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Project period: 3 years (31 July 2011- 30 July 2014)
Abstract

Chitosan (CS) blended with polyvinyl alcohol (PVA) nanofibre patches were
prepared by electrospinning. Chitosan was dissolved with hydroxybenzotriazole (HOB),
thiamine pyrophosphate (TPP) and ethylenediaminetetraacetic acid (EDTA) in distilled
water without the use of toxic or hazardous solvents. The chitosan salts were blended
with PVA at different weight ratios, and the effect of salts and solution ratios on
properties of patches were investigated. The geometrical, chemical and mechanical
properties of the fibers were characterized. The swelling, antioxidant, antibacterial,
cytotoxicity and wound healing properties were evaluated. The diameters of CS/PVA
fiber were in the range of 94 to 228 nm. The nanofiber patches show good mechanical,
swelling and antioxidant activity. Cytotoxicity studies indicated that the CS/PVA
nanofiber patches were nontoxic to normal human fibroblast cells. The CS-HOBt/PVA
and CS-EDTA/PVA nanofiber patches demonstrated satisfactory antibacterial activity
against both Gram-positive and Gram-negative bacteria, and an in vivo wound healing
test showed that the CS-EDTA/PVA nanofiber patches had better performance than
gauze in decreasing acute wound size during the first week after tissue damage. The
application of these CS nanofiber patches was extended by incorporating the extract
from the fruit hull of Garcinia mangostana (GM) into the patches. Due to the excellent
properties, CS-EDTA/PVA was selected as the polymers. The GM extracts with 1, 2
and 3% wt O-mangostin were incorporated into the CS-EDTA/PVA solution and
electrospun to obtain nanofibers. The properties of GM extracts loaded CS-EDTA/PVA
nanofiber patches were analyzed as description above. The amount of GM extracts was
determined using high-performance liquid chromatography. The extracts release and
stability of the nanofiber patches were evaluated. The results indicated that the
diameters of the fibers were in the nanoscale and that no crystals of the extract were
observed in the mats at any concentrations. The nanofiber patches provided suitable

mechanical and swelling properties. The GM extracts was incorporated well into the



patches and rapidly released from the patches. All of the nanofiber patches remained
antioxidant, antibacterial activity and were nontoxic. During the in vivo wound healing
test, the mats accelerated the. The nanofiber patches maintained 90% of their content
of a-mangostin for 3 months. In conclusion, the biodegradable, biocompatible and
nontoxic chitosan nanofiber patches loaded with GM extracts have potential for use as

wound dressing materials and provide a good alternative for accelerating wound healing.

Key words: chitosan, electrospinning, nanofibers, garcinia mangostana, wound healing
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(a) 0/100, (b) 10/90, (c) 30/70, (d) 50/50 uax (e) W3lalaann
FTIR minasuvasurndulowls CS-TPP/PVA lusanaindng g 37
(a) 0/100, (b) 10/90, (c) 30/70, (d) 50/50 uaz (e) W3lalaznn
FTIR sinasuaauaudulowls CS-EDTAPVA ludanainengs: 38
(a) 0/100, (b) 10/90, (c) 30/70, (d) 50/50 Waz (e) Wi balamu
Degree of swelling (%) vasiumwanlowlulalamuwpPVA Tuaasiain 40

6199 vadinda (O) CS-HOBYPVA, (M) CS-TPP/PVA L&z (M) CS-EDTA/
PVA ia%lau,aml,ﬂuml)aé"ﬂ + mmﬁmmummgm (n=3)
Qﬂ’ﬁ‘(ﬁﬁum&gaﬁmﬂm 835 (a) superoxide radical scavenging, (b) hydroxyl 42
radical scavenging, (c) metal ion chelating and (d) reducing power V83
LLN%L&%IUW]I% ) 30/70 CS-HOBY/PVA, (O0) 30/70 CS-TPP/PVA,

(A) 30/70 CS-EDTA/PVA Uag (<) PVA *LaadaanauLanegagni
WHRAYNI9RDA (p<0.05) LﬁaLﬂ%ﬂmﬁwﬁumjumuqu Toyauaaaiiu

: & . =
ALRRY £ FIWLVLILVUNIATIZU (n=3)

31]“7{ 19 OD 550 nm Valia (a) S. aureus waz (b) E. coli luansazansua 43

gﬂﬁ 23

wulounlu: (0) 30/70 CS-HOBYPVA, (0I) 30/70 CS-TPP/PVA,

(A) 30/70 CS-EDTA/PVA uaz (&) PVA nasanndaduiia 24 2l

ia%lauamlﬂummﬁﬁ + d’smﬁmmummgm (n=3)

Cell viability vadLas NHF Lfiaé'uﬁaﬁua’ﬁaﬁ'@m'}mﬁwﬁu@m6] VDIUNY 45

wwulowlu (Z) PVA uaz CS-HOBYPVA ‘na@mmumae] (O) 10/90, (M)

30/70 W&z (M) 50/50 magmmmmummaﬂ + mummmummg’m(mS)

Cell viability adLas NHF Lﬁaé'&lﬁaﬁumsaﬁ'ﬂﬂ’nmﬁwﬁmm6] YDA 46

wwulowlu (Z) PVA uaz CS-TPP/PVA ‘YI@(?’]T]ET’J%@]’NG] (C) 10/90, (M)

30/70 W&z (M) 50/50 magmmmmummaﬂ + mummmummgm (n=5)

Cell viability adLas NHF Lﬁaé'&lﬁaﬁumsaﬁ'ﬂﬂ’nmﬁwﬁmm6] YDA 46

wulounlu (Z) PVA uaz CS-EDTA/PVA mm’m’mmaq (0J) 10/90, (M)

30/70 W&z (M) 50/50 magaumuﬂummaﬂ + mmummummgm (n=5)
Wound area (%) 1w3ufl 1 4 7 uaz 10 nasansnedae (M) wiwduly 47
wlu PVA, (O) dnew (negatlve control), (B) weiwtaulounly 30/70

qu 30/70 CS-EDTA/PVA Uz (M) fNNBTLIIY El’]@]’l%L“M]LLUﬂﬁL%Uﬁ‘IJ’]Ulu

o ® " . . :
N23981a (Sofra-tulle ) (positive control) *URAIANANULANG1IDEN I3

xii



U7 24
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@ o o aaAa dl' = =) a 1 v |
WURIATYNNROA (p<0.05) LNQL‘IJ?EJULVIEJUﬂUﬂEﬂ&Jﬂ’JUQN "]J?J%JJE‘]LL?(@\‘]LU%

' = . =
ANRRY £ FIWBLVLILUUNIAIZU (n=6)

MWLNALNRITZHINNNITTAENIIWA 1, 4, 7 LAz 10 BAIANINBIGY

(a)naw (negative control), (b) WHMLFWIaW L% PVA, (c) taniauloule
30/70 CS-HOBYPVA, (d) unwi&ulauili 30/70 CS-TPP/PVA, (e) WhwL&u
lownlu 30/70 CS-EDTA/PVA uaz (f) ﬁﬁﬂaﬁnmiﬁ;méﬁm%mmﬂﬁﬁﬂﬁmﬂ

y ®
luriasaana (Sofra-tulle ) (positive control)

mwihameldndasganysaidiinasen (5000x) vadurudulouly

A ') A 7 v @ '
lalamufivsmgasaiaannidfenwaisgaluanududuedise: (a) 0 %wt

waaruudlngdin (b) 1%wt waaruaslnadn (c) 2%wt waaruuslnadin

wae (d) 3%wt waaruNdlnadiu
minszmwm@L&%quguﬁﬂmwaaLﬁulﬂuﬂu CS-EDTA/PVA 71L373

miaﬁ'@mnLﬂﬁaﬂNaﬁoqmlumwmﬁuﬁu@m 9: (a) 0%wt WaaRLNIINGY

(b) 1%wt LaaRLNILNEAY (C) 2%wt LERWILNIINFAY Waz (d) 3%wt
waaruuslna@n

48

52

53

gi.l“?'i 27 DSC thermograms WEwLEwlaw 1 CS-EDTA/PVA ﬁUﬁJﬁ?ﬁ;miaﬁ'@mﬂLﬂﬁan 54

Naﬁdqaluﬂa’luLﬂTwﬂTu@i’lae] 0, 1, 2 uaz 3%wt waarunslnadndanadiuas)

wazanInaInuaaiuusina@n thermal behavior

FTIR aunasuvadusnauwlowly CS-EDTAPVA ﬁmsa;msaﬁ'mm
Lﬂﬁanwaﬁa@gﬂlumwﬁufu@mG] (0 12 uaz 3%wt waaruuslnadn
dowoRlued) uazansunasguieaiuualngdn
maytantsasusaiuasTna@uanurwaunlouln CS-EDTAPVA 7
vimasanannfenuadagaluanudutudngg: (A) 1%wt
waaruualnadn, (0) 2%wt waaruuslnadn uaz (O) 3%wt

waar LI lnadn ﬁagmmmlﬂu@hmﬁ'ﬂ + mmﬁmmummgm (n=3)
Degree of swelling (%) vaduHwmdulawliy CS-EDTAPVA ﬁm‘sﬁ;miaﬁ'@
nnifannaiisgaluanudududnag (0 12 uaz 3%wt waarhuaslnadn
danadiue’) ﬁagammlﬂummﬁﬁ + d’;mﬁmmummg’m (n=3)

OD 550 nm w0188 (a) S. aureus Uaz (b) E. coli vasurndulomlu
CS-EDTA/PVA ﬁmiﬁ; sssnanilfenwadigaluanuidudueieg:
() 0%wt LA LN LNEAY (A) 1%wt waaRLNIlNa&E® () 2%wt
waaruaslna@n uaz (0) 3%wt waaruuslngdu nasantuin

e 24 Tl ia;gauamlﬂummﬁy + damﬁimmummgm (n=3)
Cell viability Ta31wad NHF 1l aduianuasanannadutudng g va
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3Uf 33

ueuidulowlu CS-EDTAPVA Nussamianaanfannadiinanainu
DA 9: (0) 0%wt waaruudlng@u (M) 1%wt uaaruaslnad
E) 2%wt uaarunilnadin uaz &) 3%wt waarunilnadn *uaaidn

. | A o W aa A - a Y |
ANULANGIeE Wi NNIEaa (p<0.05) WallTouLisunungy
auau Tayausadidudiade + udeduuinaigu (n=5)
Wound area (%) Jwiud 1, 4, 7 uaz 10 ®ada1nInsee (O) Mnaw

(negative control), () fnasuIsymndwdauuaiizaninslurasaaa

(Sofra-tulle®) (positive control), (E) uHnLFwlowlu 0%wt Laarn
waslnadin uaz (M) wawEulowle 3%wt waaruuslnadiu
“uEAIANAMALANGIaE TR EIATN9EEE (p<0.05) aiSuuifiny
ﬁumj&lmuquﬁagaua@dLﬂu@hm‘é‘iﬂ + d’amﬁmmummgm (n=6)
MWLNAuRaszRIem s lwSui 1, 4, 7 uaz 10 nasansEeae
(a) HNaw (negative control), (b) ﬁﬁﬂaéﬁuﬁ@Uﬁﬁ’]%L%ﬁ]LLﬂJﬂﬁﬁﬂﬁ“ﬂ’]ﬂ
luriasaana (Sofra-tulle®) (positive control), (c) uHnLFwlounlu 0%wt
waaruNdlnadin uaz (d) unwdulowlu 3%wt uaarunslnadiv
mwdnetwitarf avesunaunaluiui 11 nasaninueiy (a) Aames
Un@, (b) “¥naw (negative control), (c) ﬁﬂﬂasﬁuiiﬁgmﬁml,%a
wuafisefinnglurasasa (Sofra-tulle®) (positive control), (d) Lt
wwulounlu 0%wt waaruaslng@u uas () wewaunlounlu 3%wt
waaruuslnadin
mwrhslmﬂlﬁﬂﬁaaﬁgam‘sﬂﬁua:é’numzmwanmamw’mﬁﬂﬂmiu
CS-EDTA/PVA ﬁmiﬁ;miaﬁ'@mﬂLﬂﬁanwaﬁ'ﬂﬂ@ 3%wt Laann
wwalna@n ouiuluanazuUnd (a, b uss c) (25°C 40%RH)
WIBUNBUNURNIZLTN (d, e Uaz f) (45°C 75%RH) tHwiaa1 0, 3
UaZ 6 LAaUANENAL

AmanTiAen 9 ve9 wrindulourlu CS-EDTA/PVA ‘ﬁmigmiaﬁ'@
ﬁnmﬂﬁaﬂwaﬁ?ﬁq@ 3%wt LaarLuIlnadn (a) average diameter,

(b) remaining a-mangostin (%), (c) IC50 DPPH LLag (d) remaining
tensile strength (%) Lﬁmﬁ‘umﬂﬁam?zﬂﬂa (O) (25°C 40%RH)

WIsuisunuan1a2Lsd (0) (45°C 75%RH) Luwan 6 Laan
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AasungsuanEauazatan lnlwn13398

%wiv Percent weight by volume

Yow/w Percent weight by weight

°c Degree Celsius

°K Degree Kelvin

Mg Microgram

pL Microliter

um Micrometer

UM Micromolar

1H-NMR Proton nuclear magnetic resonance
ABTS 2,2’-azino-bis (3-ethylbenzothiazoline-6- sulfonic acid)
BSA Bovine serum albumin

CFU Colony-forming unit

cm Centimeter

CS-EDTA Chitosan-ethylenediaminetetraacetic acid
CS-HOBt Chitosan-hydroxybenzotriazole

CS-TPP Chitosan-thiamine pyrophosphate

DD Degree of deacetylation

DPPH 2,2-di(4-tert-octylphenyl)-1-picrylhydrazyl
DMEM Dulbecco’s modified eagle medium
DMSO Dimethyl sulfoxide

DSC Differential scanning calorimeter

ECM Extracellular matrix

EDTA Ethylenediaminetetraacetic acid

et al. and others

EtOH Ethanol

FBS Fetal bovine serum

FRAP Ferric ion reducing antioxidant parameter
FTIR Fourier transform infrared

g Gram

GAE Gallic acid equivalent

GlIcN Glucosamine

GIcNAc N-acetyl glucosamine
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GM

HOBt
HPLC
ICs

kDa
kV

MBC
mg
MIC
min
mm
mM
mL
mPa
MRSA
MtOH
MTT
Mw
MW
NADH
NBT
NHF
ng
nm
oD
PBS
pH
pKa
PMS
ppm
PVA

Garcinia mangostana

Hour(s)

Hydroxybenzotriazole

High Performance Liquid Chromatography
The half maximal inhibitory concentration
Joule

Kilodalton

Kilovolt

Molar

Minimum bactericidal concentration
Milligram

Minimum inhibitory concentration

Minute

Millimeter

Millimolar

Milliliter

Megapascal

Methicillin resistant Staphylococcus aureus
Methanol
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide
Millijoule/second

Molecular weight

Nicotinamide adenine dinucleotide
Nitrotetrazolium blue chloride

Normal human fibroblast cell

Nanogram

Nanometer

Optical density

Phosphate buffer solution

Potentia hydrogenii (lat.)

-log10Ka

Phenazonium methyl sulfate

Parts per million

Poly vinyl alcohol
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mm

SD
SEM
SFM
TAE
TBA
TCA
TFA
TPP
TPTZ
uv
VRE
XRD

Round per minute

second

Standard deviation

Scanning electron microscope
Serum free medium

Tannic acid equivalence
Thiobarbituric acid
Trichloroacetic acid
Trifluoroacetic acid

Thiamine pyrophosphate
Tripyridyl-s-triazine

Ultraviolet

Vancomycin resistant Enterococci

X-ray diffractometry
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1.1 @151aANITeS okl lliuas
- Chitosan (degree of deacethylation = 0.85, molecular weight = 110 kDa) (Sigma
Aldrich®, St. Louis, MO, USA)

- Polyvinyl alcohol (PVA) (degree of polymerization ~ 1600, degree of hydrolysis ~97.5
—99.5 mol%) (Fluka, Buchs, Switzerland)

- Hydroxybenzotriazole (HOB) (Sigma-AIdrich®, St. Louis, MO, USA)

- Thiamine pyrophosphate (TPP) (Sigma-AIdrich®, St. Louis, MO, USA)

- Ethylenediaminetetraacetic acid (EDTA) (Sigma-AIdrich®, St. Louis, MO, USA)

1.2 ssaiiluswmnzidsoaas odt
- Dulbecco’s modified eagle medium (DMEM medium) (GIBCO™, Grand lIsland, NY,
USA)
- Fetal bovine serum (FBS) (GIBCO™, Grand Island, NY, USA)
- L-Glutamine-200 mM (GIBCO™, Grand Island, NY, USA)
- Penicillin G sodium for injection (sterile) (GIBCO™, Grand Island, NY, USA)
- Sodium Pyruvate 100 mM (GIBCO™, Grand Island, NY, USA)
- Sterile water for irrigation (GIBCO™, Grand Island, NY, USA)
- Streptomycin sulfate (sterile) (GIBCO™, Grand Island, NY, USA)
- Trypan blue stain 0.4% w/v (GIBCO™, Grand Island, NY, USA)
- Trypsin-EDTA (0.25%) solution (GIBCO™, Grand Island, NY, USA)
- Tryptone soy broth (TSB) (Lab M Limited, Bury, Lancashire, UK)

1.3 gsiafian 9
- 2,2-azinobis-3-ethylbenzothiazoline-6-sulfonate (ABTS) (Sigma-AIdrich®, St. Louis,
MO, USA)
- 2,2-diphenyl-1-picryl-hydrazyl(DPPH)(Sigm a-AIdrich®, St. Louis, MO, USA)
- 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium  bromide (MTT) (Sigma-
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AIdrich®, St. Louis, MO, USA)
- 2,4,6-tripyridyl-s-triazine complex (TPTZ) (Fluka, Buchs, Switzerland)
- Acetic acid (Fisher Scientific, UK Limited, UK)
- Acetronite HPLC grade (RCI Labscan Limited, Bangkok, Thailand)
- Acetone (Sigma—AIdrich®, St. Louis, MO, USA)
- Ascorbic acid (Fluka, Buchs, Switzerland)
- Bovine serum albumin (BSA) (Sigma—AIdrich®, St. Louis, MO, USA)
- Deoxyribose (Sigma—AIdrich®, St. Louis, MO, USA)
- Dimethyl sulphoxide (Fisher Scientific, UK Limited, UK)
- Ethanol absolute (Scharlau Chemie S.A., Spain)
- Ferric Chloride (FeCl,) (Sigma-AIdrich®, St. Louis, MO, USA)
- Ferrous Chloride (FeCl,) (Sigma-AIdrich®, St. Louis, MO, USA)
- Ferrozine (Sigma—AIdrich®, St. Louis, MO, USA)
- Folin-Ciocalteu (Fluka, Buchs, Switzerland)
- Gallic acid (Fluka, Buchs, Switzerland)
- Hydrochloric acid (Scharlau Chemie S.A., Spain)
- Hydrogen peroxide (H,O,) (Merck, Darmstadt, Germany)
- Methanol (RCI Labscan Limited, Thailand)
- Nicotinamide adenine dinucleotide (NADH) (Sigma-AIdrich®, St. Louis, MO, USA)
- Nitrotetrazolium blue chloride (NBT) (Fluka, Buchs, Switzerland)
- Non-essential amino acids (100X) (Biochrom AG, Berlin, Germany)
- Phenazonium methyl sulfate (PMS) (Fluka, Buchs, Switzerland)
- Orthophosphoric acid (Fluka, Buchs, Switzerland)
- Potassium bromide (IR grade) (Sigma-AIdrich®, St. Louis, MO, USA)
- Potassium chloride monobasic (Ajax Finechem Australia, New Zealand)
- Potassium ferricyanide (Merck, Darmstadt, Germany)
- Potassium persulfate (Fluka, Buchs, Switzerland)
- Potassium phosphate (Ajax Finechem Australia, New Zealand)
- Sodium bicarbonate (BDH AnaIaR®, VWR International Ltd. England)
- Sodium chloride (Ajax Finechem Australia, New Zealand)
- Sodium dodecylsulfate (Fisher Scientific, UK Limited, UK)

- Sodium hydroxide pellet (Ajax chemicals, New South Wales, Australia)

10
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- Sodium phosphate (Ajax Finechem Australia, New Zealand)
- Tannic acid (Merck, Darmstadt, Germany)

- Thiobarbituric acid (TBA) (Fluka, Buchs, Switzerland)

- Trichloroacetic acid (TCA) (Merck, Darmstadt, Germany)

- Triethanolamine (Ajax Finechem Australia, New Zealand)

1.4 ssanaaswlng
HAlINARA (mangosteen, Garcinia Mangostana) §831n%19 Tesco Lotus d1Lnaliles

IIAUAILTY

1.5 iwadnzaes wazsiBauuadisy
- Normal human foreskin fibroblast (NHF) cells were obtained from the American Type
Culture Collection (ATCC, Rockville, MD, USA).
- Staphylococcus aureus ATCC 6538P and Escherichia coli ATCC 10536 were obtained
from Department of Biopharmacy, Faculty of Pharmacy, Silpakorn University,

Nakhonpathom, Thailand.

1.6 dniNAaD9
- Male Wistar rat #831n National Laboratory Animal Center VRINYIURAAR uﬂiﬂju
ﬂ’liﬁﬂw’lﬁvlﬁ%‘umimbﬁai@ﬂ An Investigational Review Board (Animal Studies Ethics

Committee, Faculty of Pharmacy, Silpakorn University, Approval No. 2-2553).

11



manawudmduloin luwsumsanadagaialdnmuns

%
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ilnval

1.5 mL Eppendorf® tubes (CORNING; Corning Incorporated, NY, USA)

15, 50 mL centrifuge tubes-sterile (Biologix Research Company, KS, USA)

mL Cryogenic tube (SorensonTM, BioScience, Inc., PA, USA)

25,75 cm2 tissue culture flask (CORNING; Corning Incorporated, NY, USA)

Analytical balance (Sartorius CP224S, Sartorius CP3202S; Scientific Promotion
Co.,Ltd, Bangkok, Thailand)

Automatic Autoclave (Model: LS-2D; Scientific Promotion Co.,Ltd, Bangkok, Thailand)
Brookfield viscometer (Model DV-IIl ultra, Brookfield Engineering Laboratories, Inc.,
MA, USA)

Beaker (Pyrex, USA)

Centrifuge (HERMLE Z300K: Labnet; Lab Focus Co., Ltd., Bangkok, Thailand)

CO, Incubator (Heraeus HERA Cell 240, Heraeus Holding GmbH., Germany)
Conductivity meter (Eutech Instruments Pte Ltd, Ayer Rajah Crescent, Singapore)
Cylinder (Pyrex, USA)

Differential Scanning Calorimeter (DSC, Pyris Sapphire DSC, PerkinElmer instrument,
USA)

Drop shape analyzer (FTA 100, First Ten Angstroms Inc, Portsmount, VA, USA)
Flat-bottomed 96-well cell culture plates (Costar; Corning Incorporated, NY, USA)
Fluorescence 96 well plates (Bottom) (Costar; Corning Incorporated, NY, USA)
Fluorescence-UV spectrophotometer (Fusion Universal Microplate Analyzer, Model
AOPUSO01 and A153601, PACKARD Instrument Company, Inc., lllinois, USA).

Fourier Transform Infrared Spectrophotometer (FT-IR, Nicolet 4700, Becthai, USA)
Freezer/Refrigerator -20°C, -80°C

Glass Syringe 5 mL

Hemocytometer 0.1 mm deep chamber (BOECO, Germany)

High Performance Liquid Chromatography (HPLC) instrument (Agilent 1100 series,
Agilent Technologies, USA)

High voltage power supply (Gamma High Voltage Research, USA)

Inverted Microscope (ECLIPSE TE 2000-U; Model: T-DH Nikon®, Japan)

Laminar air flow (BIO-II-A, Telstar Life Science Solutions, Spain)
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- Magnetic stirrer and magnetic bar

- Measuring pipettes (2, 5, 10 mL)

- Micropipettor 2-20 pL, 20- 200 pL, 100-1000 pL

- Multipoint pipettor with 8 channels aspiration manifold 20- 200 pL (Bio-Active Co.,
Ltd., Bangkok, Thailand)

- pH Meter (HORIBA compact pH meter B-212, Japan)

- Pipette aid (POWERPETTE Plus; Bio-Active Co., Ltd., Bangkok, Thailand)

- Sartorius filter set and sterilization filter 0.22 um

- Scanning electron microscopy (SEM, Camscan Mx2000, England)

- Shaking Incubator (SHEL LAB, Model: SI4, Gibtahi Co., Ltd., Bangkok, Thailand)

- Sonics Vibra Cell " (VCX 134 PB, Sonics & Materials Inc., CT, USA)

- Syringe and sterilization filter 0.22 pm

- Syringe pump (NE-300, New Era Pump Systems, Inc., NY, USA)

- Texture analyzer (TA.XT plus, Stable Micro Systems, UK)

- UV-Vis spectrophotometer (Agilent model 8453 E, Germany)

- Vortex mixer (VX100, Labnet, NJ, USA)

- Water bath (HETOFRIG CB60; Heto High Technology of scandinevia, Birkerod,

Denmark)
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szilgul5I9y
1. WSsnasazangd@wsudidnlasatluie

Wwisuansazanglalaou 2% wiv lasazanslalaoiu (degree of deacethylation 0.85,
MW 110 kDa) lwsinnduniu HOBt, TPP uaz EDTA ludasidas CS:HOBE (1:1), CS:TPP (1:1)
ez CS:EDTA  (2:1) Tagsiwin Tunsvaumsazansls m’maauqmé’nﬂmzmamﬁmad
§1382a18a28 Fourier Transform Infrared Spectrophotometer (FT-IR, Nicolet 4700, Thermo
scientific, USA) e 1H-nuclear magnetic resonance spectrometer (Bruker 300 MHz NMR)
MIATIIFOUAANBUAIY FT-IR Uaz NMR ﬁ?mzﬁﬁmsazmﬂﬂIWﬁ’]%Lﬂﬁﬂ“ﬁﬁ@@hd6] 1a¥in
TWussdan Freeze dry antudinslalasnwniasfiedsinlddely w3sussazans PVA
(degree of polymerization = 1600, degree of hydrolysis = 97.5-99.5 mol%, MW 72,000 kDa)
10% wiv Twiinaudi 80 °C Tunananazasnuadunm 4 52lu9 dssazans 2% wiv CS-
HOBt, CS-TPP uaz CS-EDTA WaWAUSNIaaNs 10% wiv PVA fidasaauasud 10/90 &9
90110 Tagiimein audau Jasanunilalagldiaas Brookfield viscometer (Model DV-II
ultra, Brookfield Engineering Laboratories, Inc., Massachusetts, USA) 3a@1au1 b1 lag
IfLﬂ%iad EUTECH ECtestr11+ conductivity meter (Eutech Instruments Pte Ltd, Singapore) 19
@hLLidﬁdﬁﬂ@Ul"ﬁlﬂ%ad Drop shape analyzer (FTA 100, USA) LaZIAAT pH VIRNIRTANEY

gnsudianlasatiufislaslfiedos pH meter (Horiba compact-B212)

A ® A a

2. ALanlavatl i
msqmsaxmmﬁm%’uﬁLﬁﬂima‘ﬂuﬁﬂﬂuma@ﬁ@mLLﬁwm@ 5 HaAaNT Neanny
Wulanzwuwa 20G (Lﬁumuﬂuﬁﬂmd = 0.9 Aadwas). WulansdadALIILINYBILATD
Gamma High Voltage Research NS IWHN dranuaadndadlin 15 Alaliad dausassu

U & d' 1 % a A 6 1 1 = ' a U
Lausl,mﬂmwwguﬂ%amaaﬁmmwwgm eueITE R I e TN L anE LA RIUTDITULAWLE
aflszanm 20 LUAINGT AAIINIT IARVAIRIIALANLAILIN 0.25  NUadAasdaTalug
a 4 A v 3 o ' o ' A < = o

ﬂizmumsm@ﬂqnmgwaﬂ@mzmnmmsﬂumu’mLmazmamaagum 24 T2l09 Tolaunn

@ bunTaunwlszu 20 — 30 lulasiues
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3. nMIasdaugmanwmzuiwiaEwlaw lwlalazin
31 msm‘naaauqmﬁnumzﬁmﬁuﬁa (Geometrical characterizations)

A719F U UAN U AT IWIND LAz I LT U RgUENA 9B nFulolasldndas
9an33AuBLanasau (SEM; Camscan Mx2000, England) landadaagnadulamlulwiueslid
2910 0.5 X 0.5 cm i ledaunasneuieztinlumeneldsiinasen Javuaidunn
audnavasdulolasltlysunsu Jmicrovision lasguia 100 asiluudazdragouaraig
ﬂiwxlmiﬂizmmm’mmm]”agaﬁvlﬁa'miﬂmmu JmicroVision qmé’nwm:mﬂlﬁmm%mao
wriwanlown luyszifiulagluie3as DSC (Pyris Sapphire DSC, PerkinElmer instrument, USA)
muldussonmevaslulasian Lﬁuﬁagaﬁqmﬁgﬁ 25 — 250 @dALTALTHR 8AINMT AN
Soudl 5 aseTRISuadowd
3.2 N13ATFUAMANBMLLBILAK (Chemical characterizations)

m’maauqmé’nwmﬂmoﬁwmomfm asuncutanlourlulayldiaSas Fourier

Transform Infrared Spectrophotometer (FT-IR, Nicolet 4700, Thermo scientific, USA) T g

400 — 4000 cm_ |

3.3 ﬂﬂi@li?%aauqmﬁﬂvmzvﬁoﬂa (Mechanical characterizations)

A37980UAN Tensile strength vaduEwFwbouw lulasld texture analyzer (TAXT plus,

Stable Micro Systems, UK) siaithiiulnaaiasas 5 kg 14 tensile grips holder. dadatnaiilugy

RARDURBENDUIA 5 X 25 Fadluas Anurw 20-30 lulasiuas

4. Mm3Uszifinamantfudmanlawlnlalanin
4.1 M3UszinAUwaNTANIINGIAT (% Degree of swelling)

m‘swaaé’waaLLNuLﬁulﬂqu‘ﬁﬂﬁqm%gﬁﬁaai@slLLﬁLLNuLﬁuIUuﬂuslummxmsl
Wasinatwiwas tuan 1 72109 TIRIN N WA LA RAIINNLT IE1Iaza oW aRLN G

WY tWuaar 1 Tl dwdnslasiEuaIn1Iness euaNNIIN 1:

Degres of swelling{%) = M) o 100 (1)

Mg

Tag M fa ivnnuadaatneradiannuslwartazaanasinaiwiwWasiduwia 7 12lu9,

M, Aa sihnsnisuduzasunmaulow lulnivasluumenuis
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a &£ v a
4.2 msilszilingndanawladasz (Antioxidant activity)

::xfaz a 1 % a = a ad 1
qwﬁmuawaam:madLquLausLstIu"LﬂImmuﬂs:L&Juf[@alsl,mﬁmdl,ﬂwa’]mﬁ LT
Superoxide radicals scavenging, hydroxyl radicals scavenging, metal ion chelating a2
reducing power.

a &£ a a . u .
421 n’li‘.i.lixl,&mtmﬁé’f’mmwaaaizﬁ?EI’JE Superoxide radical scavenging assay

Ufi3en13tie Superoxide radical nlaldnan PMS (30 uM), NADH (338 uM) uas
NBT (72 uM) luansazanenaamnatiwiwas (0.1M pH 7.4) NEUNENENTAZA Y8899
wriwdulownlulalaanufianaudutudn g tunaaliidniu ﬁﬂﬂﬂuﬁaﬁm%gﬁﬁauﬂunm 5
U LLazmvl,iJ’S'@mgmﬂﬁuLLmﬁamﬂ%aai’@ﬂ’ﬁ@@ﬂﬁmma (UV-Vis spectrophotometer) fin271al
§19A5H 560 WluLuA Al Entnwnmiuayyadass (% scavenging effect) au

FUNIN 2

Scavenging effect (%) = (1 — % x 100 2)

a CF a a - -
4.2.2 nﬁ‘sﬂixtuquﬁﬁﬁ%a%&laaaizﬁ”s 835 Hydroxyl radical scavenging assay
qQu

gInzansaaginnurwdulow lulalaauiianudududng g inlddansusuiy
deoxyribose (3.75 mM), H,O, (1mM), FeCl; (100 uM), EDTA (100 uM) wae ascorbic acid

a

(100 uM) lussazanslwunadounamwatiwinas (20 mM, pH7.4) ﬁqmwgu 37 aIALTR
Do LHwaan 60 win mnfu%q@ﬂﬁﬁ%mﬂ@ﬂﬂ'ﬁlﬁumsa:a’m TBA (1% w/v) 1 Na8AaT LA
s3azans TCA (2% whiv) 1 Jaaaas wawludnin ilulfenuteulwindaasafunm 15
wfl aniuiiolimiin LL@%&%’]MS’@mg@ﬂﬁuuaaﬁ'mwum’mﬁu 535 W HNAT AU

UszAnTnwnIduauyadasz (% scavenging effect) muaun1Ii 3

Scavenging sffect (%) = (1 — % x 100 3)

a &£ a a . .
4.2.3 Madszilingndawanyadaszarz35 Metal ion chelating assay

ms"s'@mmmmmmﬁuvlaaaumﬁﬂﬁﬂ@ﬂm msi’@]mg@ﬂﬁuuawadmsﬂi:ﬂau

\Byiauaas ferrous iron-ferrozine  fidnadupadn 562 wilwaas UfAsevilelesnsw
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asazangaadsnnurwFwlow lwlalasiunanudutue1sg AU FeCl, (2 mM)  uag
ferrozine (5mM) USudIunaIaleiin 0.8 Nafaas NaulﬁmﬁﬁuLLﬁaﬁwiﬂﬂuﬁqmﬂgﬁﬁaaLﬂu
A1 10 WA NNUKIAAINIYANAULEINANLNINAY 562 wluuas MuwImlszEnsaw

m3auleaauwindn (% chelating effect) aagunsh 4

Chelating effect (%) = (1 — Z2EEE=22) o 109 )

ﬁgrgrm::grl_ E&Zmm

a &£ Aa a .
4.2.4 Mmadszilingndawannadaszara35 Reducing power

fIazaneaadvnuruiEslou lnlalasnuwnanudududns g ansuny 2.5

NaRaas 2admrazanslafounasinatnines (200 mM pH 6.6) uaz 2.5 NaRAAT V8 1% wiv

=)

potassium ferricyanide #asuaNlUUNfiannnd 50 asenoaduailuiign 20 wf antu

9 U

\GN 2.5 V88897 10% wiv trichloroacetic acid adMWRITNENLAZIWIEILIN 10000 TaUdawIA
Wuaan 20 win mnﬁfu@@muuum 5 UARAAT NFNNUU1 5 VaaanT waz 1 Naaaes 29
0.1% ferric chloride ﬁﬂvlﬂi'@m@@ﬂﬁuuaaﬁmmsmﬂﬁu 700 w1luiuey mmig@ﬂﬁuumﬁ

WNUEAITIIAN reducing power AuNae

a &£ v & a A . . ..
4.3 nMslsziingnaauisaltuantIg (Antibacterial activity)
£ o & A A . ) o [y &
anTemauuafisovadutuaulown lulalamurinnsneseudiese
Staphylococcus aureus Waz Escherichia coli lumymidnanadiutudngananannduds \ale
(MIC) \8894%8 S.aureus Waz E.coli 1ha1w3lasai@amiad (TSB) i luunf 37 asanioaidos

e 100 Jaudawf wa 24 Tl ﬁnu,mﬁL’%fﬂﬁLLmu@"hagjhmmsnﬁsu%amaﬂﬂ

a

Boasanlannudutu 1 X 10° cfumL uaz Thila 1 Jadanvadln 24 well plate turwawle
wlwlalausssiminliuandrsiuldadlu well fda inlUuud 37 ssrwmdos W
24 $2lus MIC @i @hm’mLﬁwﬁuﬁaﬂq@ﬁl,%a"l&iLﬁ]‘%fyl,ﬁuiwéhmnﬂmﬂuna’] 24 Falug W
fmssusinaasaiivlavends vlaiadn optical density (OD) 71 550 wilwwas lag
L3849 microplate reader YA ODgsy 3 A% mumimmmﬁmﬁwim‘ﬁq@ﬁmmmemL%avlﬁ
(MBC) thanmanailn well e lsiiasaidivle (‘mquﬁla) AN spread U plate fifla1mn3Laes
Wauds 100 lulasaas s plate 7 spread i ldund 37 asemmdos (Wwna 24 $2lus
winliwolalafivasdefiuansin mwmﬁwiulumgwﬁ?mﬂum MBC mIn1ea1 MIC uaz MBC

g 3 a39 17 wuiigan 1 Jaansu/Aafaasllu positive control
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4.4 @nsrananiluiieaolzas (Cytotoxicity)
anudufsdarasvasunwdwlom lwlalasiu dszilulasld MTT assay aaudad
91NBUIA33% (ISO 10993-5 indirect contact) unutFulawlulalaanuluussannsils
Tatan tiasingaflnna 1 $alus ansiuazansudmdlovwnTulalaans lu arnsasswasd
Useanndsa (SFM) fivsznaudis Dulbecco’s modified Eagle’s medium (DMEM) 1% |-
glutamine 1% lactalbumin W&g 1% antibiotic L&z antimycotic 1% le@aNLGaT% Normal human
foreskin fibroblast (NHF) Ll DMEM 713 10% @53 fiflanunuiuinuaiass 8000 Loasin
100 lulnvaas noaaadlu 96-well plates s liWNzIABIaMmTaSINN=ARY plate (Hwa 2 T4
1w incubate 71 37 ssruTaLEos WatasinzAn plate LLﬁag@mmngmmaﬁaaﬂ wEunud
ﬁwmmiﬁﬁLLNuLﬁuslﬂqu"LﬂI@lsmua:mUagj 111 incubate LW 1 T4 KAIINLDAR bar
FuNaNUR1SazaovadnkniEwlow lunlalasiuauasuiiaiusn %ag@mm:awaaﬂ &
gIazany MTT 1 Saanswiiasans soldunudl incubate 1Hwasn 4 T2lag Lﬁamunm@j@
gsazans MTT aan aseossazasnaaWatiwines pH 7.4 asa1uNaN formazan A
plate fildanimasniaia @28 DMSO 100 lulasRasdongw ﬁﬂ"l,ﬂi'@m@@ﬂﬁml,mﬁmwtm
ﬂfﬁ"u 550 W1 lULNAT I@mﬂ%ad microplate reader (Universal Microplate Analyzer, Model
AOPUSO01 and AI53601, Packard BioScience, CT, USA). AWITHAT % cell viability I@U%fﬂq&l‘ﬁ
13’(81%151,5841L%aﬁvl&iﬁLLNuLﬁuSLﬂuﬂuVLﬂIWmuazmUagj (SFM) 1 unguaIugu (100%  cel

viability)

4.5 @nw11sz8NSNINNITENIWLLKA (In vivo wound healing)

L@%UN&I@I{W@&QGIQUI%%H Wistar rat LW?IEE PRNAUTzue 240-280 NIV KNS
aauwhﬂmmsﬁ@m pentobarbital sodium RAIINNWUFALLE? AN NUIBUI I I WARIAD
VBINY mﬂﬁfuﬁwﬁ’mﬁfmﬂmﬂmamaﬂauLﬁuﬁﬁuquﬁﬂawaﬂszuwm 0.8 ANIILTUALNAT
ANBuaaRInIaan TR wKe I@Emhl; 1 AI9ALE 2 WHA INUBTAVIAUNIAIY AIDENILH
wwulowlulalasusfiang g Arwmsaingadiossdaaaiihlaiaaduna 1 72lus wia ¢
= X A . A a & A a iy
naw (negative control) %38 WHBLUzLNANIRIIH L DAULUANLTY (Sofra-tulle; positive control)

d' v (% (% v (% & o [-% 1 Aada
LAY LHALAD aun@"l,ﬂmom*’um@LLNmﬂuﬂnmnmmumnmmmmz‘mﬂ lapas
planimetry @MW1 %wound healing @NU&UN1T A/A*x100%, lag A A8 YUIAVDILIALKA

ITUAH LAz A AD PWIAVBILIALNATILIAAIN ¢
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5. Llﬁ%tguslﬂ%1t%1ﬂtﬁl°ﬁ’luwﬂNﬂ’lﬁ’dﬁﬂﬁl’mL‘.i.lgaﬂNﬂﬁﬁ@ﬂﬁ’lﬂ%ﬂﬁ%’]&umﬁ
5.1 msm%smmiaﬁ'ﬂmmﬂﬁanNaﬁaqﬂ

ifendsgamndalfidudubng 1inuueun 50 sseaados iluian 24 Talag
o A o dl v v v a “II A o dl v s o s k%3
ifendsganiuisudinnualiazidoe Tinadfandigaiuis 50 niu dananadiy 70%
acetone figaannivas wnszndldmana antunIaInInaandIBnIzanIas sl
ILLRLUAIAIE rotary  evaporator &NAAI8EE 3 ATIEIWIAL BTN yield waadaLin

ANafuzaIU DI URNIATZIN

5.2 N13AIUANAMNINETENANNILRBNNANIAA
5.2.1 nswdSanaans waanwnslnafnluwarsana

LADNRNINZAAERINVBIFIINIAIZIN  weaduuslnafulasss  wasunslna@nio
faansuazanslu 10 Fa8867 2a9muas walalsanasiiaasasazanslilaninud
@149 e 200, 100, 50, 25, 10 uaz 5 WlAINITNGNAFAAT F1INLANUADLIIATUNAINMT
138919 mmzmUaﬁaﬂmaamsaﬁ'@a’mLﬂaaﬂwaﬁ‘aq@ﬁﬁmwrﬁuﬁu 500 lulasnTudaianans

a 6 a ] a [ A a @ .

NANTERIUTU 4 LLaﬂW’lLLNGIﬂﬁ@IusL%miﬂﬂ@ﬁl’mLﬂﬂ@ﬂNﬂ&JGQ(ﬂ(ﬂ’JEl HPLC (Agillent

o o . . . ® & @
technology, USA) lEaaauit C18 (250x4.6 mm, 5 um particle size) (VertiSep AQS) 1113

A a o . @ A A A . .
MaaIn Senerlasldszuuansazans wUU gradient lasinawafanil Aa acetonitrile (mobile
A) Uz 0.1% viv ortho phosphoric acid (mobile B) lfaasnmslnaf 1 Jadaasdaufl 9
gunniwes asldsunsu gradient a3lk 70% A aaud 0-15 w1l 90 70% A 9 75% A lu 3
U 75% A D9 80% A li 1 w19l 80% A da'lins 6 w1fl ana1n 80% A 019 70% A i 1 A
lfaraaiasyyiain Uv-visible asanugniadnlin 320 wiluiwas duimad3anmes

waaruuslngdnLazuaaIftdu nTuda 100 NTN VaI&1I’NA (gram per 100 g of the extract)

5.2.2 mMsndSunmansilwaadnluansana (Total phenolic content)

mUSunaesrnsUsznauuaadnlaslsitn1s  Folin-Ciocalteu  ¥inl@lasHINEIINA
dmate 50 lulasdaslu 2.5 adaau89 Folin-Ciocalteu reagent (10% v/v) Uaz 2 AadaATU89
sodium bicarbonate solution (7.5% wiv) Wanlditnui lUduf 45 sseamdoaiduiia 15

WN i'mmmsgmﬂﬁuumﬁamﬂ%aﬁ@m‘s@@ﬂﬁuum NAMNLIIARY 765 WILWINAT  FIWIDh
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andszanmansdsznauAueaninuauiaasaiiiu grams of gallic acid equivalents (GAE)/100g

of the extract

5.2.3 n13ANUSH A SUNUIAN La 58N (Total tannic content)

wdSunaadrnsdsznauunuiinlagdsnisanaznanllsdn 16 2 Ta8nu ludndyy

v v
a

AUNW WENNURITAZANLAIDE19 1 TadaaT a9ndty 20 wn ﬁqmﬁgﬁﬁaa NN bl 1w

U

al' P : A & A o @ Y '
LA897 10000 FaUSNDUIN L‘L]%L’mﬂ 15 %N uﬂﬁ’)ulﬁ(muuuaaﬂ NCANUASNDUAIY RIUNTY

[
v

2849 sodiumdodecylsulfate WLae triethanolamine 4 UaRa®T LAN Ferric chloride 1 AARAININI

oA a [ & o o A @ A [ A A
138ndszana 15 w1l nasannuw siqly IAAINIIRANNULFIAILLATOIIANITQANNULR 11
ANNE1IAAK 510 Wlwuas suwrmadszunmansdsznauunuinninuaugasaidu grams

of tannic acid equivalents (TAE)/100g of the extract

&£ a
5.2.4 ﬂ']‘iﬁ']{]ﬂﬁ(;f']%iﬂ%&ﬁaaﬁ‘iz
= v a v aq
5.241 msmtmsm%mmaaasmw'm DPPH

L@TUNRITRZANY DPPH anutiud 200 Lulaslaansluianines anihuNgusIIasaiy
DPPH 100 lulasaasnuaitazaiadladndlulSunasniyinnm ﬁuﬁqm‘ﬁgﬁ 37 AIALTALTUR
Wuan 30 win mﬂﬁfui'@mmi@@ﬂﬁmmﬁwLﬂ%aavluiﬂstaﬂ (Microplate  Analyzer)

AU BSITUANISEUEI %lInhibition NFNNITN 5

% Inhibition = (1 - M) *% 100 (5)

Hggnirgl EEC mm

M ICs, MWITKlaNANTINTER IS TUGNTILIINUANUTNTY waadidudranududu

a o Ey o ¢ = &z & a . =
V]ﬁ’]&l’]ﬁﬂil‘]_lf_l\‘]vl,@] 50 LUt auanun uradNatdwa ety FIBLUEILLBNIAIZN

J a a
5.2.4.2 NM3ANEABIRNADEITAINIT ABTS

Le3guR1Iazane ABTS lagnivhiljisensznine 7 Gadlua1s ABTS nu 4.95 Jadla
813 potassium persulfate tiuaInaa Lilunle 12 — 16 T1lug Namnninas nauazihanlglw

Farwmtazanslunemwadwines pH 7 aulldmiganfuuasf 0.740.02 NANNB1IATY
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[%
a

734 W lunas laidu working solution 31N WX working solution 3.9 NaRAAT adlu
RIIRZALAI0E19 0.1 NaRAAT N9LY 10 W7 QRIVE N i'mmmi@@ﬂﬁuuaw‘hmﬂ%aﬁ@
mig@ﬂﬁuum AAMULINRYL 734 WILLNAT AU aTLEuAn1TEUL %Inhibition @13

FUNIN 6

% Inhibition = (1 —w) x 100 (6)

ﬁgrgr ntrel T4 mm

FfuItaen 1C5, anwi leasunalilu 35 DPPH

52.4.3 msmqw'ﬁgé'f'lua‘tmaamzﬁ'm%% FRAP

LASBNRNTAZANY FRAP lasnauazgiaatnines pH 3.6 (a) an3azans ferric chloride 20
Gadluas (b) aazans TPTZ 10 Gadluad () ludamdan 10:1:1 (abie) GuUFAselan
\AuanTazanuaagng 50 lulasaas luasazans FRAP 950 lulasaas dusswautduiian 30
w9 ﬁqmwgﬁﬁaaLLa:’T@@hﬂ’]i@@ﬂﬁuLLmﬁasu,ﬂ'%f'aﬁ@ﬂﬁg@ﬂﬁml,ao fnUENIAEH 593 W
Tuluas ﬁﬂmmsg@ﬂﬁuﬁvl,@?ml,ﬂ‘%mLﬁyuﬁ’unswﬂmmgmmaomia:msl FeSO,-H,0 Waadf
Hn ECT  wangfvdanuiduduasaseedenidssantmwifiouin 1 fadluans
FeSO,H,0

£ a a . .
5.2.4.4 NM3ANEAWIRNADEITAIVIF galvinoxyl radicals

Le3uENIazaNY galvinoxyl 1 Fadlusns lwamues Ufnsentulesnsuanszans
galvinoxyl 900 lulasaes luasazanoaiasng 100 lulasdas dasuaNuufn 37 adeias
Do 1wa1 20 W11 LAzIAAINNIQANAULAIFILLATEIIANITANTULEY NANALIIAR 420

‘LL’]I‘%L@J(?']S ﬁﬁmmml,ﬂaﬁ%uﬁmsﬁ'uﬂh %Inhibition MUFNNITN 7

% Inhibition = (1 -Mj x 100 (7)

ﬁgrgr ntrel #20 mm

e 1IC,, anuf leasunalilu 55 DPPH
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a £ v ‘3 A . . . .
5.2.5 n5Usziingndanidauuaiitsy (Antibacterial activity)
A £ o P AaaAa o ' a o AadAd a o o &
mMsUszifingnidusanuafiisorinsuideinuisnesuelilude 43 lasldize

Staphylococcus aureus 8% Escherichia coli

5.3 msm'%zmu,simﬁ'u‘lzlwﬂua'maﬁaza'lﬂ1ﬁfﬁ%1%ﬁ‘lz{'a'\saﬁmaﬁnLﬂﬁanwaaﬁ'ﬁqm
['7] A a & a a
AINATRADLANLAIAL 1T

Yiamsanaannidfennadige sslussazaislalamuiionudududedunauliio

< & A o g < A a % A % P v @
LﬂuluaL@ﬂjﬂuLﬂquaq 24 T'JIN\‘} ?ﬂiaxa’]El“/lwmiﬁﬂ(ﬂ‘-ﬂﬂﬂLﬂaaﬂwaud@l@‘ﬂﬂ’nuLT&J%%@ING]

duesoaduidwlouiln andsnasune I luda 2

[~ 1 v A A o = (%
5.4 msmaaaauqmanumwaa LLN%Lﬁ%iEI%ﬁI%VLﬂI@IGﬁ']%ﬂN‘ﬂ']iﬂﬂ@ﬁl’]ﬂl,ﬂa anAaNIAn

maaaauqmé’nwmm‘%aﬁuﬁa e wazldana anunasueilude 3

5.5 msmﬂ%mmuaxmsﬂaﬂﬂdaﬂmiaﬁ'@]mmﬂﬁanNaifo@mmmwimﬁu‘lﬂmfulﬂfm

T
a:mEJLLNutﬁulﬂuqu"LﬂI@muﬁﬁmmﬁ'@mﬂLﬂﬁaﬂwaﬁaq(ﬂ 5 8NN IEIMHINTDS
p:flaatniWes pH 5.5 fuwmuasludanain 1:1 1w 5 Saaaanduna 24 2lug
mnfug@msazmaé’aﬂdn 1 8adaas i lUAeedirmvsunm wearususlnadulunduidule
wlnlalamuudrdwmnsuduliinamssiannilfenaadge
ansnsdaaddesssaiannidfensadigaanuiuiduloululalasu lagls

Franz's diffusion cells % media tJuaz@iaatiwines pH 5.5 NULNNIKEAAEATIEIN 1:1 6@

1 v 1
g o A

LLNuLﬁulﬂuﬂIulﬁfmmﬁ(ﬂLﬁ%ﬁh%ﬁ;{uﬂ(ﬂ AN ULTAAN 1T W1 M IR U RIN AL wa N e

(% v
a a

i lUlEdwI e anvudae

Juntraslayld membrane  1Tuaanu MinNdamnnd 37 aven

bl U

'
A a

LTRLTRVADLTAR LNaLAY media  IWFNNRNULKWLFWLoWI L1 TFSNIULIaN %ﬁ‘omnﬁfugm
% 1 Aa aa A 1 = a A 1 g 1 £ 1 . [l
gn0e90anaN 1 IaRAAINLIAA19 9 IuDI 480 w1¥] Luaqumamaaaﬂml,l,miﬁ“l,a media T3
a9 lunun ﬁnmiazmU@T’;@ahaﬁ@juaaﬂmvl,ﬂ"?Lﬂiﬁzﬁmﬂ’%mmmsaﬁ'@mﬂLﬂﬁaﬂwaﬁaqmim
1% HPLC ﬁa;&aﬂﬁﬁwmﬁwmmmﬂ’%mmmiﬂa@ﬁa’aﬂazaﬂmwiazmmm ANNIINARDITN

3 a39
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5.6 miﬂsxLaﬁmt&iuLﬁ%‘lﬂuﬂfu1ﬂfm°ﬁ1%ﬁﬁmsaﬁ'ﬂmmﬂﬁanNaﬁeqﬂ

ﬂi:l,ﬁuqmauﬂ'amaaLLNuLéTulalu’ﬂu"LﬂImemuﬁﬁmmﬁ‘@mnLﬂﬁanwaﬁaq@ AR D
1 1 = > d' v A L2 o [ =2 136‘9/ a 1 £
699 wwdeanun ldadunelilude 4 mmumiﬂﬂmqmmua%aaas:mmLLNuLaulquIu
vLﬂI@Sﬁﬂ%ﬁﬁﬁﬁﬁﬁ'@ﬁﬂﬂLﬂ'ﬁaﬂwaﬁdqmzﬁﬂml@alﬁ%ﬁﬁﬂmmuin?uIauﬂIu"Lﬂsﬁﬂu LRYRIY
snaaniaaniiige

waninilunsdnsfdildyinmmenamsdiu  histology lapnyazgnindaluiud
11 YaIM3ANEN 61'@LﬁaLﬁalumum@LLNamaoﬁW?a@Tasl 10% formalin buffer WAz embedded

X o A @ ' a2 a a v .Y v &
lu paraffin danaunm 5 pm danarwiiuiinfuass hymatoxylin a19euinyszi anu
@18 0.3% acid alcohol a9A84NUT21NENATI INNUUGTANAY eosin LTWIAT 2 WIN WAITN

TWukah ldlalualadudasesdrandasganssed (Nikon Inverted-Eclipse TE2000-U, Japan)

5.7 n'ﬁﬁmsnﬂ'n&lmél"maaLLﬁ%Lﬁ%‘lﬂ%’lTﬂﬂT@lW\%ﬁﬁmiaﬁ'ﬂmmﬂﬁanNaafl'eqﬂ

nmsansanuaIdiluanziis (@unnil 45 aseimaLbos ANNTUFUWNTE 75)
Wisuieunuanzlnd (@unndl 25 asenivaldus ANUBUFUANS 40) 1Tuan 6 don
lapdsziduanwaenionan Usinmuedans uwaaruuslng@n qw'ﬁgﬁma%aﬁmz Way tensile
strength  2asurwidulowlunng iden uazansuzdmgiwinezasdulowlunsldndas

anIIAndLanaTaunN g 3 1iau

6. N13ILAIITUNIADR Statistical analysis
iagaﬁvlﬁmﬂmimaaamﬁnﬂmiﬁwsﬁw 3 033 Toyauaadiin duady + @awdeanun
¥19337% T80 one-way analysis of variance (ANOVA) &m3LAtansianauands mwuua

seeutiidfi 0.05 Tanldldsunsa (SPSS version 10.0 for Windows (SPSS Inc., USA))
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UNN 3

HAUAZIDITENANIIIVY

[} v a & a a
1. n'ﬁm‘%ﬂum‘sazmﬂmmuman‘fmaﬂum

wasumsazanslalomin 2% wiv Tasazanelalaanuluinnauiu HOBt, TPP w3a
EDTA ludasnsu CS:HOBt (1:1), CS:TPP (1:1) uas CS:EDTA (2:1) lagiinwtin slunan
aumIazanula ildukadae Freeze dry WhanamassuquansmzmaaiizasmIazany
¢ FT-IR waz NMR waﬁ%ﬁmmiugﬂﬁ 1 4az 2 ANEAL ﬁnﬂgﬂﬁ 1 Uz 2 WaaIlAA
ok "lﬂimsmuﬁ'umsﬁmUazmzlvlﬂimsmumm‘mNauﬁuvl,ﬁflmzﬁﬂmaqaﬁgo HOBt, TPP
waz EDTA &aunaleain FTIR spectrum wuin sinasuvesansazanslalaanuiiazaisniv
INRaThacg g anfpundsdly iwudorfiunsuas "H-NMR sinasy

3000 2000 1000
Wavenumbers (cm-1)

371 1 FTIR spectrum 2a98n3azany lalamuindadn99: (a) CS-HOBY, (b) CS-TPP uaz
(c) CS-EDTA
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T
0 ppm

31]"?; 2 "H-NMR spectrum 283a13azaebalamnumniadnsg: (a) CS-HOB, (b) CS-TPP
W8 (c) CS-EDTA

X o & X o <y a = <
u@ﬂmnummm:ma%hmummmm uuﬂﬂmmquﬁmu@%@@mz LL@E‘W\?I‘HE‘U‘V] 3-6 LL@$E]'V]ﬁ
1 a A A Ay 9 & A = <

ﬂ’]i“’EN'1LﬂﬂLLUﬁV]LTHLL@ﬂQiuW‘IT’NVI 1 LLZWETJ‘V] 7-8 w@vﬂmLL@mﬂumummm:mﬂm‘lﬁmmummmm Nq‘V]ﬁ
v a ' o X o ax ) < .1 PR ' o X o &4 ey A
[ﬂ’]uﬂ‘i«amu@‘ﬂZﬁi‘&Lﬁlﬂ[}ﬁ\mu“ﬂuﬂUf}ﬁﬂ’ﬁ‘V]ﬁ@'ﬁ]']_l @Quq‘l’]ﬁﬂ’]?%’]mﬂLLUﬂV]L?ﬁ‘V]LLL‘mﬁl’]\iﬂ%‘ﬂ%ﬂ‘].llﬂ@@ﬂ/]l"]]m?ﬁm

Ime3eaansusatl CS-EDTA > CS-HOBt > CS-TPP

100 -
S 80 - .
2 x
E 60 -
=T 0
g 40 -
2
8 20 -
@

0 L L) L) 1
0.0 1.0 2.0 3.0
Concentration (mg/ml.)

;Sﬂﬁ 3 Onod 9’1%81@;&1&5&‘53 Scavenging activity (n = 3) mao"lﬂimsmumﬁa@me] @iaawa
Superoxide: CS-HOBt ((J), CS-TPP (A) and CS-EDTA (O) *Waadfinaany
UANEIBLINRURAYNIIRDG (p<0.05)
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100

Scavenging effect (%)
e & -
- - -

[
-

-

0.0 1.0 2.0 3.0
Concentration (mg/ml.)

;sﬂﬁ 4 qw‘%éﬁuawaam: Scavenging activity (n = 3) mao"lﬂiwmumﬁa@me] @iaawa
hydroxyl: CS-HOBt (1), CS-TPP (A) and CS-EDTA (O) *L&AIANANULANEGN
adNAkBEATNEDE (p<0.05)

124
100
80
60
40
20

0 ] ] 1
0.0 1.0 2.0 3.0
Concentration (img/ml.)

?—o—o—o—o*

Chelating effect (%)

3UN 5 gnidruauyadasz Metal ion chelating activity (n = 3) vadlalamuindadigg: CS-
HOBt ([J), CS-TPP (A) and CS-EDTA (O) *ugadfnanuuanedvadaihpsan
NN&NG (p<0.05)
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3.0
% 2.0 -
-] *
=
=
§ 1.0 -
-

0.0

0.0 1.0 2.0 3.0
Concentration (mg/mL)

;sﬂ"?i 6 qn%ﬁmawa%mz Reducing power (n = 3) 289 lalasunfadngg: CS-HOBt (),
CS-TPP (A) and CS-EDTA (O) *U&AIAIANNLANGNaENIRIRIALNIEDa
(p<0.05)

d. :59/ :%‘ a A =S a 1 I 1
M138N 1 qmmumal,m@mmeaamsa:mU"lﬂi@]smumaa"ﬁmmd6] UadLluean MIC
(Minimum inhibition concentration) Waz @1 MBC (Minimum bactericidal

concentrations) 8 S.aureus Waz E.coli

Minimum inhibition and bactericidal concentrations (mg mL'1)a of CS solution

Bacteria
CS-HOBt CS-TPP CS-EDTA
S.aureus 7.5 >10.0 0.5
E.coli 7.5 >10.0 0.5

aMIC and MBC of CS solution had the same values
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1.25

1.00

0.75

0.50

OD =xo

0.25

"
S
|
T

0.00 L1 = L1l
0.0 2.5 5.0 75 10,0 125
Concentration (mg/mL)

;sﬂﬁ 7 Bacteria growth inhibition (n = 3) vadlalaeuwindadss: CS-HOBt (CJ), CS-TPP
(A\) and CS-EDTA (O) ¢iala S.aureus

0.00 ||||I||||T||||\r||||=||||

0.0 2.5 3.0 7.5 10,0 125
Concentration (mg/ml.)

gﬂﬁ 8 Bacteria growth inhibition (n = 3) Va4 balasuindad1ds: CS-HOBt (CJ), CS-TPP
(/) and CS-EDTA (O) sai5a E.coli
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= 1 (7] (% A a & a\ A

2. mMaasaannwanlau lwargmaiadianlavatini
= & v . . ' ' = v v

MIANBIVUGH (Preliminary study) wuinlisunsawassuauleldanasazans

CS-HOBt, CS-TPP uaz CS-EDTA launufinziiaiduiduly snsazanawsaanuudunya
' [ % A = > LY ] > 6
anasuudiwsasiudulouazlifiansBadineldlWinanudsdndgs Zong  uazame
A.@. 2002 w1 MmaduinfeludTunmdndesazinldanunuininsesdzgly
A' J 1 a =} o v a % A&
gIazauAND® lwmsnaaasnudn madundarliamgiwingrvessuludianlasailn
dl a =1 v o Y A I £ n:lld c; J n:? a
wWaswld TesifadadasasrinldAaduiduniausigyauinis wanaini n1Lda
A o Y v & @ v (37)
ndsszhliunaiduruauinansvenduloaaaidan Son UAzAME A.A. 2005 1L
1 a A & Tl I3 = cal 1 o %
o msm11aLaﬂimvlmﬂmwzLﬂuﬂs:@’mmaﬂs:ﬁ;au zLnNAIA NI WA va 9
a & [ & o = = (38) .

sIazanpwadwed sualiiduruguinasvendulofumalines Jia uszAms a.4.
2007 wa3ouaulowluan wed hiia weanagaas (PVA)lalaanu laolt a:36n wada
WWuwarrinazans wuintdadsuimuadlalamuAuuinnii 30%  aztAatdwidulowilule

el "Lﬂi@lsmmﬂuwaﬁLLsﬁﬂm"Ls@Tﬂ‘sza;uaﬂ I@w%iazmuﬁ@mmm C2  zuandLlzauIn

a &

vainmeldanziidunaniaidunars GanudugwInguazamaFwBaRENA1IV04
)

]
%

[ o ° ° [ ' ' 39
wwloilutlasofiganlunsruwasanaiuszning lalaawuas PVA'

72

PVA iuwad

1 a ¥ o

Luai(é'umw:ﬁﬁa:mﬂuﬁﬁ vL&J&JW‘i:I' L"IJ"Iﬂ‘IJﬁ}"I\‘]ﬂ']HLLazﬂaﬂﬁﬂﬂﬂvLm%‘j"lx‘m']FJ LRERINTIN

inam A uignlelunszurnmidianlasatluiele aetiw PVA  Faiuwadiuasn

v
=S

mmzamzﬁnmNawﬁ‘u"lmimsmu aanulunIAnsasfenasazaty PVA Tusihsihannas

Aussazans lalamuindenazaslutinludanaind199 lagldldarvinazaranidunsa

A e

#IAYINAAUBUWNIT M UAE AW TLnasUaI815azans CS-HOBY/PVA, CS-TPP/PVA

L8z CS-EDTA/PVA uaadluansnefi 2
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15190 2 Awnniieeivasansazanslalamusiiadsg Angunuasazanawed Niaue

ANBTAAN WOATEINANE Y N1 uazaNaN T lumMAaFulodrsinaiadianlasalludie

Weight Viscosity Conductivity Surface Electrospun
Samples . " tension pH -
Ratio (mPa s) (1S cm ) A ability
(mN m )
0/100 633.07 + 2.32 1009.7 + 1.53 42.74 + 0.54 5.50 £ 0.00 v
10/90 531.57 + 2.08 1036.7 + 0.58 43.77 £ 1.04 4.90 + 0.00 v
20/80 550.23 + 3.92 1078.0 £ 2.65 43.63 + 0.44 4.67 = 0.06 v
30/70 529.97 + 1.99 1185.0 + 3.61 4457 + 0.23 4.60 + 0.00 v
40/60 510.57 + 2.96 1268.3 + 2.52 45.45 + 0.26 447 + 0.06 v
CS-HOBt
50/50 487.20 + 1.30 1500.3 + 1.53 46.48 £ 0.41 443 + 0.06 v
PVA 60/40 412.90 + 2.62 1713.3 + 3.51 48.33 £ 0.20 4.40 £ 0.00 X
70/30 385.77 + 1.50 1895.0 £ 5.00 50.37 + 0.98 4.40 £ 0.00 X
80/20 340.50 + 1.61 2116.7 £ 15.3 51.64 + 0.42 4.43 £ 0.06 X
90/10 297.37 + 0.97 2423.3 £+ 5.77 51.98 + 0.08 447 £ 0.06 X
100/0 220.40 £ 0.70 2740.0 + 30.0 57.07 £ 0.60 443 £ 0.06 X
0/100 625.01 + 2.30 995.67 + 6.66 42.74 £ 0.54 5.50 + 0.00 v
10/90 568.04 + 0.38 1160.7 £ 9.71 46.62 £ 0.37 5.10 £ 0.00 v
20/80 459.54 + 2.48 1268.7 + 6.51 48.62 £ 0.24 5.10 £ 0.10 v
30/70 346.98 + 5.29 1573.7 £ 9.02 49.95 £ 0.58 4,90 £ 0.10 v
40/60 260.45 + 0.38 1771.3 £ 2.08 51.55 + 0.22 4,90 + 0.00 v
CS-TPP
50/50 123.54 + 0.12 2110.0 £ 10.0 52.61 £ 0.23 4,90 + 0.10 v
PVA 60/40 70.20 + 0.38 2370.0 £ 10.0 54.64 + 0.38 4.90 £ 0.10 X
70/30 52.95 + 0.63 2683.3 + 5.77 56.51 + 0.23 4.90 £ 0.00 X
80/20 37.61 £ 0.58 3173.3 £ 15.3 57.02 £+ 0.42 4.90 £ 0.10 X
90/10 36.40 + 0.38 3740.0 £ 17.3 59.44 + 0.36 4.90 £ 0.10 X
100/0 47.52 £ 0.38 4046.7 + 20.8 69.90 + 0.49 4.90 + 0.00 X
0/100 628.71 + 1.51 1009.7 + 1.53 42.74 + 0.54 5.50 + 0.00 v
10/90 511.43 + 3.46 1011.7 £ 2.52 46.46 + 0.36 5.30 £ 0.10 v
20/80 387.17 £ 1.31 1014.3 + 3.06 48.47 + 0.31 5.10 £ 0.00 v
30/70 25474 + 0.76 1022.3 + 3.79 50.00 + 0.38 5.10 £ 0.00 v
CS- 40/60 223.67 = 1.31 1032.0 + 3.61 51.42 + 0.83 5.10 £ 0.00 v
EDTA 50/50 181.27 + 0.68 1036.7 + 1.53 52.07 £ 1.77 5.10 £ 0.10 v
/PVA 60/40 153.91 + 0.75 1043.3 + 4.16 54.53 + 0.93 5.10 £ 0.10 X
70/30 153.67 + 1.15 1047.3 £ 2.52 55.97 + 0.36 5.10 £ 0.10 X
80/20 137.78 + 0.76 1059.0 + 5.29 56.09 + 0.80 5.00 £ 0.10 X
90/10 117.72 £ 0.76 1054.0 £ 5.29 60.71 £ 0.13 5.00 £ 0.10 X
100/0 146.06 + 0.76 1062.7 + 6.51 69.58 + 1.74 5.10 £ 0.00 X
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3. MInsdaugmansmsurwanlaw lulalasin
3.1 m‘m‘snﬂan@mé’numzt%‘oﬁ%ﬁ’a (Geometrical characterizations)
nwihaneldndasyansiaidiinaseusas CS-HOBYPVA, CS-TPP/PVA uaz CS-
EDTAPVA  ludandiudnig LLa@ﬂugﬂﬁ 9 nwenauaasliiAni iedanaiuvas
csiPVA tinde 3070 linudaluduly agrelsfiamuiiiodanainiiai 40/60 azi5uny
Haluwaule LLa:é‘@mdmgdq@ﬁmmmLﬁ@LﬂuLﬁuim"L@Tﬁa 50/50 uaziilodassInuaInNIn
5050 Ewlgldaansnifaldifiasanwinimeiaasaazaosuldwenzay a13nef 2
LEAIATNII DA a3TaIRTazansLazanNaEIn1Talun TiAasiEnlasadluisues Cs-
HOBYPVA, CS-TPP/PVA uaz CS-EDTAPVA ludamainednig iledSanmuaannielala
AN W 10/90 B9 50/50 ﬂ"]mﬁULﬁumuguﬁﬂmwauﬁﬂwaa CS-HOBt/PVA, CS-
TPP/PVA waz CS-EDTA/PVA aaada1n 228 + 37 019 146 + 33 nm, 216 + 34 219 100 + 19

nm LA 221 + 34 019 94 + 20 nm ANEALU (LFAIAIANTIN 3) daugﬂﬁ 10 LRASUNUNE

mimzmwm@Lﬁumuguﬁnmwaa CS/PVA LeT8uNINRa6N &

‘== 1 Cll v 1 & 1 v A et 1 1
M99 3 ﬂ'?LﬂﬂElLﬁuN’]%le%Elﬂﬂ’]\ﬂlE]\‘lLLN%L&%IUVLQIWITW%/PVALT]&aLLﬂzﬂ@ITlﬁ’)u@n\‘i"]

v

Toyausasiudads + daudusuwunaigiu (n=100)

Average diameter of nanofibers (nm)
Weight ratios

CS-HOBY/PVA CS-TPP/PVA CS-EDTA/PVA
10/90 228.06 * 37.20 216.42 + 34.45 220.94 + 34.19
20/80 186.72 + 32.93 188.66 = 33.69 184.63 £ 29.13
30/70 179.34 + 39.36 141.51 £ 29.39 160.93 £ 32.93
40/60 176.46 + 28.86 126.77 + 32.46 125.87 + 37.96
50/50 146.34 £ 33.23 99.91 £ 18.67 94.09 £ 20.27
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CS-HOBt/PVA CS-TPP/PVA CS-EDTA/PVA
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a 75 - b TE
—_—
T 50 T pe 50 1
fd b
£ 25 1 H 25 T
=
[ (1] -—J—hl:.-u
0 50 100 150 200 250 300 350 0 S0 100 150 200 250 300 350
Diameter (nm) Diameter (nm)
C 785 T d TR
_
—_— —_—
) )
£ 2
S S
ge S0 T g B0 T
g g
= =
< <
= 25 + = 25 T
0 - [ IL
0 S0 100 150 200 250 300 350 0 S0 100 150 200 250 300 350
Diameter (nm) Diameter (nm)
€ 75+
—_—
)
<
E 50 T
<
=
<
B 25 T
“ -
0 S0 100 150 200 250 300 350
Diameter (nm)

;sﬂ"?i 10 Lmugﬁmsﬂs:mmlmmémmugmﬁﬂmwm CS/PVA L@38u9NLNAae1Ne fAa
CS-HOBYPVA (OJ), CS-TPP/PVA () and CS-EDTA/PVA (M) luaaain 10/90
(a), 20/80 (b), 30/70 (c), 40/60 (d) L&z 50/50 (e)
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wWarSumwlalasiuuinnin 60 wt% s1Iazauas lisnausatiadudulonn
A& A Aa o o [ i 39
N2 IBENaTRUBAIlE WA INaRDIFENAREINY  Jia  uazame 20077  uas
40 < o ' . ' ' a
Shalumon LLREATE 2009( . BUULFA IALAWIN repulsive forces szmwmg"laaauuﬂlu
o @ a & % A A a & A a (41)
Tassasvadlalaautaunsnmsiaduidwlondaiiaslunszuinnisdianlatatiniis
anutdunanvasLkwLdwlow I la laaw/PVA av1asaulay DSC UM 1, 12 uae
13 uaA9 DSC thermograms UadunulFulow luludaaindrig 289 CS-HOBYPVA CS-
TPP/PVA W&y CS-EDTA/PVA aNU& 1AL Lwia:gmmm endothermic curves 183 0/100 ﬁd
50/50 WadkHwLEwlEw I lalaaw/PVA 1ay Walalaani endothermic curves adlHbL&E
&< A o o =< v & o 2 a £ A i
Tow IunIvuadanemenonasny L iR AT 190 INANLAAY 1 16 L6 LIbLLeith
I wlg @139 4 u,amQmamﬂ'@mamwﬁaumnﬁaga DSC TaduHwidulauwily Nan1y

v & A a a X
ﬂ@aaﬂLLﬁ@ﬂl'ﬂLViu’Jq L@Jaﬂimtwna\‘l CS-HOBt CS-TPP a8z CS-EDTA LWNUY® Tm
Wasnutadllunefianasann 221.4 89 204.8, 221.2 £3 198.7 and 221.6 &9 215.0 °C

MuFAU war AH, Naaad 91N 25.6 f9 17.8, 254 ©19 114 and 24.3 ©19 16.8 Jig

ANEINL  NNANINAAAILFAILALAWIT  USu1 a9 la Lol a I bNRNEING RN

a & =2 Y . (39)
NMINALLBNENY aﬂLﬁulﬂu’]IuLLUaﬂ

(-

Endothermic

400 600 800 1000 1200 1400 1600 180.0 2000 2200 240.0
Temperature °C

;sﬂﬁﬂ DSC thermograms ¥aduHnidulauilu CS-HOBYPVA lusainaiundnie (a)

0/100, (b) 10/90, (c) 30/70, (d) 50/50 WAZ (€) K LAlATIU
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Endothermic
- o jjj @

400 600 80.0 1000 1200 1400 160.0 180.0 2000 2200 2400
Temperature °C

;sﬂﬁ 12 DSC thermograms 2adunmidwlawi i CS-TPP/PVA luaasndiudnis (a) 0/100,

(b) 10/90, (c) 30/70, (d) 50/50 WA (e) W bA LAz

m

Endothermic
-1] o (2] j=N

L L 1
400 600 800 100.0 120.0 140.0 160.0 180.0 200.0 220.0 240.0
Temparature °C

;sﬂ‘ﬁ13 DSC thermograms Uadubulawlau1li CS-EDTAPVA ludanaiudrs g (a)

0/100, (b) 10/90, (c) 30/70, (d) 50/50 WAz (€) K LAlaTIU
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a59N 4 ﬁagaﬁ"lﬁﬁnﬂ DSC thermograms Uadubwldwlom e talasiwPvA lu
5@]3’16*’3%@'1\1"] YaJd CS-HOBY/PVA, CS-TPP/PVA and CS-EDTA/PVA

Samples Weight ratios T. (°C) AH,, (J/g)
0/100 221.4 256
CS-HOBt/PVA 10790 217.0 22.7
30/70 208.1 21.9
50/50 204.8 17.8
0/100 221.2 254
CS-TPP/PVA 10/90 216.1 21.1
30/70 204.6 13.5
50/50 198.7 11.4
0/100 221.6 243
CS-EDTA/PVA 10790 218.2 215
30/70 216.0 19.0
50/50 215.0 16.8

3.2 N13AIFUAMANHMLBILAK (Chemical characterizations)
lassgamataiivasusuawlomlulalamuaraseulasls FTIR gﬂﬁ 14 u&ad

FTIR sUnasuvad CS-HOBYPVA lusanaiudng urwmdulowls PVA uaasmilnasy

Aaf 3360, 2940, 1430 Waz 1095 cm ' AUFAIAS V(O—=H), v4(CH,), S(CH-O—H) uaz v(C—

(39)

0), mudeu usindulourln CS-HOBYPVA lunng damsiu azwuRaddninuluia

pasurwawlguln PVA agraiden uasiiierSunawes CS-HOBt tRnduaswuiefi 1655
cm-1 %dlﬂ%ﬁﬂ v(C=0) 2183 primary amide(42) ﬁmmmwu”lm“lumﬂnm%’waam CS-HOBt
ezl 1430 cm” vosuruEulownlu PVA azdag s aaad PNUAMNINANBITAINATL
lddnfanuszlalasiauszwisluiana CS-HOBt uaz PVA usadl#iiudn CS-HOBt uaz
PVA snsanens@midhiuldszaulaana luusiudulouwly

3ﬂﬁ' 15 uaz 16 uaad FTIR F1Un@suvey CS-TPP/PVA uaz CS-EDTA/PVA lu
DATIEINGANT § NANUIINI CS-TPP and CS-EDTA wuaf 1655 cm” wazwuluurwdule
w1l CS-TPP/PVA Waz CS-EDTA/PVA NanIIANBHILIAIbHLAWIN CS-TPP and CS-EDTA

NEULTNAL PVA ImzﬁﬂuLaqalmwiméfulﬂmiu
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4000 3000 2000 1000

Wavenumber (cm-)

;sﬂﬁ 14 FTIR sunasuvasucuwdulowmls CS-HOBYPVA luaasndandnig (a) 0/100, (b)
10/90, (c) 30/70, (d) 50/50ua% () W4 CS-HOBt

4000 3000 2000 1000
Wavenumber (cm)

gﬂ‘ﬁ' 15 FTIR snasuvasunmwaunlowls CS-TPP/PVA lusasndiuednss (a) 0/100, (b)
10/90, (c) 30/70, (d) 50/50ua% () W9 CS-TPP
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4000 3000 2000 1000

Wavenumber (cm)

gﬂﬁ 16 FTIR siUnasuuaiuruidwlawle CS-EDTAPVA luaasndindnd (a) 0/100, (b)
10/90, (c) 30/70, (d) 50/50ua% () W9 CS-EDTA

3.3 m‘msnﬁau@mé’numu%ana (Mechanical characterizations)
anwquantaiinavadudwdulowlulalaaulasld texture analyzer Jaen
tensile strength strain W&z Young's modulus Lfiai’a@;ﬂﬂﬂ@LLwaﬁwﬁaﬁmmaﬁ‘hLﬂuﬁaaﬁ
qmauﬂ'&%aﬂaﬁﬂmwa Lﬁﬂﬁ%xﬁ'@ﬂdﬁqmamﬂ'@ﬁLﬁmwaﬁm%’umzmumsammma
é’mswﬁ’sugaq@ﬁmmmLm‘%ﬂmﬂmﬁﬂamlﬂﬁﬁa 5050 ailsfianumsfiaziaiengg
Fana urkwduloazdasaanaananagliftanenld Tasurimdnlowlufisasain 10/90
9 30/70 azmwnTnaensanld uaududlowluidvsuounaelalaanwindy 40/60 a2
lisusosanaan’e LﬁaamnIﬂsaﬁ'}waaLwiul,é(“uhﬁL'fluﬁ@]LLa:ﬁmmmﬁumug{uﬁﬂma
Aaaasrnliuduwdwlodanuiszunsanlisansasanaanld aefi 5 IECRGLIGHRIT
BenavasunmaunlownlalaawPVA ludamaiud1ig @1 tensile strength VBILHLE
lowlufisasan 10/90 9 30/70 adluzs 5.1 9 8.90 MPa 39 tensile strength 189
wrndwlgulu PVA iy 12.8 MPa ¢ strain (%) vosuruidwlow lufisaain 10/90
fiv 3070 aglutis 559 9 36.76 % B9 strain (%) vosudwdulowlu PVA iy
2751 % @1 Young's Modulus wasuriwidulowlufisnmain 10/90 B9 30/70 agluzig
44.00 19 149.71 MPa @9 Young's Modulus va3undulamwnlu PVA wihiu 257 MPa a1n
msanswuInieFinmaslelamwiauiu auauiainavasdulowluazanay
ANMVUTILTIAAR ﬁmnmﬂﬁzmamﬂifmm:gmLﬁﬁmwﬁ@mju Hla9anU e LA
ﬂuﬁﬂﬂ’]dﬁa@mLLﬂzLﬁ@ﬁﬂ%ﬂl%Iﬂidﬁ%ﬁﬁlE]\‘il,igfulil INMSANENANLIEN tensile strength

vasunniFwlom lnlalaounaioyladanulnaifsanudn tensile strength vasusulnla
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d o ~ ' P 43
LLwa‘ﬁmwwﬂ@nwamm@mﬁmagﬁ 10 Mpa

A13197 5 Qmauﬁ'&%aﬂammLLNuLé{”usLUquVLﬂTmemu/PVA Toyausadudade + du

51 SILUUBNAIITU (n=3)

Samples Weight Tensile Strain (%) Young
ratios strength (MPa) Modulus (MPa)
PVA - 12.81 £ 1.67 27.51 £ 2.94 | 257.97 + 60.71
10/90 8.90 + 0.30 16.63 £ 0.56 | 120.60 + 15.89
20/80 8.61+1.78 19.96 + 12.6 | 149.17 £ 33.75
CS-HOBt/PVA 30/70 6.56 + 1.29 5.59 + 1.01 147.53 + 34.47
40/60 1.59 + 0.44 0.78 £ 0.30 54.20 + 42.72
50/50 N/A N/A N/A
10/90 7.54 + 0.33 35.77 + 16.40 | 49.23 + 17.09
20/80 7.31+1.35 23.90 £ 5.30 44.33 + 0.21
CS-TPP/PVA 30/70 5.46 £ 0.23 6.62 + 1.38 76.97 + 24.61
40/60 N/A N/A N/A
50/50 N/A N/A N/A
10/90 7.98 £1.79 36.76 + 8.72 44.00 + 6.61
20/80 5.57 + 0.46 10.35 + 2.36 51.33 + 3.90
CS-EDTA/PVA 30/70 511+ 0.33 7.06 £ 3.06 60.80 + 16.02
40/60 N/A N/A N/A
50/50 N/A N/A N/A

N/A = the nanofiber patches cannot peel out off the aluminum foil.

4. Mm3szifinamantfudwanlawlulalasin
4.1 M3dszinamaNiAn1INBIA (Degree of swelling)
ausudanInesdveslalasmdugusudafnadyuazlaan Joiunldide
Taquniauna m‘swaa@ﬁﬁﬁLLa@ﬂﬁLﬁuﬁammmmsnlumsgwﬁwaammuﬁLﬁ@ﬁnﬂ
VALK gﬁﬁ' 17 ugad degree of swelling vasunmdnlowlulalaauludanaindnsg
nasnug e sazasnNasatWines pH 7.4 ﬁqmﬁgﬁﬁamﬂunm 1 9lu9 wrnidule
wilwlalaounsnaafaniswassannnnin 100% LRZATNIINDIAIRDE Wntuile
Usinamwoslalamuiiinds amefuduwdulownln PVA ﬁmmiwaaéha%iﬁ 95.6% @1N13
waades 10/90 lalamw/PVA sasnnindsagiitszanms 100% uazifinduds 170% e

=) AI J 1 L= [} 1 1
USu a9 la lamwANU D 50/50 AINNITWAIAUDS bAlaTWILAazINRD LR ANULANEGT
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% ' A o ° a Aaa [ 1 < a {d‘ g’ .
NWAINIBYRINTYNINEDA lunﬂamﬁmu vLﬂI@l‘ﬁ']%Lﬂ%‘WﬂﬂLN@iVl“ﬁﬂU%'] (hydrophilic

polymer) lassianunsarwdn il lulalamuldagrsnaisinaunazifiansaaradivedle

)

44 ' o ' [% & 1 a
I(ﬂ‘lﬁu( N Nﬂﬂ’]iﬁﬂﬁﬂ"]W']J'ﬂﬂTiW ANl K]] ﬂx‘]LLN%L&%I&I%WI%%@]I@]‘H’]%?J%B%ﬂﬂl]i&l']ﬂrlﬁll 24

g v @ A= o \ o
lalaou HanIINAaaIRFEANdaINY Meng BazATEE 2011 NANENAITNEIAIVEY WHIALE
Towlu PLGA/lalam i wudnn1swadalrvasupnidwlowilu PLGA/lalaow fa1n1swasg

o A ' L s & oA A a & (45
@]’Jﬁfﬂx‘]ﬂ’]’] LLN%L&%IEJ%’]I% PLGA LLazﬁmqumﬂ*‘umﬁaﬂimmmaavlﬂimsmmwwu( )

Degree of swelling (%)
-
-

e
-
L
T

106/90  20/80 30/70 40/60 S0/50
Weight ratios

gﬂﬁ 17 Degree of swelling (%) 2adurnidwlowlulalasw/PVA ludaaiudss vas
\nae () CS-HOBYPVA, (M) CS-TPP/PVA uas () CS-EDTA/PVA ﬁagauam

& A . =
Wualafy + RIBLDEILUBNINII W (n=3)

a < A o -
4.2 madszilingniawanyadase (Antioxidant activity)
A{‘D a 1 = vaa 2 1

anddueuyadarzraduduianlowlulalasudnsilasldiTde glaun
superoxide radical scavenging assay hydroxyl radical scavenging assay metal ion
chelating assay uaz reducing power urmwduwlowlulalamw/PvAa Ndasain 30/70 gn

YV o Qo Qfg/ a Q(Q/ ¥ Q€
Wananlfdmiumsfnmn gniduenyadas: anidwsauuafiiis LazonINIIANIULNG
A o A o Aav a o A £ o a ' o
asnnidulofidnwaen@linudaluduls 307 18 usasgniduauyadasz o ILHkLIY
lowlulalaowPVA wWisufsunuuswmdwlowly PVA  n3dns1e1837 superoxide
{ v Q(Q/ g:
radical scavenging assay (3Uf 18a) wudtudwdulowlulalasuiignddudsauys
superoxide 3§14 50% lannuidntuvasduluw lwwuiiy 10 mg/mL lasurwdulaulu
£ d d . [ Aaaa

CS-EDTA/PVA fignannfigafl 25.48% auaa superoxide gnashildlas Ujfsmvasiaad
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‘Jzumauvlfﬁﬁ@hoe] L% lipoxygenases peroxidase NADPH oxidase Lz xanthine oxidase
lavauwa superoxide  (Hudrdrdanlunisssiseuyadasziviaioioas ldud hydrogen

6 ' | [y
: IMNMANINTINARDIWUILLNULRY

peroxide hydroxyl radical en) singlet oxygen Iuéaﬁ%%“
TowlulalaowPVA LL&@GQ%?&’]UGHQ& superoxide ﬁaﬂﬁﬁg@ onafiasnannysanmlala
rulunrinawlow luiosifonauin PVA ﬁavl,mﬁ'mwaﬁ'ﬂ:ua@mﬂ'ﬁ(ﬁmmg;ﬁm
superoxide

M3AN®6283T hydroxyl radical scavenging assay (gﬂﬁ 18b) WUIUHMLERLEUN
i CS-HOBYPVA 61 ICs 1AL 7.53  mgimL usurwidwloulalaanwindadng uaes
ANy lwnsIutasniuas liaunsanien 1IC, 16 I@mﬁ@hagﬁﬂszmm 20% auas
hydroxy! Lﬂua%aﬁmzﬁﬁmﬂﬁﬁ%miﬁa LRZRIUIIDLAAINN NNITLAKVAY superoxide
anion W&z hydrogen peroxide fu'lasauvaslans wiu cu” w3a Fe ' agnelsfiony cu”
and Fe’' lildfagluiimoatisBaszudmansowuldlu albumin ATP citrate DNA uaz
membrane lipids' 1umsﬁﬂmﬁuawa hydroxyl tA@aInNInUnTenves Fe”-EDTA
complex nu H,0O, 1 ascorbic acid & deoxyribose I¥auTaunAL 2-thiobarbituric acid u
amazﬁ@ummuﬁ@%mmﬁu LfiaLawmiﬁﬁmwmmmiumﬁuawa hydroxyl 941
Wel9AUNLU deoxyribose a:ﬁﬂﬁﬁwwﬁﬁﬁmxua@ﬁaaaa(%) Tunsdnuriuriudulowln
CS-HOBYPVA Lm@mﬂ’ﬁfﬁma%a hydroxyl mﬂﬁq@ lasnalnlunisdvayya Cs-
HOBYPVA aasindalalaanudsdodnmsdnsnfudy

MIAN®6283T metal ion chelating assay (gﬂﬁ' 18c) WUTUHMLFW oM % CS-
EDTAPVA winiwfisnansnsunulosauveslansle Taofian ICs, = 1.07 mg/mL walruLdn
Towlulalamwniodng lingasgnimssunvlesenvaslans Xinguazams 2005 &
anwgninssuiulanzues lalamusaa wuinuaasgnsasesussliaunsausasle
An 40% 1 gL msfneitsenisdin winidwlounlu CS-EDTAPVA flamauifay
ﬁ'u"laaau‘[a%ﬂﬁgeqaLﬁaamﬂqmauﬁamwwzéﬁmaa EDTA 184

MIANAI83T reducing power (gﬂﬁ 18d) WUINUHWLFWlEM U CS-TPP/PVA §
@1 reducing power gaqmﬁmﬁUuﬁ’umvlﬂimmuﬁﬁum Zhong UAzAthy 2007 WU
reducing power maavlﬂimmwuuaaIuLaqaéiw (MW = 4 kDa) agj’ﬁﬂszmm 0.06 AiauTuTw
1 mg/mL(so) miﬁLLNuLéTuslﬂqu CS-TPP/PVA dl¢in reducing power gdaﬂmﬁa\‘immn
Tassaravas TPP §gniiln reducing agent
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a 30 - b oo -
g g
% 4
- -
o o
) )
T T
- -
g g
@ @
0.0 2.5 A0 7.5 10.0 0.0 .5 A0 7.5 10.0
Concentration {(mgmlL) Conceniration (ng/mI)
C 120 - d 0.6 -
- 100 _
% 80 s
€4
g £
o 60 e
= 2
‘.E 40 '5':
o 20
0 ' 0 1 1 1 1
0.0 25 S0 RS 10D 0.0 25 50 TS 100

Concentration (ing/ml.) Conceniration (mg/mI)

;5‘1]"?; 18 fm'?; ”ﬁuatggaaa‘iﬂ@ﬁ% (a) superoxide radical scavenging, (b) hydroxyl radical
scavenging, (c) metal ion chelating and (d) reducing power TR TAUAR: ST EITTRNEY
(O) 30/70 CS-HOBt/PVA, (L) 30/70 CS-TPP/PVA, (/) 30/70 CS-EDTA/PVA
uar (<) PVA *UEAIAIAMNLANGAIIDENNRURIAYNIRDGE  (p<0.05) e

wWisuisununguaiuau Teyausedludiade £ dwdoauninasgiu (n=3)
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aA ¥ . . .
4.3 msusziingndmwisanuaiitse (Antibacterial activity)
o & A A < A o Y | A A o ,
nalnmidwsaunafiGuvasialamulasniliazinerdosiu nyesiilunduns
o4 A G) A . o

C-2 184 glucosamine TyvzusadLizauaInlioagiuasazaonia  Waukwdulowlula
lamuaglusnsazans TSB Niiauriuassay lalaguizazannaanainuazuaadlszauan
luansazans U 19 waaINIsgugINMIaTLAulavaswuaiisy S. aureus uaz E. coli vad
urwgulow lulalaowmdSouisunuusmaulouwly PVA  agnadsn nasanualy 24
& ' Y £ o L o v v
7109 wHuEwlow lulalamuiaasgndauwuuafisoulasdunuanududs Han1sanen
WUduRLEWlEwI i 30/70 CS-EDTA/PVA Uaz 30/70 CS-HOBYPVA fuganistasqLiule
Y8478 S. aureus NANUINTU 5 LAz 7.5 mg/mL ANE1AL wazuewEulawlu 30/70
CS-TPP/PVA \Nauazudida S. aureus NANNLINTYH 10 mg/mL (U 19a) Umichunn
wulawlu PVA lisunsogugsmsasatdulavasde S. aureus lananadudu 1 fiv 10
mg/mL wHuduloulu 30/70 CS-EDTA/PVA was 30/70 CS-HOBYPVA snanIaduadnig
a3 vadLTe E. coli NaNnududn 5 waz 10 mg/mL aus1ay walkuawlaw e 30/70
CS-TPP/PVA uaz PVA lianansndugaita E. coli | (31 19b)

0.0 2.5 5.0 7.5 10.0 0.0 2.5 5.0 7.5 10.0
Concentration (mg/mL) Concentration (mg/mbL)

gﬂﬁ 19 OD 550nm W8sLe0 (a) S. aureus Waz (b) E. coli luansazansvasurmdulomlu
(O) 30/70 CS-HOBt/PVA (LJ) 30/70 CS-TPP/PVA (A) 30/70 CS-EDTA/PVA
waz (O) PVA wasanumiuia 24 9l ﬁagmmmlﬂu@hmﬁﬂ + 8%
Lﬁmwummpu (n=3)
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A1 MIC uaz MBC waduiuduwlauwilu 30/70 lalamiwPVA a;ﬂvli’lummaﬁ 6 KA
mMsnasasuaasliiFiwingnisudanuafidevasududulowulalamuiianuwands
fudniurfievanislalaauiils wiwdulowlu 3070 CS-EDTAPVA ugasqnaenm
Lmﬂﬁl,'%agoq@ﬁﬂ’nmﬁuﬁu 5 mg/mL flasangnidiusuaiiefiduas EDTA unany
wnngldaRuiAsiuandudouuafiZeuas EDTA mluwluuidsiuassuiuasan
WU EDTA fgniduidoning ﬂ‘samq&lﬁz\mmﬁﬁﬂ WATNLINUAZLATUAL ANsAnsn
gnaeudanuaii3eues EDTA 52010 chitosan lunsaes@an uade wuin EDTA fgns
fusanuefidsfsaunitlalaanulunsaezdan wefe uazmsmunues lalamulunsaas

©2 | riwanlaw lule

a A a o v Aa =) Q{ v ¥
F&n wada uay EDTA vliAamsdSugnslunisauia S. aureus
{ U v ¥ As‘ql s
lamwPVA  yninfefienadudyu 1 8910 mgmL  lunsensfuaasgnidwae
P ' A A . v &
WUATLTBUATNLIN (S.  aureus)INNNIN WLUATISHUATUAL (E. col) NALANIAULTE
. ¥ e A Y . .
wuafitoudazlsianduegAusssumaveadaiimang anuuandIadLLANTowNTY
UINUAZALABNIIABUAKAIADRIINTOEN619 9 aEIlATIAINITINITITARUAZUAZNT
v a o A o 9 (53) =~ ad a @ & A a
Jadpsdmvabagudiuuan Ingujfinannaisetuienalnnmsduauuaiiiuvas
& 3; =) s s a d%/ a A o
lalamu nikslunudedszauinuuluianazasialamuiviudszaauuuiansaunafite v
o wa A - (54-55) A . :
IWquanddnafendiuvenzailfouudasly nalnaug 1w lalamuaialuanad
susan lduaniihnanslusaseade loun DNA wazlddugin1sasns mRNA uas
56 . £y g
Tusdn ® Xing wazame 2009 AnwnalnnisdwdanuafiSoves aun1Au 1 oleoyl-
. ¢ . =< ' = £ o & A A

chitosan diaiTa E. coli Waz S. aureus nan1sAanswuiaymalinnddwdeuuaiiie lay
msﬁﬁmUimaa‘%ﬂwaaLﬁaﬁmfﬁaﬁl,l,a:mmsn%‘uﬁ'u and extracellular targets LT

phosphate groups W38 intracellular targets 171 DNA uaz RNA® ™

(mi'ld‘?; 6 @1 Minimum inhibition concentrations (MIC) and minimum bactericidal
concentrations (MBC) Uadtuuidulauli 30/70 CS-HOBYPVA 30/70 CS-
TPP/PVA ua 30/70 CS-EDTA/PVA @alda S. aureus uas E. coli t3suiiioy
AUuEwEwlaw s PVA

MIC (mg/mL) MIC (mg/mL)
Nanofiber patches
S.aureus E.coli S.aureus E.coli
PVA >10.0 >10.0 > 10.0 >10.0
30/70 CS-HOBt/PVA 7.5 10.0 7.5 10.0
30/70 CS-TPP/PVA > 10.0 > 10.0 > 10.0 > 10.0
30/70 CS-EDTA/PVA 5.0 5.0 5.0 5.0

44



manauiwdulow lunauasaiadagaialainmuns

®) a 1 6 . .
4.4 @nvranallwiuaalsas (Cytotoxicity)
weimanlodianlasaduaunsaaIonannlalaouluzisazaronsanas o laau
[ Aa { ' = A . AL o a
NRUAUWORLETI 9 atnd lsnauaN U T uA B ILHREN BUWNLEITAZANUNTALAZWER
€4:ll = ; a g a 1 % %
washuay lunsdnsfidsafinanuduisvasuduidwlow lulalaaulasls normal
human fibroblast cells (NHF cells) anuiiuinnisdanvasansanaanuamwaulouwly
lalamwPVA Aenuitududneg luaaain 10/90 30/70 uaz 50/50 taldTauiisuny
urmduloulu PVA ugaaaagy 20-22 wansfinswudn %ceell viability vanguiiiuans
anaanuHwLaEslouili CS-HOBYPVA CS-TPP/PVA uaz CS-EDTA/PVA 'lildaaasatined
wpdayneatalunndanduvuazanududu aIsuiisuiunduaiuqu (p<0.05)
atdlsRauALaAsad cell  viability afadtdntasiliannudnduaasuiwdwlonana
J ] A :‘!" 1 A @ o [ aa = 1 J. a A
aanananInuansildsuudasililaivefamnieaia namsinwisTiadievasinia
wazdhazaoilfisToadulownlulalaauldldsinadanisagsaasas NHF cells 310
Tayad1d9 naiugasldiiuiunudulouwls CS-HOBYPVA CS-TPP/PVA uaz CS-

EDTAPVA liiilufinda NHF cells uazldngmwlumsnaniduizglaunadaly

120 +
100 + ==l T % 1 7
80 -
60
40

% Cell viability

| t t t t t
contrel 1.0 2.5 5.0 7.3 100

Extract medium concentration (mg/ml.)

3171 20 Cell viability 2894588 NHF LiafNNanUsIanaanuiduduedns g vasududulow
14 () PVA uaz CS-HOBYPVA ﬁ'ﬁmwmu@mq (CJ) 10/90 (M) 30/70 waz (H)
50/50 ﬁagmmmlﬂummﬁ'm + o auunazu (n=5)
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120 +
100 -

Sy
N

o
H

oH
~H

40 +

20 +

0 i i i i i

control 1.0 25 5.0 7.5 10.0
Extract medinum concentration (mg/ml.)

% Cell viability

31]"?; 21 Cell viability 7891w88 NHF \laguianuasanannudutudns g sasuimdwlom
T (@) PVA waz CS-TPP/PVA figamaiudnig (OJ) 10/90 (M) 30/70 uaz (M)
50/50 ﬁagaua@uﬂumm‘é"m + o auunasgu (n=5)

120 -
100 -1 ]
80 4

N |
oH
J
~H

40

% Cell viability

0 i i i i i
contrel 1.0 25 5.0 7.5 100
Extract medinum concentration (mg/ml.)

3111 22 Cell viability 2891788 NHF WesuianumMIanAANUTNTUA9 9 vasusiwiwlow
1% (%) PVA uaz CS-EDTA/PVA «?iﬁmmmms] (CJ) 10/90 (M) 30/70 uaz (H)

50/50 ﬁagauamuﬂummﬁﬂ + §IuDEIUUNINIFIN (n=5)
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4.5 @nw11l9z8nSA1Mn1IENIKE (In vivo wound healing)
TunsfinsdszanTnwlumaaunuuns ny Wistar azgnildiiauiaunadiss 2
WNALS I UaI Lot LN LNA9INaNTUIA 0.8 cm” IwszrinsmsAnEazininITia
muﬂ@LLNanﬂi‘uﬁ’m%% planimetry Eﬂﬁ 23 LRE 24 ULRAININW wound area (%) LAY AW
vrauns lusudl 14 7 uas 10 wasnsnmasunwduluwile PVA, 3070 CS-
HOBt/PVA, 30/70 CS-TPP/PVA, 30/70 CS-EDTA/PVA NNy (negative control) 738
ﬁ’]ﬂﬂ%ﬂii’«gf;l’]éf’l%L%ﬂLLﬁJﬂﬁL‘%Uﬁﬂlﬂﬂluﬁadﬂa’m (positive control) ANATWLEAS LRLAN
ANULANANSYIAN AN UANYAIUNALAYUIAUNA LHUARZANTINE AWAVBILNALNS
\nasasnaaatiias LLazagﬁlﬂizmm 2% vasumaunasuawiainenlldduas 10
POIMTININAUANFIAUTI 6 WU TNauNaazmelnind 10 229M 3TN IUNN g uuDVes
m3snn asnalseny Twindl 1 %8591 % wound area maomjuﬁ%’nmﬁ’m A
wulownlu PVA, CS-HOBYPVA, CS-EDTA/PVA Uaz ﬁwnammiqm@TﬁuL%aLLmﬁﬁﬂﬁmy

lurasaaa fvwanidnninguninmdisdnasssua (p < 0.05)

120 -
100 -
80 -
60 -
40 -

% Wound area

20 -

Y

1 4 7 1¢
Post-treatment time (Day)

3171 23 Wound area (%) JWIufl 1 4 7 uaz 10 wasamInsaan (M) urdwduluwlu PVA,

(OJ) fMnaw (negative control), () WHwLFWlaW1 1% 30/70 CS-HOBYPVA, () Uit
wwulownlu 30/70 CS-TPP/PVA, ) uHuldulounly 30/70 CS-EDTA/PVA WAz

v v g d v ® e
(M) dnasurrndwdeuuafiiieninoluriasaaia  (Sofra-tulle ) (positive
control) *URAIFIANNLANGIBENTRBEIATYNIRDG (p<0.05) WalTououny

NYNAILAN ﬁagmmmlﬂummﬁﬂ + mmﬁmmummgm (n=6)
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Day 1 Day 4 Day 7 Day 10

c .

UM 24 MIWIAUNETERTNMITITNENIUTUN 1 4 7 waz 10 ¥IMINEIGIL (a) Hnew

(negative control), (b) WewLEwlawlU PVA, (c) unwidulouwils 30/70 CS-
HOBYPVA, (d) weistdulouily 30/70 CS-TPP/PVA, (e) weiniaulowlu 30/70
CS-EDTA/PVA uaz (f) N’masﬁmsqmﬁwm%aLmﬂﬁﬁﬂﬁmmluﬁamm@ (Sofra-

tulle®) (positive control)

¥ ]
A

NANIINARAIANINATD ma]Lﬁaammﬂﬁﬂﬂm:maaLLNuLé”ulﬂuﬁIuﬁﬁwuﬁﬁagaﬁﬂﬁ
&

mmmg@eﬁ'waammﬁ'LﬁmrmLLanL@TmﬂﬁﬂﬁLmaLLﬁaﬂ’jflLLa:LﬁmﬂwﬁmﬁwaaLuaLﬁa
vinmsautauna inauralvinaldnninguninmeisdinesssiuen luiui 4 veq
MWL MIinmaan windulouwnlu CS-EDTAPVA unaauuldafiga (p < 0.05)
wacluwsUaAnInuaIn1IsnEn wHwldwlowili CS-EDTA/PVA usadnansaatdaulunis
o \ o [ \ ~ 56 o & AA Aad
sauuuEa audunamnanudmdulownludnandontlunsdwdeuuaiisonangaan
¢ EDTA Waza1n N-acetyl-D-glucosamine 7il#a1nnszuinnstiasvadlalasiuassiaiy
Aa A ' a a . 59 [ o
Useanimwlunmssunuunalasmitiomsaiyidulavas fioroblast 16 wasandlen

[ 1 1 ¥ o & a
LINVYBINIIINBITUIADY a\‘]LLNRI%LL@Iﬂ$ﬂ§”ﬂ@]ﬂa\?'ﬂ$ﬁﬂ')']wﬂﬂ’]F_lﬂax‘]ﬂu PJIDIVITLNAIN
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' o X o ' o A
ﬂi:muammmaiummawununa"anaomamwk&maaﬂ@ﬂﬂﬁﬁmﬂwammm@ﬂﬂﬂ@
=2 o o =< A xR
LR HANNIANEIFAAANDINUNITANENVDI Chen LazAtee 2008 NANHINTTRNIWLNAYDI
LLN%L’&%IUW]I%QQRS’]Lﬁ]uLLavaﬂI@I‘lT’]ulu%Em@ﬂad WUINDWIAVDILNARDE ama\ﬂ@ﬁmju
ATNBIGI LA WLEW LU L HAINENTUTZEINTAINNANIINITINENGIY FINDTTITUALES

~ | a (60)
ADRNTLIULANYIBUTILA T

5. uiwidwlawlulalasungnasannainildanuadisnad 1R SUFNBLRE
5.1 N3LAIBNEIANANLURDNHANIAA
Wienvanaligaananadis 70 % viv azGlan %é’mwnmzmummﬁ‘méuqm
fwnlSanmensananeui ladudesidud yield léen yield windy 19.79 £ 1.73 % wa
MIANINUAI 70 % viv azdlanddszansnwlumsaiana
5.2 N13AUANAMNINETENANLIRaNNANIAA
ssananfanaadigaazgnaduquamninioui ldlnaaaslu ssazane
30/70 CS-EDTA/PVA lasiszifintsunmuaavusslnadin Usunmansinosanninua
ﬂ‘%mmmuﬁuﬁv’mmmiaﬁ'@mﬂLﬂﬁaﬂwaﬁaq@ LL&ZE]Y]%{(;]/’MQ%QaaaSZLLGZL%mLUﬂﬁL%El
ﬁagmmmlumiwﬁ 7
a15197 7 USunmsnsaangnieng g qw%géﬁua%a‘éaszuazqw%{ﬁwm%aLLUﬂﬁL‘%waami

a =) e ¥ | 1 dl 1 dl
ﬁﬂ@"ﬂ’]ﬂLﬂE‘]aﬂNaﬂJ\‘]ﬂ@ magmm@uﬂummaﬁ T RIBLUEILUBIINIT T (n=3)

Test GM extracts
waar s lNa&w(% wiw of extract) 13.20  0.20
Total phenolics (g GAE/100 g of extract) 26.46 + 0.22
Total tannins (g TAE/100 g of extract) 34.05 £ 0.05

DPPH ICs (pg/mL) 14.66 + 0.16
ABTS ICsp(pg/mL) 1.67 + 0.03
FRAP EC,(ng/mL) 0.33 + 0.001
Antioxidant Galvinoxyl radical 1Cso(mg/mL) N/A
activities Superoxide radical ICsy(ug/mL) 4.35 1+ 0.03
Hydroxyl radical 1Cso(ug/mL) 6.87 + 0.01
Metal ion chelating ICsq(pug/mL) N/A
S.aureus (ug/mL) 62.5
MIC
Antibacterial E.coli (ug/mL) 62.5
activities S.aureus (ug/mL) 62.5
MBC
E.coli (ug/mL) 62.5

N/A = the inhibition (%) was not reach to 50%
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NANNIANBINL N ﬁﬂ%mmuaav’hLLwaIﬂaauluawiaﬁ'@aWﬂLﬂﬁaﬂwaﬁ'\ﬁﬂ@ Wiy
13.20 + 0.2 % wiw U3 TAUaANTIRUALRSUNWAUNIRUA LN 26.46 + 0.22 g
GAE/100 g 2a9838niauas 34.05 + 0.05 g GAE/A00 g To9sIanaaNEIay qnasn
auyadaTzrasmIanaNIfennaligadnlasis DPPH, ABTS, FRAP, galvinoxyl
radical, superoxide radical, hydroxyl radical L8z metal ion chelating @1 ICs, 29935 DPPH
Waz ABTS LYin1U 14.66 + 0.16 Waz 1.67 + 0.03 pg/mL &3uA1 EC; 28975 FRAP 1¥innu

|+

0.33 + 0.001 ng/mL @1 ICs, V897D superoxide Wag hydroxyl radical scavenging L¥innu
4.35 £ 0.03 wae 6.87 £ 0.01 pg/mL f1r3UAD galvinoxyl radical LLae metal ion chelating
ﬁﬁiﬁﬁ@ﬁ]’]mﬂﬁE]ﬂNE]ﬁGQ@]VLSJ'ﬁ’ISJ’IiﬂLLa@Gfm%( scavenging W&z chelating WanN1INaaad
F9AARBIAY Pothitirat  uazAmE 2009 leTeulSunmaniuesdnnenuauazunuiin
ﬁv'ammaomiaﬁ'@mﬂLﬂﬁaﬂmaﬁaqﬂiumia:mﬂ 95% v/v LaNuaa YNy 28.88 + 0.73
g GAE/100 g Uad&1T8NA LAz 36.66 + 0.43 g GAE/100 g 2ada1sanaeuaay diunm

61 '
)( ) NAN1IN@aadn1 MIC Laz MBC 283813

waaruIlnadn 1Ay 13.63 + 0.06 % (wiw
aﬁ'@mm,ﬂﬁaﬂwaﬁaqmial,%a S. aureus uaz E. coli Wiy 62.5 pg/mL Ssnaminaaadiile
FaAARDINUTEN Ui ourINHY09 Sakagami UazAms 2005 TeNwIETHaaruLlnaaH
ﬁLLUﬂmﬁ]’m stem bark 183 Garcinia mangostana ﬁqw‘ﬁgﬁ’]m%a vancomycin resistant
Enterococci Was methicillin resistant Staphylococcus aureus tagilein MIC winny 6.25 way

62 g; 1 1 Q >
2 NRNIINARDINIRNUOUILBNIN ﬁ']?ﬁﬂ@’i]']ﬂLﬂaaﬂNﬂﬂNﬂ@

6.25 - 12.5 pg/mL ANR1AU
a Q [ a a a a K Ag‘i/
u70% wv ardlandsnsdansuaaiiuuslngdn ssiueadn wnuiu wazgilignsdu

a & AA Aa
a%ﬂaaaizuﬂ:lfﬁaLLUﬂﬂLSﬂﬂ@I

= 1 U %) =} (%]

5.3 m‘sl,malmmmau‘lﬂm‘fuwa&lmsanﬂmnnJaanwam@m

WWILUEITRZANY  30/70 CS-EDTA/PVA ﬁﬁmmﬁ@mmﬂﬁaﬂwaﬁm@ (uanw
Wudw 0, 1, 2 uaz 3%wt waaruwaslnadudesivinnedweslalaawPVA) ans9h 8
LRAIAIANADG AU IRz LIIRIRIT8IRITAZANY  TITLANUS NI MUAIRITRNA
mmﬂﬁaﬂmaﬁo@mummﬁu 3%wt §1IRZANELAWNITINADIA199 UEad 1w Ad1aaw

A ol o 1 a & 1 £ v a Q = 1 U

wiadn il lusnansaeTouduidwawlownlad iAeanwusdaluiduwidwlonas
AR WAL AT IR TR AN LUEIUTDITULH W L) é’aﬁum‘saﬁ'@ﬁnﬂLﬂﬁaﬂwaﬁ'&q@mmm
Traaadluikdulauwile 30/70 CS-EDTA/PVA lananudiuds 1, 2 uaz 3 %wt Laa

Aunslnafusdawadivas
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a ' a 6 ' a a PN Aa
fN1379N 8 ﬂ?WWSW&JL@IBiTBGﬁWiﬂZﬂ’Wﬂﬂa%aLaﬂI@]iaﬂu%\‘i maamia:mﬂﬂimmuwaww

wae ladl miaﬁ'@mmﬂﬁanwaﬁaqm (0 1 2 Uaz 3%wt waarunilnadudana’

v

& & ! A ' ~
LﬁJE]i) ?Jﬂ%laLLﬁ@ldLﬂuﬂ’]Lﬂaﬂ + aauLUﬂﬂLU%N’]@iiqu (n=3)

Viscosity Conductivity Surface tension
Solution
(mPa s) (mS cm-1) (mN m-1)
0% waar L lna@n 254.7 £+ 0.76 1006.0 + 7.55 556.56 +0.28
1% waaruudlnadn 2524 + 2.39 1035.0 £ 2.65 53.9 + 0.57
2% waaruuslnadn 2459 + 1.37 1075.7 £ 1.53 52.1 + 0.31
3% waaruaslnadin 2399 + 1.64 1114.7 + 8.74 49.3 £ 0.15

@ 1 [} A A o A
54  nInsndauamansmzzadkdwaEwlawlunlalasuidasainenulfanus
ﬁoqm
5.4.1 msmmaauqmé’nﬂmu%aﬁuﬁa
mwm’mmUléfﬂﬁaagamﬁﬂﬁ&ﬁﬂmamaousimﬁulamh CS-EDTA/PVA Niluay
A o A @ A ' v o fa
"LuumsaﬂmnﬂLﬂaaﬂwamqmm@ﬂugﬂﬂ 25 mwmslmsllmﬂaaaa;amsﬂual,aﬂmau
LRAILALRWIN Lﬁulﬂﬁé'ﬂumzﬁwLLazvlaiwuNﬁﬂmaam‘saﬁ'@mﬂLﬂﬁaﬂwai]’aqﬂlmﬁuh NA
=4 v & 1 e =} L s = v £ £ 1
nsansuaadliiAnimsiaanidfencaiign sunsnnniuladluduls uaziduru
& o \ o o A \ A
gluﬂﬂmwauauiaaglmmuuﬂumm mim:mwm@maaLauiﬂLLa@dlugﬂﬂ 26 FLaRY
PoIFUAUARENANIAARIANTBLAIN 205.56 D9 251.35 WA Il a LS U IRIIRNA
= nl ‘g { 1 =) {
nnifanwadigaiinanau (@190 9) Awiniiiaeizasasazans CS-EDTAPVA
uinasanaanifenwaiige wWisuulasliiandesuazlidonadedmgwinezasdu
1y (13199 8) WaMIANHFAARBINLUATANABUAIN sIananfanHaiigagn
v luuiwduloBidnlasadu PVA  uazlildifouudassmgiuinazesdulodonan
U d' v =} 1 d' £ 1 6 U 1 p.l'd =
mulm%mnwmnmuLm:mmaslwnaaLaumuguﬂﬂmamaamulwaumuwmm:"lammi

(63)

aﬁ'@ﬁnﬂLﬂﬁaﬂwaﬁdq@agimaoi:mw 140.7 - 197.3 wluluas uaﬂmﬂﬁmimiﬁ;

lysozymes adluiduls CS-EDTAPVA fililldginadanmaidusiugudnasvaduloland

mmﬂagjslmi’;a 143 - 209 w1 lwaas"”
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3UN 25 mwdomaldndasganisatdidnatan (5000x) vasurwdulowlulalamud
viraIanannfancadsgaluanuidutudag: (a) 0%wt waaruuslnadiu
(b) 1%wt waaruuslnadn(c) 2%wt waaruaslnadn waz (d) 3%wt Laarw

Tng@n

M1519N 9 @hLaﬁﬂLé”umugmﬁﬂmwaaLLNuLﬁulﬂuWIu 30/70 CS-EDTA/PVA ﬁmi’gmi

snanLfanKaline (0 1 2 uaz 3%wt waaruNslnafudanadinad) Taya
waaadudiady + @udaiuuuInIgIn (n=3)

Nanofiber patches Average diameter of nanofiber (nm)
0% waaruuslnadn 205.5 + 36.06
1% waaruaalnadi 207.8 + 34.30
2% waaruuslnadn 220.7 + 36.74
3% waaruuslnadn 251.3 + 47.95

52



o i o PR P v
manauiwdulow lunauasaiadagaialainmuns

a,,. b = -
g 40 - ? 40 -
2 30 - Z 30 -
:
T 20 - T 20 -
= &

10 - 10 -

0 0 A

50 100 150 200 250 300 350 50 100 150 200 250 300 350
Diameter (nm) Diameter (nm)

C 50 - d D -

40 ~ 4D -
g 30 g
? ? 30
- z
o ’g 20 -
=

10 - 10 -

L 0 -

S0 100 150 200 250 300 35D S0 100 150 200 250 300 350
Diameter (nm) Diameter (nm)

UM 26 MInsznpaEURRIRgUInaIvaduluwlu CS-EDTAPVA  fiussyansana
nnufanwadsgaluanuidutudag: @) 0%wt waaruaslnadn (b) 1%wt waa
AuRalnadin (c) 2%wt waarundlnadiu waz (d) 3%wt waaruudlnadiv
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gﬂ‘ﬁ 27 ug@9 DSC  thermograms wrnidwlownlu CS-EDTAPVA Ninselufians
snanilfenuaiiigauazasinaIguueaiiuuilng@u nan1sAansIwLdn endothermic
curves °11a<1LLNuLﬁuisluquﬁussa;m‘saﬁ'@ﬁnﬂLﬂﬁaﬂwaﬁaq@ﬁm@waaumma@aw'm
216.9 °C f14 215.2 212.4 uag 210.2 °C Lﬁaﬂ%mmmaamﬁ?aﬁ'@mﬂLﬂﬁaﬂmaﬁaqmﬁ'uﬁu
w12 uar 3%wt waashuwslna@uauiay smiuasanaswueaiiuaslnaduiae
%aaummﬁ@"hﬂ’hLLs\iuLé{"usLﬂqua%iﬁ 183.7 °C mﬂNamsﬁﬂma‘gﬂvl,@T’hmiaﬁ'@ﬁnﬂ
wWianwadsgalundudulowlulidsinadangnssunisldainuiau (thermal  behavior)

Y ILHWLEW LW 14

L a-mangostin

0% wt a-mangostin

1% wt a-mangostin

2% wt a-mangostin

3% wt a-mangostin \ﬁ

L 1 L 1 L 1 1 1 L 1 1 1 1

200 400 60.0 80.0 100.0 120.0 140.0 160.0 180.0 200.0 220.0 240.0 260.0
Tem °C

Endothermic

51# 27 DSC thermograms whwlaulownly CS-EDTA/PVA ﬁmigmmﬁ'@mmﬂﬁaﬂwa
ﬁoqﬂlum’]mﬂﬁuimme] 0 12 uaz 3%wt waarusslnadudanadiwes) was

gavasgukaaiuaslng@u thermal behavior

5.4.2 NMIATNFdUAANBMLLTILAN

FT-R  sunasuposurimauloulu CS-EDTAPVA Ninsalufissanaanaen
M1 LLazmimmg’muaawwLLmIﬂaauLLamlugﬂﬁ 28 WUINRUNATUVDI WHULEWLY
miu‘fi"lajﬁmiaﬁ'@mmﬂﬁaﬂwaifeq@ LgaIRA 3360, 2940, 1650, 1430 uaz 1095 cm’
Faflufiauas v(O-H), v(CH,), v(C=0), 8(CH-O-H) uaz v(C-0) mudeu uazlusinasy
PaIgINIaI LA ILNI Ing@u ssugaIRaflaaiand 3422, 1642 uaz 1284 cm’ il

(65)

a Al a & a o o @ g a A
Wﬂﬂladﬁﬁwuﬂaaﬂ ANUAUR LaZtians AUy sﬁﬂWﬂﬂWUluﬁ’]iN’]@liﬁ’]uLLﬂa
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Wnaslngdn azauisanulalugilnaTuues unwdwlauiln CS-EDTA/PVA U379 1-
3%wt uaarhuaslnadn anuansdnmaanInasllddueaiuaslnaulusssiaan
Lﬂﬁaﬂwai]’oq@ﬂi:mﬂé]'avlﬁﬁluLLNuLé{"ulﬂuﬂIu

0% wt a-mangostin

1% wt a-mangostin

2% wt a-mangostin

3% wt a-mangostin

a-mangostin

3000 2000 1000
Wavenumber (cm)

311 28 FTIR fUnasuvadnpwldwlaui s CS-EDTA/PVA ﬁmiﬁ;msaﬁ'@mmﬂﬁaﬂwa
ﬁaq@&lumwm‘*ﬁuﬁu@mﬂ 0, 1, 2 uaz 3%wt waaruuslngdndanadinas) uas
gIunaIgIwiasiuuslnafin

5.4.3 NMIATIFTDUAANBULLBING

GRIGEGIT L%dﬂalugﬂ tensile strength, strain at the maximum W&z Young’s modulus
YaduHulaulowili CS-EDTA/PVA ﬁﬁ%%a"l,zjﬁmiaﬁmﬂﬂLﬂﬁaﬂwaﬁaqmgﬂmnaamm:
LEAIHALANI9T 10 HANIANHINLANA tensile strength maauw’m&ﬂwﬂuﬁt&m@ag
14T19 4.57 - 511 MPa uazdLaaswinny 4.76 MPa LialSunamasasanasnilaanta
ﬁaqmﬁ'uﬁum tensile strength VasuHwERlowluIzABE ) AARI §IUAN strain at the
maximum maaLLNuLﬁu‘lUquﬁwmagj’lwﬁaa 7.06 - 7.61 MPa uazdladuwinny 7.34
MPa Wazf1 Young's modulus °1|adLLN%L&%IUW]IW;T’G%&I@]E]F;‘J;El,u"ﬁ’ld 51.9 - 87.8 MPa L@z
ALaagLinfiy 67.7 MPa Namiﬁﬂmﬁa%ﬁmiaﬁ'@mmﬂﬁanwaﬁhq@ Tunsuauloulu
CS-EDTA/PVA dwaﬁamiaﬂmawﬁaL%dﬂamaummﬁuhmiu miﬁﬂmﬁa;ﬂﬁdﬂ LB b
\&wlounlu CS-EDTA/PVA ﬁmsqmsaﬁ'@mﬂLﬂﬁaﬂwaﬁoqﬂiumflmﬁuﬁmm6] 3
é’ﬂslmwﬁ'wmvl,ﬂLﬂ%i’aqé’]%%’ﬂﬂ’ﬁﬂmlﬂa
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A1319% 10 QMﬁNﬂ’aL"%dﬂﬂ“ﬂa\‘iLLN%L&%IU%’]I% CS-EDTA/PVA ﬁUiiﬁ!ﬁ’]iﬁﬁ@]’iﬂﬂLﬂaaﬂNa

ﬁaqmiummvﬁwﬁu@mﬂ(o 1 2 uay 3%wt waauuslnadudanafiue’)

v

& ! = ! ]
?JE]%J&LL&@NLSIJ%@’]L%NU + ﬁ’J%LUﬂGLU%N’]@]Sﬁ’]% (n=3)

Nanofiber patches Tensile strength Young’'s modulus
Strain (%)
(MPa) (MPa)
0% LL@QWWLL&IGIﬂaa% 5.11 £ 0.33 7.06 £ 3.06 60.8 £ 16.0
1% LLE]EIW’]LL&NIT]&@% 4.77 = 0.56 7.33£2.97 51.9+0.9
2% WaarLuIlNaG® 4.59 £ 0.16 7.61 1045 704 + 36.7
3% waaruuslnadiu 457 £ 0.17 7.36 £ 0.55 87.8+34.2

5.5 ﬂ’]iﬁ']ﬂ%&d’lmuazﬂ’liﬂaﬂﬂa'aﬂﬂﬂiﬂﬁﬂ%ﬂﬂL‘i.l?\aﬂNﬁﬁd@ﬂ%’]ﬂtl&i%t%ﬂiﬂ%ﬂt%vlﬂ
Tazw

@1 % loading efficacy Bosunuwlguln CS-EDTA/PVA fidssanaainilaana
Asnaaglugig 40.69 - 43.86% Lﬁaﬂ%mmmaam‘saﬁ'@mmﬂﬁaﬂwaﬁaq@Lﬁ'uﬁu (@luany9
711 HamIAnsuaaslfAnisdediavesmsnasaiannidfannadinandluunu
wulowln  o1auiasunann miaﬁ@ﬁ]’mLﬂﬁaﬂwaﬁaqwﬂumsﬁ%jmam{’l (hydrophobic
compound) %\‘illiiﬁ;LfﬂvLﬂvL@TmﬂsLuwaaL&la‘gﬁl"ﬁauﬁﬁ (hydrophillic)  a&nd8138za18 CS-

EDTA/PVA

@19190 11 % loading efficacy VavuHuiFulowlw CS-EDTA/PVA AUTTIINTANAIN
LﬂﬁaﬂNaﬁdqﬂlumwmﬁuﬁu@m6] (0 1 2 uaz 3%wt Laavuuding@udawad

& @ & ' a ! =i
LﬁJi’]'i) Taaﬁlﬂu’a@\‘il,ﬂ%ﬂ']l,ﬂa{l + a')uL']JENL']J%&n@]‘iﬂ']% (n=3)

Nanofiber patches Loading efficacy (%)
1% waaruudlnadi 40.69 + 2.30
2% waaruuslnadn 41.97 + 3.25
3% waarunslnadn 43.86 + 0.11

Anvnmsdandassvasuaaruuslnaduainunwidulowilu CS-EDTAPVA ﬁmsg
miaﬁ'@mﬂLﬂﬁaﬂwaﬁaqﬂiﬂﬂl"ﬁ Franz's diffusion cells gﬂﬁ' 29 usaszluuumlandaas
woavuaslna@uan udniFulow lnluanuidudud19g 0, 1, 2 uaz 3%wt LaaW L
Ina@udanadines) nansansuaadliidininuearusslnaduiinslantaasatinesiasa
WasidudnsUantdesazanvaiuaawiuudinadn agjﬁﬂszmm 80% Aol 60 wfl wWa
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mMIanELEad AN waaruuslngdususatantdasldataTiainnuduiaulown
Tu I@ﬂﬂ%mmgaqmadLLaaWWLLwaIﬂaauﬁﬂa@ﬂdasmmwimﬁu’l,smﬂﬂu 8 %Laimagjﬁ
Uszanak 90% NMsAnELEad A RRILear LN InaRuanuTadaadses lalasdnuann
urwidulowlu CS-EDTAPVA uazgduuumsdaadsasuasiunslna@umansnaiue e

66
§()

£ 1 s a é s ) s { 1
I(ﬂﬂﬂﬂvl,ﬂﬂ']i‘w 2IAILLRZNIINIDUAITVDINDNLND mﬂawmmyﬁmqumiﬂa@ﬂaasl

8136199 INWBALNBTLUNINTABNANTINAINGIAT 171 lalaawiuaunIndaziTunas
alulanaradenazizuazaBLazaanuNYEING laatemai 8nwuilinalndannian

a = o . o v . o (67)
maawaaL;Ja‘?‘lﬂimﬁmum}:miﬂmaqamaa maanmaglumﬂmﬂ@ LT

100 +

% Cumulative release

0 60 120 180 240 300 360 420 480

Time (min)

31l1 29 mMivaavsssuaaruuslna@uainuruidulounlu CS-EDTA/PVA ﬁmsﬁ;miaﬁ'@
mmﬂﬁaﬂwaﬁmmlummLﬂﬁuﬁu@m6]: (A) 1%wt waaruuslnadn, (O) 2%wt
waaruuslnadn waz (O) 3%wt Laar LN lna@n iagau,a@uflummﬁa + %

51 SILLUBIAIITU (n=3)

5.6 m‘sﬂ‘szLﬁuuw'%L%’%‘lﬂm'[%‘lﬂfmmuﬁﬁmsaﬁmmnLﬂﬁannaifa@ﬂ
5.6.1 nM3UszIinAUWANTANITNDIA?

gﬂ‘ﬁ 30 u§AJ degree of swelling Tasurwdwlgulu CS-EDTAPVA Ninsalsd
srananilfenuaiige wasanuglumsazaoasnadwines (pH 7.4) 1Huaan 1
%Laimﬁqm%{]ﬁﬁm NANIIANBINLIN LLciuLé(“ulﬁuWIuﬁVL&iﬁmsaﬁ'ﬂmﬂLﬂﬁaﬂwaﬁaq@
(0%wt waaruuilnadudanafiuas) J61 swelling degree ¥inAU 134.53% LazazanaLile
ﬂ%mm"naamiaﬁ'@mﬂLﬂﬁaﬂwaﬁqqmLﬁ'u"fu lae swelling degree uweinidwlauly CS-
EDTA/PVA ‘ﬁ'msﬁ;miaﬁ@mmﬂﬁanwaﬁaqﬂummﬁwﬁu@m6] 12 WAz 3%wt LaaWILa
Tnadudawadiuad WAy 111.96, 101.7 uaz 96.67% awdey lalamwiunasivesn
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gavinlagvinsusnunseiwd i luwafinas laatiisiasinaunaziian1Ira1uaua

a & (44) Y A @ & =Y S o & A | v
waRlwas  duasanannidfenwaigaidusf lizeuihdsuuilausrgasluuninidu
Toulw mw:ﬁawaﬁiaqmauﬁamswaaé’wamﬁmﬁﬂﬂmiu CS-EDTA/PVA lag'lihiiu
ad lrautinluidwlayinlwn1InnInesa1aaas

160 T

120 +

80 +

40 1

Degree of swelling (%)

0 1 2 3

GM extracts (% wt o—mangostin to polymer)

31U 30 Degree of swelling (%) vasunmidulumlu CS-EDTAPVA fiuTI9a1sanaann
wWaeanwadsgaluanududuedisg (0 1 2 uaz 3%wt waarunalnadudanad
wed) Teyausaadudnads + @ dsauwanaizw (n=3)

a l{ a
5.6.2 msﬂs:mmmﬁ(;f'mmma adse
n€9/ a ] v { Q
qmmua%aamzmaauwmaulﬂmiu CS-EDTA/PVA ﬁmsﬁ;msaﬂ@mmﬂﬁaﬂwa
ﬁaq@‘lumﬁmﬁwimme] (0 1 2 uaz 3%wt waaruuslnadudanadines) ansal83s
@199 @9% DPPH, ABTS, FRAP, Galvinoxyl radical, superoxide radical scavenging,
. . . . . A £
hydroxyl radical scavenging, metal ion chelating L% reducing power @131 12 LRAIENTD
@Tmawa‘ém:ﬁw%‘% DPPH, ABTS, FRAP ua2 galvinoxyl radical NANIIANHIWU RN
s o A{W a J a v v 1 a
ﬁmiaﬂ@mﬂLﬂﬁaﬂNamqmmamqwﬁmumg;‘gaaaiwuﬂumwwmu A1 1Cs °IJ6<1’J%
{ v v s R AI J
DPPH ABTS iR/ FRAP a:amuﬁammLmumumaomsaﬂ@ﬁnﬂLﬂﬁaﬂwamqmwmu
' = ' o A A o A o ' £ o a
’e]il’]\'lvliﬂ@’]&lLLN%L&%IEI%’IIWY]VL&Illﬁ’]iaﬂ(ﬂ’i]’]ﬂLﬂaaﬂwﬂ&mﬂ‘@mﬂ&lLLﬁ@GQY}ﬁ@ﬂua%Hﬂaﬁiz
v =) ] g; ] ny ~Q v =)
@]’Jﬂ’l% DPPH ABTS 8 FRAP LL&ZLLNWY]G%&IQVLNLLEI@GQY]'E@]W%EIHHQaﬁiz@’l’lEl’)%
. . d' Afaz a v ada . .
galvinoxyl radical @13N 13 URANNNDIAIUBBURDFIZAILID superoxide, hydroxyl radical
scavenging Waz metal ion AN ITULIAWLIN wrwdulounlu 30/70 CS-EDTA/PVA
< (a , . £ . .
LRAIEND chelating N@da metal ion LL@lfli]Ylﬁaau(ﬂa superoxide LR hydroxyl radical

=3 g b { QGIQ/ a d et
scavenging 8t lsfanumIaniaNlfanualigandgntdueyyadasznd  Ganiuaad
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A o A ' ' [ £ . { ) ' o
anzldiiioaglunduidulounlu CS-EDTAPVA uaznnT chelating Ndagusivaduruiduly
wils CS-EDTAPVA iindaasaglunduduloinlunusnassianndfontadige e

g: U ngl a Qs o ot 1
mifnsnimuasmusnagdldignidueuusdaszaasmsanannidfanualiigadiasey

99 A DI TEUIBMNIBLAN LA TE T Wi N LT WA A ue96N ﬁga

A151971 12 L&AS The total antioxidant capacity LLaz galvinoxyl radical scavenging Ua3LLN
ulownlu  CS-EDTAPVA  fiusmassanaannidfennadigaluanuidudu

@199 (0 1 2 uaz 3%wt Laaruaslnadudanaiiwes) maymm@uﬂummﬁﬂ +

. d'
FIWLUEILUBIIAITTW (n=3)

Nanofiber patches Total antioxidant capacity Galvinoxyl

DPPH ABTS FRAP radical
ICs0(pg/mL) ICs0(Mg/mL) EC;(ng/mL) ICs0(mg/mL)

0% Ol-mangostin N/A N/A N/A N/A
1% Ol-mangostin 677.6 +2.89 53.1+0.28 18.9 £ 0.95 N/A
2% Ol-mangostin | 371.4 £10.11 | 36.5+0.25 7.6 £ 0.00 N/A
3% Ol-mangostin 260.1 £ 7.42 271+ 0.31 5.9+ 0.00 N/A

N/A = the inhibition (%) was not reach to 50%

A13199 13 UEa9 The superoxide, hydroxyl radical scavenging L8z metal ion chelating
vasurmduloulin CS-EDTAPVA flussansanannidfennadogaluaiy
WuTduA199 (0 1 2 uaz 3%wt waaruuslnadudanadiuas) Toyauaadii

: A ) =
ALRRY = FINBLVEILUUNIATIIU (n=3)

Nanofiber patches | Superoxide radical Hydroxyl radical | Metal ion chelating
ICs0(Mg/mL) ICs0(Mg/mL) ICs0(Mg/mL)
0% OL-mangostin N/A N/A 107.3 + 0.61
1% Ol-mangostin 149.89 + 1.43 426.01 £ 2.50 1243 £+ 1.91
2% OL-mangostin 87.48 + 0.60 210.74 £ 4.50 109.2 + 1.06
3% Ol-mangostin 43.68 + 0.39 92.69 + 2.60 107.2 £ 1.62

N/A = the inhibition (%) was not reach to 50%
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- < ¥
5.6.3 n3Usziingnsanidauuanitss
£ o A A Py ' o A [
qmmuummimmmlugﬂw 31 uHwduloulu CS-EDTA/PVA NUII9ETENa
A o A A & < ' o o '
ﬁnmﬂaaﬂwamq@]gﬂmaaulmmﬂ‘nLsmmmmﬂamﬂunm 24 T 139 LNWLEWLEAINET?
AE‘QI :3/ Q v v 1 [ v { %
LEAIRNIABULATISBIUALANNTNTY lasnanTAnINLILHwFwlow Iundansana
mmﬂﬁaﬂwaﬁaq@‘l,ummLﬁm‘fu 12 uaz 3%wt waavuaslna@udugsmataigLdulevas
8 S. aureus WAz E. coli NOMULTUTUILHY 2 1 Lag 0.5 mg/mL ANEIAY fRTUUHY
AN A @ A o & o & a a A A o
ﬂ"l,uumsaﬂmrmLﬂaaﬂwamq@ﬂmmmr_mmmmmyL@uImaoLmﬂmmslvl,@m 5 mg/mL
@1 MIC uaz MBC 2aduinldwlawili CS-EDTA/PVA nuITImIaneNfanHalige
~ £ o & A A \ o A v ' A =
LEAIlUaI9N 14 gnddwTasuafiTovasusmEulow luiiaiosnin 5 mg/mL Ty
v o AN 1 & A \ . =2 A £ o & A A
anNTuTun L uisde fibroblast cells HANIANHILITINONTEUTBLLANSHVBIFNT
aﬁ'@mﬂLﬂﬁaﬂwaﬁ'@q@El?ima%iLﬁamuﬂs:mums’élﬁﬂimaﬂuﬁa LR D LA LEW W 1
CS-EDTA/PVA ﬁmsgmsaﬁ'@mﬂLﬂﬁaﬂwaﬁaﬂ@a%ﬂmmﬂﬁﬁmm’mmﬂau miaﬁngﬂ
\ o £ o & A A J A , , @
UaadaasaananndnluLazlandgnoawTauuafiise wananhilauaunsaual balaan
a n:Sru g
way EDTA lmmuﬁﬁ]zaaﬂmaglmmﬂﬁL‘%ﬂLLmumzﬂauuazmsuqmmm%mmﬂﬁL"’ifsl Y
£ o ¥ o 'Y . &
i’mmuqmmm%aLmﬂﬁL‘%mlaamiaﬂ@mﬂLﬂﬁaﬂwamﬂwamumﬁﬁmmmmmmum
JUAU [32, 33] LLazLLaav'\hLLmTﬂa@ﬂumiaﬁ'@mnLi.lﬁaﬂwaﬁmmﬁﬂs:ﬁw%mwhmsﬁu511
& - . (70) o & o a
v08  methicillin-resistant Staphylococcus aureus fulalamusnunIamuizanuaiisy
@Tamﬂszﬁ;mﬂuumslwa'ﬁLuaﬂﬂsumuﬂs:ﬁ;auuuﬁwammﬁlﬁ%ﬂ uazssa u1ynr tule

{ o o v & (% 55,56
LTASINETUAL DNA WAz SUSIMIFILATIEH mPNA uazldsdn™

b 16

2 3 4 ] )] 1 2 3 4
Concentration (ingml.) Concentration (img/m1)

gﬂﬁ 31 OD 550 nm 28948 (a) S. aureus Uaz (b) E. coli vosurwaulowln Cs-
EDTA/PVA ﬁmiﬁ;msaﬁ@ﬁnmﬂﬁaﬂNaﬁdqﬂlum’lmﬁuﬁu@m6]: (&) 0%wt
waaruRIlndin (A) 1%wt waarunalnadn () 2%wt waaruuslnadn Las
(O) 3%wt waadunslnafin nasanvuduoam 24 galug Toyausaidu

ANaRY £ FIWDDIUUNINIFIN (n=3)
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15190 14 Minimum  inhibition

concentrations (MIC)

W8 minimum bactericidal

concentrations (MBC) vaduHulaulounlu CS-EDTA/PVA ﬁmiqmiaﬁ'@mﬂ

LﬂﬁaﬂNaﬁdqﬂlumwmﬁuﬁu@m6] (0 12 uaz 3%wt Laaruudngdudanad

& @ & ! a ! ~
LﬁJi’]'i) ﬁla%lau,aml,ﬂummaﬁ + a’mmmmummg’m (n=3)

Type of chtosan- based MIC (mg/mL) MBC (mg/mL)
nanofiber patches S. aureus E. coli S. aureus E. coli
With 0% waaruslnadin 5.0 5.0 5.0 5.0
With 1% waaruuslnad 2.0 2.0 2.0 2.0
With 2% waanuuslnads 1.0 1.0 1.0 1.0
With 3% waawuaslnads 0.5 0.5 0.5 0.5

5.6.4 ANHIANNIT WA HADITAE

Ansanudunb amsimé?ulmmiu CS-EDTA/PVA ﬁm‘:’gmsaﬁ'@mmﬂﬁaﬂwa

dsnaluanudntudra9 (0, 1, 2 uaz 3%wt uaavuuslnadudanadiuas) lu NHF cells

@037 MTT 3171 32 ugas  cell viabilty 289 medium &f@NUHUBLFRlEWIlY CS-

EDTA/PVA fU3398N3&naniUfannadne #ansdnswudn cell viability anadaendl

wgimAylonNuITNTwad medium &n@agi 7.5 - 10.0 mg/ml WawlIvuiisununga

AILAY (p<0.05) NanN1IAnEHanaLhasunanyIum aamiaﬁ'@mﬂLﬂﬁanwaﬁaﬂ@mﬂ

dAnluazraliiafindaimadld  atalsfian cell viabilty lduandriiunguaiuquiiia

anudutuvawimduloagin 1 - 5 mg/mL mﬂwamsﬁﬂma‘gﬂﬁdwLLciuLéfuhmﬂu CS-

EDTA/PVA fiusnaasanadnidfenuadigaluanauidududieeg (0, 1, 2 uaz 3%wt uaa

Aunilnadudanadiue’) TuiduAsdaioasnanuituds 1 - 5 mg/mL
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120
100
80
60
40
20

H

.

e,
£l
ptels

T
ptetetetetelels!
T

Tetelatetetels!

T

Peletetel:
et

setetel

o
)
.

% Cell viability

TN

Peletetels!
T

ptetetetel

LTI e
2

-
o

T
o
.

.
%%

contrel 1.0 25 5.0 7.5 10.0
Extract medium concentration (mg/ml.)

gﬂ‘ﬁ' 32 Cell viability Do9vw88 NHF Liesuianussanannuidutudni g sasuniudwlomw
1% CS-EDTA/PVA ﬁmiﬁ;msaﬁ@ﬁ]’mLﬂﬁaﬂwaﬁaq@]ﬁm’lmﬁuﬁu@m 9: (0)
0%wt waarunilnadn (M) 1%wt waaruuslngdu (&) 2%wt waaruudln
gaw uaz @) 3%wt waaruuslnadn *uaaidianuLanasaa v a1
8016 (p<0.05) LﬁaLﬂ%ﬂmﬁwﬁumjumqu ia;&aua@uﬂummﬁﬁ + 8%

51 SILUUBANAIITU (n=5)

5.6.5 AN®1UIERNEANNITANWBUHE

Tunsfinsdsznsawlunssunuuns ny Wistar azgniilfiiauiaunadiag 2
unaLSI A wna Lt uuIauNa19INaNIWIa 0.8 cm’ luszrinamsdneaziinisia
PIWNALNANNIWAILAT planimetry Eﬂ‘ﬁ' 33 UAZ 34 UAAY % wound area WASNTWANI S

UAUNALWIUR 1, 4, 7 uaz 10 #AINNMIINBGIL FInae (negative control) FNaTLITY

et auuaizefiansluiasnain (Sofra-tulle”) (positive control) wazuemdwlaw s
CS-EDTA/PVA ﬁmsqmiaﬁ'ﬂmﬂLﬂﬁaﬂwai]’aq@ﬁ'mwmﬁmiu 0 uaz 3%wt waarIuud
Inadudanafiuas) Namsﬁﬂmwmwmmaam@LLwamamﬂnf,iwﬂﬂi%'ﬂw’lﬁam6] AR
wazmoewln 11 5% luiudl 1 uay 4 maamﬁnmmjuﬁ%’ﬂmﬁamwimé“ulauﬂu 3%wt
waaruaslnadn CS-EDTA/PVA ﬁwamﬁﬂmﬁaﬁq@LLazﬁmm@mmmaﬁLﬁnﬁq@ (p <
0.05) lué'ﬂ@wﬁl,l,snmaami%'ﬂmmjuﬁ%'ﬂmﬁasl urwaEnlow e 3%wt waar LN lnadin
CS-EDTA/PVA ﬁmmmmmaﬁL%Jﬂdﬁﬂﬁjuﬁ%'ﬂmﬁaﬂﬁﬁﬂamﬁsiumLLa:cTﬂnaeﬁmiﬁgm
fwdauuafidoiinnslurasaaa namsdnseInaonfsTesiugnInavesaIana
NNFaNNAIAG LT qw%fﬁma%a'émz gnidutauuaiiis qnieunsenLay
Togawzegsbouaaiuuslngan lasssannazlanldogoanunodosiaisianupndu

. . ) . i a
SLEIHWI%LLE\]?D”JﬂLix‘iﬂ?$U'§%ﬂ"liﬁ3ﬂ%LLNﬂ( ) SRS N-acetyI-D-qucosamlne iae EDTA ﬁm@
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Pinmssaedivedlalanufiaugninmssnuunauss llasiamasadulaesaad
fibroblast”>"  uazlalaaudidgniausuaiiods™ % wound area BoINNIINEN
nimalunmivauamsiianuasoadsiuaailosnansuulugisnafuaalngas
wigLinanna lnuadsemelaslaannaueInIsnseeitansg nansansiaanu
reansaIiuMIAnIAauniurudulem luiuss lysozyme Tanuausalunissnm

v @ o A o (64)
LLNavl,@@]ﬂ’J’]N’mE]Sﬂu’JWY] 1 — 4 U83IN1ITINTN

120
100
80
60
40
20

% Wound area

z
é
%
%
%
%
%
é
é

1 4 7 10
Post-treatment time (Day)

3171 33 Wound area (%) TWiufl 1, 4, 7 uaz 10 wasansnsaay (0) §new (negative
7 o v d?‘ Aa A €L v ®
control), (#) HnaTUTIILEWIBLUANGENNLlUBIeAA  (Sofra-tulle )
(positive control), (B) wHumiduloulu 0%wt waaruuelnadn uas (M) unmiaule
wiln  3%wt  woavhuaslng@n  *usavdiauLanavadlinedALNNEna
A a A o ' @ & ) ai ! =
(p<0.05) Wawlssuisununguamuuieayauaasdudnads = dwdoauw
N0331% (n=6)
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=

]

="

UM 34 MNLIAUNETERTNMIINENIWIUN 1, 4, 7 usz 10 wAIININWEaE (a) Hnew
(negative control), (b) KnawuITIENGWTaUUATITENINElUBIAANG (Sofra-

wiie™) (positive control), (c) wriskdwlowln 0%wt waaruasTnadn uaz (d) Hn

L& LE W L1h 3%wt aaruuslnadn

MNEBTLHaRINNNG oG8 hematoxylin WaE eosin VBILNAUNANNIBNITING
dredagllaunadni g uaasluglil 35 wamIdnswudn mwsasimislndazdznay’y
7 % A o o I 3: 1 7 6 . =3 v
Maiguloaaaaawzsin N uTuana1a3 9 uNINGBLTAR fibroblast  LAntas lu
FERINNIZUIUNTRUIRUNALTAR fibroblast  HadnudaylunsangunIIEaBuaz
la3yLAulauadwas keratinocytes WazMIFILATIERLAsnaIEININTudansasnaam

Y o A A da o oa A v o

LAUlH 4 — 6 TUUINVBINTRNIBUNG Lazn1saaiatlaniidwioalnaidnals aas
NIEUIUMIAINENILIALHAITYNLANANGIBLIELEE uaziiagnzilwinsaudmIumMILia

. . (74 ' { o o Y o @ g {
epidermis nai"” UauNanguindis dnas Fnesusnamdwgeuuadiiionuylu
iaaaa1a uwazuHuldulounlu CS-EDTA/PVA (fia reepithelialization atndauysal ag1elsn
auauNanguinsean uduiuloulu CS-EDTAPVA lussaansanaainidfanua
199a filia  reepithelialization  atsaNyIal uaziiauazmioualagTNEINALAY hair

. & . oA =2 X o . \ o ,
follicle MNAUNIINGUEUYG Han AN haiuauwiudmdwlownlu 3%wt waaruusln

8A% CS-EDTA/PVA RIUTDLIINIZTLIBNIIRUIULAG LLNGVLﬁ
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31U 35 mwipduiiaibezestnaunalviui 11 nasaninmdan (a) Aantadnd, (b)

]
a

Ffnaw (negative control), (c) KnawuITItNdwTauUAiENINElUTaIAaG

® ” D e , a
(Sofra-tulle ~) (positive control), (d) wrwdulou e 0%wt Laa LI lnadn way

(e) urmiFuloulu 3%wt waaruaslnadin

5.7 NMIAN¥IAMNAIAD
urwdulowlu CS-EDTAPVA Nusasnsanaanfannadiing 3%wt waariuus
Inadiu gnifumeldan1izund (25°C 40%RH) WisuifisuiuanIziis (45°C 75%RH)
uszoziomn 6 1heu JUN 36 usasanmazmousnuaznwinamuoldndasansyed
Sanavauuadukiwdnlouwile 3%wt waaWuulna@n CS-EDTA/PVA 71 0 3 Was 6 Laan
[ I A o =< ' ' 'Y A& A D AaA o '
PARINLALIUENIIENE19NY HANTANHIWL TN LW TN ALAIAZ ST NI YN
(dark yellow) wHmidulpmluiiiuluan1izin@ (pale yellow) agnslsnanugmgIning
s awlow I lugn1zNuanen sTammﬁauﬁ‘mﬁaﬁ%admﬂlﬁﬂﬁaoﬁ;amiﬂﬁ
A& % a o = 1 = %% A % %] I3 (%
Bildnaten dulofianwazGouuaslinundnvasasanannidfennatoge wasaniivld
P a D& A wn PP a ' o
fanmzdnfuazisnduna 6 o quanddmailanduszad vesurwdulowmluuaaslu
o . v . 4 o . - o 4
3UN 37 wudhwwaduruguinauaiouss remaining uaauaslna@n (%) naand
AUluan 1z nALaran1zL39 M TANULANAAINWNIED Lﬁumuﬂuﬁﬂmamﬁwauﬁu
lomasaniiuld 3 uaz 6 W@anaglutisiszanm 250 - 260 nm dud3anawanaaiiuug
Iﬂaauﬁagummua@mmﬂ 90% lulAanusniia 65% %adan 6 LAaw The amount of
waar N lngdn  asnaaruuding@unnianuaiadle Lad aNNTan LaTNITUIUNNT
a (75 o Y ' o ) o
lalaslada’ Pothitirat uazame 2009 "l@'i’]mwmﬁmsaﬂﬂmﬂLﬂﬁaﬂwamqﬂmmﬁ

a ' Aa £ . . . d { Aa
Usmnnmaaruaslna@n qnT antiradical uaz anti-acne Waliungunnlene (4 - 8, 25 -
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o (76 o 3 a '

28 and 45 °C) lu 120 1™ wamsdnwreansasnsineflosdSunmes uasuus

=) [l v % [ { [l l§9’
Ina@ﬂmmmaulﬂuﬂummagﬁﬂi:mm 20% 1w 3 1fan ama%ﬁmuqmmuawa
Bx3zUaT remaining tensile strength (%) VaduEwEwlaw luAtAuMeldrnlzisalanwue
a A o o A & ' =< o ' o ' o
Augasiamgununauluaninzlng wamwmtmmﬂmammma;ﬂ"lmﬂ TADIT: I IR
CS-EDTA/PVA ﬁmsqmiaﬁ'@mmﬂﬁaﬂNaﬁoqﬂﬁmmmé’aﬁﬁLﬁaluqmwgﬁ@‘h

gﬂﬁ 36 nwdisaeldndasganssaduazanymzniouanves udwidulouilu CS-
EDTA/PVA ﬁUiiﬁ;ﬁﬂi&ﬁ@%’]ﬂLﬂﬁaﬂwaﬁdﬂﬂ 3%wt waaWuaslnadin aifiuln
§n1zUn@ (a, b ez c) (25°C 40%RH) WIsUABUAUENIIZIT (d, e uaz f)
(45°C 75%RH) LTui281 0 3 1az 6 LaauaNs1ay
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r

[ =)
1
=]
|

1
—
—
=]

|

1

100
260 +

=l
(=]

250 § 80

Diameter (nm)
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1. Standard curve

AMANWIN

Standard: o-mangostin

Method: High performance liquid chromatography (HPLC)

Wavelength: 320 nm
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Figure 1 Standard curve of a-mangostin.
Standard: Gallic acid
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Figure 2 Standard curve of gallic acid.

78




Standard: Tannic acid
Method: UV spectrophotometer
Wavelength: 510 nm
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Figure 3 Standard curve of tannic acid.

Standard: FRAP (FeSO,)
Method: UV spectrophotometer
Wavelength: 510 nm

1.6 +
w12t
g
5 0.8 +
2
2 04 - y=0.0228x+ 0.0859
K _ R%=0.9985
0.0 £ | | |
0 20 40 60
Concentration (uM)

Figure 4 Standard curve of FeSO,.
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Standard: S. aureus
Method:UV spectrophotometer
Wavelength: 550 nm
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Figure 5 Standard curve of S.aureus.

Standard: E.coli
Method:UV spectrophotometer
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Figure 6 Standard curve of E.coli.
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2. High performance liquid chromatography (HPLC) condition

Column - 250x4.6 mm C18

Flow rate - 1.00 ml/min

Injection volume - 20 yL

Detector - UV—-vis detector

Wavelength - 320 nm

Mobile phase - acetonitrile ez 0.1% v/v ortho-phosphoric acid

Table 1 Volume ratios of acetonitrile and 0.1% v/v ortho-phosphoric acid use as a mobile

phase for HPLC of a-mangostin at different time interval.

Time (min) Acetonitrile 0.1%v/v Ortho-phosphoric acid
0 70% 30%
15 70% 30%
18 75% 25%
19 80% 20%
25 80% 20%
26 70% 30%
30 70% 30%
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Figure 7 Chromatogram of standard o.-mangostin.

Figure 8 Chromatogram of GM extracts.
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3. Determination of antioxidant activities (IC;)

DPPH assay

Table 2 The antioxidant activity of GM extracts and GM extract loaded CS-EDTA/PVA

nanofiber patches 0, 1, 2 and 3%wt Ol-mangostin to polymer on DPPH assay.
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ABTS assay

Table 3 The antioxidant activity of GM extracts and GM extract loaded CS-EDTA/PVA

nanofiber patches 0, 1, 2 and 3%wt Ol-mangostin to polymer on ABTS assay.
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FRAP assay

Table 4 The antioxidant activity of GM extracts and GM extract loaded CS-EDTA/PVA

nanofiber patches 0, 1, 2 and 3%wt Ol-mangostin to polymer on FRAP assay.
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Superoxide radical scavenging assay
Table 5 The antioxidant activity of GM extracts and GM extract loaded CS-EDTA/PVA
nanofiber patches 0, 1, 2 and 3%wt a-mangostin to polymer on superoxide radical

scavenging assay.
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Hydroxyl radical scavenging assay
Table 6 The antioxidant activity of GM extracts and GM extract loaded CS-EDTA/PVA
nanofiber patches 0, 1, 2 and 3%wt o-mangostin to polymer on hydroxyl radical

scavenging assay.
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Metal ion chelating assay
Table 7 The antioxidant activity of GM extracts and GM extract loaded CS-EDTA/PVA

nanofiber patches 0, 1, 2 and 3%wt a-mangostin to polymer on metal ion chelating assay.
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Galvinoxyl radical scavenging assay

Table 8 The antioxidant activity of GM extracts on galvinoxyl radical scavenging assay.
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Table 9 The antioxidant activity of GM extracts and the CS-EDTA/PVA nanofiber patches
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4. Release Data

Table 10 Cumulative release (%) of a-mangostin release from 1%wt o-mangostin loaded

CS-EDTA/PVA nanofiber patches.

Time % Cumulative release
(min) n=1 n=2 n=3 Average -
0 0.0000 0.0000 0.0000 0.0000 0.0000
5 45.2887 42.9629 47.5391 45.2636 2.2882
10 54.3648 49.8676 56.3619 53.5314 3.3264
15 62.6332 59.3416 66.3566 62.7771 3.5097
30 69.7740 67.1740 74.2912 70.4131 3.6014
60 76.3278 75.2027 80.6790 77.4032 2.8922
120 84.8394 84.3110 87.7905 85.6470 1.8751
240 90.5160 90.1081 93.8764 91.5002 2.0680
480 94.0960 87.0803 91.1671 90.7811 3.56237

Table 11 Cumulative release (%) of a-mangostin release from 2%wt a-mangostin loaded

CS-EDTA/PVA nanofiber patches.

Time % Cumulative release
Average SD
(min) n=1 n=2 n=3
0 0.0000 0.0000 0.0000 0.0000 0.0000
5 41.5367 43.8174 45.7940 43.7160 2.1305
10 64.5453 66.3977 61.6907 64.2112 2.3712
15 64.2275 72.6896 70.7178 69.2116 4.4275
30 73.4592 78.3815 77.4794 76.4400 2.6206
60 79.1578 83.2691 83.3841 81.9370 2.4075
120 86.6183 88.5987 91.6371 88.9514 2.5279
240 90.3659 93.8127 94.5849 92.9212 2.2464
480 90.7948 93.6010 92.2495 92.2151 1.4034
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Table 12 Cumulative release (%) of a-mangostin release from 3%wt o-mangostin loaded

CS-EDTA/PVA nanofiber patches.

Time % Cumulative release

(min) n=1 n=2 n=3 Average -
0 0.0000 0.0000 0.0000 0.0000 0.0000
5 45.1675 40.2889 35.8703 40.4422 4.6505
10 65.1712 65.0061 61.6030 63.9268 2.0141
15 75.0268 74.9351 61.6030 70.5216 7.7239
30 80.7209 80.8410 73.3604 78.3074 4.2847
60 84.6832 83.8817 78.9364 82.5004 3.1124
120 89.2980 87.1310 84.8849 87.1046 2.2067
240 93.0874 91.7425 88.6078 91.1459 2.2986
480 92.5920 92.3833 88.6200 91.1984 2.2354
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Abstract

Electrospinning is a technique use to fabricate ultrafine fibers with diameters in the nanometer range.
The electrospun fiber mats have high potentials for many applications, due to their high surface area
to volume, high porosity and small pore size. In this study, chitosan-ethylenediaminetetraacetic acid
(CS-EDTA)/polyvinyl alcohol (PVA) blend nanofibers were successfully prepared using
electrospinning techniques without organic solvent. CS was dissolved in EDTA aqueous solution and
then blended with PVA solution at various weight ratios. Physicochemical properties of
CS-EDTA/PVA solution such as viscosity, conductivity and surface tension were investigated. The
morphology and diameter of the electrospun fiber mats were analyzed by using scanning electron
microscopy (SEM). The composite structure was characterized by differential scanning calorimetry
(DSC) and fourier transform infrared spectroscopy (FT-IR). SEM images showed that the
morphology and diameter of the nanofibers were mainly affected by the weight ratio of the blend.
Nanofibers were obtained when the CS-EDTA content was less than 50%wt. The average diameter of
the nanofibers was 119-223 nm, and this average diameter decreased with increasing CS-EDTA
content. In summary, these CS electrospun nanofiber mats may be proper for the drug delivery or
wound dressing application.

Introduction

In recent years, the development of electrospinning techniques has been increasingly investigated.
The fibers produced by this method have shown excellent characteristics, such as a very large
surface-to-volume ratio and a high porosity with a small pore size [1]. In the electrospinning process,
high voltage is applied to a capillary containing a polymer solution or the molten polymer. A droplet
of the polymer solution then forms at the tip of the capillary, creating a point known as the “Taylor
cone.” As electrostatic forces overcome the surface tension of the polymer solution, the solution is
ejected from the apex of Taylor cone. The charged jets of polymer solution move towards a collector,
solvent rapid evaporates and non-woven fiber mat was collected on the collector. Many varieties of
polymer nanofibers have been prepared by electrospinning techniques, such as polyvinyl alcohol
(PVA), poly lactic acid (PLA), collagen, DNA, etc. Because of this versatility, electrospun nanofibers
have been applied to many fields, including filtration, biomedical sciences, optical sensor fields etc
[2]. Recently, CS nanofibers have been successfully fabricated from the electrospinning of pure CS,
CS derivatives and CS blend with others polymer. However, some organic solvents or acids, such as
1, 1, 1, 3, 3, 3-hexafluoro-2-propanol (HFIP), trifluoroacetic acid (TFA) and acetic acid, must be
residued in chitosan nanofibers. The toxic organic solvents or acids in electrospun nanofiber mats are
harmful when applied to wounded human skin or tissue [3].

In this study, electrospinning was used to prepare nanofiber mats from a CS-EDTA aqueous
solution. The aim of this study was to eliminate the toxicity of organic solvent from CS solvent. In a
preliminary study, we attempted to use electrospinning to prepare a nanofiber mat from pure

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of TTP,
www.ttp.net. (ID: 202.44.135.34-04/02/11,03:02:11)
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CS-EDTA solution with no production. Therefore, we added poly(vinyl alcohol) (PVA) to the
CS-EDTA solution as a blend polymer in the different weight ratio. PVA is a water-soluble,
non-toxic, biodegradable and biocompatible polymer with enhanced fiber-forming ability, and it is
therefore well-suited as a guest polymer in blends with CS [4]. The morphology and structure of
nanofiber mats were characterized, and the effects of the viscosity, conductivity and surface tension of
the electrospun solution on the morphology of CS-EDTA/PV A nanofiber mats were investigated. The
composite of the CS-EDTA/PVA nanofiber mats was characterized by Fourier transform infrared
(FT-IR) spectroscopy and differential scanning calorimetry (DSC).

Materials and Methods

Chitosan (high molecular weight) and ethylenediaminetetraacetic acid were purchased from
Sigma-Aldrich Chemical Company, USA. Polyvinyl alcohol (PVA) (degree of polymerization ~
1600, degree of hydrolysis = 97.5-99.5 mol%) was purchased from Fluka, Switzerland. The 2%
(w/v) CS solution was prepared by dissolving CS and EDTA in distilled water at a weight ratio of
1:0.5. The 10% (w/v) PVA solution was prepared by dissolving PVA in distilled water at 80°C and
then allowing the solution to stir for 4 h. The 2% CS-EDTA solution was mixed with a 10% PVA
solution at weight ratios of 10/90, 20/80, 30/70, 40/60, 50/50, 60/40, 70/30, 80/20 and 90/10. The
conductivity of the electrospinning solutions were measured using a EUTECH ECtestrll"
conductivity meter. The solutions viscosity were measured using a Brookfield viscometer. The
surface tension of the electrospinning solution were measured using a Drop shape analyzer. The
polymer solution was placed in a 5-mL glass syringe connected with a 20-gauge, stainless steel needle
(diameter = 0.9 mm) at the nozzle. The needle was connected to the emitting electrode of positive
polarity of a Gamma High Voltage Research device. The electric potential was fixed at 15 kV. The
nanofibers were collected as-spun on an aluminum sheet that was wrapped on a rotating collector. The
solution was electrospun at room temperature, and the collection distance was fixed at approximately
20 cm. The solution feed was driven by syringe pump that was controlled to about 0.25 mL h™.
Morphology of CS-EDTA/PVA nanofiber mats were observed by scanning electron microscope
(SEM). The thermal behavior of the electrospun fibers were studied by differential scanning
calorimetry (DSC). FT-IR spectra of electrospun fibers were collected by fourier transform infrared
spectrophotometer in the wave number range of 400-4000 cm™.

Results and Discussion

The effect of viscosity, conductivity and surface tension on the diameters of the CS-EDTA/ PVA at
different weight ratio are shown in Table 1.The viscosities of the CS-EDTA/PVA blend solutions
decreased from 511 + 3.46 to 181 + 0.68 cP when the CS-EDTA content was increased from 10 to
50% wt. When the viscosity of the solution decreased, the diameter of the nanofiber mats decreased
and beads formed in mats. The conductivities and surface tensions of the CS-EDTA/PVA blend
solutions slightly increased from 1012 +2.51 to 1037 £ 1.53 uS cm™ and from 46.7 + 0.36 to 52.1 +
1.77 mN m™" when increasing the CS-EDTA content of the blend from 10 to 50% wt.

Table 1. Physiochemical properties of CS-EDTA/PVA at different weight ratio and fibers diameter

CS-EDTA/PVA Viscosity Conductivity Surface tension Diameter
weight ratio (cP) (uS em™) (mN m™) (nm)
10/90 511 £3.46 1012 £2.51 46.7£0.36 228 £26
20/80 387+ 1.31 1014 £3.05 48.5+£0.31 194 £27
30/70 295£0.76 1022 £3.78 49.9 £0.38 176 £27
40/60 224 £1.31 1032 £3.61 51.4+0.83 153 £25

50/50 181 £0.68 1037 +£1.53 521+ 1.77 119 +£23
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Decreasing of fibers diameter when CS-EDTA content increased were mainly roled by viscosity of
solutions. Fig 1 shows the SEM images of nanofiber mats with different CS-EDTA/PVA weight
ratios of 10/90, 20/80, 30/70, 40/60 and 50/50. When the content of CS-EDTA was increased from 10
to 50% wt, the average diameter of the nanofibers decreased from 228 + 26 to 119 + 23 nm. The
diameter distribution of the nanofiber mats is shown in Fig. 1. This result is similar to previous studies
of CS-HOBt/PV A blend nanofiber membranes [3]; the diameter gradually decreased with increasing
CS-EDTA amount in the blend, and more beads were observed in the composite. The beads in mats
observed when the content of CS-EDTA in the blended solution increased to 40% wt (Fig. 1d). When
the CS-EDTA content was more than 60% wt, fibers could not form a jet during the electrospinning
process. A similar result was previously reported [3]. This indicated that the repulsive forces between
ionic groups in the CS backbone obstructed the formation of continuous fiber during electrospinning.

100 1M 200 3N 00
L L L]
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Fig 1. SEM images and diameter distribution of nanofiber mats with different weight ratios of
CS-EDTA/PVA: (a,f) 10/90 (b,g) 20/80 (c,h) 30/70 (d,1) 40/60 (e,j) 50/50.

The FT-IR spectra of nanofiber mats of CS-EDTA/PV A weight ratios 50/50 with PVA nanofiber
mats and pure chitosan powder shows in Fig 2. The PVA nanofiber mats’ spectrum represented the
remarkable absorption peaks at 3360, 2940, 1430 and 1095 cm'l, which were attributed to the v
(O-H), v (CHy), & (CH-O-H) and v (C-O), respectively [4]. CS-EDTA/PVA nanofiber mats also
exhibited the same peaks as those found in the PVA nanofiber mats and found the peak at 1655 cm™,
the v(C=0) of a primary amide [5], same as in the CS powder spectrum. The results indicated that
CS-EDTA and PVA were molecularly dispersed in nanofiber mats [4].

Fig 3. shows the DSC thermograms of the nanofiber mats of different weight ratio blends of
CS-EDTA/PVA. The endothermic curves of all of the nanofiber mats were obtuse and broad,
illusitating that the crystalline structure could not be developed well in mats. The results show that
when the amount of CS-EDTA in the blend increased, the endothermic peak decreased. This indicated
that the CS-EDTA content in the blend resulted in less suitable conditions for the crystallization of the
nanofiber mats [4].
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Fig 2. FT-IR spectra of (a) PVA nanofibers, (b)
50/50 CS-EDTA/PVA nanofiber and (c) chitosan
powder

Conclusion

Fig 3. DSC thermograms of the nanofiber
with different weight ratios of CS-EDTA
/PVA (a) 50/50, (b)30/70 and (c) 10/90

Electrospun CS nanofiber mats have been successfully prepared without organic solvent by
blending CS with PVA. The weight ratio in this blend affects the viscosity, conductivity and surface
tension of the solution. The morphology of fibers and their diameters were strongly influenced by
the composition of the solution. This approach could have potential application in the field of drug

delivery and wound dressing.
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In Vitro Antioxidant Activity of Chitosan Aqueous
Solution: Effect of Salt Form
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Abstract

Purpose: To investigate the effect of salt form on the antioxidant activities of chitosan aqueous solution.
Methods: The antioxidant activities of chitosan acetate (CS-acetate), chitosan hydroxybenzotriazole
(CS-HOBY), chitosan thiamine pyrophosphate (CS-TPP) and chitosan ethylenediaminetetraacetic acid
(CS-EDTA) solution were determined employing various established in vitro system such as superoxide
and hydroxyl radicals scavenging, metal ion chelating and reducing power. Their chemical structures
were characterized by nuclear magnetic resonance (NMR) and Fourier transform infrared
spectrophotometry (FT-IR).

Results: NMR and FT-IR show confirmed formation of chitosan salts. The 50 % inhibition concentration
(ICs0) of superoxide and hydroxyl radicals was 0.349 — 1.34 and 0.34 — 1.54 mg/mL, respectively.
Among the salt forms, CS-acetate (ICsp = 0.349 mg/mL) showed the highest superoxide radical
scavenging effect while CS-HOBt (ICso = 0.34 mg/mL) showed the highest hydroxyl radical scavenging
effect. With regard to metal ion chelating activity, CS-EDTA showed the highest chelating activity
(approx 100 % at 1 mg/mL) while the others showed 20 % activity at a concentration of 1 mg/mL. The
results for reducing power indicate that CS-TPP had the highest reducing power.

Conclusion: The results indicate that antioxidant activity varied with the salt form. Thus, CS salts may
be used as a source of antioxidants for pharmaceutical applications.

Keywords: Chitosan, Antioxidant, Hydroxybenzotriazole, Thiamine pyrophosphate,
Ethylenediaminetetraacetic acid
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INTRODUCTION

Chitosan (CS) is a natural copolymer of D-
glucosamine  (GIcN) and  N-acetyl-D-
glucosamine (GIcNAc) and is produced by
alkaline deacetylation of chitin. It is insoluble
at neutral and alkaline pH but is soluble in
acidic media. It is also biodegradable,
biocompatible, and non-toxic and, therefore,
has been employed in biomedical
applications such as tissue engineering,
wound healing and drug delivery [1-3].

Recently, the antioxidant activities of CS and
its derivatives were investigated since CS
chains have active hydroxyl and amino
groups that can react with free radicals [4].
The derivative studied include water-soluble
disaccharide chitosan [5], carboxymethyl
chitosan [6], sulfated chitosan [7,8],
quaternized chitosan [9], sulfanilamide
derivatives of chitosan [10], chitosan crab

shells  [11], chitosan-N-2-hydroxypropy!
trimethyl ammonium chloride [12], 2-
[phenylhydrazine  -thiosemicarbazone] -

chitosan [13] and dietary chitosan [14].

Although CS salts such as hydroxybenzo-
triazole (HOBt), thiamine pyrophosphate
(TPP) and ethylenediaminetetraacetic acid
(EDTA) have been investigated for their
biomedical applications, however, their
antioxidant activities have not yet been
investigated. HOBt is an organic compound
often used as a racemization suppressor and
is popular for its ability to improve yields in
peptide synthesis [15]. Due to the hydroxyl
groups presented in HOBt, the molecule can
form a salt with the amine groups of CS, thus
improving CS water solubility and allowing
CS to be dissolved in water. We have
previously prepared CS-HOBt for use in
nucleic acid delivery [16] as well as CS-
HOBt/polyvinyl alcohol blend of
biodegradable nanofibers intended for drug
delivery or tissue engineering applications
[17].

TPP is a thiamine derivative. It plays an
essential role as cofactor in key reactions in

carbohydrate metabolism [18]. Due to the
phosphate groups of TPP, the molecular can
salt form with amine groups of CS, helps to
improve CS water solubility [18]. The amine
groups of TPP, especially at the nitrogen
atom (N) of thiazolium can be deprotonated
and are always positive even at physiological
pH [18]. CS-TPP has been successfully
prepared as a novel carrier for SIRNA delivery
[19]. EDTA is a well-established metal
chelator and is soluble at alkaline pH. It has
been used to form a complex with CS due to
the decreased positive charge of the latter.
CS can be rendered readily soluble in water
with EDTA due to the carboxyl groups in
EDTA structure. CS-EDTA conjugate has
been successfully used tp prepare a
nanoparticulate gene delivery system [20]
and hydrogel films for transbuccal delivery
[21].

Therefore, the purpose of this study was to
prepare CS-HOBt, CS-TPP and CS-EDTA,
and characterize their chemical structures by
Fourier transform infrared spectrophotometer
(FT-IR) and nuclear magnetic resonance
(NMR), as well as evaluate their antioxidant
activities.

EXPERIMENTAL
Materials

Chitosan low molecular weight (degree of
deacethylation 0.85, MW 110 kDa),
hydroxybenzotriazole (HOBt), ethylenedia-
minetetraacetic acid (EDTA), thiamine
pyrophosphate (TPP), nitro blue tetrazolium
(NBT), phenazine methosulphate (PMS),
hydrogen peroxide (H,0,), thiobarbituric acid
(TBA), ferrozine, nicotinamide adenine
dinucleotide-reduced (NADH), trichloroacetic
acid (TCA), and deoxyribose (DR) were all
purchased from Sigma-Aldrich Chemical
Company, USA. Al other reagents and
solvents were commercially procured and of
analytical grade.

Trop J Pharm Res, April 2012;11 (236
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Preparation of chitosan solutions

Aqueous CS solutions were prepared by
dissolving CS with HOBt, TPP or EDTA at
different weight ratio 1:1, 1:1 and 2:1,
respectively. Briefly, HOBt (10 mg), TPP (10
mg) or EDTA (5 mg) was dissolved together
with CS (10 mg) in 10 mL of distilled water
and vigorously stirred with a magnetic stirrer
at ambient temperature until the solution
became clear. CS-acetate was prepared by
dissolving CS (10 mg) in 10 mL of 1 %v/v
acetic acid.

Characterization of chitosan salts

The chemical structure of chitosan salts was
characterized using Fourier transform
infrared spectrophotometer (FTIR, Nicolet
4700, Becthai, USA). The spectra were
obtained by accumulating 32 scans within the
range 400 — 4000 cm™. A 'H-nuclear magne-
tic resonance spectrometer (NMR, Bruker
300 MHz) was used to investigate the
chemical integrity of the chitosan salts
(sample weight: 5 mg) using deuterated
water (D,O) as solvent.

Superoxide radical scavenging assay

The superoxide scavenging ability of the CS
salts was investigated by the method of
Nishikimi et al [22]. The reaction mixture,
comprising in each case, CS solution (0.1 - 2
mg/mL), PMS (30 uM), NADH (338 uM) and
NBT (72 puM) in phosphate buffer (0.1M pH
7.4), was incubated at room temperature for
5 min and the absorbance measured
spectrophotmetrically (Agilent model 8453 E,
Germany) at 560 nm against a blank (water).
The sample without chitosan salts was used
as control. Their scavenging activity was
calculated using Eq 1.

Scavenging activity (%) = (1 — As/Ac) x 100 ... (1)

where As and Ac are the absorbance of the
test sample and control, respectively.

Hydroxyl radical scavenging assay

The hydroxyl radical scavenging of the CS
salts was investigated by the method of
Halliwell et al [23]. CS solutions (0.1 - 2
mg/mL) was incubated with deoxyribose
(3.75 mM), H,O, (ImM), FeCl; (100 uM),
EDTA (100 pM) and ascorbic acid (100 pM)
in potassium phosphate buffer (20 mM,
pH7.4) for 60 min at 37 °C in a tube. The
reaction was terminated by adding 1 mL of
TBA (1 %w/v) and 1mL of TCA (2 %w/v), and
then heating the mixture in a boiling water
bath for 15 min. The contents were cooled
and the absorbance of the mixture was
measured spectrophotometrically at 535 nm
against a blank. The sample without chitosan
salts was used as control. Increase in the
absorbance of the reaction mixture indicates
that oxidation of deoxyribose is increased.
Scavenging activity was determined as in Eq
2.

Scavenging activity (%) = (1 — As/Ac) x 100 ... (2)

where As and Ac are the absorbance of the
test sample and control, respectively.

Metal ion chelating assay

The ferrous ion-chelating potential of the CS
salts was investigated according to the
method of Decker & Welch [24]. The ferrous
ion-chelating ability was monitored by the
absorbance of the ferrous iron-ferrozine
complex at 562 nm. Briefly, the reaction
mixture comprised of the CS solution with
varying concentrations, FeCl, (2 mM) and
ferrozine (5 mM), and adjusted to a total
volume of 0.8 mL with water, shaken well and
incubated for 10 min at room temperature.
The absorbance was then measured
spectrophotometrically at 562 nm. The ability
of CS salts to chelate ferrous ion was
calculated using Eq 3.

Chelating activity (%) = (1 — As/Ac) x 100 .... (3)

where As and Ac are the absorbance of the
test sample and control, respectively.
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Evaluation of reducing power

The reducing power of the salts was
determined according to the method of
Oyaizu [25]. Each CS solution (0.1 - 2
mg/mL, 2.5 mL) was mixed with 2.5 mL of
200 mM sodium phosphate buffer (pH 6.6)
and 2.5 mL of 1 % potassium ferricyanide,
and the mixture incubated at 50 °C for 20
min. Thereafter, 25 mL of 10 %
trichloroacetic acid was added and the
mixture centrifuged at 200 g for 10 min. The
upper layer (5 mL) was mixed with 5 mL of
deionized water and 1 mL of 0.1 % ferric
chloride, and the absorbance measured
spectrophotometrically at 700 nm against a
blank. A higher absorbance indicates a
higher reducing power. The sample without
chitosan salts was used as control.

Statistical analysis

Data were obtained in triplicate and
expressed as the mean + standard deviation
(SD). The data were subjected to analysis of
variance (ANOVA) using SPSS software
(version 11). The significance level was set
atp <0.05.

RESULTS
Characteristics of the chitosan salts

The pure chitosan powder FT-IR spectrum
(Fig 1A) showed prominent absorption peaks
of chitosan at 896, 1087, 1598, 1653 and
3430 cm* representing pyranose ring,
glucoside, amino, acetamide and hydroxyl
groups, respectively [26]. The spectrum of
CS-HOBt showed additional peaks at 748
and 1389 cm™ which are attributable to
aromatic and azobenzene rings in the HOBt
structure. Peaks of phosphate compound in
the spectrum of CS-TPP were found at 768
and 1223 cm™. Strong peaks at 1400 and
1629 cm™, corresponding to carboxylic acid
salt, were observed in CS-EDTA spectrum
[27].

NMR spectra are shown in Fig 1B. It shows
that the NMR spectrum of CS-acetate
showed chemical shifts of the N-
acetylglucosamine unit (3.1 ppm) and acetyl
group (2 ppm), whereas CS-HOBt showed
chemical shifts of aromatic and azobenzene
ring at 7.3 and 7.8 ppm. The chemical shifts
at 2.6, 55 and 8 ppm, corresponding to
sulfide group, phosphate group and
pyrimidine, respectively, were found in CS-
TPP NMR spectrum. Carboxyl chemical shift
(3.7 and 4 ppm) was observed in the CS-
EDTA NMR spectrum.

CS-acetate
CS-HOBt

csTPP

CS-EDTA

.
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Figure 1: (A) FT-IR and (B) NMR spectra of CS
salts

Superoxide radical scavenging

Figure 2 shows the scavenging effects of the
CS salt on superoxide radicals. All the salts
scavenged superoxide in a concentration-
dependent manner. ICs, value is the
concentration of the sample required to
achieve 50 % scavenging of the superoxide
free radical and it was determined from the
plot of % scavenging against concentration.
The ICsy of CS-acetate, CS-EDTA, CS-TPP
and CS-HOBt was 0.349, 0.611, 0.890 and
1.342 mg/mL, respectively. Thus, the order of
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scavenging activity was: CS-acetate > CS-
EDTA > CS-TPP > CS-HOBt. The
scavenging activity of CS-acetate and CS-
EDTA at 2 mg/mL was 87.6 and 76.4 %,
respectively.

100 A
80 1
60 A

40

Scavenging effect (%)

20 4

T T T T
0 0.5 1 1.5 2

Concentration (mg/mL)

Figure 2: Scavenging activity (n = 3) of CS salts
against superoxide radicals: CS-acetate (¢),CS-
HOBt (), CS-TPP (A) and CS-EDTA (@);.*
indicates significance difference at p < 0.05

Hydroxyl radical scavenging activity of
chitosan salts

The scavenging activity of the chitosan salts
against hydroxyl radicals is shown in Fig 3.
The IC5, of CS-HOBt, CS-TPP, CS-acetate
and CS-EDTA were 0.34, 0.853, 1.43 and
1.54 mg/mL, respectively, giving a
scavenging order of CS-HOBt > CS-TPP >
CS-acetate > CS-EDTA.

100 -
80 A
60

40 A

Scavenging effect (%)

20 4

0 0.5 1 15 2

Concentration (mg/mL)

Figure 3: Scavenging activity (n = 3) of CS salts
against hydroxyl radicals; CS-acetate (¢),CS-
HOBt (), CS-TPP (A) and CS-EDTA (@);*
indicates significance difference at p < 0.05

Metal ion chelating activity of chitosan
salts

The ferrous ion-chelating activity of the CS-
salts is shown in Fig 4. The chelating effect
of CS-acetate, CS-HOBt and CS-TPP was
approximately 20 % at 2 mg/mL. However,
CS-EDTA showed the highest chelating
effect which was approximately 100 % at 2
mg/mL.

100 - *
80 -
60

40 -

Chelating effect (%)

0 0.5 1 1.5 2
Concentration (mg/mL)

Figure 4: Metal-ion chelating activity (n = 3) of CS
salts; CS-acetate (¢), CS-HOBt (), CS-TPP (4)
and CS-EDTA (@);* indicates significance
difference at p < 0.05

Reducing power of chitosan salts

Figure 5 shows the reducing power of the CS
salts. The results reveal that the reducing
power of CS salts were not-concentration
dependent. The reducing power of CS-
acetate, CS-HOBt, CS-TPP and CS-EDTA at
1 mg/mL was 0.19, 0.09, 2.40 and 0.08,
respectively.

DISCUSSION

Superoxide anion radicals are generated by a
number of cellular reactions, including
various enzyme systems, such as
lipoxygenases, peroxidase, NADPH oxidase
and xanthine oxidase. They play an important
regulatory role in the formation of other cell-
damaging free radicals, such as hydrogen
peroxide, hydroxyl radical, or singlet oxygen
in living systems [28]. The scavenging effect
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of ascorbic acid on superoxide radical at 2
mg/mL was 68.2 % [8]. These results
indicated that the superoxide radical
scavenging activities of CS-acetate and CS-
EDTA at the same level were higher than that
of ascorbic acid, while those of CS-TPP and
CS-HOBt were lower. This might be due to
the ability of TPP and HOBt to bond with the
hydroxyl and amino groups of CS and hence
the hydroxyl and amine groups of CS were
not free to react with the superoxide.

2.5

N

Absorbance(A)
[y
= tn

bl
in

o

0 0.5 1 1.5 2

Concentration (mg/mL)

Figure 5: Reducing power (n = 3) of CS salts: CS-
acetate (¢), CS-HOBt (), CS-TPP (A) and CS-
EDTA (®); * indicates significance difference at p
<0.05

Hydroxyl radical is the most reactive free
radical and can be formed from superoxide
anion and hydrogen peroxide in the presence
of metal ions such as Cu** or Fe**. However,
Cu”™ and Fe” do not exist free in body but
they can be bound with albumin, ATP, citrate,
DNA and membrane lipids [29]. In this study,
the hydroxyl radical produced by the reaction
of Fe’*-EDTA complex with H,O, in the
presence of ascorbic acid, attacks
deoxyribose to form products that upon
heating with 2-thiobarbituric acid under acidic
conditions, yield a pink tint. Added hydroxyl
radical scavengers compete with deoxyribose
for the resulting hydroxyl radicals and
diminish tint formation [30]. Xing et al [8]
found, with regard to the scavenging effects
on hydroxyl radical, that ICsq of chitosan

sulfate was in the range of 0.350 — 3.269
mg/mL while the ICsq of ascorbic acid was
1.537 mg/mL. In this study, CS-HOBt and
CS-TPP showed higher scavenging effect on
hydroxyl radical. The hydroxyl radical
scavenging mechanism of CS salt to be
further investigated.

The results showed that CS-EDTA exhibited
the highest metal ion chelating activity of all
the CS salts. Xing et al [8] previously
reported that the chelating activity of chitosan
sulfate was low; and was not greater than
40% at 1 g/mL. These results indicated that
CS-acetate, CS-HOBt and CS-TPP had low
chelating effect compared with CS-EDTA.
EDTA is strongly chelating agent itself.

The results showed that CS-TPP had the
highest reducing power. Yen et al [11]
reported reducing power of approximately 0.2
at 1 mg/mL for crab chitosans while. Zhong et
al [10] found that reducing power of low
molecular weight (MW = 4 kDa) chitosan was
approximately 0.06 at 1 mg/mL. Thus, CS-
acetate, CS-HOBt and CS-EDTA had
reducing power similar to the previous study.
The high reducing power of CS-TPP is due to
the structure of TPP that can itself act as a
reducing agent.

CONCLUSION

The results of the present work indicated that
CS salts possess varying levels of antioxidant
and free radical scavenging activities,
including superoxide and hydroxyl radicals
scavenging, metal ion chelating activity and
reducing power. CS-acetate showed the
highest superoxide radical scavenging effect
while CS-HOBt and CS-TPP showed the
greatest  hydroxyl radical scavenging
activities. CS-EDTA and CS-TPP had the
highest chelating effect and reducing power,
respectively. Overall, the results indicate that
the antioxidant activity of chitosan (CS) can
be improved by formation of its salts. These
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as a source of

antioxidants in pharmaceutical products.
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ABSTRACT

In this study, a blend mixture of chitosan-ethylenediaminetetraacetic acid (CS 2 wt%-EDTA) at a weight
ratio of 30/70 and polyvinyl alcohol (PVA) solution (10 wt%) was electrospun to produce fibrous mats with
lysozyme (10, 20 and 30 wt%) used for wound healing. The morphology and diameter of the electrospun
fiber mats with and without lysozyme were analyzed by scanning electron microscopy (SEM). The amount
of lysozyme loaded in the nanofiber mats was measured by HPLC. The cell lysis activity of the lysozyme
was investigated with Micrococcus lysodeikticus cells as a substrate. The wound healing activity was
performed in vivo using male Wistar rats. The SEM images of all lysozyme-loaded fibers show a smooth
fiber without beads with an average diameter of 143-209 nm. The amount of lysozyme loaded in the
nanofiber mats was slightly decreased when the initial concentration of lysozyme was increased. The
rapid lysozyme release from the nanofiber mats was obtained and is dependent on the lysozyme-loading
amount. In animal wound healing, lysozyme loaded CS-EDTA nanofiber mats accelerated the rate of
wound healing when compared to the controls (gauze). In conclusion, our experiments demonstrated
that biomaterials composed of lysozyme loaded CS-EDTA nanofibers have a potential for wound healing.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Electrospinning is a versatile technique for creating nanofibers
from many materials. The fibers produced by this method have
shown unique characteristics, such as a very large surface to vol-
ume ratio and a high porosity with a small pore size (Bhardwayj
and Kundu, 2010; Huang et al., 2003). In the electrospinning pro-
cess, a high voltage is applied to a capillary containing a polymer
solution. A droplet of the polymer solution drive fluid forms at the
tip of the capillary, and as electrostatic forces overcome the sur-
face tension of the polymer solution, the solution is ejected from
the tip. The charged jets of polymer solution move toward a col-
lector, the solvent rapidly evaporates and a non-woven fiber mat
is collected on the collector (Reneker and Yarin, 2008). The mor-
phology of the electrospun nanofibers can be easily controlled by
adjusting the electrospinning parameter (Baji et al., 2010; Deitzel
et al., 2001). Because of this characteristic, electrospun nanofibers
have been applied in many fields, including biomedical sciences,
filtration, and optical sensor fields. In biomedical applications, elec-
trospun nanofibers can be used as a tissue engineering scaffold and
are also valuable in drug delivery and wound dressing (Agarwal
et al., 2008; Sill and Recum, 2008).

* Corresponding author. Tel.: +66 34 255800; fax: +66 34 255801.
E-mail addresses: praneet@su.ac.th, opraneet@hotmail.com (P. Opanasopit).

0378-5173/$ - see front matter © 2012 Elsevier B.V. All rights reserved.
doi:10.1016/j.ijpharm.2012.02.010

Materials for wound dressing made from the electrospin-
ning product have been increasingly investigated. The electrospun
nanofiber is appropriate for use as a wound dressing material due
to its useful properties, including oxygen-permeable high porosity,
variable pore-size distribution, high surface to volume ratio, and
most importantly, morphological similarity to the natural extracel-
lular matrix (ECM) in the skin, all of which promote cell adhesion,
migration and proliferation (Jayakumar et al.,, 2011). For wound
dressing applications, the electrospun nanofiber can be used with
or without agents that promote wound healing and the polymer
must be biocompatible, biodegradation and low toxicity. Only few
polymers were used to prepare electrospun nanofiber for wound
healing such as polyvinyl alcohol (PVA), poly(L-lactic acid) (PLA),
polycaprolactone (PCL), gelatin and chitosan (CS) (Venugopal and
Ramakrishna, 2005; Zahedi et al., 2010).

CS is produced by the alkaline deacetylation of chitin that is a
copolymer of N-acetyl-D-glucosamine (GIcNAc) and p-glucosamine
(GIcN). CS is soluble in acidic media and insoluble in neutral
and alkaline media. Because it is biodegradable, biocompatible,
and non-toxic, CS has been proposed as a safer material for use
in biomedical applications (Rinaudo, 2006). CS has been widely
investigated as a wound dressing material and is available in
proliferation, antibacterial and activates macrophages. Moreover,
chitosan will gradually depolymerize into N-acetyl-D-glucosamine,
which initiates fibroblast proliferation, assists in ordered collagen
deposition and stimulates increased levels of natural hyaluronic
acid synthesis at the wound site (Jayakumar et al., 2011; Paul



380 N. Charernsriwilaiwat et al. / International Journal of Pharmaceutics 427 (2012) 379-384

and Sharma, 2004). Recently, CS nanofibers have been success-
fully generated from the electrospinning of pure CS, CS derivatives
and CS blends with other polymers. However, some organic sol-
vents or toxic acids, such as 1,1,1,3,3,3-hexafluoro-2-propanol
(HFIP) (Min et al., 2004), trifluoroacetic acid (TFA) (Sangsanoh and
Supaphol, 2006) and acetic acid (Geng et al.,, 2005), may form
residues in the chitosan nanofibers. To reduce the toxicity of sol-
vents, water soluble CS were used to prepare nanofibers such
as carboxyethyl chitosan/PVA (Zhou et al., 2008) and quaternary
chitosan (Ignatova et al., 2007) for wound dressing applications.
Moreover, in our research, CS was also prepared in aqueous salt to
form nanofibers without the use of organic solvents or toxic acids
such as CS-hydroxybenzotriazole (HOBt)/PVA (Charernsriwilaiwat
et al,, 2010) and CS-ethylenediaminetetraacetic acid (EDTA)/PVA
(Charernsriwilaiwat et al., 2011).

In this study, we used electrospinning to fabricate nanofiber
mats from a CS-EDTA blend with PVA solution. In a previous study,
the best weight ratio of CS-EDTA and PVA was 30/70 CS-EDTA/PVA,
which produced a smooth fiber without beads in the structure. To
enhance the wound healing effect, lysozyme (LZ) was chosen to be
loaded into these CS-EDTA/PVA nanofibers due to its antibacterial
properties (Hughey et al., 1989; Mecitoflu et al., 2006), solubility
in water and synergistic antibacterial effects with EDTA (Branen
and Davidson, 2004). Moreover, the enzymes that are effective in
promoting the healing process (muramidase or N-acetylmuramide
glycanhydrolase) are those that break down the bacterial cell walls
and depolymerize CS to release N-acetyl-D-glucosamine (Reshetov
et al., 2004). Therefore, the aim of this study was to prepare
CS-EDTA/PVA nanofiber mats loaded with LZ for wound dressing
applications. The morphology and structure of the nanofiber mats
were characterized by scanning electron microscopy (SEM). The
composites of the LZ loaded 30/70 CS-EDTA/PVA nanofiber mats
were characterized by differential scanning calorimetry (DSC). The
cytotoxicity tests for the CS-EDTA/PVA nanofiber mats were per-
formed with MTT assays using human fibroblast cells. Finally,
in vivo wound healing activities were evaluated using an animal
model.

2. Materials and methods
2.1. Materials

Chitosan (degree of deacetylation 0.85, MW 110 kDa), ethylene-
diaminetetraacetic acid and lysozyme from chicken egg whites
were purchased from Sigma-Aldrich Chemical Company, USA.
Polyvinyl alcohol (PVA) (degree of polymerization~ 1600, degree
of hydrolysis~97.5-99.5mol%) was purchased from Fluka,
Switzerland. Normal human foreskin fibroblast (NHF) cells
were obtained from the American Type Culture Collection
(ATCC) in Rockville, MD, USA. Dimethyl sulfoxide (DMSO) was
obtained from BDH Laboratories, UK. Dulbecco’s modified Eagle’s
medium (DMEM), fetal bovine serum (FBS), Trypsin—-EDTA, and
penicillin-streptomycin were purchased from Gibco BRL Rockville,
MD, USA. All other reagents and solvents were commercially avail-
able and were of analytical grade.

2.2. Electrospinning

The 2% (w/v) CS solution was prepared by dissolving CS and
EDTA in distilled water at a weight ratio of 2:1. In the case of
CS-acetate, a 2% (w/v) CS solution was prepared by dissolving CS
and a 2% (v/v) acetic acid solution. The 10% (w/v) PVA solution was
prepared by dissolving PVA in distilled water at 80°C and then
allowing the solution to stir for 4h. The CS-EDTA solution was
mixed with a PVA solution at a weight ratio of 30/70.LZ (10, 20 and

30 wt% to polymer) was added into the 30/70 CS-EDTA/PVA solu-
tion. The viscosity, conductivity and surface tension of the solutions
were measured. The electrospinning solution was contained in a
5-mL glass syringe connected with a 20-gauge stainless steel nee-
dle (diameter = 0.9 mm) at the nozzle. The needle was connected to
the emitting electrode of positive polarity of a Gamma High Volt-
age Research device. The electric potential was fixed at 15kV. The
nanofibers were collected as-spun on an aluminum sheet that was
wrapped on a rotating collector. The solution was electrospun at
room temperature, and the collection distance was fixed at approxi-
mately 20 cm. The solution feed was driven by a syringe pump, with
the rate fixed at 0.25 mL/h during spinning.

2.3. Characterization of LZ loaded CS-based nanofibers

The morphology and diameter of the nanofiber mats were
determined using scanning electron microscopy (SEM; Camscan
Mx2000, England). For this process, a small section of the electro-
spun fiber mats was sputtered with a thin layer of gold prior to
SEM observation. The average diameter of the nanofiber mats were
analyzed by randomly measuring the diameters of the nanofibers
at 100 different points from the SEM images.

The thermal behavior of the nanofiber mats was evaluated
by differential scanning calorimetry (DSC, Pyris Sapphire DSC,
PerkinElmer instrument, USA) in an atmosphere of nitrogen. DSC
traces were recorded from 25 to 250 °C at a heating rate of 5 °C/min.

2.4. Determination of lysozyme content

The content of LZ in the 30/70 CS-EDTA/PVA nanofiber mats was
analyzed by HPLC (Agilent Technology, USA). A VertiSep® AQS C18
column (250 mm x 4.6 mm, 5 um particle size) with a C18 guard
column was used. The elution was carried out with gradient solvent
systems consisting of 1% acetonitrile, 0.2% trifluoroacetic acid and
98.8% water (mobile A) and 70% acetonitrile, 0.2% trifluoroacetic
acid and 29.8% water (mobile B) with a flow rate of 1 mL/min at
ambient temperature. The gradient was programmed as follows:
100% A for 0-3 min, constant at 45% A for 9 min, 45% A to 20% A in
3 min, and 20% A to 100% A in 5 min. The wavelengths of the spec-
trofluorimetric detector were set at Ex=276nm and Em=345nm
(Riponi et al., 2007). The nanofiber mats (5mg) were dissolved
in 5mL of distilled water at room temperature and continuously
stirred for 24 h. Then, the amount of LZ in the nanofiber mats was
analyzed. The LZ content was calculated using Eq. (1).

LZ content (%) = (i—a) x 100, (1)
t
where L4 is the amount of LZ embedded in the nanofibers, and L¢
is the theoretical amount of LZ (obtained from feeding condition)
incorporated into the nanofibers.

2.5. Lysozyme activity assay

The biological activities of the LZ loaded CS-EDTA/PVA nanofiber
mats were measured with an EnzChek lysozyme assay kit (E-
22013). Micrococcus lysodeikticus cells were used as a substrate.
The samples were prepared by dissolving the nanofiber mats in
pH 7.4 phosphate buffer (50 wL) at room temperature and con-
tinuously stirred for 24h and mixed with 50 pg/mL (50 pL) of
M. lysodeikticus, labeled with fluorescein at each LZ concentra-
tion in a 96-well plate. The mixtures were incubated at 37°C for
30min, and the fluorescence intensity of each sample was mea-
sured in a microplate reader (Universal Microplate Analyzer, Model
AOPUSO1 and AI53601, Packard BioScience, CT, USA). The fluores-
cence absorption maxima and emission maxima of the digested
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Fig. 1. The SEM image of the LZ loaded CS-EDTA/PVA nanofiber mats with different concentrations of LZ: (a) 0%, (b) 10%, (c) 20% and (d) 30%.

products from the substrate were at 494 nm and 518 nm, respec-
tively. Specific activity was defined in terms of units of activity per
milligram of protein (U/g). All samples were assayed in triplicate.

2.6. Invitro release of lysozyme

The release characteristics of LZ from the LZ Iloaded
CS-EDTA/PVA nanofiber mats were investigated using Franz's
diffusion cells with a water jacket connected to a water bath at
37°C, each cell having a 6.5mL volume and 2.43 cm? effective
diffusion area. The receiver compartments were filled with acetate
buffer (pH 5.5) and stirred with a Teflon magnetic stirrer at
600 rpm. The nanofiber mats were cut with an equal diameter
effective diffusion area and were mounted between two half cells
of the diffusion cell. At a given time interval, an aliquot (1.0 mL)
of the receiver solution was withdrawn and replaced with the
same volume of fresh medium to keep the volume constant. The
concentration of LZ in the samples was assayed by HPLC (Agilent
Technology, USA) using the same conditions. The concentration of
LZ and their cumulative amounts were plotted against time. The
experiments were carried out in triplicate.

2.7. Indirect cytotoxicity evaluation

The cytotoxicity of the nanofiber mats was evaluated based on
a procedure adapted from the 1ISO10993-5 standard test method
(indirect contact) (Chen et al., 2008). The LZ-loaded nanofiber
mats were sterilized by UV radiation for 1h. The mats were
then extracted in a serum-free medium (SFM; containing DMEM,
1% (v/v) L-glutamine, 1% (v/v) lactalbumin, 1% (w/v) antibiotic
and antimycotic formulation) in an incubator for 24h to pro-
duce extraction media of varying concentrations (10, 7.5, 5, 2.5
and 1 mg/mL). Normal human foreskin fibroblast (NHF) cells were
plated in 90 L of DMEM, supplemented with 10% FBS, at a density
of 8000 cells/well in 96-well plates. When the cultures reached con-
fluency (typically 48 h after plating), the tested extraction media
with varying concentrations were replaced, and the cells were

re-incubated for 24 h. After treatment, the tested extraction solu-
tions were removed. Finally, the cells were incubated with 100 pL
of a MTT-containing medium (1 mg/mL) for 4 h. The medium was
removed, the cells were rinsed with PBS (pH 7.4), and the for-
mazan crystals that had formed in the living cells were dissolved
in 100 WL DMSO per well. Cell viability (%) was calculated based on
the absorbance at 550 nm using a microplate reader. The viability
of the non-treated control cells was arbitrarily defined as 100%.

2.8. Wound healing test

Male Wistar rats (240-280¢g) were used in this study, and the
study was approved by an Investigational Review Board (Animal
Studies Ethics Committee, Faculty of Pharmacy, Silpakorn Univer-
sity, Approval No.2-2553). After anesthetization, two full-thickness
rectangular wounds with a surface area of 0.8 cm? were cut from the
back of each of rat’s neck. The wound was covered with a nanofiber
mat equal size to its size, gauze and commercial antibacterial gauze
dressing (Sofra-tulle®, Sanofi Aventis, UK) (n=6). The area of the
wound was measured every day using the planimetry method until
the wound completely healed. The percentage of wound healing is
defined by Eq. (2).

Wound area (%) = (;) x 100, (2)
1

where A; is the initial wound area, and A is the wound area after a
fixed time interval.

2.9. Statistical analysis

Data were collected from triplicate samples and were depicted
as the mean =+ standard deviation (S.D.). Statistically significant dif-
ferences were examined using Student’s t-test. The significance
level was set at p<0.05.
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Table 1

Solution parameters of LZ loaded 30/70 CS-EDTA/PVA solution and average diameter at each concentrations.

LZ concentration (%) Viscosity (mPas)

Conductivity (uScm=")

Surface tension (mNm~') Fiber diameter (nm)

0 254.74 £ 0.76 1016.3 &+ 0.66
10 221.27 £ 0.76 1366.0 & 0.66
20 204.27 £ 1.36 1689.7 + 1.36
30 198.82 + 0.66 2013.0 + 0.76

49.46 + 1.43 209.91 + 35.68
49.01 + 0.44 168.72 + 24.16
49.31 + 0.48 160.50 + 26.84
49.60 + 0.21 143.65 + 50.41

3. Results and discussion
3.1. Electrospinning

LZ was added to the CS-EDTA/PVA (weight ratio of 30/70)
electrospinning solution. The maximum concentration of LZ for
the preparation of electrospun nanofibers was 30 wt%. When the
LZ concentration was greater than 30 wt%, nanofibers could not
be obtained via electrospinning. Fig. 1 shows the morphology of
0-30wt% LZloaded CS-EDTA/PVA fiber mats. The SEM images of all
concentrations of LZ show a smooth fiber without beads. When the
concentrations of LZ were increased, the diameter of the nanofibers
decreased from 209.91 4-35.68 to 143.65 & 50.41 nm. The decrease
in diameter may be due to the change in the solution parameter
(Table 1). The conductivity of the electrospun solution increased
when the concentration of LZ increased, whereas the viscosity and
surface tension of the solution were slightly decreased and did
not change at each concentration. Therefore, the decrease in the
diameter of the nanofibers is mainly due to the conductivity of the
solution. When the conductivity of a solution increases, the diam-
eter of the nanofiber decreases. LZ is a protein that can provide
charge when dissolved in water. Because of the amine groups in
its structure, an increase in the conductivity of the solution occurs
when the concentration of LZ increases. This result corresponds
to our previous study, which showed that the diameter of the
CS-HOBt/PVA nanofiber mats decreased when the conductivity of
the aqueous solution increased (Charernsriwilaiwat et al., 2010).

3.2. Characterizations

Fig. 2 shows the DSC thermograms of the CS-EDTA/PVA
nanofiber mats with and without LZ and pure LZ powder. The
endothermic curves of the bare-nanofiber mats (0% LZ) showed that
the melting point slightly decreased from approximately 218.5°C
t0217.3,216.7 and 216.1 °C when the concentration of LZ increased
to 10, 20 and 30%, respectively. For the pure LZ powder, the melting

Endothermic

LZ powders

400 600 800 1000 1200 1400 160.0

Tem°C

180.0 200.0 220.0 240.0

Fig.2. DSC thermogram of the LZ loaded CS-EDTA/PVA nanofiber mat with different
concentrations of LZ and pure LZ powders.

Table 2
% LZ content and activity of LZ loaded 30/70 CS-EDTA/PVA nanofiber mats at each
concentrations.

LZ concentration (%) % LZ content LZ activity (U/g)

10 95.44 + 2.54 440 + 1.23
20 93.86 + 1.91 8.89 + 1.56
30 92.39 + 1.76 16.30 + 2.39

point was observed at approximately 200 °C, which is lower than
that of the CS-EDTA/PVA nanofiber mats. This indicates that the LZ
content in the nanofiber mats does not affect the thermal behavior
of the mats.

3.3. LZ content and activity

The LZ content and activity in the CS-EDTA/PVA nanofiber mats
are shown in Table 2. The content of LZ in the nanofiber mats was
92.39-95.44%, which shows the excellent incorporation of LZ in the
nanofiber mats. When the concentration of LZ increased, the % con-
tent slightly decreased. This might be the capacity of nanofiber mats
was maximum at 10% LZ. The activity of LZ in the CS-EDTA/PVA
nanofiber mats was between 4.4 and 16.3 U/g. LZ is a water-soluble
enzyme that homogenously mixes with the hydrophilic polymer.
Therefore, it can be readily dissolved in CS-EDTA/PVA solution and
provides high content and activity. This result shows that LZ is not
eliminated during the electrospinning process under high electric
voltage conditions (Kim et al., 2007).

3.4. Invitro release study

Fig. 3 shows the LZ release profiles from CS-EDTA/PVA nanofiber
mats with different concentrations. It can be observed that the
lysozyme is rapidly released. The percentage of cumulative LZ
release reaches approximately 80% within 30min. This result
reveals that the LZ was burst released from the nanofiber mats.
The maximum total amount of LZ release from the nanofiber mats
within 4 h was approximately 90%. This result was similar to the

100 T

tr 29
vl

80

60

40

% Cumulative release

20

0 60 120 180 240

Time (min)

Fig. 3. Lysozyme release profiles from CS-EDTA/PVA nanofiber mats with various
initial lysozyme concentrations: (¢) 10%, (3J) 20% and (A) 30%.
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Fig. 4. Cell viability of the extract of nanofiber mats (W) bare-CS-acetate/PVA (O)
bare-CS-EDTA/PVA and (M ) 30% LZ loaded CS-EDTA/PVA nanofiber mats at var-
ious concentrations in NHF cells. Difference values * were statistically significant
(p<0.05) compared with control. The data are presented as mean+S.D. (n=5).

release of LZ from the electrospun hydrophilic PVA/gelatin scaffold
(Yang et al., 2008). This result indicates that LZ could release well
from the CS-EDTA/PVA nanofiber mats, and the LZ release patterns
may be explained by both the mechanism of polymer erosion and
lysozyme diffusion (Kim et al., 2007).

3.5. Indirect cytotoxicity

The cytotoxicity of various concentrations of the extract
medium from 30% LZ loaded CS-EDTA/PVA, bare-CS-EDTA/PVA
and bare-CS-acetate/PVA nanofiber mats were shown in Fig. 4.
There was a significant decrease in cell viability when the NHF cells
were incubated with higher concentrations (5-10 mg/mL) of the
extraction media of the nanofiber mats of bare- CS-acetate/PVA
nanofiber mats when compared with the control (p<0.05). The
average cell viability was decreased when the weight of the
nanofiber mats increased. However, cell viability remained similar
to that of the control non-transfected cells in all concentrations of
the CS-EDTA/PVA extract medium and 30% LZ loaded CS-EDTA/PVA
nanofiber mats. This may be because the acetic acid that was used
as a solvent remained in the nanofiber mats. Our results indicate
that the CS-EDTA/PVA nanofiber mats with and without LZ is safe
at the concentrations used (1-10 mg/mL).

3.6. Wound healing test

In the wound healing test, two full-thickness round wounds
with surface areas of 0.8 cm? were created on the back of each
rat. Fig. 5 shows the representative images of the wound heal-
ings at 1, 4, 7 and 10 days after treatment with 30% LZ loaded
CS-EDTA/PVA nanofiber mats, gauze (negative control) and com-
mercial antibacterial gauze dressing (positive control). Wound
closure in all treatments was recovered within 10 days. The healing
treatment with 30% LZ loaded CS-EDTA/PVA nanofiber mats was
faster than that of the gauze and commercial antibacterial gauze
dressing treatments at 4 and 7 days after operation. Fig. 6 shows
the changes in wound areas at different healing times. The wound
areas decreased gradually and achieved approximately 2% after 10
days when treated with three different wound dressings. In the
first 1-5 days, the healing effect of 30% LZ loaded CS-EDTA/PVA
nanofiber mats was better than that of the gauze (p <0.05) and was
similar to that of the commercial antibacterial gauze dressing. This
may be because the LZ was rapidly released from the nanofiber
mats, which assists in the acceleration of the healing process by
deactivating bacterial and depolymerizing the CS (Mecitoflu et al.,

Day 4

Day 1 Day 7 Day 10

a -

Fig. 5. Appearance of would healings at 1, 4, 7 and 10 day after treat with (a)
30% LZ loaded CS-EDTA/PVA nanofiber mats, (b) gauze (negative control) and (c)
commercial antibacterial gauze dressing (Sofra-tulle®) (positive control).
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Fig. 6. Wound healing tests of (1) 30% LZ loaded CS-EDTA/PVA nanofiber mats, (2)
gauze (negative control) and (¢) commercial antibacterial gauze dressing (Sofra-
tulle®) (positive control). Difference values * were statistically significant (p <0.05)
compared with gauze. The data are presented as mean+S.D. (n=6).

2006). Byproducts from CS depolymerization such as EDTA and N-
acetyl-D-glucosamine can also enhance the healing rate because
of their antibacterial properties and aid in fibroblast proliferation
(Reshetov etal.,2004). After that, the % wound area of all treatments
between day 5 and recovery was similar. This revealed that wound
healing was processed by a mechanism of the body, independent
from the effects of the treatment. Chen et al. (2008) also reported
similar results for electrospun collagen/chitosan nanofibrous mem-
branes, which proved to be better than gauze and commercial
collagen sponge for wound healing.

4. Conclusion

An ideal wound dressing should be biocompatible, biodegrad-
able and able to enhance the healing process. LZ was successfully
loaded into CS-EDTA/PVA nanofiber mats using the electrospinning
method. The 30% LZ loaded CS-EDTA/PVA nanofiber mats are in the
nanometer range, are non-toxic and rapidly released, retains the LZ
activity, and enhance the healing process. These biodegradable, bio-
compatible, electrospun chitosan-based nanofiber mats have great
potential for use as wound dressings.
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Abstract. Electrospinning of chitosan (CS) has been interested due to the excellent properties of CS
such as biocompatibility, biodegradability, antibacterial and non toxic. In this study,
chitosan-thiamine pyrophosphate (CS-TPP)/polyvinyl alcohol (PVA) blend nanofibers were
prepared using electrospinning techniques without acidic and organic solvent. CS was dissolved with
TPP aqueous solution and then blended with PVA solution at various weight ratios. Physicochemical
properties of CS-TPP/PVA solution such as viscosity, conductivity and surface tension were
evaluated. The morphology and diameter of the electrospun fiber mats were investigated by using
scanning electron microscopy (SEM). The chemical structure was characterized by Fourier
Transform Infrared (FT-IR) spectroscopy and Differential Scanning Calorimetry (DSC). The
morphology and diameter of the nanofibers were mainly affected by the weight ratio of the blend
polymers. Nanofibers were obtained when the CS-TPP content was less than 50 % wt. The average
diameter of the nanofibers was 99.91-216.42 nm, and the fiber diameter decreased with increasing
CS-TPP content. Cytotoxicity tests in human fibroblast cells showed that the fibers had low toxic to
the cells. In conclusion, these CS electrospun nanofiber mats can be applied for the wound dressing
or transdermal drug delivery systems.

Introduction

Production of chitosan nanofibers via electrospinning techniques has recently been
attractively investigated due to potential in biomedical application such as tissue engineering,
delivery of pharmaceutical substance and wound dressing. Recently, electrospun chitosan (CS)
nanofibers have been successfully fabricated from the CS, CS derivatives and CS blend with others
polymer solution. However, some organic solvents or acids, such as 1,1,1,3,3,3-hexa
fluoro-2-propanol (HFIP), trifluoroacetic acid (TFA) and concentrated acetic acid must be residued in
electrospun chitosan nanofibers. The toxic organic solvents or acids in electrospun nanofiber mats are
unsafe when applied to wounded human skin or tissue [1,2]. Thiamine pyrophosphate (TPP) is a
thiamine derivative. Due to the phosphate groups of TPP, the molecular can form salt with amine
groups of CS, help improving CS water solubility The amine groups of TPP, especially at N of
thiazolium can be deprotonated and always positive even at physiological pH. Chitosan thiamine
pyrophosphate (CS-TPP) was successfully prepared as a novel carrier for sSiRNA delivery [3]. In this
study, electrospinning was used to prepare nanofiber mats from a CS-TPP aqueous solution. In a
preliminary study, we attempted to use electrospinning to prepare a nanofiber mat from 100%
CS-TPP solution; however no product of nanofiber was obtained. Therefore, we added poly(vinyl
alcohol) (PVA) to the CS-TPP solution as a blend polymer in the different weight ratio. PVA is a
water-soluble, non-toxic, biodegradable and biocompatible polymer with enhanced fiber-forming
ability, and it is therefore well-suited as a guest polymer in blends with CS [4-6].
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Experimental Procedure

Chitosan (low molecular weight) and thiamine pyrophosphate were purchased from
Sigma-Aldrich Chemical Company, USA. Polyvinyl alcohol (PVA) (degree of polymerization ~
1600, degree of hydrolysis ~ 97.5-99.5 mol%) was purchased from Fluka, Switzerland.

The 2% w/v CS solution was prepared by dissolving CS and TPP in distilled water at a weight
ratio of 1:1. The 10% (w/v) PVA solution was prepared by dissolving PVA in distilled water at 80°C
and then allowing the solution to stir for 4 h. The 2% CS-TPP solution was mixed with a 10% PVA
solution at weight ratios. The solutions viscosity, conductivity and surface tension were measured.
The polymer solution was placed in a 5-mL glass syringe connected with a 20G stainless steel needle
(diameter = 0.9 mm) at the nozzle. The needle was connected to the emitting electrode of positive
polarity of a Gamma High Voltage Research device. The electric potential was fixed at 15 kV. The
nanofibers were collected as-spun on an aluminum sheet that was wrapped on a rotating collector.
The solution was electrospun at room temperature, and the collection distance was fixed at
approximately 20 cm. The solution feed was set by syringe pump that was controlled to 0.25 mL h™.
Morphology of CS-TPP/PVA nanofiber mats were observed by scanning electron microscope
(SEM). The thermal behavior of the nanofiber mats were studied by differential scanning calorimetry
(DSC). FT-IR spectra of nanofiber mats were collected by fourier transform infrared
spectrophotometer in the wave number range of 400-4000 cm™. The indirect cytotoxicity on normal
human fibroblast (NHF) was evaluated by (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay. MTT (a yellow tetrazole) is reduced to purple formazan in living cells that
measuring by UV spectrophotometry at 550 nm [7]. The nanofiber mats of CS-TPP/PVA and
CS-acetate/PVA at the weight ratios of 10/90, 30/70, 50/50 were immersed in a serum-free medium
(SFM) for 24 h at vary concentration. The SFM without mats was used as control.

Results and Discussion

The viscosity, conductivity and surface tension of the CS-TPP/ PVA at different weight ratio
are shown in Table 1.The viscosities of the CS-TPP/PVA blend solutions decreased from 568 + 0.38
to 124 + 0.12 cP. The conductivities and surface tensions of the CS-TPP/PVA blend solutions
increased from 1161 + 9.71 to 2110 + 10.0 pS cm™ and from 46.6 + 0.37 to 52.6 £ 0.23 mN m™,
respectively when increasing the CS-TPP content of the blend from 10 to 50% wt.

Table 1. Physiochemical properties of CS-TPP/PVA at different weight ratio

CS-TPP/PVA Viscosity Conductivity Surface tension
weight ratio (cP) (uS cm™) (mN m™)
10/90 568 + 0.38 1161+9.71 46.6 + 0.37
20/80 460 + 2.48 1269 + 6.51 48.6 +0.24
30/70 347 +£5.29 1574 £9.02 50.0 £ 0.58
40/60 260 +0.38 1771 +2.08 51.6 +0.22
50/50 124 +0.12 2110+ 10.0 52.6 +0.23

Table 2 shows the SEM images of nanofiber mats with different CS-TPP/PV A weight ratios
of 10/90, 20/80, 30/70, 40/60 and 50/50. When the content of CS-TPP was increased from 10 to 50%
wt, the average diameter of the nanofibers decreased from 216.42 + 34.45 to 99.91 + 18.67 nm and
bead on mats were observed. Decreasing of fibers diameter when CS-TPP content increased were
mainly roled by viscosity and conductivity of solutions. The diameter distribution of the nanofiber
mats is shown in Table 2. The diameter gradually decreased with increasing CS-TPP amount in the
blend, and more beads were observed in the composite. This result is similar to previous studies of
CS-HOBt/PVA blend nanofiber membranes [5]. The beads in mats were observed when the content
of CS-TPP in the blended solution increased to 30% wt (Table 2). When the CS-TPP content was
more than 60% wt, fibers could not form a jet during the electrospinning process. This due to the
repulsive forces between ionic groups in the CS backbone obstructing the formation of continuous
fiber during electrospinning.
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Table 2. SEM images, diameter distribution and diameter average of nanofiber mats with different
weight ratios of CS-TPP/PVA.

Weight ratios of Diameter average (nm)

CS-TPP/PVA SEM Image Diameter distribution L SD.
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7 7o
RS A S e
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The FT-IR spectra of nanofiber mats of pure chitosan powder, CS-TPP/PVA weight ratios
50/50 and PVA nanofiber mats are shown in Fig. 1. The PVA nanofiber mats’ spectrum represented
the absorption peaks at 3360, 2940, 1430 and 1095 cm™, which were attributed to the v (O-H), vs
(CHy), 8 (CH-O-H) and v (C-0O), respectively [4]. CS-TPP/PVA nanofiber mats also exhibited the
same peaks as those found in the PVA nanofiber mats and the peak at 1655 cm™, the v(C=0) of a
primary amide [8], same as in the CS powder spectrum.The results indicated that CS-TPP and PVA
were homogenously dispersed in nanofiber mats [5,6]. Fig. 2 shows the DSC thermograms of the
nanofiber mats of different weight ratio blends of CS-TPP/PVA. The endothermic curves of all of the
nanofiber mats were obtuse and broad when the amount of CS-TPP in the blend increased, the
endothermic peak shifted to lower temperature. This indicated that the CS-TPP content in the blend
resulted in less suitable conditions for the crystallization of the nanofiber mats [5,6].

The cytotoxicity to human fibroblast of CS-TPP/PVA compare with CS-acetate/PVA
nanofiber mats is shown in Fig. 2. The results represented that cell viability was not significantly
different in any concentration of CS-TPP/PVA. This indicated that CS-TPP/PVA was non-toxic to
NHF cells. On the other hand CS-acetate/PVA nanofiber mats showed lower cell viability than
CS-TPP/PVA nanofiber. This indicated that the acetic acid that dissolve CS might be residue in
nanofibers cause toxic to NHF cells [5,6].
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Fig. 3 Cell viability of the extract of nanofiber mats () CS-acetate/PVA and (LJ) CS-TPP/PVA with
different weight ratio (a) 10/90, (b) 30/70 and (c) 50/50 at various concentrations in normal human
fibroblast (NHF) cells. *Significant difference compared to control; P < 0.05

Conclusion

The non-toxic CS-TPP/PVA nanofiber mats were successfully prepared by electrospinning
technique with different weight ratios. Indirect cytotoxicity assessment of CS-TPP/PVA nanofiber
mats with human fibroblasts indicated that CS-TPP/PVA nanofiber mats had non-toxic and good
biocompatability. CS-TPP/PVA nanofiber mats seem to have a potential for the wound dressing or
transdermal drug delivery systems.
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The aim of this study was to prepare electrospun chitosan-based nanofiber mats and to incorporate
the fruit hull of Garcinia mangostana (GM) extracts into the mats. Chitosan-ethylenediaminetetraacetic
acid/polyvinyl alcohol (CS-EDTA/PVA) was selected as the polymers. The GM extracts with 1, 2 and 3 wt%
a-mangostin were incorporated into the CS-EDTA/PVA solution and electrospun to obtain nanofibers.
The morphology and diameters of the mats were analyzed using scanning electron microscopy (SEM).
The mechanical and swelling properties were investigated. The amount of GM extracts was determined

Eegc"tvz)rg;nmng using high-performance liquid chromatography (HPLC). The antioxidative activity, antibacterial activity,
Chitosan extract release and stability of the mats were evaluated. In vivo wound healing tests were also performed

in Wistar rats. The results indicated that the diameters of the fibers were on the nanoscale and that no
crystals of the extract were observed in the mats at any concentration. The mats provided suitable ten-
sile strength and swelling properties. All of the mats exhibited antioxidant and antibacterial activity.
During the wound healing test, the mats accelerated the rate of healing when compared to the control
(gauze-covered). The mats maintained 90% of their content of a-mangostin for 3 months. In conclusion,
the chitosan-based nanofiber mats loaded with GM extracts were successfully prepared using the elec-
trospinning method. These nanofiber mats loaded with GM extracts may provide a good alternative for
accelerating wound healing.

Garcinia mangostana
Wound healing

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Chitosan is a copolymer of N-acetyl-p-glucosamine (Glc-NAc)
and D-glucosamine (GIcN) that is produced by alkaline deacety-
lation of chitin. Chitosan is biodegradable, biocompatible, and
non-toxic; therefore, it has been used as a material for use in
biomedical applications (Dash et al., 2011; Rinaudo, 2006). Chi-
tosan has been candidate as a wound dressing material due to
the special properties as proliferation, antioxidant, antibacterial,
activates macrophages and hemostasis. Moreover, chitosan will
gradually depolymerize into N-acetyl-p-glucosamine, which initi-
ates fibroblast proliferation, assists in ordered collagen deposition
and stimulates increased levels of natural hyaluronic acid synthe-
sis at the wound site. Because of these reasons, chitosan have been
one of the important biomaterials for wound management in recent
years (Jayakumar et al., 2011; Muzzarelli, 2009; Paul and Sharma,
2004). Hence chitosan biopolymer is the one choice for devel-
oping nanofibrous wound dressing material via electrospinning
technique. The electrospun nanofiber is appropriate for use as a

* Corresponding author. Tel.: +66 34 255800; fax: +66 34 255801.
E-mail addresses: praneet@su.ac.th, opraneet@hotmail.com (P. Opanasopit).

0378-5173/$ - see front matter © 2013 Elsevier B.V. All rights reserved.
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wound dressing material due to its useful properties, including
oxygen-permeable high porosity, variable pore-size distribution,
high surface to volume ratio, and most importantly, morphologi-
cal similarity to the natural extracellular matrix (ECM) in the skin,
all of which promote cell adhesion, migration and proliferation
(Jayakumar et al., 2011; Zahedi et al., 2010). For wound dressing
applications, the electrospun nanofiber can be used with or with-
out agents that promote wound healing and the polymer must be
biocompatible, biodegradation and low toxicity (Heunis and Dicks,
2010; Venugopal and Ramakrishna, 2005).

Recently, chitosan nanofibers have been successfully generated
from the electrospinning of pure chitosan, chitosan derivatives and
chitosan blends with other polymers. For wound healing appli-
cations, blended chitosan was used to prepare nanofiber such
as chitosan/collagen (J.-P. Chen et al., 2008; Wang et al., 2008),
chitosan/silk (Cai et al., 2010), carboxyethyl chitosan/polyvinyl
alcohol (PVA) (Zhou et al., 2008) and quaternary chitosan/polyvinyl
pyrrolidone (PVP) (Ignatova et al, 2007). However, the chi-
tosan electrospun nanofiber which incorporated wound healing
enhancement agent has been few reported for wound dressing
application. Many varieties of active agent have been used to accel-
erate wound healing process such as antimicrobials and antibiotic,
epithelia growth factor, fibroblasts growth factor, vitamin and
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Fig. 1. Chemical structure of a-mangostin.

mineral, nanosilver particles and agent of high potential in a wound
dressing material from natural extracts (Zahedi et al., 2010). Man-
gosteen (Garcinia mangostana Linn.; GM) is a tropical fruit found
in Southeast Asia. People in Southeast Asia have used the pericarp
(peel, rind, hull or ripe) of GM as a traditional medicine for the
treatment of abdominal pain, diarrhea, dysentery, infected wound,
suppuration, and chronic ulcer. The pericarp of GM was reported
to be a good source of xanthone, a-, 3-, and y-mangostins, gar-
cinone E, 8-deoxygartanin, and gartanin (Pedraza-Chaverri et al.,
2008). Several studies have revealed that GM extracts exhibit
antimicrobial (Chomnawang et al., 2009; Pothitirat et al., 2009a;
Sundaram et al., 1983), antiproliferative (Moongkarndi et al., 2004),
antioxidant (Palakawong et al., 2010; Weecharangsan et al., 2006;
Williams et al., 1995), anti-inflammatory (L.-G. Chen et al., 2008)
and analgesic (Cui et al., 2010). Because of these useful activities of
GM extracts, it can be used for wound healing application.

In our previous study, the GM extracts were successfully
loaded in PVA electrospun nanofiber mats which still remain
the antioxidant activity for cosmetic applications (Opanasopit
et al., 2008). Chitosan was also successfully prepared in aqueous
salt to form nanofibers without the use of organic solvents
or toxic acids such as chitosan-hydroxybenzotriazole (CS-
HOBt)/PVA (Charernsriwilaiwat et al., 2010), chitosan-thiamine
pyrophosphate (CS-TPP)/PVA (Charernsriwilaiwat et al., 2012c)
and chitosan-ethylenediaminetetraacetic acid (CS-EDTA)/PVA
(Charernsriwilaiwat et al, 2011). Among the obtained fibers,
CS-EDTA/PVA nanofiber mats showed the excellent antibacte-
rial, antioxidant activity and performed better than gauze in
decreasing acute wound size during the first week after tissue
damage (Charernsriwilaiwat et al., 2012b). Moreover, in the com-
mercial product, EDTA was also used for irreversible deactivation
of matrix metalloproteases (MMPs) which play an important role
in damaging the extracellular matrix and the extracellular growth
factors presentin a chronic wound (Fitzgerald and Steinberg, 2009).
The aim of this study was to prepare chitosan-based nanofiber
mats loaded with GM extracts to enhance their efficacy as antibac-
terial and antioxidant agents for enhancing wound healing. The
morphology and structure of the chitosan-based nanofiber mats
after the extract was loaded were analyzed using scanning electron
microscopy (SEM). The composites and the thermal behaviors of
the nanofiber mats were characterized using Fourier transform
infrared spectrophotometer (FT-IR) and differential scanning
calorimeter (DSC). The mechanical and swelling properties of the
mats were investigated. a-Mangostin (see the chemical structure,
Fig. 1) was used as a marker of the GM extract. The amount
of GM extracts (a-mangostin) remaining in the chitosan-based
nanofiber mats was determined using high-performance liquid
chromatography (HPLC). The release profile of a-mangostin from
the nanofiber mats loaded with GM extracts was analyzed using
Franz’s diffusion cell. The cytotoxicity tests for the nanofiber mats
were evaluated with a MTT assay using human fibroblast cells.

The antioxidant and antibacterial activities of the nanofiber mats
were analyzed. The in vivo wound healing effects of the nanofiber
mats were investigated using an animal model. The stability of
the nanofiber mats was studied by storing the mats under normal
conditions and comparing them with mats stored under stress
conditions.

2. Materials and methods
2.1. Materials

Chitosan (degree of deacetylation 0.85, MW 110kDa) and
ethylenediaminetetraacetic acid (EDTA) were purchased from
Sigma-Aldrich Chemical Company, USA. Polyvinyl alcohol
(PVA) (degree of polymerization~ 1600, degree of hydroly-
sis~97.5-99.5mol%) was purchased from Fluka, Switzerland.
G. mangostana (GM) was obtained from a farm in Chantaburi
Province, Thailand. Normal human foreskin fibroblast (NHF)
cells were obtained from the American Type Culture Collection
(ATCC) in Rockville, MD, USA. Dimethyl sulfoxide (DMSO) was
obtained from BDH Laboratories, UK. Dulbecco’s modified Eagle’s
medium (DMEM), fetal bovine serum (FBS), Trypsin—-EDTA, and
penicillin-streptomycin were purchased from Gibco BRL Rockville,
MD, USA. All other reagents and solvents were commercially
available and were of analytical grade.

2.2. Preparation of GM extracts

The hulls of GM were cut into small pieces and dried in a hot air
ovenat 50 °Cfor24 h. The dried samples were milled into powder by
blender. Dried powder was separately macerated with 70% acetone
at room temperature until the extraction was exhausted. Acetone
extract was combined and filtered through a Whatman no. 1 filter
paper under suction. The filtrate was concentrated on water bath
and evaporates solvent in rotary evaporator to obtain the dry crude
extracts.

2.3. Standardization of GM extracts

2.3.1. a-Mangostin content in GM extracts

The GM extracts were analyzed by the amount of a-mangostin
determined by HPLC (Agilent Technology, USA). A VertiSep® AQS
C18 column (250 mm x 4.6 mm, 5 wm particle size) with a C18
guard column was used. The HPLC analysis was performed accord-
ing to the method of Pothitirat et al. (2009a) with a slight
modification. The elution was performed using gradient solvent
systems that consisted of acetonitrile (mobile A) and 0.1% (v/v)
ortho phosphoric acid (mobile B) with a flow rate of 1 ml/min
at ambient temperature. The gradient program was as follows:
70% A for 0-15min, 70-75% A in 3 min, 75-80% A in 1 min, con-
stant at 80% A for 6 min, and 80-70% A in 1 min. The wavelength
of the UV-visible detector was set at 320 nm. The content of a-
mangostin was calculated using its calibration curve with respect
to the dilution factor and was expressed as gram per 100 g of the
extract.

2.3.2. Antioxidant activity of the GM extracts

2.3.2.1. Free radical scavenging activity for 2,2-diphenyl-1-
picrylhydrazyl (DPPH). A 200 uM aliquot of DPPH in methanol
(100 I) was added to 100wl of the GM extract. The extracts
were dissolved by their solvent and then diluted to the desired
concentration with methanol. The mixture was held at room
temperature for 30 min. The absorbance was measured at 550 nm
(Fusion Universal Microplate Analyser Model: A153601, Perkin
Elmer Life and Analytical Sciences, Inc., USA). The results of the
assay were expressed as ICsg, which represents the concentration
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of the extract (g/ml) required to inhibit 50% of the free radical
scavenging activity. The free radical scavenging activity was
assessed using Eq. (1):

A
% Inhibition = (1 - Sam‘"e) % 100 1)

control

where Agymple is the absorbance in the presence of the extracts
and Acontrol 1S the absorbance of the control. The IC5g values were
calculated by linear regression of the plots where the x-axis repre-
sented the various concentrations (jg/ml) of the GM extracts and
the y-axis represented the % inhibition.

2.3.2.2. Scavenging activity for 2,2'-azino-bis (3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS) radicals. The ABTS
working solution was prepared by reacting an ABTS solution
(7mM) with potassium persulfate solution (4.95 mM). The mix-
ture solution was reacted in the dark at room temperature for
12-16h before use. Before the assay, the solution was diluted
in a phosphate buffer at a pH of 7 to yield an absorbance of
0.7+0.02 at 734nm. Then, 3.9ml of the working solution was
mixed with 0.1 ml of the sample. After 10 min at room tem-
perature, the absorbance at 734nm was measured. The percent
inhibition was then calculated using Eq. (1), and the IC5¢ value
was calculated following the procedure described for the DPPH
assay.

2.3.2.3. Ferricreducing/antioxidant potential (FRAP) assay. The FRAP
solution was freshly prepared by mixing an acetate buffer at a pH
of 3.6 (a), 20 mM of a ferric chloride solution (b) and 10 mM of a
tripyridyl-s-triazine (TPTZ) solution (c)ina 10:1:1 (a:b:c) ratio. The
sample solution (50 1) was added to the FRAP reagent (950 l). The
mixture was incubated for 30 min at room temperature, and the
absorbance was measured at 593 nm. The measurement was com-
pared to a standard curve for FeSO4-H, O solutions and expressed as
an EC; value, which indicates that the concentration of antioxidant
in the reactive system has a ferric-TPTZ reducing ability equivalent
to that of 1 mM of FeSO4-H, 0.

2.3.2.4. Metalion chelating assay. The ferrous ion-chelating poten-
tial of the GM extract was investigated according to the method
of Decker and Welch (1990). The ferrous ion-chelating ability was
monitored by the absorbance of the ferrous iron-ferrozine com-
plex at 562 nm. Briefly, the reaction mixture was composed of
varying concentrations of the GM extract, FeCl, (2 mM) and fer-
rozine (5 mM) and adjusted to a total volume of 0.8 ml with water,
shaken well and incubated for 10 min at room temperature. The
absorbance was then measured at 562 nm. The percent chelating
activity was then calculated following Eq. (1), and the ICsq value
was calculated following the procedure described for the DPPH
assay.

2.3.3. Determination of total phenolic content

To ensure that every batch of the extract has uniformity and
consistency for the exhibited biological effects, the total phenolic
and tannic acid content and the extraction yield were determined.
The amounts of phenolic compounds in the extracts were deter-
mined using the Folin-Ciocalteu method, which was adapted from
Singleton et al. (1999), and gallic acid was used as the standard phe-
nolic compound. Fifty-microliter aliquots of the extracts (1 mg/ml)
were added to a mixture of 2.5 ml of 10% Folin-Ciocalteu reagent
and 2ml of 7.5% Na,COs3. After incubation at 45°C for 30 min,
the absorbance was measured at 765 nm. A linear dose-response
regression curve was generated using the absorbance reading of
gallic acid. The content of total phenolic compounds in the extract

was expressed as grams of gallic acid equivalent per 100 gram of
dry weight (g GAE/100 g) of extracts.

2.3.4. Determination of total tannins content

The total tannins content in the extracts was determined using
the method that was adapted from Silber and Fellman (2006). First,
2 mg of bovine serum albumin was mixed with 1 ml of the sam-
ple extract at a concentration of 1 mg/ml and then maintained at
room temperature for 20 min. Then, the mixtures were centrifuged,
and the sediment was dissolved with 0.1% sodium dodecyl sul-
fate (2ml), triethanolamine (2ml) and 10mM FeCl; (1 ml). The
absorbances of the suspensions were measured at 510 nm. The
calibration curve was established using standard tannic acid. The
content of total tannin in the extract was expressed as grams of
tannic acid equivalent per gram of dry weight (g TAE/100g) of
extracts.

2.4. Preparations of GM extracts loaded chitosan-based nanofiber
mats

The 2% (w/v) chitosan (CS) solution was prepared by dissolving
CSand EDTA in distilled water at a weight ratio of 2:1. The 10% (w/v)
PVA solution was prepared by dissolving PVA in distilled water at
80°C, followed by stirring for 4 h. The CS-EDTA solution was mixed
with a PVA solution at a weight ratio of 30/70. GM extracts (contain-
ing 1, 2 and 3 wt% a-mangostin to polymer) were added into the
30/70 CS-EDTA/PVA solution, and then, the solution was stirred for
24 h. The viscosity, conductivity and surface tension of the solutions
were measured. The electrospinning solution was contained in a
5ml glass syringe connected with a 20-gauge stainless steel nee-
dle (diameter =0.9 mm) at the nozzle. The needle was connected
to the positive polarity emitting electrode of a Gamma High Volt-
age Research device. The electric potential was fixed at 15kV. The
nanofibers were collected as-spun on an aluminum sheet that was
wrapped on a rotating collector. The solution feed was driven by
a syringe pump, and the rate was fixed at 0.25 ml/h during spin-
ning. The solution was electrospun at room temperature, and the
collection distance was fixed at approximately 20 cm. The process
duration was fixed at 24 h to provide mats with a 20-30 pwm thick-
ness.

2.5. Characterizations of nanofiber mats

The morphology and diameter of the nanofiber mats were
determined using scanning electron microscopy (SEM, Camscan
Mx2000, England). For this process, a small section of the nanofiber
mats was sputtered with a thin layer of gold before the SEM obser-
vations. The average diameter and diameter distribution of the
nanofiber mats were analyzed by randomly measuring the diame-
ters of the nanofibers at 100 different points from the SEM images
using image analysis software (JMicroVision V.1.2.7, Switzerland).

The chemical structure of the nanofiber mats was charac-
terized using a Fourier transform infrared spectrophotometer
(FT-IR, Nicolet 4700, Becthai, USA) with a wave number range of
400-4000 cm~!. The thermal behavior of the nanofiber mats was
evaluated by differential scanning calorimeter (DSC, Pyris Sapphire
DSC, PerkinElmer Instrument, USA) under an atmosphere of nitro-
gen. DSC traces were recorded from 25 to 250°C at a heating rate
of 5°C/min.

The mechanical properties of the nanofiber mats were evalu-
ated using a texture analyzer (TA.XT plus, Stable Micro Systems, UK)
with a 5 kg load cell equipped with a tensile grips holder. The sam-
ples were cut into a rectangular shape (5-25 mm). The thicknesses
of these samples ranged from 20 to 30 pm.
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The swelling degree of the nanofiber mats were investigated in
a phosphate buffer solution at a pH of 7.4 at room temperature for
1 h according to Eq. (2):

Degree of swelling (%) = M- Mg x 100 2)
My

where M is the weight of each sample after immersion in the buffer

solution for 1 h and My is the initial weight of the sample in its dry

state.

The loading efficacy of the GM extracts into the CS-EDTA/PVA
nanofiber mats was determined by submerging the mats (5 mg)
into 5 ml of an acetate buffer (pH 5.5) and methanol (50:50) for 24 h.
Then, 1 ml of the solution was analyzed using HPLC to determine the
amount of a-mangostin, which is used as a maker in the nanofiber
mats, as mentioned in Section 2.3.1. The amount of a-mangostin
was used to calculate the amount of GM extracts in the nanofiber

mats. The % loading efficacy was calculated using Eq. (3):
Loading efficacy (%)= (Ii—a) x 100 3)
t

where L, is the amount of the GM extracts that are embedded in the
nanofibers and L; is the theoretical amount of GM extracts (obtained
from the feeding condition) incorporated into the nanofibers.

The antioxidant activity of the CS-EDTA/PVA nanofiber mats
loaded with the GM extracts was investigated as described in Sec-
tion 2.3.

2.6. Invitro release study

The release characteristics of the CS-EDTA/PVA nanofiber mats
loaded with GM extracts were investigated using Franz’s diffu-
sion cells with a water jacket connected to a water bath at 37°C;
each cell had a volume of 6.5 ml and an effective diffusion area of
2.43 cm?. The receiver compartments were filled with an acetate
buffer (pH 5.5) and methanol (50:50) and stirred with a Teflon mag-
netic stirrer at 600 rpm. The nanofiber mats were cut with an equal
diameter effective diffusion area and were mounted between two
half cells of the diffusion cells. At a given time interval, an aliquot
(1.0 ml) of the receiver solution was withdrawn and replaced with
the same volume of fresh medium to maintain a constant volume.
The amount of GM extracts in the sample solutions was analyzed by
HPLC. The obtained data were carefully analyzed to determine the
cumulative amount of GM extracts released from the specimens at
each immersion time point. The experiments were conducted in
triplicate.

2.7. Indirect cytotoxicity

The cytotoxicity of the nanofiber mats was evaluated based on
a procedure adapted from the 1SO10993-5 standard test method
(indirect contact). The nanofiber mats were sterilized with UV
radiation for 1h. The mats were then immersed in a serum-free
medium (SFM; containing Dulbecco’s modified Eagle’s medium
(DMEM), 1% (v/v) L-glutamine, 1% (v/v) lactalbumin and 1% (v/v)
antibiotic and antimycotic formulation) in an incubator for 24 h to
produce different concentrations of extraction media (1, 2.5, 5, 7.5
and 10 mg/ml). Normal human foreskin fibroblast (NHF) cells were
plated in 100 wl of DMEM, which was supplemented with 10% FBS,
at a density of 8000 cells/well in 96-well plates. When the cul-
tures reached confluency (typically 48 h after plating), the varying
concentrations of the tested extraction media were replaced, and
the cells were re-incubated for 24 h. After treatment, the tested
extraction solutions were removed. Finally, the cells were incu-
bated with 100 pl of a MTT-containing medium (1 mg/ml) for 4 h.
The medium was removed, the cells were rinsed with PBS (pH
7.4), and the formazan crystals that formed in living cells were

dissolved in 100 wl of dimethylsulfoxide per well. The relative cell
viability (%) was calculated based on the absorbance at 550 nm
using a microplate reader (Universal Microplate Analyzer, Model
AOPUSO1 and AI53601, Packard BioScience, CT, USA). The viability
of the non-treated control cells was defined as 100%.

2.8. Antibacterial activity

The antibacterial activity of the nanofiber mats was tested
against Staphylococcus aureus (S. aureus) ATCC 6538P and
Escherichia coli (E. coli) ATCC 10536. For the minimum inhibitory
concentration (MIC) test, S. aureus and E. coli were cultivated in
Tryptone soy broth (TSB) in a shaking incubator at 37°C and
100rpm for 24 h. The bacterial suspension was diluted until the
bacterial concentration was approximately 1 x 106 cfu/ml, and it
was then pipetted into a 24 well plate at a concentration of
1 ml/well. The different weights of the nanofiber mats (0.25-5 mg)
were placed into the wells that contained the bacterial suspension
and incubated at 37 °C for 24 h. The MIC was defined as the mini-
mum concentration of mats where no growth was observed after
24 h of incubation. The optical density (OD) at 550 nm was mea-
sured using a microplate reader. For determining the minimum
bactericidal concentration (MBC), the mixtures from the wells with
no growth (100 1) were spread onto agar plates for the MBC deter-
mination. The MBC was defined as the minimum concentration of
mats where no colony growth was observed on the agar plates
after 24 h of incubation at 37 °C. The MIC and MBC determinations
were conducted in triplicates, and 1 mg/ml penicillin was used as a
positive control.

2.9. Wound healing test

This study was approved by an Investigational Review Board
(Animal Studies Ethics Committee, Faculty of Pharmacy, Silpakorn
University, Approval No. 2-2553). Male Wistar rats (240-280g)
were used in this study. After anesthetization, the neck area of the
dorsal of each rat was shaved and wiped with 70% ethanol. Two
wounds were created on the neck area of each rat using a skin
biopsy punch (wound area of 0.8 cm?). The wound was treated
by placing an equal size of nanofiber mat, gauze and commer-
cial antibacterial gauze dressing (Sofra-tulle®, Sanofi Aventis, UK)
(n=6) over it without removing the test material throughout the
study period. The area of the wound was measured daily using
the planimetry method until the wound completely healed. The
percentage of wound closure is defined as Eq. (4).

Wound closure (%) = (1 - ;) x 100 (4)
i
where A; is the initial wound area and A is the wound area after a
fixed time interval.

2.10. Histological examination

The rats were sacrificed at day 11 after operation. The trauma
samples were cut and fixed in 10% neutral buffered formalin,
embedded in paraffin, and serially sectioned at 5 wm. The nuclei of
the sections were stained with hematoxylin, rinsed in running tap
water, differentiated with 0.3% acid alcohol, rinsed in running tap
water, stained with eosin for 2 min, then dehydrated, cleared and
mounted. The hematoxylin-eosin stained sections were observed
under a light microscope (Nikon Inverted-Eclipse TE2000-U, Japan).

2.11. Stability studies

The stability of the CS-EDTA/PVA nanofiber mats loaded with
GM extracts was monitored up to 6 months under stress conditions
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Table 1
The contents of bioactive compounds, antioxidant activity of GM extracts. Each value
represents the mean =+ S.D. from three independent experiments.

Test GM extracts
Total phenolics (g GAE/100 g of extract) 26.46 +£0.22
Total tannins (g TAE/100 g of extract) 34.05+0.05
a-Mangostin (% (w/w) of extract) 13.20+£0.20
Antioxidant activities
DPPH ICso (p.g/ml) 14.66+0.16
ABTS ICsq (jrg/ml) 1.67+0.03
FRAP EC; (ng/ml) 0.33+0.001
Metal ion chelating ICsg (jg/ml) No

(45°C 75%RH) and compared to normal conditions (25 °C 40%RH).
The content of a-mangostin, the antioxidant activity (DPPH assay)
and tensile strength of the nanofiber mats were determined every 1
month. The physical appearance and morphology of the nanofiber
mats were investigated using SEM every 3 months. The % of GM
extracts and the tensile strength remaining in the mats was calcu-
lated as Eq. (5).

.. . 1%
Remaining GM extracts or tensile strength (%) = (V) x 100
i
(5)
where V; is the initial amount of GM extracts or tensile strength
and Vis the amount of GM extracts or tensile strength after a fixed
sampling time.

2.12. Statistical analysis

All experiment data were collected from triplicate samples and
are expressed as the mean + standard deviation (S.D.). Statistically
significant differences in cell viability, wound area and stability
study were examined using the Student’s t-test. The significance
level was set at p <0.05.

3. Results and discussion
3.1. Standardizations of GM extracts

The GM extracts were standardized before being loaded into the
CS-EDTA/PVA solution. The total phenolics, total tannins, and «-
mangostin content in the GM extracts and the antioxidant activity
are shown in Table 1. The total phenolics and total tannins were
26.46+0.22 g GAE/100¢g of extract and 34.05+0.05g GAE/100g
of extract, respectively. The content of a-mangostin in the GM
extracts was 13.204+0.2% (w/w). The antioxidant activities of the
GM extracts solution were determined with DPPH, ABTS, FRAP
and metal ion chelating. The IC5¢ values for the DPPH and ABTS
assay were 14.66 +0.16 pg/ml and 1.67 & 0.03 pg/ml, respectively.
The EC; value for the FRAP assay was 0.33+0.001ng/ml. For
metal ion chelating, the GM extracts did not exhibit the che-
lating ability. These results were in agreement with Pothitirat
et al. (2009a), who reported that the total phenolics and total tan-
nins of a 95% (v/v) ethanol solution containing GM extracts were
28.88+0.73g GAE/100g of extract and 36.66 +0.43g GAE/100g
of extract, respectively. The a-mangostin content in a 95% (v/v)

Table 2

Table 3

Average fiber diameter and % loading efficacy of the GM extract (0, 1, 2 and 3 wt% a-
mangostin to polymer) loaded CS-EDTA/PVA nanofiber mats. Each value represents
the mean £ S.D. from three independent experiments.

CS-EDTA/PVA fiber mats Fiber diameter (nm) Loading efficacy (%)

0% a-mangostin 205.5 + 36.06 -

1% a-mangostin 207.8 + 34.30 40.69 + 2.30
2% a-mangostin 220.7 + 36.74 4197 + 3.25
3% a-mangostin 251.3 £+ 47.95 43.86 + 0.11

ethanol solution containing GM extracts was 13.63 +0.06% (w/w)
(Pothitirat et al., 2009a). These results confirm that the 70% (v/v)
acetone extractions still contained a-mangostin, phenolic com-
pounds, tannins and antioxidant properties.

3.2. Electrospinning

The CS-EDTA/PVA (30/70) solution containing various amount
of GM extracts (containing 0, 1, 2 and 3 wt% a-mangostin to poly-
mer) was prepared. The viscosity, conductivity and surface tension
of the solutions were measured and are shown in Table 2. When
the amount of GM extracts was greater than 3 wt% a-mangostin,
the properties of the solution were degraded, such as very low vis-
cosity, and the fiber mats could not form. There were many beads
in the structure, and it became a droplet on the collector. Fig. 2
shows the SEM image and the diameter distributions of the CS-
EDTA/PVA nanofiber mats with and without various amounts of
GM extracts. The SEM images revealed that all of the fibers were
smooth, and did not contain the crystals of GM extracts in their
structure. This result indicated that the GM extracts were well
incorporated within the fibers. The diameters of the fiber mats
loaded with GM extracts were in the nanometer range. The diam-
eter distributions of these fibers are shown in Fig. 2. The diameter
of the nanofiber and the % loading efficacy of the GM extracts in
the nanofiber mats slightly increased from 205.56 to 251.35nm
and from 40.69 to 43.86%, respectively, when the amounts of GM
extracts were increased (Table 3). This result indicates the limited
incorporation of GM extracts into the nanofiber mats. The solution
parameters of the CS-EDTA/PVA solution loaded with GM extracts
were slightly altered and did not affect the morphology of the fibers
(Table 2). This result was in accordance with our previous study,
which indicated that the incorporation of GM extracts into the elec-
trospun PVA did not affect their morphology because the surface of
the PVA fibers loaded with GM extracts was also smooth, and the
average diameters of both the bare and the PVA fibers loaded with
GM extracts ranged between 140.7 and 197.3 nm (Opanasopit et al.,
2008). In addition, loading the CS-EDTA/PVA fibers with lysozymes
did not affect their morphology, and the average diameters were in
the range of 143-209 nm (Charernsriwilaiwat et al., 2012a).

3.3. Characterizations

The FT-IR spectra of the CS-EDTA/PVA nanofiber mats with and
without different amount of GM extracts and a-mangostin powder
are shown in Fig. 3a. The spectrum of the 0 wt% a-mangostin fiber
mats exhibited absorption peaks at 3360, 2940, 1650, 1430 and

Solution parameters before electrospinning of CS-EDTA/PVA solution with and without GM extracts (0, 1, 2 and 3 wt% a-mangostin to polymer). Each value represents the

mean £+ S.D. from three independent experiments.

CS-EDTA/PVA solution Viscosity (mPas)

Conductivity (nScm™1) Surface tension (mNm~')

0% a-mangostin 2547 £ 0.76
1% a-mangostin 252.4 + 2.39
2% oi-mangostin 2459 + 1.37
3% a-mangostin 2399 + 1.64

1006.0 + 7.55 55.5 + 0.28
1035.0 + 2.65 53.9 + 0.57
1075.7 £ 1.53 52.1 +£0.31
11147 +£ 8.74 49.3 £ 0.15
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Fig. 2. The SEM image and diameter distribution of the GM extracts (wt% a-mangostin to polymer) loaded CS-EDTA/PVA nanofiber mats with different amount of GM extract:
(a and e) 0 wt% a-mangostin, (b and f) 1 wt% a-mangostin, (c and g) 2 wt% a-mangostin and (d and h) 3 wt% a-mangostin.

1095 cm~!, which were attributed to the v (O—H), vs (CH,), v (C=0),
d (CH—0—H) and v (C—0), respectively (Charernsriwilaiwat et al.,
2011).Inthe spectrum for the pure a-mangostin powder, the domi-
nant absorption peaks were observed at 3422, 1642 and 1284 cm™!,
which correspond to the phenolic, carbonyl and methoxy groups,
respectively (Ghazali et al., 2010). The peak that was observed

a 0% wt a-mangostin

1% wt a-mangostin

2% wt a-mangostin

v

3% wt a-mangostin /\{J%
a-mangostin /\F%f
1642 1284
3000 2000 1000
b Wavenumber (cm™)
L a-mangostin

0% wt a-mangostin

1% wt a-mangostin

2% wt a-mangostin

Endothermic

3% wt a-mangostin

200 400 60.0 80.0 100.0 120.0 140.0 160.0 180.0 200.0 220.0 240.0 260.0
Tem °C

Fig. 3. (a) FT-IR spectra and (b) DSC thermogram of the GM extracts loaded CS-
EDTA/PVA nanofiber mats with different amount of GM extract (0, 1, 2 and 3 wt%
a-mangostin to polymer) and pure a-mangostin powders. (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of
this article.)

for the a-mangostin powder was also observed in spectra of the
1-3 wt% a-mangostin loaded nanofiber mats. The results indicated
that a-mangostin in the GM extracts was well incorporated into
the nanofiber mats.

Fig. 3b shows the DSC thermograms of the CS-EDTA/PVA
nanofiber mats with and without different amounts of the GM
extracts and the a-mangostin powder. The endothermic curves
of the nanofiber mats indicated that the melting point slightly
decreased from approximately 216.9°Ct0215.2,212.4and 210.2°C
when the amount of GM extracts increased to 1, 2 and 3 wt% o-
mangostin, respectively. For the pure a-mangostin powder, the
melting point was observed at approximately 183.7°C, which is
lower than that of the nanofiber mats. This result indicates that
the amount of GM extracts in the fiber mats does not affect their
thermal behavior.

The mechanical properties of the wound dressing are important
when interacting with the wound; it must possess properties sim-
ilar to those of skin to function properly until the wound is healed.
The mechanical properties in terms of the tensile strength, strain
at the maximum and the Young’s modulus of the CS-EDTA/PVA
nanofiber mats with and without different amounts of GM extracts
were characterized, and the results are presented in Table 4. The
tensile strength of all of the tested nanofibers mats was in the range
of 4.57-5.11 MPa, and the average value was 4.76 MPa. When the
amount of the GM extracts increased, the tensile strength of the
fiber mats slightly decreased. The strain at the maximum of all
of the tested nanofibers mats was in the range of 7.06-7.61 MPa,
and the average value was 7.34 MPa. The Young’s modulus of all of
the tested nanofibers mats was in the range of 51.9-87.8 MPa, and
the average value was 67.7 MPa. The results indicated that the GM
extracts in the fiber mats exerted less effects on the mechanical
properties of the mats. These findings illustrated that these CS-
EDTA/PVA fiber mats loaded with GM extracts have the potential
to be developed as a wound dressing.

The swelling of the fiber mats is the most important property
that characterizes its use for wound dressing applications. Fig. 4
shows the degree of swelling of the CS-EDTA/PVA nanofiber mats
with and without different amounts of GM extracts after immersion
in a phosphate buffer solution (pH 7.4) at room temperature for 1 h.
The bare nanofiber mats (0 wt% a-mangostin to polymer) demon-
strated a swelling degree of 134.53%, which slightly decreased with
increasing amounts of the GM extracts. The swelling degree of
the GM extracts (1, 2 and 3 wt% a-mangostin to polymer) loaded
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Table 4

Mechanical properties of the GM extracts (0, 1, 2 and 3 wt% a-mangostin to polymer) loaded CS-EDTA/PVA nanofiber mats. Each value represents the mean + S.D. from three

independent experiments.

CS-EDTA/PVA fiber mats Tensile strength (MPa)

Strain at maximum (%) Young’s modulus (MPa)

0% oi-mangostin 5.11 +£0.33
1% a-mangostin 4.77 £ 0.56
2% oi-mangostin 4.59 + 0.16
3% a-mangostin 457 £0.17

7.06 + 3.06 60.8 £ 16.0
733 £297 519+ 09

7.61 + 0.45 70.4 + 36.7
7.36 + 0.55 87.8 £ 34.2

160 T
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0 - t t t
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GM extracts (%wt o—mangostin to polymer)

Degree of swelling (%)

Fig. 4. Degree of swelling (%) of the GM extracts loaded CS-EDTA/PVA nanofiber
mats with different amount of GM extract (0, 1, 2 and 3 wt% a-mangostin to poly-
mer). The data are expressed as mean £ S.D. from three independent experiments.

fiber mats were 111.96, 101.7 and 96.67%, respectively. Chitosan
is a hydrophilic polymer, and water diffuses very rapidly through
this material before its degradation (Baskar and Kumar, 2009).
The GM extract is hydrophobic compound; therefore, it might
affect the swelling properties of the chitosan-based nanofiber mats
by increasing the hydrophobicity of the mats, which caused the
decrease in the swelling degree.

3.4. Invitro release study
The release profile of a-mangostin from the CS-EDTA/PVA

nanofiber mats loaded with GM extracts was investigated using
Franz’s diffusion cells. Fig. 5 shows the o-mangostin release

100 T
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% Cumulative release
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0 60 120 180 240 300 360 420 480
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Fig. 5. a-Mangostin release profiles from the GM extracts loaded CS-EDTA/PVA
nanofiber mats with different amounts of GM extract: (» ) 1wt% a-mangostin,
(m ) 2wt% a-mangostin and (o ) 3wt% a-mangostin. The data are expressed as
mean =+ standard deviation from three independent experiments.

characteristics from the nanofiber mats with different amounts of
GM extracts (containing 1, 2 and 3 wt% a-mangostin to polymer).
The result indicates that the a-mangostin is rapidly released. The
percentage of cumulative a-mangostin release reaches approxi-
mately 80% within 60 min. This result reveals that the a-mangostin
was burst released from the nanofiber mats. The maximum total
amount of a-mangostin released from the nanofiber mats within
8 h was approximately 90%. This result indicated that a-mangostin
could easily release from the chitosan-based nanofiber mats, and
the a-mangostin release patterns could be explained by both the
mechanism of polymer swelling and erosion (Kim et al., 2007). The
important factor that controls the release of substances from the
polymer matrix is the swelling behavior. As the chitosan-based
matrix began to swell, molecules of drug were solvated and prac-
tically leached out from the matrix very rapidly. Another factor
was the erosion of the chitosan-based matrix within the medium
(Taepaiboon et al., 2006).

3.5. Indirect cytotoxicity

The toxicity of the GM extracts (containing 0, 1, 2 and 3 wt% a-
mangostin to polymer) loaded CS-EDTA/PVA nanofiber mats were
investigated on NHF for 24h using a MTT assay. Fig. 6 shows
the cell viability of various concentrations of the extract medium
from the nanofiber mats loaded with GM extracts. There was
a significant decrease in the cell viability when the NHF cells
were incubated with higher concentrations (7.5-10.0 mg/ml) of the
extraction media of the chitosan-based nanofiber mats containing
GM extracts 1, 2 and 3 wt% a-mangostin when compared with the
control (p<0.05). This result might be because the amount of GM
extracts was very high and were toxic to fibroblast cells. However,
the cell viability was not statistically different from the control
in the concentration range of 1-5mg/ml of all the GM extracts
loaded CS-EDTA/PVA nanofiber mats extract medium. The results
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Fig. 6. The percentage cell viability in NHF cells at varying concentration of GM
extract loaded CS-EDTA/PVA nanofiber mats: (O) 0 wt% a-mangostin, () 1 wt% o-
mangostin, (= ) 2wt% a-mangostin and (= ) 3 wt% a-mangostin in NHF cells. Each
value represents the mean =+ standard deviation of five wells. *Statistically signifi-
cant (p<0.05).
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Table 5

Minimum inhibition concentrations (MIC) and minimum bactericidal concentra-
tions (MBC) of GM extracts (0, 1, 2 and 3 wt% a-mangostin to polymer) loaded
CS-EDTA/PVA nanofiber mats against S. aureus and E. coli. Each value represents
the mean +S.D. from three independent experiments.

CS-EDTA/PVA fiber mats MIC (mg/ml) MBC (mg/ml)

S. aureus E. coli S. aureus E. coli
0% a-mangostin 5.0 5.0 5.0 5.0
1% a-mangostin 2.0 2.0 2.0 2.0
2% oi-mangostin 1.0 1.0 1.0 1.0
3% a-mangostin 0.5 0.5 0.5 0.5

indicated that GM extracts (1, 2 and 3 wt% «-mangostin) loaded
CS-EDTA/PVA nanofiber mats were safe at the concentrations of
1-5 mg/ml of the mats.

3.6. Antibacterial activity

The antibacterial activities of the GM extracts have been
reported against both gram-positive and gram-negative bacteria
(Palakawong et al., 2010; Sundaram et al., 1983). a-Mangostin in
GM extracts also has potent inhibitory effect against methicillin-
resistant S. aureus (Chomnawang et al., 2009). The GM extracts
(contain 0, 1, 2 and 3wt% a-mangostin to polymer) loaded
CS-EDTA/PVA nanofiber mats were submerged in the bacteria sus-
pension for 24 h. The fiber mats loaded with GM extracts exhibited
concentration dependent antibacterial activity against S. aureus and
E. coli. The 1, 2 and 3 wt% a-mangostin GM extracts loaded fiber
mats inhibited S. aureus and E. coli growth at 2, 1 and 0.5 mg/ml,
respectively. The 0 wt% a-mangostin mats also inhibited bacte-
ria growth at 5mg/ml. The MIC and MBC of the CS-EDTA/PVA
nanofiber mats loaded with GM extracts are shown in Table 5. The
results indicated that the strength of the antibacterial activities of
the fiber mats loaded with GM extracts were dependent on the
amount of the GM extract. The antibacterial activity concentration
of these nanofiber mats was less than 5 mg/ml, which is non-toxic
to fibroblast cells. This result indicated that the GM extract still
retained its antibacterial activity when it was processed during
electrospinning. When the mats containing the GM extracts were
submerged in the bacteria suspension, the extracts were released
from the mats and exhibited an antibacterial effect. Furthermore,
the mats were corroded, and chitosan and EDTA were released into
the media (El-Sharif and Hussain, 2011). Finally, the antibacterial
activity was enhanced by the GM extract, chitosan and EDTA. The
antibacterial mechanism of chitosan is generally attributed to the
positive charge of the chitosan molecule, which interferes with
the negative charge on the surface of the bacteria. Chitosan could
interact with the membrane of the bacteria to alter cell permeabil-
ity (Sudarshan et al., 1992). Chitosan may also have intracellular
targets. Chitosan molecules that dissociated in the solution could
bind with DNA and inhibit the synthesis of mRNA and proteins
(Rabea et al., 2003).

3.7. Wound healing test

In the wound healing study, two wounds with areas of 0.8 cm?
were produced on the neck area of the dorsal of each rat. Fig. 7
shows the % wound closure at 1, 4, 7 and 10 days after treatment
with gauze (negative control), commercial antibacterial gauze
dressing (Sofra-tulle®) (positive control), and the GM extracts (0
and 3 wt% a-mangostin to polymer) loaded CS-EDTA/PVA nanofiber
mats. The wound closures gradually increased and fully recovered
within 11 days for all treatments. At days 1 and 4 after the treat-
ment, the wound healing with the 3 wt% a-mangostin fiber mats
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Fig. 7. Wound closure (%) at 1,4, 7 and 10 days after treatment with (O) gauze (neg-
ative control), (= ) commercial antibacterial gauze dressing (Sofra-tulle®) (positive
control), (= ), OWt% a-mangostin and (W) 3 wt% a-mangostin GM extracts loaded
CS-EDTA/PVA nanofiber mats. The data are expressed as mean + standard deviation
from six independent experiments. *Statistically significant (p <0.05).

dressing was the fastest (p < 0.05); this mats exhibited the highest
% wound closure. At the first week after the operation, the treat-
ment with the 3wt% a-mangostin fiber mats resulted in faster
wound healing than that of gauze and the commercial antibacterial
gauze dressing treatment. This result might be due to the potential
activities, such as antioxidant, anti-inflammatory and antibacte-
rial of the GM extract, especially a-mangostin, in fiber mats, which
rapidly released from the fibers to assist in the acceleration of
the healing process (Pedraza-Chaverri et al., 2008). The N-acetyl-
D-glucosamine and EDTA produced from the degradation of the
CS-EDTA/PVA nanofiber mats also enhanced the wound healing
rate by promoting fibroblast proliferation (Jayakumar et al., 2011;
Paul and Sharma, 2004) and its antibacterial properties (El-Sharif
and Hussain, 2011). The % wound closure of all of the treatments
until recovery was similar, which suggests that wound healing was
progressed by mechanism of the body that is independent from the
effects of the treatment. This result is related to a previous study,
the lysozyme loaded chitosan-based nanofiber mats, which exhib-
ited better wound healing activity than gauze at 1-4 days after
treatment (Charernsriwilaiwat et al., 2012a).

The histological examination images of the skin wounds treated
with different dressings at 11 days after initial operation by hema-
toxylin and eosin are shown in Fig. 8. In normal skin, the bundles of
collagenous fibers are loose and wavy with few fibroblasts. During
wound repair, fibroblasts play an important role through karyoki-
nesis and proliferation, and synthesizing and secreting substantive
collagenous fibers over the first 4 to 6 days, creating acestoma tis-
sue with new capillary vessels. This process fills the wound with
granulation tissue and provides the covering conditions for new
epidermis (Liu et al., 2010). The wound treated with gauze, com-
mercial antibacterial gauze dressing and the 0 wt% a-mangostin
nanofiber mats were completely reepithelialized. However, the
wound treated 3 wt% a-mangostin nanofiber mats were completely
reepithelialized and almost healed, and the granulation tissues
were nearly replaced by hair follicles. This result indicated that the
CS-EDTA/PVA nanofiber mats loaded with GM extracts accelerated
the healing rate.

3.8. Stability studies

The 3 wt% a-mangostin nanofiber mat was stored under nor-
mal conditions (25°C 40%RH) and with a sample stored under
stress conditions (45°C 75%RH) for 6 months. Fig. 9 shows the
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Fig. 8. Histological images of the wound skins at 11 days after treated with different wound dressing: (a) control (untreated skins), (b) gauze (negative control), (c) commercial
antibacterial gauze dressing (Sofra-tulle®) (positive control), (d) 0 wt% a-mangostin and (e) 3 wt% a-mangostin GM extracts loaded CS-EDTA/PVA nanofiber mats.

appearance and the SEM images of the mats at initial, 3 and 6
months after storage in different conditions. The appearance of
the mats maintained under the stress condition exhibited more
color change (dark yellow) than those stored under normal condi-
tions (pale yellow). However, the morphology observed using SEM
images of the mats maintained under both conditions was simi-
lar. The fibers were smooth and did not contain crystals of the GM
extracts in their structure after storage in either condition for 6
months. The physical and chemical stability of the mats are shown
in Fig. 10. The average diameter and remaining o-mangostin (%) in
the mats during storage under normal and stress conditions were
not statistically different. The diameters of the mats after storing
for 3 and 6 months were in the range of 250-260 nm. The amount
of a-mangostin remaining in the fiber mats was decreased from

90% in the first month to 65% after 6 months. The a-mangostin
was stable under light, heat and basic hydrolysis (Yodhnu et al.,
2009). Pothitirat et al. (2009b) reported that the G. mangostana
fruit rind extract maintained the content of a-mangostin, antirad-
ical and anti-acne when kept at different temperature (4-8, 25-28
and 45 °C) for 120 days (Pothitirat et al., 2009b). This result corre-
sponds to current result, where the content of a-mangostin in the
nanofiber mats remained at approximately 90% for 3 months. How-
ever, the antioxidant activity and the remaining tensile strength (%)
of the mats stored under stress conditions exhibited worse prop-
erties than the mats stored under normal conditions. The results
obtained from this stability study led us to assume that the bet-
ter stability of the GM loaded fiber mats is the consequence of the
lower temperature storage.

Fig. 9. The SEM image and the appearance of the 3 wt% a-mangostin GM extracts loaded CS-EDTA/PVA nanofiber mats when stored under normal conditions (a, b and c¢)
(25°C 40%RH) compared with stress conditions (d, e and f) (45°C 75%RH) for 0, 3 and 6 months, respectively.
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4. Conclusion

In the present study, GM extracts were incorporated into
CS-EDTA/PVA nanofiber mats using the electrospinning process.
The fiber mats provided suitable tensile strength and swelling
properties. These mats are non-toxic and a-mangostin is rapidly
released, which retains the antioxidant and antibacterial activity,
and accelerates the wound healing process. These biodegradable,
biocompatible and antibacterial electrospun nanofiber mats have
promising potential for use as effective wound dressings.
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Abstract

Chitosan (CS) aqueous salt blended with polyvinyl alcohol (PVA) nanofibre mats
was prepared by electrospinning. CS was dissolved with hydroxybenzotriazole
(HOBt), thiamine pyrophosphate (TPP) and ethylenediaminetetraacetic acid (EDTA)
in distilled water without the use of toxic or hazardous solvents. The CS aqueous salts
were blended with PVA at different weight ratios, and the effect of the solution ratios
was investigated. The morphologies and mechanical and swelling properties of the
generated fibres were analysed. Indirect cytotoxicity studies indicated that the CS/PVA
nanofibre mats were non-toxic to normal human fibroblast cells. The CS-HOBt/PVA
and CS-EDTA/PVA nanofibre mats demonstrated satisfactory antibacterial activity
against both gram-positive and gram-negative bacteria, and an in vivo wound healing
test showed that the CS-EDTA/PVA nanofibre mats performed better than gauze in
decreasing acute wound size during the first week after tissue damage. In conclusion,
the biodegradable, biocompatible and antibacterial CS-EDTA/PVA nanofibre mats

have potential for use as wound dressing materials.

Introduction

Chitosan (CS) is a natural polysaccharide with biodegrad-
able, biocompatible properties and non toxic effects; there-
fore, it has been proposed as a safer material for use in
biomedical applications such as tissue engineering, delivery
of pharmaceutical agent and wound dressing (1,2). CS has
been widely investigated as wound dressing material because
it can function as proliferation promoters, antibacterial agents
and macrophage activator. CS gradually depolymerises to
N-acetyl-D-glucosamine, which initiates fibroblast prolifera-
tion, aids in the ordered deposition of collagen and stim-
ulates increased synthesis of natural hyaluronic acid at the
wound site. CS is a haemostatic agent, which helps to pro-
mote natural blood clotting and blocks nerve endings to
reduce pain. Recently, CS-based materials have been prepared
as fibres, hydrogels, membranes, sponges and scaffolds for
wound dressing applications (3,4).

Electrospun nanofibres are appropriate for use as a wound
dressing material because of their useful properties, which
include oxygen permeability, high porosity, variable pore
size distribution and a high surface-to-volume ratio that can

© 2012 The Authors

Key Messages

e CS-HOBt/PVA, CS-TPP/PVA and CS-EDTA/PVA elec-
trospun nanofiber mats were prepared without use of
toxic or harmful solvents

o these mats exhibited non toxic to normal human fibrob-
last cells and antibacterial activity against S.aureus and
E. coli

e the wound healing activity of CS-EDTA/PVA electro-
spun nanofiber mats was better than gauze in reducing
acute wound size during the 1st week after treatment

promote haemostasis and absorb wound exudates. Further-
more, the morphology of electrospun nanofibres is similar
to that of the natural extracellular matrix (ECM) in the skin
that promotes cell adhesion, migration and proliferation (3,5).
The fabrication of CS nanofibres via electrospinning tech-
niques has recently been actively investigated for the devel-
opment of wound dressings. CS nanofibres have been created
from the electrospinning of pure CS, CS derivatives and CS
blended with other polymers. However, some organic sol-
vents or toxic acids, such as trifluoroacetic acid (TFA) (6),
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chloroform (7) and acetic acid (§—10) may be leftover from
the CS nanofibre fabrication process, and these trace residues
may have undesirable effects on wound healing. The types
of solvents used are often classified as toxic and hazardous
and have potential long-term impacts on the environment and
the health of the user. To eliminate toxicity from residual
solvent exposure, water-soluble CS has been used to prepare
nanofibres using quaternary CS (11) and carboxyethyl chi-
tosan/polyvinyal alcohol (CS/PVA) (12) for wound dressing
applications.

We recently prepared CS as aqueous salts to allow
the formation of nanofibres without the use of organic
solvents or toxic acids. Nanofibres were generated using
CS-hydroxybenzotriazole (HOBt)/PVA (13) and CS-ethylene-
diaminetetraacetic acid (EDTA)/ PVA (14) by blending the CS
salts with PVA. Another salt was generated by dissolving CS
with thiamine pyrophosphate (TPP) in distilled water. Owing
to the phosphate groups of TPP, the molecule can form a salt
with the amine groups of CS, improving the polymer’s aque-
ous solubility. The amine groups of TPP, and especially that
of thiazolium can be deprotonated, and are always positive,
even at physiological pH. Chitosan thiamine pyrophosphate
(CS-TPP) was successfully prepared as a novel carrier for
siRNA delivery (15).

In this study, CS-HOBt, CS-TPP and CS-EDTA blended in
PVA solution were prepared as nanofibre mats via the elec-
trospinning technique with different CS/PVA weight ratios.
The morphology, structure, mechanical properties and swella-
bility of the nanofibre mats were characterised, and the
effect of the viscosity, conductivity and surface tension of
the electrospinning solution on the morphology of these
nanofibre mats was evaluated. (3-(4,5-Dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide) MTT assays using normal
human fibroblast cells were performed to study the cytotoxic-
ity of the CS/PVA nanofibre mats. The antibacterial activities
of the mats against gram-positive and gram-negative bacteria
were investigated, and the in vivo healing activity of these
nanofibre mats was evaluated using an animal model.

Experimental

Materials

CS (degree of deacethylation = 0-85, molecular weight =
110 kDa), hydroxybenzotriazole monohydrate (HOBt-H,O),
TPP and EDTA were purchased from Sigma-Aldrich Chemical
Company, Saint Louis, MO. PVA (degree of polymerisation
~ 1600, degree of hydrolysis ~97-5-99-5 mol%) was pur-
chased from Fluka, Buchs, Switzerland. Normal human fore-
skin fibroblast (NHF) cells were obtained from the American
Type Culture Collection (ATCC, Rockville, MD). All other
reagents and solvents were commercially available and were
of analytical grade.

Preparation of spinning solutions

CS solutions (2% w/v) were prepared by dissolving CS with
HOBt, TPP and EDTA at weight ratios of 1:1, 1:1 and 2:1,
respectively. Briefly, HOBt (2 g), TPP (2 g) or EDTA (1 g)
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was dissolved with CS (2 g) in 100 ml of distilled water, and
the solutions were continuously stirred with a magnetic stir-
rer at ambient temperature until the solutions became clear.
The PVA solution (10% w/v) was prepared by dissolving PVA
in distilled water at 80°C and then allowing the solution to
stir for 4 h. The 2% CS-HOBt, CS-TPP and CS-EDTA solu-
tions were mixed with a 10% PVA solution at weight ratios
of 10/90, 20/80, 30/70, 40/60, 50/50, 60/40, 70/30, 80/20
and 90/10. The viscosity, conductivity and surface tension
of the solutions were measured using a Brookfield viscome-
ter (Model DV-III ultra, Brookfield Engineering Laboratories
Inc., Middleboro, MA), a EUTECH ECtestr11" conductiv-
ity meter (Eutech Instruments Pte Ltd., Ayer Rajah Crescent,
Singapore) and a Drop Shape Analyzer (FTA 100, First Ten
Angstroms Inc, Portsmouth, VA), respectively.

Electrospinning process

The solutions were taken up in a 5 ml glass syringe equipped
with a 20-gauge, stainless steel needle (diameter = 0-9 mm)
at the nozzle. The needle was connected to the emitting
electrode of positive polarity of a Gamma High Voltage
Research device. The electric potential was fixed at 15 kV
and was electrospun at room temperature. The nanofibres were
collected as-spun on an aluminium sheet that was wrapped on
a rotating collector. The solution feed was driven by a syringe
pump with a controlled flow rate of approximately 0-25 ml/ h.
The collection distance was fixed at approximately 20 cm. The
process duration was fixed at 24 h for each CS/PVA weight
ratio to provide mats with a 20—30 um thickness.

Characterisations of nanofibre mats

The morphology of the nanofibre mats was observed under
scanning electron microscopy (SEM; Camscan Mx2000, Obd-
ucat Camscan Ltd, Cambridge, UK). Randomly selected areas
of the fibres were cut into squares and coated with a thin layer
of gold. The average diameter of the nanofibre mats was anal-
ysed by randomly measuring the diameters of the nanofibres at
100 different points from SEM images using the image anal-
ysis software (JMicroVision V.1.2.7, University of Geneva,
Geneva, Switzerland).

The tensile strength of the nanofibre mats was evaluated
using a texture analyser (TA.XT plus, Stable Micro Systems,
Godalming, UK) with a 5-kg load cell equipped with a tensile
grip holder. The samples were cut into a rectangular shape
(5 mm x 25 mm?). The thicknesses of these samples ranged
from 20 to 30 wm.

The degree of swelling of the nanofibre mats was inves-
tigated in phosphate buffer saline (PBS, pH 7-4) at room
temperature for 1 h according to Equation (1):

Degree of swelling (%) = (M—Mgq)/ Mg x 100 (D)

where M is the weight of each sample after submersion in
the buffer solution for 1 h, and M, is the initial weight of the
sample in its dry state.

Indirect cytotoxicity of nanofibre mats

The cytotoxicity of the nanofibre mats was evaluated on the
basis of a procedure adapted from the ISO10993-5 standard
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test method (indirect contact) (16). The nanofibre mats were
sterilised by ultraviolet radiation for 1 h. The mats were
then immersed in a serum-free medium [SFM; containing
Dulbecco’s modified Eagle’s medium (DMEM), 1% v/v L-
glutamine, 1% v/v lactalbumin and 1% v/v antibiotic and
antimycotic formulation] in an incubator for 24 h to produce
extraction media of different concentrations (10, 7-5, 5, 2-5
and 1 mg/ml). NHF cells were plated in 100 pl of DMEM,
supplemented with 10% fetal bovine serum (FBS), at a
density of 8000 cells/well in 96-well plates. When the cultures
reached confluence (typically 48 h after plating), the cells were
incubated with extraction media of varying concentrations
for 24 h. After treatment, the tested extraction solutions
were removed, and the cells were incubated with 100 pl of
an MTT-containing medium (1 mg/ml) for 4 h. Then, the
MTT medium was removed, the cells were rinsed with PBS
(pH 7-4) and the formazan crystals formed in living cells
were dissolved in 100 ul dimethylsulfoxide per well. The
relative cell viability (%) was calculated on the basis of the
absorbance at 550 nm using a microplate reader (Universal
Microplate Analyzer, Model AOPUSO1 and AI53601, Packard
BioScience, Meriden, CT). The viability of non-treated control
cells was defined as 100%.

Determination of antibacterial activity

The antibacterial activity of nanofibre mats was tested against
Staphylococcus aureus ATCC 6538P and Escherichia coli
ATCC 10536. For the minimum inhibitory concentration
(MIC) test, S. aureus and E. coli were cultivated in tryptone
soy broth (TSB) in a shaking incubator at 37°C and 0.14
g for 24 h. The bacterial suspension was diluted until the
bacterial concentration reached 1 x 10° colony-forming unit
(CFU)/ml and was pipetted into a 24-well plate at 1 ml/well.
Different amounts of the nanofibre mats (1-10 mg) were
placed into wells containing bacterial suspension and were
incubated at 37°C for 24 h. The MIC was defined as the
minimum concentration of mats for which no growth was
observed after a 24-h incubation. The optical density (OD)
at 550 nm was measured using a microplate reader. For
the determination of the minimum bactericidal concentration
(MBC), the media mixtures from wells with no growth
(100 ul) were spread onto agar plates. The MBC was defined
as the minimum concentration of mats for which no colony
growth was observed on agar plates after a 24-h incubation at
37°C. The MIC and MBC determinations were carried out in
triplicate. Penicillin (1 mg/ml) was used as a positive control.

Wound-healing activity of nanofibre mats

Male Wistar rats (240-280 g) were used in this study. This
study was approved by an Investigational Review Board (Ani-
mal Studies Ethics Committee, Faculty of Pharmacy, Sil-
pakorn University, Approval No. 2-2553). After anesthetisa-
tion, the neck area of the dorsal of each rat was shaved and
wiped with 70% ethanol. Two wounds were created on the
neck area of each rat using a skin biopsy punch (wound area
of 0-8 cm?). The wound was treated by placing an equal size
of nanofibre mat, gauze and commercial antibacterial gauze
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dressing (Sofra-tulle®, Sanofi Aventis, Guildford, UK) (n = 6)
over it without removing the test material throughout the study
period. The area of each wound was measured every day by
the planimetry method until the wound completely healed.
The percentage of wound healing is defined in Equation (2).

Wound area (%) = (A/A;) x 100 2)

where A; is the initial wound area and A is the wound area
after a fixed time interval.

Statistical analysis

All data for the experiment were collected from triplicate
samples and are expressed as the mean + standard deviation
(SD). Statistically significant differences in cell viability and
wound area were analysed using the Student’s ¢-test. The
significance level was set at P < 0-05.

Results and discussion

Morphology of nanofibres

The SEM images of CS-HOBt/PVA, CS-TPP/PVA and CS-
EDTA/PVA with different weight ratios are shown in Figure 1.
When the CS/PVA weight ratio was increased to 30/70, the
SEM micrographs demonstrated no beading. However, at
CS/PVA 40/60, fibres with beads were observed. The max-
imum content of CS aqueous salt was 50/50 in the elec-
trospinning mixture. When the CS content exceeded 50/50,
nanofibres were unable to be formed; this may have been
because of unsuitable solution parameters. Table 1 shows the
solution parameters and average diameter of CS-HOBt/PVA,
CS-TPP/PVA and CS-EDTA/PVA fibres generated at differ-
ent CS/PVA weight ratios. When the content of CS salt was
increased from 10/90 to 50/50, the average diameter of the
CS-HOBt/PVA, CS-TPP/PVA and CS-EDTA/PVA nanofibres
decreased from 228 + 37 to 146 + 33 nm, from 216 + 34
to 100 £ 19 nm and from 221 &+ 34 to 94 4+ 20 nm. This
decrease in the average fibre diameter was mainly ruled
by solution viscosity and conductivity. The viscosity of
the CS-HOBt/PVA, CS-TPP/PVA and CS-EDTA/PVA solu-
tions decreased with increasing CS salt content (Table 1).
The changes in the viscosity of the CS-TPP/PVA and CS-
EDTA/PVA solutions were greater than those of the CS-
HOBt/PVA solution, so the average diameters of the CS-
TPP/PVA and CS-EDTA/PVA fibres were smaller than those
of the CS-HOBt/PVA nanofibres. The reduced viscosity of
solutions affected bead formation when the CS salt content
was higher than 30/70. Increases in solution conductivity also
contributed to decreases in nanofibre diameter. This result was
in good accordance with our previous work (13). The sur-
face tension increased slightly when the CS salt content was
increased from 10/90 to 50/50. These differences could have
led to bead and droplet formation during the electrospinning
process (8). Nanofibres with CS/PVA weight ratios of 30/70
that did not contain beads were selected for further investiga-
tion of antibacterial and wound healing activity.
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CS-HOBt
FVA

PVA

Figure 1 The SEM image of CS/PVA nanofibre
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mats with different salt and weight ratios.

Table 1 Electrospun solution parameters of CS/PVA solution and average fibre diameter at each weight ratio

Samples Weight ratio Viscosity (MPa s) Conductivity (uS/cm) Surface tension (mN/m) Average diameter (nm)
CS-HOBt/PVA 10/90 531.567 £ 2.08 1036-7 + 0-58 43.77 £ 1.04 228-06 £+ 37-20
20/80 550-23 + 3-92 1078-0 + 2-65 43.63 £+ 0-44 186-72 4+ 32-93
30/70 529.97 + 1-99 1185-0 &+ 3-61 44.57 + 0-23 179-34 4+ 39-36
40/60 510-57 £+ 2.96 1268-3 + 2-52 45.45 4+ 0-26 176-46 + 28-86
50/50 487-20 + 1-30 1500-3 + 1-53 46-48 + 0-41 146-34 + 3323
CS-TPP/PVA 10/90 568-04 £+ 0-38 1160-7 £ 971 46-62 + 0-37 216-42 + 34.45
20/80 459.54 £ 2.48 12687 + 6-51 48-62 + 0-24 188-66 + 33-69
30/70 346-98 + 5-29 1573-7 £ 9:02 49.95 4+ 0-68 141.51 + 29-39
40/60 260-45 + 0-38 1771-3 £ 2.08 51.55 + 0-22 126-77 + 32-46
50/50 123.54 +0-12 2110-0 £ 10-0 52.61 4+ 0-23 9991 4+ 1867
CS-EDTA/PVA 10/90 511-43 £ 3-46 10117 £ 2.52 46-46 4+ 0-36 220-94 £+ 34-19
20/80 38717 +1.31 1014.3 + 3-06 48-47 + 0-31 184.63 + 2913
30/70 254.74 £ 0-76 1022-3 + 3-79 50-00 £+ 0-38 160-96 + 32-93
40/60 223-67 £ 1-31 1032-0 &+ 3-61 5142 + 0-83 125.87 4+ 37-96
50/50 181.27 + 0-68 1036-7 + 1-53 52.07 £1.77 94.09 + 20.27

CS/PVA, chitosan aqueous salt blended with polyvinyl alcohol; EDTA, ethylenediaminetetraacetic acid; HOBt, hydroxybenzotriazole; TPP, thiamine

pyrophosphate.
The data are expressed as mean =+ standard deviation (n = 3).

Tensile strength (MPa)

20/80  30/70  40/60  50/50
Weight ratios

10/90

Figure 2 Tensile strength (MPa) of CS/PVA nanofibre mats with
different weight ratios; (@) CS-HOBt/PVA, (M) CS-TPP/PVA and (A)
CS-EDTA/PVA. The data are expressed as mean =+ standard deviation
(n=3).

Mechanical properties of nanofibre mats

When wound dressings interact with the wound, they must
possess mechanical properties sufficiently similar to those of
skin in order to function properly until the wound is healed.
The maximum CS/PVA weight ratio that provided nanofibre

mats from the electrospinning process was 50/50. However,
the tensile strength was only measured for the nanofibre mats
that could be peeled off of the aluminium foil collector. The
10/90-30/70 CS/PVA nanofibre mats were easily peeled off.
As the content of CS salt increased to 40/60, the mats became
difficult to peel. Owing to the fibre structure of the 40/60 and
50/50 CS/PVA nanofibre mats, they contained many beads
with very fragile fibres. Figure 2 shows the tensile strength of
the CS/PVA nanofibre mats generated using different weight
ratios. The tensile strength of all of the tested CS/PVA nanofi-
bres mats ranged from 8-9 to 1-5 MPa, whereas the tensile
strength of neat PVA nanofibre mats was 12-8 MPa. The
results indicated that as the content of CS salt increased,
the tensile strength decreased, the diameter of the nanofibres
decreased and bead formation occurred in the mats. These
findings demonstrated that these CS/PVA nanofibre mats pos-
sess tensile strength that is nearly equal to that of commercial
microfibrous dressings, which have tensile strengths on the
order of 10 MPa (17).

Swelling of nanofibre mats

The swelling of CS is the most important property that charac-
terises its use for wound dressing applications. Figure 3 shows
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Figure 3 Degree of swelling (%) of CS/PVA nanofibre mats with
different weight ratios; (J) CS-HOBt/PVA, (M) CS-TPP/PVA and (l)
CS-EDTA/PVA. The data are expressed as mean =+ standard deviation
(n=23).

the degree of swelling of CS/PVA nanofibre mats with various
weight ratios after immersion in a PBS (pH 7-4) at room tem-
perature for 1 h. All the CS/PVA nanofibre mats demonstrated
swelling over 100%, and this effect was slightly increased with
increases in the CS content. The swelling of the 10/90 CS/PVA
was approximately 100%, which increased to approximately
170% when the content of CS salt reached 50/50 in the blend.
CS is a hydrophilic polymer, and water diffuses very rapidly
through the material before CS degradation (18). The results
indicated that increases in the degree of nanofibre mat swelling
depended on the CS salt content. This observation is in agree-
ment with Meng et al., who found that the swelling ratio of
polylactic-co-glycolic acid (PLGA)/CS nanofibres was higher
than that of neat PLGA nanofibres and increased with CS
content (19).

Indirect cytotoxicity of nanofibre mats

The indirect cytotoxicity of various concentrations of medium
extracts from CS/PVA nanofibre mats composed of 10/90,
30/70 and 50/50 weight ratios is shown in Figure 4. There
was no significant decrease in cell viability when the NHF
cells were incubated with various concentrations of the
extraction media of CS-HOBt/PVA, CS-TPP/PVA and CS-
EDTA/PVA nanofibre mats when compared with the control
(P < 0-05). The average cell viability decreased slightly when
the concentration of the extract increased, but these changes
were not statistically significant. From these data, the CS-
HOBt/PVA, CS-TPP/PVA and CS-EDTA/PVA nanofibre mats
appear to be non-toxic to NHF cells and have the potential to
be developed as wound dressings.

Determination of antibacterial activity

The antibacterial mechanism of CS is generally attributed to
the amino group at C-2 position of the glucosamine residue
that is responsible for the cationic nature of CS in acidic condi-
tions (20). When the CS/PVA nanofibre mats were immersed
in a TSB solution containing a bacteria suspension, the CS was
dissolved and showed a cationic charge in solution. Figure 5
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shows the inhibition of bacterial growth by CS/PVA nanofi-
bre mats, compared with neat PVA nanofibre mats, after a
24-h incubation with S. aureus and E. coli. The CS/PVA
nanofibre mats exhibited concentration-dependent antibacte-
rial activity against S. aureus and E. coli. The 30/70 CS-
EDTA/PVA and 30/70 CS-HOBt/PVA nanofibre mats inhib-
ited S. aureus growth at 5 and 7-5 mg/ml, respectively, and
the 30/70 CS-TPP/PVA almost inhibited S. aureus growth at
10 mg/ml (Figure 5A). The 30/70 CS-EDTA/PVA and 30/70
CS-HOBt/PVA nanofibre mats also inhibited E. coli growth
at 5 and 10 mg/ml, respectively, but 30/70 CS-TPP/PVA did
not do so (Figure 5B). The neat PVA nanofibre mats did not
show any effect on bacteria growth. The MIC and MBC of the
30/70 CS salt/PVA nanofibre mats are shown in Table 2. The
results showed that the different antibacterial activities of the
CS/PVA nanofibre mats were dependent on the type of CS salt
used. The 30/70 CS-EDTA/PVA nanofibre mats showed the
highest antibacterial activity at 5 mg/ml, likely because of the
intrinsic antibacterial activity of EDTA. Several recent publi-
cations have indicated that EDTA (alone and in combination
with antibiotics) was an effective antimicrobial agent, with a
spectrum covering both gram-positive and gram-negative bac-
teria. The antimicrobial activity of an EDTA-CS acetic acid
combination has been tested, and the study showed that while
EDTA possessed a weaker bacteriostatic effect than CS acetic
acid, the combination of CS acetic acid and EDTA elicited
synergistic activity against S. aureus (21). All the CS/PVA
nanofibre mats tested at 1—10 mg in this study showed higher
antibacterial activity against gram-positive bacteria (S. aureus)
than against gram-negative bacteria (E. coli). The mode of
action of antimicrobial agents depends on the nature of the
target microorganisms, and differences between the response
of gram-positive and gram-negative bacteria to various antibi-
otics are mainly related to their cell wall structure and the
arrangement of their outer membrane (20,22). Different theo-
ries have been proposed to explain CS’s antimicrobial mode
of action. In one mechanism (23,24), positively charged CS
molecules interfere with negatively charged residues on the
bacterial surface. CS could interact with the membrane of the
bacteria to alter cell permeability. Other studies (25) demon-
strated that lower molecular weight CS may have intracellu-
lar targets. Dissociated CS molecules in solution could bind
with DNA and inhibit the synthesis of mRNA and proteins.
Xing et al. investigated the antimicrobial mode of oleoyl-CS
nanoparticles against E. coli and S. aureus and showed that
the particles achieve their antibacterial activity by damaging
the structures of the cell membrane and by putative binding
to extracellular targets such as phosphate groups or to intra-
cellular targets such as DNA and RNA (26,27).

Wound-healing testing of nanofibre mats

In the wound-healing test, two full-thickness round wounds
with surface areas of 0-8 cm? were created on the ventral neck
of each rat. Figure 6 shows the images of wound appearances
and the percentage wound areas at 1, 4, 7 and 10 days after
treatment with 30/70 CS-HOBt/PVA, 30/70 CS-TPP/PVA,
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Figure 4 Cell viability in NHF cells at various concentrations of the extract of CS/PVA nanofibre mats (A) CS-HOBt/PVA, (B) CS-TPP/PVA and
(C) CS-EDTA/PVA with different weight ratios; (1) 10/90, (#) 30/70 and (l) 50/50. The data are expressed as mean = standard deviation (n = 5).

Figure 5 The growth of (a) S. aureus and
(b) E. coli in the presence of (@) 30/70
CS-HOBt/PVA, (H) 30/70 CS-TPP/PVA, (A)
30/70 CS-EDTA/PVA and (®) PVA nanofibre

A 15 T B 15
1.0 1.0
£ £
g A
S 8
0.5 + 0.5
0.0 t t t | 0.0 t
0.0 2.5 5.0 7.5 10.0 0.0 2.5
Concentration (mg mL-!)
Table 2 Minimum inhibition concentrations (MIC) and minimum

bactericidal concentrations (MBC) of 30/70 CS-HOBt/PVA, CS-TPP/PVA
and CS-EDTA/PVA nanofibre mats against S. aureus and E. coli compared
with PVA nanofibre mats

MIC (mg/ml) MBC (mg/ml)
Nanofibre mats S. aureus E. coli S. aureus E. coli
PVA >10-0 >10-0 >10-0 >10-0
30/70 CS-HOBt/PVA 7-5 10-0 7-5 10-0
30/70 CS-TPP/PVA >10.0 >10-0 >10-0 >10.0
30/70 CS-EDTA/PVA 5.0 5.0 5.0 5.0

CS, chitosan; EDTA, ethylenediaminetetraacetic acid; HOBt, hydroxy-
benzotriazole; PVA, polyvinyl alcohol; TPP, thiamine pyrophosphate.

30/70 CS-EDTA/PVA nanofibre mats, gauze (negative con-

trol) or commercial antibacterial gauze dressing (positive con-
trol). The wound areas decreased gradually and reached 2%

220

Concentration (mg mL-")

mats, after 24-h incubation. The data are
expressed as mean =+ standard deviation
(n=23).

5.0 7.5 10.0

of the original wound size after 10 days when treated with the
five different wound dressings. Wound closure was achieved
within 10 days of all treatments. However, at day 1 after the
operation, the percentage wound area of wounds treated with
CS-HOBt/PVA, CS-EDTA/PVA nanofibre mats and commer-
cial antibacterial gauze dressing was smaller than those of the
gauze treatment group (P < 0-05). This might be involved
with the high surface area of the nanofibre mats provided high
wound exudates absorption. The wounds treated with nanofi-
bre mats were dry and smaller in wound size than the gauze
treatment. At 4 days after the operation, wound healing with
the CS-EDTA/PVA nanofibre mat dressing was the greatest
(P < 0-05), and in the first week, the 30/70 CS-EDTA/PVA
nanofibre mats exhibited excellent wound healing activity.
This result was in accordance with the high antibacterial
activity of the CS-EDTA/PVA nanofibre mats. N-acetyl-D-
glucosamine from CS depolymerisation is reported to enhance
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e Wound area

Posi-ireatment time (Day)

Figure 6 Appearance of would healings and wound area (%) at 1, 4,
7 and 10 day after the treatment with (A, OJ) gauze (negative control),
(B, N) 30/70 CS-HOBt/PVA nanofibre mats, (C, E) 30/70 CS-TPP/PVA
nanofibre mats, (D, B) 30/70 CS-EDTA/PVA nanofibre mats and (E, l)
commercial antibacterial gauze dressing (Sofra-tulleregister) (positive
control). Difference values * were statistically significant (P < 0-05)
compared with gauze. The data are expressed as mean =+ standard
deviation (n = 6).

wound healing by promoting fibroblast proliferation (21,28).
The percentage wound area of all the treatments until recovery
was similar, which suggests that wound healing was pro-
gressed by some mechanism of the body that is independent of
the effects of the treatment. This result is in agreement with a
study by Chen et al. on electrospun collagen/CS nanofibrous
membranes. The wound areas decreased gradually, and the
membranes were found to be better than gauze and collagen
sponge in promoting wound healing (16).

Conclusions

In this study, we successfully produced composite nanofibrous
membranes composed of CS salt and PVA using water as a
solvent, avoiding the use of toxic and hazardous solvents.

© 2012 The Authors
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These fibre mats were in the nanometre range and provided
suitable tensile strength and swelling properties. The CS-
EDTA/PVA nanofibre mats showed the greatest antibacterial
and wound-healing activity during the first 4 days after
wounds. The biodegradable, biocompatible and antibacterial
CS-EDTA/PVA nanofibre mats have immense potential for
use as wound dressing materials.
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