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## 5172441423: MAJOR Petrochemistry and Polymer Science

KEYWORDS: ELECTROSPUN CHITOSAN NANOFIBER / SURFACE MODIFICATION /

ANTIBACTERIAL ACTIVITY
WALAIWAN TIEWTRAKOONWAT: SURFACE MODIFICATION OF
ELECTROSPUN CHITOSAN NANOFIBER FOR ANTIBACTERIAL ACTIVITY.
ADVISOR: PROF. SUDA KIATKAMJORNWONG, Ph.D., CO-ADVISORS: PROF.
PITT SUPAPHOL, Ph.D., WIYONG KANGWANSUPAMONKON, Ph.D., 72 pp.

Chitosan with a degree of deacetylation of 84% blended with poly(ethylene oxide), (PEO),
was fabricated into nanofibrous membranes by electrospinning. The introduction of PEO was to
facilitate fiber formation. The spinning solution contained 6.7% (w/v) chitosan and 0.3% (w/v)
PEO in 70:30 (v/v) trifluoroacetic acid/dichloromethane. The obtained fibers were smooth without
the presence of beads, as confirmed by scanning electron microscopy (SEM). The diameters of the
individual fibers were 272 & 56 nm. The surface modified chitosan fibers, N-(2-hydroxyl)propyl-3-
trimethyl ammonium chitosan chloride (HTACC) and N-benzyl-N,N-dimethyl chitosan iodide
(QBzCS) were prepared with an aim to incorporate quaternary ammonium salt to the chitosan
nanofibrous membranes. The successful reactions were confirmed by Fourier-transformed infrared
spectroscopy (FTIR), degree of swelling in water, and X-ray photoelectron spectroscopy (XPS). At
contact times of less than 2 hours, both the quaternized electrospun chitosan mats exhibited higher
antibacterial activity than did the electrospun chitosan/PEO mats against both the gram-positive
bacteria Staphylococcus aureus and gram-negative bacteria Escherichia coli. At the contact times
longer than 4 hours, the reduction of both bacteria S. aureus and E. coli against chitosan/PEO,

HTACC, and QBzCS was equal at 99.9%
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2.3.1 N-(2-hydroxyl) propyl-3-trimethyl ammonium chitosan chloride HarmMsIFaIu
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Seong tazAMY (2000) TdAnIMsdunsIzHeiusvesla Inaulilinyminie

Q
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'
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0 CH;4
+ —
H,C—CH—CH,"N—CH;CIH
CH;4 2 2 3 CH;
OH O=( o CHy OH 0
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o e} o_HO (GTMAC) o 6} o_HO
HO g > HO o
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CH;

gﬂ‘ﬁ 2.5 MIFUATIEH N-(2-hydroxyl) propyl-3-trimethyl ammonium chitosan chloride
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9 1

P4 1 { T o 1 A
PENDT KANINATOUNUI MAAIUMIINOA TAANUENVeIT (K/S) iwdy  Totan
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2.3.2 quaternized N-alkyl chitosan uarmMslFau
. Yo ¢ o & . v .
Kim tagang (1996) 1aduns1zioywusued N-alkyl chitosan latiu quaternized
. =< Y t{&’ == 1 v 7
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o 4 / . A Y a A
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a YA [] 14 = =) o ann A v A a Y 1 a
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ﬂ?‘iﬂﬂll‘ﬂ‘iﬂ’ﬂlfoJlélﬂWﬂGlWNﬁyﬂ’)ﬂmﬂﬁuﬁu@uImuEJﬁJIﬂﬂﬂﬁ‘ﬂﬁJ{‘]ﬂiEﬂﬂ‘]JLLE)ﬁﬂulﬁﬂ‘HUﬂ
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aan a v W a @ o I [ s A
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WU (Wiarachai and Kanchanasuwan, 2005)
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2.3.3 N-carboxyethylchitosan (CECh) HarMIIFu
. & v o { @ @
N-carboxyethylchitosan  (CECh) 1flueynwusvesla Inagunldsumswaulao
. é =) aan 1 = % an
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A = 4 a 1 a 9 a = 4 [
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Y A 3‘; A A 9 ?,’ 1 Y a o
188 8n1e CECh Mwsenlaaunsoazane1dluii uazaunsodesaaslamusssuna i

< H 1 1 ' o o 1
Trtanuinll1dnee 1% cEch medumsunnd iy uruIassnegngudmsumiziae

& A
IUDLYD

(0}

CH
CHy \)j\ o o—(
O=(
OH @ N \ ) g
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OH 0—4\
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| m OH
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Y
yuzthduleio 80:20 il Ididulevnadurigudnais 1500 nTuwas Jagh latamialy
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IMAUA MTT Cytotoxicity assay Hagl¥aa mouse fibroblasts (1L929) mmmsamaﬂmﬂw‘lﬁ’uu
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Y 9 Y a
duloase Inihada
a d wAa U o 1" Y a
wodes autAvedlalnany e} 11183991909
a a % .Y [ Y aray
yHaned %DD Wniin NI
13
G Taana
(kDa)
QCS/PVA 82 400 20/80 H,0 Ignatova et al., 2006
CECh/PVA 86-88 390 20/80 H,O0 Mincheva et al., 2007
CECh/PVA 82.5 120 50/50 H,0 Zhou et al., 2007
QCS/PVP 82 390 80/20 H,0 Ignatova et al., 2007



http://www.mtec.or.th/laboratory/cellunit/index.php/tools-and-services/29-mtt-cytotoxicity-assay
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http://en.wikipedia.org/wiki/Thiazole
http://en.wikipedia.org/wiki/Phenyl
http://www.mtec.or.th/laboratory/cellunit/index.php/tools-and-services/29-mtt-cytotoxicity-assay
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2.4 uuANiY

24.1 dnwaidlilvessuniiide (Ansve NIATY, 2549) Asg1li 2.8
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1NMIANYIVOL Lui azAde (2004) WU a15aza1s la InsIuueFmaa1uise

[l dy A A ) = @ a Y Y a ..
NUFOUUANLTY E. coli 1aS S. aureus T@aﬁﬂymmgmmmmmmuiamamﬂuﬂ transmission
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a13tndl
laTnau (DD 84%), nyalnsiges lsuedan (TFA, CF,COOH) wag Inadaalng
winaueu Tutounas 15@ (GTMAC analytical grade, Fluka (Germany)) lanae 15imu (DCM)
oy TmAen lansonlsd (NaOH) (Lab-Scan Analytical Science (Ireland)) Wodtonaueon las
(PEO, MW = 600 kDa) TmidouTulslalad (NaBH,) witaleTelad (cH,1) ngm5adled
(GT) uae phosphate buffer saline (PBS) 9110 Sigma-Aldrich (US) wuEan lag (C,H,CHO) 910
Acros Organic (US) I«mﬁanm%mmm (Na,CO,) 31N Ajax Finechem (New Zealand) tUN1100
(CH,0H) ttag tonuoa (C,H,OH) 310 Fisher Scientific (UK), Escherichia coli ATCC 25922,
Staphylococcus aureus ATCC 6538, Tryptic soy agar Llaig Soresen’s phosphate buffer 185y
4 o =S ] A o W [ a 14 = ] a
P31z NFUIN Tuma Tu Tagunend druinnunmuInemanitazma luTaguuana

(#@INY.)

3.1 qinsal
3.2.1 aupuisatannserlulnsalnil (Scanning electron microscopy, SEM)
msfnmduguinavearuduledidnInsatulasaunuisddnasoululnsa
1nY JEOL JSM-5200, Japan)
3.2.2 aulsusaandninsalnil (Fourier transform infrared spectroscopy, FT-IR )
Anvuenanvaimanil Tasdunsusaanln TnsaInil (Nicolet Nexus 671, UK)
3.23 Hundssuunv@nsTsuuuda)nnsalnil (Nuclear magnetic resonance, NMR)
Anw1 %DD  vedlalnsiulastiundesuynuans Tsuuuganlninsand

(Varian, model Inova 500 spectrometry, US)


http://www.mos.org/sln/SEM/
http://en.wikipedia.org/wiki/Fourier_transform_infrared_spectroscopy
http://en.wikipedia.org/wiki/Nuclear_magnetic_resonance
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3.2.4 endsdllndidnaseua)nInsalnil (X-ray photoelectron spectroscopy, XPS)

ANGINUBAMTe) (binding energy) vVodnzaouhauly Ins1z¥las Thermo
Fisher Scientific Thetaprobe XPS (UK)

3.2.5 endsdanlunsnyualnInsalnil (X-ray Diffraction, XRD)
dnuanudlundnlasondssanunsnsuanInsalnil  (Bruker model DS

advance, Germany)

3.2 35MInaas

3.3.1 maessuuduaulalalnanulaanszurumsihaauladialviihada
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@ Qy o 9 S A o
MNFVUVVYNNAIRUAIBE g lEuDYE
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v Y v
51 3.1 gunsaimstugiiduloTaomatiamsiudulodas lwihada
- y
wsgNaTazans 1a Ny 6%, 7% uaz 8% lastminaslsuias azaielaInagu
TuszuvasazaeoNauued TFA uag DCM oas1diu 70 a9 30 Hunar 18 salus i
Y D
asazaiela Inanuldyugil Taematiamsiuduleselaihata wsoumsazatondnves
a ad /9 ¥ a 4= Yy 9 aol Y] [
TaTnauvazwedenaueen lod 1aisazalenodweivaNUEUTY 7%  lagrimiinege

USuas 1d PEO 10, 20, 30, 40 az 50 Jaansuauaiay uazldarsazatonauund TFA uay


http://web.pdx.edu/~pmoeck/phy381/Topic5a-XRD.pdf
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a3 aupudule CS/PEO N9 3 5 UAINAT 817 12 [FUANAT 91U 5 LAY A8k
a A Y o [ [ J 1 a 9 a
pzgiitionndnirlloslovesngmian loa lundssuuing1n 30 wudmwas 1319 20 wuALAT
k) 1 =\ Y (= 4 Aa Aaa 1 9 Y 1 Aa
AUNAEINNIALAILTIINGAITaR laa 10 Tadans NuWduleganiniunasd 15 wuamNas

THnanTumsidonuns 6 ¥ 1ue eennlalugaaanmeaiiung 1 4u

3.3.4 maaziumdidulalalnay
ususudule csPEO Tuansazate ImReumsuea (Na,CO,) Wiudu 5 Tuase

a < < ' 9 < ' o
ans Wuna 3 ¥l Sraumuduledsinauay pH unans Mnausu Bt 1 3

3.3.5 M3e3eH HTACC
M3nsmld GTMAC asuuuddulela Tnanuntsmsisedlu 2 ya 1) mnswld
"y & A ¢ [
GTMAC asuuurudulelaTnanuidonuang uaz 2) minsvla GTMAC asuuuswdule

A A a g a s ' Y 1 g v
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3.3.6 NMIATINAVLNVANHUL
msvifsua %pD  wedlalnau  ildTasila Insuldarsazaelu 2%
a 7Y 1 Y A =
CD,COOD/D,0 15121918 H' NMR v04laTnau meldaauanud 400 MHz

s £ o i i o ' o [ o
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o ay % ] = J [ = d‘ . . d'
HIFUNUAIDYNUIADHIATNAINUIALIUYY (binding energy) "II’EN’E)ZGI’E]MV]’LTHGI;%

a

Taamatia XPs ldunasruiinsadons Monochromatic Al Ko 31A312¥ photoelectron 71
a A i‘ ~ a 4 ~ =
NIZININYN 50 09N NUNVPIMTUATIZH 400 TuTaswas x 400 Tulasmas Nnw@n 4-8 W
TUATNHIVEIAIDE (energy calibration 1 binding energy U893 C—C/C-H components Tu
C 1s peak 71 284.6 eV)
Mlalnesm, @ule cs/pEO, 1duls cs/PEO nldsumadenvig uazidule

AN Yo A a = I = a 9y
CS/PEO ‘Vlllﬂﬁ’ﬂﬂTiLGIf@ZJ“’IJ’JNLLaZﬂ"ISﬁSWIH NTﬁﬂHTﬂlTﬂJLﬂuWﬁﬂIﬂﬂmﬂl‘lﬂ XRD GlGD'
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3.3.7 3ZAUTUMTUINAT (degree of swelling) Y89 HTACC

dwriwdule HTACC Nldninmsilfaseu 2, 4, 6, 8, 12, 16, 20 LAY 24

v
v

' %’ I < 1 ' ' A
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do'luil

(Wst - Wdt)

\

degree of swelling (%) x 100 3.1

dt

A3 o oy ~ ¥ a3 o "y A 9
Iﬂﬁl VVSt o umummmﬁulwmum LUag Wdt o umummmﬁu%mm
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3.3.8 MIMIEN N-benzyl chitosan fiber

vkudule CSPEO jihenavvmaduruguenats 1.4 wuaes 5 uHy (40

o

A Aa o 1 9 A v A I A Aaa
yaanNIy) 1ﬁ1umaﬂttﬂamu33i;mﬁazmﬁlmumaﬂlla@iummuaa 5% (v/v) 4.3 yaaans m

UiRsgaungil 50 esruwaFoa Wuna 12 ¥ 1ue @nTxdenTulsla'lasd 120 Tadnsu
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3.3.9 Msne N-Benzyl-N,N-dimethyl chitosan fiber
vmkudule N-benzyl chitosan 3UasnauvIARUAIUEUENAI 1.4 15UALAT 5
ury (40 Haans) laaslumsazasnauvesImdey loToladuay Tndey leasen lod lu

o o a a o I~
Mudatudy 02 M tag 04 M audiay wuminalolelad liianuaudy 1.6 M u

A a S

o (Aaaa < o ° '
PR ﬂ1ﬂ§]ﬂiﬂ’]ﬂ@mw.ﬂl} 50 DALY lﬂul’]a’] 6,12, 18 1Lag 24 ‘IQTNQ u’]uwurﬁ%ju
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d
3.3.10 3damsmugngaunsd
X 9 A a A X < @ X
msnaaouil lsuuaniGe 2 wila Ao 140 S, aureus ATCC 6538 (LU MNUAD
a A dy _ ’ . I Y dy aA
HUANBUNTUUIN) UAZI¥D Escherichia coli ATCC 25922 (Wudumudmauuaiiz sunsuay)
1ury HTACC taz urwdulelaInau Tdaesadsaniilh Temananueaau 254 unTu

was Wwnar 15 1 a1elaTatlifeIved Stphylococcus aureus ATCC 6538 491113 Trypic

]
= a

Soy Broth (TSB) tagih ltinfigangil 37 essusamea fluna 24 1 Tus 165en S aureus

1 v Y
Tu TSB Jannuajuiian 0D 600 11 Tuwas Feliswwreilszum 1-5 x 10° vuelnlaiise

f=g)]

aa aaa = YA g 5 1 A1 a aa &'
aaans (CFU/NAany) Mo Iniielszum 1-5 x 10" wilelnlaiinelanans gaiye 6
Aa aa 1 d‘d ] 9 a A o "9 o 1 d' =
Hadaas ldlunasananesiliuiuduloussy 3o daansu eguanirluuh 37 esrusaod
LazvgInaeana Mmunanmyua Weasunaha1saza1envIANLuATUIMNNAINIDD
Nl lanududunmnz ey uazinag (spread) VU typtic soy agar (TSA) plate 11'1U1iuf 37

= I @ 9 @ o dy axy o

parniyaFed 11ua1 24 5109 ud10339170511491%0 1AsdT total plate count HAZAIUINM

s ¢ = .
Lﬂﬂilcﬁu@ﬁﬂﬁ\‘lmﬂ%&ﬂﬂﬂﬁﬂ (%reductlon) NTUNIT
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. (A-B)
%reduction = ____ x100 3.2

A
A o X daaa A o X daaa o 1

Tag A Ao Tuudenidialuasniuay uag B Av Snwmeniizialudisdiodn

(Y] a d S A

3.3.11 Faugruinenvo ssaauuniiise

o 1 9 @ v a v dy kY v A o

Wurudulediegeving 1x1 asauawas llahyealessdsansilean
I = j’ == &‘ . 1 ) A A Y o 1
Huna 20 WA veaeuUANEY S, aureus 1aL1¥® E. coli aslunrwdulonwion1d v
9 oA A =~ d 3 Y = Y o a 7
idule luviguvgll 37 esrusaidod Wunar 24 32 Tue udrasaradalengaiian laq

Jd o o X ' . ¥

Msasaraain laaeil a1aunudulodss Phosphate buffer saline (PBS) 1 A5 &7
a v A ¢ A Y o o [ S aa " v
@uEIaza1s 3% veangasaa laaalimivyadnsgy Tuwsiulhweinuuuuaiie uw'l3
A = < @ A oo 9 4 9 9
M 4 ssrnaFemilung 24 2 1ue Weasunawsurudulslueanesedanududu 30,

50, 70, 90 1A 100% 1AL311AT 314U 1 Hadans ANuEuTUaz 10 WA anuruduleld

9y o = @ a 9 a
l,l,“rNl,l,ﬁ3u'Illﬂﬁﬂ‘kl'lﬁmﬁ'lu?ﬂﬂ'lﬂ?ﬂlﬂﬂuﬂ SEM
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AHANIINAADILAS IV

4.1 %degree of deacetylation (% DD) vodlnlnau

laTnauadonldanifnsen deacetylation voslaiiu Sosazvoany acetyl luln
A A = I [} a = v .
aungnulasuiluvguel TululaTnanuionn degree of deacetylation (%DD) 91NN13
a I Y a Y < v o ..
AT zHAremaila NMR Tagld 2% CD,cOOD/D,0 1Wludrviazate (Hirai ef al., 1991) UdA
annasu H' NMR voslaTnanulugi 4.1 chemical shift 71 2.3 ppm. A 13 CH, VU N-acetyl
VU'lANY chemical shift N1 3.4 ppm. LaAIdelUsaeunediumiian 2 vadlalnau Tsaeu
Tuduriuei 3, 4, 5, 6 1182 6” LAAIAT chemical shift N 3.8-4.3 ppm. taz 1Usaeuludumueh
1 LAY chemical shift 0 5.1 ppm.

Integral intensity Y04 1UsaouAUHUIA1 q uagadlumsen 4.1 @wnsomuIn

9
%DD V03 1 T 'l 84% e a5 ¥84 Hirai ef al. (1991) aaae lail

%DD
A
R IN-acetyl

I

Hi1-H6

[ 1 (IN-acetyl/3)

(IHI-H6/7)

] x 100

Ao Integral intensity summgi CH, YU N-acetyl yu'lanu

A9 Integral intensity 330v091UsA0uludumuaN 1, 2,3, 4,5, 6 az 6

A1514 4.1 Integral intensity Y94 1Y A0UMUNUIAG 9 VU la Tnau

Chemical Shift (ppm) Proton Integral intensity
5.1 H1 53
3.8-4.3 H3, H4, H5, H6, H6~ 323
34 H2 5.6
2.3 N-acetyl 3.0
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CH;
N
2
~0

6,6-OH 0
4 3 H
0
-0 2 \1 0 HO 3 7
Ho=3 4
NH, 6.6
OH

Chitosan unit Chitin unit

3,4,5,6,6

2 CH, of N-acetyl

I W

I I I I I I
6.0 5.0 4.0 3.0 20 1.0
ppm (f1)
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JU 4.1 anlnasy H' NMR voelaTnagn
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= 9 a 1 A Y Aauv A =
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Y ) v
MNZANAUMIINEY 1199910 la TN 1uNT %DD 1ANI 70% a1wsnazals laa @i

Y
{ < 2

as Y A = @ A o = Y
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9
aAav A

@ulensuaveauieenin (Desai ez al., 2008) Tuauidsiildasazarenanveinsalng
Wgoo lsue®@an (TFA) 70% taz lanae 15iimu (DCM) 30% (Ohkawa ef al., 2004) TFA 115 Ta
v oA v ' g A a Aa o Yo aa A & =
wavigued TuldnaenydundououTudlownfitszguan  wazhldouasiseniudaass
.. . . ' ' [ Y | A ds! é‘
(rigid interaction) szWIN@IeIFanas hldanuamsolumsatumniv aunsotiug

asazane la Ingudhudulsld
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2 ¥ Y oy v y a3 o Q. ¥
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< 9 = Y

vodlalnauanas  Wuwaldewnsawsonarsazarelalnauld (Cho et al, 2006)
uouTuiion lopoula Inesuiidszauandwaumn  Ssazateldludvhazatoililszy wu

E 1
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Y 1
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HO 0 HO o)
" h
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OH
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v Y
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A A o a 9 ' Y A A Y
Wennsandugivineweudulenn SEM nun duleiwsenldnnaisazate
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Y] A I an d s A 1 =\ I
2050 esnn laTnguiunedodnInslad weedlunmzasazaelinnuiluilszquan
Tuaele (polycation) vildiAamsnaniuveslszadetiavamananisineInuvesatsls

a I'4 o 1 I 1 1 4
Woaes (Li er al, 2005) Mld liansensdamsazarelaInmulddluduegiaaeiios

9 [ J

' ~ Y A A o y A A K
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o a a 4 d o [ 1
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] o U A 2 9y
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=
oW/ X 7.

L
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2%
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4.3 70 SEM voaduleldnnsasaiuai o vea CS/PEO luasazanedaainane
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A s o ' 2 ) A 2
wowaua  PEO  nulalnmiuwun  anuansalumsyugidulomuiu
v i1 Y D
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a 1 [ ] a o g { o I I
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4.2.1 enanyamaniivewdmaulalalnaudimmaiin FT-IR
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—» N-H bending 1569 cm’'
O-H stretching
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H H
Chitosan Glutaraldehyde
) .
H OH (0] (OHZ
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chloride/Poly(ethylene oxide) (HTACC/PEO)
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H—N +—CHZ CH CHy—NT—CH; I o 0 i,
| FQ
L H OH CH; HQ
T NH,
N
H N l l
OH CH,
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%
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4.4 mamseuneuduls  N-benzyl-N,N-dimethyl-chitosan iodide/poly(ethylene  oxide)

(QBzCS/PEO)

44.1 FugruInenves QBzCS/PEO Tudunoumsinlnsenuiiaty

o

4.14 ﬁmgm?m 81U®4 (a) CS/PEO fiber, (b) neutralized CS/PEO fiber, L8

=).

71

(c-f) QBzCS/PEO Nriawihilasenumaduuiy 6, 12, 18 uag 24 %3 1ug auad1aw
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