u"’a’mﬂi‘suwaaLua%uﬂﬂ@aﬁtﬂuﬁmﬁ’uaaLLfmé'aumﬂ

NOALDALAARNLLDYA

INNOVATIVE ECO-FRIENDLY POLYMER CAPSULES DERIVED
FROM POLY-L-LACTIC ACID

YYIUN  1ANTYUL

a a ¢ < 1 = = [
’J‘I/lEJ'luwuﬁULUuﬁ’JUWu\‘i"U'eJQﬂ’ﬁﬂﬂ‘iﬂ'\@]’]ﬂ‘ﬂﬁﬂgﬂi

USeyaynanensnansunidnudio ﬂ’]"l]’ﬁ‘li’]Lﬂﬁ‘lJi%Qﬂﬁ
a -4 =
AZANYIAERIazINALULAY
UINeaemnAlulagTIYUIAaSYYI
Un1sAnuen 2564

g / [
AvanSvesvnIngduwmalulagsivuenadyys



u"a’mﬂiiuwaaLua%uﬂﬂ@aﬁLﬂuﬁmﬁ’uamfmﬁaumn

NOALDALAARNLLDYA

YYUUN  1ANTVUL

"31/1EJ'lﬁwuﬁ‘ﬁLﬂudauwﬁwmmsﬁnmmwé'ﬂqm

Ysyayraneraansumtadin arundvuaiussend
AMZINEIAEnuazinalulat
UINeaemnAlulagIYNIAaSYYI
Un1shnen 2564

AvaAnSvasuvIngdawmalulagsnvuenadyys



Wt nentinug uinnssunedwesualyaiiludnsiudindeuannedueauansin
waTn

Innovative Eco-Friendly Polymer Capsules Derived from Poly-L-

Lactic Acid
¥o - wwEna WeANYeTI leansuue
#1139 wiUTEENe
d’d‘ 4 v 4
2191599USnw 599AN@NI191580U5 Lwednd, Ph.D.

919138NUSNWTIN 919138neAss UseAnanaga, Ph.D.
Un1sfinen 2564

ANZNTIUNSERUINYITNUS

..................................................................... Us¢s1Ungsung

.................... (O\W( NIINNT

7 =T NIIUNNT

........................ @ AIUNT

(799AN@RTINNTTDUT 1%85@5, Ph.D.)

AEINgAmansuazinalulad uninersumalulagsvaseasyys audiing inus

9

'
] =

wauntlwesnsfnwaumangnsUs sy tndin

7

................ RS esTea o auUfRuEIemansLavinelulad

2
c

=D
ca

(Heenans1anse 1vns wadan, Us.a.)

JUN 23 WHau NUENYU W.A. 2564



Wt nentinug uinnssunedwesualyaiiludnsiudindeuannedueauansin

LLOTR
%o - wwana WA YU lansTuy
1017397 wiUTEENe
anasdfiuTnen 509MEANS11580US Lvedne, Ph.D.

919138NUINITIN @1sdneAss UseAnsnega, Ph.D.

Un1senen 2564
UNANEYD

wodlueauanin uedn (Musauoate) Junediwesdrnnd $9negsunsnans
Taosiily duaneildainnisduaneginediwesuuutu visuuuilng veansauaninude
wpuelaiUaAlng AUEAY BuMANTINaNTWIRLILATIIATYRINLRALDALDILYNHUATIZIAY
NITUIUNMTAUATILRUUUNTEAY SIAUNITHUATIEINEAINDTUUUTAIIvaIBUBLLDS AR
nd Tnefaneldvaslanodiuefifuasanusaiei Saduisildiedomnsududesidmi
Tuszuy

TusillfiiaueTinasieveynia/uatya grfiuoaueais wuialulasiuns uasd
yualndlAseiy fensruIuNIdIBLaAmMY NIUNTEUIUNTALATIEINEA B LUY
anmznou AUTIAIINNTlda1sanussisia fneausaloinsnnian1sAsuduazgnimi
UiAzenlnalaladasmetefidulnanea iislitinaluanas lnalalad fikoausaie (Ifueauea
10) Mnuinueausaieiildazgninlulenediuslaiusutunousmednsnumaianuas
widulnanea lawmetian ngliiuuledaesoonladduimSizuuinse dunisiiiedlasie
UfAseuuunundnifiuoaueaie aAntudiefinisdulalanaunesouyadassiuuledadent
Mntuargnlenodelsd deutsznaudaues inlusymanediues Ssdvuneyninmiiaue
Usganal 300 wilusnsuaslifuiinisnszaremvesuneyniam (@iale) 71 0.017

Fidgnihluneasunisuwatgadnifulaulaseadidvuelndifestu Tagldaun
oyumAuAUgagIufioatoale Uszana 280 uilumnsuaziinsnszanefveseynaiiuay @
Araled 0.120) nananiuaugagiufiueaneaiefuszdniamlunisdudeqadn
Staphylococcus aureus Escherichia coli wag Candida albicans whazlal Wuiwneivas
Havitlavasuywd

AIENAR:  WOALDALAAANKET A NITUIUNITAUATILYNOALUBT WUUANAZNOU
wAganediues aun1ANeAwes



Thesis Title Innovative Eco-Friendly Polymer Capsules Derived from Poly-L-

Lactic Acid
Name - Surname Miss Chayanan Khotchana
Program Applied Chemistry
Thesis Advisor Associate Professor Amorn Chaiyasat, Ph.D.

Thesis Co-Advisor Mr. Pongsathon Phapugrangkul, Ph.D.
Academic Year 2021

ABSTRACT

Poly(l-lactic acid) (PLLA) is a well-known biopolymer, usually synthesized via
step- growth or ring- opening polymerization from lactic acid or a lactide monomer,
respectively. PLLA microspherical particles are produced by dispersion polymerization
with a ring-opening lactide monomer using a particular copolymer chain as a stabilizer.
This is not easy to achieve when dehydration is needed.

In this work, a robust and simple synthesis of a nearly monodisperse, submicron
PLLA-based particle/capsule was proposed via precipitation polymerization without the
use of surfactant. A commercial PLLA was first glycolyzed with ethylene glycol to obtain
a low molecular weight glycolyzed PLLA (GPLLA). Then, the GPLLA was copolymerized
with methacrylic acid and ethylene glycol dimethacrylate monomers using a benzoyl
peroxide initiator. Active sites on the GPLLA backbone were generated by hydrogen
abstraction of benzoyloxy radicals that further copolymerized before self-assembly to
form the polymer particles. A uniform particle size of about 300 nm with a low
polydispersity index (PDI) of 0.017 was obtained.

This method was also implemented to produce nearly monodisperse capsules
containing linalool. The particle size of PLLA-based capsules was about 280 nm with a
narrow particle size distribution (PDI of 0.120). Moreover, the PLLA-based capsules
effectively inhibited microbial growth of Staphylococcus aureus, Escherichia coli and

Candida albicans and were not toxic to human skin cells.

KEYWORDS: poly (l-lactic acid), precipitation polymerization, polymer capsules,

polymer particles
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Jagtuiimsihwedwesunldlunindueisinequining iesnnediuesiauauds

MAura1eau Wi dmtniun numugs nusenisianseu [6] dwalimlaniinisdmediues



1 FIUTIUIULINAADANAIBFUTNENIULT (11NA31 200 ausiumal) [6-10] NodlupsNRey
Unuld wWu weodlefiau (Polyethyelene; PE) wadlwsiau (Polypropylene; PP) woddlnsu

(Polystyrene; PS) uaznod(tofiadumnatsnnitan) (Poly(ethylene terephthalate); PET) Fadl

ANuALLaraateiilaen vseladeddianunatedulinsdesaansld mewvgiduin

JamnmsanAsvesmediueslusssurfnardwindon Tnglan1yeunIAveInealLesauInan

3

Tuundaisiegialan [11-21] waglanianusuwsnngWuladn1snsianuayninves

wodwesludninzia Snvsduduanngnisdedinvesdninsiauisseinndndie uazds

[

- = X ] ¢ A o a a Y & !
NI@ﬂ']ﬁV]aHﬂ']ﬂLMﬂ']u%%LGU']ﬁﬁ'NﬂWEJ?,JHNEJLllallﬂ'ﬁ‘UﬁIﬂﬂa']VﬁiV]%La I@EJWE’J@LN@TNUL‘UUﬂanJ

&

a1s8unigndanuduiivgs [8, 13, 16, 17] ayunianedwesingnirunldduingavlu

Y

a

HAR S ASed1079 1 Judannseuaunn uara1stnia (Exfoliating agents) Tundnsioua
AuadIUsa (Personal care products) tu ladusings asudara Iluasilo-d1antn ay woumy
wazedilu 1Oudu [14, 22 usifleanineymenediesnunltliannsndesaaels lu
Hagiudasuiinisdrianisldeynianediweslundniasineg Tunaneussina Jagudaus
Uszinalnedaldlafingrunevsessifovlunisdndanisly eunmanediwesdainarilundnsdue
\3esdons winsmniandusnvaunufifudssniu Wesnmlanlinnuadaagaseniings
dyvveseynmanedies Uszneuduluussmaffignamnssuduaiosdonsegidudnam
1N AnswaauazdseensisUszma mndslifinsinmnuayidonsaunueyaanediues
Tundaseivani o1ssvvililifiosindamnisnandrsludwandon wienasuludedam
nsutstunsnsivesgramnssINanusas asdo1smeluUsEmAde

Fafu FaRnanuaulafiazitmuininndsuuavgadnifvlaulaseaanwedines
a7 (Biopolymer) fianansagosaanslfiodlusssuwid il oumaunuuavyainienain
wodwedauiu vlhidudesiudwindon uaglinelfAnnisnndrdludwandey Tneh
woAuoawanRnuadn (Poly-L-lactic acid; PLLA) ilunedwesigevaagldnisdanimiaenis
lalaslada (Hydrolysis) #3en1sgpeaataniaioulesl (Enzymatic degradation) lifimanandu
v wazanusaldnisnisunmele [23-26] vnluesdusznoundntuniswseunediuosuauya
Anfulaunlasea wiothludszgndliluriosdensuaransingeiy Gaastisannisseineves
lowlaoea Wimadesnmmansifuine lmAulduudely Jestunsidouaninainnis
AU ATevan1ienIguen Wu ks ANTaUN 81N 11 wazeandiau NUHNT 81

sandadu (Oxidation) IngansezgnuantaseludnsnsuazUsunauivnzan Baszesainig
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a

pongvs uenaniineduosuanfinuedndadunediueifidnaligunndnisldsumsdaaiy
nsguIaskasheaddslunisihanldanulusueigg
Tnglusuidodvnaniouualga nsldinadanisdaasgiuuuanagnou
(Precipitation polymerization) [27-31] Hunalnni1sdaasissiuuueyyadase (Free radical
polymerization) @ s9gvinlilauavgad fvurnlndidssiu uarlidedddusadeugslunis

duA51EN



1.2 IngUsTaeAvasnuidY

121 iednuinisiassusynianediueifidnedwesianunsagesanislely
sysuvRvseriniulinaginmluesdusenaumdn

122 iesAnwnsnieuuavgaiulaunlasea lnsidonveauauyaiinediues

Raunsagesaanslalusssuransaniulenia@inmdussfusenaundn

1.3 YaULUAYBINIGIAY

1.3.1 Anwin13anudalilanaveinefueauanfinkagnnnsanIenIsAl fae3s
Inalalada (Glycolysis)

132 manmziimnzailumasdsunediesuaugainiivlaulasea lnglined
ueauanfnwedaLluesrusznounan

133 Anwinsimedweiuatgadivisuldlunaaeuaruaiuisalunsiuide

JaTnuazanuduiviuadivilayud

1.4 N9ULUIAMUAATIUNISIAY

mim%uwaﬁLuas‘l,mﬂsgaﬁﬁ’ﬂLﬁuiamiaaaa Tuaisedazdenldnedwesain
5@ bilidudiv (Non-toxic polymer) fanudnfuldnmsdinmduden fe woduea
wanfnuwedn Judunedwesfidesaaslanisdinnlaonislalaslada niensdesaarssie
ulgdaunszuiunisaannd 1.2 Wdenuduivwazaiunsaldnisnisunneld [23-26]
sudaamnsathunldlundafurieiesdionsldesaaonds Sniadsdinnign Fumneiiay
dundniulaunlasea #'falffJumiaﬁ’ﬂﬁiﬁuﬁmaﬁwﬂuﬁﬁﬁwamxmamﬂﬁwmmaﬁnga
TaurefnEIng Wy anaumed dxszuny Tsauss 2edouwws wagluieding fndundevisiu
ugngavieaauaeiiuma Sngnunnldlundsfusiiven arsuindu suasaosdions
(1, 2]

Tnovhlueymeneduweivielulasuatyaaansawienldnasds wu mdauasei
Tuszuunszasluigiensyuiunsdanszsfuuuueanass (Suspension polymerization)
NSNULES (Spray dry) warn155zmeRaviiazans (Solvent evaporation) Tussuudadu &

wiazinadaddon Joideniunnaeiu dmfuniswisululasuavganionisdaunsies

LUUKYINRDELY LTUANAIENTeSBuneALouRLNes I lAvuAnudeInis Tngldusaudougs



nauvin1sduasiest dalamangiunisinlidssendluseduanaivnisy uenainilaynie

WaﬁLua%ﬁiéfﬁ]zﬁmsﬂszmsJém’asuaqsuu”mau%’qu ANMTUNSNULI LSUAUAIENITAZANE

enzymatic
blodegradatlorfcvarbon d|oxuN
H(/)&/OH

polylactlc acid (PLA glucose
L- Iactlde 0o

21N 1.2 nszuulalnsladavasnadneatanfinnadn [32]

'
a 6a

wodlwesluinharaneduvidivnzauudinszaedluamsazarofivanzan dewthluly
szuviidianudush Jsgviliivinasaesameoonly vildldeynianedwesiifeanis meda
nauilsududedfindesdionifivimamaznisldnudeudisgsonn lurneinisldmaianis
semefvharaeremenasazatewedmeslussuuisiuluifedindnmsiiie wifdeddn
yhazanedunisluiinadiunn dafulumanisdlilasuadyalifvuelndifestusaslalduse
Bougedadulandiivhaule 3sldFenldinadansdaunszvnediuesuuunannzney [27-31]
dunalnnsdansieiiuveyladase nglussuuassznaulumeteuswes ngussasian e
wnAsan wedn (Methacrylic acid; MAA) lag Lefiau lnanea lalumiasian (Ethylene glycol
dimethacrylate; EGDMA) Fudunadwasiidamulanisdanin (Biocompatible) [33-37] wed
ueauanfinuadn fisNUfASe (wladt) woe laulasea avansludvinazane ieliaa
SousBuufzenazuanduindueyyadassiiannsadulelnsiauiiansldvemeausauanin
wodn vhlanelsiioyyadasziiannsaiiamssoaeldnedmesiuneusmosle Weflniwen
ffiganeuazliaunsoazanglusvinazanelddnavuszneusueaindusynanediues dlu
sgisdiinsvsznovieafusunietuameldaeiuloulaseatsazarwegludviazaneidn
Wlueyanase vililfounauadgadniivlauilasea Tnseynadildaziianuaiosmis
noansusgaesaniinasuonda (Uszeau) veasmasanuednegfiiioynin dsazdioan
WIIReRITENITarangLazeun1A ann1sinzalnureteunia laglunsdlveanedues

wamdnuwadaiianldlunuiavdelualuanaliganniniiefisvaiunsaazaieludn



azaels lngasyinisanuialuanavesnofuoananfinkedn 1nsAN19N13A1 lgn1sei
Ufnsenlnalalada arswefidu lnanoa [38, 39] avvililalnalaladneduaniauadn

(Glycolysed polylactic acid; GPLLA) ﬁﬁmaimaqaﬁw nalnn1siin GPLLA wasadan il 1.3

a 0
J\ O J—L H HO\//\ J\ (8] OH
HO T/ To"  + Ton —» Ho~ W . T 0 "
0 o

Poly(lactice acid) Ethylene glycol Glycolyzed PLA

awi 1.3 Mmavihufiselnalalada vemeduea-uandin wedaiuediau lnanea

1.5 Uszleviiiaadnezlésu

151 IfannzimnzalunineSeanediwesuavyainifulaurlasealdogng
fusgavsnnluszuunsduasevivuunnayney

152 lswedwesunUyaitaninsndosameuazidniuldmedanm sawandagmnis
anfnevewediiesuaUgalusssumAnardsuindon

153 Igwodmesuntgadniivlaulaseafiarusafuiegadnuayliifufivde

\UAAR IV Y
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2.1 launlasaa (Linalool)
laulaeea Wsolsendndedn auie lawdia viln eeanzlady aw ooa (3,7-

dimethyl-1,6-octadien-3-ol) (C;oH50) [40] 1 uasuszneveslsunfia eglunqu ovlandn

lulumediumeliies woanesed (Wlumeiiuea) [41] wuluunduveuszive Fadiulngidnnu

v

T 29ANLINTT WY a1IUMBS AxTeuhrd LSaWUS 1ABULY kagMANNT [2] A0819N YN

launlaseaidusssusznaunandlunisned 2.1

P Y 1 A aa [ L3 Y P v v A
M19190 2.1 LLﬁﬂQWl@EJ’NW“UV]lIlﬁU']Iﬁ@@ﬁL‘UuaﬂﬂﬂﬁgﬂQ‘UI‘LJU’]?,JUWQLIﬁ%L%EW]ﬂﬂﬂiﬂﬁ]’]ﬂ‘wsﬁ

i [2, 42, 43]

29AUTENBUVDIUNLU

. BUAVDINY Bnsanauniueu
aQaWGU ! d’ o 9/,
(mumumﬂ%) WY NoUITLNY
o AT Linalool (66.3%)
wnY (Coriandrum N1IRUNAY
/. Y-Terpinene (5.3%)
) sativum L.) (l&an) (Hydrodistillation)
WARNNTY O-Pinene (3.5%)
(Apiaceae) P D2 ) (S)-Linalool (78.96%)
{n¥ (Coriandrum nsnauseleul
. Cymene (6.38%)
sativum L.) (¥nNig) (Steam Distillation)
Ocimene (4.46%)
e A=A\ 7/ Geranic acid (11.4%)
wAMAudelase | Mdudelass (Betula N1SAUNAU
~ [-seleneol (11.0%)
(Betulaceae) utilis) (Waon) (Hydrodistillation)
B-Linalool (10.9%)
- Linalool (51.2%)
. _ . | aendawen (Hyssopus R
WANSLNTV/HUA N1IRUNGU Methyl Eugenol (7.3%)
officinalis)
(Lamiaceae) , “ - (Hydrodistillation) (2)-Beta-Ocimene
GRIR DREY)
(5.6%)




A15197 2.1 wanssageisnillaulaseaidusssusenavlutnduneusswmenadalaainiiy
1ue [2, 42, 43] (s19)

anaiey yinvaaney Frnsafmisiunen | esdUsznevesiiiy
(dmfithanld) B NOUTEINE
Linalool (37-54%)
UL Y w ¥ Linalyl acetate (21-
nsnauseleun
(Lavandula 36%)
, (Steam Distillation)
angustifolia) (Mn&Iu) (E)-B-Caryophyllene
(1-3%)
ANULADT Yoy Linalool (35-51%)
nsnauseleul
(Lavandula latifolia) Eucalyptol (26-32%)
, (Steam Distillation)
(nna) Camphor (10-18%)
Tnsenn (Ocimum Yy y Linalool (22.4%)
nsnauseleun
basilicum L.) Eugenol (17.9%)
(Steam Distillation)
(uuazaon) Methylchaviol (1.2%)
(o7 Camphor (18.5%)
ULy (Cinnamomum N13RUNAY
Eucalyptol (16.5%)
camphora) (lv) (Hydrodistillation)
Linalool (11.6%)
Eucalyptol (20.9%)
WADULE auLY (Cinnamomum nsFuNaY Methyleugenol
(Lauraceae) camphora) (11&n) (Hydrodistillation) (20.0%)
Linalool (14.7%)
I~ Eucalyptol (17.2%)
ULy (Cinnamomum N1IAUNAY
P Camphor (13.2%)
camphora) (<) (Hydrodistillation)
Linalool (5.1%)
1,8-Cineole (29.20-
eNlaREG \wasiia (Myrtus 3FINAY 31.40%)
(Myrtaceae) communis L.) (@) (Hydrodistillation) Linalool (15.67-

19.13%)




A15197 2.1 wanssageisnillaulaseaidusssusenavlutnduneusswmenadalaainiiy
Hue [2, 42, 43] (si9)

. BUAYDINY Wnsadauduren | 9IRUIENOUTRIUNNU
aqawslj 1 tﬂl o 2,
(muwu’mﬂ%) WY NBUILLNAY
wosiia (Myrtus o 0Ol-Pinene (33.6%)
N1IRUNAU
communis L.) (lulay Linalool (14.8%)
(Hydrodistillation)
fon) 1.8 Cineole (13.3%)
Linalyl Acetate
WAL duain (Citrus AsFaNAY (19.3%)
(Rutaceae) aurantium L.) (lu) (Hydrodistillation) Linalool (17.3%)
[-Pinene (5.3%)
. . .. Linalool (53.37%)
WANAINTDY anwne (Lippia alba) ANSAUNAY
oy A 1,8-Cineole (4.23%)
(Verbenaceae) | (L) uamsssning 2.1 | (Hydrodistillation)

Limonene (1.35%)

it 2.1 Awiiie (Lippia alba)

2.1.1 Auaudivatlawilaoea

Mamaiivies launlaseaiidnwasilurewvan la lifidviereudrandes [44]

Wuasngululumeiuiifinduaoutadaian adigunduuzngna nie anunediiuead

Avantivadlawlaeauanifani s 2.2




M1519% 2.2 wanspauandimaaiivazniennveslaunlasea [2, 45, 46]

AUAUTR laulaoea

CAS-Number 78-70-6

EjG]iLﬂ‘ﬁ Cy0H180

anwaizUsINg vouvaila vseldmiaedous

nAw nauveslivienonld fiflanuifin¥ou wileunduiduuznauas
auaesHsuAa

AR Aanemenlivselil uluusIINYR uasiinSou

waluang 154.25 niusialua

AU LU 0.87 nSusiefiaddns (7l 25 ewsaidea)

nsazaneih 0.00159 nSusiefiaddns (7 25 s saidea)

A1l 78 peATalyd

STRRRIEA Mnin -74 ssmwalTa

ANABUE? Mni 20 BsLwALTeE

Fulszansnisnszanes 2.84 (i 25 psmwadeoa)

[log P (o/wW)]

WA 8.3 wniAusewns (@ 20 esrwaldea)

AUULA 0.004465 Uramadedunit (@ 25 esrsaidea)

EDVRINITGE 1.462 (71 20 saruwaLdea)

YIAANFULA ligandunasis 290-700 ululuns

laulaseadsluianavuaidniivlensenda msiivyilsiduveueanessed
Tulassadsdmarile laulaseaidwiidtalreufisened laulaseaiinnuannsalunis
avaneluilddeniosnennuliifidieslelnsadvonlulasadne wiannsnazanslddluin
yhavaeBunis (woanesed raslsnledu Bimed ius) thifu was Tnsfidu lnanea 41, 44]
Tutlgsuiinitlaulaseauldlundnfasiaiodenmassiia Giwon woam iHud) uas
TurBnfasiiaruazen esmnnduneuedalumesitu uenanil laulaseassgauinuly
Duansudsnduuassanilundadusionnsdndae demadalandsduiimnisuilan

laulaeeagsdmilaiudiuniel [46, 47]



2.1.2 euduiivvedlaulaoss
laulasealuneliiineinisunuazluinansenun el nilsvosuyye we
1 [ = LYY o a aaa a o Y &
agtlsinuiielaunlaseadudadueinia dnasiAnujisereendindu leidulaulaseasen
lad (lalasiveseanlan Wusueanles lnsiusenlys weanesed wazlawndaueadlan) Gl
Aavdaineinswile (44, 471 Yadeilinasionisiinufizeneandinduveslauilassads a1
Yuleuduquazgamailumsiiusnulawilasea Gsaunsadesiuldlaenisfivansiueuys

dase (1w In1dud) InwaniAuIneuuIuIEIs (International fragrance association : IFRA)

=

IgUszifiuAeseanlasvadlaulaosanmnzavdmiuinundudunasluvouazdosilen
mnivsewindu 20 fiaaluadedns [47] Snadeinisnsieaeuilaulasealiifufivsemie
wugnssusEiuiad uazlilvansiineliAnnsnaneiugdnse [44)

druanuduiivredlaulassanisiudaninden wuinlauilaseaauise
avauludanndey feudssitasduiivluilneenzuan laulasoadunsadinuduiy
sovanld Tnearanududuveslaulassafidmalilainedusiuiudosas 50 v0981uay
UszrnsUasimun (LCs,) Aie 46.4 Tadndusoans fuiuasinisldetiesyiinseda [2]

2.1.3 @mauﬁ’amﬁaaﬂqmémq%amw

fianansandntsfunonssmeiidaruduturesensngalulumeifiugen wu
laalasea anwvinndn g osnanquanifvesmsmgnueiiluazeesnasdniunisiganse
Fulauuas danuin iauﬂaaaaﬁﬂmamﬁ’e’?ﬂ'rﬁaaﬂqw%‘mﬁamwaehmiﬁmwLLazmmm
thinldusglovnilugnamnssuen mesunansnsiayulnsifioquain [40]

2.1.3.1 Aun58nkEU (Anti-inflammatory)

'
[y |

N139NLEY AIB NSaUANBIYBITEUUlAUiuiaUnTesdidlTinain
N13ARTBAZNITUIAIY YAUsEasARe Iauanunts uarmdnidaidefdemeiioly
SuMeaunsaEuudeda MsuwmdIulalimahdidiumeusnldinmeinisuinuassnay

261903199719 TwludsennsUaliesnidulsedineu Uianaiuile waztnlade Taaly

1%
o & o

itumeuiilaulasealussduseneunandevinntfvizana1n1suan tnelauilaseasyld
gugenisvinauveseulailelranendiiua (Cyclooxygenase-2, COX-2) Feazdrgann1sasns
Insannauaud (Prostaglandins, PG) AdlunumariAglunszuiun1senau vMinliAnenns

Uanaziily [3]



2.1.3.2 fumsiwiasaauaziuNzise (Anti-proliferative and Anticancer)

= 1

Lduusndinsfnwiuasseaud arsngnuaiilaemnigansnay

[

Tulwwesiu aglusumudunmslunsdsdygraunislumad dwaliifnnisiusiesweonyes
(Autophagy) hagn15meveusas (Apoptosis) lulwaaugiisumnazaila [48] lumsnsunmdunu
Tusuesndduinsliiduenssmennalslud (Lindera umbellata) Tums¥nwainis
raindnuaztanndslurasiientu Tuhiuenssmeduilauaseafussdussnoundnuas
Flunamssnuiiuie 5 wse 50 lulasnSusediadans nuiilaulaseaannsadudnisuns
AMIuUssveuraduziSusiadonu (Human leukemia cells, HL-60) sauvamidioiilesiin
nsmevesead [49] Wudisatunsldintmenssmeainaenatiuned dnmsmaaeuluvasn
NARA (in vitro) 1@ u1508AN15TTInve uaduzi59UINUAgN (Human cervix carcinoma
cells, Hela) way WwaduztsaUan (Lung adenocarcinoma cells, A549) %aqwéiumaéhumﬁa
Jandwgfunamnanlaulassaiifuesdussneundnluihsumenssme [50]
2.1.3.3 anlvsiu (Antihyperlipidemic)

spsaumdaiutuet eyl ssnaiivauwazdsldwamn
aunamdnideanannislédindsedrfudainisldndsnuanasuaziinisuilanemsilid
Uselomisogunimuniu nagluiluidengs fonneiid lawnawmesen thmanglaaluden
warseulasndiwelsdiiingedu Fududadoudniidelianlsauimiu savslsaiilauas
naanLaon

sl dnfuneussimereseuie iddulszneundnie laun
lagoa ImEJ‘v‘hmaﬁmmqw%aaﬁwﬁwamzmamﬂa‘uL%&Jﬁﬁﬁiamimﬁwuﬂauﬂumaaﬂlmﬂu
(Adipocyte) Tutwadlusiu 373-L1 vosny 4 uduwadlofuduuuui demhunfnwinisg
Wasuwanduwadlutu (Adipogenesis) Ingannwan1sanyinuin launlaseaauisasnw
sgutmangladluidon uazlaaanosoalumylieglussduunild uenainidmudnd,
laulaoeaiinarilidlnsndwelsdsmanaslifdosay 25 9rnnanisfnwid 3 iiiud
laulaeeaansatiedesiunsinlsaislanasvaanidenta dmsuwas 373-L1 Tuny wud
fadsfuneuszmeaneusuarlauilases Anududugs (100 lulasniudefading
annsaannsnanluiuldesdivddy annansisetiniduilaulaseaifnenmwedioy

Tdlunistemuandmtnlaeuseannatisfes [51]



2134 #uideqadn (Antimicrobial)

laulaseaaiuisadiud ewuaiiouanidasle Tnednsdne
dnoamuaslaulasealunisfinanuannsolunisduidoradnvesinsfuneussme il
aunsnanaudutuvesituneussivelundnasaeld dnfurensseddnmingly
Wosnan wu uituneuszmeann sy (Thymus vulearis) $iugu Juniperus communis)
et iley (Pelargonium graveolens) 1¥n3a (Citrus bergamia) wnsWH3n (Citrus paradise)
auAes (Lavandula angustifolia) ®Ulte (Cinnamomum zeylanicum) #us (Melaleuca
alternifolia) Muwg (Syzysium aromaticum) sifimaidslaunlaseaasluifiowfinauanungs
Tumsiudoligaduinnninislidifunesssmeiiisesnadior Tngldinniluldiude
$IN9€) il

1) Ggimimma Wog Alue (Pseudomonas aeruginosa NCTC 12924)
Juidelsnaslonta asdinsfiadefulgddutusvievasuing vieduasfiininud
Tulsameua suinlsuiiimsindelunsvuaidentiues

2) wwaeSide Tala (Escherichia coli NCTC 12923) \udouuaiiise
finuldludldveseu mngnanlugazuuduglusnenie awvliAnlsnfndeguuss 1 Tsade
VUANDINLEY uazuvanenugnaliiinlsngaasesasla

3) anillananfa 9oL38d (Staphylococcus aureus NCTC 10788)
JunuaiiGeusaniinmdsuasidodonveseunazdn? vlimaraunduan WWuaumgvinliiia
?JLLN@WW@QLLazLﬁﬂﬂﬂ‘iaﬂL%aﬂﬁﬂ&i’]ﬁﬂ

4) wauRn weatuAud (Candida albicans NCPF 3179) {uiies
UssavBasiinuldmuunilussuumaiuemisuasdeseaen mndasinanivsinaniuiy
pgeldnsmunuagrilfiAnnzdonludld (Yeast syndrome) devinliAne1nns 1wy
goumnds Unfswy o1suaiudsusiu Beylutauay Suad arudldfuaglaifaud e
TAndoslutdesnaen

laulaseaiaruansalunisiude £ coli Tafninnsld dhifu
VOUTLMEIIN AUAU NeNFA way Lo udlen lneusiannnisiiulauilasea nsiulawn
Tasoaluvunousziainniung vrei uusednsamlunisdiud e P, aeruginosa,
A. brasiliensis, S. aureus, E. coli wag C. albicans Laruenannd dednsidulaulasea

Tuihdumeuseeanlsd ielinusednsnmnsauie P. aeruginosa 8nAae [5]



2.1.3.5 $nwe1n153uLA3T (Anxiolytic and Antidepressant)

Jagtunmsiuiuiiaussdrfuiidedsdutunadssaliiivaema
Innfizsnndululsemaiifauiuds veanmsumduulunuressmumdainnsldiiuney
sumenlsagadillaunlaseadussddsyney (Gevay 45-88.6) uilddmiudusiinuilsa
Fuad Tnglddnsussdunmaniflunisduinweinisduaiwesiduneusemeoway
laulaoealuvynaass Faaaeuneldnginssudiunndaiu iwu [Hiedes 3am wda we
(Elevated plus maze, EPM) iflonnasunaina 19380y lvnyinediluiiuiisiia (Splash
and forced swimming) vt enadeuaaduad 1935 nageuluiiuiiidn (Open field) iite
neaeungRnssunsedoulm uasvaauaNaasalun1ansIvemy Tnemaaoudlviiiu
Tlaulaeeadiviiivdnlunisiuernsduad wariinsmenuinidunenssiveuarlau
Taaaalaiﬁmaﬁiamsl,ﬂﬁauﬁLLasﬁms%Wé’wmawg [52] ngaus (Glutamate) AeansdeUsvam
Fvhwinfidedananieluauesarsyuuuszainiasiane ﬂwsﬁizﬁmqml,mﬁmmzau
wtsdesmaiFouiuaraud uenandmnaussddgyuuisitunisairmdeldngaiun
wdwaliAnanufinuniniadavaisesadu Tsaduias Tsngndndwi udu Sn1sfnu
wui laulasead wiuesduszneundnluiffuneussmeinaimned donsannisnds
ngaun Avnidslnuaadeunazannsfenduresngaun idrulaisvesgauszay

Uszamvealfenaues (Cortical synaptosomes) lunuiuans [53]

2.2 waaandanan (Bioplastics)
wanaRnTnin fie wedlesiianunsadesaaslinisdinin (Biodegradable) neld
maAnUFAselusssunAiieaaediduasuszneuiiivuadnadly %aniUszﬂauﬁu%gﬂ
gavuuazgninluldlunszuiumsmsdsndonseld Tnesild wedlesfianusadesaansle
st manunsaudsleidy 4 Yssian suuvasingiunagisildlunsduasginediuefule
e [54]
2.2.1 Uszianiivils loun wedwesTanmdldnananstaana (Biomass)
woAasnauiwwUsznauludae wodwesildunnudananianininums
Fazdunedusaalsd (Polysaccharides) waglushuduman
2.2.1.1 woduwamlsadneglunguanseyiudvosutuazivaglaadegnedn

X A o o o a = a A %
GU‘L!ﬂJ']LW@UWIUSLSUQ']UVH\?@']UWﬂWﬁCﬂﬂ‘VﬁaWﬁ']ﬁ@]ﬂﬂ/]ﬁ']ﬂ'ﬁﬂagaﬁlﬁluﬁl‘lﬂ [55]



2.2.1.2 W3y dnilvg)Junedwesiiintwedusssumni ldauisaazane
ildvFeasaeldudliiinnisaaiesi Inssairsvedlusiutsznaulufensnesdludendety
ruiuszveselusd deaanemldieseielul Tasiame Wsfiea (Proteases) gnianldegng
nindluguveadule wu awdnd Al waiiu (reaaau) Wusu [56]
222 Usziandiaes Ae wedwesiiawisagosaaisliniadinim Iaglduiain
NILUIUNITHANNYATN
pniog1aYy wedlensendsaniluien (Polyhydroxyalkanoates) Wussa
yhinwoAloamesossud MnnszuaIumMIvesgdunisluensiithitnadussdussneundn
Tnswupilisethunldduiandniiundsnusazaisvouezdnifin nedeanesadiulnglu
wodluedduanzinaarsdlaine wazidunedieameigesaaslinguusniithaunyindy
nanan [57]
2.23 Uszianiiany fie nedwesiianunsagosaansldnisdinim iszneude
UBUBLIDTIINNINYINTNNNTNYAT
Fazgnihundaasesiliidunediues 19y wodlnaladn uedn uaz wod
wanfin uedn wodlwedsansiadgniunldmienisunmd Hutaniiannsndesanelfuas
Liiduiiy Inglamzneduanin wede iesainawisathuldauldegianirsanuasdy
weAweifiinnudnAulimIsTanm dewmaiisldfuanudeugsiuionn (551
224 Usziania Ae wodlwesfiausndesaaelimiadanin :nninensilsl
MURYY

¥

WU Wendaeada dregramediwesnquillaun wedalusuanlnu

(Polycaprolactones) wedlodalnasiolun (Polyesteramides) WodU1Mau FATLUN DLALNY

[Poly(butylene succinate adipate)] [58]

2.3 WoALAARN LBTA

woduanfn wedn Wunarafnnguwedieawes annsaurluldnulasgrmainany
wazgesansldidufwansveulaeenlefuazindendunidlusssud dnsaslunni 2.2
wAnlFanundsminegnsfiannsnadiatumaunurtongudould wu $1alne Sudiends
Tnenszvaunisgesudsninfivdandndsouledlinarsduiinianglaa aandusiiu
N3gUINNINENAIBLUATILSY UaAlauTada Lusia (Lactobacillus brevis) aulansauaniin

Fadlovufnsemedweslsiedu azldiluneduanin weda ludnuilaadeniiuiauls



drusumsihinldnunaunungunediwesdadundndnsianiased nliawnsodesaasls
Tusssuvd 1wy wodtedidu wsunian wedliflanaslsa (Polyvinyl chloride; PVC) 1udu
Woduandn wadn aunsaategsssurflalualifuiou lurueinarainainUlnsadl

THnandernisselun1stasaans AItUNDALAARN WaTA FNNUTEANDE1ITIAMSUNITUNLN LY

a

uluszezdu 1wy 2I9UsIUIRL MIugusIeImInsevedld Wudu nssuiunisdaned

14 a %

wanfn wedn Jududinsiudaandeudneiie wmszuenainazldingaunvyuleuliuds G

| '
a ¥ A

dns1n1sUanddssfaisaunszaniandnaie sdaininisusinaasuaulneanlonluseningd

a

F17Ina nasTud1Uzndainisias vl woauandn woda tJunaslunaiadnuidanis

]

ansavaeuwaiazdusUindlangamail 150-160 asrwaidua Inlddinisaaness villv

9 Y

v
YY) v <

annsathnduinldauludld Snvadsanusoaaediduieuemeididudienssuiunis
#a186IM1eANSou (Thermal de-polymerization) agnalsAinunisimeduanin wedaunly
suAsaidedrinidosanlivanzisginnldlunuiideddamdouss wu Wunvuruss
veammeuluriaggieusanuianiivhanneduanin uedn innseeudmieasuguls
uennidafesnimodmeivindug Tudunisiushmeurussemsdmiuninfuing
Tusszennflosndgmmadiunsduiuresanudunareandiaudsnaliormsiiussg e

52U Bnvisweduandn wedndalimnzdiunsihuldnundemusowsinssunngadneig

d1lnn

g ¢
msuauhz;anhn E—— e
was U S
. \
Aerob?bactena Fermentation
9] )\ o}
H,C NIALGAAN nauanan g -
O (Lactic acid) (Lactic acid) OH
OH
3 = e Dehydrati
Enzymaticy,  Polylactic acid )/
Breakd .
reaorown (PLA) Lact|de

Hydrolytic [ g HiC_ 0 20
Degradation L —— I I
CHj ) o (8) CHy

Ring opening

Polymerization

AN 2.2 1ITNISNALALZEDUAANLVDINDALAARN LOTA

2.3.1 AMENUANIINYAMUBINTALAARN

nsauamAn (Lactic acid) lWunsaNndnlaainnszuiunIsdiasIzuinILainge

a o

a a a 6 I raa g0’ (Y o Yal
AMIUNTIUDATNVBIFAUNTEY maﬂwmzmumaqmmlma avareluun wagdvazanelan



annsannsdnldmndanandudugs [unluaagnavnssy Semanaiiin ylensending
n1ludn wodn (2-hydroxypropanoic acid) #5ei38nd18931 Ylensendarsuendan wedn (2-
hydroxycarboxylic acid) W38 weanlansend uedn (a-hydroxy acid) fifasueulasaozney
wazdl 2 duuunlolwes Ae nsananfnailn L(+) wag DO loleiues dlassasamiaaidl
Fanndi 2.3 Tngautiniesmenimeeseduanin weda Suauaindiundslelewesves L+)
waz D) Tuneuawes Faneduaniin wada Usznausie 3 leluwesideamesle 7idei5en
uanA19n Y laun wodleauanin wedn wednuaadn Loda (Poly-D-lactic acid; PDLA) uay
woARLoALARFN Lo (Poly-DL-lactic acid; PDLLA) [59] Fslusssumadnilvainazwilugy
YIWDALDALAAFN LOTA 1usumm’7fmﬁé’qLﬂswzﬁmqmﬁﬂ’ﬂ%wﬂugﬂmaqwaéﬁLLaaLLaﬂaﬂ

waTA AANURNIINIEAINYBINTALAARNLAAININTIN 2.3

HO
N /COOH HO\ /COOH
P s
HaC' ' CH
D-(-)-Lactic acid L-(+)-Lactic acid

A 2.3 lasasnsluena D wag L veansauanin [59]

M1519% 2.3 LansAuauTAnIINIENINYBINIALaARN [60]

ABUEUUR NIALAAFN
CAS-Number 78-70-6
walaana (g/mol) 90.08
gnsiadl C5HeOs
AU (g/ml) 1.33 (7 20 °C)
nsavaneti (wtd) 86
WIdien (°0) 122 (71 14 mmHg)
AUMULUUYDIVBANAT (g/ml #i 20 °) 1.224 (vouriiuvaanad)
AUNLA (MPa/s) 1.186 (anvazaiu3ouay 80.8)
AUTOUTUNE (J/gKﬂ'?i 25 °Q) 28.5 (@158 85.3% 71 25 °C)




2.3.2 NMSAWATIZINDALAARN LOTA
wanlng (Lactide) iuansasdud (Intermediate substance) Tunszuiuns

HAMNBALAARN LOTA AI8ITNTALATIZINEALNDILUULTAN (ring-opening polymerization)

U
ANNTN 2.4
(E:Hs o %Hs (0]
. i_ 0 o\)l\
Direct HO/\’( QLON . Opoly
condensation g ]
polymerization [e) CH, (0] CH,
} i
H,C Low molecular weight prepolymer Chain coupling agent
Ll ? M,, = 1000-5000
~_»0H w
~c
HO I (_)H3 o) CH,
L-Lactic a?id Azeotropic dehydration condensation H o H \/u\
CH : > Ho Y~ o OH
Ha F ° ;0 £ E
S _oH O CH, CH,
/¢ .
HO i Low molecular weight polymer
o M,, > 100 000
D-Lactic acid
Polymerization
through CH 0 CH (0]
lactide g £° Jj\ 0O Fhs
formation 2 o > (0] C C —=H ing- i
HO "o < Nopoye=> [ [ == Sreokennd
H % H C\ /C\ polymerizatio
O  CH, O  CH, HSC/ 0 o
Low molecular weight prepolymer
M,, = 1000-5000 Lactide

AW 2.4 UFRseAnlunsHaaneduandin wedin [61]

Frsduaneinodweiuuudmesznoulufe dunounismdnnsauanin
W3nadwes (Prepolymer) Nsduasizvinedweosiiuguuuuvesantng lidnludedans
AU (Coupling agent) SnqUszasAvasnsiinasgrIULileriisudalulanavesweduLanfn
Lo Jensauanin NinedmesAewsduanin wodn Ndualuanam (aluiana 1000-5000)
lLiflanaaiios fdnvazadsufuasius nmsnofvsmeduanin Ledaiduialuanas

a

dnilvgiinanuiisenlnenssvemineduwes Wesnnedwesfilualuanags aivgvans
aeld (End group) iviamaieshdensiiaufisen ‘Lj!éﬁ‘ﬁlLEJazLﬁﬂlﬂLLﬁSﬂ’J’]ﬂJMﬁmﬂﬂ‘UmﬁﬁﬁJ
TinedwefiileufAsenisdauameinediesduanas lwanaveuanlndarnsaifals
ﬁaﬂﬁﬁ%mumlaaauau (Anionic) wazuuuleeeuun (Cationic) Tuiurinvesia3izuufise,
(Initiator) MAenlY uazdmiuiiTuuFAzeuuveyyadaszarduiumunuiivesanlvduas
finsseanslsluiFesq wldidunedwesifinaluanags [62] nsvviunisduasizyianlng
frwandoadinmm 2.5 nsnuaafnaziianisaauuiu Tenslianudounuutuiigumaidue

130 — 220 23ALwALRed lagndarduasyinnIsananuauldy 5 Hadunsusen azladuneid



waAfn Leda nInadiues Nulaluiana 1000 - 3500 TuseninenseuIuN1TALNISANANT
Ufsefilulave Ngamgll 200 esmwailed wazfiniudu 5 Tadwunsusen Wiendnuan

Ind Tngasidndisaufisensavar 0.001 - 0.01 lneumin Weuiunsakanintuufisen [63]

Source of pentose and/or hexose derived from starch,
agricultural biomass etc.

Culture medium containing microbes for fermentation

Lactic fermentation

Addition ammonium lactate Recycling of
ammonia

>-Esteri‘fication ]
Recycling of alcohol Lactate ester
N v

Polycondensation and dealcoholization

Lactic acid prepolymer

v

Depolymerization and intramolecular esterification

Lactide

v

Ring-opening polymerization

v

Polylactic acid

29 2.5 nszuiunsiiauanlnalazneduanin wedn [63]

2.3.3 AuautRvenetLanin Lodn

23.3.1 auaudAinauioy
asrUszneunslelulesideainaslovesnodiaauanin uodin dana
fogAvanuval ens tuMIAAKAN YeulnreInsiianEn uazAuauURng [64] s¥dumiy
Jundnuazamaudfinieanuseuvemeduansin wadn ﬁuﬁumaaIuLaqamaﬂwaéLuaﬁ fouly

73 0AWUS NS ANDALNDS WOALIBTUUKIUNTEUIUNITNINAINNSDULDE9LS AaTau



Judu wodueawanfin uodnuaznodnwanin weda Wunedwesiwdn (Semi-crystalline
polymer) Aflgavasumadogil 180 ssrwaidoa luvazilanedwesogns nedfoauandn
Lode Wunediwasodmgiu (Amorphous polymer) Hgamngdna1uuna (Glass transition
temperature; T,) Lled 50 — 57 psAnlaaldsa 29nM15199 2.4 azwiuinfiuaalndlelewes
fumnsnsiuiinasie waluana gumglindeut gauvnilunisvassia Louviad (Enthalpy)
wazguugiilun1siiandn (Crystallization temperature; T.) vesnaduanfin wadn g
pamnfindouduarguvgdlunsvasuivaivesmoduanin woda i ugeduduiussy
waluana vislelswesviauen uay & dusulanofiuesesamediLoauanin wodn
fivszneuludensauaninviinueanazi szasanugumaiinismasuivaluargunginns
Aeandn lanzdiialuanagavindu iesainnisedaveslasiadisesunafia (Atactic
finansgnusensdnFoslassaiszivlulasluvasAbui Tuvuiforfumnalanadsing
YosunsoUSunannusoun g lunisiianan AH, (0.3 38/n5) NMsiUTeuLiguLea
lolwwes wnaluana 4.7 fu 14.0 wuirgumadimaiAesdndiududy 12 vedlifudwed
wanfin uedafifaneldeniy danudesmsndsraaifigiuierianstuszsznirdluana
vefineduaalvidinmnalilifudaelduedamuiviy wandfiduiedadialuns

WAKNANVDINDALAARN WOTA [65]

M15199 2.4 uanspuantiniaeluaznmenmveslauilases (65]

Isomer M, M/M, T |\ AH,. Tc AH,

Type | X10° °0) °0) U/g) (°0) (/)
L 4.7 1.09 45.6 157.8 5595 98.3 47.8
DL 4.3 1.90 44.7 - - - -
L 7.0 1.09 67.9 159.9 58.8 108.3 48.3
DL 7.3 1.16 44.1 - - - -
D 13.8 1.19 65.7 170.3 67.0 107.6 524
L 14.0 1.12 66.8 173.3 61.0 110.3 48.1
D 16.5 1.20 69.1 173.5 64.6 109.0 51.6
L 16.8 1.32 58.6 173.4 61.4 105.0 38.1




a 1

gauniilunsaaiesivesnadianin wadn lngunfdniliagin 230 -

[
v = o

260 aerngaifea Aeuisdanuvasadsdmivinunldnuioumgdves wildmugh

'
a 1 =

avthuldnuiigamgiigs Wy Neamgiivinen insglaseasnavesneduaniin wedn duwwilty

Y Y 9 Y

a 1

flaziinanudemeigungfinnnnii 60 esrnwaidea feuliwoduanin wedn azlald
UanUaewansiiwoanin udnenailiasnarafinviseledlnwes (Oligomer) anfnsag
2.3.3.2 Aauandinuadl
1) aweslainilvaineduansin wodn

nsauaninduluanalasadiflueauasilolumesidussdusyney
TngasAUszneuiiuaninaiuvesnsnLaninazdmarionuanuazvmeaLanin ueda uaziing
son1stluuszandldnu lnensdnsesivewsuseiinanennulundnveneduansn
Ledin Gameduanin ueda MiAnannsauaninviinueavieniissiniferannsadunedes
fiflassairendnle druneduaniin uedadislfinazuoasoniu (nnifosas 20) axiduned
wosedugiu ueniniaweslewniiveaneduanin wodn fiinadegavasumaiuasgungd

AANELAIRINNTIN 2.5

M990 2.5 HAVDIALNBSLOLATIYBINBARARRN LoBAsaAVaRNAILALRUUNIAIIELAI[61]

aunNAA"Y
, <N\( ANADUNAT ,
Tasaadg f79819 \, w2 (a9f
(29ALYaLTYE) .
LYaLYE)
Tolawnain 170 - 190 55 — 65
- PLLA ~LLLLLL ~
- PDLA ~ DDDDDD ~
amaslonaunang
- PLLA/PDLA ~ LLLLLL ~ waunu 220 - 230 65-72
~ DDDDDD ~
anoslaudonAaUNAND
- PLLA/PDLA ~ LLLLLL ~ DDDDDD ~ 205 40
FUALDUNARN
- PDLLA ~ DLDLDLDLDLDL ~ 179




2) Bunsuse awalnsalal (nfrared spectroscopy) [61]
Lﬁumaﬁﬁé’m%’uﬁmﬁwﬁmgﬂqﬁ%’uLLazﬁuﬁW%é’umxﬁ%mmaa
wednandn weda lasvialuinld yi3e5 nyuanesu Suvsusa aalasalad (Fourier
Transform Infrared Spectroscopy; FT-IR) Fvzawnuiiaruenanduluyae 4000 - 400 cm'?

Tneloa15aUAnsIVINDALAARN LOTA LAAIAINING 2.6

GHa D
PLA «-O-CH—C9-

%T

l | [
3000 2000 1000

Wavenumber (cm-1)
2NN 2.6 lop1salans1veInaananin wadn [61]

Wy -C=0 A15uetla a@nsn (Stretch) 7l 1748 cmt LLazL‘U‘ué}Q
(Bending) 71 1225 cm™ -C-H 8 F Wiun3 n (Asymmetricd) ¥ 2997 cm wagduiun3n
(Symmetric) i 2946 cm™ -CH, njludia (Methyl) wufl 2877 e e Faduiuseiudauss
foufian dauernoueandiaud ogdnain C-H azditauad u (Wave numben) Lt usniy
{1099 n318nTnsunA3A (Electronegativity) T8esmoNaandiauiiiisie C-H Tinaidu 0=C-H
Fiunts 2997 e -OH amsVTa (Stretching) fiadaaunineil 3571 cm Fadudnvuzves
nsA§endan (Carboxylic acid) Ine -OH awmsndsvesnsan1sdondamazianavaiusiinia
yesusanesed (Alcohol) (3300 cm™) drun1sduresiusELUULULRS Ao -C=O way -OH Wufl

BUAAU 1225 cmt hay 1047 et enuaeiu

3) AMUEIUITONNTALANYUDINDAWAARN LOTA
NOALAARN WaTM arusaazarulatunaslswesy (Chloroform)
wWiau maslsa (Methylene chloride) lneoniau (Dioxane) as@lalulngd (Acetonitrile) JuTu

Nnsaaalsdinu (1,1,2-trichloroethane) way laAaslsazdin wadn (Dichloroacetic acid) way



Faanunsaazanglalulngdu (toluene) avdlau (Acetone) ta¥ia luudu (Ethyl benzene) wa
waselalasylusu (Tetrahydrofuran; THF) Welirnudeuluauiisgaiien uiazangldreudg
Houfigunadsn Tnsialuneduanin wedn liasnazarsluti ueanased uazdaiau
woauandn uedaiianudundngsazaneldonnly exdlau eiinesdion uazianstlalnsyusy
Turnigfineduaniin LoBnedngiu 1y wodfuoauanin Loda awsnazangliinglufaii
azanedunasivanvans Wu nznszlalasusy fvhazarsnaeiiun wudy exdlalulasd
uarlaeanisy muausalunisasaeresweduanin wodn Jusgiuaudundn iesan
Tassadeifinnsdnisesiudussovgaasvililuanavesiniazaeunsnusoindeudlsionn
[66] nsaganvosmeduanin wodsludvinasaetuasiansanldandmnmivesnsazas
(Solubility parameters; 8) vasnpalLasLALAINaYa1Y wApsliAuanatenulainiy 2.5 [67]
2.3.3.3 puaudidng

woduandn wedmnsansiniinuanddsnaiAsuiiulsiuas

pannvaresausiyy Sanguluaufuds fanuudeusegs wWisulupumisdmessieg wwu

[ ]

Anudundn Taseasanedwes waluana sauvisdunanlunisnanduian Wy nskay

q

A A =

ansnanafnlowes ssdusenou Wudy) waznsdaEesis neduaniin wedn wieBendndod
woawanlne %ﬁ%@mﬂui’mﬁﬁmmﬂsw HAMUEINTATUNITATUNULTINTEUNNLAZ AL
fanejuiigaunnsin (Elongation at break) sunilouneddladu dadunedimesifinuiuny
Wuiu waeg1elsiniy weduamfin LT TANUNUNIUABLTIAY (Tensile strength) way

waQda (Modulus) HgUWNIUNDRLETAUNSINIAR UaAAIFIN1319T 2.6 [68]

a al a va a a a a (% a a a
N1919N 2.6 LU?EJ‘UL‘VlHUﬂmﬂﬂJU@L“Uﬂﬂa‘U@Q‘W@aLLaaLLﬁﬂmﬂ wadn AuNeddlasy way ned

LWONAY LSHNLER [68]

Tensile NTSULIINTZUNN
. Young’s Elongation at
eGl strength (Notched Izod)
Modulus (GPa) break (%)
(MPa) (J/m)
PLLA 59 3.8 4-7 26
PS 45 3.2 3 21
PET 57 28 -4.1 300 59




2.3.3.4 NMSYOUAAYVDINDRLAARN LOTA

woduanfn wedagnihwlddmsuiiundndusiallag uilan uax
vssfurluinasnnnimiluausude? dsudnlugmssidavierhaewoduanin woda
n&dlduuda Tainld3snsilinauuarudeslvidesaaenisiiniwiiuiauelsdauazuou
welsdin lneUSnueendiuuiiiidesfivsmedmiunisgadurasuuniiie (Bacteria) wazidos
(Fungi) 38n19TaUSHNUNTgRYEaIEv0INDRLaARN LaTadlnainnaneds i Usuiunisiy
pondiau dwidniigadsly nmsafrsfedanmuasusinuiisaisueulaeenlediignuan
ponulefinisdesaans [61]

Waduandn LaTnlvgntosaaIua19919 Tnednszuiunisd
Aendaaded

1) nszurunslelaslada lnsasied uiiiusyieamed (Ester) 109
anglavdnvinlvanglduariialuanaanas

2) n13aa1edaLl 89911A21150U (Thermal degradation) Lu
Usingmsalfiviliian a1suszneudu wu luanaifivuindnas Tedlnuesidadunaged
waluananaiu sulvfuanalvg

3) msaanedaiiiesainuas (Photodegradation) wasg3iilugnis
dangMveINaduanin uadn

ﬂg‘jﬁ%aﬂa‘lmﬂaaﬂl,Lamﬁ’aﬁ COO + H,0 = -COOH + -OH [69]

2.3.3.5 msuszendldnediuanin uedn [61]
1) indosisin (Wiafin vann @elula gnseniidims)
Fulsanwoduaafin wedaanmsatunvdudedunuwed

wawnesle Taa3eudinieiihainnednanin weda dquandinisgatuimden dnfu
AruBunanaui laiszeeiesia ansadnnuauiuidulesssurfosauraglan waidule

U

dumsziiligeanisovay 67 welnlarnninuaudivainvay

9
3

2) WA/ UTTN

NUIVININWOALAARN LOTA FxTAIULI1U TUsela Wguwin

I
v v a

noARAuNINNILan annedsiiauautdmulusiunistsstunaulasnsie uenannddaiinig

9

Wnwinduussdaridmiuems wu uia die iietisanusunansldwediwesiliaiunsn

'
va a al

gavanold lnaneduanin wedn danaudAnatuaiunisdasiunisduves ludu gy



Arwiiy wardienuBangu USUlHEdetunalulaBnisudawanaiin (uussyfasionmsid
dudniun waranunsathunfssiangldedleumimesalasy wazwodlefiau
3) NIPUIFINTTULALINEATNTTY

wodwandin wadamunzfiazihuldnuneindamnssy Wesn
fnuandAdsnanadsitesensiluuszondldan uardiannsadesaansldinenddlda
i@audn endregranmsimeduaninunldenlufudiueueud Wy wiusesiulusoous
pseuseziug wioliilulvuoddmiunsusasus 1 Iugudiueasthudou wu thun
vduituanfiun wazeailesfnnils Tudiudidnnsedind wu 19ndevansly 1dviUaen
gunsallniln drumeinunuasnssuy Innstdmeduaniin wedin uvinszanmentd wielldy
AANRIAY WUy

4) MIAUAITUNNE

NOALAARN WaTA NeNUIUTN IR IUNITUINE LINSIEUBNINN
vaunsagesaanglivisdininuds delufinnuduiy wasdauaudfdiiulinieganm
(Biocompatibility) sfnfinsunanlfidulassadrsiidafatuiodovesnsd Welkhesenisin
imzvendeidelunisinga uenanidiinmsihulddmsuduiihdsenlunssnelsausite
dnene
2.4 ASEIATIZHNDALUDSULUUANAZNDU (Precipitation polymerization)

Fnsdaasevinediesuuunnaznoudunszuiunisidiouasivszansnng

lunsduasgvieynmanediwesivlavuinindidusiu (Monodisperse) finszuiunisdansisy
wuudumeuLien Tngusiaainnasldarsanusefieiia (Stabilizer) n3oanssadlnions
(Emulsifier) aqmngﬂa%wﬁumﬂmamnmxﬂaumaﬂmﬁ%é}’wé’ﬂ WAZAYNBUAING1IIEAATY
IaﬁiﬂL@Jai‘ﬁﬂizmaaqy[,uﬁaﬁwazmw%afgmﬂsiat,ﬁaﬂ (Continuous phase) aulnTuiiae
MsduasIzinediesLuunnaznaulzdasinsldusueawesulafivhmindidusadeusiaun
(Cross-linker) Fafinasionisnodudunsenan uazA1n13nI918/Y0UUINBYNA [30] N5
Fuaszvinedwesiuunnaznouiunsdanzinedwesiinarsfunsduasziuuunszay
(Dispersion polymerization) iiea91nindnnisadnei LLazﬁﬂa"LﬂmiLﬁmaymﬂﬁiﬂé’lﬁmﬁu
Snde uiuananaduiinsdaeneiuuuanagneudulildarsanuseiaia vilieynad

(3

dupsngiilaerainnissmsinu (Coagulation formation) nMsidensvhazanslunisdaunsiyss

v a

szdoudandvhazarsiansaavaisueusoswasiisisuujisenls widefinsneduiu



noRwosudiharanefinanazdoshiarasuaylivamdnluluounanediues [28] fedu
Buumsazaneresmeuaies f3EHURR axdosaraneladuiofiniu (Homogeneous
solution) usiiilomsdaaszsiinly sziRnnsmnAzneuTesyMANEADSLINEaNIIN T A
soidles Madundadaunmeiasararsadifunguadietu liduieiien (Heterogeneous
solution) LLﬁQ%ﬁﬁﬂ’?{]ﬂﬁﬂﬁfaLﬁlaﬂ (F2vinazanedild) waznnianszansy (Disperse phase)
(neRiwosfidedtuan)

2.4.1 NalnMsAnauNIAYEINITIRATIEALUUANAENEY [70]

n1sdaasigviuuuanagnaudnalnnisiineuaiadunuuieniy

>N o,

'
a

(Homogeneous nucleation) Ingeymakuduaziinluigniadeliles ifueusiuesuazia3izu
Uffsenavansaglusvhavans (@nlddhazaeiiddn 1y woaneseduieasdlalulesd nay
fuh) ansazansazgnilunauiussun 200 - 600 seusipuTkazilan e fangay (ru
You uas Wud) dmunsaaeivesiasizuufizenduoyyadass (Free radical) Tuipane
soiiles ntuanAnndeudevedluanaueuaeideiuslanaudiunalneyyadasy
fedsanansoazansluipgniadeiiledidor aunsyiiinisteaelseniudosq audiuaumig
vosmauaws vhlrenuliifitivesameldiiuiu uandomelanediuefonauliaunsoazae
1u’3’gmﬂc§iatﬁaalﬁ Sen “Anueatsleings ( critical #39 Jo)” @nglanafwainingn
wUsEnouiLe (Self-assembly) nevuduiiliddadmiunasiuduiiada @odwiifisey
NNAIELUARATeN) eendunenduilatuigmadeidesazlfiiu eynaEusu (Nuclei) g
ftasinazananluanavesii3uuite wisoamnanUssquedeueuawosyiaiiada ne
ﬂizgﬁﬁwaﬂaymﬂ%maﬁaﬂﬁ’uhﬂﬁayﬂmﬁLﬁ@%umuﬁaﬁ’u nalnnisfineunIAkUUeNITLS
LARIFIN NG 2.7

iosnueusiesannsaazarslddluinaiadeiies Jsillemaesanni
uouawewvilulueynia Fafudmiumsduasginuunnaenouisifinsdoansls

melusunalvivuineunIAfeulNRAInaaANIHUATIEN



M M Moo

M M Precipitation
M M .

M M Mo s

M M IMD/IMM
crit.
Propagation in aqueous phase
I* : radical
M : monomer

Polymer particle

MuA 2.7 nalnn1siineuniAkuueNTUSYRINTEUIUNSRIATIZILUUANAENBY [70]

242  ASZUIUNISALASIZIRUUANAZNDU [71]

(% '
LYY

SUAULAENITALAY UOUBKIDS UUDLIDTHTONTIUY TINVIATISNUARSY

-}

'
a

Tughavaeauldamsaraneladuidodioatu Wosuldamusewuaydiitesiend f3isy
Ufftonazameduinidueyyadase wazduiuieusiesifinnsroasldnedesluen ) au
lanunseazaneludiinasane azsfianisuszneudealueynianediues aymﬂﬁtﬁﬂ%ﬁu%
gadulodlnuesiazeynanedwesvuindng Ml wiazliianssemeldnelueynia
desnueuaweslildvindilulueynia laseunaasdivwialngurunseiaouaiuns
Tuspmadeiiomun azldeumanediwesfidauinuszann 0.5 - 15 lulasiuns usneonin
nnigmadeiies Insilifinisuavesiiviazaty nsruaunIduaTiLuUANALNBULAR

FININA 2.8

Homogeneous solution Particle aggregation Particle growth After polymerization

(stage 0) (stage 1) (stage II) (stage II)

e

° o ¢ Y
A
O monomer % \3 ﬁ :‘\w /
A initiator @ é o

AT 2.8 NTEUIUNNSTALATIEINDRLUDTLUUANAZNDY



2.5 U NMNeIT09

Tvannvaea1uived e anwidauseleviveadlauilaseandussfrusznounan

'
a v oA

Tudifumeuszimeaniiy wWu anaweed suwe Tsauwys And [udu Tnenuitlaulasea
ansadlldusslevdldvainanediy liTsdunisduns esdrenanudn 2nnsld
laulaeeaduasusnavlundnsuriniosdens iWewnlaulaseaiindunen andu Sni
geglidnlaasunaziouaarevilinauaue [1, 2] Tunsmsunngdnisinlaulassauildly
N135NYIDINTA InIeRiMsSduLazlinvesnaunile tintessysniiou sauly
feomstaamude [3] Snvadianunsatieshwmernmssniauvesmaiumelalasndae (4] as
naululumesiuegelawilaseaanusasunmmdunislunsdsdyanuneluwaduess domwa
Thwaduzifuinnsfudieaasmeluiian (48] nsidulaurlaoealutindunousymeain
NUNG Froiulszans amlunisdude P aeruginosa, A. brasiliensis, S. aureus, E. coli
war C albicans warwenani Gl maiiulaulasealuiuneussineainlsy e
UszAnsamnisinuile P. aeruginosa 8ndae [5] 9nnsdnwnaveslaulaseasonginssu
vowy wuilaulaseadignslunisiueinisuaiilddnde [52, 53]

oynIAned e fidnsldeuegludagdundauiainnediuesa1ndinsiad
(Petrochemical polymer) 191 WodLoNaY WoAlNINAL Noddalasy uagnedleiauineolsy
van [11-21] Faldanunsodesaangldodusssuvid Fenalinlaymuaiylugliuusingg
efnsldanuuditrszdsezsiinnisnndnseylud swindou 1y Wil dpaes wavdndi
dosndvuadnunnliiussuuiidaindeld Suinuaiunai dwansgnudeguam
vouywdoshaandedaild (8, 13, 16, 17] dlekqilldfimamuldlilasinluaiosdonsuas
wAnfusiquadiaies §einliiAnuafRwlungiaaty with wagsumayns Sendn nguune
‘Microbead-Free Waters Act of 2015’ lnesausifouningiau 2017 a¢lsdfinsudnlslasda
PnnanaRnfigesaanslilidnlunates Ussma Fwaevililaifnnsliuansudiadosdonsiinay
lalaseluddnly vonaniu delimssaussflussduunumaludosivilifinismesldnanain
TulasTalundnsasidvedaglunatequszna lud 2014 Tnideldnudsuamesdlulasin
wanadnluthmeiadinsavauognesnd Ssauvamdnegnamianainnissednsedlulasdaly
wanfausiguasaies Tl 2009 tidenuiilulastn aunsaduszuunistinesnalutnde
nntmiFou esnlilasdadvumdnunisiignnsenenld siliAnanuaulauazam
#oenslunisldeynanediuesinisuinnedwesdinmiiannsndssaansleiosmia

sIsugIAvsenedwesIiulins@InIn e mawnueynAnedwesNaaemlaen Tnglu



¥
=

nuIded ladenldwedueanandnueda Wunedwesudnlunisfnwinismiauoynin
wodesinivlaulasea Jwmedusavanin wedamdunedwesTinmiildainnszuiunis
Fuasziveensananinfiansnsandnldainnsruiunsvinuesitafidinnauazalulense
TuvSunauunn wu Sudruznde oee wazdlng 1Wusu lngaiunsanseulanienszuiuns
ALATIZRLUUAIULIL (Polycondenzation) [72, 73] kaznTzUIUNTaLATIZRLUUITAN (Ring
opening polymerization) [74, 75] ‘WaﬁL@Jai‘ﬁlié’mﬂﬁaaaqﬂizmumiﬁé’ﬂwmzﬂé’wﬁ’u
uitminly lanAkANG1aNY Tnenodiweildannnszuiumsdunsziiuunuuduasivhnn
Tuwanaligs drumedwesildannszuiunsdunsmeiuuudmsazdiminluianage ud

N3TUIUNTAUATITRL S INLaziivaIeTunoU Nedueatanfnkedna1uisagosaanelania

'
a a (% a

= A o a v v & A A o a
YINTNLA @uqlﬂﬂﬂﬂﬁUIHWUIﬂﬂlsﬁﬁgﬂgL’Ja']auaut,ll@LV] YUNUNAIAN NN HNANITNINDAUIIN

9
[%

geavnssutlasied lnewdloinnisaanedimeujiseilalnsladassldndnduriduiiuasuia
asuaulaeenled Jdliiduivisiuuywduazdaindeon esnnoduoauanfinuadailuy

a o a

wodwesndevanelanisssumnardanansandnlanningiviasimawnilaliaue Jan

2
Y

siipiisatheandamuezadld sneddlandRruldluiviandulinsuaaundey Soila
mnudoufiaziiemeduoananinueda Jadunedimesmeiinmundsegndlddmivau
199 Wianaununaainanwediwesnisllnsiad [76] luduenag 1wy n1sunns nsinuas
wazusIgias (191 uenaintl Suunediweififsialiguinindddsunisduaduanigue
wagheauadelunsianldanuluniumnige
aunIANeAWesSRRUNIAkAYYaaNNTWS BN lAMA18TE 1w MIduasisilussuy
nsvangluthienssuiumsdansiuuunsiuast [77, 78] wien1sdanssiuuuliisiaduy
[79] nsiuwiis warnssemeiaihazaislussuuddadu [77] Saudazinaiindden doided
wanenefiu aedlsinnu n1sweteunIANedwesMENISHUATIEIRUULYINALY [80-83] uaz

aa v o [

wuuiifasatu Sududeddiusadougdunanisumen lusagiimadanisssiveiviazae
Indusedldivhavaredunidiluduunnislivangmnasimunlusedvanamnssusaly
mMaAsseynAnedeimemaiansduanzituunnaznouiaiumadeiivauladesan
Lisedldusadouadlunisduasizit egnlsianunedueauaniin uodadndusesararelanlusm
yhavans Felunedueananin wodniliffesiinalianaiilizs Tavaswienlasnisaning
luanaain nedusauaniauedainsananisilagviufiserduieiaulnanea ielviing
lensondadi Uansansly [38, 39, 79] Aeunluduasizsioynanediwes uaugadnifv

launlasea
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AsN13AHUIU
3.1 asadinazaunsal
3.1.1 a@sal
a99ft 3.1 a9
asuAll LN St
1. NOALDA-LAARN BT Analytical Reagent B.C. Polymer
(poly(l-lactic) acid; PLLA) Marketing
2. palsneosy Purity 99.9% RCL Labscan
(Chloroform; CHCLl,)
3. 2-lwswiuea Analytical Reagent RCL Labscan
(2-Propanol)
4. \afau lnanea Purity 99.5% Loba chemie Pvt
(Ethylene glycol; EG)
5. wulwdaesesnlyn Analytical Reagent Merck
(Benzoy!l peroxide; BPO)
6. LUNIUDA Analytical Reagent Fisher scientific UK
(methanol)
7. widu lnanea lawmasian Purity 98% Merck

(Ethylene glycol dimethacrylate;
EGDMA)

8. maplswosu-A Purity 99.9% Sigma Aldrich
(Chloroform-d)

9. oxdlalulesa Analytical Reagent RCI Labscan
(Acetonitrile; C,H3N)

10. LUNIAIAA LLOTA Purity 99.9% Sigma Aldrich
(Methacrylic acid; MAA)

11. lnowniwu (Dioxane) Analytical Reagent RCl Labscan




A15719% 3.1 @15.Adl (5i0)

Al LN39 St

12. 1anuea Analytical Reagent RCI Labscan
(Ethanol; CH;CH,OH)

13. lelasailuu Purity 99% Sigma Aldrich
(Hydroquinone)

14. meiﬂﬂmw‘]mu Analytical Reagent RCI Labscan
(Tetrahydrofuran; C4HgO)

15. launlaooa Purity 97% Sigma Aldrich
(Linalool)

16. nUuTU 30 pg/disc Thermo Scientific
(Kanamycin)

17. n3URA 988 UTDS General purpose Difco
(Tryptic Soy Broth; TSB) medium

18. fusen Wndlnsd UOS General purpose Difco
(Sabouraud Dextrose Broth; SDB) medium

19. 1UTU 813 DURITU 917135 General purpose Difco
(Brain heart infusion agar; BHI) medium

20. Ay General purpose Gibco, USA
(Dulbecco's Modified Eagle medium
Medium; DMEM)

21. Weia Tuiu wsu General purpose Gibco
(Fetal bovine serum, FBS) medium

22. NIUTU 0.25% Gibco
(Trypsin/EDTA solution)

23, LBuTi - Sigma Aldrich

(MTT; (3-(4,5-dimethylthiazol-2-yl)
-2,5-diphenyltetrazoliumbromide)




M13199 3.2 gUnIaluaziAToLle

3.1.2 gunsaliaviATedile

gunsaluaziedesile U B9

1. wawediedulasulnns Water 2414 Water
(Gel permeation chromatograph; GPC)

2. uhalasuilnngil Star 3400 Cx Varian
(Gas chromatograph; GC)

3. @ouanINe DZF-6051 DZF
(Vacuum oven)

4. fuedes winudnsleuwuug aunlasies INM-ECZR JEOL
(Nuclear Magnetic Resonance
Spectrometer; NMR)

5. NABdganIIMIBLanNATouLUUARINTIA JSM 6510 JEOL
(Scanning electron microscopy; SEM)

6. w3nsmuudmdnuuuldarudou C-MAG HS7 IKA
(Hot plate stirrer)

7. napwansIAdwuulyuas SK-100EB & Seek
(Optical microscope; OM) SK-100ET

8. w5eaiANIINTHBveLAINE T DelsaTM Beckman Coulter
(Dynamic light scattering; DLS) NanoC

9. foudINA DZF-6051 DZF
(Vacuum ovem)

10. w3estmeafion 4 Funus SI-234 DENVER
(Analytical Balance) INSTRUMENT

11. wnSeetlumies Spinette IEC
(Centrifuge) centrifuge

12. glugniuaNgungd H2010-E Benchmark
(Shaker incubator) Scientific

13. gAuANgngil UF30 Memmert,

(Incubator)

Germany
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3.2 YUABUNISANTLUIIUIRY

(%
[y Y

Fusuaidell JUunaumsANWINNe 4 Tunauuan® aerelull

AnwINsanualuanaveaneduaauaniniedainsanisa (Wialnana

SusuUszanad 100,000 nSusialua) Amenseuiumsinalalada

ANYIANIENITATYUDUNANDTLAARNLETA

AT NITAWATIZILUUNNALNDU

Anwannznswssuualgainiiulawilasea

Tneldnednarinuadadullaanseisnsduassiwuunnnznay

AnwamautAveseunrualgaiinseuladmsunsldduingiv

Tunas fueaesad1and

ad
3.3 9\/N1INAADY
3.3.1 ANYINTTanLIalilanaveInFLealaARN WaTA LNIANINITAY

lutuneutlazdesanuialuianavesneiiueaianiin Ladn \NIANIINITA

(wnalaana ~100,000 nfusielua) Weglutrsimnzan Tnsnsviufazenlnalaladace
lfidulnanea [38] fsnsndiusyninemeaLeauaniin uedn sie ofidulnanea 1:1 Fudulag
n1sineAueauanfintadn 1nIAN1INISAI naudueiaulnarealuriavitujisen nui
uwufienmeluszuudnsufalulanau lnenmawufdlulnauaduiunisgeeiniaeendeds
$1uu 5 s0u Tieuouigamndl 175 ssmiwaidoa seliianslurnviufiSenazaraduile

WefuLaITAsUTULANT 60, 180 war 300 w17 Feazlanedueataninwedniiiuialuana



a 2 L3

wANeaiL aea1nIUgATEIM NI M ruaLaY Undndueinlaunazateienaslsilasy
nduinsanaznauluuniuea wasiliuisludougyainie lnendndudianvinenla

3 ¥ @ 9

Bun lnalaladweduanin wWada LaAMIFININT 3.1

PLLA : Poly-L-lactic acid

CH40 : Methanol

175 °C 60, 180 and 300 min CHCls : Chloroform

EG : Ethylene glycol

Mui 3.1 nalnnisanuialutanavesnadueawansin wednlaenisinalaladasieiefiay

lnanea

332 AnwIsmsdunsizieunianeduoananin wadin AleIn13FUATIZIIUY
ANAZNOU
Tudostuas@nuiinasaneviaTgmeseidesuarlaveuswosfimnyan
dmumsieisuoyniafiiineduaniin wedn 1usadusznoundn lnsdmiunisdaasiey
ounANeAmDSFIEIBANAzneY Hunalansdansiuuveyyadasy dsegldiuulsdaes
oonleduandlieuuadasy (shnea) wiaddndumiisulfasen fviazarevieignin
soiflosdild avdasavarsuouawnd M3EuUAATe uidosliozareneduesiduaseity
feiuludunoutazdondennuvharasfiannsnasaslnalaladwoduanin wodeld & 2
viin Ifun asazarenansznindlasenuiuyinniues uay oxdlalulasd ks
Tawousiesitinduasgisaie weusiweinguozaiion Iiun 1nadda wmedian wita
wnAsian way Wmaiaa weda sulufweusiuesidousraunliun teiidulnanealaum
asian dadunedwesididuldniedinin Biocompatible polymen tngtinlnalaladned
waAfn wedin 91nde 3.3.1 Aan 60 wit azaneludviazarendeufuuuledaoseenlas
ildlumavhuiasen mnduianuiionalussuudoutalulpseu lnemadufalulason
adufunsgremaeendediudui 5 sou dlulimndeulusseiuaugamgfii 70 asm

waldea wWialianusauruly 15 U393nlALaUBLUeS WALLAUDLIDS LY DU 19 MALAd U



wadunaduasiedinedn 8 4lue uandsnind 3.2 azldounianediuesNineduanin

wadadundn lnedaniizlun1smaasifamisen 3.3

comonomer + gi
EGDMA =

VacuurrVNz

Polymerization [

15 min

" &

70 °C

70 °C, 8h

Comonomer : Glycidyl methacrylate (GMA), Methyl methacrylate (MMA), Methacrylic acid (MAA)
Monomer crosslink : Ethylene glycol dimethacrylate (EGDMA)
BPO : Benzoyl peroxide

MW 3.2 WA ENauNIAT i wedueauanin wedmdundndlenssuiuns

FUATIEAUUUANAZNOY

A15719% 3.3 annznswssteyAlineduaniin wedndunanmenszuIuNITEIATIZALUY

ANRZNDU
GPLLA® : comonomer®: EGDMA
Ingredients
5:3:2(wt%)

GPLLA g 1.25
Comonomer g 0.75
EGDMA g 0.50
Initiator® g 0.20
continuous phase® g 22.50

2 lnalaladweduwandn kadnild annnseulunishnalaladiain 60, 180 waz 300 w19
blPNUDLLSNY A lNaTAd WnIASIas WRBUNIASIAN LAY WINIASAA WaTA
© Uit AnyilSeuisusening BPO uag V-501

dInnesiewlieanld fie ansavanenauseitlnoenwuiuyinInuea waz osdlnlulngd



333 Anw3tniswmisunedwesuaugadiniiulauilasea fie3snisduasiei
WUUANAZNOY
Tuduneuiagldannefmnzaudolaueuamesuasigaadeiiies 91
nsfnwlude 3.3.2 dmsuwssudunedwesualgainiiulauilasea lnednsndiuszning
wodweiiulaulaseaidu 1:1 Fusutilnalaladweduanin uedn Maan 60 uni azanglush
yhazanendeutuuiledaesoonles ildluramiufasen anduunuiienidluszuude
uialulasiaulnenisdwialulasauaduiunsgaenniseendaedusiui 5 sou wiluly
mnufoulugrsmunuaamailii 70 ssrealdea Welkaiufousiuly 15 uiil dnlaveue
wefuarueuswefideusruvmisuiulautlaseamuasly uddunanduanevidedn 8 Halu
wansfsnndl 3.3 azldnedwesuavyainiivlaulasealneiudenvzineduanin uodn

Wundn leeilanzlun1svmeandsanisnai 3.4

Comonomer +

EGDMA + -
linalool |

/ ( - {
Vacuum/N, Polymerization ( 5
— & ) e > o) ooo o
15 min °
70 °C

Monomer crosslink : Ethylene glycol dimethacrylate (EGDMA)
BPO : Benzoyl peroxide

2N 3.3 LLNUﬂW‘Wﬂ’ﬁL@%SQJW@aLJJ@%LL@U“QﬁﬁJﬂLﬁU‘lﬁUWI‘U@aﬁﬁ?ﬁlﬂi%U’JUﬂ’lﬁfg\‘iLﬂi’lzﬁLL‘U‘U

ANRIENDU



A13197 3.4 anzmanssunedwesualgainiulawilasea menssuiunsduasziuuy

ANRENYU
GPLLA® : comonomer®: EGDMA
Ingredients
5:3:2 5:2:3 5:1:4 5:05:45

GPLLA g 1.25 1.25 1.25 1.25
Comonomer g 0.75 0.50 0.25 0.13
EGDMA g 0.50 0.75 1.00 1.13
BPO g 0.20 0.20 0.20 0.20
Linalool g 2.50 2.50 2.50 2.50
continuous phase® ¢ 22.50 22.50 22.50 22.50

2 nalaladweduanin waRaNly NAsTUIUNITENALALATEN 60 180 wag 300 Wi
bIALBUBLUBSNLY AD INNNTANWILUTD 3.3.2

<Innesailiaadnld Aa 3nnsAnwlute 3.3.2

3.3.4 MsvegeuaLansatundiuiiawarauluiivsanediwesualyadin

wulawlueea
33.4.1 pudufivwemedwesunlya

yhnsfnsanudufiviemediwesuauaiinieildluwadiomis
MA%LE B9 (Human skin fibroblast) #183518 47 SaAd Y woalad (MTT reduction assay)
yhmsnedsneadioviayed Tunumisidsug 75 wuiluns feewnadsaead Tug
wzidsasadiigunad 37 esmaiiea uazdinududuvesnniveulasenledfesay 5
dowadiadaiunumzidss Wsznadosay 70-80) vnsiiviisneadiiietlunaden
auduite Tnevhnsérawad 1 adaaenoamndilos (Phosphate-buffered saline;PBS)
NnAuFY 2 fadans vewsUFU-8ATLe (Trypsin-EDTA) mnudududosas 0.25 uda 5 wiil
ffmzdsasadigumgl 37 ssnwaidoa easunamganisihauveeulsiniudu lns
nsiAy 8 faddns vosiius (DMEM) amnududusosas 10 udnAvevnsuaziludumies
7l 3000 soUFBUNT LTUAN 5 U

Mndwhmsuseadinimyed Wenududy 1x10° wadse
ygu lumumzdseaduunn 96 uqu feemnsidsasadiiuy mnududuiesas 10 1l

Uuludunzideswadfionmgll 37 ssmwadea Nusumsasuaulaeanledsesay 5 10unan



24 Falus Mndufsarsnaaeuiiaududusiieg Tasfingueuaufe dvhazasvesans
noaey udwalilugnsdsneadiigumnd 37 ssmiwaiea iHunan 24 uae 48 Falus e
asunaligaeadsasadiuardafereamntniles few 7.4 S1uau 1 afa udufa
ansazaeldudifl (3-(a,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide; MTT) 7ifl
arandudu 0.05 Sadnsusofiaddns Usuns 100 lulasans wdnhluddlilugunedoasad
Hunan 6 F9lue TI38u77 Seadu weaiad Tuduwadafldlunsvaaeunisidinsenves
wag (cell viability) Tnan1sTaniuaiunsanisvinauvesouleddadiun Alolasdiug
(succinate dehydrogenases) lululnasuinievauwadfisidin fezaunsaimdnnsslado
(tetrazolium salt; MTT) #ifidndes Whdundnnesuieiu (formazan) 7ifidNae FsUSunnes
nanrlodungnu fiied uilauduiudlnenssfusivinveseadiadinsen antuiiensy 6
Falaa ﬁ?ﬂﬁ@ﬂaﬁﬁzmﬁﬁyﬂ udazansndnesungiuaie 100 lulasans vedlawuniiadanen
e (DMSO) welfidniuszana 15 widt aanduwinisiasizdanuduvesarsasane
wosueu Tnethluindnsgandunasiinnuenadu 560 uilumng wagshnsAnadios
asn1siTInveavadvesaisnaaau feaunisn 1 lnewSeuifieufunisesaivinvesyad

Havlslungueduny

Ny o Asgo Sample o
% Cell viability =\ —— ) x100 .. Aunisn 1

Asgo Control

logl  AsgpSample = ANISRANAULEINOL ETNATOU

AssoControl = AIN1IPANGULEAIVEY NFUAIUAY

33.4.2 ANNAINTAlUNNIINURYaTN R INeAIeTWAUYA

nadiesiavgaiiwseulalunageuaiuaiansalun1siuiie
Tngagnagouniun 3 viialaunaailanenfa eel3ud (Staphylococcus aureus; S. aureus)

(WUATILS gWNSUUIN), LR BT e Lala (Escherichia coli: E. coli) (WUATLSgWNSUAU) haY

¥
a v a ) ¥ a

WAUA AN BaUwAUd (Candida albicans; C. albicans) (% 851) #3835 NAABUKLUUBINS

NaANAITY (agar well diffusion) InginSsuenaaauliddnuiuolsuaui 10° Gevgse
Taddns tMeuatsu1IasgIuskuaniLaud tavy 0.5 (McFarland Standard No. 0.5)
dmsueaweside lala uaz anillanonda ool3ed diuuwaufng daduaud Weumeunsgu

LUANLAYS 1av7 0.1 (McFarland Standard No. 0.1)



mniuthe (swap) delihuinaemsdenteuds wiu 15 u
fadu 81n15 @msvanillanendd oalsed waz Leaweside lala) uaz dusen wWndlasa
us5 9115 (@WiSuuauinn Saduaud) Insnsanduihuguinaswesumizie uazihe
Snidussanniy Mndunyuanumsdeussann 60 eam uazthadeifuadludndu vien
$1uau 3 ads olhidesuazuuaiiSenszaeiafivdvesemadsuioodasiaue
Mnduanevquemsidsuionnin valsesiues 3 (cork borer No.3) aldvquitiidusiu
Audnatsseinn 6 dadiuns dwniuldansmageulayiiniuny MeREITNAGOURALAIAIUAY
flvnarduau (DMSO) Usums 70 lalasdnsaslunguiiianzld uasuuenufTnrdadusm
muAulRaLiuLIn fo nmiludu (Kanamycin) Avsndudu 30 llasndudeusiu (dwduide
wuafi3e) du lalasuilea (Miconazole) arundudu 10 lulasnusowsiu (@msuides) 1
vugWNAsNTe uduiluuilgungll 37 ssewadeadmiuilouuaiiFe uasigumnd 30
psrneadadmiuigon (Hua 24 $2lus aanduriinistalsunisdudade (nhibition

zone) AIANNISN 2

DC_DS =
R, = (=) . aunsn 2
2
1319 R Ao SAtnnsgus
Dc A LURUANINA1UTIIN clear Zone
Ds Ao U uAugNaIIeY Well

3.3.5 nis@nwauantivemeiiwesuaugadninulauilaoes

3.3.5.1 Sevaznisilasulauswesdunadnes (%Conversion)

F8msesarnisiUa suneuaues Junediues Sudulnanisda

a a

umtinmgesaiiilouniouduiiner nntulsldddaturemediuesualyandluiessaiiiloy

Y

Uszanas 1.5 n3u ndouduiinardminfiuuueuld uildeunaamall 80 esmwaidea \uan

24 91319 ka9 NUITIUINTN NIBUTUNNANNNUNNEIBULAZUNNIAILINAIFNNITA 3

Wafter_WBPO

yx 100 ... AN 3
Wm

%Conversion = (



1%

110 Waper Ao UuTnwedlues IR RaeY

Wapo Ao WIMTNY89 BPO
Wi, Ao UMTNUDY GPLLA LaslaunliesnauduasIzn

3352 N15¥1588a¥N15U553 (% Loading) LazsosaznITA LAY

(%Encapsulation) vadlawilasealunediuesualya

hdfaturemediuefuntgainstumiedirnaniasey 3000
seusiaundt lunan 20 wifl wedlwesualgarzanatdiuas wanduansigaadeiiies
soninuazthlUileszvimyiinasedlaulaseaiindesgluigniaseilesieufalasuiln
nil TnslFeuifisuannaminnsgiuveslaulasoalurneuiduduiivngan Tnedan1ay
Tumsiasesidsil

,A3939M52990 1 Flame lonization Detector (FID)

AU : MEGA-WAX Plus 260 aefLaaliys

gumgiiredutiuazdulanmesil 250 esmiwaLda

MNTuAITINIS08AEN1TUITIINNITNAAB (%Le) vaslau

lavoalunadwesualyalanaunisn 4,5 uaz 6

WL,cont s CL,cont. SIS, e ﬂllﬂ'ﬁﬁ 4

1%
A o Y

W Wi o, A0 tntinveslaunlasealuinniaseiiomdsdunsizi (me)

Cleon. A0 APRLdRTuvRdlauilasealuigaiadoiiomasdunsizi lsain GC

(mg/Ke)
Weont Ae Umtinvesignedeiiotlussuunsdunsien (Ke.)
WL,capA = WL,IniA = WL,cont ,,,,, ﬂllﬂ']ﬁ'ﬁ' 5
W W, Ao dntinvadlaulaoealuedyandsdunsien (mg)
Wi Av Wniinvadlaulasealsunu (mg)
Wi cont.  AD 310@UNN5N 4
W cap. ,
%Le = ( Cap) xt00 AN 6
WcapA



WO Wi e, AB NAUNTN 4

Weap. Ao Untinvedalganlannnsdansiz (me)

druFeuaznsuTIInamgug (%Ly) aunsamldainaunisi 7

W ini. o
%L = ~————)x100 .. aunsi 7
WL ini | Winx 100 )
e W, Ao YN GPLLA, comonomer kay EGDMA naunisauasie
( %Le o
% Encapsulation = ) o0 L dunnTn 8
oLy

3.3.5.3 AnwnwnkavUsyniniveseunanediuesuauya

ddaduvenedfiueiwaugainisulauinszarediluigaie
faLlid 3nTuIna1Tarae Nl laluad g IS UNITNTLLRIVBILEINATH LBANYIVUIATD

aunAdelaginiinuazUTing (Number (dn) and volume (dy) average diameter) dmsu

AUszaiazansazangumageumelnalafndigs (Zeta potential)

3.3.5.4 msfnwilasaiumaeivemediuesiauya

Anwlassasiamaniivesnadiweiualganiomaiiaiuafesiun
wantslowuug aunlnsalal (Nuclear Magnetic Resonance Spectroscopy; NMR) ¥11115
fuprzvinedweslagldlauovamediousiaun weolinedwesfiduaseiansoazarsly
PitiGeunaslsesuld fanmdudu 0.1 Tuand vntfuharsazanefogsussgadunaenudy
YA 17.5 Wwudluns x 5 Tadwns Inglissiuvesansazatvasdssann 4 wudwns neuily

Nagau NMR

3.3.5.5 NMsANwENYrYeINadoTLAUYa

v a

ddaduveanediwesualyauioaslviianududunimvunsay
Mnuuluwgwneaiumutgs (Sonicator) Uszana 5 wiil ielieunianediuesnszany

Magnalane NeAfieg19NaLN1ANTELMIALTIATULLKUTEITUMIBE (Grid) LazUdee

Tiwidludouayyinia uazdahunfnwiendasganssaididnasouluudeniiu



3356 Anwwialuanavesinalaladweduansin wodn femaiiaiaa

Westiadulasunlnnswil (Gel permeation chromatography; GPC)

nsmualuanaadslagiminuaslaesiuiuveslnalaladned
wanfin wadn lalaeni1sinA1UsuInsnisasey (Retention volume; Vi) vasiiagnafieuiu
ansunasgIuihimdnlanana 500 2,000 20,000 50,000 300,000 nsusielaa Taestasanmsgiu
waziegaanniedlidaududuiesas 1 lnstmiinluansglelasusu neudadiaodul
Tnsrodutiuenanssuauassneduiisosynsuluan el Usinnsiiedns 20 lulasans Laan
Tunsiiasgai 30 uiit snsnnslnavesinniaiadeudl (mobile phase) 1 fiadanssouni
muAugumMineduid 40 ssmuwaidua Tngldfnsaiaduviinnisinmuas (Refractive

index)



UNN 4

NAN15I8araNUsI8Na

4.1 nswseulnalaladwodwaawaniin wada

a a

woAwaLandn wada LWunedwesansssuafnluiduny daudndulaniaginin

v v

wazitddydadunedwediianusadesaaneldmetanm dafuidliimedueauanin wodn
undudenilaulasea smemaiansduaeituunnazneu dunadafnanasazses
azaneduidodeafuluinamededesreunisdauanegy faduiwesdinsimweduoauaniin
L9 1NTANNSAN (alaana ~100,000 nfuselua) Fansanianisiazangluipaiadelies
loen Fedeaiinisiunanuialuananewiinisduasied Ingldnszuiunisinalalaganie
iidulnanoa nalndannd 4.1 7 ouugiigeaziinufisomsudioamesilindy
(transesterification) s¥ni19Ms{lodnes (COOR) Yasnaduaauanin uodnuasnylnoaavas
lfidulnanea vileamesaziAinnisunnuazgnunuiisenslensenda (OH) Avargaels

aavheaglalnalaladneduanin wedn Nuialanaunnsieiu dnwaslunsduidaning 4.2

0

0 (b) OH

(@) HO o ) NH I~

o) n
0

(©) 0 OH

HO o

0 y

n>y

A 4.1 nalnnseseulnalaladwedLoawaniin wodn : WoAwIALAARN LaTa (a), LAY

lnamoa (b) waz lnalaladwedloawanin Lo (o)



Wouwedwaananin wade tnsanisauazinalalagnedianin wade Nailunis

MUGATe19199 dmedeualumatalaailesdedulasununs il wudulaluanaves

NOALDALARRAN LATALNTANIINITANAZAAAIIIN 100,000 LT 17,000, 10,000 waz 4,000 NSu

Aalua Nnatvesn1siinuizen 60 180 wag 300 U1 AUEIFU AINITNT 4.1 NANITNARDS

wandliliinIINInIzaefivewIaliana (1wl 4.3a) 9anaanuia1vesnsinufisen

Inalala@a (nmd 4.3b-d) uenantinniinveanisnszatedvesialuanalnalaladneduea

LARAN LaTA (NN 4.3b-d) Az AuauLInswarilAwanseauantey (M,/M,: 1.48 —

1.78) agliuininufisenlnalaladalafuazyninaluianavesinalaladwedueauanin

wedn axgnihlUldlunmsduameieumanediwesgiudininludusoly

M1399 4.1 uanunaluanadsvesneiuoananiin wadn insanisAiuazlnalaladned

LAAGN WA LH8UNLIAN 60, 180 kay 300 W19

M,, M, My/M,,
PLLAommercial® 112000 56000 2.01
GPLLA" 17200 10000 1.66
GPLLAgo° 11000 6600 1.64
GPLLAso° 4000 2800 1.49

VMR a WOALDAAARN LaTA NTANITAN

b lnalaladneduandn wodn WIsuAIan 60, 180 kag 300 U



ﬂl 3 a a a U v v v
o 4.2 lnalalagneduandn weda nasnnaznoululuniusauazeuliuislugau

ayanna Arunszuaunsinalaladaiiva 60 (a), 180 (b), wag 300 (c) w1l

Low M, < Glycolysis time High M,

@ (o)

(b)
(a)

W (log M)

Log M
AN 4.3 UARINISNTEEMvNIAlIENa (M) woduaauanin Ladnnsnn1san AL
luiana 56,000 (a) nfuselua wWisuiieuiu lnalaladneduanin wada Ak

nszuIuNshnalaladadivian 60 (b), 180 (), way 300 (d) unil



4.2 NITATENIUNIANDALDALAARN UATA AILATNITHIATIERLUUANAZNDY
421 Fwhazaevideipaeaseidesildlunszuiumsdunsziuuunnaznou
Frvhaneiildazdosaunsaavarslnalaladnodueananin wedn lavsusiues
wazwuledaedeonludld urezdedliararenedwesifntulusewinansdansest Tnen
viharanedldil 3 vila Ao arsazansnanszvindlaeeniwuiuyinsniuea lefiaedian uaz
a23lalulngd Tuvaziierfuidnulaueuswesfivndunsiensnsie 3 sin fe lnadmn
WASLAN WA WNIASIAN kay Wnasan wodn wagld wefdulnanea lawniasian 1u
wouaesous e dadunedwesiiiiulanisiinin wui wdwhnsduaseilnalalad
NOALDALAARAN LLa%mﬁﬁmaImaqamﬁa 17,000 nSumeluasiuiulna@ai wmasan Tusivin
avanenauszvindlaooneuiuyinsiuea ineyniatundsduaei useyniafiindulid
Aates Suinnsrudaty Fnmd 4.4a° dulateuaiteiviindu ndsduaseiliin

Juounia danindl 4.4(b uag o)

GMA MMA MAA

AN 4.4 2 (a-o) waznnndesganssAdluuldias (') veseunAnedLaaLansin Ladn
Mdunsenmsmalaanasneau tnglddiihavarenauseninslasenwuiuylngmn
wealuignimdeilios dunssiswiulaueusiues lnadfa wvnesian (a) wia

WN1ASEaR (b) khag LWN1ASan hadn (c)



a

nnsldlnadag wnesandulaneusweidunseisindulnalaladned
Leauanin uadin uasineynalundadaunsed Jvldvanosduaneilagldlnalaladnod
Leaanfin ueda Minaluianadus (10,000 way 4,000 niusiolua) wuitanansafaiduoymea
willlothoymauvuassitlaludumisudifios 5 uifl wuiteynannazneuasluduans
08199951 Manndl 4.5(27-) UsTlddnineynaianissudadusarlidianuiadios 3
ANAENoUAIIUA 199819510157 aenadesfunmaInndesganssmiwuulduas finuiteynia

a v v & 14 v =
NANNTTAINAINULUUNDU ASAINN 4.6

(a)

2NN 4.5 A1nveteUNIANBALRaLaARN WTANAIFIATIEI (a-0) waznaelunIs 5 Uil
(@’-c’) duas1ersiunulnadng wniasanluivinasaienausyuInalaeanuiy
yinsnuea lngldlnalaladwedueawanin we@aniiulaluiana 10,000 (a wag

a’), 10,000 (b wag b’) way 4,000 (c way ) nSusalua



oA

R —
MR
.*'c.!- 4’4-'29.‘":;!‘ 110 ym

A 4.6 AMAINNAeIRansIAluuUldLaIreRUNIANEFLOALAARN LOTA FUATIEN
Siulna@d wnasianludvihazanenausevindlasanwuiuynsniuea lag
ldlnalaladnedueauaniin wadaiidulaluiana 17,000 (a), 10,000 (b) uae

4,000 (c) nSusalua

ndudladinsduasivilasildsuigaienedenduefiaosdinn Jnds
dunsgrinudt weitaesdwaunsitnlUlueyneniniu dwaldouniavinlumeiefiaosding
waziian1sumiuaudanvaziludeuaa fnmd 4.7 aedudiihazatsiefiaosBinndalil

WgaNNavtunduaseioun1ANeaLeALAARN LoTA

Mui 4.7 ameessunIANedLeakandn Lada dATeisindulnadf wniesian (),

Wwiia wnasas (b) kag wWniasan wada (o) Tudvinazatuefiaasding



Tuvaziflodunszvinedusauanin uoda uaztofiaulnanea lawmniedian
fufulansusiuesuiazvia ludviazasesdlalulngd nuin 1 eduasizrsuiy
Taousiuesviinlnadin wniedian uaziudia wiaiian LiAadueynia danmil 4.8 (a
way b) muddu usid eduasizsisaudvlaueusiuesviaumiaiaa uedn luszuunis
deseiindudiadudunguiniiouiug fanmil 4.8c UsdinAneymadundsdaiasie
nnsudsldeumedildlunnaeutavuaveteynia wuiheynafiduameildiounoumea
Wwdguszanas 300 uluiums wazfidinisnsyanediveavuneynAiAeuiaLAy (pdi 0.017)
Fanndl 4.9a dstusiunsAnndnunredugiuvesoyniafondesganssmididnaseuluy
doriudild Fedidnvazidunsananvuinuszanm 300 ulumasuaziauiadiesinsndae
Faamil 4.9 (b uae b’) sunaiiwiesldasiamiiaiiosnneansssmeusmanssninesy
fiunannmyasvendavesumaian weda luvueiezdlalulesdazldidudiviazans
ffinuantAlndiAssan 0 solvent dmsunedwesinionld ilkoynadliddnvasdu
nsanay ovdlalulasdaransnouowesldfudliazaenedues uenainiiaasiladidnnin
figa (e, = 36) Miasuandavesnediuma3an uedn aguandiievinliAnUszqauiiiieynia
yleynenodiwoifirnuaivsnsaoaassd fajuisldidondvhararesdlalulasdiiu
Fpneseidles dedlenlfidudvhazarslumedanisdunsgiuuuanngneu [84-87] uaz
lwnA3aa uedn Miluszgavanmiasdenda daelieunaiinnuiaiosvisaeansssd (84]

[d [ L3
Julaveuaiueslumsduasigrioynin

GMA

AW 4.8 ANUBIRUNIANBALBALAARN weTANdLATIEYIRIEIATiannaznau taglddavin
azanwezdlalulasdiduinniasewdior duaszisuiulauouswes lnadfd

WNASEA (a) 1A WAL (b) Wag Wn1ASan Wwada (c)



b ® M A 5
2 |@ S v @ “ *

- v /

2 €0 “.

5 W) %
E -
= He @

%6 .'. .

[

;

a

Pdi: 0.017

I ' 4 500 nm. : 500 nm.
487

4 | d,:305nm P ) [ ([ 7 ‘ “
d, : 300 nm : ® o ‘
MI :
171 288

60 101

Diameter (nm)

AW 4.9 N519LERINIINTEEA D (a), TEM Lulasns i nndeaens 10000X (b) waz
1§18 22000X (b’) YVBIVUINBUAIANDTLDALAARN LOTANFUATIZYIAY
wadannaznou lagldfihavareezdlnlulasdiluigaaseilies suuiulaueus

WBSIINIASAA LaTN

422 nswsuayNIANBALeakaRRn weTnMILISNIsAuATIZILUUANAZNOU ag
Teralalulasdiduigmesioides wagltumedaa uedn iileuousuies
Tagluszuunisdaaszinisisnmsanaznouazusznoulumelnalaladned
LoauAARn LaBATiNAluIANAR19Y n1ASaR Ladn waziefidulnanealaumiadian wesls
dudodertuluesdlalulasd ndnduuuledaveseenladiiusiGuugise del
mnufeuiBuuiiseesunndiniduouyadasfiasadulelasauiianeldvesinalalad
wodwoauanin uedn villianelelieyyadasziiannsainnisdoaelenedwefueusiues
16 ileflanuendifisameunszliamnsnararslufiiazanglddnazuszneudueuiny
sumeanedwes laveynafildaziinnuaiosmsaeassedguiosanniiineymaiiuszqauan
ninsueandavesuniaian wedn nalnnisiwSeteunin/ualganefitasgudininuians
Fannd 4.10



0
. _ hydrogen —OQ)J\ . /W
< o~ abstraction <N o

H /7 +HOR GPLLA active chain

Y s Al O ey
ROe /W Self-assembly I]:>
A/’ o\/

Capsule containing Linalool

MAA: -~/
Linalool: @

Ml 4.10 nalnnisiineunie/ualganedwesgrudinminiiulaulases

lunsdlnedusauaniin LadainsanianisAiuialuanags (100,000 N3use
Tua) hlkldanunsaazarsluesdlalulasdls Tusasiilnalaladnedusauanin uednaia
Taianas (4,000 and 10,000 n3usielia) synaisdeuldfinnuiaiiosruasdnainesiu
vesoymadudniun esmineynaiinsgaduiaihnazaissiuiunnn lumanssiudu
nsalfildlnalaladnedusauanin uedafiunaluanags (17,000 nfuselua) msduaszsined
wosfululssediinsasuneusiwefiiunedmesgsis 99% difaduiildlsidnsinzdaiu
Y939y (Nl 4.11a) sanisnaassnansliifiuiteunanediuesilaiininaiiosgs e
Angdfngs (-57 fadlaar) uenanifivuineynauszanm 580 uwilummsuazdAnisnszans
fasaynamn (dispersity index; PDI ~0.012) (il 4.11a") nisdilnalaladwodueauanin
wednduraluianags (17,000 nsusielua) symianedimesiiasoulddduldoindueyd

Tnlulasd ilvinnezneuleneenanigainseliies sumAddinwEnInaunAlAn



-
N

-
o
L

Frequency (%)

o N A O ©

| d,: 580 nm
Pdi: 0.012 nm
1 zeta: -57.5mv

27 589 1261
Diameter (nm)

1 d,:450 nm
1 Pdi: 0.098 nm
1 Zeta : -56.7 mvV

2 7 666 2142
Diameter (nm)

D
o

-
o

Frequency (%)

o N b OO

N

A 4.11 anddatdu (a uay b) LaENIINKAAINITNTLINEAT (@' LAY b’) YBIVUIABUNA
WoRLRAKAARN LaTn MILNTEUIUNTAUATIEALUUANAENaY tneldiuuledaes

sanlus (a waz ) wazld 3-501 (b uay b’) WufsENULAZeN

Tunszuaunsduanzimeitnnaznou Welimnufeuvuledaesoonled
wwunndnleuyadaszlusuisinea (ROe) aansafiazdueznoulalasiaulsd [88] vinlsianels
vadlnalaladnodueauanin wedainoyyadaseilandunsauousiuasitu wnAsan wodn
annsasoaslenedimeiuuaeldvedinalaladneduoauanin woda eaelenedwesen
s'fuamﬁwnwmﬁﬂqm (critical value; Jo) wedwasazluanuisaazarelusivinazanglason
wlsgneudoninduaynia wassanaznauLenaenIINFvharats uenaintoymafiAniy
annsopaduledlnuesifndulvadldvilifsunnlvgdunounnaenouusnaanaingai
azaty lunsaduayuauufzIuaenad aun1ANeaINes L) NATENIAN1IZIALIT UL

aaa

WasuiIsuuiAtonnuuledaleseenlediiu vlaelefifisfireafianiveuszneu Ao

= U

3-501 (v-501) Faazdulalasiaueinann siliAnnisnsmasuuaels lnalaladwoduoauaniin
wodn lévios deduaeldlnalaladnedueauanin uedaurayliiiowodiuelsetu laewui
annsawdseynanedmesliivuiu faviuldandadulunwd 4.11b wudeariunsld
wilwdaesesnlud yuinvesoynanedimesusyana 450 wiluluns Afin1snszanesiacm

(PDI ~0.098) WaAIRININA 4.11b’ Fefvurelnadeeduildiuuladailasoanlas



Tumsmsraaeuinoyniemedmesiildidulanedwesvienonlndnnediies
T6A aggnldlunisamaaeunsamesomediues Ssmaimsaaeiazfanisduaans
fudwiilanodiuesuazaoulndnnediues mudidu annmd 4.12 wuindnsaaesadu
A0391 (70-160 uay 320-480 asanvaidio) (n il 4.12a) Wevinismsrataveswansswing
lnalaladwodusauanin uedn Aunedwmaian uedn Jsildnuazidudeiiuinulusynin
woAwesld 3-501 il uufAsenfiinisaaesvestuiivisuaransil 80-170 uaz 300-
480 parniwala MUAITU (Mwdl 4.12b) uandlifiuineynanediuesilaainnsld 3-501
AvaNanszrinilnalaladneduoauaniin wedauasnediuniaian wodn lagluseninanis
duangiumaiae ueda uaglnalaladneduoauanin uednaraeluinaiadeidos e19as
s lulueynianedimeian wedaiiinnsuszneumieniesannedusaianin Lodn

fgAmsdimesnisaralsvesdalnouusua (Hildebrand solubility parameter; 8) Usgunu

)}

21.3 MPa'2 [89] GalndiAssiuiumaian uedn (22.9 MPaY?) [90] woduoauanin Lodnd
unsiillueynianediumaiaa wodnfivaudeumiaiae wodseusesldieuazagluty
wAugansdauaseiiliiAsaoulndnmedweives lnalaladwoduoouanin uoda/wed
wa3an wedn Tumenduiu nsdveseymanedimeiliivuledaoseenled nisaaes
wfifisstuneuifior (100-500 ssrniwaidos) limudunisaaesvedlnalaladneduoauaniin
Lo (Ml 4.120) nuanIeaesd mduiilassadsvessineatisnetu (Fand3du
UfAseensviindu) dnadelassairsvesaymanedmoiiedouls nslifiEuliazevie
wWeseonledily ROe azduszmeulalasiauldfviliiAinnisnswwediuesasuuaeltvos

Inaleladwodoawaniin wodnle
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AW 4.12 TGA wiasluunsuvesneulndnseninsslnalaladnedueauwandin uedniueynia
WNIASAN Wodn (a) ounIAveINBdwsalanin wadanineulaainnisly

3-501 (b) uaz wulsdawesesnlas (c) WWudssuujnzen

wenaniloynianediuesinivulidmaaeuaaaudfsiomeaila 'H-NMR

=
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ARTICLE INFO ABSTRACT

Poly(l-lactic acid) (PLLA) is a well known biopolymer, usually synthesized via step-growth or ring-opening
polymerization from lactic acid or a lactide monomer, respectively. PLLA microspherical particles are pro-
duced by dispersion polymerization with a ring-opening lactide monomer using a particular copolymer chain as a
stabilizer. This is not easy to achieve when dehydration is needed. Here, a robust and simple synthesis of a nearly
monodisperse, submicron PLLA-based particle/capsule was proposed via radical precipitation polymerization
without the use of surfactant. A commercial PLLA was first glycolyzed with ethylene glycol to obtain a low
molecular weight glycolyzed PLLA (GPLLA). Then, the GPLLA was copolymerized with methacrylic acid and
ethylene glycol dimethacrylate monomers using a benzoyl peroxide initiator. Active sites on the GPLLA backbone
were generated by hydrogen abstraction of benzoyloxy radicals that further copolymerized before self-assembly
to form the polymer particles. Uniform particle size of about 580 nm with a low polyd15perslty mdex (PDl) of
0.012 was obtained. This method was also implemented to produce nearly perse C

linalool. The particle size of PLLA-based capsules was about 280 nm with narrow particle size distribution (PDI of
0.120). The PLLA-based capsules effectively inhibited microbial growth of Staphylococcus aureus, Escherichia coli
and Candida albicans and were not toxic to human cells.

Keywords:

Polylactic acid

Precipitation polymerization
Polymer capsule

Polymer particle

1. Introduction cosmetic products such as UV filters and exfoliating agents in personal

care merchandise (lotion, cream scrub, facial foam, soap, shampoo, and

Nowadays, polymers are widely used in many products because of
their superior lightweight, high durability and corrosion resistance
properties, with quantities globally estimated at over 350 million tons
per year [1-5]. Household names derived from fossil sources such as
polyethylene (PE), polypropylene (PP), polystyrene (PS) and poly-
ethylene terephthalate (PET) offer high durability but are difficult to
degrade. Some polymers take many decades to degrade, causing poly-
mer sediments in the natural environment, especially microplastic par-
ticles in marine ecosystems [6-17]. Microplastic particles are
commonplace in aquatic animals and cause death in some marine ani-
mals due to high toxicity [2,8,11,12]. They are used as raw materials for

toothpaste, etc.) [9,18]. Because microplastic particles take a long time
degradation, their use is restricted in many countries. Biodegradable
materials are now attracting increasing global attention as an attractive
alternative. Biodegradable polymer derived from cyclic monomers [19,
20) and renewable resources lactic acid [21,22] can be degraded via
hydrolysis, is widely used in various applications such as drug delivery,
tissue engineering and the cosmetic industry [19,23-26] because it is
non-toxic, biocompatible and eco-friendly. Based on renewable re-
sources, poly (i-lactic acid) (PLLA) is a better alternative than using
fossil-based polymers for preparing microplastic particles.

Various techniques can produce polymer particles or capsules,
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including polymerization in heterogeneous systems as suspensions
[27-39] and miniemulsions [40-42] polymerizations, solvent evapora-
tion (oil-in-water or water-in-oil) emulsion systems [43-46] and spray
drying methods. Capsules prepared by suspension and miniemulsion
polymerizations give high encapsulation efficiency but require a high
shear rate to generate monomer droplets, limiting upscale for com-
mercial purposes. Moreover, it is not easy to produce oil droplets of high
and moderate hydrophilic polymers with uniform or narrow particle size
distribution [34,36,38,39]. Dispersion polymerization in non-aqueous
using steric stabilization provided by a low molecular weight vinyl--
functionalized polymeric dispersant was suitable for producing acrylic
polymer particles with high solid content [47-49]. Similar idea, PLLA
microspheres with narrow particle size distribution were successfully
prepared using a dispersion polymerization technique with ring-opening
of the lactide monomer using a graft copolymer stabilizer [50-52].
However, the molecular weight of the graft copolymer stabilizer had to
be controlled to achieve the appropriate condition. At the same time, the
reaction system also required dehydration to obtain high conversion and
was inconvenient to scale up.

Therefore, this research proposed a simple technique as precipitation
polymerization via radical polymerization using acetonitrile as the pri-
mary medium without the addition of a stabilizer to produce PLLA-
based particles with narrow particle size distribution. It is one of the
most well-known polymerization techniques in heterogeneous systems
to prepare monodisperse polymer particles without a high shear rate
[53-55]. In previous work [28], PLLA was copolymerized with glycidyl
methacrylate to use as the polymer microcapsule shell encapsulating
Rubitherm 27 in the suspension polymerization system. The polymeri-
zation was achieved with a benzoyl peroxide initiator. However, the
obtained microcapsule was broad particle size distribution. It is
well-known that graft polymerization can be conducted by presenting
peroxyl radicals derived from peroxide initiator. They can attack the
backbone of the polymer chain via hydrogen abstraction to produce
polymer chain radicals [56,57]. Following this system, in this work,
biocompatible monomers such as methacrylic acid (MAA) and ethylene
glycol dimethacrylate (EGDMA) [58-62] are selected for copolymeri-
zation with PLLA in a radical precipitation polymerization. Before
polymerization, PLLA molecular weight should be low enough to
dissolve easily in the acetonitrile of the precipitation polymerization
system. Therefore, commercial-grade PLLA is glycolyzed with ethylene
glycol to obtain a low molecular weight PLLA in the form of glycolyzed
PLLA (GPLLA) [63,64]. Thus, PLLA-based particles might be obtained
based on (1) self-assembly nucleation when the polymerizing
(GPLLA-grafted copolymer) chain reaches a critical length and cannot
dissolve in the continuous phase based on enthalpic precipitation in cases
of adverse polymer-solvent interactions or (2) cross-linking prevents the
polymer and medium from spontaneously mixing based on entropic
precipitation [65].

The encapsulation of linalool was also studied as a monoterpene
model. Monoterpenes have been widely used in perfume, drugs and
cosmetic products [66,67] due to their aroma, stress reduction,
anti-inflammatory and antimicrobial properties and fresh scent. Mono-
terpene has high volatility and low aqueous solubility. For appropriate
such applications, therefore, encapsulation was required. During
self-assembly of the copolymer chain in the precipitation polymerization
system, the polymer chain might encapsulate linalool dissolved in
acetonitrile that enters the formed particles. Capsules containing
linalool with high colloidal stability due to the presence of the carboxyl
group (anion) of MAA on the particle surface would be obtained. The
synthesized PLLA-based capsule in a submicrometer-sized range with a
narrow particle size distribution would be a potential ingredient in
cosmetic and personal care products. Moreover, the proposed synthesis
might produce the capsule containing various core materials for drug
delivery systems. The influence of GPLLA molecular weight and cross-
linker content on particle formation was studied, and the improvement
of encapsulation efficiency was investigated using ethyl acetate as a

cosolvent.
2. Materials and methods

Commercial grade PLLA (molecular weight ~100,000 g/mol) (B. C.
Polymers Marketing Co., Ltd., Bangkok, Thailand), ethylene glycol (EG,
purity 99.5%; Loba Chemie Pvt. Ltd., India), chloroform (CHCl3, purity
99.8%; RCI Labscan, Bangkok, Thailand) and deuterated chloroform
(CDCl3, 99.8%; Cambridge Isotope Laboratories, Inc., USA) were used as
received. Acetonitrile (C;H3N, RCI Labscan, Bangkok, Thailand), ethyl
acetate (C4HgO,, RCI Labscan, Bangkok, Thailand), tetrahydrofuran
(C4HgO, RCI Labscan, Bangkok, Thailand) and linalool (purity 97%;
Aldrich, Wisconsin, USA) were used as received. EGDMA (Aldrich,
Wisconsin, USA; purity 99%) and MAA (Aldrich, Wisconsin, USA; purity
99%) were purified by passing through a column packed with basic
aluminum oxide to remove the inhibitor and kept in a refrigerator until
required for use. Benzoyl peroxide (BPO, Analytical reagents; Merck,
Germany) was purified by recrystallization in methanol.

2.1. GPLLA preparation

Commercial PLLA with a molecular weight of 100,000 g/mol was
glycolyzed with EG as stated previously [63,64] to obtain low molecular
weight PLLA as GPLLA. Briefly, PLLA and EG were mixed at a weight
ratio 1:1 in a round-bottom flask and sealed with a silicone rubber
septum. The flask was purged with five vacuum/N3 cycles and finally
filled with an N2 atmosphere. The reaction was performed at 175 °C with
stirring at 400 rpm for 60, 180 and 300 min to obtain various molecular
weights of GPLLA. The obtained GPLLA was re-dissolved in chloroform
and precipitated in methanol before further use in precipitation
polymerization.

Moreover, the solubility of various GPLLA chain lengths in the
continuous phase at 70 °C was studied. The known amount (~0.50) of
various GPLLA chain lengths were separately added to ~10 g of aceto-
nitrile or acetonitrile-ethyl acetate at room temperature until obtaining
a cloudy solution and then increasing the temperature up to 70 °C to
obtain the transparent solution. At 70 °C, the continuous solvent grad-
ually evaporated. The solubility of GPLLA was obtained when the so-
lution becomes cloudy again. The cloudy solution was measured by a
spectrophotometer (UV/Vis, Lambda 35, PerkinElmer Inc., America) at
550 nm, where the transmittance of the solution was about 90% [68,69].

2.2. Polymer particle/capsule preparation

PLLA-based polymer particles or capsules were prepared by precip-
itation polymerization with the conditions shown in Table 1. First,
GPLLA (molecular weight 17,000, 10,000 and 4000 g/mol) was homo-
geneously mixed with acetonitrile and BPO in a round-bottom flask and
sealed with a silicone rubber septum. The solution was purged with five
vacuum/N3 cycles, filled by an N2 atmosphere and then heated at 70 °C
with a stirring rate of 400 rpm. After 15 min, MAA, EGDMA and linalool
were added and the mixture was polymerized for 8 h. A schematic

Table 1
Reagent amounts for the preparation of polymer particles or capsules by pre-
cipitation polymerization.

Chemical (g) Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 Run 7

GPLLA 1.25° 1.25 1.25 1.25 1.25 1.25 1.25
MAA 1.25 0.75 0.75 0.50 0.25 0.13 0.25
EGDMA - 0.50 0.50 0.75 1.00 113 1.00
BPO 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Linalool - - 2.50 2.50 2.50 2.50 2.50
Acetonitrile 22.50 22.50 22.50 2250 22,50 22.50 18.00
Ethyl acetate - - - - - - 4.50

# Various GPLLA molecular weights (100,000, 17,000, 10,000 and 4000 g/
mol)



diagram of polymer capsule preparation is shown in Fig. 1.
2.3. Characterizations

Molecular weights of PLLA and GPLLA were measured by gel
permeation chromatography (GPC; Waters 2414, Waters, USA) with two
poly(S/divinylbenzene) gel columns (Phenogel 5 x103 and 5 x105 A
(pores), 7.8 mm (i.d.)x 30 cm (length), Phenomenex, USA) connected
in series. Chloroform was used as the eluent, and its flow rate was
maintained at 1.0 ml/min with a column temperature of 40 °C. The
elution was monitored with a refractive index detector (RI 2414/Wa-
ters). Molecular weights of PLLA and GPLLA were obtained from the
extrapolation of their retention volumes in the calibration curve of PS
standard at six molecular weights (2.5 x10° —6.0 x10°, Mw/
Mn = 1.05-1.15). Particle size and morphology of polymer capsules or
particles were analyzed by dynamic light scattering (DLS; Delsa Nano C,
Beckman Coulter, Germany), while particle morphology was observed
by transmission electron microscopy (TEM; Tecnai 20, Philips, The
Netherlands). Particle dispersion of about 1 wt% was dropped on a
carbon-coated copper grid, then dried at room temperature in a desic-
cator overnight before TEM observations. Chemical structures were
analyzed by proton nuclear magnetic resonance spectroscopy (‘H NMR;
PreCool ASC30, JEOL) at 500 MHz. GPLLA and purified PLLA-g-PMAA
were dissolved in CDCl; where MAA was dissolved in D,0 before 'H
NMR measurement. Monomer conversion was calculated by gravimetry
according to Eq. (1). A dispersion sample (~2.0 g) with several drops of
hydroquinone solution (1 wt%) was placed in an aluminum cup and
weighed before heating in an oven at 70 °C to evaporate the solvent. The
weight of the dried polymer excluding the GPLLA mass as compared
with the original monomer. Linalool content in polymer capsules (per-
centage experimental loading; %Lg (wt%)) was determined by gas
chromatography (GC; Varian Star 3400 CX FID; Agilent, USA) with a
flame ionization detector (FID). Flow rates of N, gas, air-zero, and H, gas
were maintained at 30 ml/min with injection temperature at 250 °C and
heating rate 5 °C/min. The dispersion sample was centrifuged and the
supernatant was dissolved in acetonitrile before injection into the GC
system. The Peak area of linalool in the supernatant was compared with
the linalool standard calibration curve. Linalool content in the washed
polymer capsules (%Lg) was calculated from Eqs. (2)-(4):

[(Wp X Wigw) — Wepra] x 100
We x Wy

[€5]

%Conversion =

where Wp is the polymer weight (g) after drying, Wy is the polymer

dispersion weight (g) before drying, W, is the total weight (g) of the
dispersion before polymerization, Wgpy14 is the GPLLA weight in the
recipe, and W)y is monomer weight in the recipe.

WL cont=CL cont X Weont (2)

where Wi, cont is the weight (mg) of linalool in continuous phase after
synthesis, C, cont is the concentration (mg/kg) of linalool in the contin-
uous phase obtained from GC, and W,y is the weight (kg) of the
continuous phase.

WL cap=WLini— WL cont 3)

where Wi cap is the weight (mg) of linalool contained in capsules and
Woyini is the weight (mg) of linalool before synthesis.

%LE = (M) % 100 @
W,

cap

where W, is the weight (mg) of capsules obtained from the polymer-
ization.

Theoretical percentage loading (%Ly) of linalool in washed polymer
capsules was calculated from Eq. (5) as follows:

wL.mi

%LT =
Wi + (me ﬁ"“"}’ﬁ‘am"")

% 100 5)

where Wy, is the weight of GPLLA, MAA and EGDMA in the recipes
shown in Table 1.

Percentage encapsulation efficiency (%EE) of linalool was calculated
from Eq. (5):

%EE = (:—I:) x 100 (6)

If all linalool used in the recipe was included inside the capsule, %Ly
was equaled to %Ly where %EE was 100%. Moreover, the maximum Lg
is then the linalool fraction in the mixture of polymer and linalool (in
case of 100% conversion).

Before antibacterial activity and cytotoxicity studies, the capsule
dispersion was centrifuged before the removal of the solvent. The
remained capsule was then dried at room temperature, where the
continuous phase, including the cosolvent incorporated inside the
capsule, was quickly evaporated.
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Fig. 1. Schematic diagram for the preparation of PLLA-based polymer capsules.



2.4. Antibacterial activity

Antibacterial activity of PLLA-based capsules containing linalool
against gram-negative (E. coli, TISTR 257), gram-positive (S. aureus,
TISTR 1466) bacteria and fungi (C. albicans, ATCC 10231) was examined
using the agar well diffusion method. Inoculums test microorganism
(108 CFU/ml) were swabbed on the surface of brain heart infusion agar
(BHI) (for E. coli and S. aureus) and Sabouraud dextrose agar (SDA) (for
C. albicans), then punched with a sterile cork borer No.3 on the agar
plate as a well for loading 70 pl of capsule dispersion (~0.5%wt),
linalool, kanamycin (30 pg/disc) as a positive control for E. coli and
S. aureus, miconazole (10 pg/disc) as a positive control for C. albicans,
and dimethyl sulfoxide (DMSO) as a negative control. The plate was
incubated at 37 °C, 24 h (for bacteria) and 30 °C, 48 h (for fungi). The
diameter of the inhibition zone surrounding the well was then measured.

2.5. In vitro cytotoxicity

Human skin fibroblasts obtained from the American Type Culture
Collection (ATCC) were used for cytotoxicity testing by MTT assays.
Human skin fibroblasts were trypsinized and seeded at a density of
1 x 10* cells/well in 96-well plates and then incubated at 37 °C under
5% CO2 atmosphere for 24 h. The cells were treated with 20 pl of pris-
tine linalool and GPLLA-g-P(MAA-EGDMA) capsule particle-containing
linalool, and DMSO as the negative control, before incubation at 37 °C
under 5% CO3 atmosphere for 24 h. After incubation, the medium was
removed and the cells were washed with phosphate buffer saline. Then,
100 pl of 0.05 mg/ml 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetra-
zolium bromide (MTT) solution was added into each well and further
incubated for 6 h. After incubation, the MTT solution was removed, and
100 pl of DMSO was added to dissolve the formazan crystals. The plates
were shaken at 200 rpm for 15 min and measured for absorbance at
560 nm by a microplate reader. Percentage of cell viability was calcu-
lated by comparing with 100% viability of untreated cells, as shown by
Eq. (7).

@)

%Cell viability = (7"5"0 S“‘“P“)

A560 Control

where Asgo Sample is the absorbance of sample and Asgp Control is
the absorbance of control.

3. Results and discussion
3.1. Glycolysis reaction of PLLA

For precipitation polymerization, all components must dissolve
entirely in the continuous phase. Therefore, the molecular weight of
PLLA must be reduced. The glycolysis reaction was used to reduce long
chains of commercial PLLA under high temperature by trans-
esterification between the ester (COOR) group of PLLA and the diol
group of EG. The COOR group was broken and replaced by a hydroxyl
(OH) group at the chain end of EG to obtain GPLLA (Fig. 2) [63,64]. The
molecular weight of commercial PLLA decreased significantly from 100,
000 to 17,000, 10,000 and 4000 g/mol at glycolysis reaction times of
60, 180 and 300 min, respectively. It is clearly seen that molecular
weight distribution (MWD) (Fig. 2a) shifted to lower GPLLA (Fig. 2b-d)
with reaction time. Moreover, MWD peaks of all GPLLA (Fig. 2b-d) were
symmetrical and only a bit different (My,/M;:1.48-1.78), indicating that
the glycolysis reaction smoothly proceeded. The obtained different
molecular weights of PLLA and GPLLA were used in precipitation
polymerization.

3.2. PLLA-based particles and capsule synthesis

In precipitation polymerization, the monomer, functional monomer

Low M,, < Glycolysis time | High M,
@ (c)
MWD, : 1.78 (b) ®
MWD, : 1.66
MWD, : 1.64
_ MWD,y : 1.48
s
g
2
0 1 2 3 4 5 6 7
LogM

Fig. 2. The overlaid molecular weight distribution of commercial PLLA (a) and
GPLLA (b-d) by glycolysis reaction at various reaction times of 60 (b), 180 (c)
and 300 min (d).

and crosslinker are homogeneously dissolved in the continuous phase.
When presenting the radical, polymerization takes place in the medium.
Polymer particles were formed and precipitated from the medium. The
obtained particles maintained their colloidal stability with electrostatic
or steric chain stability on the surface. To produce PLLA-based particles,
MAA providing the carboxyl group was used as the functional monomer,
while acetonitrile was used as the solvent. Acetonitrile is a near theta
solvent (0 solvent) for the formed polymers and is often used as the
solvent in precipitation polymerization [55,70-73] to obtain spherical
polymer particles. Acetonitrile is a suitable solvent with various
monomers but has a low affinity with vinyl polymers such as PDVB, PAA
and PMAA. Moreover, acetonitrile has a high dielectric constant (e =
36). The carboxyl group of PAA and PMAA was easily deprotonated,
giving a more negative charge on the particle surface [70] and particle
stability.

The commercial PLLA (100,000 g/mol) could not be polymerized
because it was insoluble in acetonitrile. In contrast, all lower GPLLA
molecular weights, 4000, 10,000 and 17,000 g/mol, were dissolved
entirely in acetonitrile (Run 1) at the concentration of about 5 wt%. It is
because the solubility of GPLLA at 4000, 10,000, and 17,000 g/mol in
acetonitrile at 70 °C were 7.58, 6.48 and 6.46 wt%, respectively, which
were higher than those in the polymerization feed. PLLA-based particles
(Run 1) were prepared using various molecular weights of GPLLA (4000,
10,000 and 17,000 g/mol). At lower molecular weights of GPLLA (4000
and 10,000 g/mol), the obtained particles were unstable and a large
amount of coagulum was obtained. This occurred because the obtained
particles swelled in the medium and easily aggregated. By contrast,
polymerization proceeded smoothly with high conversion (99%) at a
higher molecular weight (17,000 g/mol), and a milky emulsion (Fig. 3a)
with no coagulation was obtained. This result indicated that the formed
particles had high colloidal stability, concurring with the zeta potential
measurement of —57 mV. Moreover, the number-average particle size
(dn) was 580 nm with a low dispersity index (PDI of 0.012), as shown in
Fig. 3a’. Based on the high molecular weight (17,000 g/mol) of GPLLA,
the formed particles had a low affinity with acetonitrile and precipitated
out. The PLLA-based particles were thus able to maintain their shape.

The BPO initiator decomposed based on thermal initiation, giving a
highly active radical (RO-) that abstracted H atoms and caused radically
active sites on the GPLLA chain [56]. The functional monomer as MAA
added onto the GPLLA active site. Polymer chain length increased until
it reached a critical value (Jerit) and was no longer soluble in the me-
dium. The PLLA-based particles were then assembled and precipitated
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Fig. 3. Dispersion images (a and b) and DLS histograms (a’ and b’) of the PLLA-based particles prepared by precipitation polymerization using GPLLA with a
molecular weight of 17,000 g/mol, using BPO (a and a’) and V-501 (b and b’) as initiators. TGA thermograms (c) of composite GPLLA/P(MAA-EGDMA) (1), and

PLLA-based (GPLLA-g- PMAA) particles prepared with V-501 (2) and BPO (3).

out of the solution. These particles then captured more new oligomers
nucleated in the medium for further growth. To confirm this idea,
PLLA-based particles were also prepared with an azo initiator as V-501
with the exact condition of BPO. The carbon center radical initiated from
V-501 had less reactive than peroxide radical in terms of hydrogen
abstraction, giving a low active site on the GPLLA chain. Therefore, the
GPLLA chain might not further be polymerized with any monomers via
radical polymerization.

Fig. 3b shows that the milky emulsion of PLLA-based particles pre-
pared with V-501 was similar to BPO. The d, was about 450 nm with a
low dispersity index (PDI of 0.098) as shown in Fig. 3b’ and similar to dp,
of using BPO. To determine whether the obtained particles were a
copolymer or composite polymer, thermogravimetric analysis (TGA)
was performed to observe the degradation of the prepared polymer. The
degradation was expected to be one or two steps for copolymer and
composite polymers, respectively. As shown in Fig. 3¢(1), a two-step
degradation (70-160 °C and 320-480 °C) was observed when TGA
was used to measure composite GPLLA/PMAA, as blending of pristine
GPLLA and PMAA. A similar result of PLLA-based particles using V-501
was also shown, where the first and second degradation steps were
observed at 80-170 °C and 300-480 °C, respectively (Fig. 3¢(2)), indi-
cating that the formed PLLA-based particles might be a mixture of
GPLLA and PMAA. During the polymerization of MAA, GPLLA soluble in
continuous phase might partition in the self-assembly of PMAA particles.
The Hildebrand solubility parameter (&) of PLLA (21.3 MPa'/2) [74] was
similar to MAA (22.9 MPa'/2) [75]. PLLA might enter the formed par-
ticles swollen MAA monomers and locate there until high conversion
forming the composite GPLLA/PMAA. For PLLA-based particles pre-
pared with BPO, only a one-step degradation (100-500 °C) was found
without the degradation temperature of GPLLA (Fig. 3¢(3)). Results
revealed that the difference in the molecular structure of the radical
initiator fragment affects the final polymer structure. One radical frag-
ment type preferentially abstracts hydrogens, while another one pref-
erentially propagates with monomer. Active sites were generated on the
GPLLA backbone using the peroxide radical, and GPLLA-g-PMAA par-
ticles were successfully formed.

Moreover, PLLA-based particles using BPO were characterized with
'H NMR. The purified PLLA-based (GPLLA-g-PMAA) particles (~100%
yield) were dissolved in CDClj3 to analyze the chemical structures with

'H NMR compared with GPLLA and MAA monomers (dissolved in D20).
'H NMR spectra of GPLLA, MAA and GPLLA-g-PMAA particles were
overlaid, as shown in Fig. 4. Peaks at 5.2 and 1.6 ppm of both GPLLA and
GPLLA-g-PMAA spectra were attributed to methine and methyl protons,
respectively. Protons were found at 1.9-6.1 ppm, attributed to CHj
(marked as 2) and CH; (marked as 1, the double bond) for both the MAA
monomer and GPLLA-g-PMAA spectra. The intensity of peaks on MAA
significantly decreased on GPLLA-g-PMAA, indicating that the percent-
age of monomer conversion was very high and near to 100%. Moreover,
new peaks of methyl (marked as 2’) and methine (marked as 1°) protons
at 0.9 and 2.0 ppm, respectively, of the PMAA chain in GPLLA-g-PMAA
were observed. The chemical shift of both peaks was caused by the
grafting of PMAA on the GPLLA chain [28,76].

GPLLA-g-PMAA particles were successfully prepared by precipitation
polymerization; however, the obtained particles were relatively large
(580 nm) due to absorbing acetonitrile during self-assembly. Moreover,
GPLLA-g-PMAA particles had a low potential for chemical resistance. In
Fig. 5, a milky emulsion of GPLLA-g-PMAA particles before (Fig. 5a) the
addition of THF was observed. After the addition of THF, the milky
emulsion gradually changed to a relatively bright milky emulsion after
25 min (Fig. 5b). This result concurred with the DLS measurement
(Fig. 5e). The d, (580 nm) of GPLLA- g-PMAA particles gradually
increased with the addition of THF to over 1600 nm and could not be
detected after 25 min. Hence, The obtained GPLLA- g-PMAA particles
were unable to maintain their structure with presenting THF. Cross-
linked polymer particles are suitable for wide-ranging applications,
besides presenting crosslink in precipitation polymerization induced fast
for fixing the self-assembly structures [77]. Here, EGDMA was then used
as a crosslinker for PLLA-based particle preparation (Run 2). The milky
emulsion of GPLLA-g-P(MAA-EGDMA) particles did not change with the
addition of THF (Fig. 5S¢ and d). After polymerization, the obtained d,
was about 300 nm and slightly increased to 350 nm after the addition of
THF (Fig. 5f). The crosslinked GPLLA-g-P(MAA-EGDMA) particles
showed significant stability.

Linalool, the monoterpene model, was used for encapsulation. In
precipitation polymerization, the GPLLA-g-P(MAA-EGDMA) polymer
chain assembles to form the particles and precipitates out of the solvent.
When linalool is present in the medium, it mixes with the polymer chain
during self-assembly and swells into the particles, finally existing in the
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PLLA-based capsule. The EGDMA and MAA contents were varied, while
the amount of GPLLA was fixed at 50 wt% of all monomers as shown in
the recipes in Table 1 (Runs 3-6). At contents of EGDMA up to 40%, the
polymer particles showed good colloidal stability with zeta potentials
over —35 mV. The d,, was about 300 nm for all cases with monodisperse

(PDI lower than 0.075), as shown in Fig. 6(a-c). However, at an EGDMA
of 45% (Table 1. (Run 6)), the obtained capsules were unstable, causing
aggregation because of low carboxyl group content delivered from MAA,
resulting in low surface charge. On the other hand, when the amount of
EGDMA increased, %Lg and %EE also gradually increased (Fig. 6d) from
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8 to 11% and 16-22% for %Lk and %EE, respectively, using 20-40%
EGDMA. It was because an increase in crosslink density caused higher
internal cavities. As a result, the stable capsule of 40% EGDMA with the
highest encapsulation efficiency was selected for further study.

High stability GPLLA-g-P(MAA-EGDMA) capsule particles were ob-
tained, but the %EE was relatively low at 22 wt%. To improve %EE, a
cosolvent as ethyl acetate was added to the precipitation polymerization
system. Ethyl acetate with a 6 of 18.2 MPa'/2 [75] is a suitable solvent
for linalool (19.7 MPal/z) [78]. Moreover, their § values are close to
GPLLA but far from the 0 solvent as acetonitrile (24.3 MPa'/?) [75].
Therefore, ethyl acetate was used as a cosolvent in precipitation poly-
merization to induce linalool to retain in the capsules during
self-assembly. Various amounts of ethyl acetate were mixed with
acetonitrile for use as the medium of precipitation polymerization. The
%EE increased with ethyl acetate amount as 28% and 36% for 10 and
20% ethyl acetate, respectively (Fig. 6d). Moreover, at 20% of ethyl
acetate, the particle size (280 nm) of the capsule in Fig. 6(c) is a bit
increase from that (249 nm) of without cosolvent shown in Fig. 6(f).
Results indicated that ethyl acetate allowed linalool to swell into the
formed particles. However, further addition of ethyl acetate did not
improve the encapsulation efficiency due to particle coagulation. The
medium using 20% ethyl acetate was a suitable condition, where the

obtained capsules represented excellent stability. The particle shape was
spherical (Fig. 6e) with dy of 280 nm and showed a relatively narrow
particle size distribution (Fig. 6f).

It is the first time preparing a PLLA-based particle/capsule by radical
precipitation polymerization. Although PLA-based particles were suc-
cessfully prepared by dispersion polymerization via ring-opening of the
lactide monomer using a graft copolymer stabilizer [50-52]. The par-
ticle sizes (~5 pm) were significantly larger than this work. Moreover,
the encapsulation did not report. As mentioned in the introduction part,
the copolymer stabilizer is also needed to control the molecular weight
before being used. The preparation of PLLA-based microcapsules using
suspension polymerization[28] was also reported. However, signifi-
cantly larger particle sizes (5-20 um) and broader size distribution were
obtained. In addition, droplet generation with a high shear rate is
needed before polymerization. The proposed method was operated at
the mind stirring rate without stabilizer and a high shear rate. Therefore,
it might be more beneficial for synthesizing PLLA-based particles and
capsules where particle/capsule sizes were in the submicrometer-sized
range (~250-580 nm) with a narrow particle size distribution.



3.3. Antimicrobial activity of the capsules

It is well known that linalool exhibits antimicrobial properties[79,
80]. Therefore, the antimicrobial activity of PLLA-based capsules con-
taining linalool was evaluated using an agar well diffusion method. The
clear zone on the disk around the capsule containing linalool (A posi-
tion) revealed that bacteria (E. coli; Fig. 7a and S. aureus; Fig. 7b) and
fungi (Fig. 7¢) could not grow compared with pristine linalool (B posi-
tion) using kanamycin and miconazole as the positive control (C posi-
tion), and DMSO as the negative control (D position) (Fig. 7). Inhibition
zone diameters for capsules containing linalool and pristine linalool
were measured and shown in Fig. 7d. Inhibition zones for E. coli,
S. aureus and C. albicans of the capsules were 2.5, 3.0 and 3.8 mm,
respectively. These values were close to the utilization of pristine
linalool at 2.8, 4.0 and 4.2 mm, for E. coli, S. aureus and C. albicans,
respectively. Results indicated that the polymer shell did not disturb the
antimicrobial properties of the encapsulated linalool, while encapsu-
lated linalool easily diffused to the interface against both bacteria and
fungi.

3.4. Cytotoxicity of the capsules

Strong antimicrobial activity of linalool and the PLLA-based polymer
shell containing P(MAA-EGDMA) segment might induce cytotoxicity.
Therefore, a toxicity test of PLLA-based capsules containing linalool on
human skin fibroblast growth inhibition was evaluated using MTT assay
and compared with pristine linalool, as shown in Fig. 7e. Using pristine
linalool, percentage cell growth was not different from DMSO as the
negative control (~100%) at concentrations of linalool at up to

0.01 mg/ml. However, percentage cell growth (~45 and ~10% for 0.1
and 1.0 mg/ml) was significantly reduced with a further increase in
linalool concentration. Results indicated that concentrations of linalool
over 0.01 mg/ml might be toxic to human cells. By contrast, percentage
cell growth was maintained at about 100% from low (0.001 mg/ml) to
high (1.0 mg/ml) concentrations of encapsulated linalool. Findings
revealed that the PLLA-based shell did not affect the cytotoxicity and
PLLA-based capsules containing linalool effectively inhibited the growth
of bacteria and fungi but did not show toxicity to human cells. The PLLA-
based polymer shell enveloped linalool, and the contact between
linalool and human skin fibroblasts reduced, proving that linalool was
encapsulated inside the PLLA-based capsules.

4. Conclusion

Stable monodisperse spherical PLLA-based particles/capsules were
successfully prepared by radical precipitation polymerization using
commercial PLLA as the starting material. PLLA biodegradable polymer,
and EGDMA and MAA biocompatible polymers were used as the cross-
linking and functional polymers. PLLA-based particles were achieved
using fractions of EGDMA and MAA at 0.4 and 0.1, respectively. BPO
was used as an initiator to generate active sites on the backbone of PLLA
that smoothly grafted with the copolymer. This proposed system is
simple for the preparation of a nearly monodisperse PLLA-based particle
and capsule. The encapsulation of linalool was demonstrated. Ethyl
acetate as the cosolvent, with similar solubility parameters to the
encapsulated core and polymer shell, increased %EE to 36% with 18%
loading capacity.The obtained capsules containing linalool showed high
microbial activity against S. aureus, E. coli and C. albicans and were not

(d)
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Fig. 7. E. coli (a), S. aureus (b) and C. albicans (c) inhibition zones and summarized inhibition zone diameter (d) of PLLA-based capsules containing linalool (A),
pristine linalool (B), positive control (C), and negative control (D) on the agar plates. Cytotoxicity (e) of pristine linalool and PLLA-based capsules containing linalool

at various concentrations on human skin fibroblasts.



toxic to human cells. The obtained bio-based particle/capsule can be
used for personal care and biomedical functions as well as food
applications.
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