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In this research, improvement of gentamicin (GS) delivery and mechanical properties of
polylactic acid (PLA) fiber mats has been investigated by coaxial electrospinning technique. PLA
blended with cellulose acetate (CA) as shell fiber for controlling drug delivery and improving mechanical
properties. Polyethylene glycol (PEG) mixed GS as core fiber for increasing ability of drug release.

From the results, the study of core-shell electrospun PLA fibers showed that increased CA
content the percentage of GS release from fibers decreased. In addition of ultimate tensile strength
showed the tendency to increase while young’s modulus decreased with increasing CA content. In a
comparison of electrospun PLA fiber mats with core-shell electrospun PLA fiber mats showed that the
GS release of core-shell electrospun fiber mats could be controlled drug release from shell fibers. While

electrospun fiber mats would be controlled drug release by mixture PEG at low molecular weight.
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1.1 anaiusnuazanudnyvesifaym
@ y a I 4
Pagdunszurumsihuduledre laihadad (Electrospinning) 1uniadeniile
] Y] a 4 a 4 14 Py
wIounrwduleniniaguoames [1] uazasotiunigoon lae (2] msduduledle vl
A oo 7q U s o ¥y A a &
anndlimilszgnd 141y nemsunnd [3.4] ndwnssu [5] 1agn1eaIuoue [6] 9nuinuie &
@ 1 o 1 o a P o ] . a
areg1amsszgnald 1dun Jaquodwesnldiirdeen (Drug delivery system) [7,8] 320551
K A X . . v A . 3 v P
(UDIHD (Tissue engineering) [8,9,10] Jaqiatma (Wound dressing) [10] 1Wudu uazaiey
o P} A 2= oa A o A P . A
anvagmsliFauiinauiil Wlsudeniaanoawes 3101w (Biodegradable polymer)
o 1 @ o 1 4 [ ] a a a

annsodnuldduas lulusuasienuienenyud edrusu weauananueda (Polylactic

acid; PLA) %4 PLA 1d5um3susesnindninaue isuazenanss« wie 0.0. ansga (U.S.

.. . ' 1 a J 1 4 =1 9 Y]
Food and Drug Administration; FDA) [11] 31 luiflunnaesamenynd nazing14iuiag
o 1 v a =& o ' ~Aq Y o o 1 ~
agen [12] snauenyegdutlurialudisg1senn s ludiaatingas sz uauaInIge 1y

a

[

[ :/I dy a 9 a = 09.:’ = Y 1
ﬂﬁﬂﬂﬂ\il%ﬁlllﬂﬂﬂﬁﬂ]’lﬂﬁaﬁﬂfﬂﬂ HagIInIgn [13] NNGINM5 15 IWAY PLA [14-16] o1

i Y
v A o

' o ' 9 YA @ v 1< ~ =

WU PLA fue1 GS Biannsodniulaain msizae GS iflueniilivagauin [15,17-19] 99
a P I @ 4 i o @ -4 1

doammeamesnansaludureounii i PLA uwazen 6S i lduinau wudlu

= Iy 9 a an
MSANYIVOY Y.-Y. Huang 11a¢ T.-W. Chung[16] 1aiin151dwediensaulnanea

4 A [ 1 o I a

(Polyethylene glycol, PEG) titotiiuanudnnu 1dsen319 PLA fuen GS w51 PEG (Huned

&~ 3 [ [ va A a
Wes NN [20,21] nazamnsonny PLA 14 [22,23] dauautiaidainaues PLA Taouiase

Y 1 Y < 1A < A A
udrroud i izualinundasang [22,24] ivag TaaozFiaa (Cellulose acetate; CA
3 A & A ) o A o va A A I
Wumadenniteinaulalumsimaniu PLA edsudjsauiadna iesnnidune
A J. { 4 o o o 1 us/'
awesamununs s ludrumsunnd [25-27] Tumsidluwduleriraae [28,29] ana
v A = 1 d‘ Y o o Y = = 1 d?
galinnumileaz iy ondy CA 110U PLA a2 1d PLA finnumiloanazyuiiv uaz
k4
$olunsiidee ua CA Whnuer Gs 1ddee aetiu drdesmsIdudwdulogunioniugy
1 v = wa A Aad y Y Y A o '

msvanilassenldnazdauiadenanavu msilwduleare liihadaduuusmunuainse

J y @ @ <] 1 a 4
uadynii 18 [30-36] 1ilpea1ndae1gnimnuLazaIuqunIsdaaldese Tngnodiuos
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neniueddanuszninmsazaten lniudiuunuluvesdulefvasazarenlfniudn
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orjuiduly
4 qa: a v dyd =2 4 va a J 1
aariu luaisetitednyimsSulisauifaiana uazmstaalaese voru
1 1 y a J '
dule nuusawunu fldvinmsiluduledre Irlihadaduunsuunu Tagld cA wew PLA
Y v 1 3 $ o :
Wudarery uazld PEG marwen Gs iluunulu iesh 1dududulelinnumiion nunseda

Y
o uazilanilaose laavu

1.2 agiszasnvesnyive

1.2.1 Anvannzlumaassudule pLA 18un anuaednd 1w uazdasinsg
Tavesaniazats aremainnsihuduledsIiihasauuusmunu

1.2.2 Anwautiagina anvuzdugiuiner milaalaosen HazmsdefuIED

vy v A y Y] % a < '
Lmﬂﬁﬁﬂmamwumuiﬂ PLA ﬂlﬂmﬂ‘uﬂﬂﬁﬂum’uﬁlﬂﬂﬁﬂ]’lWﬁWﬁﬂﬁﬂu‘U‘Ui’JlJLLﬂ‘Ll

1.3 #HIAANHIAY

'
a a

[ a o a @ a 4
PLA dadunoamesyinin (Biopolymer) Nﬁ@%Wﬂ?ﬁﬂﬂU'ﬂﬁﬁﬂﬁﬂWﬁﬁﬂﬂ!n’lu;ﬁu

Q

Y ¥ '
11318 TUBITUIA (renewable resource) ANITNTIAVIIBITOVDITINFIN (Biocompatibility)

[} o 1 A % o

1 3 a IS 4 < 1
18 Tiifluniy (Non-toxic) taglimsldauiluiaguirden madenld PLA weilluiaaiias

09/' A o A dy ' = 9 ™ ng S A T A
11U 92100 PLA MU iiigedis 110190 tazlimsldaunall eniunfes GS uaiile
° = A a 1 I o A 09/’ 1 Y o Yy KX 9
Rimsanyunuan wun o1 GS Wudendargann Tuaunsodinu PLA 168 3edpann

a P ) Y Y o 9 A dg} v a P = ~
woamesnawsan1ld PLA uazen GS inu ldmudy PEG dailuneamesnitludaeni
~ I a P 3 = 9 [ A 9 ) 1 = Qs: [
A 312 PEG tumedwesnivagaazinmislswaunve GS ialdlumsiiidaes anieds
I~] a A Y o dy A A Aaa Y 1 [l < v Y Y Y A
Wunwedwesninsuiomovosdaliaiala uaod1alsnan PLA dalivedoesniadiuania
- ' ° y a 4 o 1
wanaluFesvosanunlsiz n3i PLA T 1dduidulede I adadazinla launindule
d’d = ] c; [ 3 [ vAa Aa 9 9 ]
nuaNuBarguaazlitg aaiu nmsdiuleauiadanaves PLA 214 CA 191990

o Yy 1w A A \ 2 & a

Psvlgalnuruauleianudanguuiniu tazaanduils1zvod PLA 1W512 CA iuned

= QYo o Y VY Y va 1 dA ' ~ P o
wassImwn lgiutluduleegudd Arsgaaniamunnonnuiuiaziviie) e IHANA
PLA vz310U5ulgudule PLA Tdlianuilsizanadld uanudie Gs Wi ca 1ddes i

181 PEG, CA uaze1 GS wawiu PLA nagih luihuduledre lWihatadunudie gosla
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Hantagnana medluiagideena msihuduledre liihataduunsmunuazae
uddymanudniulildnuaie 6s uazmuanuansalumsarugumsianideser 8n
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nedeansnlsulsaniamina 1dondae

1.4 YO UIUAVDIM AN AL VDD INAVDINUIVY
Av dy = 9 a J A A o o 1
nuiteiiagAnyIm ldwedwesawsiiafe PLA, PEG uay CA 1hunviuiluudu
a, y a 4 1 o 1Y [ a
iduledreismsthuduledrelihadaduuusmunu tazitmsnaaeudnyaus daugiuine
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1.5 YHADUMIA UL HNUIVEY
= 9 Av A A 9
1.5.1 fNE A3 NI NIN8IT04
1.5.2 80ALUUITATNAADIAE IUAUNITIVE
o 4 a A 9 ao
1.5.3 31U nssitazansniange Nlslunsie
1.5.4 AUHUTUIY
1.5.4.1 I958UNDAINDS PLA, PEG Wal PLA t1ay CA Wl PLA NS
= [N y a 4 1 ogj 1
wunaz bivuer gs  Tddwduledre fhadaduuudaie amiunaaoumstanilasss
auiaring tazauinous Neaiuayuransnaassvesrudulonyude
y a o [
1.5.4.2 iaanzmsdwuduledre Iihadaduuusiuunu Taeld PLA
I~ -9 ] 9 9 9 I~
wag CA way PLA udrvieiudule nazld PEG uay PEG wane GS fuunuly nadou
msdanalasee auliFena uazautinoun NveaivayuramsnaaosuesAudu lonyy
FIUNY
A 4 Av A F2
1.5.5 AATIZHHANUIFN 16
1.5.6 agimnanuivy
1.5.7 5189 UKNDNUIVY
1.5.8 IAUDHNAIUIVY
1.5.8.1 a9u1ATINI5IVY

1.5.8.2 UNANNINY
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2.1 woauanfnuedn (Polylactic acid; PLA)

O
HO OH

n O

Ad 2.1 Taseadamaniived PLA [37]

A a 4 . I a o 1 a d 9
PLA #3owoauan Ing (Polylactide) 1iluwodos lunqunodiodinos 11asedi
o ~ a U a . . £ A 9 o A
f401mN 2.1 wan'ldannsauanan (Lactic acid) Fuiluarsnlannmsninnanannians
1 091 I 4 [ (] o o o I
inyashiudlaazihmaniuesdlseaeunan i 917 Tna 917218 wazsiud)ende Wudu
Yo I ] J a [ Y = = va Y
PLA lasuanuauladuedrannlungunaradndesaais ldniesdinim lguaniaaiu
P & a @ o A A
Msunng [34] Ao WuNeAWOTTININ  (biodegradable) [37] @1¥TDIINVLHBITD
[~ a
(biocompatible) [38] laitiluiiy (Non-toxic) [39] taze111509naadu (bioresorbable) 16 Iag
= . . ' 2 o Y o3| [ AN o o [
FZUVFININ (biological system) 11319018 [40] 99119 PLA 1WluTeqiiidnenindimsuaiu
4 o e 1 [] [ a)
numsunng uazgminnldmeduiiunuund 2 nenssy wu agilauka (wound dressing)
o o 1 ) A 1 % I Y v A
[41] Jagdmsuihmnietantasedien [12] Huay diugaaniianianien1nyed PLA

uanaluaisnei 2.1

M1319% 2.1 AUAVTANNENINUDI PLA [11]

Property Units Condition Value
Degree of crystallinity X % L-PLA 0-37
; Amorphous 1.248
Density g/cm
Single crystal 1.29




M1319N 2.1 (7D) AUANTANINGAINVOI PLA [11]

Property Units Condition Value
L-PLA complete
crystalline 146
Heat of fusion AH; KJ/mol
L-PLA fiber
As-extruded 2.5
L-PLA with
Heat capacity C, J/K/g Mv = 5300 0.60
Mv = (0.2-6.91)x 10’ 0.54
Glass transition temperature 326-337
Melting point 418-459
Decomposition temperature 500-528
Swelling in water % pH 7 buffer 2
Intrinsic viscosity ( ) in chloroform at 25 °C | dl/g 3.8-8.2
Radiation resistance G value | Under nitrogen 0
o . Chain scission 26.5
Co  in benzene solution, 30 C
Cross linking 4.5
Chain scission 23.0
In water
Cross linking 6.5
IR peaks cm'
OH (alcohol/carboxylic) 3700-3450
—C=0 1750-1735
0 00) 1600-1580
C-0 1200-1000
CH 950-700




2.2 woatensau Inanea (Polyethylene glycol; PEG)

HU\L/\ ,I»\_’,IDH
0
n

Ad 2.2 Tassadamaniives PEG [37]

A

I a o 1 as d A 9 o ~ Ao w
PEG Lﬂuwammﬂuﬂqmm‘waaamm NIﬂi\‘]ﬁ'iNﬂ\iﬂ”lW‘Vl 2.2 aaauuandaingy

{ o o 4 g} [ I g‘
i ld PEG gnih 119452 Teminninedio anwaunsalunisazatein lidezidui
9 A A 1 2/' @ o a =4 a
A5zAe HTeluasaralsveanaen1eg SINNIAINIara18duNTd aza1ses 1su1An
4 [ J I a P [~ a 1 T 4
laTasmrsuou [42] daunremsuwnd PEG Wunedwesn luifluivaestanonyud uag
v
o w 1 v @ ] @ 4
#1U150719A00N910319n18 14 DANIEIHIUAITEONSVIINBIANITDINITUALEIVD S
1 Aa o a S A I @ o 1 o {
ansgowsnm (FDA) [11] 3¢ lasuanuilonldlumemsunndive il uiaairdee Taqnlsy
4 I Y o A 1 Y a 1 Y
lumsuenirad wazmslszgnaldlumanmsunndans wu ldsenannlugdunuaie 1
vAa Y (B I 3’ = dyg <4 o Y A
Auauiandssns luhezilueni e1faewniega e10ie uazeuia Ias PEG azitmiin
< ' A ' A o = T =T
Wumsserasau aselumsazaisvese vieanstlessumssudndludounds dudu
[42]
A Q'I = =) ld’
auanamen nues PEG Taena liazliganaouman nie T, eghiszuia 60-67

ISP 4 Y

o A o, A 9y I Y = I
C HAasUNYNARNIYLUNI 1ID Tg Uszum -60 °C MIﬂix‘]ﬁ’iNLﬂulﬁu@iﬂ tagunwilu

= £ A | = .. Y ' 3
ITLUIUG FauAIA MWD UNAN (Crystallinity) szuissay 70-80 ANUHUIUY 1.2 g/cm

AMANNYANToU 188.2 J/g

2.3 wagiaaez?vmﬂ (Cellulose acetate; CA)

RO.
o O\O-_R
RO OR R=Hor
o) O
OR O\. OR *_JJ\‘_
P CH,
RO OR

A 2.3 Tasaadamaniiues CA [43]
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a & % a  AdA o Y
wag ladesFnailuodmasvoansaounsgndiayvossag lad imsiza1usn 1y
9 OQJ’ [~ 9 dy 9 A a [V ) ]
' ldnanvate uiludulonses idodn ersindoudn uaz Taquirdae [27-30] Tasauisn
= Y va o ' Yy = o ' A L. =
wsenllauianina 1ddrensliszduvoanyunui (Degree Of Substitution; DS)
b4
1 o ) o o a -4 a (Y] Y]
uananu wag ladezHaadnsoazaie 1a luariiaza1edunidnareriaiuegnuszay
Y [ [ 4 v
JUMTNUN naaaluasen 2.2 9y MszauTumsEMunnnnd 2.6 wagladezdianas
L) { 3 Y 1 a 4 . . 9 v Y
azaneluddihazaeninnuiiviries 1wy tonau lanas 15a (ethylene dichloride) 913A15LAY
09/’ d‘ J = 19 A [ 0911 d‘
TUMTUNUNTZHIN 1.89-2.50 dzaza18luozd Iau (acetone) UADINAITZAVTUNMTUNUN

v
a =

' vg O & Ao ) v ! '
FENIN 0.89-1.35 azazae Ia luhaeliaun guugiigegananninldaulduueglusia

QU

IS) £%

QUNYNIZHIN 60-85 °C Tasiwag ladozFaavziauiianuaeaisiail iy udu Tudu
4 1 [l 1 1 = = J < 9 = 09/1 (Y= =
noanogod uavz inudonsa A1 amMos A lau dmes 1udu dnndalinnumition A
1 udaneuazidules idulowag lagez Finamunzaununisiild1dawiena
Y Y A v Y Y ] y A ! A = Y
azaanauiy Wudngadulaa nsldaudiudug wunszayie waziinges 59Ny

{ o a A 3 5
ns0ayn3 vsodaquuatanlfihudulover dudu [44]

M3197 2.2 5w sny acetyl luwag laaezdaadonnuaunsalumsazaiy [45]

% Acetyl DS Solvent Applications
13.0-18.6 0.6-0.9 | Water

22.2-32.2 1.2-1.8 2-Methoxy ethanol

36.5-42.2 2.2-2.7 Acetone, Ethylene dichloride | Fibers, Photographic film
43.0-44.8 2.8-3.0 Chloroform Fabrics, foils, fibers

2.4 IMUMNBTFY HIDWUAMNBTUA YA (Gentamicin sulphate; GS)

Ry R Ra
OH

HLC ] H2N /R3 GentamicinC;, CHy H  CH,
HsCHN HO TRy

HO I'I\IHF{1 Gentamicin C,
0] E % S
HaN NH Gentamicin Cy, H H H

Gentamicin Cz, H CH; H

Gentamicin C,  CH: H H

A9 2.4 Tassadamaniiuessn GS [46]




v A v Aa [ I 1 a
PUIUA BT UK TOINUANToFUFAINA (Gentamicin sulphate; GS) tHue lunguozil
4 @ { @ a g 1 z
Tulnalaled (Amino glycoside) 3ilasaasiananminig 2.4 14lunssauinmsaaiieriadu
NLUANTEFUAUATNAY LASUVANITEUNTNUINDINAD 195U o A TuuIai00 g 1ua
I a =\ I @ ~
(Pseudomonas aeruginosa; gram-negative) (Hustaunsuay uaz amldlafonad ooisea
.. S a I Y Yo ~a A A
(Staphylococcus Aureus; gram-positive) Wurtaunsuuan Wuau euwnselesnyinisaaion
a a a @ a dy A 9 = dy =
Usnunszan szuumuaumely Al taznnzaade lunszumaon 18 detivzoongnd
] dy .. A' = 9J 9J 1 = Q{Q/ g dy . . d‘ Y
NUYD (Bactericidal) (UDNUANUUNUVUFI HAVSUYNTIVYUYO (Bacteristatic) NITAVAIY
Y 9 d! Q‘/ [ 09// 9 = o 9 1 .
[Wuturis uazeongnd lasdudinsaieldsau uazii1Mn15911 genetic code YU m RNA

fia 1 [47,48]

a d
2.5 mstuduleaelvithadng (Electrospinning)
y a  J I { a g 1 = ]
m3uduledre lfhadaddunszurunmavuuunnii 60 3 uaia1dsunnw
auladnuifuediansadadio lun 10 Ynrwan 113l a.a. 1934 Formhals [8] ldvadnsiins
4 { [ o
aszurumstaznsesten lsusema i lumsduasziidule 7wl a.a. 1969 Taylor [8] 18
A A 4 A A = A a d%l ~ a S I
Anusimaunesurenelsingmissinneiu luvazNaisazatonediwesWeoonaniiy
[ Y4 % o v o I
Tavzanmslddnd Iiuseduge shldzilsrevesarsazarennnsananiianyuziilu
d' Y d‘ = Y =K A a 4 4! 1 =
anumasuaateIan Wweussay ldhiiaumduus dsiivesssazanenedues Faneuil
= [ dyl = 1 3| dg’ [ A
M3IFeNAaNYULIIN Taylor cone MI/asuuilaazilsrauily Taylor cone dzVUAVANNKTA
a o A = d'
VYOIAITATANOANDS 1) A.A. 1971 Baumearten [8] (SuANHINAvRINMIWasuuasansazaiy
a 4 a o o Aa Jd o 1 a g
wodwestazmsmes lunszuumsuduledielihatad ildadmesaie &
1 [ a { f < 4
nasodugIuIneveudulonld 11l a.a. 1995 Rencker [49] lafAnuod1aiuszvuuIniu
° y a  J @ v Aav 1 o <3 o
Midmsiluduledreliihadadldsuanuaulenminidearsg walan wivldansuiu
aAa o a a A 1 A A [ y Y U a Ja
HAUATUN 1T ATINNMTUININAG 9199 Mnenumsduduledre Wi adadll
y A 2 4
wn TS 08 [1]
y a 7 1A o a
mstuduledrellihadaddumadenlminaunsolinsomdulonniaanea
4 a S J 4 a Iq Y 4 o
wesuazaseiunidoon lyanainvatowia amnsnlszgna 1y luniamsunnd [3,4] nda
a Y

Y A = £ a csy::,' am Y 9 ]
NITY [5] HagNNAIUDUS [6] BNUINNIY mmmmﬂmwamauiﬂwmeummﬁumu

quinansszaun Tuwas lhudannniluTaswes TaserdonssauTrihimannanudis

'
A o W 1

L4 ) o di‘ A @ A 1T o A [
dnd Tvlih dmsuszuuiuguiidiulsgneundnididn 3 dau Ae unassuiia lildhwsedu
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{a <3

4 (High voltage power supply) Haaaussya1sazarenanlaisiiulane (Syringe with metal

@ o Q)
needle) 1taziaai095 UM U Tang (Metal collector)

o y a ¢ A v o '

vwanmsnsilduledareliihadad Suannislddnd Tuilussaugann
a s A a s 1 < ] 4
A130218NDANDT HIONDAWDTNHADUIMAY ML TaneNANNTIFURIUEUINAIIYUIA
g o a o a ¢ A o o 4 g
an Mldinansandnniad i luasazarenedwes iwednd I unuiu veaasazate
< A { 1 3 [ 1 Y a

sunsananvudaredvagsunlasugdsiuilugd Iau @saednnie Tdhdiauiiduns sdeia

a J. A v A v =®R A a
YDINTALANYNDANDT) LlazLiJi’JLLiQNﬁﬂ‘VIN]l‘w17113JﬂﬁJTﬂﬂ’JTLLiQﬁQN’JﬂJﬂQﬂ’ﬁazﬁWﬂW’ﬂﬁ

v
o o

J [ v 1Y d! 1 9 o Y4 [
SV fﬂiﬁ%ﬁ”IfJﬂ%WQﬂJ’ﬂ\WTﬂ‘iJﬁTEJﬂJ@QIﬂuqﬂﬂﬁﬂﬁﬂiﬂﬁﬁﬂ "BQ@‘I@L‘IJ”IﬂTJﬁﬂEJuh\IﬁTLﬁQﬂan m
a I v 3 v W o [/ §
Tdnaduaulihsznhalaeduiuiagiesin msazaerzyailuuuiasdluszeznils
1 (] 5 Aa v o I
nazazr1u91 11199 whipping instability Fa9ZINANITEMBYRIRIIIazae naneiu
9 < 9 v o 9 o o ) Y 1 <
Lﬁuelﬂ‘lJuW]Lﬁﬂ@lﬂ‘ﬂ)’@uﬂﬂﬂuﬂuﬁﬁﬂﬁﬂﬁﬁﬂﬂluﬁﬂ'klﬂlglliJllﬂ‘VI@ (Non-woven) GLuﬁ'J‘L!sU@QIfU‘JJ
a A a J 9J ~ YA o A o ad 1
ﬂﬂﬂﬂﬁiﬂﬁ?iﬁgﬁ']ﬂwaﬁmﬂﬁ ‘ﬂgﬁﬂx‘lllﬂTﬁﬂ'JUﬂiJi‘ViiJ@@]ﬁWﬂTﬁllﬁﬁ‘Vlﬁiﬂ!ﬁll@IﬂfJ'J‘ﬁﬁ'N"] LB
Y [ . . ¥ . o I Y
w59 Itiun29veslan (gravitational force) 1] (syringe pump) USIAUNY (pressure gas) W UAU
[l o v a3 a ] o I
1uaaumaqmasmmnﬁﬁmwuﬂ 1Y IWaN (stationary plate) ATN (rotating drum) $udu
= v Aav Yy 9 a Jd A 1 1 a o U Y Y
i]'lﬂﬂ'lﬁﬁﬂ‘]%l'lﬂlﬂ\‘lﬂﬂ’)i]ﬂhlﬂllﬂ'lﬁﬂl“]fW'ﬂaliJ’t’]i“]fu@W]'lQG] UINNIT 50 BUA m‘mmaﬂmﬁuiama

Tfheadad [50] Laanans1en 2.3

M1 2.3 Aegraneamesnldmaiamsihudulode lihadaduaznissin1U14 [50]

Perspective
Polymer Solvent Concentration
Application
Nylon6,6, PA-6,6 Formic acid 10 wt.% Protective clothing
Polyurethanes, PU Dimethyl formamide | 10 wt.% Electric, Filter
Wound healing,
Collagen-PEO Hydrochloric acid 1-2 wt%
Tissue engineering
Polyaniline (PANI)/PEO | Chloroform 2-4 wt% Conductive fiber
Polyvinylcarbazole Dichlormethane 7.5 wt.% Sensor, Filter
Acetone, Acetic acid,
Cellulose acetate, CA 12.5-20% Membrane
Dimethylacetamide
Polyvinil alcohol, PVA Distilled water 8—16 wt.% Drug delivery system
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M13197 2.3 (719) Aegraneawes nldmaiamsiuduleaelWihadaduaznmsin 1l [50]

Perspective
Polymer Solvent Concentration

Application
Polylactic acid, PLA Dichloromethane 14 wt% Drug delivery system

Polyacrylonitrile, PAN Dimethyl formamide | 600 mg/ 10°m’ Carbon nanofiber

Electret filter, blend

Polyethylene oxide, PEO | Distilled water 7-10 wt.%
other polymer
20, 60%
poly vinyl phenol, PVP Tetrahydrofuran Antimicrobial agent
(wt./vol.)
Chloroform:methanol
Polycaprolactone, PCL - Biomedical application

3:1)

a d
2.6 mstudulaaelvithadnduuusnuny (Coaxiat Electronspinning)
Tumsilfduloun TudnnvseauianiaynmIz@ (Functionalization) 1agn13
A [l A 9 =\ d A
sanorTuana asnsedautlsznovdn  (Tasmwizluaunaluladisuasos IAINTIY
dy A o 1 ag a J Y o Y =\ ] )
e nsthdee uazurludan Instnd) isudulew Tuluvaiensal ldansaiilag
a y a 4 1 ] qa/l YA { o W 1
nmsldmatdamsiluduledre i adadodieiie nethiiesnniilymndidyegrnate
1 < 4 [ (DL @
Uszmawy Tammanuas eeu'lsd Tusau o1 TS uaznuaiiise) Inegiunuduloun
< v A o @ o 4 {
Twiluld1den msrizensmarivzgnauiudiiazateldnateiluve unad naznlaou
Y < < = o { va a ' ' o
ndvuuiuvesuia (Hwdule) sildarsacanim wihin wseqaauia@mulild deuniu
A gl o % A 9 1 1 9 g’ Y °
PJyrusoniminTuanavesiagnez ldwaue u PEG drun1nly PEG 1miin luanad
o y a J ] I T <3 Y
Mlimstluduledelwihadadedrsheilulyldon edrelsnamilamidannsoud lvla
a y a J 1
arems Imatamsiluduledse lihadaduunsaunu [51]
U A G’ 1 ] H 1 U
msiluduleare llihadaduuustunuaz 19iRa (Nozzle) RlitpuyLIUTINAY
9 [} 1 [ d' LY d' Yo us/' v a A 1w o Y a
Founuaganidu uaainni 2.5 mdnd Iihildfuisaesifaivnamiiu uazsi liine
o a Jd 1 = a < Y A
Mveaweameiwseaninnlateriine uazinatuduleu Tunpuunulu-nlaenuen
(Core-Shell nanofiber) flayinnulusgrinamamadulou Tunuuunulu-nlaenuenae ns
. . .
Inead1uuen (Outer droplet) dasngnilaswiugla TuvmzNveadulu (nner droplet)

' { <3| o { { 1 Y
Tiansagnilaswiud1d uaaslunmi 2.6 4o Ddwsuil msizneadisazarediulu
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'
A a

v Y v
lifszgnammnannuseilihaiad duiu manldsugivesasazatedmluldiuunuly

9y a = . = [l =
maamuiammmmwua (viscous force) INYIDYILAYD

a 9

mstludulede Inihadaduuusmunu lumeswalslseausidulou Tundunu

3

A A 1 3 @ 9 a J gy Ao I
Glummummmu mmmm“l%ﬂsmygmuclﬂuﬂu‘wnaﬂyngﬂumﬂ (MIANIINAN viga

n359293) aortlesagmeluldonuen 1adndae [51]

§ [ L o 1% y a 7 [
NN 2.5 ([§18) uwuMNmMIIaszuvfadmsumsiludulede I ihadaduunsuuny

(1) szuuiaadmsuldludealfians [51]

1 mm

ANA 2.6 (19) Yarerirdauuuunulu-nldonuen taz ) dulemauuvuunulu-nldon

UDNUDY Polyvinylidene fluoride (PVDF) (Lmuiu) 1ag polycarbonate (PC) (Lﬂﬁﬂﬂuﬂﬂ) [51]

2.7 MINATUMIHUTUBoHUANISUA 18T Disc diffusion [52]
anAq Yo ' ' ~ A . . . . o A
’J‘ﬁTIiﬂfﬂH@EJNLLWiWm&liﬂﬂ“ﬂf‘!ﬂﬂ@ Disc diffusion method (Kirby-Bauer) Taeiilu

Y

o J I a 1 qg.;l 1
YDUTUUBIDIANITDINTLUAS YN Lﬂumsma@mmﬂmmwmmu ?f'lll'liﬂﬂ@ﬂllﬁlﬁﬂi’ﬂl%@ﬁ
1 = A dy 1 1 Y 9 o A o us:
mm"l’masn 3Jﬂ'J'13J]l’J‘1J'IL!ﬂﬂN NIvADY ul,llE]'Ifl]‘VIS'l‘]Jﬂ1ﬂ'JWNLT?J"’IJ"LWH?!@VI?JE]TI‘HEJ‘UENﬂ'Ii

' f 2 9
iy Ia nTemanudududiganiigniainseunaiiise’la 99.9 % 18 lumuzlunms
g A a Y g Aa A a a A 12 a . .
naaeUFeNI N tazyeuuaiiGenniauau Tanan1az lifioond9u (Anacrobic bacteria)

(R < Qddyd an o Y a va A A
LLG]’EJEJNUI,iﬂ@]HJ’J‘E‘HLTJ‘L!’JTJ%ﬂﬂﬂﬂﬂi%%WﬂﬂQﬂg‘U@]ﬂﬁ‘ﬂﬂﬂﬁﬂ

a
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(% Y

au 44
2.8 NUIVENNEIVDS
F. Yang et al. [53] laAnwidszansamveadulowrlu pPLLA ol lums
a 4 4 4 a y a 4
Amanssuitedodszamn Tastiugldramaiinmsiludulods lrlihadad neldnisaiuan
R P ° y ] = Yy v
anzuazviaduiiuguinanluvaziinisihudule Tasfnyimavesanududuyo
Logw oy Ao o A ' £ o
drvazals lunmasnaaediilsuruduls PLLA 911n159A589001gN (Random) FUAT oW
a o
A1TaLNYNDALUDIIIN PLLA  (Mw  300,000) azatelu Dichoromethane/N,N-Dimethyl-
formamid (70/30) AANMAUTY 1%, 2%, 3% LAL 5% w/w BATINTAAVBIAITALAY 1.0 ml/hr
Y3 A 7 Aa Y 7 o
wldnanenues 18G NNVINATUAIUUINA198TY 1.2 mm AUAITaZA18 PLLA 5% w/w
v s A Y 7 o ~
vazlduues 226 ANVIAEURIUEUINa1N8lY 0.7 mm AUAITaZa18 PLLA 1A
] ' <= v W o ] [~
WUV 1%, 2% 1AL 3% wiw 5eerrieseninatlaeduiannudisessuvienwiuszes 10
em @S uurdulonuuninsdasesdn wwlsdisesSuny disk vazuiudulendnyas
Y I 1 Y o 1Y o [ a3 A
voudulutunuugy 919625095 DUUD plate F1MTUANMWEITOUMIHYUAD 1000 rpm
1 v JA { o ] { @ 1
anuaadndn1¥n 12 kv udnivrudulen1d linaaeuanuadssveudulondaiiums
NAFOUNINIBTIE UV wan1snaass nuanududuioninaseaanimueauduls PLLA
~ v v 4 2 0o q ¥ Y @ Y A A X
Tagianududuvesasazmemnin sz Idvinaduiguanaradulolinunuyuoinly
o { I o 09.1’ { o o
szauu Tuwasdowiuszan lulaswasnalugduouniimssasesdrveudulowazuny
qu
. Y=] ' .. .
Kwangsok Kim. et al. [54] Td@nsimsaiugunisaniaosen Cefoxitin Sodium
(Mefoxin®) Iaeldidule  Poly(lactide-co-glycolide) 11ag (PLGA/PLA/PEG-b-PLA) blend
3 v o 1 9 o a = 9 a .
(80:5:15) tfludaaiden Taseadundugiuinevzany laglgmaiia Scanning Electron
Y Y
Microscope  (SEM,LEO  1550) uaznadeunislanlasserlasnaaeun1sdudauye

a

a g o § g’ {
Staphylococcus  Aureus Tugn1zasuilumsnagou Ao i luanumzde luihigungil 37
°C 1 24 119 vaznaaevlsuamuaiiselasld UV-Vis Spectroscopy N1ANNE1IADY
2
625 nm (§1M5V031) HADINNITNAADY WU MTLANAI Cefoxitin Sodium aeluasazare
a o ng o Y o 9 4 d? a A
wodiwe ity vz lddanyuzvouduloauysainnyuilsuia  Beads anad vu1Av09
9 ] 4 ] A I A a
idurigquinalanas tazanununiumasasas iunain loosuveserauas v i)
v ' P4
mindszaldnuasazaei ldamsi dunuau dauludumsdandasser wuin idule
o Y v 9 9 a
(PLGA/PLA/PEG-b-PLA) blend (80:5:15) i1lvidenamnsounsmdn 1 1da aauguiSuim

mitaatldeseazdnyuzmsilanldese laedeauysainiga
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XiulingXu. et al. [55] 1&@npudulefitvuadnuin (Ultrafine fiber) G’fqﬁugﬂiﬂa
mstluduledaeldfadadvesarsnaunuutiifuiigy (Emulsion) Tusduvesii
Usenoudiev iU doxorubicin hydrochloride  (DOX) wagsuveniiulszneudae
chloroform N1 Poly(ethylene glycol)-poly (L-lactic acid) (PEG-PLLA) ﬁgﬂmmu Di block
copolymer Tﬂﬂﬁmazmmmiﬁugﬂ do 1HdunIsyasvnaveudurugudnailaniolu
M1 0.4 mm OAIINIAANITAZAY 50-70 pl/min ANNAAAG 11T 2.5-2.8 kV srezvig
serninla1odinussyesiudiTesiu 18 cm  ANuUTUYEIEITAYaIw  PEG5000-
PLLA/CHCIl, 7 %wt. “?Qﬁﬂ“kﬂ surface morphology nazvuavedduleTay Environmental
Scanning Electron Microscope ﬁmmmaﬁﬂs’f"lv\lﬁ”lﬁwﬁqqa 20 kV uazdAnyimstaalasven
m@qgﬁ’u%ﬁﬁ Doxorubicin hydrochloride (Dox), Sodiumdodecylsulphate (SDS), Chloroform,
Triethyl benzyl ammonium chloride (TEBAC), Poly(ethylene glycol)(PEG)-L-lactide (LLA,
Purac)HaMsnaand w1 nsay SDS avhlumsazaewoaue i 1ius adafia lusii

o 1 H A Qa,l I~ . 3 ) '
f1a9 1@ Dox Manasliiwilu hydrophilic drug ¥4 liazatelu PEG-PLLA/CHCI, iijonay
v KX A I A . a £ ) . dy
nuduRatluasaza1eNy emulsion drop THFuwge Fawavoansiilugiuuy emulsion 1
o { 1 a 14 [ 1 o g 1
wldern ldazaelunedwesaunsaswdazdrluludule1ded1eanysaiuniu dau
a 1 3 VoA A 9 1 (] < A 1
YSamsvaatasseniu nud inansudusziantlasseedissiasuaziionatriiu 1y
1 Y ;1 a S A A a 3/ @ ' v
wilanilaesdias s9uiia luwedesny PEG viaimiin luanagandnvzauisonninue
lalulSinamnigauazamisotanlasseenun launfgauiu
Pillin, Isabelle., Montrelay. Nicolas tt8¢ Grohens,Yves. [37] 1@dnurauiamanaves
a a A Aa a a Jd 1 a [ av dy 9 a a
weauaAAnuedaNIMIIANEITNaIEA lyesaertany lasluauidviildneduandn
a Ao 31 7 ' v Y a A .
sodafiiiminTuanamiiny 74,000 g/mol nazldwarda lmaosfio Poly(1, 3-butanediol)
Mw = 2100, Dibutylsebacate Mw = 314, Acetyl glycerol monolaurate Mw = 358, Poly(ethylene
a s
glycol) Mw = 200, 400 118 1000 g/mol TABHEUNAIEA L3N 10, 20 1AL 30% laguia 1ag
4 1 A o <
141n509WanBrabender, 50 EHT figauviqil 180 °C wu 15 Wil anwsamanyuludia 30 500
4 1 v
apuf udnimnugluuia 20X20X0.8 cm’iite 14 lunisnadeumsasdanan lade warda
S A 3 =\ o Y [ A o A A dg} =& a A
lanaros manaslindinaildnwegadanas uazmsgadifyanamiuiu Faneaosnau
9 Y] ~ a ~ 1A 9
Inanoalinalumsanasvewwegaauniiga azdsualumsnauniigaegi 20 %
1 qul dgl 9 a [ Y] [ 1 A osfl Y A 4%1 =< A
winniudu ldudrevnamswan iy diuaiscezgaiuliaunuluounm 20 %

) 9 )
FUNU Lﬁmmﬂmimemaq'waauaﬂ@muacmﬁ’uwaammﬁullﬂaﬂaaﬁm%ﬁﬁu"lﬁﬁgﬁale Wo
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P4
=

a an a Y 1 3 3 a = A a Qs: 3 o o Y
aenau lnaealullSuatoss mniu sounwSnananinatulumsnauiududild
amsuenilaeondINiL AuogaaIanad
ya o a @ v A o a g
P. Frutoset al. [56] l@anszimysunadionauaniosy Taekinsdnsizvniu
1§51 Ninhydrin-gentamicin reaction HUnN13ANYINAVDIANMANIY HAVOIAT pH VDS

msazaroivliesn 1y uaznarlumsliniwiou Fuiwlesnldiia pH ogh 7.4 1ag 9

v
=1

9 [ 1
druanududuvesasiulaasui lsniuaTounanududy 1.25% my uazdSulasu
a { { g// A o a o a ..
Ysmamsnld aznarnldiuedhn 5 - 45 wiil udwimsinsegd lagldmaila UV-Visible

A YA A v A o aaa v A a 9 v A
spectrometry Hafl lafo ienuassuiilfnsenuiuleasu Tagldamsazaroauaiogu
v A a @ P a o
5 ml wauiuiiulaasyu 1.5 mlwazansazareiwwlesh pH 7.4 1U5uee 3.5 ml udnir 1)1
9 a (o) ~ a Aaa dg} A a s Y a
AMUIOUN 95°C WuUszIw 30 UIN WNATITNUTUIAVY 1D AUATIZHAWINALA UV-
L. =y A o 1 = A 9
Visible spectrometry 92 WUAAVOINT AR NG 315, 400 1182 550 nm FIT1WNTOAONU LY
a 4 a J
Tumsaaseimsunuae 14
Y= 1 v A ] Y
H.-I. Chang.et al. [57] IdAnunmsniuaumstantdessnaumidesuainunuduy
len ldnnnszurumsiludulonuverdeussIduateveslan (Gravity spinning) Iagl¥nea
uad Tsuan Inu Mw 190 115,000 azatslussd Taunanududu 20 % Jagulane
Y
Ysmas uaznaunsauamiedululSuia s, 10, uaz 20 % Taswia innvugllaeldis
1 v A o 14
Gravity spinning tt@3naaeunstaatassenaumiesunyy I vitro lasldiviesvemmla
A% pH A 7.4 11 37 °C 1 lumsnaaeuuinn it 50 Suudni lunasevdsnaeninla
AATA UV-Visible spectrometry Wah lade YTaunaeninuludulelunsainldmsnau
o A A o O Y (a = 1Y g Y
nyunseneduiuiemediuiiu nua1adSnaede 90 % uas l¥msHanuuusssuaiae
wolsmmeniegludulolszum 64 % Wegmstanilassennznui nsdinldmswauuny
v g o J ] o
aszneduiuilededny sz liinsanildeseneaninyszuna 80 — 90 % luae 10 u 1dn
= 1 d' 1 ISy 3 =\ a 1 J A d?
A8 AN uA TUNTAMIHANLUUTITUATUINgAnTsumsantasseuunoe iyl y
Y A& A 1 A M) A [ A [
uaanen seimsandasedszana 30 % 1124 ¥Tu960 % N 10 Tuaz 78 % 0150
A [ ~ [} 9 o Y 09/’ 1A A a 9 1 09)1
o990 anbuzaeni lwazareludulei e niunzegnuinuiiveudulomniv
1 A 1 I 1 A d? Y ~ 09}1 a A
drlunsainmsiantlassenilunuvaesspiuyundinantiv MannsneynIAvoI8IYN
o A A [l [l 1 Y o Y 1 J 9 '
danTeaneglureuazgnguvesruduleildunsoonunlddina
Orawan Suwantong., Uracha Ruktanonchai (@& Pitt Supaphol. [58] 1@dnyims 1y
R . @ o 1 . . I v o
asiaticoside WAUNY CA 17 w/v.% 1OATIAIU acetone/ dimethylacetamide 2:1 v/v.% uai

azane uazlFnszurumsiludulede lihaded ol launudule Tasldaniizmsilu
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Y A T 4 ' 4 K o o VA =
idulefanuarsdnd i 175 kv nazszezsznialmediudeiagieesuegn 15 cm A
aneAMINadol nuNdvinaduriugudmasegi 301 1 545 nmuaziimsnagouMsUNg
yoadre g Tasldamiisvesny wailsing i ldwuduasisninmsnaaeunazda

3 1
annsaladuuiuutlzuna ldondae
. P 1 v Aa
C. Schmidt. et al. [59] l@Anuimsilaatldessnauaisiosu Tasussyaslu PLA dw
¥HARD poly(L-actic acid) (L-PLA), DL-lactic acid-glycolic acid copolymer (RG 502) tta¢ poly
ad v g <4 1 I 1
(DL-lactic acid) (DL-PLA) a28358aludiaen udrdnvinmsvantlasseniluszezinat 30 Ju
4
WU L-PLA nae91nussyenieluiuusnamnsndaniaseldnue 3600 pg. naznielu
% A @ 1 d‘ 1 o
14 Tulioasimsdaailassanastlszuna 12 pg/day RG 502 amnsanazdanilasservdsnin

o (% Y A = 1 @

Bimsussymeluiunsn’laiios 1900 pg nazidnsimsdantassnmelu 15 Tu anaq

v 4 [

Uszana 3 pg/day. HazHaanIn 20 JuveamsnageunuNLoasIMIlanlasnuIugegain
qﬂj [ [ 4 1 [ 4

Y3za1m 100 pg/day DniaMa991n 8 dUlariuesnsussgeImua1 L-PLA lilimsidouanin

a d? d‘ = v d‘d d' 1 A d! o
NAVY WRIMgUNY RG 502 tag 20 % DL-PLA 1imsi)asum)asgisauazanuvie dam

Y A o A 4 o a dy Y (R
Tddanuminzauiazihunussgeuneldlumsinuimsaarovesnszan 1a las ludewa

NITNY



uni 3
ad o a a v
IEMIA MUY

4
a o

el ladnmantiadaguine autiarsina milanldaese uaznisaeau
4 = ] { y a 4 a 4
wouvanizevosuddulen lannnsthuduledreldihatad Tasldwoames PLA waw
Y ] v
PEG taz PLA way CA dnnsdadnu lunrudulon1dainmsiluduledre Tvihadanuy

1 a J < o 1 <
sauunu Tagldwedmes PLA waw CA fludiviodu uazld PEG naweniluunuluveudules

¢

3.1 gunsamidAgluaide
3.1.1 uvassuianuadnd 15 4@ g (Gamma High voltage research)
3.1.2 m%‘mmmué’mwmﬂﬁa (Syringe pump)
] a A a A 4
3.1.3 unuegiitsnuazogiiiouvlesa
3.1.4 1aARALIAIVUIA 20 ml
3.1.5 vaoARAgINaI@ANUUIA 10 ml
<= o
3.1.6 WuRAE1 lane (W3 18G 20G Lag 24G
v o =K <= .
3.1.7 avdariunae lany (Coaxial holder)
A v v .
3.1.8 1A509MIUAITHUD1HANTOU (Hot plate stirrer)
3.1.9 Jrines

3.1.10 UNUNINANNINENT (Magnetic bar)

3.2 1n30ailodn Ny

3.2.1 1AT4NATOLANUNIIAYOETAZA18 Viscometer 34 Model LV U3H4 Brook
field engineering labs ﬂszmﬁﬁwﬁ"gam?m

322 m%imm@ﬁaumsﬁﬂﬂﬂwmmiazaw Conductivity Meters iu sevenmulti
U3EN Mettler-toledo Uszimaainsosiaua

323 1AT04nATOUANIAITINAV0e g Universal Tensile Machine (UTM) §4 LR-

50K UTEN Lloyd Instruments Uszineoy NNy

17
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323 m%amﬁammﬁ&%ﬂﬂamaﬁﬁ@ Universal Tensile Machine (UTM) 31 LR-
50K U5HM Lloyd Instruments 13zimadangy

3.2.4 Ultraviolet-visible spectrometer (UV-Vis) ﬁu T80+ UFHN PG Instruments.Ltd.

3.2.5 15093105129 T3 9a 1N Imen @ e La B IanasouIUUE0IN 1A
Scanning Electron Microscopy (SEM) 1 JSM 5410 LV 1/38% JEOL Technics LTD U3sgma
d1l1 1291 CAMSCAN mx200 Ussmasangy

3.2.6 naesganssrmirialduasInarlsd Polarized Light Microscope

3.2.7 m%qﬁa‘imiwﬁﬁuﬂ’ﬁmqmm%’au Differential scanning calorimetry (DSC)

U3HN Mettler-toledo 31 DSC1 1szimaainmosaua

33 Ml dluaidse
3.3.1 woauanANean
PLA WARINUSHN 1M19035135A (Nature Works LLC) ¥HANTANIAT
(Commercial Grade, 4042D) s n lutanalszuas 390,000 Da
3.3.2 woatensaulnanea
PEG WaA9INUIHN Scharlau Chemie S.A. (1szmeaen)u) ﬁymﬁﬂimafga

Y
600 118 1,500 Da FANIATUATIZHNIG
3.3.3 waglagozBinn
CA WAAINUTEN Aldrich 11min Tutana 30,000 Da
3.3.4 gsazangeaumdegusaia
81 GS WARI1NUTHN T.P. Drug Laboratories (1969) Co., Ltd (Uszing
a () v A 9 kY ti’ A 9 A ) a
Ine) wiadwisvaadind oo udoad ussy luneuyalsuim 2 mi/8omg
3.3.5 aamhazaelanaslsiimy (Dichloromethane; DCM)
DCM Han91nU3HN RCI Labscan Limited (Uszimalng) nsadmsy
a J
AUATIZH (AR Grade)
3.3.6 mhazaelanmsanlesin’lad (Dimethylformamide; DMF)
DMF Wan91n138N RCI Labscan Limited (U5zima lng) tnsadvisy

a 4
UATIEH (AR Grade)
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3.3.7 HulaaSu (Ninhydrin)
Hu'leATuUNAANUTEN Asia Pacific Specialty Limited 1n5Ad 115U

a 4
AUNTICH

3.4 9 5MnAag
a d H 4 2 a d
3.4.1 Mmawsaasazamawaamasn udauweihuduladialihadae
v Y
maaseuaisazate PLA 1a3ou'1da1nn1511 PLA Tisasimiinled la
Aa13190 3.1 ldludnmnoesyuia 250 ml ANUNIWUIPANNIUAITVUIA 4 cm AUFIIaZ a1
1 ] 1] [ { a a 4 a
HEUTENI19 DCM U DMF Tusasidau 70:30 [60] ama1319 3.1 Yadininesaleegiiion
4 @ a 4 a a1 d 09/1 ) 09/1 4
Wosduaziiaseuthnidnnesaremisiuilay amiuii lddaniuvunsosnivarsuuu 1
Y A a 9 1 o [ s 9 A &
ANNTPUNYUNYNT DIVUAzaIeYNA dIudydnyainlsunuaIsazais PLA Ao PLA &3
~
uanaluaisned 3.1
MINTIUAITAZA18 PLA Wal PEG 19583 1991001311 PLA 11ag PEG
oy o = ) 091 @ I Y A [ a 4 ~
wntinTuana 600 130 1,500 lwaiminli ldawaisien 3.1 Tdludinmesyuia 250 ml f
[ [ <3 a v o 1 @ @ [
TUNWUMANAIUTITVUIA 4 cm AUAINIATAINANTEHIN DCM N1 DMF 1uoas1a7u
A a a s Y a A 4 % a JY a
70:30 [60] A WA13199 3.1 Yadinnesadvegitisuosauaziiasouliniinmnesalenisiilu
A o o o o A v ¥y A Ay
Waw vniuii ldasnruuwaiesniuaisunuldanudeounguugiiesauazarorua
[ [ P 4 09/ Iy 4 3} o
dyanvainldiienay PEG wimin Tuiana 600 Ao PLA/20 PEG600 tagiilonay PEG 1i1miin
Tutana 1,500 Ao PLA/20 PEG1500 Fauaaaluaisiai 3.1

MINTONA1TZa18 PLA Hal CA 1a383' 18910015151 PLA uag cA 1)

v Y
v o 3

I ¥ ~ [l a 4 A [ 1 <

Faihmiin 1 1dauans1an 3.2 laludnmnosvuia 250 ml ATUNILHANAIUTITVYUIA 4 cm
a LY o U [ [ 1 $ a a 4
AUAIMIAZAINANITZHI19 DCMNU DMF ludasiaiu 70:30 [60] a1ua135199 3.2 Uatinnes
] A A P o A Y A A @ ¥ o o A

avegiiisnvlesanaziaseuihndninesdremisiluilay viniwi lldsniuuunieaniu

v Yy A Ay v o saq v A 2 Vo

arsuvnlianuseungurgiviesauaralonua dyanvaln ldlendy CA 1z¥uegn

Ui cA finaand 1l wu maway CA 1 wt.% vz 1¥ddnual PLA/CAT Fauaasluaiinei

32
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A15199 3.1 MINTBUAITAZA1Y PLA 1ag PLA Wal PEG

4o PLA PEG DCM:DMF
FOFIVE]
% (g % (® 70:30 (g)
PLA 100* 20 - - 180
PLA/20 PEG600** 80 20 20 5 175
PLA/20 PEG1500%%* 80 20 20 5 175

* PLA 100% Antilu 10 wt.%
=PEG600 A0 PEG NilimiinTuiana 600

*PEG1500 fio PEG Willthwiin Tuana 1500

A15199 3.2 MIINTOUA1TAZA18 PLA WEd CA

PR PLA CA DCM:DMF
S RIZ2GHAN
% (g % (2 70:30 (g)

PLA/CA1 99 20 1 0.20 179.80
PLA/CA3 97 20 3 0.62 179.38
PLA/CAS5 95 20 5 1.05 178.95
PLA/CA7 93 20 7 1.51 178.49
PLA/CAI10 90 20 10 2.22 177.78
PLA/CA20 80 20 20 5.00 175.00
PLA/CA30 70 20 30 8.57 171.43
PLA/CA40 60 20 40 13.33 166.67

a d H g a d
3.4.2 mawsanasazamawaamasnigunailuwdulad e Wihadad
MIINTENA15a2a18 PLA, PLA W&l PEG 1ag PLA Wal CA NUNITHEY
yJa = 1 = Y = a a’d’ = v 9 d'

81 GS 1935 Maes ousufenumswssuasazalenoamosn lulien GS (\den 3.4.1) Tag
venaue GS 141 1 luasazaene eI noUNIIANAIN1aZa18NaUTZHI19 DCM 111 DMF
A ol 2 a o o . o o saq Y
TulSua 01 esiBudvesaisazarenoauesnanua [60] drudydnyainldunu

o [

A1582a18 PLA, PLA Walll PEG a2 PLA Wary CA Nien GS 923n31ay /GS domedudnyal

g

'luien GS 191 PLA/GS, PLA/20-PEG600/GS t1as PLA/CA1/GS
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v a '

3.4.3 MINATOVANUAVDIAITAZAIINDAINDS
a s Y [ 1 A Y o a o
A1592MINDAWDINADINITIAMANNHUA ADIUIF1TAZA1INDAINDT

k4
a 1 a s o o !
15118 220 ml laludinmesuuia 250 ml "l]1ﬂ‘Ll‘Ll‘Ll"Ill'IJVIﬂﬁﬂﬂﬁ1ﬂ1ﬂ31uﬁﬁﬂﬂli’]ﬂﬁﬁa$EYIEJ
Y A . a s Y Al o 14 o
AN TDI Brookfield viscometer uazmiaza1ﬂweamasmmmsaﬂmmsuﬂv\lﬂ1 ADIUN
k4
a J |1a 1 1 Y o !

msazareneames UYsuia 10 ml (lﬁiuﬁﬁﬂﬂﬂﬂaﬂﬁﬂluWﬂiﬁﬂJu mﬂuum”lﬂmﬁaummmi

[ Y 4 v
1 Irlihvesansazaredleiniod Conductivity meters Hn1snaassiiauaTuaz AR

2 ¢
3.4.4 msthudlaadelnihadnd
y a ¢ Aa a J
msiluduledre Iihatad Sunnnmsgaaisazareneamwesd 1l
a A o Y 12 A ¢ v =
WaeARAeINIM91NUAIULIA 20 ml Uszana 1520 ml Tdiluda lanziwes 206 19111
Uarenasaiael i1ns laenanedlurasaiagiesnlivua ihvasaiac ldid 11y
] Y v
INTOIAIUANDATING 1A (Syringe pump) AIAIBATINTIWAN 1 mlhr BINTIATZOLHN
' < v o o o @ [l [l a
seuialareduiannuiagsessuli 14 20 cm Yagsessuurudulons 1durusgiiiionsy
9 Aa A A Y o o oﬂj 1 < P . 1
arvegiiitisunosafadnnuNoAeT AIAIANISITODNDNOTN 100 rpm/min Aoa1e 1Wa1n
. o A v (Y4 Y Y < 09/1 1 1 o {
nsosiianuandnd lihusugudfdaaduisen Tans assinnuandnd i

17 kV [60] M3iagin3ala1en uaasdanini 3.1

v 4 v
i 3.1 mydadeginsallumsthudulede Iihatad

srwduloin ) 19aseaeudugiuinedlonios SEM v ldarlu
M3thudule 10 min duurudulenitlnaaevauiiawsina msdantlasse uazmsdu

Y v
wouvuaniG ez ldarlumsihudule 1 hr
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3.4.5 MINTIVAVVAMFIUING

4

widulen ldanmsthuduledrelnihatadozominndald lavuia

U

A Y o

) ' a 1 . o <
Uszana 5 x 5 mm wrdulelUfaasuuuny siit uazimsndoudlrenesduilunai 30
WIN MTATINFPUAUTIUINGIR201AT09 SEM ¢ 198 1d9v8109 2,000 1ag 3,500 111
(% 1 J
useau i 15 kv amaduiugudnatsveadulenz 191151051 SemAfore Version 5.00

Javmnaduruguinanvoudule

3.4.6 MINATOUANTAITINAUAZNINATDVAIINAIID UL

wurwdulenldnnmsiluduledrs i adadunsnswazdasu

A 9

' Y
sUEmasuEuAINIIA 10 x 60 mm [61] T 1A 1091 2 Fu Jduvvmsdauruduloudaaly
{ 1 Ao ) a J 1 @ 3
a i 3.2 wiudulendandrazgnihwnaenegiitisnesdosnneunisinnnunul 1y
HurwdulelnaasuaniifiFinadienod Universal Tensile Machine (UTM) (11013
I & 2 D] o = o a s Ayy
nagounkuduleninua 20 Fu) Tasldanzatnsei 3.3 wazihimsimsizinai ldain

NINATOU

A
=
o
8
v

]

AN 3.2 ANHAULNTAAAIDIUNDNATDUANTAFINALAZANUDIIDUNL

~ A Y va Aa
a15197 3.3 anznlslumsnageuaniia¥ena

Load cell 100 N

Speed 10 mm/min

Gauge range 40 mm
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[ 9 = £ A A [ ) @ I ¥

urwdulednaieimaoninmsda azgnihmndald Iduua 10 x 20 mm
o oy o A o J4 = v A 4 g o o =
wwrudulemndauniosdaitisoimangudunwniosds ouimminlueina) duiin

< 14 @ Qs’l =2 o ' Y 1 a I
pany 13 vasnniuiahwruduleldusludinnes nllienmulszuia 100-150 mm tag
] v 9
i ldhdeugaanme iesi ldisnnd lununema vintuiududuleluenaul)
v Y Y H
saimiin TagAuudwduleldid ) luvaaragaars Tahminuiudulenoglugniau
g ) o g} o g’ o Ay Y o J ' o

athuhminluh) dnivind landuamsianua e umzmunng g ASTM D792-
08 (ASTM D792-08 Standard Test Methods for Density and Specific Gravity (Relative Density)

of Plastics by Displacement) @ NNIT N1
Spgr23/23°C —— (1)

A v ' 1= A v
1o a = 11av99A10619 Tuema liliananioaan s
d = ANz VRIURUHAIN 1Y (1aniau)
v Yy 9 9
b = w1avesAled ey luihmanua (ragdnialuihdl) tazaia
LA 9.
Vaunanegluii

v Y v 9
w = waveiinnavua luth (i) nazaraursdrunaneglui

3.4.7 msnageumsanlassen
v Y
urwdulondavazii ldga 19 Idimiin 35 mg azateludiazate
a d' ] 1 Y 1 9 a 2’ q'/ a
DCM 1512 10 ml Nus3Y0dn1elunsdeuen i lvuiuduleazare wninauilsum 10
[ Y Y
ml a¢'l1) e 1¥en GS azaneegluiii [57, 17, 62] mimiwihwnldvasanaassvuialvg uaz
9 v A a o o o o A A da
IdanuFouiiguigi 50 °C audiazals DCM sziveeon lilvua inhimdenlen GS
Y5 5 ml laluvasanaaosvuialve) iduaisazatoiiuleasu (Ninhydrin) idudiu 1.25%
a a @ 4
(w/v) Sy 1.5 ml (Ninhydrin-gentamicin reaction) wuasazaretloseavla pH 7.4
o 1 @ 4 { i
uaasswazideasasaiunauarsazaretivilesWeamaluaisiai 3.4) 8n 3.5 ml ver 1
Y [
wanuudih lddulusrairfeuiigungi 95 °C wiu 30 min hvaeanaass luylueis
Y [

o <3 A aan 0911 ) a 9 A .
HILLUN LWfJﬁq@ﬂgﬂﬁfﬂ ‘ﬂTﬂuuu’]ﬁWﬁagaWﬂulﬂﬂﬂﬁﬂﬂﬁ?ﬂiﬂ?ﬂ!ﬂ?ﬂﬁﬂlﬂﬁﬂﬂ Ultraviolet-

.. ~ A A a us/' 1 9
visible spectrometer NAINIIAAU 400 nm [56] ufwa@ﬂimmmmwmimmumuiﬂ
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M3197 3.4 mawsenasazaneivliesWomula pH 7.4 USunar 200 ml

yHamsazae | anuduty | daauiesas
NaOH 0.2 mol/dm’ 19.55
KH,PO, 0.2 mol/dm’ 25
H,0 - 55.45

msnageumsdantasser GS seonvnurdules 1 wiu lundas
1 Y
¥ wwdeniwrudulenedmwosinga nazii lga 1w 1d1immin 35 mg 1hlUutluvaen
v Y Y v
naaesniiasazaevlilesweala pH 7.4 Ysuna 10 ml vintiutihmasanaasdliugtim
a d‘ = d‘ 09/' d‘ a 1

QUi 37 °C 1adInauaIINn 3.5 (a5 1) duleasazars 5 ml laluvasanaaes
Tny nazidvansazaretiesoaalvy 5 mi 11l lunaoanaassnturudule Tule

Y
wazduasazaeiiiesnoamla Il luuaaz¥ranaauasy 15 a5

4 o :
A15197 3.5 nantuleaisazanelumsnaaeumsianilasee GS

as (o1 |23 4|56 |7 8] 9 10|11 ]12]13]|14]15
nAUNY

0] 30|60 ] 90| 150 | 210 | 270 | 330 570 810 1050 1440 | 2160 | 2880 | 3600 | 4320
(min)

3.4.8 MInaaeuMsiuduvenuaiise
Y Y Y
MSNATOUMIIVTUTOUUATNS 892810159 Clear  zone  VDUFO
A A a A a I o ~ .. I A
nuaGe 2 sia Ao el lafendea ooi5ee (Staphylococcus Aureus; gram-positive) 11Uyt
a ' <3| a
UNINLIN tazey 1o 1o 1Us1 (Pseudomonas aeruginosa; gram-negative) Uy HALNTY
o ' Y v g Y s Y] A
av Tagrhurudulonaadlugisnasvnaduiugudnals 5 mm A101AT0912NTZATH 3
v Y 4 1
a51 vz ldurudulonsnay 3 $u uazdadiniugy | 3u Hunszansoan lilewagru
[ Y [
msainFonda) Numuduleadlunumzigoiaion 13 6 9a Taslidaniugu 1 9a la13lug

< o @ )
Incubator 1111981 72 42133 3AU1A Clear Zone NN 24 57 114
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a J H 4 2 =y d
3.4.9 mawssnasazmewaamasn ludaunsiuduladalihadaduuusn
uAY
a 4 4 o'/ a 4

mawssuasazargnoamesine 19 lumstuduleas Iihadaduuy
' 3 ! A A A ] 2
awunuazuuueemilu 2 a1 Ae Mmawssuasazatoie lgveduidule naznisaion

4 g
msazaraielsluunuluvoudule
= d' Y Y 9 ga =\ [] =S [
mamsenasazateie ldvedudulorz 1935 maessusuReInums
a P = 4 o a o Y] {
wIsuasazateweamesn i GS weiluduleaqelihadad (Fiven 3.4.1) sndums
Wery PLA 191111 PEG
=~ A 9 9 o o g‘ o

msmseuarsazareiie lndunnu luvewauleaziinms¥aiiuiin PEG
3’ o A a [l a 4 A A 1 [ <
11in Tutana 600 130 1,500 Y5uial 10 g laludininesvuia 50 ml NUENWIKANNIUATS

a :’ a a a <Y a A 4 & a d Y
a1 em @uihfsua 10 ml Jatininesaeegitionlesa uaziaseuiniinnesdie
A A EA o A v y A Ay
winuildy mmfwh ldasnmuvweiosnumsuuuldanudeungurginosauazais
nua
4 y a o 1
manseuasazaroe 19 lunmsihoaduledre i adaduuus oy

Y o [ o =K o 1 9 =< ~
1wl Uanyal s HUEONIAINDUN LA ¢ wenunuly naasluasean 3.6

{ 3| v 1 g} [
M319N 3.6 MIWIBNEAITAZAIW PLA, PLA ety CA iHudavieu wag PEG wauiniuunulu

P fvoR unulu
FOANIDEYN .
PLA (g) | CA(g) | DCM:DMF 70:30 (g) | PEG (g) | ¥#1nau (ml)
sPLA PEG 20 - 180.00 10 3
sPLA/CA1-cPEG 20 0.20 179.80 10 3
sPLA/CA3-cPEG 20 0.62 179.38 10 3

a d H 4 a d
3.4.10 Mamssnasazaewaamasnisunaihuduludalvihadaduuusin
Ly

MIwseudITazateneawesnue GS e lglumsthuduledqs Wil

Y A

a J 1 Y a 7 1 @
AOAYLUUIINUNU Lﬂﬁﬂuﬂ‘Uﬂ']ﬁmnglJﬁ'l'iﬁgi;ﬂﬂwaam@ﬁﬁllﬂﬁﬂ'] GS Tuvinven 3.4.9 fJﬂL}Jju

@ [

- A qgud v Hq v S & sAq ¥
mswsenarsazateiie lnduunuluveudule Nl¥en GS unwiinay arduanyalin ¥y

o

= a "9 v s 12 = @ A
UNTAY /GS ﬁ@ﬂWﬂﬁﬂJuaﬂHﬂ!ﬂuinJﬁﬂ GS 19T 1DYALLTAIAINTITINN 3.7



26

M3199 3.7 MIw3eua1sazas PLA, PLA ey CA iiudiviewu uaz PEG maueniluunuly

A
P nasnuen unulu
¥osd0819
PLA (g) | CA(g) | DCM:DMF 70:30 (2) | PEG (g) | GS (ml¥
sPLA PEG/GS 20 - 180 10 3
sPLA/CA1-cPEG/GS 20 0.20 179.80 10 3
sPLA/CA3-cPEG/GS 20 0.62 179.38 10 3

A 2 A vy ' v £ Ay
*YLIWNYT GS ﬂJuLiJ’l’JLLNu!.ﬁu1811]ﬁ11]']§ﬂﬂ']u!5]5@uuﬂ1ﬂlﬁEJhlﬂ

3.4.11 mathudulaaethadaduuusiunny
mstludulenodwesaramainnisihuduledre i adaduuus

Ao o Aq W 2 "y Yy v v A ¢
LU N{Iﬂ{ﬂﬂﬂﬂlsﬁ{luﬂqﬁﬂjﬂﬂﬂﬂ’]ﬁmugﬂllwulﬁu{lﬂ ulﬂllﬂ ANULVUVHUDINTITASANYINDALUD T

@ [

] ' <= v Y4 o
52821195 1IN U a1 UNd a9 095y ﬂ'ZITJJGINﬁﬂEJ]lV‘Iﬁ”I @@i?ﬂ?iulﬁﬁslli’)\‘lﬁ”liiﬂZﬁTﬂ uag

q

De

vady Tany Tasaruddetsziuiladeluduanuarednd i uazdasinis Inaves

1 < @ A A @ ' A
arsazareludrvunulwiundn nazasiluFosdasimis Inaludiuildenusnuas
1 ' <3 @ @ 1% 1 { A
srazrinTznIlmeiudaiagsesiy Tagldoasins nuludiuldonuonasiii 1 mi/hr

] J 3 R o @ @ A @ ~
Llﬁ$§$ﬂgﬁ1ﬁﬁgﬁ313ﬂaqﬂlﬂluﬂQ'Jﬁﬂﬁi’)\‘]ﬁll 18 cm MsUSuasuanzLanInInN1s 199 3.8

3199 3.8 anznldtuduleare liihadaduuusaumnu

S28£119( cm) 18 18 18
das1ms lvavear)aenuen (mi/hr) 1 1 1
#n51M 3 Iraveaunuly (ml/hr) 0.001 0.01 0.1
anumadng i kv) 1201314151213 ]14|15|12]13|14]15

y a 1 A a
msduduledre Irlihataduuniiuunu Suanmsgaasazaloned
o 3| o 1 N A
wosnlfndudvedudulodnldlunasaiasinininudivuia 20 ml Usurar 20 mi a2
1 A o a = T a9 = 9 Av o XK <=
volaiiein PE uinadarenasaiae uazaiunedndieaniadn lidsudaduiae
¢ o o < < 7 ' <
Tang Fedrdvdaduiae lanzaziiiuiao Tanzives 246 oganlu uaziudae Tans
4 1 ~ o [l v o K 3 A a P 9
103 18G 9YMBUDN (NNT 3.3 AI0819MITVTAITNAAS Tane) gaalsazaIenoamesn 1y
I { o a a 1 [
Wusnuluveuduledhllunasaiaeiiiininnarganuuia 10 ml Ysura 2 ml ldidhiy

@

=] <= o 1 A ] = qg./’ Y )
WUalluRAe lane 1/l”lﬂ1§]llai’]"lﬂ"lﬁ‘i/l®§ﬂu‘ﬁaﬂﬂﬂﬂﬂ"mﬂﬁﬂﬂﬂaﬂﬂ@ﬂﬂiﬁﬁmﬂ HIinon
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a Ty A o . o o ' ' <
ﬂﬂfl'lﬁlﬁlell'lulﬂﬁll‘!lﬂ5@Qﬂﬂﬂﬂuﬂ@]§1ﬂ1illﬂa (Syrmge pump) ‘ann'iﬁ]ﬂﬁg33W1353W313ﬂa18!ﬂ13~1

[

= o @ @ [ 1 Y Y a A Yy 9 a A Ja Y o
NAYINVITATOITY ’Jﬂ’ﬂi@\‘li‘Ul,LN‘HLﬂ"LlGlEJﬂZGlﬁlﬂlwuE]QML‘L!EJiJ‘I{I;lIﬂ?ﬂ@gmuﬂhv\lﬂﬂﬁﬁﬂmﬂﬂﬂ

a a
Y
@

J 1 < S . 1 A o A 1 A
YOIADT AIMANNITITOVNBIADS N 100 rpm/min Aoa1e IWanaTeesuiannuaading Ivih
o Y o <= @ EaRl @ ~
usaaugaiInulasduaac Tavy M3aaglnsalaige) HaaInInInm 3.4
1 9 { ) 9 [ a 9 4 9
srwduloMin 1 19asvasudugiuinodalonios SEM v ldarlu
M3thudule 10 min duududulenitlinaaovauiiawina msdantlasse uaznsdiu

Y v
wouvuanGeazldarlumsihudule 1 hr

A v v R I A Aa aa
NINN 3.3 m%‘ut’mmmaﬂﬂﬂawzmluazllnmﬂlﬂawz

E4
v

il 3.4 mssadsgunsal lumsiludulede Iihadaduuusmunu



uni 4

d
NANIINABDINAZINITUNANITNANDY

= = ] 9 o @ ! yas Yy Y Y
msanimamsonudwdule PLA dwmsvaudee GS azldsmsduduledae
a J ] a I 1 1 1 ] Y
Tviheadaduuuionaadlunrwdulo uanui PLA Tiawsadinuer Gs 18 Saden PEG
v A Y oy A v a d
Whngemuaudnu1d Taedenldnisnan PEG USua 20 wt.% imiin Tuana 600 Da
[ A Y a J 1
(PEG600) 11ag 1500 Da (PEG1500) 19111 PLA Nan1izmsiluduledreIiihadadunvude
[ dy @ ] 1 [ R=% @ v Y A
911 69513 Ina 1 ml/hr 52e2vNTEnINla1edudeianseesyu 20 cm Aunudulovyui
< . 1 Y4 =2 v (L]
AMUI5I50D 100 rpm/min tazaNuaNAng I 17 kv sz lumsAnyives dnd naieq
' a I a { 1 o
nazAuy [60] WU Maway PEG 1U5mm 20 w% iulsmamsnaugagain i lvduley
a 4 a o a { o @ a y 1% 1 I
mamayeuaanuluysnanduleiudeununnnull vazannzmsihuduledsnarniu
y Y = £ A o D] e A A g9 '
anmgmsiludaulenminzay Sannarmnszgninnlelunuited e lsanyinsvudaen
woaurdule PLA 1a PLA Saflidodeoniadvautindinaluiiosvesanuilsie 3914 ca
Whanedulgaldududulelinnuilsizanas uanuil cA Whnuer s 1ddes duen
o o Py a J 1 ]
PEG, CA wazen GS nauny PLA nazii lilwduledre Idhadadunudie gug lumunzan
d' [ 9 1 1 [ va A Y 1
mziesaunundion ldaunsaauaunsdaatassemazlsulgeauiadina 1iuru
[ 09)1 Py a J 1 1 @ ]
wduleld aaiu msthuduledaro lihadaduuuiwunuszsreudilymanudiulila
1 4
Y9481 GS U PLA uay CA uaztiuanuasalumsarvgumsianiaoses dnnada
[ va A % y a 4 1
asadfuljsauiaiFanalaondae Femsiluduledreliihataduunimunuay
ll @ [ @ ] { I
ponuuunrHuduleld ca fu pLA iWludvieuunuluniier Gs uaz PEG agaieludule
4 1 % I
eldnaugumsdanideser uagld PEG due1 Gs iunnuluveudule uazniufdnwn
y a 1 4 J Y4 [
annzlumsthuduledae ihataduunsmunuluios anuaednd Wi nazdasinig
\ < o Y 9 Hq 9 &
Tnavesmsazareludrunnuluilunan Tasaruauanududuvesaisazaten I unnu
A ' :l A Y Aq Y & v 19y
1ufl PEG 10 g ap1im30e1 GS 3 ml 9A51M3 Inavesdisazaten Iniuaavionu 1 mihr uag
1 < KR o @ o w = wvAa F) 1 ~
sreznszrINlaredyTanzdeidas09iy 18 cm @WEIAY uazAnEIANTANIIA LA N

1 o Y k) 1Y A dgl =2 A v csy
GH’JElﬁ’u1Jﬁ’1§‘LlWaﬂ1§1/lﬂﬂ’EJﬂﬁuﬂ’ﬂuﬁ@ﬂﬂﬂﬂﬂﬂuu"mﬂﬁlu Wﬂﬂ”liﬂﬂ‘hﬂuﬂﬂ@]ﬂ]lﬂu
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4.1 msansuEudula PLA Rlaanmsihaduladeliihadaduuuae
nounazii 1y PLA 11 uurudulotiidsen Gs wum auiiaBinaved PLA

9 )
Y A

' < ' < 1 ' { y
AU U1zuala U s ana [55,57] dariu i liurdule LA fldanmsilu

a 4 1 vAa A { ¥ @ vAa A
iduledreliihadaduuudeliauiadinanavu szdesnnlSullssauiiamanadionisna

U Q

v ]

3 =K A A va Aa A a A Y I 1 9 o 1
CA NMTUINAIAMINAN CA NauiamInana ldwuer GS e ldlunruduleoriaen
wamsaneanarInataadluigen 4.1.1 vazanuansa lumsvudsemandluinden
4.1.2
4.1.1 Y531 CA noauiiAmana
lumsanmauiaiFanavesunuidule PLA uag PLA Wl CA  u
a ~ o a 4 1 { o
S 1, 3 vaz 5 wt.% nlannnmsiluduledreliihadedunuaendasinis lva 1 mihr
' ' < @ o v d ~ 3
5292195z MeluneidaT0950 20 cm aanutdulovyuiauis150D 100 rpm/min
[ [ YR 4 ] { = 1 [ = [ o ~
nazauaednd i 17 kv ududuleneion lalunaazuiulvnaduiugudnalunae
9 d' 1 [ [ d' = I 9 [
voudulenuanaradu danaaslumini 4.1 vazianvazitwdule lidane (Nonwoven
[ A o 9 [ [ 9 T W @ u’j A 9
mats) gauaadlunini 42 i ldanunuuduveudwdule lumidu auiuie 1vima
= vAa A ] 9 [ 1 o = =} [ Yy 9 o 1
msanwauTarInavessudu loudazuiuausmiv S sumeuiu 1d 3adeaiminiu
g umizvoaurudulelun1nn 4.3 11 Normalize (Normalize A9n15111A19100798 11912
Tdwrssuainldanmanaasuaniiamana) nuanialdannisnaaeuauiiaFina neu
MR RaNINAa0Y tazHanmInadouaulimFInave g ule PLA 1ag PLA Ha L
A . 4 A 1 A a
CA N335 Normalize 122 ua@adlunIni 4.4 uag 4.5 nuN Wenay CA lwilsuiar 1 uag 3
Y v v
wt.% mueqaageuu Taslimegniszuna 67.90 nag 73.19 MPa mwd ey naaslunini 4.4
d‘ ] 1 =\ % 9 1 1 1
iesnnaeTa Tuanaves CA vuduinszaieanin llegszrieae la Tuanaved PLA
o a J J . . 1 1 @
Mldinausauaes1ad (Van der Wall interaction) 32Wa19enela luanaves PLA fU CA
o a < [ [ [
R limanan ca ludSuandnidesainsodniu PLA Tdunadiu [63] uamsmay CA lu
U5 5 weo% Mldnwegdausedsanasliogiilszunm 54.30 MPa iilesa ey 1a Turana
"9y [ 1 @ 9 ] 2K o Y
Y93 CA vovUagaronunInnIInszeamsmd lluae e Tuanaves PLA 39114 PLA
Y o 9 ) = ~ ' ° 9 '
W1y CA laaaas [63,64] uazdauasadamiioasznang luanaved PLA i lvaie las
d' [ Y dgl ] Y Y =< ]
Turanaved PLA @euesnainiu ladiedu wazdwwalinnudiumivusdagagave i
iduleluning 4.5 JuurTduanas (PLA 2.10 MPa, PLA/CAI1 2.10 MPa, PLA/CA3 1.98 MPa
9 [ a J wvAa
1182 PLA/CAS 1.39 MPa) @aluanuinnu'lduss PLA uag CA 9105z raniiani

A5 (DSC) TunIN 4.6 WA Glass transition temperature Y09 CA 0gNszaM 142
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°C 1AM INUFOUNUAT Melting temperature U9 PLA d90gN1lszunm 146 °C ¥ ld ldenwnso

a s £ = Y o My ' o v
AUATIEHNANTTLLYN Phase c]Nmemmmmnﬂullu”lmzmn PLA nU CAhlﬂ

1.4

1.0

0.8 - I I

0.6 -

Average diameter ( m)

0-4 I I

PLA PLA/CA1 PLA/CA3 PLA/CAS

Al 4.1 nrlidurugudnanunaoveurdule PLA, PLA/CAT, PLA/CA3 1ag PLA/CAS

\ \
A

(A1) PLA/CA3 (9) PLA/CA
AN 4.2 SEM micrographs ¥8atd1 1y n) PLA, ¥) PLA/CAI A1), PLA/CA3 U@g 9) PLA/CAS

[

fA1a9uee 3,500 1N



N
o

Specific gravity
=
l |

e
9
|

e
o
|

PLA PLA/CA1 PLA/CA3 PLA/CAS

2N 4.3 navlanua s umzveanrdule PLA, PLA/CAL, PLA/CA3 iag PLA/CAS

100

80

60

40 A

20

Young's modulus (MPa)

PLA PLA/CA1 PLA/CA3 PLA/CAS

A 4.4 nsnlaueadaussAsveurudulo PLA, PLA/CAL, PLA/CA3 11ag PLA/CAS
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o
o

>
o
1

—
[«
1

Ultimate tensile strength (MPa)
o —_
W W
| |

e
o

PLA PLA/CA1 PLA/CA3 PLA/CAS

NN 4.5 ﬂ:i1wﬂam@ﬁuw1uusqﬁqqqqmmmmﬁ’uiﬂ PLA, PLA/CAl, PLA/CA3 uag

PLA/CAS

== PLA/CA5

===P[ A/CA3

LA/CAL

— P, A

*v/_CA ————
| | | | | | | | J

30 60 90 120 150 180 210 240 270

[
\

Heat Flow Exo Up

Temperature (°C)

NN 4.6 n519 DSC v aurudule PLA, CA, PLA/CAL, PLA/CA3 1182 PLA/CAS

namaaeuauliaminaveukuiduls PLA uay PLA waw CA i1ld
' ° ] 9 = VA =<
NIWNMINAN CA 5 wt.% M 1danudumunssdsgagaanadliogiiszum 1.39 MPa 94
Y
aunsoasllan msdSudysauiarinavesudwduls PLA drenmsiay cA dulinisay
1 [ qszl ~ Y = ] d'
WINNIN 3 wt% AWIUMIHAN CA 911 uaz 3 wt% azgnldiulUdnyimsvude e

szansmnmstanasseesnandule
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4.1.2 Y3101 CA nag PEG aonnuannsalumsvudsemazdugausonuniiise
msnaaeumslanilaosen GS 1mdule PLA, PLA #ad PEG uag PLA
HAW CA  d@1N150NAdoUA183TMTS1aesdn1nzmstdaatasselunnuguus  (wotal

a

U Y J { o
immersion) ttaz¥inslandoses GS Tuasazaretivieseawa pH 7.4 Nganigi 37 °C
nazieInINaITaza1e1 GS 1ifing chromophore #3® fluorophore [65] ilHn1sgadUsd

. o o o 3 o
ultraviolet 12 visible light A281AT04 UV-Visible spectroscopy 111 1aenn 1lvsuiudeesi
aaa a a aaa & ax o o [ a
Ufnseniiuleasu (U501 Ninhydrin colorimetric reaction 111351 ldmsuszyFanunin
A . A g ya v '
Y9NNHY amino groups) [56] 10 111N1 Chromophore 1141ATIA319UD981 GS ABUNIS

nAgOU UV-Visible spectroscopy ANMWEINAY 400 nm HANMTNATOLLAAIAININN 4.7

100 50

_ 40 1

d ]

s 80 30 -

D

Cvé 20 -

260 -

= 10 -

E 40 0

s 01 2 3 4 5 6

g 20

O —-PLA/CA3/GS
0 PLA/CA1/GS

=>&=PLA/20-PEG600/GS
===PLA/20-PEG1500/GS
Time (hrs) =@—PLA/GS

0 6 12 18 24 30 36 42 48 54 60 66 72 78

A 4.7 esiduanisiantdessn GS vosurwdules PLA/GS, PLA/20-PEG1500/GS,
PLA/20 PEG600/GS, PLA/CA1/GS 1tag PLA/CA3/GS

MIANYT GS TINAUMINAY PEG taz CA luurwduls PLA i1ldiRa
burst release LANANNUDENNFADY (Burst release Aon1sdantassesiuiuiinluryianal
Fudu) naadluaisan 4.1 Fam5iia burst release Y9981 GS 1NANNMTIAADUAIUDI1 1164

Y

Aveuduleluvasilwduledolilihaiad iifeeniner gs Hueilidags dewasialid

a =Wl o dg’ A Y A @ %
miazamwaamaﬁummim"lW%qwu uaadluninm 4.8 uazlvion GS  naoUAINIG
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a a 9 ° Y] A 1A A 9 A
v3numvesduly il luanavedst Gs Neguinuiiveudulsazatseenululsum

NN [54]

A13199 4.1 M310A burst release VDIUHUIFUTY PLA/GS, PLA/20-PEG1500/GS, PLA/20-

PEG600/GS, PLA/CA1/GS tlag PLA/CA3/GS

o Burst release
SBREAN . .
wmstanassenazay | ¥r9091 (¥y.)
PLA 18.03 5.5
PLA/260 PEG600/GS 16.27 2.5
PLA/260 PEG1500/GS 21.78 5.5
PLA/CA1/GS 38.48 5.5
PLA/CA3/GS 41.78 5.5
16 : —
Without gentamicin
14
- [ With gentamicin
E 12
g 10
Z 3
2z
S 6
S
s 4
(=}
0
PLA/20-PEG600 PLA/20-PEG1500  PLA/CAI PLA/CA3

2 4.8 nslmsi Iiihwesasazats PLA, PLA/20-PEG600, PLA/20-PEG1500,

PLA/CALI 1182 PLA/CA3 Niuag liimsanen GS

manadounsdanlasserlunini 4.7 wu unudule PLA/20
a Y A 1 Y A Y} ~ A
PEG600/GS 1719 burst release HoaNgalur19a110sNgAAI8 1aA1UAI1T199 4.1 1199910
=y I o Y 1 1 9 Y 1
MInay PEG600 danvazifluveunarilner Gs eglunkudule pLA Tdunnainswaw

A g < = P Y P R A o
PEG1500 ‘I/IL‘]JuGUmLL“lN 3'Jllﬂ\?ﬁ'lilﬂlﬁﬂml']ﬂuulﬂﬂﬂﬁ'lﬂ'ﬁWﬁil CA A28 ¥3N131N PEG N1 GS

Y o Yo A A o 9 A
ﬁ1ﬂ150l6111ﬂuhlﬂﬂ IUBDIDTINAITHNVINHUBDUNY LLﬁzIﬂiﬂ’diNIMﬁf}ﬁﬂlﬂﬂ PEG 1]1’?331, —-OH
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TutSmamnnficmnsadhium] —oH vese Gs 18 dawaliifa burst release anas s
Sszianaimai fhvesasazaroneamedninsdue s lunwd 4.8 wudiains
1 Iihvesansazais PLA/CA3/GS fiatiesninaisazals PLA/GS uag PLA/CAL taadi
1 GS asudmdsnaiveuduleldtesluvasiluduledreihadiad uanduiie
burst release gaga mazamautannumudonimves ca  [66] vinlii iy
dmtlsenoundnvesasazaretivweseala pH 7.4) ansounsnriiu cA whlyludu
o PLA/CA3/GS 1tazazaisen GS 0019619510157 danaliinlesigudnsiaaildese
qagadae nanslunind 4.7 dauurudulo PLA260 PEG600 Tilaaildese'l@desndiumiu
1&ule PLA/CA3/GS tiag PLA/CAL/GS uaunndunuidule PLA/20 PEG1500 tiag PLA/GS
m31201 GS 197 PEG600 185 iffesninanuiisafimileudu waziivia) —ot ludSuamni
Ml Tassadeveses Gs Wiy PEG 1d Jedamaldidule PLA/20 PEG600/GS dio1 GS o
meluurudulomnniurudule PLA/CA3/GS uag PLA/CAL/GS 81 GS 34a2a1899ni
W¥ouf PEG600 184 azmsft PEG600 Tanuaiziiuveaman wlfazaerin14d danals
uriuidule PLA/20 PEG600/GS  Tim13tanildestiiqenduniuiéule PLA20 PEGI500/GS
(PEG1500 Nanuauziiuae i)

nanamsnaaedi Iinsuiunwduls PLA/CA3/GS iimsiantaes

egaganilszina 51.43 % uazusiwdule PLA/GS imsilasdassendrganilszunm 26.22%

4 i1
Y =)

Y Y
Y Y v W
wiuie lvnsuanuansa lumsdudauaiEe a2 snaaouaNuaIuITo Iunsau

€

Y

WouunniGeanurwduls PLA, PLA #ay PEG tiag PLA Wary CA Niuaz luiins@nen GS

] ]
ad A

a @ T ' { I a
A2075 Disc diffusion method #9359 1¥upd1LNI NN INTGA LazTunITNATOUIF

v f f 2 v
aauniniy liennsusianudududiganiignidvdimsiydula nsenina

a

o { = 4 @ T @ IS
Wududrganiigniangeunuaiiiseld (671 Taedaurwduleliiidnyuziuiinay tazia

' Y ~ A

dy d’d d’ﬁ) = A a d‘
urudulo Ty e nluuaNSoNAoINISANYT Lagn1 Clear zone W3oUTNM A N
Y

= v o A A A ) A o
Llﬁﬂ\'jﬂQﬂ'l’]uﬁ']u'lﬁﬂlluﬂ’ﬁfJUENLGI)'@llUﬂﬂljﬂﬂlﬂ\?ilﬂu!ﬁuclﬂﬂu']u']ﬂﬂﬁﬂﬂ

E2 Y
Av A

Y= A a A a A a (]
qmnau‘lﬂﬁﬂmwmmﬂmiﬂ 2 ¥UAND %IﬂiﬂUWﬁLﬂﬂgﬂWM (P.
. . <3| @ d" A A a a <3 @ =
aeruginosa; gram-negative) Wudumuyenuansesiaunsuay uazamald lafenaaooSod
.. < @ dy A a 9 dy
(S. aureus; gram-positive) A UAMNUFOUUANTIFUALNTULIN HANIINATOUMNTATULYD
S A v ti'
HUANLTYLUTAIAINITINN 4.2
1 ~ I o F) 1 4 A A
91071 Clear zone 1UA15199 4.2 nJumimmummumug{uaﬂmamaEm

vengdunuvunurudulenlslunisnaaoy wud urwduls PLA, PLA/20-PEG600,
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v 4 Y
PLA/20 PEG1500, PLA/CAl uag PLA/CA3 Nhinums@auen Gs o lueauisaduduise
WUANISY P.aeruginosa Wz S.aureus 19 11109010W02BS PLA, PLA Hary PEG 18 PLA Warl

= a‘{ [ oszl dy A R o Y = A a d?'
CA lllllli]ﬂ‘ﬁcluﬂTiEJ“]JEl\HGb'EJLL‘lJm/]ﬁEJ i]wﬂw"lunmnm Clear zone (hAUY

A15199 4.2 Clear zone vourdule PLA, PLA Wal PEG 11ag PLA Wl CA Niauuas 1@y

81 GS
Lﬁ'umuquéﬂmqméamm Clear zone (mm)
%ﬂﬁﬁ@ﬂlﬁ Pseudomonas Aeruginosa Staphylococcus Aureus
24 Hr. 48 Hr. 72 Hr. 24 Hr. 48 Hr. 72 Hr.
PLA - - - - - -
PLA/GS - - - 9.66+£0.50 |9.34+0.71 |8.89+0.60

PLA/26 PEG600 - - - - - -

PLA/20 PEG600/GS |6.00+0.00 |5.00+0.00 |5.00+0.00 | 10.78+0.67 | 10.89+0.60 | 10.33+0.71

PLA/20 PEG1500 - - - - - -

PLA/20 PEG1500/GS - - - 10.00+0.00 | 10.00+0.00 | 9.67+0.50
PLA/CA1 - - - - - -
PLA/CA1/GS - - - 9.78+1.41 |9.78+0.67 |9.33£1.00
PLA/CA3 - - - - - -
PLA/CA3/GS 8.33+0.50 | 7.78+0.67 | 7.33+0.50 | 11.11+0.60 | 10.78+0.67 | 10.45+0.53

E
* (-) fio llinamsduda

o a1 g g A g 7 a a
ok mamwh“lumswﬂﬁaumﬁuwmg{uﬂnmwmﬂ S Uaauag

$1519% 4.3 Clear zone diameter GU’ENEJﬂ‘L!ﬂE]:M Aminoglycosides Giaﬂm?ﬁuumﬁﬁﬂ [68]

Zone diameter (mm)
Aminoglycosides
Resistance Intermediated susceptibility | Susceptibility
Amikacin <14 15-16 > 17
Gentamicin (GS) <12 13-14 > 15
Kanamycin <13 14-17 >18
Netilmycin <12 13-14 >15
Streptomycin <11 12-14 >15
Tobramycin <12 13-14 >15
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demnsmmnasgui 1S ouiouluaisad 4.3 fuaa Clear zone 7114
nnmsnaaenluaisei 42w uiwdule PLA/GS, PLA/20-PEG600/GS, PLA/20-
PEG1500/GS, PLA/CA1/GS 1182 PLA/CA3/GS fiiin31auen %z%’ﬂagﬂuﬂdu‘lﬂ'lwiaﬂﬁﬁuga
FouDATGY (Resistant) 1Az WIs0duSuToUUATGY S, aureus 16 udusudule PLA2G
PEG600/GS 1192 PLA/CA3/GS ity fignsnfudaudenuniiGe P aeruginosa 19 wazdl

d4a & <
Clear zone MAAVUUAAIIUN NN 4.9 1AL 4.10

(N

Pseudomonas Aeruginosa Staphylococcus Aureus

MNN 4.9 Clear zone NMAANNUUANISY P.aeruginosa 1ag S.aureus VoHdule PLA/20

PEG600/GS

Pseudomonas Aeruginosa Staphylococcus Aureus

AR 4.10 Clear zone MAANAUVATNIZY P.acruginosa 12 S.aureus Vounudule

PLA/CA3/GS
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{ @ 1 a s A a a J
Gﬂi'l\‘iﬁ 4.4’é]@]i'lﬁ'luﬁ'liﬁgﬁ']ﬂ?‘lﬂﬁlll'é]ilﬁ’f]mll811 GS 0.1 wt.% U93IF1TLAYNDALNDT

Wanua
P gasnduTashminvesmeduesnmuasen Gs
¥oAI0819
PLA:GS PLA/PEG:GS | PLA/CA:GS

PLA/GS 100:1 - -
PLA/26 PEG600/GS - 125:1 -
PLA/20 PEG1500/GS - 125:1 -
PLA/CA1/GS - - 101:1
PLA/CA3/GS - - 103:1

a A a 4 3 o
INNITHANITGS N 0.1 wt.% UDITITALANYNDAUNDININUA ﬂ11ﬁ61 GS

1 491 a s T W A J a A 1 dy a J
@giuzuawaaguaim”lmm”lﬂu uaae lua1s19n 4.4 wun 1Jsmmwm@gma”lumawammimﬂ

Y
~

wnga lilosga ldaeil PLA/GS > PLA/CA1/GS > PLA/CA3/GS > PLA/20 PEG600/GS
A A a oA dy a S 1Y Y =
%30 PLA/20 PEG1500/GS 1194910 d13azalgnaamesnliiionoauosodiosazdaodlenlu
dy a o’::; 1 a o’d'd 491 a 4 [ 1% ng
HANDANDINUIN HAZVINANAITAZANOAWDINUILDNDANDTDININ AU 91NNTIN
P-4 ' ~ ~ ' 9
wosisuanisUantaseelunInm 4.7 uag Clear zone 1UA1519% 4.2 unudule PLA/GS
[ 1 3 [ [~/ ] 3 4
wdvsiimstanassemazmssudwuniiGeldgage ua ludhuguiiv iiesnine GS 1h
o I 12 = 1 ] 9 Y 1 o Y
Ay PLA 18 118170 o1 GS 39o19eglundudule PLA/GS fiesninludisazate PLA/GS i1+
] 9 =1 1 [ 3 A A 9 d' [
uiwdule PLA/GS  UmisdaalaeseinaznsdudanuniiFetosga iodunanainis
1 [ 3 § o I~ [ 1 ]
aadossnazmsdudaunnGen 24 s Tuadludulveaurudule PLA/GS Wi unu
Y 12 1 A 42’ T [ 3 zi’ A A Y :al
idule PLA/GS hitimsianilasseuiuivuuaaiuisodudusouunnize S, aureus 1N
1 1 3 IQ' Y = q'.: S Aa a d' =1 1
M1z M sdandassedaaisuanIuna 24 919 HusuaeazaululSuaidisaneae
[ :/l dil == Y 1 (=1 d' 1Y Qa: dil ==\ ]
MTYVIULDUVANITY S, aureus 18 ua ldiisanenez dudausouuniise P. aeruginosa @I
' ] ~ P-4 ' @ P &L A A
uruduls PLA/CA3/GS Unlesisuanistanildesengega uazdaamnsamusenunnizen
Y v
1 lunadounsdosria ldgagaale ualuvmenududule PLA/CAT/GS vrvgdidsuimen
1 ] % S I 4 [ H [ 1
vinnurudule PLA/CA3/GS nauiilesidudnisiantasserniseniiurindule
Y o A 2, 9 ' ' 9 Y 2
PLA/CA3/GS W3 1zmM3nau CA 19170 PLA Nundiu inlden Gs eglunrudule 1dunan
vAa I~ 4 % 1 o oy
vazgpuavtanmaitwoniiuves ca dldhaunsad I lwdule pLacascs 14
1 o Y ] £ = 1 [ 09; d" A 1 [
wnn M vurudules PLA/CA3/GS Imstlaailasseaynisdudusanunnizoganiney

9 A o [ [ o cz AA A ) I
LﬁuGlEJ PLA/CA1/GS Weadunayisnaimsiaatasseasmsdudaunnisen 24 GIf'JIlNUJu



39

auldveandule PLA/CA3/GS itag PLA/CA1/GS Wud1 msnurudule PLA/CA3/GS
v Y Y
1N9 burst release gaga 111961 GS azauoguinuazinnududuinneNzaunsoduduie
a A d' 9 3 a 9 1 1 9 1 [} z dy
nuaiGenlylumsnageuisaesriald ualuunwdule PLa/CAL/GS Tdanunsaduduie
WUARAISY P. aeruginosa INS1EANMYINIUYD981 lUVULIAA burst release HANMTUIUTOY
1 9 =2 o o & A A Y A A 1 1 9
urwdule PLA/CAL/GS Fedududouuniiise S. aureus IAiosxtiaier diuurwdule
1A I I 4 J A ] o
PLA/20 PEG600/GS 1az PLA/20 PEG1500/GS wunilesisudmsilaatdesi lugaunin
] o a 9 =\ J I 4 1 1 A 4? [
g LAZHAIINMTINA burst release 1du loazin)osiFuamsanldosenoss indu A19910
1&ule PLA/GS, PLA/CA1/GS 1ag PLA/CA3/GS N¥183910109 burst release 32in151anildss
v E4 v ' E4 ] ]
gUNNIUDE19919) tazaah lumudu osnn PEG a1 shlden gs W ldednielu
9y dgl ' ' o 9 J A d? ' 9
dulouniu nazsendugumsiaatldese ilimsilandasssuinnyuediage
Tumsnageumsdanatasser GS Maduleilinswan PEG uag CA #
Py a J ] 1 '
lannmsihuduledeldihatadunudie wudn mswaw PEG amnsaniugumsianiaos
011 nazitniuen Gs 18anmskeay CA uamswaw PEG uaz CA hidnsoniuaumsine
4
burst release 14 ¥11¥mstandaoss) GS Tusasnina burst release dnNadaRlien GS
v A 1
Yaalasseonaindulodindr 60% auiu tlearuquaisanlasssr Gs  uazild

AN~ 4 1 1 1 9 Y @ I @ 1 Y
nlesiFudnsianilasserganii 60% szesnunvuruduleln CA du PLA 1udivien

Q

unuludulenfion Gs egareludule e ldnrugumsianiasse naz1d PEG fuen Gs

dunnuluveaudule Taeldnsmsihuduledre Inihadaduuusmunu

: : _
4.2 m3anpwruauly sPLA/CA-cPEG Nlannmsthuduladelihadaduuusnmnu
4.2.1 msw3eandule sPLA/CA-cPEG
y a J 1 o U [ 1 1
msiluduledre Iihadaduuusnunuazdeamiianailadeniae wu
Yy 9 1 4 1 < = o
anududuvesasazats anuaednd i sveznesznindaedy Tavgdaiaaseesy
9 ] 4 < 1 Aav dy Y =K [ 9 [
naduiuguinatineluveaduTane uaanuisetiszniudnuiiladeluduanuaig
o J o 1 I o
dnd Tvlih uagdasing Inavesensazareludruunuluilundn uag auauanududuves
{ IS 9 { 2 o '
arsazarelfdunnulu dasims Inavesarsazanolfidudaviodu nazszoznasenang
< o o { { < 1
UarednTanzdaTagsessuliai Taoldnnududuvesarsazarenldduunulu 10 ¢ do
09; @ { I % v 1 <3
111 3 ml 6a51m3 Inavesasazarenlfiudaviodu 1 mihr nagszeznieszninatod

Tanz93a9 30951 18 cm AWEIAL
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cPEG /GS
cPEG
sPLA/CA sPLA/CA

AR 4.11 vuudassdnsazdulovuusiueny n) TImsay ¥) InMsaue GS

A Y v =2 o 1 A s Y '
LW@GIWLGUTEI,%‘ENGHLLWHQGIJ@QW@ﬁlﬁJﬂﬁllﬁ$EJ”I‘U’ENLﬁ'uolfJLL‘U‘]Ji’JNLLﬂu

E4
a v

natein lFuuniaesdnvazidulonnuimunnulunini 4.11 e3uodydnuaidadenas
swazdeaduliznoua1e voudulouuiamunu Taeld s (Shel) unudodudule
o [ | a 4 { & [
Thwihddgenodwosnly ¥asznovlidre PLA 50 PLA maufiu CA tazld ¢ (Core)
o [ 1 a J Y { &
unuludule dmrhddeneamesnseaio1nly dalsznoulidre PEG %30 PEG Waue
o ' v W P ] Aq ¥ 1 QY
GS Aedndaanvaiveudulon sy sPLA-cPEG, sPLA-cPEG/GS 1T udu
o‘/ a o 1
Tumsihudulede Iihadaduuudieiinis 14 PEG600 tag PEG1500
[ y a 4 1 [ y
werunu PLA uazainsodwduledreIifadaduuudield nalumsiludulodae T
a J [ ] I~ ] 4
aaaduuusuenu e ld PEG600 dludiuunuluveaduls 1 tissnnluminaaou
] 1 v [ § § o
Tuwuanuaednd i vazdasinis lvavesarsazareunulunmuzaunii 1 ladule
[ A a < a 4 I~ v @ [ a
Apitind s 1zInans sz uueInoanoames mnlatednTan: ludiiaasossululsuna
Y Y
wn dama ldududulonagaduounn auiusg1d PLA1500 miniulumsdnuauiiaves
1 4 o:: a 4 1
wrwdulen 1danmsthuduledelidhadaduuusnunu
\ w \ w =Y
4.2.1.1 wavaannueasng Ivlvhasdag1uinen
{ 1 A 1 [YR-4 o
NMNN 4.12 WU Maiuanua1adnd i i ldidule
1 1 4 H 1 1 @ Y] 1 [}
sunsmunudvuaduriuguinatunae hinana1anuuniin uasziiniinszea1ves
9 1 4 A 1 o A A A 1 4 =}
ynaduruguinatsiuana19nu uaaslunimi 4.13 iiesninmainaua 1dng lnih
1 a o o % a 4
HARBYEANITAZAIINDAINBS (Tylor cone) M1 1¥NsEARIRRAVBIHEATITAZANENDAINDST 1)
I o a J Aa [ v X o Y 9 1 A @
Wudrasazareneawesinannu luguaanu 3ei ldiduleunuswununinisnszaiedn
9 [ s A 1 [ =1 1 9 1 o J A o
YOIUAFURIUFUIRASUANAIINY VWD IIMT 1IFANUa1And lWid 12, 14 uaz 15 kv 1

@ ' J 1A 1 -4
Tinmsnsznedvesvinaduiiuguinatnvoudulelivin uananuaednd i 13 kv
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| ' v { o o a J Y { o
Wuanuarsdnd ldihan lddrarsazaonedwestvualndinesiuuiniiga Jaildns

@ 1 4 {
nszgnedvesvaduiuguinatveuduleviosiga

(M) 14kV Q) 15kV

AN 4.12 SEM micrographs ¥8atdu 18 sPLA-cPEG Nanuaadnd i n) 12 v) 13 a) 14

wag 9) 15 kV AMasvens 2,000 111

1.6
14 1
1.2 1
1.0 1
0.8 1
0.6 1
04 1
0.2 1
0.0 -

Average diameter ( m)

12 13 14 15
Voltage (kV)

A 4.13 asnliduriugudnanunasveudule sPLA-PEG finmusadng 12, 13, 14 uag 15

kv
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@ { 1 o o 1
nnmisnaaesdiunlasuanuatdnd Il sldnsun
1 L4 { y o @ ]
anuaednd Iz aungade 13 kv idesnnmldidulelinisnszaedrveauduru
4 { [ Qsll J LA { o o @

quinatiesiiga aaiuanuaednd i 13 kv azgnih 1ddsu1dfnedasims lvaves

asazareunu luaeautinduguinoveaudule
g 4 Y \ U a
4.2.1.2 #ave39ns M3 Inavesmsazmeilunuludedauginen
1NN 4.14 MIAudasINs Inavesansazatsunulu i
1 2 ] 4 { 1 7 {

Tdudwdulelimsnszaredivosvadudiuguinatsivanaiany uaaalunini 4.15

A o A (o A 1 v a Jd a

1090ndns1ms lvavesmsazateunulundSunlaeu dinadeveaaisazarenodosius

I A aaz’ 14 Y a i o A A = o Y

naudmeduiaeinediulutagdruveninaniu ligugaiu nemannuaiesanas i ld

Y s = v ~ ° 9 1Y q Yo
yuraduriuguinatunsveudulelinnuaindueiiosas uad1146as1n13 Inaves
A o Y a s 3 A

asazateunu lulmngay (0.01 mi/hr) i ldveasazatonedwes noglaaiuiae

S v % ~ a A X g o, y A 9 =~ A

nedmlunazduneniinumatesmuiu iduriuguinatundeveadulodaiivuian

v 4 '
miavaunUY uaadluning 4.15

T

(1) 0.01 ml/hr (m) 0.1 ml/hr

NN 4.14 SEM micrographs ¥041d1 18 sSPLA-cPEG 1905103 Inavesansazareunuly n)

0.001 ), 0.01 1ta A) 0.1 ml/hr nMasvey 2,000 1911

[ { ] { I
1NNMInaaedlsulasusniins lwavesasazaren iy
1 @ { I [ { { 4 )
unulu wud 8a51m5 Inaf 0.01 mimr iudasims lvanmingauiga iesnniildidu
1 o = 9 ~ o A o :/I y 9 9 a J
iuguinatumasveudulelianuminanownige auiumsiluduledreldihataduuy
1 ~ o I Y 9 1 4 ~ 9 =\ (; =\ [ dy [
wunuiansoi 9 laduigudnarumasvoudulelinnuaiuawe Jan1zasil o
LY ] y [ 1 [YR4
m3 Inavesdriedudulon 1 mihr, 6a31m3 lraveunulu 0.01 mi/hr, Anwaradng Tl
[ 1 3 KR o o [ 3 dy =\ ) Y
13 kV Hazszeriegznindaiedudeiansesy 18 cm aatiu annzivziinigiily 14l

mstludulede IWfhadaduuusuunuae 1
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0.1 ml/hr 0.01 ml/hr 0.001 ml/hr
Core (ml/hr)

[

~ 9 ] 4 a Y Y =t
NINN 4.15 ﬂﬁTWLﬁuwwuﬂu&ﬂaTQlﬂaﬂﬂlﬂ\uﬁu[‘lﬂ!ﬁu{lﬂ sPLA-cPEG T ﬂﬁimihlﬂaeu’r)mﬂu

114 0.001, 0.01 1@ 0.1 ml/hr

4.2.1.3 #avaalf3nal CA Aodaig1iInen
a [ 4 I~ I 1
M3an CA mauiu PLA e ldiludverduduleluszuy
y a J 1 [ a J o
mathuduledreIdhadaduuusuunu Tnadeanunilauesaisazatenoauos vln
A a =Wl A 42’ d’ a Q' 42} d‘ 1
ANUHLAVDIATAZAONOALDT UAWNNUY 11U01Tua CA MUY uanalunIni 4.16 dana
@ ] A -4 { 9 < @ 1
Trderudulefinnununiudiy uaaslunini 4.17 Faiulddanuindule sPLA-PEG
~ ~ o ] Y Y ~ J Y A
ﬂ1wv14J7(ﬂ)nﬂawuw1nmaa@awauiuﬁuiamlnaﬂ?ﬂﬁuiﬂsPLAﬂJAlmPE(}ﬂ1ww 4.17(v)
Y ~ A A A dal 1 9 I
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mstassumsazate PLAYSIN0 200 g inandndy 10 wt.%

a ] a a
TumswTeuaisazars PLA UTua 200 ¢ vzdeaaiiamaradn PLA USuw

10 AT pr a o . A4 4
200xﬁ= 20 g @auddiara1s DCM:DMF i l¥aziasoulusasiaiunaini 70:30 e ly

M 70 < 30 o w o
aza19 PLA Tag%s DCM 200><ﬁ= 140 g 1ag¥3 DMF 200Xm =60 g UININ1DLAY

DCM Wer DMF tiazidinadlu PLA U5uas 20 — (140+60) = 180 ¢ nazldansazas PLA

YT 200 g AANMANYY 10 wt.%

MIAseNEIsazane PLA Wad CA 1 wt.% IuiSanas 200 ¢

Tumsaseuaisazate PLA Aay CA vzdesnsiitlSua PLA Binnududa 10
wt.% nanInddeunsenaisazats PLA aay CA TuilSunm 200 ¢ 92@eada PLA 20 ¢ dau
M3t CA azlAanni v anoAwesanuaiild Taol PLA 20 g 11N 99% VBINDa

v v
o Jd v

14 { 9 a 1w 20 @ 3 a {
wesnauan 1y Feee lanedmesnanuamny 2" 100 = 20.202 g #91Tu YT CA Ndeq

FI9NIHY 20.202 — 20 = 0.202 g HAZIANAIIIAZE18 DCM Wl DMF 719931831 70 : 30 14
mMTATIMIAY 200 — 20.202 = 179.798 g Az ldansazais PLA way CA 1 wt% lu
1511m 200 g

! a daa a
MIABNTITaz BN NI NAMSIANEN GS
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a { { a { g} @ a o
Sy GS N1FrEAINMIANN 0.1 %wt VoNINMITNAITALA YN ALD S NINUA
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A15199 .1 MANUHHAYIAITaZa8 PLA uag PLA Wl CA 1Tua 1,3, 5, 7, 10, 20, 30

1AL 40 wt.% N IUIMIAue GS

Viscosity (mPa.s) SD.
PLA 167 2.1
PLA/CA1 331 22.7
PLA/CA3 362 25.6
PLA/CAS 398 24.9
PLA/CA7 408 2.3
PLA/CA10 429 16.3
PLA/CA20 785 36.8
PLA/CA30 1454 185.3
PLA/CA40 3860 4243

Q13199 V.2 MANUNUAVDITITAZA1Y PLA 11ag PLA Wal CA N15u1ar 1 uag 3 wt.% ning

AN GS
Viscosity (mPa.s) SD.
PLA/GS 283 0.8
PLA/CA1/GS 266 0.9
PLA/CA3/GS 293 11.3

a15199 2.3 A3 lihuesansazats PLA uaz PLA waw CA 15w 1, 3, 5, 7, 10, 20,

30 1A% 40 wt.% N 1UHMIANE GS

Conductivity ( S/cm) SD.
PLA 1.17 0.021
PLA/CAL1 1.03 0.073
PLA/CA3 1.12 0.073
PLA/CAS 1.17 0.075
PLA/CA7 1.30 0.002
PLA/CA10 1.53 0.184
PLA/CA20 1.87 0.083




PLA/CA30

2.07

0.008

PLA/CA40

2.25

0.103

A1319% v.4 s Ivhvesansazats PLA 1ag PLA wa CA 11510 1 uag 3 wt.%

15N GS

Conductivity ( S/cm) SD.
PLA/GS 12.15 0.055
PLA/CA1/GS 11.54 0.225
PLA/CA3/GS 10.33 0.305

]
A

U

a31eh 2.5 durugudnatundoveurudule PLA uag PLA naw CA Wl5inm 1, 3,5, 7,

10, 20, 30 1AL 40 wt.% N 1WA GS

Average diameter ( m) SD.
PLA 0.73 0.103
PLA/CA1 0.95 0.187
PLA/CA3 0.80 0.073
PLA/CAS 0.91 0.191
PLA/CA7 1.09 0.138
PLA/CA10 1.15 0.151
PLA/CA20 1.04 0.148
PLA/CA30 1.10 0.132
PLA/CA40 1.89 0.426

a15190 2.6 durugudnatundovosurudule PLA uaz PLA naw CA Ml5ina 1 uaz 3

wt.% NUMIIAVET GS

Average diameter ( m) SD.
PLA/GS 0.747 0.128
PLA/CA1/GS 0.767 0.106
PLA/CA3/GS 0.727 0.099
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A13°190 1.7 ANuru R asveanidule PLA uag PLA wad CA 115w 1, 3 uag 5 wt.%

Thickness ( m) SD.
PLA 0.043 0.016
PLA/CA1 0.058 0.014
PLA/CA3 0.061 0.009
PLA/CAS 0.055 0.009

A15199 .8 Aanuaes umzueaLEudule PLA uay PLA may CA N1lSunae 1,3 uag 5

wt.%
Specific gravity SD.
PLA 1.48 0.28
PLA/CAL1 1.29 0.18
PLA/CA3 1.28 0.13
PLA/CAS 1.26 0.18

A15199 .9 anfaranaveaurudule PLA ay PLA wery CA NSunas 1,3 uag 5 wt.%

Ultimate tensile strength

% Strain at maximum load

Young's modulus

Normaliz Non- Non- Non-
Normalize Normalize
e normalize normalize normalize
PLA 3.10+0.32 | 2.10+£0.22 122.27+£24.47 | 82.77+16.57 | 76.19+4.57 | 51.58+3.09
PLA/CAT1 | 2.71+0.20 | 2.10+0.15 123.60+£18.52 | 95.73+14.34 | 87.67+5.73 | 67.90+4.44
PLA/CA3 | 2.534+0.14 | 1.98+0.11 122.15£21.32 | 95.60+£16.69 | 93.52+7.68 | 73.19+6.01
PLA/CAS | 1.75£0.07 | 1.39+0.05 78.14+14.35 61.85£11.36 | 68.59+6.20 | 54.30+4.90
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. |
\‘.’ R

() PLA/CA10

. f J.r"“ Qs 1 .
—_—
” 7z 3 A

(%) PLA/CA20 (%) PLA/CA30 () PLA/CA40
ANA v.1 SEM micrographs ¥eaidule PLA 11ag PLA way CA f3uain) 1, ¥) 3, ) 5, 9) 7,

2) 10, ) 20, %) 30 LA ©) 40 wt.% NMEIVEIY 3,500 111

A15199 .10 ANNHU R asYeLHUd U 18 SPLA-cPEG, SPLA/CA1-cPEG tiag sPLA/CA3-

cPEG

Thickness ( m) SD.
sPLA-cPEG 0.062 0.027
sPLA/CA1-cPEG 0.050 0.010
sPLA/CA3-cPEG 0.064 0.020
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Q13197 V.11 Manuaasumzvearidule sPLA-cPEG, sPLA/CA1-cPEG tiag sPLA/CA3-

cPEG
Specific gravity SD.
sPLA-cPEG 1.37 0.27
sPLA/CA1-cPEG 1.32 0.27
sPLA/CA3-cPEG 1.38 0.16

A15199 v.12 erimanaveannuidule sPLA-cPEG, sSPLA/CA1-cPEG t1ag sSPLA/CA3-cPEG

Ultimate tensile strength | % Strain at maximum load Young's modulus
Non- Non- Non-
Normalize Normalize Normalize
normalize normalize normalize
sPLA-cPEG 1.28+0.18 | 1.75+0.25 | 29.46+10.10 | 40.28+13.80 | 57.61+4.04 | 78.76+5.52
sPLA/CA1-cPEG 1.45+0.18 | 1.92+0.18 17.18+4.05 22.69+5.34 | 59.95+6.43 | 79.20+8.49
sPLA/CA3-cPEG 1.7240.12 | 2.37+0.17 | 24.30+7.40 | 33.49+10.19 | 38.79+5.40 | 53.44+7.45
Calibration Curve
0.8
0.7 - y =0. 008x - 0.151 0.738
. )
0.6 - R2=10.980
. 0.5 1 0.49
172}
i 0.4 A
0.3 1
0.2 1
0-170.058 ¢
00 I I T T T
0 20 40 60 80 100 120

Conc. (ug/ml)

A v o ' Y 9 ~ Y v
NINN V.2 ﬂswhmmmmfmwuﬁizmnmmmmummm GS NMNITUANUVUUY

NUAINIRATUS

[

N

o ad A
qYINANVYINAY 400 nm
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