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Abstract: Propolis is a sticky resinous substance that is formed by the combination of honeybee secretions and resin
of plants, which serves to protect from bacteria and viruses. This study aims to evaluate the efficacy of propolis extract
from Korea (KPE), China (CPE), and Brazil (BPE) through antioxidant, antibacterial, whitening, and anti-inflammatory
tests, and to examine their potential as cosmetic materials. KPE, CPE, and BPE showed significant antioxidant activities
on flavonoid/polyphenol content and free radical scavenging activity. The antibacterial effect of propolis on skin flora
was determined by measuring the minimal inhibitory concentration (MIC). KPE showed better antibacterial efficacy
than CPE and BPE in C. acnes (KPE, CPE, and BPE: (62.5, 250, and 500) ug/mL, respectively). Furthermore, KPE
inhibited the melanin synthesis in human epidermal melanocytes and production of nitric oxide and PGE, induced by
lipopolysaccharide (LPS) in mouse macrophages, which showed better than did CPE or BPE. Taken together, the propolis
extracts can be applied to antioxidant, antibacterial, and anti-inflammatory ingredient for cosmetics, while KPE showed
superior potential in antibacterial, anti-inflammatory, and whitening efficacies.
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1. Introduction

Propolis, referred to as bee glue, is collected by honeybee from
the resin of plant, flower, and leaves of trees. It is mixture of
beeswax and honeybee secretions, and is used as a physical
sealant for gaps in the hive[1]. Propolis was used in traditional
medicine with the expectation of wound healing and anti-infection.
It has been reported to offer benefits of immumomodulation,
anti-inflammation, anti-oxidation, chemoprevention, anti-microbial
properties, and so forth[2]. Previous studies have investigated
the efficacy of propolis extract and propolis-derived
ingredients on skin. Photo-protective effects by suppressing
DNA damage, protein oxidation, and metalloprotenases (MMPs)
production and anti-inflammatory effect on keratinocytes have
been reported[3,4]. In addition, hair growth stimulating effect
through the proliferation of keratinocytes and anti-melanogenic
effects through suppressing the transactivation activity of
microphthalmia-associated transcription factor (MITF) have
been observed[5,6].

The chemical composition of propolis is qualitatively and
quantitatively variable, because propolis is derived from
anmimals, but contains bioactives that derive from the
plant-based diet of bees. More than 300 different phytonutrient
components, such as flavonoids, phenolic acids and esters,
diterpenes, sesquiterpenes, lignans, and aromatic aldehydes,
have been identified in propolis[7]. Flavonoid and polyphenol
of propolis have been demonstrated to exert various biological
properties that include anti-microbial, anti-inflammatory, and
antioxidant activity. The flavonoid constituents of propolis
prevent bacterial activity and growth through the increase of
bacterial membrane permeability and inhibition of nucleic
synthesis, formation of biofilm, and metabolism of bacteria[8].
Chrysin is a flavonoid found in propolis, which shows
anti-microbial,  anti-photoageing, and  anti-melanogenic
activities[9]. Caffeic acid phenethyl ester, phenolic compound
of propolis, inhibits TNFa-induced NF-kB activation and the
expression of inflammatory cytokine in keratinocytes, and
decreases melanin synthesis in B16-F10 melanoma cells[6,10].

In this study, we evaluate the biological properties of propolis
from Korea, China, and Brazil by measuring the anti-oxidant,
anti-bacterial, anti-melanogenic, and anti-inflammatory activities.
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2. Experimental

2.1, Materials

Kojic acid, sodium hydroxide, 1,1-diphenyl-2-picrylhydrazyl
(DPPH), aluminium chloride (AICL), gallic acid, sodium
carbonate (Na,CO;), and potassium acetate (CH;COK) were
purchased from Sigma-Aldrich (USA). Medium 254 and
human melanocyte growth supplement (HMGS) were obtained
from Thermo Fisher Scientific (USA). 3-[4,5-Dimethyl-2-
thiazolyl]-2,5  diphenyl-2H-tetrazoliumbromide ~(MTT) was
obtained from Duchefa (Haarlem, Netherlands).

2.2. Preparation of Extracts from Propolis

The Korean propolis was obtained from Hallasan sikpoom
(Jeju, Korea). Brazilian propolis and Chinese propolis were
obtained from Wax Green Inc. (Brazil) and Hunan Nutramax
Inc. (China), respectively. Each propolis samples were split
and extracted in 95% ethanol at 80 °C for 120 min. This
extraction was maintained at under — 4 °C for 12 h and
filtered through 5 wm filter. The extract was evaporated and
powderized by freeze dryer.

2.3. Total Polyphenol and Flavonoid Contents Assay

The total phenolic contents were determined using
modified Fallin-Ciocaleu method with the previous report[11].
Fifty microliters of propolis extract with methanol was mixed
with 450 uL of distilled water and 50 uL of Folin-Ciocalteu’s
phenol reagent. After standing at room temperature for 5 min,
350 uL of 7% Na,COs solution was mixed with the extract
mixture. Then, the mixture was allowed to stand at room
temperature for 90 min. The absorbance of mixture was
measured at 750 nm using a spectrophotometer (EpochTM
microplate spectrophotometer, BioTek, Winooski, USA). The
calibration curve was drawn using the gallic acid standard,
and total phenolic content was expressed as ug of gallic acid
equivalents per mg of dry weight (ug GAE/mg).

The total flavonoid contents were measured by the
colorimetric method of aluminum chloride with some
modification[12]. One hundred microliters of propolis extract
with methanol and 300 uL of 95% ethanol in a 1.5 mL
Eppendort tube were mixed with 20 uL of the 10% AICl;
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solution and 20 uL of 1 M CH;COOK. The mixture was
followed by the addition of 560 uL distilled water and
allowed to stand at room temperature for 30 min. The
absorbance of mixture was measured at 415 nm. The total
flavonoid content was expressed in terms of the quercetin

equivalent (ug QF/mg).

2.4, DPPH Radical Scavenging Activity

Propolis extracts were dissolved at different concentrations
in methanol. Then diluted solution was mixed with 0.2 mM
1,1-diphenyl2-picrylhydrazyl (DPPH) in methanol. The
mixture was kept at RT for 30 min under dark condition and
absorbance was measured at 517 nm by spectrophotometer
(Epoch, BioTek, USA). Ascorbic acid was used as the
standard to compare the result. DPPH radical scavenging
activity was calculated using the following equation:

Percent scavenging (% inhibition) = ((Ac—As)/Ac) x 100,

where, Ac is the absorption of control, and As is the
absorption of tested extract.

2.5. Microbial Strains and Growth Condition

The strains of (Cutibacterium acnes (C. acnes) (ATCC
6919), Staphylococcus aureus (S. aureus) (ATCC 12600), and
Staphylococcus  epidermidis (S. epidermidis) (ATCC 14990)
used in this study, were obtained from American Type
Culture Collection (Manassas, USA).
anaerobically cultured in Reinforced Clostridial Medium
(RCM, Difco, USA) at 37 °C for 48 h. Two Staphylococcus
were aerobically cultured in Brain Heart Infusion (BHI, Difco,
USA) at 37 °C for 24 h.

C  acnes was

2.6. Susceptibility Test of Microbial Strains

The antimicrobial activity was determined by the broth
microdilution method in 96 well microplate. C. acnes was
adjusted to 107 colony-forming units (CFUYmL in RCM and
two Staphylococcus were adjusted to 10° CFU/mL in BHIL
Propolis extracts were dissolved in DMSO, and two-fold serial
dilutions of each extract were prepared in media at
concentrations from (15.6 to 1,000) wg/mL. Each well was

inoculated with 10 ul. of bacterial suspension. The final
concentration of C. acnes and Staphylococcus in wells were
(10° CFUmML and 10° CFUMmL, respectively. These
microplates were incubated at each culture condition for 24 h.
The MIC was defined as the lowest concentration of propolis
that inhibits the microorganism growth. Ampicillin was
employed as positive control.

2.7. Cell Culture

Human epidermal melanocytes neonatal, —moderately
pigmented (HEMn-MP) were obtained from Thermo fisher
(USA) and maintained in medium 254, containing human
melanocyte growth supplement (HMGS, Thermo fisher, USA)
at 37 °C, under 5% CO,. Passage (6 and 7) cells were used
in all experiments. The RAW 264.7 cell (Korean Cell Line
Bank, Korea), mouse macrophage cell line was maintained in
Dulbecco’s Modified Eagle's Medium (DMEM, Gibco, USA),
containing 10% fetal bovine serum (FBS, Gibco, USA) and
1% penicillin/streptomycin (Invitrogen, USA), at 37 °C, under
5% CO».

2.8. Measurement of Cell Viability

Cell viability assay was determined by using the MIT
assay. After treatment, MIT reagent (I mg/mL) was added to
each well and incubated for an additional 3 h. After that, the
supernatant was removed, and dimethylsulphoxide (DMSO)
was added to dissolve the formazan crystal produced from
MIT. Absorbance was measured at a wavelength of 570 nm
by a spectrophotometer (Epoch™ microplate spectrophotometer,
BioTek, Winooski, USA).

2.9. Measurement of Melanin Synthesis

The determination of melanin contents was performed in
the manner described below. Human epidermal melanocytes,
neonatal cells (HEMn) were seeded into 6 well plates at 1.0 x
10° per well. The HEMn were treated with propolis extracts
or 50 ug/mL of kojic acid as a positive control. After 5 days,
the cells were washed with phosphate buffered saline (PBS)
and scraped with a cell scraper. The supernatant after
centrifugation was discarded, and the cell pellet was lysed
with 1 N NaOH for 1 h at 60 °C. Melanin content was

J. Soc. Cosmet. Sci. Korea, Vol. 46, No. 2, 2020
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Table 1. Total Phenolic and Flavonoid Contents of Propolis Extracts

Total phenolic content
(ug GAE/mg propolis extracts)

Total flavonoid content
(ug QE/mg propolis extracts)

KPE 1313 £ 19
CPE 159.0 £ 1.5
BPE 1762 + 2.1

533 +2.7
97.1 + 4.0
36.5 + 1.6

Table. 2. Minimum Inhibitory Concentration (MIC) of Propolis Extract against C. acnes, S. aureus and S. epidermidis

Materials MIC (ug/mL)
C. acnes S. aureus S. epidermidis
Ampicillin (antibiotic) 0.097 0.2 1.56
KPE 62.5 1,000 1.000
CPE 500 1.000 1.000
BPE 250 1.000 1.000

estimated by the absorbance at 450 nm and normalized by
absorbance of non-treated sample.

2.10. Measurement of Nitric Oxide Production

The concentration of NO in the culture medium was
determined as nitrite, a major indicator of NO production
based on the Griess reaction. The RAW 264.7 cells were
seeded at 2 x 10° cells per well in 24 well culture plates.
The cells were pretreated with the propolis extracts at
increasing concentrations (1, 5, 10) wg/mL or 500 nM of
1400 w (Sigma-Aldrich, USA) as a positive control for 2 h
and then stimulated with LPS (100 ng/mL) for 24 h. 50 uL
of Griess reagent (Promega, USA) was mixed with equal
volume of cell culture supernatant for 30 min at room
temperature. The absorbance was measured by a spectrometer
at a wavelength of 540 nm[13].

211, Measurement of PGE, Production

The PGE, concentrations were quantified by using a
commercially available ELISA kit (R&D systems, USA)
according to the manufacturer’s instructions. The RAW 264.7
cells were seeded at 2 x 10° cells per well in 24 well culture
plates. The cells were treated with (1, 5 and 10) wg/mL of
propolis extracts or positive control 0.1 nM celecoxib
(Sigma-Aldrich, USA) and induced by LPS (100 ng/mL) for
24 h. The cell culture supernatants were collected and assayed

o) &8l g5k 3) %], A46E Al 2, 2020

for PGE,. The PGE, concentrations were determined using a
standard curve. All samples and standards were measured in

duplicate.

2.12, Statistical Analysis

Statistical significance of data was determined by a
Student’s t-test. All results were expressed as the means =+
standard deviation (N = 3). p < 0.05 and “p < 0.01 were
considered to be significant.

3. Results and Discussion

3.1, Total Polyphenol, Total Flavonoid Content and
Antioxidant Activity of Propolis

The propolis ethanolic extracts from Korea, China, and
Brazil were compared in terms of their total phenolic and
flavonoid contents. The total phenolic contents of (131.3,
159.0, and 176.2) ug GAE/mg were observed in KPE, CPE,
and BPE, respectively (Table 1). The total flavonoid contents
were determined as (53.3, 97.1, and 36.5) in KPE, CPE, and
BPE, respectively.

To compare the free radical scavenging activity of propolis
extracts, we performed the DPPH radical scavenging assay.
KPE, CPE, and BPE increased the free radical scavenging
activity in a concentration-dependent manner. CPE showed
stronger activity, compared to KPE and BPE. The result
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shows a correlation with the total phenolic and flavonoid antimicrobial activities have been confirmed. The antibacterial
contents of propolis extract. This can be attributed to the effects of propolis on C. acnes, S. aureus, and S. epidermidis

redox property of the constituents|14]. were determined by measuring the MIC. C. acnes is a gram
positive, anaerobic and lipophilic bacterium that plays an
3.2, Antimicrobial Activity of Propolis important role in inflammatory acne[15]. S. aureus not only

Propolis has been wused for anti-infection, and its causes skin infections, but also aggravates the symptom of
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Figure 1. Free radical scavenging activity of propolis extract. Ascorbic acid (AA) was used as a positive

control. The value were expressed as mean £ SD.
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Figure 2. Anti-melanogenic effect of propolis extracts. Melanin content in human epidermal melanocytes
incubated with the indicated concentration of propolis extracts (1, 2.5, 5 ug/mL). Kojic acid (KA) was used as

a positive control. The value were expressed as mean + SD.
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Figure 3. Anti-inflammatory effect of propolis extracts. Effects of propolis extracts on (A) NO production, and
(B) PGE, expression, in LPS-induced RAW 264.7 cells. The cells were pretreated with the indicated
concentrations of propolis extracts for 2 h, and then further incubated with LPS (100 ng/mL) for 24 h.
Celecoxib was used as a positive control. The amount of NO produced was then determined by Griess assay.
PGE, release was determined using ELISA. The values are expressed as mean = SD. “p < 0.05, “p < 0.01,

Fk

p < 0.001 vs. LPS-treated.
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atopic dermatitis by virulence factors, such as biofilm,
superantigens, and o-toxin[16]. S. epidermidis, commensal
microorganism of skin, is considered to be an important
opportunistic pathogen[17].

The results show that three types of propolis have
significant antimicrobial activity against C. acnes, S. aureus,
and S epidermidis. Among all three, KPE showed the
strongest activity compared to CPE and BPE against C. acnes
(Table 2). KPE exhibited MIC values of 62.5 ug/mlL against
C. acnes. CPE and BPE exhibited MIC values of (500 and
250) ug/mL, respectively. These propolis showed the same
MIC value of 1,000 ug/mlL against S aureus and S
epidermidis.

3.3. Inhibitory  Effect of
Synthesis

To confirm the inhibitory effect of propolis extract on

melanin production, we performed a melanin content assay in

Propolis on Melanin

human epidermal melanocytes. Figure 2 shows the results.
The melanin content of KPE-treated cells decreased in a
concentration-dependent manner. At a concentration of 5
pg/mL, the inhibitory effect was similar to the effect of kojic
acid that is well known to inhibit and prevent the formation
of tyrosine. CPE and BPE did not show any significant
change in melanin contents, compared to the untreated group.
Therefore, it has been confirmed that while KPE has a
significant inhibitory effect on melanin synthesis, CPE and
BPE do not.

3.4, Anti—inflammatory Activity of Propolis

NO is known to play a central role in the physiology and
the pathophysiology of many human organ systems. The
induction of macrophage NO production begins in response to
an inflammatory stimulus, such as certain cytokines or
microbial products. Abnormal release of NO can lead to the
amplification of inflammation and tissue damage[18].
Prostaglandin (PGs) is an eicosanoid lipid mediator that plays
a key role in the production of the inflammatory response.
There are many contributors to the inflammatory process, and
PGE, is one of the more significant ones. Biosynthesis is
significantly upregulated in inflamed tissue, and they are
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important mediators of the immune system. PGE, is also
involved in the process leading to the symptoms of
inflammation, such as redness, swelling, and pain[19].

In order to compare the anti-inflammatory effects of
propolis extracts, we investigated the inhibitory activity on
LPS-induced NO and PGE, production. To assess the effects
on [PS-induced NO production in RAW 264.7 cells, we
measured the level of nitrite using the Griess reaction. Figure
3A shows that KPE, CPE, and BPE significantly inhibited the
LPS-induced nitrite production in a concentration-dependent
manner. The inhibitory effect of KPE and CPE was up to
55% at 10 pg/ml, and BPE was also up to 39% at 10
ug/mL. Similar to this result, PGE, production was also
reduced by propolis extracts of (1, 5, and 10) ug/mL (Figure
3B). The PGE; inhibition effect of KP was up to 40% at 5
pg/mL, while BPE and CPE showed weak inhibitory effect of
about (14 and 20)% at 5 ug/mL. Korean propolis was found
to have the most potent effect on PGE, accumulation
inhibition.

These results suggest that propolis extract inhibits
LPS-induced inflammation by suppressing the production of
PGE, and NO in macrophages. Among the three propolis,
Korean propolis is the most effective.

4. Conclusion

In this study, we evaluated the efficacy of propolis extract
from Korea, China, and Brazil through antioxidant,
anti-bacterial, anti-melanogenic, and anti-inflammatory tests.
As a result, KPE, CPE, and BPE showed antioxidant,
anti-bacterial, and anti-inflammatory properties, which indicate
that they can be applied as antioxidant, antibacterial, and
anti-inflammatory  ingredients for cosmetics. Furthermore,
compared to CPE and BPE, KPE showed superior potential in
antibacterial, anti-inflammatory, and whitening efficacies. The
difference of biological activity of propolis is related to
variance in chemical composition, biochemical analysis need
to be performed to verify active compound of extract in
further study.

J. Soc. Cosmet. Sci. Korea, Vol. 46, No. 2, 2020
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