FA. Data were presented as mean±standard deviation.
as an anti-wrinkle and depigmentation, thereby preventing
damage from UV radiation, whose effects lead to the
generation of ROS, enhance the expression of MMP-1
and tyrosinase, the enzyme responsible for the breakdown
of collagen and hyperpigmentation.7 Most of antioxidant

found in plants are in a form of phenolic compounds which
are a group of secondary metabolites from fungi and plants.
They are secreted as UV protectant, protection against other
plants, insects, viruses and bacteria, and also responsible for
plant color, smell, and flavor.26

Table 2. The IC50 value of anti-aging activity of PCA and FA.
Substances
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Inhibition Activity of
Tyrosinase

Collagenase

Elastase

Hyaluronidase

Unit

µM

µg/mL

µM

µg/mL

µM

µg/mL

µM

µg/mL

PCA

1305.9

246.42

818.58

126.16

374.32

57.69

697.96

107.57

FA

1598.88 253.58

272.17

52.85

389.38

75.61

2039.96 396.12
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Evidence from this study demonstrates that PCA exerts
potent antioxidant effects. In other in vitro studies, PCA was
shown to increase H2O2 scavenging activity and decreasing
lipid peroxidation.27 PCA can decrease H2O2 production In
J77A.1 macrophage.28,29 This compound can also improve
mitochondrial function, inhibit DNA fragmentation in H2O2induced oxidative stress in human nerve cells, and inhibit
intracellular ROS levels thereby reducing apoptosis induced
reactive oxygen species (ROS) in BNLCL2 cells.30-32
PCA also decreases Advance Glycation End (AGEs) and
ROS products in D-galactose in ROS rats and induced
AGE formations.33 PCA also has functions to restore the
endogenous antioxidant enzyme activity in streptozotocin
induced diabetic rats so that ROS is not formed in the
liver, kidneys and brain.34,35 All of these findings of PCA’s
potential antioxidant activity suggesting that this compound
can be used as complementary antioxidant and antiaging.
The results of PCA isolated from Alpinia activity which
significantly reduced Malondialdehyde (MDA) levels of old
mice and increased spleen weight, and increased plasma and
erythrocyte glutathione peroxidase activities (GSH-PX), and
chloramphenicol acetyltransferase activity and. Endogenous
antioxidant enzyme activity and normalization related
changes showed that PCA Alpinia potential as an anti-aging
potential and heart disease. It may be therapeutically useful
to minimize damage disorders caused by oxidative damage.36
The result of antiaging activity of PCA in this study is in
accordance with the result of previous reports. The reports
stated that trough the suppression of melanogenic enzymes
and microphthalmia-associated transcription factor (Mitf)
in α-melanocyte stimulating hormone-stimulated mouse
melanoma cells PCA can decrease melanin content and
cellular tyrosinase activity.37
A study in Spain also investigated the anti-collagenase
activity of FA by measuring antioxidant defense parameters
based on their photoprotective ability.38 In a review of FA
concerning its cosmeceutical properties it was reported that
the compound has the potential to inhibit melanin formation
through competitive inhibition of tyrosinase.39
Antioxidant activities of phenolic compounds depend
on the amount hydroxyl group contained in the structure
because hydroxyl group of PCA and FA will react with
radical species. This study results is not in accordance to
this fact because PCA have more hydroxyl group compared
to FA. A Comparison study of PCA to Trolox proven that
PCA shows much more effective antioxidant activity in
vitro via donating hydrogen atom (H+) or electron (e). Both

of compound also contain –OH and –COOH functional
groups which enabling the compounds to chelate metal ion
such as ferrous. In PCA, chelating activity arise from orthodihydroxyl groups. Previous study reported that the PCA
IC50 for DPPH, ABTS, and FRAP are 1.88, 0.89, and 5.15
µg/mL respectively.40,41 Compared to the result of this study,
obtained IC50 is much higher. This result is probably due to
the solvent used in dissolving PCA is different.

Conclusion
In conclusion, FA has better ABTS scavenging and
collagenase inhibition activity compared to PCA.
Meanwhile, PCA has better activity of tyrosinase inhibition
than FA. Hence, both compounds have their own advantages.
PCA is more accurate to be used as black spots remover
due to its inhibition activity towards tyrosinase which is
involved in melanin synthesis. Meanwhile FA is fitter to be
used as anti-wrinkle due to its better inhibition activity on
collagenase that break the peptide bonds in collagen.
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