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1. Introduction

1.1. Acne vulgaris

Developing standard of living with industrialization, the desire of people for beautiful
appearance have been increased. And, health care and cosmetic industry has rapidly
grown to meet requirements (1). Among much things, the products and therapies
associated with acne vulgaris are the most popular one, because acne vulgaris is one of
the most common chronic skin disease resulting in disfiguration and scarring.
According to recent studies, almost all teenage suffer from acne vulgaris and about 60%
of those aged 20 to 29 years had acne vulgaris (2-4). The bacteria flourish is considered
to be one of the main cause contributing to the development of acne vulgaris (Fig. 1)
(5). In particular, Propionibacterium acnes (P. acnes) in sebaceous follicles plays a key
cause contributing to acne vulgaris pathogenesis in that P. acnes, an anaerobic Gram-
positive organism, results in more sebum production, excessive cytokines and
chemotaxis responsible for inflammation in keratinocytes and macrophages (6). In
addition, P. acnes decrease enzymes which may be involved in defense system against
oxidative stress and form a biofilm within follicles leading to decreased response to
antimicrobial agent (7). While neutrophils produce reactive oxygen species (ROS) for
expelling of P. acnes without regulation of enzymes, excessive generation of ROS
might continuously induce oxidative damage in normal cell constituents and clinical
populopustular type acne vulgaris as well as accelerate a skin senescence (Fig. 2) (8-
10). Antibiotics, such as the macrolides, tetracyclines, clindamycin, azelaic acid and
erythromycin, are used to reduce P. acnes proliferation and inflammation. However,
the antibiotic treatment increase bacteria resistance and is associated with side effects
including cytotoxicity, allergic and diarrhea (7,11). So, resent studies have focused on

the development of alternative antimicrobial materials with less side effects.
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1.2. Chitooligosaccharides (COS)

Chitosan, a partially deacetylated linear polysaccharide of N-acetyl glucosamine, is
obtained from chitin, natural polysaccharide found in the exoskeleton of crustaceans,
by deacetylation with a strong alkaline and was known as material having anti-
cancerogenic (12), anti-diabetic (13), anti-angiogenic (14) and anti-microbial effects
(15). Especially, chitosan has an excellent antimicrobial property against fungus, gram-
positive and gram-negative bacteria without toxicity. For these reasons, chitosan has
been applied in various fields. However, chitosan is limited practical application in a
biomedical filed due to low solubility property in neutral pH conditions. COS is
chitosan with molecular weight less than 10 kDa (Fig. 3) (16). COS are obtained by
acid hydrolysis, physical and enzymatic degradation. Recently, COS have attracted
much attention for pharmaceutical and medical applications, due to their high solubility
property, biodegradability and biocompatibility (17). In addition, although it was
previously known that the antibacterial activity of chitosan and COS is generally
dependent on their molecular weight and the level of deacetylation, the antibacterial
activity of COS against certain bacteria is more effective than chitosan in mechanisms
of chitosan for anti-microbial activity (18,19). Furthermore, COS exhibit an anti-
oxidant activity with various biological activities. However, 50% inhibition
concentration (ICso) values for ROS were observed at high concentration of COS
treatment in the previous studies (20). That being so, synthesis of phenolic compounds
and COS to enhance antioxidant activity and physiological property have been gained

a great deal of interest.
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1.3. Gallic acid (GA)

GA (3,4,5-trihydroxy benzoic acid), an endogenous plant polyphenol, is one of
abundant phenolic compounds in tea, grapes, berries and fruits. GA has been shown to
possess diverse biological activities, such as anti-oxidant, anti-inflammatory and
anticancer effects. These functions have leaded it to conjugate with COS by chemical
method and COS combining with GA (GA-COS) have shown increased biological
activities. For example, and GA-COS which were synthesized by mixing two solution
(solution A: COS dissolved in methanol adjusted to pH 6.8 with triethylamine, solution
B: GA dissolved methanol and dicycloexylcarbodiimide) showed greatly improved
inhibitory effects on intracellular free radical generation and antigen-induced allergic

reactions in RBL-2H3 mast cells (21,22).

1.4. Hydrogel

The hydrogel is basically a three-dimensional complex network containing a lot of
water to maintain a moist environment at the wound site and allow gaseous exchange
(23,24). It means that hydrogel can make effective wound healing conditions to provide
a wet environment compared with a dry environment (25). For these advantages, the
hydrogel not only has been developed as wound dressing but also has received

considerable attention in recent cosmetic and medical industries (26,27).

1.5. Poly(vinyl alcohol) (PVA)

PVA is a linear synthetic polymer prepared by hydrolysis of poly vinyl acetate (Fig.
4A) (28). PVA, which have just hydroxyl groups, is commonly used in medical
application due to its biocompatibility, high water solubility and nontoxicity.

Furthermore, PVA is easily cross-linked to form hydrogel by repeated cycles of



freezing and thawing without requiring the use of toxic chemicals (Fig. 4B) (29,30).
The inner network of PVA hydrogel formed by freezing and thawing method contains
free water, crystalline PVA domains which act as knots of networks and swollen
amorphous PVA which forms porous wall (31). This advantage has developed PVA
hydrogels blended with bioactivity materials to enhance the cell adhesion, growth,
proliferation and differentiation as well as anti-bacterial activity and mechanical

property in recent studies (32,33).
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2. Materials and methods
2.1. Materials

COS (Molecular weight: 1-3, 3-5, 5-10 kDa; degree of deacetylation >80%) were
purchased from Kitto Life Co. (Seoul, Korea). GA, PVA (Molecular weight: 89,000-
98,000; 99+% hydrolyzed), 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2’-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS), Hydrogen peroxide (H>0.), peroxidase,
3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide) (MTT) and deuterium
oxide (D20) were purchased from Sigma-Aldrich (Saint Louis, MO, USA). Dulbecco's
minimum  Eagle's medium (DMEM), Fetal bovine serum (FBS),
trypsin/ethylenediaminetetraacetic acid (EDTA) solution, antibiotic/antimycotic
solution, phosphate buffer saline (PBS) and other materials used in cell culture
experiment were purchased from GIBCO™ (Gaithersburg, MD, USA). All other
chemicals and solvents were of analytical grade, and water used in experiment was

deionized.

2.2. Preparation of GA-COS

The GA-COS were synthesized by the hydrogen peroxide mediated method with some
modification (Fig. 5) (34,35). Briefly, 1 g of each COS with molecular weight of 1-3,
3-5 and 5-10 kDa (COS I, COS II and COS III) were dissolved in 100 mL of deionized
water (DW) and 2 mL of 1.0 M H,O» containing 0.108g of GA was added. After 30
min at room temperature, the amount of GA with 0.5 molar ratio to COS were added
to the mixture and the reaction was carried out for 24 h. The resulting solution was
dialyzed by dialysis tube (MWCO 1000 Da) 48 h and lyophilized. GA-COS with
molecular weight of 1-3, 3-5 and 5-10 kDa were respectively designated as GA-COS I,

GA-COS II and GA-COS 111
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2.3. Characterizations of GA-COS

2.3.1. Analytical determinations of GA-COS

The UV-vis spectra were determined by a UV-vis microplate reader (BioTek
Instruments, Winooski, VT, USA) by scanning from 200 to 600 nm.

Samples were dissolved in D,O. Then the proton and carbon nuclear magnetic
resonance ("H-NMR, *C-NMR) spectra for samples were recorded by a JEOL JNM
ECP-600 FT-NMR spectrometer (Japan) under a static magnetic field of 600 MHz.
2.3.2. Determination of grafting degree in GA-COS

The GA content in GA-COS was measured by the Folin-Ciocalteu method with some
modification (36). Briefly, 20 uL of all GA-COS (1mg/mL) was mixed with 100 pL of
Folin-Ciocalteau reagent and followed by the addition of 80 pL of 7.5% Na,COs. The
mixture was shaken and maintained under room temperature for 30 min, and the
absorbance of the mixture was read at 750 nm using a UV-vis microplate reader. GA

was used as a standard.

2.4. Anti-oxidant activity of GA-COS

2.4.1. DPPH radical scavenging assay

The DPPH radical scavenging activity was assayed according to the previous method
with slight modification (37). Samples (COS 1, II, III, GA-COS 1, II and III) were
dissolved in DW for preparation of a series of concentrations to obtain ICsy value. Then,
100 pL of samples mixed with 100 pL in 96-well microplate. After incubation at room
temperature for 30 min. the absorbance of mixture was measured at 517 nm by a UV-

vis microplate reader.

11



2.4.2. ABTS radical scavenging assay
The spectrophotometric analysis of ABTS radical scavenging activity was performed
following a previous report with modification. Briefly, 7 mM ABTS solution was
reacted with 2.45 mM ammonium persulfate and the mixture incubated in the dark for
12 h to generate ABTS radicals. Then, a mixture was diluted with DW until the value
of absorbance at 745 nm was reached to 0.7 + 0.02. 150 pL of ABTS radical solution
was mixed with 50 pL of samples in 96-well microplate and the absorbance of mixture
was monitored at 745 nm.
2.4.3. H,0; scavenging assay

The H,0, scavenging assay was performed using a previously described procedure.
100 pL of 0.1M phosphate buffer and samples were mixed in a 96-well microplate.
After incubation with 20 pL of H>O, for 5 min at 37°C, mixture was reacted with 30
uL of 1.25 mM ABTS and peroxidase (1 unit/mL) for 10 min at 37°C. The absorbance

was read at 405 nm.

2.5. Anti-bacterial activity of GA-COS

2.5.1. Strains and culture conditions

P. acnes was obtained from the Korean Collection for Type Cultures (Daejeon,
Korea); P. acnes KCTC 3314. P. acnes strains were anaerobically cultivated in brain
heart infusion broth (BHI) supplemented with 1.0% dextrose and incubated at 37°C for

72 hin a CO; incubator. The used samples were dissolved in 1 x 10° N HCI (pH 5).

2.5.2. Measurement of minimum inhibitory concentration (MIC)

MIC assay was performed following guideline of Clinical and Laboratory Standards

Institute (CLSI, 2012). MIC values were determined as the lowest concentration which

12



inhibits visible growth of microorganisms, after P. acnes strains were inoculated with

samples into BHI for 24 h at 37°C.

2.5.3. Disk diffusion assay

The anti-bacterial activity of COS and GA-COS against P. acnes was carried out by
disk diffusion assay. P. acnes strains were spread on blood agar-based plate with paper
discs (6 mm in diameter) containing 5 mg of samples. After incubating for 24 h at 37°C,

the diameter of the growth inhibition zone was measured by Vernier calipers.

2.6. Fabrication of hydrogels

PVA hydrogels blended with COS III and GA-COS III were fabricated by a freezing-
thawing method. Aqueous 10 wt% PV A solution was prepared by dissolving PVA into
DW in the water bath at 70 °C for 2 h followed by cooling at room temperature for 1 h.
2 wt% COS III and GA-COS 1II solutions were prepared, dissolved in 2 x 10° N HCI.
PVA solution was mixed at aratio of 1:1 with COS III and GA-COS III solutions. After
mixing, each mixture was poured into 24-well plates with a volume of 0.5 ml per well
and underwent repeated freezing-thawing cycles three times, consisting of 18 h freezing
at -80°C and 6 h thawing steps at room temperature. Consequently, a pure 5 wt% PVA
hydrogel (PPVA), 5 wt% PV A hydrogel with 1 wt% COS III (COS/PVA), and 5 wt%

PVA hydrogel with 1 wt% GA-COS III (GA-COS/PVA) were fabricated (Fig. 6).

2.7. Characterizations of hydrogels

2.7.1. Water swelling analysis
Dried hydrogels (PPVA, COS/PVA, GA-COS/PVA) was initially weighed and

immersed in DW at 37°C until reaching the equilibrium state for water-uptake
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Fig. 6. The schematic fabrication process of PPVA, COS/PVA and GA-COS/PVA
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measurements. The dry weight (W) of the hydrogels was determined by lyophilizing,
and the swollen weight (W) of the hydrogels was determined by blotting the surface
water with blotting paper. The swelling ratio of hydrogels was calculated using the

following formula:

Swelling ratio (%) = [W] x 100 %

2.7.2. Gel fraction analysis

The hydrogels were prepared by dried at 50°C under vacuum and weighted (W,). The
dried hydrogels were soaked in DW for 24 h. Then, the hydrogels were dried again to
remove the soluble parts and hydrogels dried after soaking were weighted (W.). The

gel fraction percentage was determined as follows equation:
. We
Gel fraction (%) = [m] x 100 %

2.7.3. Rheological properties

The dynamic mechanical analysis was performed by Discovery HR-2 Hybrid
Rheometer with 20 mm parallel plate geometry (TA Instruments, USA). Hydrogels
loaded with a static load of 0.05 N at 25°C and deformed at constant amplitude over a

range of frequencies (0.1 Hz - 10 Hz) to measure storage modulus (G ).

2.8. Cell experiments

2.8.1. Cell culture

Cell experiments were performed using normal human dermal fibroblast (NHDF),
human keratinocyte (HaCaT) and mouse macrophage (RAW 264.7). Cells were

cultured in DMEM supplemented with 10% FBS and 1% antibiotic/antimycotic
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solution in an incubator with a humidified atmosphere of 5% CO- at 37°C. Cells were
cultured until reaching 70-80% confluence. NHDF and HaCaT were detached by the

addition of trypsin/EDTA solution, while RAW 264.7 was detached by scraper. Cells

were counted using a hemocytometer and were seeded into cell culture plates.
2.8.2. Cytotoxicity test of hydrogels

The cytotoxicity of hydrogels was evaluated following International Organization for
Standardization (ISO) 10993-5 with some modifications (38,39). To obtain extract
medium, hydrogels sterilized by UV irradiation for 1 h were immersed in culture

medium for 24 h at 37°C. Cells were seeded in 96 well plates at a density of 1 x 10*

(NHDF and HaCaT) and 1 x 10° cells/wall (RAW 264.7) and incubated with extract
medium and flesh medium (control) for 24 h. Cell viability was determined by the

alamar blue assay (40).
2.8.3. Measurement of intracellular ROS

The production of intracellular ROS was detected by oxidation of the cell permeable
fluorescence dye, 5-(and-6)-carboxy-2’,7 -dichlorofluorescin diacetate (DCFH-DA,
Sigma-Aldrich) (41). Each extract medium was prepared by incubation with hydrogels
for 1 h. Twenty-four hours prior to injection of extract mediums, RAW 264.7 was
seeded on 24-well plate at concentration of 5 x 10° cells/wall. Each extract mediums
and flesh medium (blank and control) were treated for 1 h, and then adding 0.5 mM
H,0O, except blank, cells were incubated for 30 min. After that, cells were respectively
incubated with 20 uM DCFH-DA and 6 pg/mL DAPI for 30 min. the images were

acquired by a fluorescence microscope (Zeiss, Germany).
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2.9. Anti-bacterial activity of hydrogels

The anti-microbial activity of hydrogels against P acne was performed by ASTM
E2149-01, standard methods for determining the antimicrobial activity of immobilized
antimicrobial agent under dynamic contact conditions (42,43). Briefly, hydrogels were
sterilized by UV irradiation and immersed in a solution with P acne suspension (10’

CFU/mL) at 37°C. Aliquots were taken from the solution at various times in order to

assess a viable cell-counting method. The surviving microorganisms were counted in

triplicate as colony forming units (CFU).

2.10. Statistical analysis

All quantitative data are presented as means + standard deviation (SD), with at least
three individual experiments conducted using fresh reagents. Significant differences
among each group were assessed using one-way analysis of variance (ANOVA)
followed by Duncan’s test using the statistical software PASW Statistics 21.0 (SPSS

Inc.). The differences were considered statistically significant at p < 0.05.
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3. Results

3.1. Characterizations of GA-COS

3.1.1. Structure analysis

The UV-vis spectra for GA, all COS and GA-COS is observed in Fig. 7. The
absorbance peaks of GA-COS I, II and III showed that COS I, II and III were well
synthesized with GA by the hydrogen peroxide mediated method. COS did not have
any absorbance peak in the range 200 to 600 nm, while all GA-COS had two
absorbance peaks at 212 and 262 nm. It is identical to the characteristic absorbance

peaks of GA, which should be assigned to the n-system of benzene ring (44).

The successful synthesis was confirmed by 'H-NMR and "*C-NMR analysis. As
shown in Fig. 8, resonance peaks of all GA-COS occurred at 2.04, 3.09, 3.32-3.91, 4.53,
4.80, 5.41 and 7.03 ppm attributed to H-Ac, H,, H3-Hs, B-Hi, DO, a-H, and GA,
respectively, whereas a resonance peak correspond to protons of GA did not appeared
in resonance peaks of COS. In addition, GA-COS III showed characteristic resonance

peaks of aromatic carbon at 109.43, 127.75, 135.75 and 144.34 ppm (Fig. 9) (45,46).
3.1.2. Measurement of GA contents in GA-COS

The antioxidant activity of synthetic product depends on the amount of grafted
antioxidant molecules on the backbone of polymers and was predicted by Folin-
Ciocalteu method. GA contents in GA-COS I, II and III were rarely different, showing

80.95, 88.58 and 85.35 mg GA/g GA-COS, respectively (Table 1).
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Fig. 7. The UV-visible absorption spectra of GA, COS L, 11, III, GA-COS I, II and III.
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Table 1. GA contents in GA-COS 1, II and III.

Samples mg GA/ g GA-COS’
GA-COS 1 80.95 £0.53
GA-COS I 88.58 £8.12
GA-COS 111 85.35+7.54
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3.2. Anti-oxidant activity of GA-COS

The ICs values of samples on DPPH, ABTS radical and H,O; are observed in Table
2. This experiment result indicated that anti-oxidant activity of all GA-COS was greatly
improved through synthesis compared with all COS. Although ICso values of GA-COS
II were the lowest, GA-COS 1I did not indicate significant differences compared with

GA-COS I and IIL

3.3. Anti-bacterial activity of GA-COS

The MIC values indicated the quantitative anti-bacterial activity of all GA-COS and
COS against Pacnes (Table 3). All GA-COS and COS showed to strongly inhibit the
growth of Pacnes in that MIC values of all GA-COS and COS were less than 256
pug/mL. Moreover, GA-COS II and III showed slightly decreased MIC values than

others.

The diameters of clear zones against Pacnes are also indicated in Table 3. The results
denoted that synthesis of COS with GA improve anti-bacterial activity than just COS
and GA-COS and COS with high molecular weight inhibit the growth of Pacnes. And,

1 x 10° N HCI (control) showed no anti-bacterial activity.

3.4. Physical properties of hydrogels

3.4.1. Water swelling property

The timed water absorption percentages of hydrogels are showed in Fig. 10. As a result,

COS/PVA and GA-COS/PVA showed higher water swelling property compared
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Table 2. 50% inhibition concentration (ICso) values of COS I, II, III, GA-COS 1, Il and IIT on DPPH, ABTS radical and H»O..

1Cso values (nug/ml)

Samples
DPPH radical’ ABTS radical” Hydrogen peroxide”

COS 1 > 500 > 500 > 500

coS 11 > 500 > 500 > 500

COS 11 > 500 > 500 > 500
GA-COS 1 33.32+0.96 19.30+0.36 212.40+£7.01
GA-COS 1I 32.49+0.70 18.95+0.61 207.03+5.60
GA-COS III 35.77+0.03 21.44+0.14 209.67+£3.54
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Table 3. Minimum inhibitory concentration (MIC) and clear zone of COS I, II, III, GA-COS I, II and III against Pacnes.

Strains Control COS I COS II COS I1I GA-COS 1 GA-COSTI  GA-COS III
MIC (pg/mL)" » 256 128 128 128 64 64
Clear zone (mm)’ - 13.731.15%°  13.51£1.11°  15.0540.72¢  14.2240.41>%¢  15.58+0.18"°  17.59+0.61°
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to PPVA. In particular, COS/PVA and GA-COS/PVA rapidly absorbed much water than

PPVA for the initial 1 h.
3.4.2. Gel fraction

The influence of COS and GA-COS on the gel fraction are observed in Fig. 11. The
gel fraction data suggests relative crystallinity degree of hydrogels. The addition of
COS and GA-COS resulted in decrease of gel fraction, showing following results. The
gel fraction of PPVA was 81.50%, while the gel fractions of COS/PVA and GA-

COS/PVA were 73.10 and 73.15%.
3.4.3. Hydrogel rheology

The relative mechanical property of hydrogels are observed in Fig. 12. This test
evaluate the change in viscoelastic properties by changing the frequency. As a result,
the G’ of hydrogels indicated almost no dependence with frequency, showing a good
stability of hydrogels. Furthermore, PPVA showed the highest G" at measured

frequency.
3.5. Cell experiments

3.5.1. Cytotoxicity of hydrogels

The extratable and leachable study of hydrogels on NHDF, HaCaT and RAW 264.7
did not showed any evidence of cytotoxicity (Fig. 13). As the cell viability of control
was 100%, the relative cell viability of PPVA, COS/PVA and GA-COS/PVA did not fall
below 90%. These result denote that materials and fabricated products are

biocompatible
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3.5.2. Inhibition effect on intracellular ROS generation

Images of ROS generation of RAW 264.7 incubated in the presence of H,O, were
monitored for further confirmation of intracellular ROS inhibition effect. As shown in
Fig. 14, the GA-COS/PVA dramatically decreased fluorescence intensity of DCF when
compared with control, PPVA and COS/PVA. In addition, cells stained with Hoechst

33342 showed that PPVA, COS/PVA and GA-COS/PVA were non-cytotoxic.

3.6. Anti-bacterial activity of hydrogels

The anti-bacterial activity of COS/PVA and GA-COS/PVA was evaluated by ASTM
E2149-01. Fig 15 indicated the number of viable microorganisms present after
incubation with hydrogels for fixed time. Control and PPVA did not show any activity
against Pacnes. However, COS/PVA and GA-COS/PVA gradually decreased the
number of survival microorganisms. In particular, GA-COS/PVA showed excellent
anti-microbial property against Pacnes, although did not showed statistically

significant differences.
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Fig. 14. The inhibitory effects of reactive oxygen species (ROS) generated in RAW
264.7. The images of RAW 264.7 stained with hoechst 33342 and DCFH-DA (A), the
relative fluorescence intensity of DCEF. Different letters on bars mean significant
difference (p<0.05).
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Fig. 15. The anti-bacterial activity of PPVA, COS/PVA and GA-COS/PVA. Images of
survivor Pacnes (A), logarithmic plot of the survivor Pacnes number after incubation
with PPVA, COS/PVA and GA-COS/PVA for fixed time (B). An asterisk means

significant difference from control (p<0.05).
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4. Discussion

COS and COS derivatives were already applied to biomedical products such as skin
wound dressing, scaffolds for tissue regeneration and nanoparticle for cancer treatment,
showing biocompatible and various bioactivities. There is rarely study reporting its
application for acne vulgaris treatment, but nevertheless the demand of acne vulgaris
care products with natural materials has been continually increased. In addition,
previous studies reported that COS exhibit an anti-oxidant activity and used as health
functional food (44,47). However, anti-oxidant activity of COS were observed to be
remarkably weaker than that of antibiotics used for acne vulgaris treatment (48-50).

It is important factor to inhibit excessive ROS regenerated by neutrophils in acne
vulgaris treatment in that superoxide dismutase (SOD) and glutathione peroxidase
(GSH-Px), anti-oxidative enzyme, are decreased in patients with acne vulgaris and
ROS continuously cause tissue injury at the inflammation site (10). Therefore, we
synthesized COS with GA to improve anti-oxidant activity using the hydrogen peroxide
mediated method. It has already been demonstrated that the chitosan conjugated with
GA as same synthesis method and GA-COS synthesized by other method to improve
anti-oxidant activity. However, these studies did not evaluate anti-bacterial activity
against P.acnes. In addition, to our knowledge this is the first time GA-COS with
molecular weight of less than 10 kDa are investigated as potential acne vulgaris
treatment materials experimenting on cells and microorganism as compared with COS.

The synthesis of COS with GA successfully performed and the amount of conjugated
GA on COS is no significant difference regardless of molecular weight (Table 1). It is
very important that the anti-oxidant molecules on backbone polymer, because the anti-
oxidant activity of conjugates depends on it. In present study, the values of GA-COS I,

IT and III (80.95, 88.58 and 85.35 mg GA/g GA-COS) are almost consistent with the
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highest grafting degree value (88.53 mg GA/g GA-chitosan) of previous study
suggested that the optimal mass ratio of chitosan to is 0.5:1, because the excess amount
of free GA molecules inhibit the grafting process (34).

The MIC values and diameters of clear zones against P.acnes showed to be slightly
affected by the addition of GA used as the anti-oxidant molecules while the ICs values
on scavenging DPPH, ABTS radicals and H>O, were virtually based on GA (Table 2,
3). Interestingly, GA-COS showed more strong antibacterial activity against P.acnes
As compared with MIC value of chitosan, chitosan-caffeic acid, chitosan-ferulic acid
and chitosan sinapic acid previously reported (51). These results are due to complex
anti-bacterial mechanisms considering hydrophilicity, charge density and adsorption
capacity of the microorganism surface (52,53).

The physical characterization were examined to establish the water swelling and
mechanical property of physical-crosslinking hydrogels. According to the previous
reports, the mechanical property of hydrogel fabricated with only PVA gradually is
improved during repeating the freezing-thawing cycle, because of abundant
crystallization occurred between the hydroxyl groups of PVA chain in hydrogel (33,54).
The mechanical property of PVA hydrogel is increased until six freezing-thawing cycle
(55). But, PVA hydrogel fabricated through three freezing-thawing cycle is most
suitable for use in biomedical application, because it display not only more flexibility
and elasticity but also proper mechanical property (56-58). In addition, although
COS/PVA and GA-COS/PVA showed to be less hard than PPVA, they showed the
higher water swelling property which suggests the possibility to maintain a wet

environment. It help to quickly heal wound occurred to skin surface pustules erupted.

Our study assure that the hydrogels do not affect fibroblast, keratinocyte and
macrophage which present and play many role in skin and blood using indirect test (Fig.
13). Fibroblast produce extracellular matrix component and stimulate angiogenesis as
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well as myofibroblast proliferation and activation during skin regeneration process (39).
Keratinocyte is a typical cell constituting the epidermis. Its cell produces pro-
inflammatory mediators to prevent invasion of pathogens (59). In particular,
macrophage not only secrete pro-inflammatory mediators but also release H,O, for
phagocytosis (60,61). Therefore, in this study, RAW 264.7 was experimented to
confirm inhibition effect on intracellular ROS generation. And, the results also suggest
that GA-COS released from GA-COS/PVA significantly inhibited H>O, excessively

produced by macrophage in the anti-oxidative enzyme-poor environment (Fig. 14).

GA-COS and COS applied to fabrication of PVA hydrogel did not lose their anti-
bacterial activity against Pacnes. It means that GA-COS/PVA and COS/PVA block to
create an environment which continually sustains the colonization of Pacnes in skin.
Furthermore, GA-COS/PVA and COS/PVA may reduce chronic inflammation by

production of pro-inflammatory cytokines.

Even though further studies should focus on in vivo and clinical test, GA-COS/PVA
overall showed promising physical-biological properties and a development possibility

for acne vulgaris treatment.
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5. Conclusion

In the current study, GA-COS with molecular weight of 1-3, 3-5, 5-10 kDa were
synthesized via free radicals generated by ascorbic acid, which called as the hydrogen
peroxide mediated method. And, GA-COS were experimented analysis of structure,
anti-oxidant and anti-bacterial activity as compared with COS. As a result, GA-COS
with weight of 5-10 kDa was chosen as a promising material for acne vulgaris treatment,
indicating excellent anti-oxidant and anti-bacterial activity. Furthermore, PVA
hydrogel which blended with candidate materials for acne vulgaris treatment
applications was fabricated using the freezing-thawing method. GA-COS/PVA
exhibited proper mechanical properties, cytocompatibility as well as anti-oxidant and
anti-bacterial activity necessarily needed for acne vulgaris treatment. In conclusion, we
suggest that GA-COS/PVA can be developed as the biomedical dressing and cosmetic

product for patients suffer from acne vulgaris.
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