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ABSTRACT

The research aimed to prepare photocrosslinkable bio- based block copolymers
consisting of polymethacrylic acid-block- polycinnamyl methacrylate- block-poly methacrylic-
iodide acid as polymer shells for Kaffir lime oil.

First, cinnamyl alcohol which was used as a biomonomer was functionalized with
methacrylic anhydride via an esterification reaction to create a double bond named cinnamyl
methacrylate. Then, it was copolymerized with methacrylic acid using solution iodine transfer
polymerization, resulting in polymethacrylic acid-block-polycinnamyl methacrylate-block-poly
methacrylic acid (PMAA-b-PCMA-b-PMAA) with a molecular weight of 2800 ¢/mol and a chain
length equals to 7: 6: 7 units. After that, PMAA-b-PCMA-b-PMAA (BioSurf) was used as polymer
shells to encapsulate Kaffir lime oil in a microemulsion system cooperated with Tween 80
(surfactant; Surf) and ethanol (co-surfactant; CoSurf). The ratio of Kaffir lime oil and Surf-CoSurf
was varied from 1: 9 to 9: 1 (wt). The Surf,, which consisted of BioSurf, Surf and Co-Surf at the
ratio of 1: 1: 1 (wt) was dispersed in water at 400 rpm for 5 min. The optimal contents of oil,
Surf.y,, and water were 6, 24, and 70%, respectively. The nanocapsule size was about 68 nm
with -3.64 mV. After UV curing at 254 nm for 120 min, the dimerization of cinnamyl groups in
PCMA was confirmed by the UV spectroscopy. The result revealed that the absorbance peaks
of cinnamyl groups at 283 and 294 nm significantly decreased. It was found that 10% of the
encapsulated Kaffir lime oil slowly permeated into skin after 1 h. In addition, the oil also had
anti- inflammatory effects with the percentage of inhibited nitric oxide production in
macrophage cells at 32.07+ 0.63. Moreover, nanocapsules did not show toxicity to human skin
cells at the concentrations of less than or equal to 1 v/Vv%. Finally, the microemulsion was
thermodynamically stable at 4, 30, and 45 °C.

The encapsulation of Kaffir lime oil in microemulsion might be an alternative option
for cosmetic products and related applications.

Keywords: Kaffir lime oil, microemulsion, bio- based polymer, block copolymer,

photocrosslinkable
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Oswald ripening Coalescence
i)
o
°
P R »
& %:5?\@ q
Diffusion of oil through Collision and fusion
the water phase of oil droplets
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N119ELARDUNNAULNTIMEAVUINLANNT NNV A UL TUTDIANT AV NED 8 TIINNS UL
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Ostwald ripening effect

Oil

Oil

Osmotic pressure effect ©— Surfactant

® Costabilizer
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lanannIailudrunisvssasldaiudie msiwenvnsiifaduainuisenlawelswduves
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Luldgaumgdige wazluldlanendnidudamuaunisnszaedivesiminluana wiasld
arsusznauminlelolas wu lelalanesu (lodoform) unulanzudn Feaswardiduiingiu
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Tdlumswesounie/medweslulasuadyal78-88] sumsldlunisdunsgianslondreansly
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2.1 uzngn (kaffir lime)

AWl 2.1 1engA (kaffir ime)

2.1.1 ANBUINNNGNYAIENT

29A RUTACEAE

Fedmeneans Citrus hystrix DC,

‘?J'E)mﬂig Kaffir lime, Leech lime, Mauritius papeda

Fofiuiios Uz, ey, 180 (MAwmile), dunga, s (mals), BN

£Y

, Unnsn (npdenw)

wzn3n Wuiieluanadu (Citrus) daudndalulszinaan Sulailds unade wazlng
TwelenyTusendedd Jeuldlunzngauasiouzngadudumilvosnioslgsemswanesiin
wenanlulszinalneuazadngd dellanufenluiuyy Heauy uiade wazdulailide
(newanizumd) uenialuldduduuuimnan Juliileuds dduuazisdivuuenidndes Tu
Huluusenauaiinangy Tludes 1 Tu Fesadu sUl Aefdnuwaadeiululd 2 lu defueg
Aaan nardlulluneu q A uuneantugwinduwiulu il 2 meu nte 25-4

a a a a & a = & & W i % N a

uART 81 4 - 7 lwudies TuddeuniuitluSeunies Wulu deudimun Induneuy

3 a = = A = a A ¥ v a =
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wanvvsrdnanu1dunszateeg i (hesperidium) nageudidudidequn lonaanay

Y

Wasududvndesan

2.1.2 ANAMNELATUINTTVBINENSA

Tungngn 100 n$u Windeu 171 Alauaass Ysznaulualenndinig

a15emsNdAgy (wanslunisns 2.1) [91] wazdamuinuzngaduivayulnslunismunng

o

anunsadesiulsaing 9 wu lsauess lsanaenadenila uenanillunzngadedinguansdidy

]

1o wén-lnilu (B-pinene) wawilu (Camphene) @ns1a (Citral) laungesa (Linalool) wae &

! s
=< a = %

Insiuaaea (citronellal) FeilnnINTINNUALLAGWINGY 19U NBAUYYABATE ATUNNT
gniau Augdunid uazduduwnasdrAgresusualsiiu fiawnsaduds Staphylococcus

aureus kazdudadiasanlussuuniuiuenis

M13199 2.1 psAUsENRUATT IS IUNENIA

Chemical composition Quantity / 100 g
Protein 6.80 ¢
Fat 3.10¢
Carbohydrates 29.00 ¢
Fiber 8.20 ¢
Calcium 1672.00 mg
Phosphorus 20.00 mg
Iron 3.80 mg
Vitamin A 303.00 pg
Thiamine 0.20 mg
Riboflavin 0.35 mg
Niacin 1.00 mg
Vitamin C 20.00 mg
Ash 4.00 ¢
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2.2 msanaindunauszine (Extracting Essential Oil)
Unudiuenszive 1Ha1nn19aAfIsNTZUIUAI & ATUAMILUNIZENTDINTLAAY
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nszuumMsanauntiureusewe NHealdndng wiseenidu 3 Ussuam asil

2.2.1 anameglaun (Steam Distillation)
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(3

v Y indyd I 6a a o < £ aal (9 ¥ |
annnaeiol Aeaumes, WuiUesiiug, way ganausa Wudu lngisnisannasldiansening

Y

1 91 10 Flue Ysunanhiduilaesuediusseziiailunisnau eaumall anuiu uazyinves
Wy luseninensnau fegreazgnauliiiiion ieUdesinduneussiefognelusiunis
szgdulouuarlossmeveninfunenssveazgnAIULLL INTUIZYNTIVTINLAZLEN DD N
) o o ¢y Y v v aad @& aad. Ty v g
ndulumyueiisondn "vanasisud” uiinisainnigisl 1TuTsndeuazlidutouusnd
Y = o i Y S A I = ! ¢ =
Joideanning tiesndiegegnasluiipeadunaiuiy ddwradesdusznouniuaiives
Wuveusuive yiliinUssdvzanvesidiuveyssmeanas anviadailvinduuasdveuiiu

pauseeRaisulUanndy [92]

Vaporized Condenser
Essential Oil

L ) 1A | g
VA W\ Y

material

Essential
Qil

R N e

\ LT 11 1)

|

Heat Source Steam

Condensed
water

Al 2.2 nszuaumsanaunsiutenssemensanawuuletn [93]
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2.2.2 anmmeivinazais (Solvent Extraction)

nsafmusuenssmedefvhazatsanunsaldiiteatninfumenss e ding
ANUSould L[ naen Laedsnisana ffhaEJ'Nﬁ‘UmLLé"J%Qﬂaﬁ’ﬂé’aaﬁaﬁwazmﬂuéwﬁaﬁq
arans nasnnsanaNaLve LTl sumeNsTve (SauEsansUsznoud ) azRu
AszUIUNITNses Inefviazaefisnldsulunisade laun woanosed Leniwu Len1uea
Vnsideudines waziuyuea wiinnsannnleniinay mmﬂuwmmmuaﬂ%amm i @
FpanruEs e sasuulamaaiivesintuneuseive amqlsﬂmmmiaﬂmmﬁ%’ﬁ af
wudaidefenisandeesivhaneluiifunenszse shlshiumeussmefldlddanuuians

Adldanunsalununannumionnsle [92]

T to reflux condenser
A k Ivent distillat
solvent distillate
.. ‘_,_...--’/‘
..
L]

& aqueous sample

PVC tube

/1 Y
organic solvent

extractant

solvent boiling flask

a v 3w 1Y o Yo o
AINN 2.3 ﬂigUQUﬂqiaﬂ@‘U"mu‘ViauigLVI‘EJW]EJﬂ']iﬁﬂﬂLlfU‘Ui‘UGn‘VﬂagaqﬁJ [94]

2.2.3 anfiu (Cold-Press or Expression)

fﬂiﬁﬂﬂLEJ‘lWﬁ@ﬂ’ﬁﬁﬂﬂLLUUUUL‘lJ‘L!’Jﬁﬂ’]iﬁﬂWV]Lﬂ’]LL E?j‘ﬂ wazdinlglun1suan

(%
o 174

Wnfurenszmeaniivase)adu (Citrus) Inenisataduazyinniswenadinveaiiduesnunain

' i
v A U

duse 9 vesiialagnsdudaiiougiivsnilaslildanuieunazansiadl ndunsnialiau

]

ANAZNDU WAINTBRDNANIZE IV aNSu LY vilihduneussmenladanuuigns

e dna ‘LWi’eJilJ maau NG ﬂ\‘lﬂmﬂ’]LLfﬂuﬁﬁiWﬂiNl’ﬂﬂLUUquJuL’Ja’M’m [92]

Y
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Fixed here
with wall

Mesh

ldl [ 96’ LY % (9 @
AN 2.4 NTLUIUNTEANAUNLURBUTZLRYAWWAITEANALYY [95]

2.3 vinifunznga (Kaffir lime oil)

AW 2.5 ﬁﬂﬂumzﬂgm (kaffir lime oil) [96]

nauneuenanwalanssn winazlllsuslanlaunss viessdsldduaseunedngu
nsUgseswagldiluaseshn uenanlifailuuduadinonudenldlueiasdionuas

a

U = 1 v 2 J v 9OJ U 1 Q‘ v
HandueiAu TnedinsAnwineunthilfesiuinduuensn Senuilgrsiueyyadase

v Y] vy ¢ )~ £ Aa S
LLaxﬁ]V]ﬁm']u‘l'Jiﬁ LLaS{jQQ‘UUVL@WTJQa@‘U@ﬂﬂUigﬂ@U‘WW\‘iLﬂilLLagq‘Vlﬁ TaﬂiUNgﬂzﬂﬂuagiuuquu

nenszimelaannsnaumelalasiaunienlananmaianisadiauuuszivedu o
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2.3.1 aaAUsEnoumaAll

psfUsznaumMaeivosidunensemeanluuznga (wansdanind 2.6 uas
G]'Wi’]\iﬁ‘l 2.2) la'wn Citronellal, B—Myrcene, Limonene, Terpinene-4-oil, Citronellol,
Citronellyl acetate, Geranial geranial acetate, B—pinene hae Neral %aﬁgwmlﬂumiﬁzma
Tunga Monoterpenoids aantnduneussimeaniuugnga (C. hystrix) fiiusiusaluiiues
Tnulegnadalasmanduseni Jnsesidouia lnsulansi-uaaunlngumd (GC-MS) wa
Usziflugnidugadnueaminiu [96] fnsseyesdusenevanduulnmenis Andudosay
89.0 vesesdUsznavimualutdunenseve luussmansssmeiissyldveshiuneussme
lungnga Tovay 87.0 w1 INnquNeUBIaNU LauilosdUsenounanAe terpinene-4-oil of
(13.0%) 509a3u1A 8 B-pinene (10.9%), O-terpineol (7.6 %), 1,8-cineole (6.4 %) wag
Citronellol (6.0 %) [97]

M M -
7 =
O/ = OH W

" Citronellol
Citronellal :
Neral

0] /\)\/\)\
()HW 0]

Geraniol Geranyl acetate

w\“OZi ()W
A

Geranial

a-Elemol
a-Eudesmol

AN 2.6 BeAUsENOUMBAvENvaniuveNssmeInlulznga [98]
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M13197 2.2 sRUsEneumaaiiveniduneussveanluugnia (7]

No. Chemical compound RT1? [s] Average R12" [s) Similarity Unique mass Aroma descriptors

1 B-Pinene 1186 1.184 854 93 green, musty, pine, resisous, sweed, turpentine, woody
2 Sabinene 1050 2.097 939 93 herbal

3 Citronellal 1310 2204 886 69 citrus, fatty, floral, lemon, rose

4 Linalool 1332 2.208 745 71 cilrus, orange, lemon, floral, waxy, aldehydic, woody
E a-Terpineol 1402 2.408 790 59 carthy, Noral, musky, spicy, woody

6 p-Citroncellol 1438 2.289 928 69 citrus, floral, rose

2 Citronellyl acetate 1606 2.132 916 69 citrus, berry, floral, rose

8 a-Copacne 1682 2.070 937 161 woody

9 Geranyl acetate 1642 2.136 916 69 floral, rosy, waxy, herbal and green with a slight cooling nuance
10 a-Cubebene 1766 2.038 870 161 citrus, fruity, radish

1 B-Caryophyllene 1738 2074 917 93 woody, spicy

12 Limonene 1170 2.026 936 93 citrus, mint, orange, terpenic, xyloid

13 Germacrene D 1694 2.012 907 161 woody, spicy

14 a-Pinene 998 2.034 861 93 pine, terpenic

15 Capmbhen 1056 1.984 951 91 arborescent

16 Terpinen-4-ol 1382 2.160 864 71 woody, fruity, herbal, licorice, moldy, musty

17 a-Terpinene 1134 2.044 939 93 woudy, oil, fruit, gasoline, lemon,

18 Myrcene 1050 2.188 808 93 terpenic, herbaceous, woody with a rosy celery and carrot nuance
19 a-Phellandrene 1164 2.040 915 93 citrus herbal terpene green woody peppery

20 a-Thujene 962 2128 899 93 arborescent

21 y-Terpinene 1272 2156 914 93 woody, fruity, gasoline, herbal, sweet, terpenic

22 f - Phellandrene 1058 2.200 836 93 minty, lerpenic

* RT1-first dimension retention time.
» RT2-second dimension retention time.

2.3.2 AaNUmn150eNgnsn TN
2.3.2.1 gMBAUNITBNLEU (Anti-inflammatory)

8199113 (Coumarins) 2 mﬁmﬁié’mﬂmamzﬂgm lauA @1siuesniuem
71U (Bergamot tin) ag N-(iminoethyl)-L-ornithine (L-NIO) ﬁqw‘éé’us‘?ﬂmwé"waqlum‘%ﬂaaﬂ
Tas (NO) lunaeanaaes duduansivihlifanissnay Jwmaaninuualasnia (Macrophage)
yoanyfigansedudie Alwmedudnalse (Lipopolysaccharide; LPS) uaz Sutmesinesou
wnuu(interferon-g; IFN- g)I@]Sﬂﬂlﬁﬂ’ﬂuLsﬁluﬁﬁu%@ﬂﬁﬁﬁlﬁ’]wﬁﬂETUEi‘i‘Uﬁﬁ%EJ’]IUﬂ?QﬁQ
(linhibitory concentration: IC50) iU 14.0 ka 7.9 llasiuas auaisu [99]

a130u13u 3 vlie laun arsiuesniuendiu (Bergamot tin), a1598n

[%
v v

aa a a . LY a L3
FN1¥A11U(Oxypeucedanin) Loy go31LaU (Psoralen) @wnsadugsnisasislunineanlyn

(NO) uaztilevaaaulugaduualasnig RAW 264.7 voany gnnszausedlunedudnanslsd

(LPS) wazdumasiwasay (Interferon) [100]

2.3.2.2 qusunlosiila wavdu
naasugnsundeosiala wagdu ve9a1sain 70% LoNIuoaaINkINg
uzngn Tunyuanes aeiug Sprague Dawley lagld aanlugidu (Doxorubicin) ¥una 4.67

fanSuseilansu lunsimilgnhlifafivieilauazdiv lnedadmnsdesiosweany sy
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n1stauansaiaeniueaanianaugniavuin 500 w3e 1,000 ddnsusedlansu lunyusiag
nau soenduian 11 5y wddufuden waviala wasdunenoenuiinsiest nanas
NAFBUNUIIENTATALENIUDAINAINENA YUA 500 AdnTuseilansy vilvlaseaineves
ndunilomladinisiiuy wimssnavvesndadiolasuausnngsadiog Tuvnefinguillésy
a13aiAleNUeANRINLNIATUIA 1,000 AdnTuseilaniy Tassatravesndiiiewilaiinng
Wyuv\lvmiuﬁ’u winssniEuvesnduLieilaanas uiansatnaesunalidannsaunioaniede
fule wazainnisasiadaseauleuladdu lawn Alanine aminotransferase (ALT) wag
Aspartate aminotransferase (AST) wuinansanansaesvwnliannsariivsziuieuledsu
anadglel Imaaqﬂmiaﬁ’mLamuaamﬂﬂamamﬂgmmmﬁaﬂﬂﬂmLﬂfat,?iaﬁ"ﬂmmﬁmﬂwaa

Doxorubicin k¢ lngann1sand@u n1suinvesiiode wiklaunsaundaaidawdasula Wasann

a

sydutoulusiFuigaluanmsldsue Doxorubicin Aetoulest AST laianas dausgduiouled
ALT laiiUAgunuaa [101]

2.3.2.3 quisi e (Antibacterial)

nsfnyigviveaintengn uarinurudeilenduanillanonla 4
Tinauansonsvaaey Taueanaaiiduawmddalunisnelseimilsdniaulugli St 15
lolawan (solates) Iapdl S. aureus ATCC 25923 aneritusinasgrududionugu vinnismageu
muglumelagTBiaeandluemisman Tu 96 well U-shape plate NANSNARDUNUITNLEUT
wagtimenga faamnadudusanlunssudadolunduil 89160 % (vA) way 1.34-1.74 %
(vA) iy dhuamandudusingn Tunissudet ot 1.87-3.33 % (v/v) uaz 3.10 % (v/v)
pruddu 91nmsfnwasUlitiaeun wastiwengaiigrslumduds wazendeaunuiila
aeala Mlinavindenismeaeulaneaniaaannisneaetlunasannass (laueanias Liu
ihdosfidenduannuilanenlaasietu vildwatamvesrundodnd iiansanazneu dedu
AnausAAldmnunindeansulafidudinelse fefmundululddasilufiasandy
drunANvemAN S sN19n138 Al mudninely iileannisiaidensiavids ogslsinu
msiimsmaasddunsldifudnilnensou Wednwwathaiedy o filnansenusenisduds
o uaznasiasdnd [102]
2.3.3 ansiusyyadase (Antioxidants)

mié]’m@%aﬁaizﬁamﬂuLaqaﬁmmsaé’uﬁ’u&fﬁmmzmmsaé’Uégqﬂﬁﬁ%m

sontinduvesluianaansdu 4 ¢ lnsufiseneendindufeufiseiisatesiunmsuaniudey

aaa

a & = LY a) s Y a v 6 & a
ddnaseuanannilaludsineandlad UjAseranunsalindndneiluasouyadase (free
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radical) lnganseuyadassivanilaziinujisengnlauazyinangieaduetsnanie 3eanseueuya

a

y
T
daseanneAugn3

granlgivaniimenisinduivanseuyadassuazdudauiseneendindu

¥
v 4 1

Inegneandlad Asluansiueyyadaseisdeidudisnag wu lﬁaaa NIALOAADIUN LATNOAN

[ 1

ua [103] ZNLLlI’J'TLJQﬂiEJ'WE]E]ﬂG?JLWUULUuaG?{"Iﬂ‘GUGIQ?NLI"U'JGI WANSIARINTUAY & WQUUW“ULLﬁu

o

o o

ammiﬂmau@;amaizuuawﬁwamawgiaﬂmamimua%aaaizﬁdLsziu namlslow Iniu
¥ wagIndiug Wwigiueuledegrsdusauiseuasieululyieseeanled siufunesend
a9 seduansiuoyyadaseiidmioouleifidudjAzeroondinduiiinniul gy
FaaliiAnnzeendindudinnniiuly (oxidative stress) 11118 sn1svianenseadnenny
Fomouniwadld lunmgioondindunniiuluagilmAnlselusyuivaslse nsldansdu
auyadasylumandyinenlasunisfinwegiazidenlunisinvnnizlsavaendenauatuas
15A neurodegenerative disease aegalsAn Seldifufinsrunidninesndinduiiunniiuliu
Juanmgmsiialsavseld arsdueyyadaszgnihunldidudiunauvendadusiaduems
waeaila faearanislunissnuguaimuasdesiulsaegrlsauziswazlsanasaidon
Wla swluialsandinnugs winsfnwlutusnlinsaduayuianisiiansimueyyadasy
Tundnsasiasuemsiitieligunmitu mevdsnsdnuilussszeddnnuinasiiiuasy
lulldaendoneliiAnusslomisulaunguilan srdmandedunsennnissudssmudiann

vl [104]

Stable molecule Unstable free radical

-

A Oxidation A
x N /\ - 4,
2 2

Exogennus sources of ROS
* UV light * membrane lipids
* cigarette smoke * proteins

* ionizing radiation ANTIOXIDANT « DNA

* others
Cu /> Stable radical A
0

Oxldatlve enzymes
+ xanthine oxidase
+ protein kinase C H,0,+0," . . Ao oA

others
Dimer Stable molecule

AN 2.7 MFINUVRIENSINUB YA dasY [105]
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https://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%A5%E0%B8%B9%E0%B8%95%E0%B8%B2%E0%B9%84%E0%B8%98%E0%B9%82%E0%B8%AD%E0%B8%99
https://th.wikipedia.org/wiki/%E0%B8%A7%E0%B8%B4%E0%B8%95%E0%B8%B2%E0%B8%A1%E0%B8%B4%E0%B8%99%E0%B8%8B%E0%B8%B5
https://th.wikipedia.org/wiki/%E0%B8%A7%E0%B8%B4%E0%B8%95%E0%B8%B2%E0%B8%A1%E0%B8%B4%E0%B8%99%E0%B8%8B%E0%B8%B5
https://th.wikipedia.org/wiki/%E0%B8%A7%E0%B8%B4%E0%B8%95%E0%B8%B2%E0%B8%A1%E0%B8%B4%E0%B8%99%E0%B8%AD%E0%B8%B5
https://th.wikipedia.org/wiki/%E0%B9%82%E0%B8%A3%E0%B8%84%E0%B8%AB%E0%B8%A5%E0%B8%AD%E0%B8%94%E0%B9%80%E0%B8%A5%E0%B8%B7%E0%B8%AD%E0%B8%94%E0%B8%AA%E0%B8%A1%E0%B8%AD%E0%B8%87
https://th.wikipedia.org/w/index.php?title=%E0%B8%9C%E0%B8%A5%E0%B8%B4%E0%B8%95%E0%B8%A0%E0%B8%B1%E0%B8%93%E0%B8%91%E0%B9%8C%E0%B9%80%E0%B8%AA%E0%B8%A3%E0%B8%B4%E0%B8%A1%E0%B8%AD%E0%B8%B2%E0%B8%AB%E0%B8%B2%E0%B8%A3&action=edit&redlink=1
https://th.wikipedia.org/w/index.php?title=%E0%B8%9C%E0%B8%A5%E0%B8%B4%E0%B8%95%E0%B8%A0%E0%B8%B1%E0%B8%93%E0%B8%91%E0%B9%8C%E0%B9%80%E0%B8%AA%E0%B8%A3%E0%B8%B4%E0%B8%A1%E0%B8%AD%E0%B8%B2%E0%B8%AB%E0%B8%B2%E0%B8%A3&action=edit&redlink=1
https://th.wikipedia.org/wiki/%E0%B9%82%E0%B8%A3%E0%B8%84%E0%B8%A1%E0%B8%B0%E0%B9%80%E0%B8%A3%E0%B9%87%E0%B8%87
https://th.wikipedia.org/wiki/%E0%B9%82%E0%B8%A3%E0%B8%84%E0%B8%AB%E0%B8%A5%E0%B8%AD%E0%B8%94%E0%B9%80%E0%B8%A5%E0%B8%B7%E0%B8%AD%E0%B8%94%E0%B8%AB%E0%B8%B1%E0%B8%A7%E0%B9%83%E0%B8%88
https://th.wikipedia.org/wiki/%E0%B9%82%E0%B8%A3%E0%B8%84%E0%B8%AB%E0%B8%A5%E0%B8%AD%E0%B8%94%E0%B9%80%E0%B8%A5%E0%B8%B7%E0%B8%AD%E0%B8%94%E0%B8%AB%E0%B8%B1%E0%B8%A7%E0%B9%83%E0%B8%88
https://th.wikipedia.org/wiki/%E0%B9%82%E0%B8%A3%E0%B8%84%E0%B8%81%E0%B8%A5%E0%B8%B1%E0%B8%A7%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B8%AA%E0%B8%B9%E0%B8%87

2.4 WaALWBsTININ (Biopolymers)

(3 a

NOALUDTTININA LAUIDINBARITININ LU NY dNT AUNTY VBILFLAINATINYAT

q

Noa%a NI B LAAINNITAUATILANINATAUININTUTLNDSNI19TININ L1TU UIm1a NSAaziily

lodfunazidunusssued wazilndlolnd wodwestinimmanil loun wwaglaa ude lagu

'
a

Talaou TUsAu sUUlne DNA RNA (90109 2.8) wilatUSautiigununaalasaansizu nad

a v A

WasTINNAETLASIAS 1IN LU Y LﬁuLmawmsmmaamwaamas Laiduiiy desaanylanig

Fanw iHufinsfudundon uazddunuian [106)

H on "10" ]

c\\“‘ 3
/—\l cpon
Biopolymers

H Nll;

AN 2.8 WoREITINTNITAAYS ¢ WazduUszneu [107]

MITMUNUTLNNVDINDTINDTTINN
WORLUDITIN AN TATIUNLAVANETURUY NINUVIATUANAITY AuunasiLile

POAUDTTININ (FININT 2.9) NFTIVUNLUUALANILIIUNNDFUDSTININ WOALUDSNLAALDY

a

Tusssuan@ (Natural polymer) wodluasauaAs1eyt (Synthetic polymer) wagwodluesiiin

a

mm;au‘m%&j (Microbial polymer)
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Biopolymer

l | l

Natural Synthetic Microbial
Protein: Biomass based: Polyesters:
Collagen, Fibrinogen, Polylactic acid, Carbohydrates:
Soy protein Petroleum based: Pullulan
Polysaccharide: PCL
Cellulose, Chitin, PVA
Starch

AN 2.9 NFIUNUTLLNNVDINDRLUDTTININAIUWIAIN IR [108]

T2 lunediues asdvauiannnadwasdnnmkasneada lurusNnediuasiuiain

(%
Y] 1

Vedounas a1aauisanaz liaunsagesaatslinisdinin lunsdlvesmediwesfiliaunse
dovaagldnsinmernduliteiiduarliidunedimesgudinin Tnswedimesdanm
annsouvadungumediueden 16 wedieawnes neduzenilsd wodmsuaiun wodielus
wazwedweshila Tusgiurdnveeusesity nedudnalses TUsiu way nsninAasn wans

Y

fan i 2.10
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Biopolymer

| The type of monomers

l l l l

Non- - . o
Biodegradable Polysaccharide Protein Nucleic acid

Non-Bio based Bio based

Biodegradable

l l l l

Polysters Polysaccharides | | Polycarbonates Polyamides Vinyl polymer

a ° a s | =
AN 2.10 ﬂ’]i'ﬂ]’]LL'L!ﬂ'UigLﬂ‘V]GUEN‘W@@LllEJTU'UWWGﬂllﬂ’ﬂlla']ll']ﬁﬂi‘uwﬁUaﬂﬂaqﬂmqﬁsﬁjﬂﬁlw

WAUNENYBINDALLDS LLa%UiSLﬂ‘W‘U@QN@‘U@LN@%[108]

2.5 vdenlanadiuas (Block copolymers)

IngUnAlanediuesuuvudonazgninieulagufisenediuelsedunuumuauvedlily
s = o 1% Vv s W U v & A o og
wesnilein mumenisvgigaelgnelulutesiuanaiaiy aduiuselludag o ienediudu

a6 19l AN AT LUUUADN A998 NUULNITINSES 19U AB %50 ABA (S i 2.11)

\
_i A\

Block Copolymer
A-B-A

L o ®
Trapped
State A

- A
{ | -

\ 4 :
Trapped a4 @ Block Copolymer
State B Seed A B-A-B

A i 2.11 nsdnSesanelgudenianedwes (Block copolymers) [109]
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Tumswissuudanlanediwes lneujisemedwelswtuvesnisaislouszaeu (Atom
transfer radical polymerization; ATRP) laevialu ATRP azldansiBedouvedlanensuddudu

Auswisenles Tdanagladidudizisu (RX) arsideuvedlangnsuddunateyila tiun

o o N oAl

Cu, Fe, Ru, Ni wag Os gniunldidusassufisendmsu ATRP lunseuiunis ATRP aUTda

= o |

aglagazgnnIzAulagansidedouvedlanensudduiioasseuyarunseuIunsaneleu

Sianasewiisensufed luvazifeidulavensudduazgneandladlviianiusoendindui

[ ' o
N o LY o

23U nsruIunsidundulitzaiaunaegnssins@dnlngasgnifoulumeinuniaig

[

Wintuvedayyanaun Iuuagldnediuesgnivualagdnunuiuiuay aelgniduaule

wiavanedauuzduwiriulunsunsnseaedelulugesifieaswasld wedwesniizin
I & 1 = a saa o o v o =~

agiaee) (RP n -X) Wunalvianansawssuwediwesnihvdnluanalndifigaiuuaziinisnszang

wwtinluananuaule [110]

o

2.6 lulasdiatu (Microemulsions)

o

lulasddatuduszuulelelnsUniinnuaiosnisguvnanans ssdusznauveshy
Tasdaadu oA W1 (Water; W) 1nsiu (Oil; O) @15894k597987 (Surfactant) LaLaITanLSIRIR?
573 (Co-surfactant) lngunfaziiuneaneseaaisdus lneviminnvilvinealulasdiadull

ANUEREINIRNaAIans [111, 112] suianenvesignianszaiy (Dispersed phase) luly

14 '
o a

lasddadu azegluais 1-100 wlwuas LAnTuNAITRaN T ULagdNTaTaALTIRR AL
A15AALTIANIITIN FangaiuvTodnn1anT¥aNy ALNATANLSIANHILATANTANRIIRIHITIY
Ao mgalasiuNITINAIve gAY BT 1IUa1E 19 YR IaN TR SR ILALEANS
AALIIAIRITINOY UURIVRIMEA AL e aNe T 9 YIN LT F958131907 (Interfacial tension) ¥4
5 v v T A w 1% ¢ = S o g va 2 = =
veauiuihfiaudilndaud avanunsanisunegavenhiulilivunandnuagiinnuaiesgs

Ialasnsiegmsedumsusadount 9 la [113] llasddaduiuuingduluu (Oil-in-water,

A v Y

O/W) Usgnaumieneauaalndumnsainnianszaiy nszaeiiluigniaseiiias (Continuous

o

phase) MtTuun Tuvasi lulasddadusuuiludidy (Water-in-oil , W/0) Ta1Anszaiy

4 =

warignieseilievssduneaiiuasiniu sudiu Tunsdlvestundiulun Bifadu asanusad

a g v 1 [ a a ] a a o ! =2 a ! 4
Aailddlngasluriialiuse wu lunsulamada dawmn diuasanwseiisiuaglingy

q

' 1
v A % a

LOANDEDR LU LNUNIURA LAYAITAALITIAINITINILAATUT N IVDITUVBIATARALTIRIH N
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A 1 a aa

Uszafiindiouaguunen (Fanmi 2.12) lngagiilivsyavesluanaansanuseisianiniudy

1A uLINTU (BALSINENTENI19U52R) LHaneauauswasNdvunanuIn audtatula issain

fanuadesnamesiulawding Nuniiswulavediilefaawnnda 100,000 M1519LUATHDENAT

Yp99uaTu [111]

[y I

TuszuurearpyniafiansaunnN1sUAsULUaIveINa I UdaseAvd (AG) RduusAuan

[ '
A a a

ANSLUASULUAILSIRNTEN IR AT NURINTDEMADTLNINIUIN UL

AG = Axyow-TAS Aunni 1

a

o  AA fean1siUasulUadiuiniNIeenasenInatindutingu (1 veatnsiuni

o

$@8 r vin A 1ea1n 4Ttd)

=2 1

Yow ABLIIRAeTENINRIYeT (w) Auiniiu (o)
T Fiegauunil (1AaTw)
AS farnisilasuniasaulnstluszuunseany (Undunszaieluui)

TunsAagyinlmnTunseangludndanuadesan AG Tuaunisi 1 asfeediafnau

a

muvanvesnesiulawing deuaziiarsauntedussfesenindiingganazdainli AG &
1’
Aduau
Tneluusafsseninediivesdiivdidu (Yow) dardszunms 50 mN/m (lunsaiilid
=X a = goj £ go’ IS o a é’é’ ! s!::’lj aa
a138nu39RIR) Wetiunszangluihaziinead uaumniindudsaliinuiiag (AA) gwin
Tuvauzdt AS danduuin

1. mnlifiansanusafisin luaunish 1 wmen AAYow azunni1 TAS vl AG den

< a1 av o 1 = v v b4 a )
WJUUIN LaZUAEIUIN Blla%UQSVLQJLﬁﬂEﬁ 1PERAAL TIAINUIUFANNUNANITUENTY (an AA

Y 9

[

Tiwmdetesnaniavyilv AG feluau uagssuunduniatosdnas)

' v
a a =

2. vndesmsiiveauiuiiiatu (a1 AA g9) danuaigsmaneslulaundingd

ANUANNITN 1 9299 lTa15aALIIAIRINAINIT0BALTIRITENINRIRI AU TUl AT Ae e

ilgane (Yow ~ 0.01 mN/m) Aagyilvines AAyow tesndt TAS

MuNTlea1TaALIIRIRIREANUEIAY AN TAIANLED TN 1IN AR BUATDINIALNLIY

n15719291 I Yow < 0.01 mN/m nsldarsanusafieia (sinaduszausalidvuseq) iieavia
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o Hululdenann wazdnsnasisluieadieuisridenan fadun1sviily yow < 0.01
mN/m Tneilsivilransanusadsiaszneudadulineadnou Sudusoddansanussiaiadau
(@eslFanelalananavesnguueanased) Tnevsaoduana (@ sanusfsiuaraisanusafieia
$7m) geduiifvomentnii TnsasanussieiiTnastisanusmdnssninaUszq vesaes
Tuianavesansanusaiisi wliiidufiedeuasuufiementinduiuinamesasanussfeia
wndwhliAussisseniniivosihiuwasind lndaud IneiliiAalusaduay garieas

asawsedlilasddatulalagliinisldusudeugs

Agueous phase Ma*

Agueous phase

Agueous phase

Agqueaus phase

(%

o

A 2.12 N15Insesalulsenavvedlulasdliatuniuivesmealulasdiatu O/W [111]

2.6.1 @159ALIIATINT (Surfactant)
= a = a dﬂ;’ a 1 [}
ansanuseisiuduluanaiivssnaviuesuninluadluaisazais (Ignn
Pnseuniu) WuasUseno Ui i IPaRIT0 U8 MaIaRae TIUAALIIRINITLINNUDILAT
do3vlla Helin1INTELAIVBBUNAINTY UazaadudtusoUseatusenivansaraeuazdy
A & < o A P aAav - Y a ¢ A
AR (A9/U909) 1ne @TanwsIRenaIunsalaidu 9iadu W1engnae IMuiaeLaus %15
a & & a & N Aao o a v Ao !
Aanadurud ansvlialasiisduniiviwaslulivd Ingunfudiluanavesarsiiseniiaisan
=S a = gj |d9jd U U dl 1 %’ d! 1 U - 6 96’ 1 dl U
weaRaginsaneleiiseninguinliveuihdslivansmnuduiusivin uidloldlussuuludu
9g158n11ngY Lipophilic
ANAALIIARIANNNTOTILUN P ANUAIUFILITOIUNITALAE LYY AITARLTIF

a o § o H = o o ] ) = a
Rafveuiavasalalutiilazaisanusefeinildveuinazavanglalulady asanusefiaia
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wuulesaiinlneiiluiduansanussisiafiveuni udansanusafsiuuuliloosuannsoduld
Fauuuimeuiuaziuuiiveuin anuanasalumsaraisvesansanusisialifiusyatueg
fumnuaugaszrivemansolumsisgaiveanduiiveutuazanuaunsalun 155gn
ﬁ;ﬂﬁummﬂﬁﬂamﬂﬁﬂ TngA1 Hydrophile-lipophile balance (HLB) WJudnaquseninsdind
youthivduiveuingu TnsAndudnadiu Tasthmiin Gew/w) Wuinsdfivenyiinaaung
daminsil 11141 fendaust 0 Fe 20 ansfifien HLB winfu 0 Aeansiiluluanaduddiuiilivouh
(hydrophobic) s lsiazaelui A1 HLB getiu lanaasiiduiiveutunniu nizanely

1leRTu AulinsaenldasanusdfanIfIuAT HLB WandnanIndg 2.13 lneidstuasidenaad

fn HLB daus 1-3 1 duansfiunsiinnes (antifoaming agent)

fn HLB daus 3-6 1udifadlnioosuln th-lu-isiu (cilin-water emulsifier)
fn HLB daus 7-8 1 Tuansyiliden (wetting agent)

f HLB st 8-18 1Judifadleadadia tifuluah (water-in-oil emulsifier)
A1 HLB 13-15 (Juansvianuayenn (detergent)

A1 HLB 15-18 @15vnazane (solubilizer)

>
Solubilizing Agent
| i — T
2 |Defoaming  Wetting Agent Cleanser
W lAgent
W/ 0 Emulsifier O/W Emulsifier
i 'l 1 i | 1 L 1 i L
0 10 20

AN 2.13 putinnsaantdansanusafani [115]
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2.6.2 LNuMWIzUUaaIuUsznau (Ternary phase diagram)
luszvunsiinlulasdiatuasiansannuuuisigninaiuesdlsenau (e

AT 2.14) 984 (1) @a15anLsIIIRI-a1TanlsImatagIn (2) Uiy wag (3) 11 nrsazAadula

G

lasdfatulaagldasanussiianuasanusediaiasinegludauseaa 10-20% lnevnld

(%
o w

Wdutesninu seldurtesniniidu Adgn1anseaeiusun~1-20% azinszuululag
dfatunuy Wudiulud vse diluihdusmuadu mndiunduidulndifesiuaziiassuulules

) 1

dadusieillosiuug (Biocontinuous)

Surfactant(s) (+ Cosurfactant)

Bicontinuous

Globular Globular

water oil

AW 2.14 WNURTINNIAAINDIAUIENDY VDIAITANKIIRIEI-ANTARLIIFIRIT MU ULAZU

[116]

2.7 Msdaasizinaamasalenalnlendlalalafu (lodine transfer

polymerization)

lunszurunisduaneinediues denalnauyadasviuuaaiu (Conventional free

. . . 3 av Yo a o ¢ a s

radical polymerization) \unalnvilasuaudonuinlunisdunsizvinediues (esan
a11150 19 la AuLRUBasaNud wazdmuniuneaniItzlun ATzt weag1elsiniu Tu
n1sduAsIzinedwesaenalnaenalneyyadasvuuuauiy delitednie 1y n1snseane
Y a fad ¥ A o oV Y o a & Al Y o v Y v o = P
Jminnadiuesnning anvsdeliaunsaldwSounadiwesiilaseas1sdudouls setudalad
n1siaLINalnnsduATIEinedosuUaUYadaTEIY F9a1U1T0AIUANNITNTEIILAIVD
Umtinlutanavesnadiwes ( Molecular weight distribution; MWD ( Mw/Mn )) @8 nallas

DS ATLUD AWIAALITUY WA ADA NaaLualstadu (Reversible deactivation radical
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polymerizations ;RDRP) Usznausie 2 wos A N30 (Livingness) Maefiy S1uiudngiu
vosaneldnedmosiiannsadeaelanedmesluliizos 1 Welluouswesindesgluszuuse
anelemodiuosvionun uaraoulnga (Control) manefia tintnlananandelnesiuau (Number
average molecular weight: Mn) suaa‘waﬁL;J@%%Lﬁuﬁmﬂul,é’uma LAYNITNTLINEFA VD
ihniinluanasranasmunafisfurenefiduinmaisueusmesidunedues (Percent
Conversion) Fauansnsfunalnuuudaduiidminluanaifiuduegasnfidusdiun uas
AnmsAuanvesUfiseldie Seiliinsmunmininluanaléenn @anuenvesansls
uansefuann ) fedu Seldfimsdnadeiinesatida Auerfindu usines wedlelaiwdu 11
Uszynaldlunisnivunediwesuaugalunssuiunisdaunsigrinediuos uuuiyiuase
Tnsiannzinaialondelelefunioarsazats TP (LansfanIndl 2.14) am1somuaunIs
nszneiesiminluananeduesliiinnszaesiiiueuléi neldarsusznouleloladitu
arslendreansls 1w lelolanesy (lodoform) 1udinsredwindesuazsiaign dndnnns
vre dail arslendreaneldasuanidndulelefu usinea Smnudeshlunsiiaufasen
Tngazvimihiduanslendreaneld (Chain transfer agent) aziadoufiszninsaosanelaifiuss
aoa (ealnwesusinen) vilfaelsfifntuluneaueuewesazilematiosunfiazadoud
(Exit) eonsnnveaeuaeiiiionfianedwelsisiiluih esnushreasziinadesun
fgoglugudass ( Kdeact >> Kact ) Ingazgnanslendreanslsduld msiineynelvailuiy
medaidesTanadurneiimuufusmenviennodimesandiniu iilosnynansldwed
wesiduanzilaenalnlenéhololefiu azdamenlndifesiu nsdnEoaivesaslydadl
amnuduszifougadunnsiisanmsdansizilasyiluiianuenaeldunnsstud s vedh

a < A a 4 P ' 1 o val < £%
LﬂﬂL‘U‘UL‘Ua@ﬂW@aLQJEﬁf\]gﬂJGHEN'J'NE]Qﬂ']ﬂium'ﬂ%ﬂﬂ'ﬂll bUNELINUBY

Manomer P

Initiator —se Initiator” —= + I—R == p —1 . R
Monomer l rlanomer
Pm‘ I--.I'lw
() e )
Wonomer Monomer

AWi 2.15 nalnveswedwedlsiedudieloulelofiu [117]
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2.8 NSLTDUVINA LA (Photo-crosslinking)

nsrUIUNTLE ek uAsesedgIndelnlnnseaded Ao nnsiAnwusyLalli
neliiAnn1sidonansseninsaelenedined naneidulasesnedfdminluanag ety
Tnehlulnlnaseaded astisusugaauifong  veswodweslindy wu anuudauss A
wilen psmunuseansed uavandRdAydu q lnenszuaunadeonins sewihsiiuiaves
symanediwevsinau Tasumsiaundudumdmidmiumastooynianediuesnasd
FousrawiveauFennediues [51, 118] lnsrunmaiinufiseTnlalawelswdu (21T + 21
yosngusanu [119-121] FsUfAzenisdenvnvesaslaneduedivoymeanediues asiin
Nz nahdudavoseymanediue situasmnnszvuluuinadenayaa ndsanms
Fonvnaveseymea wodlesiliilenvnazngresnuinunuoynariliiAneynianedi
ofnaniiilenvneiudon (Fanmil 2.15) msldauandinisdenneiudenveseynaned
wesnae nian1svenRuvedlanadie q lWsunisiigadedrsunsnatsuazUszavanudnsa
Hueghaunn thlugnswisueynianedwesualya sumanedwesnals uaugaineuaues

o3nend uazualgatoanemeuadls [122]

@ Hollow Particles (Interfacial Photocrosslinking)

Removal of non-
crosslinked polymer

Photoirradiation

(L=254 nm;

Spherical particles Shell-crosslinked Shell-crosslinked hollow
particles particles

[2r+211] Photo-dimerization

o= "o " W
o} Photoirradiation ?
§ (A = 254 nm) ,

Q o '
s e R
0

o\/\o

(o]
O
PN

NS
\/\
O

a

AnH 2.16 nalnnsidauvnanunNIsaIesads s elnlnaseaadan [123]

Y
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2.9 MuAdeAgadas
wludtatuvesinfuluidensnszaesvemenigiulussdudnninlulasuns
(submicron) (11AA91100 WA deendn 1 lulasiuas) audsszavuiluuas (100 wily
BU0)) Imaﬁmamﬂfwﬁu%gﬂmiamL.Liqﬁqﬂ'smé‘auﬁﬂwawamﬂaﬂﬁ’umiiméffmammﬁﬂﬁu [1]
Fouludsiaduannsoiluuszsgndldlunusing 4 Avarnvanewduiinauansalunisazans
vesenfiazareinlédon [31, 33, 124] FaUsuaueengni (bioavailability) [24, 35, 125] N3
deen [37] Aue1vng [40] 4A5 esde1 [67] nunsiadl [126] widedoendn 9 veeuily
Sfatu lunsdifwlouneminiluszaudnnilideaswes fernliadosmaneslulaundind
ylwiinssusvemenisuiuumngnisaioeaainiiuis dwaliAansinedives
mmﬁwﬁumn%uqmﬁwaLﬁ@muwﬂ%ummﬁﬁuﬁwﬁu [71] Fitheaausngnisaioanadin
Wiuils Aomsidvansdwinadosia laeialdasidvadduignanszaisyssann 4-8% lag
ihiin wenarasdviiafsiuildilaeiilumuluanaasldendainu (eneeneau e

PONALAALAL) VSaNquLaanagad (wniil Weanases; cetyl alcohol) udd feanunsaldanyly

'
§ v a a

wadlels A3isuU A einazateuntu aslundreansly wazdu o la ninaisiaiilyl
azangin Mndesnsnseuveatiuliegluseiuuluuns avwseulussuululasdiadu lng
o & v Y = a a a = = = a ) ~ ) !
TulusedldarsanussiaiiaoseiinlulSinanas deansanussisimanasziiangldennia ans
AnLIIAIRITIN Wiavi i edesinsvesinvewmenutiy dewali surface energy 1 U1lna
Aug reaasenntnavdanvaelusela uaglinnnuativsas (66, 127, 128]

ATFNLEU waz@d1uadunse 1Wudu nasldnulnenssesatswaiiazidsaninladie [18-20]

]
<

Tnevilagdoudnifulieglusuresnauya ifeiurnuadosliinniuasSnengnisldo
Tagenvaginivluuadganiivdeniuds faunisinifivilnsiuaasa foarfu-ezaude
(gelatin-acacia) Hunalnaeuiwdnlaeyiwoindy inedmesazuiiniiivesounanending
\aaea ualgafildiiudeniuusuasfoualussdulalasms[129] vdonisAnifutifunen
suienaudu (orange essential oil) aaelusiuainds Tnsnszanedvewfuludhiiiusiiy
el Asmendsiadunounsyimiuwuuuia elhAnlilasuelyal130] TunsaifiwSeuualya
Tuszavulwansinisldudennedwesilune@uanin-la-lnaladn wadn) (poly(lactic-co-
slycolic acid)) Ingldusadougsmugiunisssmeduihazats(131] egndlsfinunisfiaziniiu
ihifunonssmeliiaalussdussiudnnilulaswasaudssduulumns wdsumadau

Tunsslulasdliatu wnndwwedianiswisuualgainiinislddeniiuis lneazldansanusafia

a1



AAdeuinenveiaiu Sanuiinsidansanusiaininausaniuansanussiiagig asvinle
neatiunszaefldflut sauiedanuaiosgeuddmdannuanvie usundnsusing
[132] Fenfisanuannsalunissansvesintunensemeldatu [133] 9eszuumsiasansli
fiusvaAnBnmaniul134] Baergvenindumensevel67] deenaEN S98TENEIUIANT
mﬁmiéfa'ﬂaLﬁaqmﬂiﬂ%’LmLﬁauqq [135] finsthsyuulilasssaduiniuintuneussmesin
B9 9 LU drsfuBuuuea (Cinnamon oil) [136] Yisuliuiesiiu (Peppermint O uaxlala
U1 UJojoba Oil) [137] 1Tudu

1Y a

agnalsAnutaLdudfvaanadalulasdiiatufonisldaisanusRelILaraIsanLT

<
o o

=2 a | a A v v a v o Y = a (23! a
Aeiasludinamgann dalulunuddetiasnaassinglduionlanediwasdinimvesduun
fianipsianuasiuna3an wedavinnusauduriu 80 WWuasanusefsiman lneaaniedn
NSYINNUTIAUVDINTNIHDIIATOUBEIRITe AU szngAlaRE iU sEaNS AW vl
dy Aa al 4 = ' ! a ¥ a v v
WUNRIMIedosun (an Surface energy) FeUazdgiiinergnsldanuveslulasddatures
huuengalad Msleludsinangadddinsiinadeantfivesinduuznin wenanilagyinis
Y 2 a s (Y ) va A Aad a 1
sanuuuliudonlanefiuesiannsalaiasuuneatiduuenialad luvusndunivreny
AISUBNTAVDLUNIATAR LOTNALLARRUTLIBYNRIVDIMEAINTY NIz IvanUTuIuveIn5LY

A15AAKTIRRIRT BepndnRsteiiuanuEdesnmeesasdfylutiungnsala
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uni 3

ATANTUNUITY
3.1 esadluazaunsal
3.1.1 @15uA
GUEIGH G B
1. n3aunIAIan (Methacrylic acid; MAA) Purify 99.99% TGl
2. 915U (Farnesene, mixture of Fragrance grade Sigma-Aldrich
isomers) Halal Kosher
3. Fuurllaueanesed (Cinnamyl alcohol) Purify 98% Sigma-Aldrich
4. lus¥u (Myrcene) Technical grade Sigma-Aldrich
5. drsfunenssmenglad (Citronella Oi) Purify 100%
6. lololawasu (lodoform; CHI,) Analytical Sigma-Aldrich
reagent
7. 44-azleta(nse 4-lwenluinassn) Analytical Wako
(4,4'-Azobis(d-cyanovaleric acid); V-501) reagent
8. 2-ovlala (lolwdain exdauw) lalslaspas Analytical Wako
156 (2,2:azobisisobutyramidine reagent
dihydrochloride; AIBA)
9. 2,2-a¥lada2-wwita-N-2-lansandiedia)ln Analytical Wako
silawlun] 2,2'-Azobis[2-methyl-N-(2- reagent
hydroxyethyl) propionamide; VA-086)
10. 1,4-laeaniwu (1,4 dioxane) Analytical reagent RCl Labscan
11. LonNanedinn (Ethyl acetate; EA) Analytical reagent RCl Labscan
12. tan1uea (Ethanol) Analytical reagent RCl Labscan
13. thifuvevasme uznge (Kaffir lime oil) Purify 100% 89890
14. Tnswaulnamea (Propylene glycol; PG) Purify 99.99% 89870
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#1568 LNSH

ay
819

15. uialulnsiau (Nitrogen gas; N,) Purify 99.99%

16. meﬂﬂmivji’m (Tetrahydrofuran; THF) Laboratory

reagent

17. lawumiia danenles (Dimethyl Sulfoxide;  Purify 99.80%

DMSO)
18. lalasmiluu (Hydroquinone) Purify 99.80%

19. ladeulansonles (Sodium hydroxide;
NaOH)

Analytical reagent

20. wyeasanueulalass (Methacrylic
anhydride; MAH)

Purify 94%
21. alonndiansilulnsau (4-

Purify 99.0%
Dimethylaminopyridine; DMAP)

22. ladeuluasusiun (Sodium Analytical reagent

bicarbonate; NaHCOs)
23. lapaslssinu (Dichloromethane) Purify 99.5%

24. nsnlalasaae3in (Hydrochloric acid; HCL) Purify 34.4%

Praxair

RCI Labscan

Sigma-Aldrich

Cambridge

RCI Labscan

Sigma-Aldrich

TCl

Sigma-Aldrich

Loba Chemie

Loba Chemie

aaq



3.1.2 wsesilowazaunsainldlunuidy

\n3silauazaunsal U B

1. 3estmedey 4 fuvis (Analytical SI-234 Denver Instrument
Balance)

2. Lﬂ%‘laﬁmmmaﬂgﬂ’lﬂ (Particle size Delsa™Nano C Beckman Coulter
analysis-Dynamic light scattering; DLS)

3. insesnuudwdnuuuldanudou C-MAG HS7 IKA
(Hot plate stirrer)

4. \p30INANANT (Vortex mixer) VORTEX GENIE 2 Scientific Industries

5. gauayInia (Vacuum oven) DZF-6051 DZF

6. fovauiau (Hot air oven) UNB 400 Memmert

7. faedsunnuinisletuudailnlngalal INM-ECZR JEOL
(Nuclear Magnetic Resonance
Spectroscopy); NMR)

8. amesiiedulasuilaniil (Gel Water 2414 water
Permeation Chromatography; GPC)

9. WSuSMTwanesuduvaaUnlnsalay Nicolet 6700 Thermo
(Fourier transforms infrared
spectroscope; FT-IR)

10. ¢3-3%.0a avninsivladines (UV-Visible UV-1601 SHIMADZU
Spectrophotometer)

11. nd9ansIAUBanAToULUUABINIY JEM-1400 Flash JEOL
(Transmission electron microscopy; TEM)

12. viaenlngd - Nail Art Thai

a5



3.2 YUMDUNITAUUIUIY

[

AsaduITonu sl 4 Junou fall

JUABUT 1 NTHASEUNDUBLUDITVINNT UL ALY

mesanfiiuszalagUu)iseweamnesiliady

TJunaud 2 Msduasiziudanianediuesgutinim

NOANTAUNIASAR-UADN-NOATUUTALUNIASIAN-UF DA~

noansaunIAsan-lalalan

U

Tunaui 3 nswsedlilasddaturesiiiunnialagld

UaonlAneAwesgIuTanIm H1un1sieny

[

Tngn1saessden

o

Tupouil 4 Msnedsuant@ne o veslulasddatuves

N A a Y
u’]mu&lgﬂgﬂm LA Umlm
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3.3 NINNADY

[y

3.3.1 MseseLuaeITINMBUINTaWMAS e iiusyalagUiseeamei e

vhususiuesTinmnauiiiinglansenda de Fuurfiausanesed (Cinnamyl
alcohol) vMUfAseeamesiliadunyueanegedvesduuiiaueanagediuumilasdnueaule
s lngazihduudaneansgedazaisnu d-lawiitezdlulniau (4-dimethylaminopyridine;
DMAP) ldansazangasluriniunay udwimslasendiaumeuialulnsiaukazgaeilve
luszuvagyInie wdnduinamesanueulalasd (methacrylic anhydride; MAH) Tagld
Samdluavesansisanilivanzan fouros 1 iugaugiauis 45 osmieaidoa wdavi
nMsdaneiUszann 24 $alus vhudgvsassenisideansinglanselsinuuazdnede
arsazaneladelluai$ueius (Sodium bicarbonate) titeidnumesanusulslasdagnini
mﬂ‘%ﬁﬂﬁiﬂﬁwﬁﬁ%maaﬂ ulifineandia (CO,) Anty 9ntuthduanssunsgundnadae
ansazaneleivalensonled (1.0 wag 0.5 M) asazanglalnsnaain (1.0 M) wagihnugnd
nouyi g [138] agld fuurdatumniasian (Cinnamyl methacrylate) lagn19ia3gusoUe
wosthnwiliusedlasuiizetoamesadunansasnmil 3.1 uazansaiidmiunsinieon
Fuudawmeasioauandlunaad 3.1 anduihlunaaevanifuasfigaiiondnuaivoseus

Wostinmilmssulamenailasig 9 wu FT-R way H-NMR

N S
N
o o @ o) 0
N a
OH 4+ 0 SN T (0] + OH
45 °C, 24 h.
Cinnamyl alcohol Methacrylic anhydride Cinnamyl methacrylate Methacrylic acid

v

AN 3.1 NMsnsENLBuBWBITIN NN UsEAlag U NS LeamaI Aty [138]
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A5199 3.1 @15LANAIUSTUNNSIATIUTUUNTALUNIASLAR

Chemicals

Cinnamyl alcohol g (mol) 4.84 (0.031)
MAH g (mol) 5.17 (0.034)
DMAP g (mol) 0.08 (6.43x10 )

332 Msduasziudenlanediwessiutinn wedwuniasan wedn-uden-nedduun
Jatuniaiian-vaen-neduninian weda-lolalas (polymethacrylic acid-block-
polycinnamyl methacrylate-block-polymethacrylic acid-iodide; PMAA-b-PCMA-b-PMAA-I)

AUNTLUIUNTFULASIEMUVATaz Al N

3321 ANW18N1IL I UNISLAS UUNDALUNIASAA LT A-bDLDLAN

(polymethacrylic acid-iodide; PMAA-I)

Tun1s&uaseikuuansazaie miﬂqﬂ%ﬁmzéfaqazawtﬂutﬁaLﬁmﬁ’u
AITUNBUNTELATIEAILYINANTNAABUANNAINITALUNISAZANeVRIa TRl Tneldivinazaie

A59UNITUARIY 9 PINWANIINAABY (A5 3.2) @rsumazrlaiinuaunsalunisazalsd

(%
v o v v Y @ 1

WANFNNAY hazifivinazalemuizaumn1eny sadudayaninantazilulelutunaunnsg

Y

fuasizvinedines Jeazamnsadenliniihezateivunzauluan1iznisneasiang o aely

a8



A1519% 3.2 ANMUAINITOUNNTALANYUBIASANAINSUNTAILATIZI

. OIRIHGH F3EuURRTeN )
gavinazany  ——— — — lalalanasu
FYUUNNALUNIAT LINIAIAA AIBA | V-501 | VA-086
(Solvent) - (lodoform)
1an (CMA) wagn (MAA)

1-Propanol v v v v v
Ethanol v 4 v
Propan-2-ol v v v v
Ethyl carbonate v v
Ethyl acetate 4 v v v v
Acetonitrile v v v
1,4-Dioxane v 4 v v v

***y e v Aeavangludiinaray

Tudumeuusnazfnwanefimnzanlunismden PMAA feuuay
W38 PMAA- fidlausnaneldiiuansnsiuie 15, 30, 60 wiae Ingazyinnisiuseudiousa
?L?uﬂﬁf?%*m 393A0 2, 2-0zlaUd (laleUuqava avdau) talalas maalsm
(2,2'azobisisobutyramidine dihydrochloride; AIBA), 2,2-aslaUd [2-.u7la-N-2-lansend
oiia)lnsilownlun] 2,2-Azobis; [2-methyl-N-(2-hydroxyethyl) propionamide; VA-086) lag

'
U a a

4,4-pzxlaUa(nsn a-lgnlurasin) 4,4-Azobis (4-cyanopentanoic acid; V-501) F91313

EN

U381 3 drdl azazarsludiazateiiuansd19iu Astuanenlglunisdunszinedm o3
Wieldimisisuufisesainiuisldnvinasaresisvinmiu
W/NSWTENAZIINITAZTAIBUNIATEA LT (MAA) Nausluas wag Lo
Tolanasu (lodoform) Aedvinazargansdunsdlmnluasazarsilomeiiuluvinduasiz
funay Uaniganens@dlay iviemeneesiiianuuas vinlveglussuugaainmaaaunisiiuia

Tulasiaudszanm 5 seu (ASsanvhenielalulasian) deuwdatlugmuntaumgll Aedns

n13u 500 seusiowdl Weanakiuly 15 wiil azvinnsdnansazatevesdiasisuufisendnly

6 1 =

[139] vin1sduasiesisien aamad 70 ssrneaidea ludasisuu)iTen AIBA V-501 uaz 90

osmiwaldoa Tuda35UiA3en VA-086 1unan 24 Falus Faagls PMAA-L (il 3.2) dslel

! Y v v v A o Y] a a aa a s ca'
ﬂa']'ﬂ'lLLa'JsU']QWULLaza'WiLﬂNﬁ']VTUﬂ'ﬁLG]?EJ&I'W@aLiJ‘Vl'W’ﬁaﬂ LL@%@-I@I@I@@ LLﬁﬂQIu@]'ﬁ'NV] 3.3
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Fslurrsnaduanziaziinsdndaete vn 2 92lus il efunamndesaziuousiues
Wasudunediues (% Conversion) Fenisdstinin @nwdminluanavesnediwesie
wadaainesiliatulasulans Wil (Gel permeation chromatography; GPC) kagiigaul
lassassluanavemediweinlsmaialysnouiiafosuunuanislowuudaiunlasalad

(Proton nuclear magnetic resonance; 'H-NMR)

- N

MAA V-501
lodoform

EtOH
/’i &?g Vacuum/N, ( /(
)\ B
15 min o -
(- Q)

70 °C, 24 h, 500 rpm

.

ANH 3.2 NMSWSEUNERNIASAA WaTA-lalalan

a

A15199 3.3 ANWIANNIENISAUATIZANDALUDSVDINDANIALUNIASAN -LotalAR T LA 15U

UR3euansneiy sagdsnisdansziwuvalsazangleni

RUN
Chemicals
1 2 3 4
MAA g(mmole)  7.25(84.00) 4.78(55.50)  3.62(42.00)  1.62 (18.80)
*|nitiator g (mmole)  1.60 (5.60) 1.60 (5.60) 1.60 (5.60) 1.60 (5.60)
oL g(mmole)  220(5.60)  1.46(370)  1.10(280)  0.49(1.25)
Solvent 0 30.37 30.37 30.37 30.37

*Anwdisiauuizen; ABA lusvihazaiy weafiaesding, VA-086 lusvinazaiy 1, 4 lasen

WU wag V-501 lusvinazaneienuea
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3.3.2.2 m3daasizivasnlanediuesgiudann wedluniaian wedn-uien-
wedATuulalunIAsIan-vsen-neawninsan wadn-lelelan (polymethacrylic acid-block-

polycinnamyl methacrylate-block-polymethacrylic acid-iodide; PMAA-b-PCMA-b-PMAA-I)

Yransazarenednsmuniasan-lelelas (PMAAD fildaniiwseuls
Aeunthil useanslenedwedfunsusiesdinim lnevinsdaueuewwesiad 2 uuniaw
VAZLER WartuaeITl 3 nsaue3aa ddutianadunziveusarudonaiinisdh
et vn 2 Fluadievmanmgiivnzanlum S sunazAnamnsnieasiiveusiuos
Wasuluidunediwed (%Conversion) wazinnisiigatiendnualvesudenlanediuaseaag
watalawesiiedulasulans il (Gel permeation chromatography; GPC) uazlusnau
Juedesuuniunislauuudaiunlasalald (Proton nuclear magnetic resonance; *H-NMR)
nsdaaseivienlanediwessudinmuansfinind 3.3 uagansinddmiunisdunsied

I3 a 3 = [ d‘
‘Ua@ﬂIﬁ‘W@aLll@iﬂqusﬁ']ﬂq‘wLLﬁ@Q@Q@Wﬁ’N‘V} 3.4

| HO N é+l "o © HO NQ C|) |
. > >_O 70 °C, EtOH ) >:O §
HO g  V-501,70 °C, EtOH o HO™ X0 ; o) HO™ 0 HO™ Y0

MAA

PMAA-b-PCMA-I PMAA-b-PCMA-b-PMAA-I

MnA 3.3 MsduasziudenlanedilesgIuTInIm Nedwnasan Lodn-vaen-wedduuiia

LASLAN-USon-NaANIesan wada-lalalas (PMAA-b-PCMA-b-PMAA-)

51



A131991 3.4 ansiaiidmiunisdaasizivaenlaneduesgiudanin Nanuealeunneig

[y

AU

Chemicals

RUN

3.1 (15: 10: 15 unit)

3.2 (30: 10: 30 unit)

3.3 (60: 10: 60 unit)

MAA g (mmol) 3.62 (42.00) 3.62 (42.00) 3.62 (42.00)
CMA g (mmol) 5.66 (28.00) 2.83 (14.00) 1.41 (7.00)
MAA g (mmol) 3.62 (42.00) 3.62 (42.00) 3.62 (42.00)
V-501 g (mmol) 1.60 (5.60) 1.60 (5.60) 1.60 (5.60)
CHI, ¢ (mmol) 1.10 (2.80) 0.56 (1.40) 0.28 (0.70)
EtOH g 30.37 30.37 30.37

=1 a v o goj Y Y a I3 a a
3.3.3 miLmamimimamaﬂjmaqumumﬂgmimaimuaaﬂiﬂwaaLmaigmmmw NOALY
NIASAA LOTA-UA9A-NOETUUITALLNIASIAN-UADN-NALUNIASAA Lada-lalalad t1unIg

o

= a a
LYBHUIN I@Uﬂqiﬂqfﬁ\iaﬂj

Y

3.3.3.1 maw3sululasddaturesiiiuuznialasldudenlanedwesgy
2NN WORLLNIATAR WOTA-UAIN-NOATULINALUNIASIAN-UFDN-NOALLUNIASAR LaTn-lole

o

nsim3salulasdifaduresinfuuengalasldudonlanodiuoisu
Fanm dunsnazthudenlanedisesguiinw nedumesan wedn-usen-wedduudamin
Sian-vden-wedlunesan woda-lelolas (BioSurf) Mwleuldneuntint waufuniu 8o (Surf)
Faansw 2 fdaviminiduansanusind@amgn antuihlunauiueniuea (Co-Surf)
Huansanusendsiingm Tngasdnudnsiaiuansanusansaiamdn (BioSurf: Surf) Aaus 5: 5 f
9: 1 LATADMILANEIDNIIEIUTENI NEITAALIINSIAINANADEITAALIINT IR 151 (BioSurf:
Surf: Co-Surf) waust 1: 1, 2: 1 uae 3: 1 azldvenunduansanusmisianay (Surf,) ludunou
Gi@lﬂ%ﬁﬂlﬂwauﬁuﬁwﬁwamsmamﬂgm (Kaffir ime oil; KLO) lnagnsaiu KLO: Surf., 9%

Ysurasudans 1: 9 89 9: 1 (Iaeindn) waziduudl nsouriatunay snsislun1sdu 400
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sausiou?l tUwan 5 il Waswanaulusda finanugu uiinumdn (wansdenmd
3.4) awaad ldudesas wdenasununmignialasaiaiisy (pseudo-ternary phase

diagram) 9 ntuilulasddatuiilalunaaeuanifsiig o

Bio-Surf Surf Co-Surf

Block
copolymer

TWEEN 80

'
‘ | 1:1, 2 1and 3: 1 %wt

1:9to 9: 1 %wt

Mixing

Pseudo-ternary phase diagram microemulsions

= = a v o Y o Y a s =)
AN 3.4 LLN‘Lm'TWﬂ'ﬁLﬁﬁEJllllliﬂi@uﬁ%u%@ﬂuquuugﬂzﬂiﬂ‘EJI‘U“UﬁE)ﬂIﬂ‘WE)’ﬁL@J@ii']u‘mﬂ']'w

3.3.3.2 na3 sululasdiiatuvesunduugnialasldudenlanedwesgu
2NN WOALLNIATAR LOTA-UADA-NOATULINAINIASIAN-UFDA-NOALLUNIASAR LaTn-lole

lod Hunswenvndlagn1sanesedyd

Y

a a o ’; v} £ @ a 4
n1swisululasddaduvesniuugnialagldudenlanediwesgiu

v a

P15 onuIN Haunsaneseded luduwsnidiansazanslulasdiatunianiieh

v

wingauyinnIane$eded (UV-imadiation) findueiaau 254 wiluuns [52] lagagvinisane
a @ & = ! a o a o 1w !
wasgAiluaavan 120 uit Felugisaariinisaewasgisginnisguéiegimn o, 1, 5,
10, 30, 60, 90 wag 120 W1l (N9 3.5) Wienmanewangaulunisatswased waginly
figatllendnwaling 9 BNTEUIUNTYRNYIN (Photo-crosslinking) azgndudulaemeinieay

a0 alnlnsnlndikes (UV-Vis spectrophotometer)
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Photoirradiation
(A =254 nm)

-

Microemulsion / Photocrosslinkable

99
t},@ )
[N [

bio-based polymer

21 + 21 Photo-dimerization

W
Photoirradiation
(A = 254 nm)
Photo reactive group \ Vi - O . O

[e]
0 2N
! - OH
0O~ OH CH ~0 (o]

a a a v o Y o Y a s a
AN 3.5 LLNuﬂ'TWﬂ'ﬁL(ﬂiEJ%JI%JIG"’]?EJ@J@‘UU‘UENU'MU&J%ﬂg(ﬂiﬂ&ﬂ“ﬁ‘Ua@ﬂIﬂ‘W@aLllE]iﬁ’TLlsU'Jﬂ’WW

| 4' v a
N']Uﬂ']iLGUE]NGU'J'NI@EJﬂ’ﬁQ']EJ N313! '3

3.3.4 nsvndevauTRuazanvzanIzYaIudenlanedasgIuTINIW

3.3.4.1 WASITNMLATIFS 1AL DIRUTENBUVRIVADNLANDALLDS AleinATA

wadanFesnsiudnesudunsusaunlnsalad (Fourier transform Infrared (FTIR)

Spectroscopy)

o o‘d‘ ! a YA o ! aaa aa 4
‘L!']ll@I‘ULN@31’1[11WUﬂWiﬂWiLmiﬁJMI‘ViﬂJ‘WUﬁS@ Iﬂﬂﬂgﬂiﬂ%@ﬁlﬂﬂ@iwmsﬁu

lasiadnrnisganauuasnyiliiinganans (Middle infrared region) lagniuaunis

AANGUIAT YIANUYIAGU 2.5 - 50 UITULIAT, F39A1UE 400 — 4000 cm'™

3.3.4.2 n1suisevaziususuesilasuluidunadiuas (% Conversion) fiae

WIANANTTIUIRTIA

o S o [ a s A Yy o o 3 [y
IMsBsrinudenlanediLes ﬂi@%ﬁﬂﬂﬂmiﬁ%% Useunw 1.50 nsu

(Guiinumiindiuduen) Mntuiileuiigamgil 80 esmiwai@ea Uuian 24 Halue Famdn

LaraUsaaulImTnA antuiniminuateugaing Uninnousukas NI ULIAILIN

Sosaznuausesivdsuluilunedies Ineldaunis sadl
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Wy-(Wepy5+W,

\nitiator)

% Conversion = x100 . aumsﬁ' 2
Wm
o W, Gk ﬂfﬂwﬂﬂwaﬁmaﬁqw% (aUBy - ndIBY )
Wi fo thniinlelelaviady
Wiitiator h) ﬂfmﬁﬂﬁﬁﬁwﬁﬁ%m
W, Ao tmiinueusiued

3.3.4.3 Wpswivnnalianavesudentanedwes meawmaiiaaamediotules

11NN (Gel permeation chromatography; GPC)
nswanaluanandslnevinuazlasduiuresufonlanediues
mlalaen1sInA1UIuININsAet (Retention Volume; V) v03fee1aiisuiuansunsgine
ddlnsu ﬁﬁﬁ"jmﬁﬂimaqa 500 2,000 20,000 50,000 Kag 300,000 NSuUFABlUA @NRSUNITHT
asuRsg LA e e feasielEaudutusosay 1 nstdminludwharaeinse

181913%1&3‘14 (Tetrahydrofuran; THF)

el

Injection Volume - 20 lulasans

Analysis time 230 W

Column : Phenogel @pspaauunaaynsuiu vu1n 5 x 10°A uazuua 5 x 10°A
Flow rate -1 lindanssoun

Mobile phase : Tetrahydrofuran

Detector R

3.3.4.04 Apsizilaseasiamaniivesudenlanediues mewadadindesiuniuiints
louuugaunlasalat (Nuclear magnetic resonance; NMR)

fegnudenlanediues gnavarglusviazanslawiiadanenlys (Dimethyl

Sulfoxide-d6; DMSO) fifianuidudy 0.1 Tuans ﬁ]’]ﬂﬁ‘l&ﬁﬂﬂﬂiiﬂu VADALNIVUIN 17.5

WU x 5 Tadiuns Inglviszauaisazalevesiiog 9aiUseanm 4 wuRling vinsmagaey

A8LATY NMR 91011 38¥in15asgimdimtnluanatag Aeeensdunsiginodwes
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(Degree of polymerization; DP) ¥e1udanlanediuesannailnnsu 'H-NMR 21nauduius

SEWINNUN AN ALALINUIUIUTNDUVDIAI5TINTIU DP hazbilns1u DP N15ANUIMLEAIA

GHIIen
ly X DPy x Ny d-
DPy="7"™ GRS
ly X N
Mn=(DP, x Mo)+M. L. aun1si 4
o | uaz Ny, Ao Nuitldnsivuazdnuiulusnou aua1su 989 x AknsIu DP
|, wa Ny, A9 fiuiildngmiuazdnunulusnou auaiu ved y Ang1u DP
DP, iz DP, g AN d8lguas x ag y Auasy
Mo Ae mtnluanaves 1 a@1eld wag M. A Umdn luanasiuvesalsi
731U DP

3.3.5 nageuaudmng o vedlulasddatureniduuzniniinieuld

3.3.5.1 Ipsigvivuineuniakassygiinalulasddatulnduuenga Mewaia

9 Y

NIINTELIWAILUUNAIN (Dynamic light scattering; DLS)

ilulasdiatuvesindfunzngaldlufium (Cuvette) dmsunisnssiis
LERUUNEIR WieAsIERIUIna A AR YMALRAELAEIILIU karTUInaUMARELLAUN
(Number and Weight average diameters; d,, d, respectively) uazn1sAUseaniniaz

Fg19ETATaBLILAT IR IATALLA (Zeta potential)

3.3.5.2 nagauAuAsivedlilasdiatureninduuznn

(%
a v o o w

wlilasdifatureninfuuzngaussyiurin anduilunuligamgl

W = d' o & yya a = A O & vya a
LANAINAU 3 dN1ITABD dN1IeN 1 @QVIQI’JWQWW{]N 4 DIANYALVYE dN1IEN 2 WQVleL'JVlQﬂJﬁQN

[ %
v a

45 papnwaldiva wavan1ien 3 dsialiNeamall 30 esmwadea WWuian 28 Ju warviinis
quiudindaag1ann 0 7 14 21 uag 28 Ju ietumagauaunsdivedlulasddaduiiiv

Uzn3A lAgyNTInvUNIAYeIBMA WaggN1THENTY
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3.3.5.3 1/1ﬂaaum'mMﬁmﬁuaﬂﬂﬂiﬁﬁa%’umaaﬁwﬁuumgm
ns¥adiauduudenisivaveslulasdiaduresintuuenga
Uszinnuauiialaiiieu (Non-Newtonian fluid) wuuglanatadin (pseudo plastic fluid) gl
1A309 Brookfield viscometer #aiavaneian 0 gaumgiiumsgiuiidivuade 25 smisaidua
wiellalasdiatureniiunensalasussqlatnnesuuin 250 faddns ldfeg1eUTunms 100
fiaddns Yannuniaviiiiaudasou 20 seuseund Tufinnafinananaiduaiarumila

(Centipoise; cP.s) LaYSpuazwIIUn (% Torque)

3.3.5.4 nedauAnulUsslaney N13InASararn1SasHIULES (transmittance)
meuwaila glanlasinladines
Ululasddatuvesuduugngaiinoule ldlufauam (Cuvette)
Useua 3008805 1 oTtaTevialeias aeg3-1d10a atunlnsldladines (UV-Vis
spectrophotometer) anluAtALATIIUT A193AAT % transmittance LaglaNTIIAIILYNY
A A
ARUTL LN AL
<4 a a v o 901 ) 1 &a v Y
3.3.5.5 nageuanuluiiwweslulasdiatuvesifiuenadelgaaiantsnie
pawaila U7 SAndu weaad (MTT reduction assay)
I a a v o ’oJ % ‘:l' a 3
nogeuanuluiiwveslulasdlaturenifiuuenianesoulaluwad
F2911%3 (Human skin fibroblast) sRewaile 10uA7 Sendu woalad (MTT reduction assay) lae
o r-:’lj & a U 6 :agl’ t:l'el dy I3 1 yq‘ a
nswneidesead Ravayed lunumzidedndomsidsuead unludigamgil 37 asen
a v v v & 'z =~ & a < g P
Wwaldvd waylianuduturesaniveulnesnlaniovas 5 olgaalasyANIUNIzIEYe (B9
Uszuai$osas 70-80) vinnsuAutfsmadiie v lunaasuanuduie lagvinn1sarasas 1
ASIMENaaENnUWIWes (Phosphate-buffered saline; PBS) a1nHulANn3UgU-8a%iLe (Trypsin-
EDTA) 2 {afidns Mllanuiduduiovay 0.25 udiuudenaamigil 37 samiwalded a1 5 wiil
HlaAsuaRiIN1sugANIsYUYstoulsivsudy lnen1siiusuwy (DMEM) 8 fiaddns N
ANULTNTY $asaz 10 Whlutuniesn 3000 seusiaul 1uan 5 wid
MnsuUawadivtyed Wdanududy 1x10* wadsonqu Tuaiu
g & aa X & Yy v v ° ' P a
INEBATAATIN 96 Vi NHloTEsuTadfuN ANuNTUTesay 10 WUl Mgl
37 asrwaldea Iinnuuturesnsuaulneanlassasay 5 Wurial 24 Falus antuinly
lasddatureshduusniafianududusing q Ingdnquauaufe AviagaeuedaIsnagay
(enuuea) warvuliludizidoasad gaumgld 37 ssmga@ea 1uian 24 way 48 47lua

WeasunavigneImsiieseadig wagaameneamndvies fiey 74 31U 1 AT wazifiy
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A158¥ay LOUNT (3-4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide, MTI) ‘ﬁfl

a o 1

ANUNTY 0.05 fadnsudeiiaddns Usuns 100 lulasdns waahlvunlilugdunnsitouead

aaao y

e 6 Falus Tnedi8uiif Sendu weatad Wumadaiildlunismeaeunsiidinsenves
waa (cell viability) Inanisinanuainisalunisynauveseuleddndiun alalasdius
(succinate dehydrogenases) lululnaouinisveusadiiidin fiazarunsodidwmnselundey
(tetrazotium salt, MTT) fifidndes hidundnvesuneny (Formosan) 7ifldae §aUSunames
nAnWetinvy MAnTuinuduiudlaensetusiunureswadiidinsen Tnadlenaiasu 6
s asinsgeansazansiis wiiazanewdnwesuedae 100 lilasins vedlauwmiiadarion
lasgt (DMSO) wel il fudszana 15 wift aanduyhnmsiasevianuduvesansazangesan
CRRGEDRINT '3’@cshmmﬂmnﬁuumﬁmmmmﬁu 560 UNluLUAS [140] LagyNISAUINAI DY
armsiidinwaduesansnaaey faunisi 5 lnswSeufisudunmsasadulaveseadineg

lunqueauny

= AsgoSample o
%Cell viability=——— x100 .. AN 5

AsgoControl

d‘ U &
B AsgoSample = AMNITAANAULENTDY E1SNAFDY

AsspControl = AINITAANAULAIYEY NGUATUAY

3.3.5.6 nadeulsAvEnmnsUanUdesarsddnlalasiaduresintuuzngs

TuszuUsIa8a (in vitro testing) sewiadia usIdANTIYY 1wad (Franze diffusion cell)
wﬂaauﬂizﬁm%mwmwamJa'aaﬁu@ﬂﬂéﬁﬁumﬂg@luszwﬁﬁam (in
vitro testing) Aaewnadln uwilssARnTadu wad (Franze diffusion cel) Funsnihfamlausian
wiviaavamy Sprague Dawley 11133b3581319a89 chamber Y04LA304 Franz diffusion cell
lpe chamber VU138 donor chamber ARAURIMTIMTMBIYBIMY Sprague Dawley FuueN
fidudatufognslilasdiatureniniungngn Insfetvliladiaturenituungaazey
d2u chamber 81371 UsTR@aTaza1edlesvoamn pH 7.4 Faazldidudanarsunuiden
(Fravsannnzlusranennyud) M3onin receptor chamber Tasannsagamegnalulasdsiady
yostuugngnanasazanei luthaaadne 4 annsinwmegeulsEAvsnmnsUanUdes
maqﬁﬂﬁumﬂgﬂumimamﬁ/ ghmsgusiogsi 1, 3 uaz 6 9alus Tnsmueugaumnlivesd

37 sarmwaidua wagthlviwseiiiemanududuvesitiuueniaiivanUdeseanainlulas
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ddfatunui i lnedhludnAinisaandukasiens osaunlasinladiines viedl
chamber dszuunsmuangumgiiuazmsnbiidnisinadewielilvarsazate Aldunu

doangailaiadun1sdeuwuuanIna3avessianie[141-143)

%

3.3.5.7 NGB UOYISHIUNSENLEU ¢aeF n3asioiaud (Griess reagent)

naaougasunssniavvedlulasdaturenitungnga lnons
Fufsmsndnlunineenleilumaduualasg Tnetuusn awvinisnszaswaduuelasiig ag
TunumzAseaduuy 24 viau S99 1.5 x 10° wadsenau luomnsideseadiiu A
Wudufesas 10 udvuwadlifgaumadl 37 ssmwadoa Tuenafifinnsueulasenled oo
av 5 Junan 24 $lus mﬂﬁf’u@jmmmimﬁa WERtemsesasuTastw Tldiidves
phenol red fisenaudae asavaneesidlulasdiadureniduuengasauiu 1 lulasndy
Aofiadans 104 LPS (lipopolysaccharides) U331as 500 Tulasans udavinnisuseadaed
gaungll 37osniwaida lusmaiiiasuaulaeenled Sovar 5 1Huan 24 Falas 9ndusin
nsifiuemsiasagad Wiievnsinseiusinamsnanlunsnesnles Inonisiausunalu
lasvi Faduanseendladueslunineanlediiatios TaglilamianmsaiuiAzendu asazans
Griess filansavum Ssnnuiduvesdiiintuazulsiunsstuuimalulasd (Gualusineen
) indneenuiluemsidonsas nethomsideasasiiuliludumies dennuga
12000 sousou1y tdu3an 5 w19 wd2%n1sULUe 100 lulAsans ves Griess reagent
(Uszneushedesay 0.1 Gevaglneminsousunns) N-(1-naphathyl)-ethylene diamine uag
Yovaz 1 (Fevarlaguimindausuing) sulfanilamide ludosas 5 (Fevazlasusuinsse
U3u103) phosphoric acid asluwwan 96 vau nidiun 100 lulasans veemnsiasusad
wdsandunies Mnrswanlifdady wdaduisly 10 wafl wazdnlunsantadaend o
microplate reader fimuenandu 515 uiluaas [144] wddnamanisdudinsnanlunine

anlad Aaaunis 6 lnewSeuiisudunisuanlusinesnledluwaduualasmiavesifuusnga

] [ [

wazthdiungnsangniniivluguveslulasdiiadu

Y

AsgoSample o
%No inhibition=100 - —— x 100 ... AUNIIN 6

AsgoControl

e AsgSample = AINIAANAUKAIYRY A1TNAABY

AsspControl = AINTAANAULAIYEY NGUAIUAY
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un 4

NAN1528aZN158 AU 18NE

4.1 MmswSsunaUsDTTINMBULNTaAT IS AlaeUSeedIe
FWAdu

neunswsBNUdenlanedwesaginniswssteuswesTInwlidnussaneu lasly
miLm%EmaJauamaﬁ‘%amw%umﬁaLumﬂ%Lamﬁﬁﬂ’uﬁzﬁj RET R AR RGN LR ERAI IO
niueanegeavesduunilaueanegediuumilasiaueulalase el 4-lawiezdlulninu (@-
dimethylaminopyridine; DMAP) tiusissUfi3en danuiiansazansueuamesdanmduun

Tawmesanieseulatu Janwuslaludld ennd 4.1) wazlenandnsesay 87

a1 4.1 TuleluluwesTuundawmniasian

dlethansaransseuawestinwduufiaumiasian lWAnndnvaelasaimiuad
sematintduedssiuniuanislotuugaUnlnsdlal vasguuniianoansged wazduuidiaunia
186 wARITININ 4.2a way 4.2b muddu lunsdivesduuniaweanased wufindl 4.2 ppm @
uanaondnwallusneuves -OH uazillendsanyiufisoneameiiladuvyueanosedvesdy
widausanegedliudsududuundawumiaiian (nm 4.2b) Tagwuiiafl 1.9 ppm wand
endnuallusneutes —CH, finfl 4.8 ppm uandendnuallusneuves =CH, way Riafl 6.2

ppm wansenanualluinoures =CH d@onnassnuNanuiIteneunting [145] Feuansliiuan
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1/13{11 -OH %aa%umﬁauaaﬂaaaéﬁuammLLazﬁﬁuﬁz@jLﬁﬁu waRS AL IENLN SRS BUNDUD

WSt nEuLNalunIAsanladlse

(a) (1) (6) (8)
(2) OH  cinnamyl alcohol
AL e @

DMSO

(b) 0

(1) (6) (8) 1 cinnamyl methacrylate
@ ) o%( R
(7)

(10)

) DMSO
| ] oo
T T T T T T T T YT T T T T T T T T T T T [T T T T T T T T T T T T T T T T T
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0

Chemical shift (ppm)
A 4.2 @nesy 'H-NMR o (a) Funifiakeanased way (b) fuunialumiasian

uenanivhmslieseilasadimaed fewedaySeinaueiudursisanlng
fiwes lureanud 400-3,900 cm! vesduundaLeanoses (Ml 4.3a) wasduuniianins
18 (Al 4.3b) Taefinrmid 3309 cm! iunsduvesiusy ~OH ndaanvhuiiseeaine
ity myjueanesedvestuuniausanssedldiduduuniianmiaiian uansianin 4.3b Sany
nsduvRIUSE CH, uay CHs fiud 2,953 cm! msduvesiiusy C=0 fimnud 1,715 cm’!
Msduvosusy C=C fiANud 1,636 cm! waz Msduvesiusy C-0 A1 1,152 cm'! B

v [y a v 1 v & < Y 1 a a ¢ o
FADAARDINUNAITUIVIYNDUNUIUY [145] QSLMUIWN‘VI@QJJ —OH U239 UUNUALDANDTDAUUNNA
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v iseneamesiiatulaziliussAuiiuiuin aenndesiulanTiaseimemain
Jauedssuuniuinslatuudainlasalat nKNan1sNAasIwandlmAuI1aIN1 SRS sULOUD

WSt nEuLNalnIAsanladLse

(a)

7\

'OH 'CH3, 'CHZ
(3309 cm™) (3022-2854 cm’)
(b)

T e W
-CHj, -CH
(2953 cm'12) /

C=0
(1715 cm™) C-0
(1152 cm™)
3900 3400 2900 2400 1900 1400 900 400

Wavenumber (cm'l)

And 4.3 @nesy FT-R 1ag (a) Funniiaweanosaa kay (b) fuuIdauniAsLan

4.2 nMsdanTzivaanlanafiuesgiudanin nadwunia3aa wada-vaan-wedduunliaw
n1AsLan-vaan-waatuninsaa wada-lalalas (polymethacrylic acid-block-
polycinnamyl methacrylate- block- polymethacrylic acid-iodide; PMAA- b- PCMA- b-
PMAA-I) faenszuaunisaaasizinuuasazaieloin
4.2.1 MamssunedIAsan wodn-lelalan (polymethacrylic acid-iodide; PMAA-I)
Tunismsvunediuninian weda-lolalan faunszuIunISdUATIZRLUY
asazanglefiil avhnsAnuiladeiifinasonsiAemediueslsiedu Wy MIGuUAATeN was

gn3auTEnINlNavewBENssuU e weluavadlelolaviosy (Uusu lunsdnwivlinves
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FRFuUFATeTeuTisufMTSuUGRTe 3 vila fo AIBA VA-086 Lay V-501 wazdnsidau
Tuasgriei3Guuiisedelolelavedy wui WeldiBiuuiaten v-501 lumswieunod
wvnesan wodn-lelelad Iésosariousmesivasuluidunedues (% Conversion) 1nign
Fofleufuldi3izuuasen ABA uar VA-086 antutlufignilassaidluanademaia
Tusnouduadesuunudnsteuuudainiasalad Tngwudiadl 0.95 ppm wansendnuel
Tusneuved -CH;- finfl 1.84 ppm uansendnuallusneunas -CH, Lagfiafl 12.30 ppm Lang
ondnvallusmeuves -OH Tulu H-NMR anasuvemediuniaian weda-lolelas v 4

ane (RUN 1 89 RUN 4) @an it 4.4 (RUN 3) Sedenadasiunauiseneumsing [146]

4
N (4)

(@)
, DMSO

]
I
O /Y A ON T N _EQLJWUAL \

AR 4.4 ana TH-NMR vpaneawmasaaueda-lelolas (RUN 3)

Wemwiumuminluanavamediuniniianedn-lalalas v839 4 @4n13en13

Iy X DP, x Ny

71988939710 @UnNASU 'H-NMR @9gunis DP, = ; Tawdl | uag Ny, Ao Nuildnsvuay

ly X Ny«
Frulusneu auddu ves x filivsiu DP, Iyy uag Ny, Ao Auiilinsmuassnoulusmey
AAUEIRU U89 y 71U DP, DP, uay DP, A9 AU81IE819909 x kA y AIUEIAY WU
tninlanana 1019, 1228, 1095 uag 701 n¥usiolua @y RUN 1 RUN 2 RUN 3 uag RUN
4 aUAeY GﬁqQQﬂdwﬁmﬁﬂIuLaqammﬁmu finsaléann GPC 1&ntios (694, 783, 831 way
456 nYusiolua @3 RUN 1 RUN 2 RUN 3 way RUN 4 snudsu dauandlumisnsdl 4.1 819
deaunanansinnsswiildlu GPC Ao wodalsu Feflnaluianaves 1 vy (104 n$u/lua)

NN NimheveuunIAsn wedin (86 nsu/lua) dwaluliualuanatieeniiainuduaiy
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[

wenaniiisevazfineuswesivdsuluifunediwes vas RUN 1 83 RUN 4 wihiu 31 8 86 %
(A5 4.1) kUi % Conversion tauanasdiofinisldluaveslelolaneduiiniy oenlsh
mmmiﬂizmaﬁmﬁﬂmaqa (M,/M.) g03nedluninsaanedn-lelolasfian1znisnaass
RUN 3 fin1snszanetmiinluanauay (nwdl 4.5) uasdosaziiveusimesivdeuluiduned

wesas daudauihannenisnaaes RUN 3 luduasziudenianediwessely

A151991 4.1 MsnszaredmTinluananAILInaIn NMR wazdmdnluanamislagduiuay
lagtdmitinves PMAA-l Iag GPC

RUN V-501: Conversio M M M M /M DP DP
w,GPC n,GPC n,NMR w n n,NMR n
CHI3 n (%)

1 1:1 31 1048 694 1019 1.51 8.49 15
2 1: 0.67 53 1111 783 1228 1.42 10.92 15
| il Ny | 5 ( (X <€53523)) ¢ (+ A T -1
I_3 1: 0.50 59 1169 831 1095 1.41 9.37 15
q 1:0.22 86 965 456 701 2.21 4.79 15

(a) RUN 1 (b) RUN 2
- s
= =3
> 2
g_ S
N 3
0 2 4 6 0 2 4 6
log M
log M
(c) RUN 3 (d) RUN 4
= s
s =2
0 2 4 6 0 2 4 6
log M logM
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awil 4.5 GPC Taunlvunsu ves PMAA- Tne@nwdnsdnsenialuaresiiBusuuiiten
sioluavadlololaneosy (@) RUN 1 (V-501: CHIs; 1: 1) (b) RUN 2 (V-501: CHIs; 1: 0.67) (c) RUN
3 (V-501: CHIs; 1: 0.50) wag (d) RUN 4 (V-501: CHI5; 1: 0.22)

4.2.2 N3duATIERUAeNlANDALIBIHIUTININ WORLLUNIATAR LWeTR-UFN-NOATUW
Jaluniaiian-vden-nediuniaian weda-lolalas (polymethacrylic acid-block-

polycinnamyl methacrylate-block-polymethacrylic acid-iodide; PMAA-b-PCMA-b-PMAA-I)

vdenlanedesgIuiinnreinediuniasan wedn-uden-nedduuilalmia
Swan-vden-nediuniaian wedn-lolelad (PMAA-b-PCMA-b-PMAA-) gndaasiesin e
AsEUIUMSALATIERLUUESazasle Rl finnueasleudenlanediwes uana1ay 3
ANIEN1INARDY §adl 15: 10: 15 30: 10: 30 WAy 60: 10: 60 e Tnendadanseyt ansazany
NORLUNIASAA LOTA-UADA-NDATULITALUNIASIAN-UFOA-NAWNIASAR Wodn-talealan &
Snvardudimdeadiotlunnasnoussefiassdinanazouuisaziidnvasidulidu (nmd
4.6) Tusts 3 @an1znIMAaes 9NTuLh WeAlMNASAR LETA-USon-NeaTULTALNIASIAN-
vaen-wedumasaa uedn-lolelad (RUN 3.1) Tuiigaulassasialuana demnaiialsneu
fupdssuunudnislowuuganlasalal Tnenuiafaunuysanedwniaian wedn lnefiad
0.95 ppm wanuendnuallusnouves -CHs- findl 1.84 ppm uanuendnuallusnouves ~CH,
wazfiafl 12.30 ppm wARLENaNLEIYDs -OH (ATl 4.7a uaz 4.7¢) wazfinfunueaneady
wiflamesian Inefiafl 2.98 ppm wanuendnuallusneuves -CHy- findi 4.83 ppm uans
andnuallusnounes -CH, fiafl 6.37,6.79 ppm wanandnuailusneuves -CH- uasfind

7.24-7.61 ppm wansendnwalusnoures -CH- (AWl 4.7b)

Pricipitation
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AN 4.6 NINENLVBINDAINIASAR LOTA-UADN-NOATUUNIAINIASLARN-UADN-NORLUNIAT
an weda-lolalan neu (a) waruas (b) NMsenAzneu

(a) PMAA,-|
(4)

NS
HO 0 (2 n|
)
(@] HO 0
@

5 . Q\\guwjg
(b) PMAA;-b-PCMA-

4 5
N (4) (5)

X
HO (2) (6) |
) i n
(3 O
o) HO" S0 o

(]

(8) \ (5)
(9)
(10) DMSO

(4)
DMSO

n (14)

(12) (13) THY ’ I

(7)
(9)(8)

| @
LBUAAS . \ o

(c) PMAA,-b-PCMA.-b-PMAA, -

4) 17,
N (5) (17)

0] HO O O HO (@] DMSO
" (16)
®)
©)
(10) (4,17)
10)-(14
(1) ) (10)-(14)
M (2,15
12 13,
(12)  (13) © @) ‘ jw‘
(3,16)
e

120 1o ti " ) 70 ) 50 48 2 20 10 o

Chemical shift (ppm)

29 4.7 AUnsU TH-NMR v89 No8n1ASan wadn,-Uson-neaduuilalniAsan-vaon-

NodNIASAA Ladn, -lalalan
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Tneniiinluanavesudenlanediues wedumiaiaa uodn-ufen-wodduudamia
Slan-udan-neamiesan uede-lololas s 3 @annaznsvaaess (RUN 3.1 RUN 3.2 wag RUN
3.3) figuann H-NMR a@nmsy agluyae 2,742 §ia 3,257 niuselug Fananslunisnsdl 4.2
feganindmiinluanadinsatnlnemaiia GPC (1,241 ¢ 2,049 n¥ustelua ¥y RUN 3.1 fs
RUN 3.3) lgulAginu wodluninsan weda Lﬁ'aﬁwmmaaﬂuﬂugﬂmmmmmaawwuﬁaﬂiﬂ
woaes luanglgnedunAsan LoBn-Uaan-NeaTUUNINaLUNIASLAN-UADN-NBALINIASAA LD
ga-lelolad AwSeufinnuenianelamanguives 15: 10: 15 30: 10: 30 waz60: 10: 60 e
lapnuemaelgvaasazuaanianedaesidu 7: 6: 7 11: 9: 11 wag 9: 9: 9 U1 AUFIU
yonaninuindesasiveusiesiudsuldidunediues ﬁ]zam-mLﬁammmfgmaiszimmqwﬁ
yeudanlanedwediiiuay Ingazanadann 84% 65% waz 57% dwsu RUN 3.1 RUN 3.2 uay
RUN 3.3 muddiu anaifiesunanuiinameseusiwesiunniuly luvaeiisnsinisiianed
welsduvesiaanuanngliuansnaiu fesaviivousmefiudsuluiunedwodisanasm
USinaunausiuos uanaind arundadiunnduaiuusunaveswousiuosiuduy denald
UszAnSnmnismuaunisseaeldvesanslondreasldanas ilesannisindeuiivesansly
wodwedazanas suiulunamsduassiviniuidldsnsaiuvesusasydenlanodwodll

wANEanY uaziilesainguassalunisuanmdanndisg nndediiuszezialun1sdunsiey

WiolilasesazNususwesivdsuluidunediwasidnlng 100 wazanusveaslgnediues

1% o
Y

WALTU AU URINISENaN1IEN1snAaad RUN 3.1 ldlglunseseululasdiatuve sy

UENFA FIWNIFANWINTWBNYNTRIemEAITULENgA Inensanesedeinely

Y
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M19°99 4.2 nsnszatetvdnluanamuinnuazatedelneintinvewesudenlanedues
FIUTININ WORVIASARA LeTn-Uden-NeATUWINaUVNASIER-UADN-WeAWNIASAR woTn 1o

Toladlay 'H-NMR way GPC

Conversion

RUN Sampte (%) MW,GPC Mn,GPC Mn,NMR DPn,th DPn,NMR
[i_%@ﬁg____J__§£7i5355553_?&_:
l P(CMA),4-b- |
L S
32 P(MAA)s-b- 65 3,471 2,049 3257 30:10:30 11:9: 11

P(CMA),4-b-

P(MAA) -1
33 P(MAA),-b- 57 3059 1,600 3,126 60:10:60  9:9:9

P(CMA);4-b-

PIMAA)go-!

4.3 nawseululasdilatuvesinduusngalagldudonlanafiuesgiulianin wedumiasaa
waBa-vaan-wadduunfiawnaiian-vasn-nadwuna3aa wada-lalalasd Wiunsidau

o/

199 tnenI1saes9ae

Y

4.3.1 nseseulaulasdiaturesiiuuznsalagldudanlaneduessIudinin wodly
Y 9

NIASAA WOTA-UADN-NOATUUNTIALUNIASLAN-UAoN-NoRLUNIASAR WaTa-lolalaa

Tunmswideululasdiaduresiniungnsalagldvdonlanedmesgiuiinm du
wsnazdvaenlanadLnes§IuTININ WoA(NIANNIATAR) -UASA-NOA(@uUNTaNIAILaN)6-
Usan-noa(nsmumiesan);-lelelas (BioSurf) Mwsenldnounting waufuniu 80 (Surf) Geans
W 2 fiazimihiifuansanusissaRamdn antuhlurauiueniuea (Co-Surf) daduans
anusen3ain TneasAnudnsiduyes BioSurf: Surf Aaus 5:5 9 9:1 uazAoRBANE
SMTEILT IV AN T AT IS ENMAN DA TANUSIRSaRI923 (BioSurf-Surf: Co-Surf) Raus 1: 0,

1:1,2: 1 wag 3: 1 aglepenuiduaisanuswsaianay (Surf.,) lutuseuseluazihlunauiu
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[

Wndfuneuavineunia (Kaffir ime oil; KLO) Ingdns1adiu KLO: Surf,,, dauuwdsiu 719
81.9: 1 Inevhmidn) waziu wiounstuneay wansvaass uanslunwit 4.8 89 nwd 4.12
NNITANIDATIAIUIENINANTAALTINTINING NADEITAALTINT IR (BioSurf-Surf: Co-
surh) nudnlngasfanisuenigaia lasfanneimngauluniswioululasdiaduves
ihifunengailaifinnsusnigme axlsnandmnes BioSurf-Surf: Cosurf 7 2 : 1 (Inetwiin)
wazldsnsdunes BioSurf: Surf i 1: 1’Lummw’?fﬂ%mmmaaﬁgﬁﬁ’umﬂg@hiLﬁu 20% ¥4
pafUsENaUT IR Imalmim%ﬁa%’umamfﬂﬁumﬂgmﬁléfwﬁaus&’hﬂamam'}auaﬂlﬂuﬂé’wLfJu
dewdenfuuanddunini 4.12a uas 4.12b LLamWLﬁudwmmmmmﬁfﬂﬁumﬂgmﬁsummﬁﬂ

wazdAUER g TN UINA AR A

AN 4.8 mwmaluiﬂsﬁﬁa%mf’]ﬁuusngﬂimﬂ%’é’mwﬁwth 9 U84 KLO: Surf,, (Iay
Bain): (2) 1: 9 (b) 2: 81(0) 3: 7(c) 8: 6 (e) 5:5(F) 6: 4 () 7: 3 (h) 8: 2 and () 9: 1 ; Wflold

Sns1d1mvee BioSurf-Surf: CoSurf 71 2 : 1 lnefisnsidaues BioSurf: Surf 4 9: 1
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AN 4.9 m‘wzhaluiﬂiﬁﬁa%’uﬁéwﬁumﬂgﬂiﬂﬂiﬂ?é’miwﬁaum"m 9 U84 KLO: Surf,, (I
B (2) 1: 9 (b) 2: 8 (0) 3: 7(dl) 4: 6 () 5: 5 (f) 6: 4 (@ 7:3(h)8& 2and () 9: 1; dlold
Snyrdruaes BioSurf-Surf: Cosurf 71 2: 1 Tnefisnsndiuves BioSurf: Surf 7 8: 2

AT 4.10 m‘wm"1aluiﬂsﬁﬁaﬁuﬁéﬁﬁuusmgmimﬂ%’é’mwmuehq 5 w04 KLO: Surf., (Iag
Bromdn): (@) 1: 9 () 2: 8 () 3: 7 (d) 4: 6 (&) 5: 5(F) 6: 4 (g) 7: 3 (h) 8 2 and () 9: 1 ; wileld

Sn31d1mv04 BioSurf-Surf: CoSurf 71 2 - 1 Inefisnsiduves BioSurf: Surf i 7: 3
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AT 4.11 mwa'ﬂsiuimﬁﬁaﬂﬁ’uﬁgﬂﬁuuzﬂgﬂiﬂﬂiﬂ’fa"mﬂd’mm"m 5 93 KLO: Surf.,, 1oy
ﬁmﬁﬂ): @1:9Mm)2:8(@27da6()55()6:4()7:3()82and()9:1; dleld

Snsduvea BioSurf-Surf: CoSurf 71 2 - 1 Inefiensidiuves BioSurf: Surf 7 6:4

AT 4.12 mwm"1aluiﬂsﬁﬂasﬁwfﬁﬁumﬂgﬂiﬂﬂisﬁé’mwmumq 5 W03 KLO: Surf., (Iag
Bromdn): (@) 1: 9 () 2: 8 (0) 3: 7 (d) 4: 6 (&) 5: 5(F) 6: 4 (g) 7: 3 (h) 8 2 and () 9: 1 ; uileld

Sn91d1mvee BioSurf-Surf: CoSurf 71 2 - 1 lnefisnsiduves BioSurf: Surf i 5:5
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aWﬂﬁ?uﬁﬂﬂﬂi%ﬁaﬁﬁuﬁuaaﬁwﬁuuxﬂgm an17eana (BioSurf: Surf: CoSurf 9m31au
1: 1: 1 (ngmedn) mﬁﬂwfnﬂlmLﬁzfmaﬂ'ﬁﬁ;'ufé’?@iizuuluimﬁﬁa%’u Fussasay 9-89 nio
WerwanAni L4 uSepazndonaduunIMIgnIalasaIAien (pseudo-terary phase
diagram) Taanuin LﬁaLamﬁmﬁzﬁ’wéﬁzw&gﬂwﬁaaaz 9-89 (A 4.13-4.14) lulasdiaduves
'13’13?%%3@é’qmLﬂuLﬁaLamﬁ’ulaiLﬁmmiLLaﬂ%’uLLazé’ﬂwmzﬁmaﬂﬂﬂiSﬁa%'usuamfwﬁumﬂgﬂ
felamndusiefinsiudhanniy Sﬂﬂ’jﬂﬂm@ﬁa%’ummﬁ’]ﬂumﬂgmﬁiﬁﬁmwmaﬁasmq
qmmwamam% Tnsanneimngarlunnedeululnsdifadureniduuenga 8 3 an1iedeldl
anneit 1 Usznoulude thsfuny n3n 6% Ufionlanedies 8% viiu 80 8% tonuea 8% i
70% a@nnzdi 2 Usznaulude mmumzngm 4% uvaonlanedLues 5% nIu 80 5% LanN1uea
5% 111 81% way anmed 3 Useneulude tiduuzngn 29% vdenlewadues 3% v 80 3%
LOvUBA 3% 111 89% LLawLﬁaﬁﬂimiﬁiaﬁa%'umaaﬁwﬁumvﬂimﬁwﬁsﬂﬁﬁy’q 3 @anz lUnnast
AuauUAlnenNTInTuIneun1A ‘wmﬂ;ﬂmamaﬁzjummumumvmm 9g/luY39 15-68 uluwuns

/. <

(eﬂ'W\l‘Vl 4.1d4b-4.14d) LuENfmﬂhﬂmama%maqu’mummwamwQ‘ 19% ﬁﬁ’]ﬁﬂﬂ%ﬂi@]ﬁﬂﬁ@ﬂ@

Y Y

6% fatiuaziinluvinsdonundasnisaiessdeinely

Water %

oit S

mix

1:9

2:8

Ml 4.13 amenglulasdiiadutfiunenalaglddnsidauves KLO: Surf,,, (aedmiin) 71
9 (a-f waz 2: 8 (g-) Tnefidnsdrusng 4 289 KLO: BioSurf: Surf: CoSurf: H,O (aginmiin):

(@) 9: 27: 27: 27: 9 (b) 7: 20: 20: 20: 33 (c) 5: 15: 15: 15: 50 (d) 3: 5: 5: 5: 70 (e) 2: 5: 5: 5:
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81 (f) 1: 3: 3: 3: 89 (g) 18: 24: 24: 24: 9 (h) 13: 18: 18: 18: 33 (i) 10: 13: 13: 13: 50 (j) 6: &:
8:8: 70 (k) 4: 5: 5: 5: 81 (1) 2: 3: 3: 3: 89

Surf,x (Bio Surf: Surf: Co-Surf)

Multi-phase area Single-phase area

Mglti-pﬁasg' area’

100

0
KLO o 10 20 30 40 50 60 70 80 90 100 Water

(b) (c) (d)
10 10 10
D, =68 nm D, =42 nm D,=15nm

8 PDI =0.27 8 PDI = 0.21 8 | PDI=0.17
ol G 3 6
c iy < e
S | S S

4 | 4
g ke g g |
fr fra r

2 & = 2 2

0 - . 0 . 0 L

1 100 10000 1 100 10000 1 100 10000
Diameter(nm) Diameter(nm) Diameter(nm)

Al 4.14 (a) uunmignialasaialiies (pseudo-ternary phase diagram) Wag(b-d) ¥un
aunAvadlilasdiatuiniuuensa ons1Ewsne 9 vae KLO: BioSurf: Surf: CoSurf: H,0 (g

‘13,’1‘1/1'1%): (b) 6:8:8:8: 70 (c) 4: 5: 5: 5: 81 (d) 2: 3: 3: 3: 89
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Frequency(%)

Frequency(%)

4.3.2 mswseululasdiiatuvesindunznialnaldudenianedwesgiuginin wedw

a

NIASAR LOTA-UA9N-NOATUUITALUNIATLAN-UAIN-NOFUNIASAA LoTA-lalalad t1unIg

v

WWouwna lnonsanesede

lasdiaturesiifungngaiiumadeusdlasnsans iy wuhdnwoe
ﬁuLLaQMWﬂﬁ?Tumflunmﬁiﬂumsma%’ﬁqﬁ (AWl 4.15a-0.15h) Fsdenadosiunanisin Souaz
5@ (% Transmittance) TIa1N1TAIBRAIANS G]é"fuwi 0 &4 120 Wit Fe¥oravnsasin
anad3IN 94 H8 5 AUEIGIU uaﬂmﬂﬁm’]mﬁmzaﬁ 2§14 cP.s (3797 4.3) Aunaniliin
mﬂmiL%ammwmmﬁumﬁa*’uawﬁaﬂiﬂwaﬁLﬂJ@%gW%’;ﬂﬂW PMAA-b-PCMA-b-PMAA-| 1aig
vyjBunnfiaduny inevaussdeuasy? 7 256 wilumns Wegnnsedumeuanziinnsduiy
seninangguuniia Annsidonunety [52, 123, 147] uaﬂmﬂﬁé’awuﬂwumaqmﬂﬁauuaz
vdaTonvng luusndnafu Tneflvuireymetade 79 wiluang (MWl 4.15a-4.15h) Lanein
wfnnsdonunaaneinaveseumadudiuivg nglifansdenunssgnineymavie

a ¥ 4! % % a o 1 b2 dy
LAAUDHUN YIFDAARDINUINUIIYNBUNUIU [52]

a [+
10 ( ) 10 (b) 10 ( ) 10 (d)

D, =68 nm D,= 71nm D, =86 nm D, =90 nm
8| PDI=0.27 8 | pp|=042 8 | PDI=0.41 8| PDI=0.20
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Frequency(%)

1 100 10000 1 100 10000 1 100 10000 1 100 10000

Diameter(nm) Diameter(nm) Diameter(nm) Diameter(nm)
(f) (9) (h)
0 10 10
D, =78 nm D, =79 nm D, =70 nm
8 8
__ 8| PDI=0.39 = PDI=0.43 ~ | PDI=0.29
S £t ]
5 X A
c < c
[ g g
=
g g g
I w fra
/\ 0 )

0
1 100 10000 1 100 1 100 1 100 10000
Diameter(nm) Diameter(nm) Diameter(nm) Diameter(nm)

WA 4.15 DLS Falnunsy (a-h) veslulasdiatuvesiduugngafiunisiteneis launis

o

Aeediginaaa q (Wif: @ 0 () 1(0) 5 (d) 10 () 30 (f) 60 () 90 waz (h) 120 Wi
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A157197 4.3 AUNLALALSeaENISAINIUY (% Transmittance) ¥a9bulasd Tatuveauigu

o

UNIAMNIUNSHNYIN tngnisanesedeInnaimig 9

79814 Jouaznsdeti1U (YoTransmittance)  AunidA (Viscosity; cP)
a (0 ) 94.0 2.36
b (1 ui) 80.2 2.48
c (5 u) 69.1 3.31
d (10 ui) 57.3 3.22
e (30 u¥) 16.8 3.72
f (60 W7) 10.2 3.58
g (90 W¥) 0.5 4.43
h (120 w17) 0.5 4.41
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Weduduauugiudina lulasddatuvesiduuzniafiniunsiieuuing gniudu

Iy g3-380a alninsalnd lagnuiAinmsaandunasvenguduunilain 284 uag 293 wily

Y
a

RS anaInnuIaIN1sAnesdglegelidedidn daandunini 4.16 lneiainisateedy?
120 w1t Ansganduaaiananzmely wansliiuininnsonyinwesmyduuiiialag
auysal lwtumeudsluavihlulasBlfaduvesiiunenga Aiunsiwenvnslunaaeunnaud

ol

0.20
= 0 min
—— 1 min
—— 5 min
0.15 4
[}
(4]
c
(4
2 0.10-
o)
N
2
<
0.05
0.00

; T : T T T ) T T
275 280 285 290 295 300
Wavelength (nm)

Wi 4.16 aunesugi-dada awnlnsalnd vedulasddadureninduueniafiiiunsien
U a
3

2719 IngN15ResadgINIaII 9

4.4 nagauauURsing 9 vadlulasdladuvanhduuzngannieula

4.4.1 veaeuaNuAiveslilasdiatuvesidiuuenga

1%
v [

nAdauUAUAIILAEN1TTnvuIneYNIATRIfiag1slulasBlature gy

= )

wzngafinuliluan1iziiuanansiufie Maumgll 4, 30 uaz 45 esrwadea LUwan 28 Tu

9 Y

1%
o w

lngruiavetounialulasdiaturesinfiunensa neu (without UV curing) wagnad (with UV
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curing) M3mefadyd fvuinedeUszana 70 + 040 uay 68 + 0.22 wiluiuas awau Tng
wrhmstamuinveseymeatesidosanzard 3 umnfl et 7 14 21 way 28 Yu wu
ﬁgﬂiﬂmﬁﬁa%’waaﬁwﬁuuzﬂg@ﬁiﬁimumﬂ%ammw (without UV curing) uazlulasdiatuves
dhifuugngnfiniunsidensang (with UV curing) fuinoymadsbiuandisognaditediy
LazAsTINABATEEEIANTIINNSAN® (Lansianm 4.17) uandliifiuinszuulalasdfaduluau
il fienuadesmagammamans dliszuululesdiaduliiAanisusndu vieoynaliians

v v dll [ Y &
sy Wetnulidunaiuiu

100
(a) without UV curing —EaC

80

Particle size (nm)

7 14 21
Time (day)
100
(b) with UV curing —=—4°C
—8—-30°C
—A—45°C

80 -+

Particle size (nm)

14 21

~ -

Time (day)

AW 4.17 annaenazwinvadhulasdiatuvesdiiunensa (a) without UV curing wae (b)

a 1

with UV curing 71 0 kag 28 U NI9auniiuastinisng 9

Y
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Relative cell viability (v/iv%)

4.4.2 veaeuanuduiivveslulasddatuveniduuengadewadimvilsiemaile
MTT assay

G

nuanisnaaeuanuluiivveslulasdiatuvesiniuugngainioulaly

AA A o

L wad 11 (Human skin fibroblast) a2emAda LOUNY Sandu woalas (MTT reduction

assay) lngvinnsnageululasdiatuveninduueniafiiiunisilonyin wWisuieudu lulas

=

dfatuvestnduugnialaii1unsWeNINe (without UV curing) wagindiuugnga (KLO) wle

a

MNSAUINATSREAZNITHTINYARVDIADENNAFDU TINUI tulasdiatuuesiisiuuensa

3
NAuns@ionvae (with UV curing) LLazﬁwﬁuuzﬂgw (KLO) lainansmnanduiunoisadiivgs
yosuysd Amnuitutudosaglaouiinnstesnimvieniiiu 1 fedslifosaranuildinsenues
wwadRaviannn 80 Turedlilasdiaduresidfunensafilaisiunadesng without UV
curing) wanaanuLduiivsalwadAmsvesnyud wansnalunmi 4.18 uagasei 4.3
ilesannstiogues CMA Ailsikiunsidonang AeliAniiseoondindudsiliAnnsai
oyyadasrluliinafiunn lavoyyadassiitarnemsvhaureseuleiddalugadinliieed

[

fne [148, 149] uarAnuduiivioiwadanamaannil CMA gnidenawnenIsanesedyd o

Y

Uagiridduuengagnvieviuegeiiussansnmaielunnluwalya

100 A mKLO
m without UV curing
mwith UV curing
80 -
60 -
40 -
20 A
0

0.001 0.01 0.1
Concentration (v/v%)

A 4.18 wansnageuanuluivluwasimiayudvedlulasdiaduveinduugngn
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A15197 4.4 nansvegeuauduisluwadiviayvdveslulasdiaduvenihduuengn

FouaYNISLATVITAR R MTINYEE (V%)

9819 0.001 0.01 0.1 1 10
KLO 96.04 + 330 | 94.89 + 3.83 | 87.91 + 3.33 | 91.50 + 4.20 | 20.96 + 1.34*
without

UV curing 93.14 + 0.64 | 89.95 + 1.50 | 81.07 + 258 | 14.57 + 0.59* | 14.74 + 0.49*

with UV
curing 94.26 + 284 | 94.02 + 2.13 | 98.31 + 330 | 86.93 + 1.41 | 17.39 + 0.23*

U ¢ Ae @15VedeUNdesarANiTInsenveaniniaoandt 80 wlaifigunay

AIUAY

4.4.3 NAAUUSEANS NNANSTUN1Uadf 97 neaaulussuuanans (in vitro
testing) MEALA WNSIAANTITY lwaa (Franze diffusion cell)
NaapuUTEansninwni1sduruaiidan nadaulussuudnase (in vitro

testing) AEALA WWSIARNHITY Wwad (Franze diffusion cell) Tngazmiannuidntuve sy

Y 1 a Y] 1% (Y] '

uznyafivantdeyeaninlulasdiadusuimieas Aen1TInAINIIAANAULAINIELAT S

1%
o [

awnlaslnladned Fenuinusednsamnisduniuidnduugniaveslulasddaduvesndiu
r-:l' 1 dll ) o a v = 1 é I a v o ’S L%
UNFANHIUNTT BNV (with UV curing) 8w51n138ususninlulasdiature sy

ugnIANlINIUNITABNYIN (without UV curing) tlaianikiveseymalulasddadtuves

v a a o

Wungnga with UV curing LAnNswanvnlaen1satessded vilvidenvessuniaiinig
< (% T o va S o IR
s wazdesiunmsvigaesnvesiiduusnialanndl [150] wenainidanuiviaduuenga

Tu with UV curing waz without UV curing #8nsin1s8usuiavialaniniinisldinduusnga

LY = 1

lagnssag1aun lngurduugngangnaeduuuiuiiveseunialululasddatussdunuead

Y Y 9
7 v '
U o a

Aavfanoulurieiu Faaeiidnsfidewinsaduyis 1 Fluawsn vasntudiiuugniaifned

d' ' = o < Y v d'
UUINLaqaLGUaNGU'J'N"Ug?\I@EJ ] YUNTUBBANUN [151] IG‘IEJ@@]?']ﬂ'ﬁs?jllm']uuqlluugﬂgﬂﬂ 1,3 uhay 6

YA LY 10%, 16% wag 23% MUY TILaEAILUNINT 4.19
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100

-@- KLO
- @ - without UV curing

- @ - with UV curing
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o 60 4
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© 1
2 40
e o
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o R — ST
& od e & - .
1.7 @ et
R .
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N -
w
N
[62)
[«2)

Time (Hours)

d' =2 1 ca v Ql' o . . . 14 a 13
AA 4.19 MsTurnumaaRInilsAnadeuluszuuIIaes (in vitro testing) Aleinatla LWTIA
AN Lwad (Franze diffusion cell) vastsiunegnin (KLO) (—) waglulasddiatuvesuiu
Uzn3ATlIHUNM BNV (without UV curing) (—) uazlulasBliatuveniduugngainiiu
NSLRRNYIN (with UV curing) ()

4.4.4 NAADUQVSFIUNITONLEU 9875 nIastataus (Griess reagent)
lun1svims@nwgnssiumsdnavveslulasdiaduvesinduugna Ae3s
a a I3 a ¥ a a I3 A A Yy v

n3asLIUA AzNANTUNTosaznIss YR ularegaatuAlATHIY i aLdoNANT LT YD LY
Tnsdiaduveaifunznge Aliduiivdewad deuiagldanududuiinardlunisneasugns
arunsenaulnensdudinisuantunsneenlenasll dslunimeaassiagldlulasdiatuves
Y A A ¢ . = a [y a v o ) N
WunengaNEuNsWeNTINS (with UV curing) wWisuiisuiululasdiiaduvesdiduugngai
Lais1un191eNYINe (without UV curing) waziiuuenga (KLO)

Tunsalvesioaznsasyiulaveswadiualasnig wulindieg19viseusin
ulasdfatuvesfuugnganinunT¥onyIe (with UV curing) luSeuifisuiululasdadu
Vo3 uNENFAT N 1AW 0HYINN (without UV curing) uaztunensa (KLO) liuans

& a ! I d' Y Y Y] Ay a v oA

AnuduiiesawaduualasiianautudulndiAssiu lneisesazlaeUiuinsioeninuie

Winfu 0.1 5esazanuidinsonvesgaauualasiiauinnitfevas 80 WelisuiunguAIuay
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(M157197 4.4) HIUUALYINNITEBNANULIUTUYDIAIBE19N5 8L nUSUNTUENIINT BLNNU

0.1 dusunisnaasugnssuneniaulnenisduginisndnlusinesnlyn

i [ a s v v 1
A15719% 4.5 nanisvadeunnuluivlugaauualasniavesasann@diegis

JovaznsiasgAulnvasaduuAlaTg (v/v9%)

TPRIIRR
0.001 0.01 0.1 1 10
KLO 97.16 +2.83 101.57 £+ 507 8886 +7.19 36.10+7.94* 4.25+0.27*
without UV
99.55 + 3.13 94.61 +3.64  8573+095 494 +095% 10.56 + 5.25%
curing
with UV
101.81 £ 3.50 94.60 £ 237  85.64 £ 3.16  6.61 £4.46*  9.22 + 5.28%
curing

d Aay aaa ¢ v ] 4'
‘Vill']ﬁll»'ﬁﬁ! ¥ A aqi'ﬂ@a@umNi@ﬂagﬂ"]qmmsﬁjmiaﬂsﬂ@\ﬁL"UaaLL@J@I@iWT‘UU@ﬂﬂ’JW 80 % LUD®

Wigunguauay

TunsdlvasnisdudinisuanlumsnaonlanluwaduualasnIavaIfiIag 1 9NAaaY
wandlunnd 4.20 wudndiuuenia (KLO) ignsnisdugsnmsadalunineanlenlugaduilas

¥

wialdinnitan Ae Yevag 37.23 + 0.96 Beilusyansnmannitlalaailuua fnnandudu 0.01
TadnIusioliadans (24.68+ 4.87) uaﬂﬁ]1ﬂﬁé'quuiﬂvl,ﬂm@ﬁa%mmﬁwﬂumSﬂgm without UV
curing LLazlmim@ﬁa%uﬁumﬁwﬁumﬂgm with UV curing fin1s8ué snisuanlun3neanlesly
wadunalasunald 30.28+ 3.03 way 32.07+1.63 muay Sadesniminsuugngadntos ena
dounanluanneiifunansitiuneningnviefueglusynia uasanUdeseenunaneyme
I¢ipenadh 4 vildmssudinisudelusineenledluumelasiivanas Weifisufutiduuengai
lsignvietiu aedlsimulalasdiaturesiifungngafdaissansnmlunisnisdudanisuan
lupsnoenledluwaduunlasrig wazinsAulilduulidesaaediededisuiunisld

ilunnInlagnss

81



100

80

60

40 - 37,23
3028 3207
] . I '
KLO

without UV curing with UV curing

NO, inhibition

Diclofenac

A 4.20 Sesarn1sdudinisuanlunsnasnlunluwaduwualasniavedlulasdiadu
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KLO Surf,, (Bio Surf: Surf: Co-Surf)
Water Results

10 90

9.09 81.82 9.09 S
8.33 75.00 16.67 S
7.69 69.23 23.08 S
7.14 64.29 28.57 S
6.67 60.00 33.33 S
6.25 56.25 37.50 S
5.88 52.94 41.18 S
5.56 50.00 44.44 S
5.26 47.37 ar.37 S
5.00 45.00 50.00 S
4.00 36.00 60.00 S
3.33 30.00 66.67 S
2.86 25.71 71.43 S
2.50 22.50 75.00 S
2.22 20.00 77.78 S
2.00 18.00 80.00 S
1.82 16.36 81.82 S
1.67 15.00 83.33 S
1.54 13.85 84.62 S
1.43 12.86 85.71 S
1.33 12.00 86.67 S
1.25 11.25 87.50 S
1.18 10.59 88.24 S
1.11 10.00 88.89 S

NUBLUG S; Single-phase area (WaLRen) , M; Multi-phase area (Mangia)
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KLO Surf,,x (Bio Surf: Surf: Co-Surf)

Water Results
20 80
18.18 72.73 9.09 S
16.67 66.67 16.67 S
15.38 61.54 23.08 S
14.29 57.14 28.57 S
13.33 53.33 33.33 S
12.50 50.00 37.50 S
11.76 47.06 41.18 S
11.11 44.44 44.44 S
10.53 42.11 a7.37 S
10.00 40.00 50.00 M
8.00 32.00 60.00 S
6.67 26.67 66.67 S
571 22.86 71.43 S
5.00 20.00 75.00 S
4.44 17.78 77.78 S
4.00 16.00 80.00 S
3.64 14.55 81.82 S
3.33 13.33 83.33 S
3.08 3T 84.62 S
2.86 11.43 85.71 S
2.67 10.67 86.67 S
2.50 10.00 87.50 S
2.35 9.41 88.24 S
2.22 8.89 88.89 S

NUBLUG S; Single-phase area (WaLfen) , M; Multi-phase area (Mangiwa)
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KLO Surf i (Bio Surf: Surf: Co-Surf)

Water Results
30 70
271.27 63.64 9.09 M
25.00 58.33 16.67 M
23.08 53.85 23.08 M
21.43 50.00 28.57 M
20.00 46.67 33.33 M
18.75 43.75 37.50 M
17.65 41.18 41.18 M
16.67 38.89 a4.44 M
15.79 36.84 a7.37 M
15.00 35.00 50.00 M
12.00 28.00 60.00 M
10.00 23.33 66.67 M
8.57 20.00 71.43 M
7.50 17.50 75.00 M
6.67 15.56 77.78 M
6.00 14.00 80.00 M
5.45 12.73 81.82 M
5.00 11.67 83.33 M
4.62 10.77 84.62 M
4.29 10.00 85.71 M
4.00 9.33 86.67 M
3.75 8.75 87.50 M
3.53 8.24 88.24 M
3.33 7.78 88.89 M

NUBLNG S; Single-phase area (WaLfen) , M; Multi-phase area (Mangia)
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KLO Surf,x (Bio Surf: Surf: Co-Surf)
Water Results

40 60
36.36 54.55 9.09 M
33.33 50.00 16.67 M
30.77 46.15 23.08 M
28.57 42.86 28.57 M
26.67 40.00 33.33 M
25.00 37.50 37.50 M
23.53 35.29 41.18 M
22.22 33.33 44.44 M
21.05 31.58 ar.37 M
20.00 30.00 50.00 M
16.00 24.00 60.00 M
13.33 20.00 66.67 M
11.43 17.14 71.43 M
10.00 15.00 75.00 M
8.89 13.33 77.78 M
8.00 12.00 80.00 M
7.27 10.91 81.82 M
6.67 10.00 83.33 M
6.15 9.23 84.62 M
571 8.57 85.71 M
5.33 8.00 86.67 M
5.00 7.50 87.50 M
4a.71 7.06 88.24 M
4.44 6.67 88.89 M

NUBLNG S; Single-phase area (WaLfen) , M; Multi-phase area (Mangia)
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KLO Surf, (Bio Surf: Surf: Co-Surf)
Water Results

50 50
a5 a5 9 M
42 a2 17 M
38 38 23 M
36 36 29 M
33 33 33 M
31 31 38 M
29 29 a1 M
28 28 aaq M
26 26 ar M
25 25 50 M
20 20 60 M
17 17 67 M
14 14 71 M
13 13 75 M
11 11 78 M
10 10 80 M
9 9 82 M
8 8 83 M
8 8 85 M
7 7 86 M
7 7 87 M
6 6 88 M
6 6 88 M
6 6 89 M

nA8LUe S; Single-phase area (WaLhe) , M; Multi-phase area (anging)
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KLO Surf,x (Bio Surf: Surf: Co-Surf)
Water Results

60 40
54.55 36.36 9.09 M
50.00 33.33 16.67 M
46.15 30.77 23.08 M
42.86 28.57 28.57 M
40.00 26.67 33.33 M
37.50 25.00 37.50 M
35.29 23.53 41.18 M
33.33 22.22 44.44 M
31.58 21.05 ar.37 M
30.00 20.00 50.00 M
24.00 16.00 60.00 M
20.00 13.33 66.67 M
17.14 11.43 71.43 M
15.00 10.00 75.00 M
13.33 8.89 77.78 M
12.00 8.00 80.00 M
10.91 Y £ 81.82 M
10.00 6.67 83.33 M
9.23 6.15 84.62 M
8.57 571 85.71 M
8.00 5.33 86.67 M
7.50 5.00 87.50 M
7.06 471 88.24 M
6.67 4.44 88.89 M

nA8LUe S; Single-phase area (WaLhea) , M; Multi-phase area (aneing)
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KLO Surfx (Bio Surf: Surf: Co-Surf)

Water Results
70 30
63.64 27.27 9.09 M
58.33 25.00 16.67 M
53.85 23.08 23.08 M
50.00 21.43 28.57 M
46.67 20.00 33.33 M
43.75 18.75 37.50 M
41.18 17.65 41.18 M
38.89 16.67 a4.44 M
36.84 15.79 a7.37 M
35.00 15.00 50.00 M
28.00 12.00 60.00 M
23.33 10.00 66.67 M
20.00 8.57 71.43 M
17.50 7.50 75.00 M
15.56 6.67 77.78 M
14.00 6.00 80.00 M
12.73 5.45 81.82 M
11.67 5.00 83.33 M
10.77 4.62 84.62 M
10.00 4.29 85.71 M
9.33 4.00 86.67 M
8.75 3.75 87.50 M
8.24 3.53 88.24 M
7.78 3.33 88.89 M

nA8LUe S; Single-phase area (WaLhea) , M; Multi-phase area (aneing)
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KLO Surf,x (Bio Surf: Surf: Co-Surf)

Water Results
80 20
72.73 18.18 9.09 M
66.67 16.67 16.67 M
61.54 15.38 23.08 M
57.14 14.29 28.57 M
53.33 13.33 33.33 M
50.00 12.50 37.50 M
47.06 11.76 41.18 M
44.44 1108 44.44 M
42.11 10.53 a7.37 M
40.00 10.00 50.00 M
32.00 8.00 60.00 M
26.67 6.67 66.67 M
22.86 53 71.43 M
20.00 5.00 75.00 M
17.78 4.44 77.78 M
16.00 4.00 80.00 M
14.55 3.64 81.82 M
13.33 ENE) 83.33 M
12.31 3.08 84.62 M
11.43 2.86 85.71 M
10.67 2.67 86.67 M
10.00 2.50 87.50 M
9.41 2.35 88.24 M
8.89 2.22 88.89 M

nA8LUe S; Single-phase area (WaLhe) , M; Multi-phase area (aneing)
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KLO Surfmix (Bio Surf: Surf: Co-Surf)
Water Results

90 10
81.82 9.09 9.09 M
75.00 8.33 16.67 M
69.23 7.69 23.08 M
64.29 7.14 28.57 M
60.00 6.67 33.33 M
56.25 6.25 37.50 M
52.94 5.88 41.18 M
50.00 5.56 4a4.44 M
ar.37 5.26 ar.37 M
45.00 5.00 50.00 M
36.00 4.00 60.00 M
30.00 3.33 66.67 M
25.71 2.86 71.43 M
22.50 2.50 75.00 M
20.00 RXL 77.78 M
18.00 2.00 80.00 M
16.36 1.82 81.82 M
15.00 1.67 83.33 M
13.85 1.54 84.62 M
12.86 1.43 85.71 M
12.00 1.33 86.67 M
11.25 1.25 87.50 M
10.59 1.18 88.24 M
10.00 1.11 88.89 M

nA8Lne S; Single-phase area (WaLhea) , M; Multi-phase area (anging)
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Fragmentor Voltage Collision Energy 0 Ionization Mode Unspecified
10 7 |+ TIC Scan Kaffir lime oil.D
5]
3
2.5
1 2 10.915 g 25950
o 48.895
"0 s e o]
No. RT Name DB Area
Formula Sum %
1 3.206 | 2-Pinene C10H16 6.09
2 3.441 | 2,2-dimethyl-3-methylene-bicyclo C10H16 0.57
[2.2.1]heptane
3 4.081 | 4(10)-Thujene C10H16 10.53
a4 4.27 | .beta.-Myrcene C10H16 252
5 4.417 | Octanal C8H160 0.07
6 4.518 | .beta.-Phellandrene C10H16 0.16
7 5.443 | Cyclohexene, 1-methyl-4-(1- C10H16 29.61
methylethenyl)-
8 5.701 | 1,3,6-Octatriene, 3,7-dimethyl-, (E)- C10H16 0.11
9 6.05 | .gamma.-Terpinene C10H16 0.08
10 6.396 | Bicyclo[3.1.0]hexan-2-ol, 2-methyl-5-(1- C10H180 2.33
methylethyl)-, (1.alpha.,2.alpha.,5.alpha.)-
11 7.132 | Cyclohexene, 1-methyl-4-(1- C10H16 0.18
methylethylidene)-
12 7.675 | Linalool C10H180 2.11
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13 7.804 | Nonanal C9H180 0.08
14 8.641 | Bicyclo[3.1.1]heptan-2-ol, 2,6,6-trimethyl- C10H180 0.04
15 | 10.017 | Isopulegol C10H180 0.1

16 | 10.915 | 6-Octenal, 3,7-dimethyl-, (R)- C10H180 15.77
17 ] 11.246 | endo-Borneol C10H180 0.17
18 | 11.877 | Terpinen-4-ol C10H180 0.17
19 12.71 | 2-(4-METHYL-3-CYCLOHEXEN-1-YL)-2- C10H180 2.37

PROPANOL

20 | 13.469 | Decanal C10H200 0.09

21 14.73 | 6-Octen-1-ol, 3,7-dimethyl- C10H200 1.7

22 15.19 | 2,6-Octadienal, 3,7-dimethyl-, (Z)- C10H160 0.04

23 | 15.701 | 2-Cyclohexen-1-one, 3-methyl-6-(1- C10H160 0.06
methylethyl)-

24 |1 15.908 | Geraniol C10H180 0.51

25 16.571 | 2,6-Octadienal, 3,7-dimethyl-, (E)- C10H160 0.08

26 17.169 | 2-Norbornanol, 1,3,3-trimethyl-, acetate, C12H2002 0.04
endo-

27 | 18.177 | Undecanal C11H220 0.04

28 | 19.304 | Cyclohexene, 4-ethenyl-4-methyl-3-(1- C15H24 0.22
methylethenyl)-1-(1-methylethyl)-, (3R-
trans)-

29 19.778 | 1H- C15H24 0.12
Cyclopentall,3]cyclopropall,2]benzene,
3a,3b,4,5,6,7-hexahydro-3,7-dimethyl-4-(1-
methylethyl)-, [3aS-

(3a.alpha.,3b.beta.,d.beta.,7.alpha., 7aS*)]-
30 20.091 | 6-Octen-1-ol, 3,7-dimethyl-, acetate C12H2202 0.83
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31 20.515 | (22)-3,7-DIMETHYL-2,6-OCTADIENYL C12H2002 0.07
ACETATE

32 20.823 | .alfa.-Copaene C15H24 3.16

33 21.265 | Geranyl acetate C12H2002 | 0.48

34 21.375 | 1H- Cl5H24 1.43
Cyclopentall,3]cyclopropall,2]benzene,
octahydro-7-methyl-3-methylene-4-(1-
methylethyl)-, [3aS-

(3a.alpha.,3b.beta.,4.beta.,7.alpha., 7aS*)]-

35 21.44 | 2,4-DISOPROPENYL-1-METHYL-1- Cl5H24 0.29
VINYLCYCLOHEXANE

36 22.107 | Dodecanal C12H240 | 0.03

37 22.369 | Caryophyllene C15H24 2.24

38 22.673 | (1R,2S,6S,7S,85)-8-Isopropyl-1-methyl-3- C15H24 0.1
methylenetricyclo[4.4.0.02,7]decane-rel-

39 23.041 | Azulene, 1,2,3,4,5,6,7,8-octahydro-1,4- C15H24 0.13
dimethyl-7-(1-methylethenyl)-, [1S-
(1.alpha.,4.alpha.,7.alpha.)l-

40 23.515 | Humulene C15H24 0.82

41 23.764 | TRANS(.BETA.)-CARYOPHYLLENE C15H24 0.08

42 24.505 | 8-ISOPROPYL-1-METHYL-5-METHYLENE-1,6- | C15H24 2.01
CYCLODECADIENE

43 24.983 | (1S,2E,6E,10R)-3,7,11,11- C15H24 0.7
Tetramethylbicyclo[8.1.0]Jundeca-2,6-
diene

aaq 25.14 | .alpha.-Muurolene C15H24 0.29
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45 25.296 | Azulene, 1,2,3,5,6,7,8,8a-octahydro-1,4- C15H24 0.16
dimethyl-7-(1-methylethenyl)-, [15-
(1.alpha.,7.alpha.,8a.beta.)]-

46 25.503 | .alpha.-Farnesene C15H24 0.04

ar 25.623 | (3S,3aR,3bR,4S,7R, 7aR)-4-Isopropyl-3,7- C15H260 | 0.44
dimethyloctahydro-1H-
cyclopentall,3]cyclopropall,2]benzen-3-

ol

48 25.954 | .delta.-Cadinene C15H24 3.29

49 26.741 | Cyclohexanemethanol, 4-ethenyl- C15H260 1.54
.alpha.,.alpha.,d-trimethyl-3-(1-
methylethenyl)-, [1R-

(1.alpha.,3.alpha.,4.beta.)]-

50 27.188 | 1,6,10-Dodecatrien-3-ol, 3,7,11-trimethyl-, | C15H260 | 0.09
(E)-

51 27.482 | (2E,4S,7E)-4-Isopropyl-1,7- C15H260 | 0.46
dimethylcyclodeca-2,7-dienol

52 27.708 | Globulol C15H260 | 0.04

53 27.869 | Cyclohexanemethanol, 4-ethenyl- C15H260 | 0.12
.alpha.,.alpha.,d-trimethyl-3-(1-
methylethenyl)-, [1R-

(1.alpha.,3.alpha.,4.beta.)]-

54 28.283 | Ledol C15H260 | 0.03

55 28.798 | 1,6,10-Dodecatrien-3-ol, 3,7,11-trimethyl- | C15H260 | 0.05

56 29.447 | .tau.-Muurolol C15H260 | 0.05

57 29.779 | 1,4-Dimethyl-7-(prop-1-en-2- C15H260 | 0.1

yldecahydroazulen-4-ol
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58 30.096 | Ledol C15H260 | 0.08
59 30.805 | Cyclohexanol, 3-ethenyl-3-methyl-2-(1- C15H260 | 0.16
methylethenyl)-6-(1-methylethyl)-, [1R-
(1.alpha.,2.alpha.,3.beta.,6.alpha.)l-
60 38.964 | 1-(HYDROXYMETHYL)-2,5,5,8A- C15H2802 | 0.04
TETRAMETHYLDECAHYDRO-2-
NAPHTHALENOL
61 42.305 | Oleic Acid C18H3402 | 0.04
62 47.98 | HEPTADECENE-(8)-CARBONIC ACID-(1) C18H3402 | 0.06
63 48.895 | Oxypeucedanin C16H1405 | 3.69
64 49.383 | Oleic Acid C18H3402 | 0.03
65 49.508 | 4-(3-Methyl-2-oxobutoxy)-7H-furo[3,2- C16H1405 | 0.11
g][1]lbenzopyran-7-one
66 50.267 | Oleic Acid C18H3402 | 0.04
67 50.851 | Pabulenol C16H1405 | 0.12
68 52.904 | 2,3-Dihydroxypropyl elaidate C21H4004 | 0.29
69 56.682 | DIMETHOXYGLYCEROL DOCOSYL ETHER C27H5605 | 0.05
70 56.908 | DIMETHOXYGLYCEROL DOCOSYL ETHER C27H5605 | 0.06
71 59.453 | DIMETHOXYGLYCEROL DOCOSYL ETHER C27H5605 | 0.04
12 60.216 | 4H-1-Benzopyran-4-one, 2-(3,4- C18H1607 | 0.05
dimethoxyphenyl)-3,5-dihydroxy-7-
methoxy-
73 62.011 | (22E)-STIGMASTA-5,22-DIEN-3-OL C29H480 | 0.05
74 62.886 | DIMETHOXYGLYCEROL DOCOSYL ETHER C27H5605 | 0.04
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ABSTRACT

Keyanards:

Badlir lsee oil
Flieraemulsion
Bsio-hasied palymmes
Block copalymis
Plastor resslisinble

The research aimed te prepare a microemulsion of Kaffir lime il (KLOY using phetocrosslinkable bio-based
copolymers as polymer shells. Firs, cinnamyl aleohol was used as a biomosomer, which was functionalized
with methacrylic anhydride via an esterification reaction to contain a double band named cinmamyl methac.
rylabe. Then, it was copolymerized with methacrylic acid by solution wdine irnsfer polymerization, resulting in
palymethacrylic acid-block-palycinnamy] methacrdate-block-paly methacrylic acid (FMAAD PCMA-D-FMAA)
with a malecular weight of 2700 g/mol and a chain length of PMAAB-PCMABPMAA aquals 7: 6: 7 units. After
that, PRIAA-B-FOMA-G-FMAA (BioSur) was used as the polymer shell to encapsulaie KLD in a microemulsion
system cpopertive with Tween 80 [surfactant; Surf) and ethanel] (co-surfactant; CoSurf), The mtio of kaffr Eme
wil: Surf. Cefurf was variesd fram 10 9 to 9: 1 (wit) where Surfye was BioSurf: Surf: Co-Surf ratio of 10 12 1 (wit)
dispersed in water at 400 rpm for & min. The optimal comtents of ail, Surf,,, and water were 6 %, 24 %, and
M %, respectively, with the nanocapsule size at about 68 nm. Afier UV curing at 254 nm for 120 min, the
dimerization of ommanwyl groups in PCMA was confirmed by UV spectrascopy, where the ahsorbanee peals of
cimnamyl groups at 263 and 294 nm significantly decreased. The encapsulated KLO was slowly permeating skin
which was oaly U % after 1 h, with the anti-inflammatary percentage of inhibited nitric coxide producticn in
macrophage cells at 19.24 + 163, Moreaver, manocapsules did not show toxicity to human skin cells at con.
cenrations less than or equal to 1 v/vie, Maoreover, the microemulsion is thermodynamically stable at 4 °C,
20 °C, and 4% “C. The encapsulation af KLO in microemulsion might be an altemative candidate for cosmetic
praducts and related applications.

1. Introduction

Kalfir lime pesl i3 a nanral raw materdal used 1o peodice high- Keragula el
quality essential oil, which provides revemse for farmers (Gudia

etal, 2019,

2022). The o

110, It g appropeiate for hair and scalp wreatments like tonies,
Jlalr SeTiinns, shamp-uuk. and hair conditioners (Burnell e al, 2021
al., Lowrith and Kanlaya 20Z1). The
biggest igsue arises when KLO is wtilized d:m:lly in |I|=-z pmdurls The
instability of KLO is influenced by external faetors, including tempera-

2135

extracted by a cold extrac ur..| pc;.ucedure that a\-onlsrha ture, humidity, oxidation, light, and heat, leading o the capid destrisc-

uge of heat and chemicals, making Kaffir lime oil (KLO} with a good tion of erucial cempounds such as anl:mmdanls. anti- mf‘lammalury. and

srell and alio retai

alikin, 2022; Handati eral., 2023). KLO includes Putri, 202
active components such ag beta- pmeme camphene, steal, linaloal, and tal x
m[mwlla]t et al., 2021; Lobi ceygel et al, D8; Srifs 4 tian, na[uralpmduclulmcu were ﬁmutdlu have a low sk del.wl:ry rale

el oal, 2
pmp-erlies[l..n

ing its smell, ealor, and ather propecties for & long antibacterial agenut(u- M

1 al, 2021

. 1t exhibits mmarhh]: buulogn.a] and pjnannm:]og‘tal due to their low water solubility, resulting in poor efficiency in deliv-
el al., 202X Puj

{urniawali ering active ingredients 1o the largel area, including the inability 10

* Correspording author at: Department of Chemdstry, Faculty of Science and Technology, Rajamangala Undversity of Technology Thanyabuari, Klong 6, Thanyabari,

Pathum Thani 12110, Thailand.
E-mail address: o cl

Fmailrmuriaeth (A, Chaiyasat).

I'h:-c:n\ed i} J\ug\lst 2024 llccen\ed n revised form 23 Getober 2024; Accepeed 29 Ocrober 20024
OS26-HE50,/0 2024 Elsevier B All rights are reserved, including those for text and data mining, Al training, and similar technaologies.
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Cinnamyl methacniate Methacrylic acid

Fig. 1. Schematic diagram of cinnamyl methacrylate synihesis.

P. Saeun et af.
S o o
@/\/\;H + .\/J-LO'JL\/
Cinnamyl alcohol Methacrylic anhydnde
Table 1
Beagent amounts for the symthesis of PRAABPCMARPMAAL
CEemicals RUN
MAA £ (mmad) TE2 (42000
A & {mmed) ZEZ(14.000
MAA & {mmad) 4.65 (54,000
CHIy £ (mmad) 056 (1.40)
W 501 £ (mmad) 160 (5,600
EI0H z 3037
control the relesse of active ingredients efficiently (Cheng e al, 20200,

To evercome this problem, the KLO was incosporated into polymer
chains in the Form of a microemulsion. This will increase the surface area
af encapzulated oil on the skin, increaging skin penetration efficiency. In
general, jonie and nenionic surfsetants were used 1o emulsily the oil,
and they were dissolved in water and acted as a continuous phase for

microemulsion preparation (G 1 Mohams Sarmani,
2020, Wooster el al : jas el al., 2021) A
microemulsion was formed after the ull wasaddud in continuous phases

and uging a mild stirring rate (Rosano and Clausse, 1987 Tartaroeral,
2020). However, instability is frequently encountered when applying
microemulsions 1o various products. This will cause agglomeration of
the droplets, increasing the size when stered for a long tme, and
eventually, separation or sedimentation may socur (Karthik ed al,
20171 In some conditions, the short-chain emulzifiers might have a b
potential 1o maintain - microemulsion  stability,  especially  in
high-vizcoaity eonditions such as a botion, hair conditioner, or shampoa,
This can cause the oil o escape quickly from the droplets, resulting in
poor stability {Ganta etal. 20140, As a result, the essential properties of
encapsulated oil deteriorate faster. Increaging the chain length of the
emulsifier with a bio-based copolymer might improve droplet strength
(Bansal et al, 2015, Wik e al., 20200 and the microemulsion
performance,

Cinnamyl aleohal exhibits faverable anti-inflammatory and anti-
bacterial properties {Bang et al. 6y Ozhilgin et al 20016y Uichar
atelal, 2016) Furthermore, cinnamic groups are groups within a
palymer that can be eroslinked by expogure to UV radiation, either in
the main chain or a8 part of a side chain. This eresclinking octurs
through the dimerization eeaction of the carbon-carban double boneds,
laclh[alud by cyclaaddlunn {[:.I =l al, 2018; Kitayama and Haracda,

L , Mguyen ef al, 2020;
" 3 of aul, 2D20). The rescrion
lid 1 :h: tynlhnhs of geveral polymers of monomers conlaining
namn}-l ar cinnamyl groups. These materials induded polyester (10
ol POSS- yl palymer (Kiran Kumar
1), methacrylate copolymer [Lecaci. 2005b), and bio-beased
aliphatie palycarbonate materials {Durand o ol 2018).

Thesefore, in this work, bio-based copalymers, cinnamyl methacry-
Jate, and methacrylic acid (biologically compatible polymess) were usad
for the first time 1o cooperate with the commercial sorfsctant o
encapsulate Kaffir lime oil. The cinnamyl aleohol was rescted with
methacrylic anhydride 1o create cinnamyl methaerylate (CMA] before
copalymerized with methacrylic acid in ethyl acetate ag the green sal-
vent (Mahs 1 et 1 using solution jodine transfer polymeri-
zation (solution TP Kamlangmak &0 al., 2021 Phutthatlsam <0 al,

Prafeepmaneerak et al, 2022), resulting in poalymethacrylic
acid-biock-polycinnamyl  methaerylate-block-polymethaerylic acid
(PMAA-D-POMA-BPMAA)L.  After  microemulsion  preparation,
PMAA-L-PCMA-DL-PMAA bio-based copolvmer adsorbed on the dropler
was followed by UW-initiated dimerization of the £ orbitals of the cin-
namyl group to comnect each bio-based copalymer chain. Finally, the
microemulsion containing KLO using a bio-based copolymer was ob-
tained. The curing time was investigated. Chemical functional groups
were chacacterized by FTIR and 'H NMR. Moseover, the txicity of the
akin cells, pesmeation elliciency, and anti-inflammatory activity of the
KLO mieroemulsion were evaluated.

2. Experimental
2.1, Marerial:

Methacrylic scid (MAA; purity 99 %, Sigma-Aldrich) was purified by
pasting through the column packed with basie aluminum oxide 1o
remuove the contained inhibitors, cinnamy] aleohal {CAT; 9B %, Sigma-
Aldrich) lodoferm (CHIg: purity 99 %, Aldrich), (4,4-Azobis{4-cyano-
valeric acid) (V-501; purity 98 %, Wako Pure Chemicals), hydrochloric
acid (HCl; purity 37 %, RCI Lalsean), hydroquinome {purity 99 %,
Aldrich), sodium chloride (NaCl; purity 99.% %, Ajax Finechem), Kallir
lime il (purily 100 %, honghuat), Ethanal (EnDH; Analytical reagent,
RCI Labecan), Ethyl acetate (EA; Analytical reagent, RO Labscan), Ni-
trogen g (M Purify 99,99 %, Praxaic), Tetrahydrofuran (THE; Labo-
ralory reagent, RO Labscan), Dimethyl Sulfoxide (DMSO; purify
99,80 %, Sigma-Aldrich), Methacrylic anhydride (MAH: purily 94 %,
Sigma-Aldrch), 4-Dimethylaminopyridine {DMAP; purily 99.0 %, TCI),
Sodium bicarbonate [NaHCODw Analytical reagent, Sigma-Aldrich),
Dichlorasmethane (CHyCly, purily 99.5 %, Loba Chemie), Sodium hy-
droxide (NaDH), TWEEN BD (Laboratary reagent, Chem-Supply™)

2.2 Symthesis and characterisation of monamers containing double bonds

Before preparing the block copolymer, the monomer wias designed o
hawe a double boend first. The cinnamyl aleshol amount of 4.16 g
{0.03 maol) and 0.0E g (6,43 « 10 < maed) of DMAP were added 1o a 25 mL
round-bottom Nask, Afer that, 5.17 & (0.03 mol) of methacrylic anhy-
dride was added. Then, the Nask was seabed and purged with nitrogen
s 10 remove oxygen. The reaction mixture was slowly heated 1o 45 °C
while stirring vigosously for at least 24 h. The reaction selution was then
diluted with dichloromethane and washed with saurated sodium bi-
carbonate aquecus solution repeatedly 1o remove the traces of unreacted
methacrylic anhydride and methacrylic acid until €O was no longer
relessed, The organic layer was sequentially washed with 1.0and 0.5 M
NaDH agquesas solution, 1.0 M HCO aquesus solution, and water. Cin-
namyl methacrylate [(CMA) was obtained afier deying in a vacoum oven
al 60 °C overnight. A schematic diagram of cinnamyl methaceylae
preparation i shown in Fig 1.

2.5, Symthedis bio-bese polymethacrlic eeid-block-polycinnamyl
methacrylote-ock-Polymethacrplic acid-iodide

MAA manomer and Iodoform were dissolved in ethanol and rans-
ferred o a round-bottem lask. Then, the Nask was sealed and purged
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Pig. 2. Schematic diagram of KLO microemulsions using bio-based block copolymers by Photo.crosslinking.

with nilrogen gas 1o remove oxygen afler 15 min, the V-501 initiator
solution was injected, and the synthesis continued at 70 °C for 24 b
ablain PMAA-L After that, the second (CMA) and third (MAA) mono-
mers were sequentially injected under 70 °C for 24 b, Reagenl amounts
for the synthesis of PMAA-D-PCMA-B-PAMAA-T &8 various repealing units
are shown in Table 1,

24 Preporation of KLO microemulsions using bio-based block
copilymers

ELO microemulsions using PMAA-D-PCMA-BPMAA  bio-based
copalymer were prepared as follows. First, the copolymers as the Bio-
surfactant (BioSurl) were used as the polymer shell w encapsulage
KLO in a microemulsion system eooperative with a commercial surfae-
want [Tween 80 Surl) and eo-surfsctant (Ethanol; CoSurl) named Sur-
factant mixture (Surd,,, ) where various BioSurl: Susl: CoSurl ratios were
used. The kaffir linse oil: Surfy. ratios were varied from 1: 9-9: 1 (wi)
annd mixed with water at 400 rpm for 5 min before characterizations.

2.5 Pheto-cross(inking bio-based copolymers in KLO microemilsions

The microemulsion was irradiated with UV light av 254 am for
120 min. During the UV irradiation, samples were taken at 0, 1, 5, 10,
30, 60, 90, and 120 min to investigate the dimerization (ormation. A
sehematic disgram of KLO microemulsions using bio-based copolymers
by Photo-crosslinking is shown in Fig. 2

26 Choracterizations

The chemical structures of bio-based block copalymers and mono-
mers were analyzed uging Fourder fransform infrared spectrodcopy
(FTIR; NEXUS 470, Nexas) and IH-nuclear magnetic resonance (1H
MME; JEOL JMM-ECZR 500 MHz, JOELL In the case of FTIR, the
dehydrated palymer was compaeted into the est sample and meagiored
within the range of 4004000 eny L. In the case of 'H NME, the poly-
mers were completely dissolved in deuteransd DMS0. The salution, with
a concentration af roughly 0.1 M, was introduced o O NMR tube at o
height of about 4 em. A room-lemperatioce TH NMR analysis was oon-
ducted. The experiment examined the degree of polymerization (DPyg)

and the experiment average maleculas weight (M e.p) of the bio-based
block copalymers obtained. This was done by analyzing the (H NMR
spectra and comparing the relative integral proton peak (1) of a known
moiety with a known number of protons 1o that of the repeating chain
unit of interest {Gu es e al, 2020; Tz ind Higgin 1,
200 1), The DP and M, were calculated by Eo i (2], respectively.

I =P =N,
oP Lo MOy = My (1}

=Rk My,

Mo = (DP: % Mo} + M. (2)

Where I and N o are the integral peak and the sumber of protons of the
molety & (unknown OF), respectively. I, and Ny, are the integral peaks
and the number of protons of the modety y (known DP), respectively. DPy
and DPy are the degree of polymerization or repeating units of mokety x
and ¥, redpectively. My is the molecular weight of one repeating unit,
and M i the combined molecular weight of the known DP
{Eamlsugmak op al., Pliuttha Lal, 2022)

Maozeawer, the theoretical number-average molecular weight (M, )
of bio-based block copolymers was determined using the following Fo.
3

ity w MW+

Moo = MW+ w100

[:’lm. o« MW} + [, 8 MW, w n)

(3)

Whese MW, MW, MW, and MW, are the atomic masees of iodine,
MAA-L CMA, and MAA-2 respectively. The ny, n, my, and n, are the mal
in the recipe of isdoform, MAA-1, CMA, and MAA-2, respectively. « iz
the monamer conversion.

The stability of the microemulsion containing KLO was studied as
Tollows, The prepared KLO microemulsions were stored in bottles a
three different temperatures: 4, 30, and 45 “C. All samples were with-
dravn at 0, 7, 14, 21, and 28 days, where the particle size of each sample
was measured by Dynamie light scattering (DLS; DelsaTM Mano C,
Beckiman Coulter) at a 165 angle under moom lemperature. The nano-
capsules [approximately & witt) withdrawn from each sample wene
directly measured in concentration mode.

The viscosity of the ELD microemulsion was measured using a
Brookfield Viscometer with a Mo, 0 spindle at 25 °C and 40 rpm. The
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Fig. 3. PTAR () and "H NMR (b) spectra of cinnamyl akohol (1) and cinnamyl methacrylate (1).

Brookfield Viscometer will display the microemulsion’s viscosity in the
appropriate units (typically centipoise, ¢P) and the corresponding tor-
que p The of the KLO microemulsion was
measured by using a UV spectrophotometer with the % transmittance
mode and the appropriate wavelength range.

125

2.7. Toxicity of KLO microemulsion on skin cells by MTT assay

Human skin fibroblasts were seeded at a density of 1x10" cells per
well in 96-well plates. The plates were filled with culture media DMEM,
which had a concentration of 10 wi%. The cells were then incubated at a
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Fig. 4. "H NMR spactra of PMAA- (a), PMMA=h PCMAG (b) and PMMA: 5PCMA. b PMAA-1 (c).

mmpexamm of 37 C in an atmosphere containing 5% 00 for 24 h.
, the ! of KLO at various
were inlmducad and kept at a temperature of 37 “C in an environment

68. Snbnequmﬂy. 0.1 mi of 34,5 Dmuelhyllhiaml -2.y1)-2.5-Diphe-

with 5 % COZ2 for 24 h. Subsequently, the DMEM was extracted, and the
remaining substance was rinsed three times with 10 mM PBS at a pH of

126

was introduced at a of
0. .05 mg/ml, l’olhmed by a 6-h incubation period. After removing the
MTT solution, Dimethyl sulfoxide (DMSO) was added a1 0.1 mL per well.

The mixture was then shaken at a speed of 200 rpm for 15 min.
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Fig. 5. Pseudo ternary phase diagram (a) and particle size distribuisons (b=d} af kaffir lime-gil microemalsien using varicus Oil: Surfe . water ratios (wil; 6 24: 70
(bY, & 15: B1 (<) and 2: % 8% (d) where Surf,,, was BioSurf: Surf: Co-Surf miio of 1 1: 1. Insert photographs are microemulsion of each conditian.

Subseguently, the solution’s absorbances were guantified using a
microplate reader at a specific wavelength of 570 nm (Boanpis
el al., 20273) The cell viability percentages were determined wsing

% Cell viability = [Auumele / Acnser] x 100 4y

Where Aurel 800 Agugle are the absorbances of the control and the
samples. respectively.

28 Permeation efficiency of KLO in microemuliion by Frane difusion
cefl

Permeation studies of encapsulated KLO in microemulsion wen:
carried oul uiing Franz diffusion cells, mainly composed of two com-
partments: the donor and receptor. Moreover, Sprague Dawley Rat skin
pieces were mounted over diffusion cells with the dermal side in contact
with the recepror phase fillsd with phodphate-bulfersd galine pH 7.4
(PES], where the receplor phase was under mind stirving to mix the
contents uniformly. The microemulsion containing KLO was added 1o
the donor compartment. The BLO content permeated the Sprague
Dawley Rat skin was measured where the solution in the recepror

compartment was withdrawn ar specified intervals from the receptor
compartment and measured by UV-spectrophotometry (M
I Pinea 1

Laff et al.

t.al, 2012; Sebe et al., 2

28 Anti-inflammtory activiey by the Griess reagem

The RAW 264.7 macrophages were cultured in DMEM, including
100% (v/v)] FBS, D-gluense (4500 mg/L), penicillin {100 U/mL), and
streptomyein (100 mgsmL). The cells were placed in a temperature-
controlled and humidified incubator with 5 % 003 at 37 °C until the
stibeultsres achieved 80 % confluenee (Maxe el al, 20210 The nvessi-
gation invelved studying the inhibition of nitric oxide generation in
maecrophage cells. Initially, 1 = 107 RAW 264 cells/mL were eultivated
in 96-well plates for a dusation of 24 h. Subsegquently, the micro-
emulsions containing KLO were introduced and allowed o undergo a
resction for a duration of 1 h. The cells were exposed o lipopolyssc-
charides [LPS) at a 1 pg/mL concentralion [or 24, 48, and 72h,
respectively. The positive control emploved in the experiment was LPS,
while the negative control was diclofenae sodium. After incubation, the
liguid portion (supernatants) was collected and analyzed for the
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presence of nitrite uging the Griess reagent (Mol of al. 2021) The
percentages of inhibition of mitric oxide production in macrophage cells
wiere caleulated by Eq. (20

% Mo inhibition = [Awmpe ¢ Awuet] % 100 (5}

3. Resulis and discussion
3.1, Synthesiz af bio-base block copolymer

Before the synthesis of the bio-based block copolymer, the vingl
group was introduced 1o the cinnamy| aleohal bio-monomer by esteri-
fication with methacrylic anhydride, resulting in oblaining cinnamyl
methacrylate (CMA) with B7 % yield. To ensure obtaining OMA, FTIR
and "HNMR were wed 1o characterize the formation of the vinyl group

), the spectra of cinnamyl
al, 2023) and CMA
vinyl group, respectively,
wers compared. The primary funetional vibrations, such ag CHz and CHs
ar 2853 em ! and O ar 1638 em ', were found in both cases. How-
ever, the charseteristic peak of cimamy] aleohol as OH vibration at
3309 em " almost disappeared in the CMA spectrum. Moreover, the
intensity of T C peak increaged, and additional peaks of 00 and C-0
al 1715 em ! and 1152 em Y, respectively, were found for the CMA
spectrum. This indicated the CMA formation (L 15a) In addi-
tion, "HNMR spectra of both cnnamyl alechol (1 A} and CMA
{Fig. S were also used to confirm the formation of CMA. The main
protons af both cinnamy| aleohol and CMA were aberved. However, the
characteristic proton of cinnamyl aleobol a5 -OH peak at a position of
A 00 ppam was signilicantly reduced in the CMA spectrum, Morsover, the
additional proven peaks of CoCHy ar 4.80 and 620 ppm and -CH; at
1.90 pgen (Lerari, 200 5a) were found in the CMA spectrum. The resulis
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were in accordance with the FTIR data thar CMA had suceessiully
prepiared.
To synthesize PMAA-B-POMA-D-PMAA-L PMAA-T was first palymers-

ized with solution ITP (i L Al hetp LAl 2023;
h el

L. & i 2022) and sequen-
nially followed with CMA and MAA, respectively. The molecular strae-
mire wis then verified using proton nuclear magnetic resonance
spectriseopy ('H NMRL The 'H NMR spectum of PMAA-L (Fig 4a)
showed peaks at 095 ppom for -CHy- protons, 1.84 ppm for CH; protons,
and 12,30 ppm for -0H protons, sonsistent with previous reseasch (Coo
et al,, 2012), Cabeulating the malecular weight of PMAA-T from the 'H
NME spectrnm using
1095 g/mal (K ). Thig value was similas 1o the
theoretical one (1155 g/ ated by Fo. 5. Moreover, it was
slightly higher than thar obiained from GPC measurement (Fiz. Sla)
(B3] g/maol; My/My of 1.41). This discrepancy may be due to the
palystyrene standard wsed in GPC, which has a molecular weight per
unit (104 g/mol) greater than methacrylic acid (86 g/mal), resulting in
lower abserved molecular welghts.

For the gynthesic of palymethacrylic ascid-block-poly  cinnamyl
methacrylate-block-polymethaerylic scid-iodide  (PMAA-D-PCMA-b-
PMAALL CMA and MAA were corgequently added 1o PMAAT salution,
respectively. This synthesis was performed with dilferent block copal-
vmer chain lengths in three experimental MAA: CMA: MAA ratiod of
15:10:15, 30:10:30, and 60:1060 units, respectively. After synthesis,
the solution of PMAA-B-POMA-D-PMAAT appesced yellow. Aller
precipitating with ethyl acetate and drying. the structure of PRMAA-B-
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PCMA-D-PRAA-L wag verified using 'H NMR. Pecusing on the prominent
characteristic peaks (Fig. Ja-lc), peaks at 0.95 ppm for -CHy- protons,
1.84 ppm for -CHa protons, amd 12,30 ppm for -0H protons of both MA&
and CMA segments (Fortier-MeGill e al., 2012), whereas a peak ar 208
ppot for -CHy- protons, 4.83 ppm for -CHy, 6.37, 6.79 ppm for -CH
protons, 7.24-7.61 ppm for -CH protons (Lesasd, 20 resvanin el al.,
1 (Fig. Ab). The molecular weights of the PMAA-D-POMA-D-PMAA-T
block copolymer in the three experimental conditions measured by GPC
(Fig.51b-d) were 2E60, 3059 and 3471 g/maol for the MAA: MAA: CMA:
MAA ratiod of 15:10:15, 30:10:30, and 601060, respectively, where the
chain lengths of each segment of the synthesized block copolymer were
T:6:7, 11:9:11, and 9:9:9 units, respectively. Additionally, the monomer
conversion decreased as the theoretical block copolymer chain length
increased, which were 84 %, 65 %, and 57 % [or 15:10:15, 30:10:30,
and 601060 ratios of MAA: CMA: MAA, respectively. This decrease
miay be due o excessive monomer, while the palymerization rates of all
three conditions were similar. Therefore, given the same synthesis tine,
the ratios of each block copolymer did not differ significantly. Com-
mercial production constraings also extend the synthesis time o achieve
high monomer conversion of longer polymer chain lengths ol
FMAA-B-PCMA-D-PMAA-L Thus, the experimental condition of 15:10:15
ratiog of MAA: CMA: MAA giving PMAA-b-POMAs-b-PMAARL was
chosen for further preparing the microemulsion of kaffir lime oil.

5.2 Preparation of microemulions of KLO wing bio-based block
copalymers

In the preparation of KLO microemulsion using a bio-based block
copalymer, the PMAA-FPOMA-BPMASA; block copolymer (BioSurl)
wias first mized with Tween B0 (Surf), which acted as the primary sur-
Fscrants. This mixture was then combined with ethanol {Co-Surf), the co-
surfactant. The ratios of BioSurf to Surl were varied from 5:5-9:1, amd
the ratio of the primary surfactant mixture (BioSud-Surd) 1o Co-Susl was
fixed at 21, resulting in the surfactant mixture (Surlais). Next, this
Surfaie was mixed with KLO(KLD) in varying ratics of KLO 1o Suslaix
Irom 1:0-9:1, and water was added. The experimental results are shown
in Fig. 52 1o 560 It was found that phase separation mainly socurred in
miost eases, However, the optimal condition for preparing KLO miero-
emulsion without phase separation was found with a BioSur-Surf: Co-
Surl ratio of 2:1 and a BioSurf: Surl satio of 1:1 (BioSurl: Surf: Co-Surl
ratio of 1:1:1), while keeping the KLO content below 20 % of the total
composition. The resulling microemulsion was relatively transparent
and appeared homogeneous (Fig 562 and 5600, indicating nanometer
droplet gz of KLO forming with high thermodynamic stabilitylSaini
elal, BO1E; Yang et al., 2017). Consequently, the microemulsion of KLO
under these canditions (BioSurd: Surf Co-Surl ratio of 1:1:1 {wi)) was
further studied by varying the water content fram 9 % 1o B9 %, The
results were plotted on a peendo-ternary phase diagram (Fig. Sa) (Kalam
el al. . el oal, 2023 It was found that the dark area
showing the KLO micreemulsion remained homogeneous without phiase
separation. Due 1o the commereialization, the KLO might not be used at
a high content. Therefore, three conditions with low content of KLO
were selested, which were the ratios of KLO: BioSurf: Surl: Co-Surd:
wiater (wt] at G:BEETO(Fig. 5b), 4: 5 55 81 (Fig. Sc) and 20 5: 3 3¢
89 (Fig. 5d), respectively. The particle sizes ranged from 15 1o 68
nanomelers, increasing with KLO content. Since the microemulsion ol
KLO: BioSurl: Surl: Co-Surl: water at 6:8:8:8:70 had the highess KLO
content, it was selected for further crosslinking by UV irradiation.

The microemulsion of ELO erossdinked by UV irradiation showed an
increase in opacity over time during UV exposure (Fig. 6a-h). This cor-
responds vo the Slransmitlance (9%T) messurements al different irra-
diation limes, ranging from 0 to 120 min, where %T decreaged from 94
10 0.5, respectively. Additionally, the viseosity was between 2 and 4 cPs
{Table 51). This is attributed 1o erosslinking the cinnamyl groups in the
FMAA-[-POMA-B-PMAA; bic-based block copolymer. The einnamyl
groups are UV-rsponsive al 254 nm, and upon UV stimulation, they
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form cresslinks (Kitayama and Harada, 20210 Yan et al., 2012 Yamo
el al, 2020). Te confinn this hypothesis, the ereaglinked KLO micro-
emuliion was analyzed using UV-visible spectroscopy (Fig. £a). The
absarption peaks of the cinnamyl groups at 284 amd 203 nm signifi-
cantly decressed with UV irradiation time. Az 120 min of UV exposune,

these absorption peaks di d, indicating crogsslinking ol
the einnamyl groups. Furthermare, it wias observed than the particle size
beefore and after crogelinking 120 min did not significantly differ, with
an average particle size from 68 1o 93 nm (Fig. 6b-i). This indicates that
erowlinking oceurred  primarily ar the particle surfaces  without
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inter-particle crosslinking. In the next step, the KLO microemulsion with
& UV curing time of 120 min will be used for further property testing.

Srability testing was condueted by measuring the particle size of
KLOmicroemulsion samples stored under different conditions at tem-
peratures of 4°C, 30°C, and 45°C for 2B days. The particle sizes of the
microemulsion before (Fip. 7a) and alter (Fig. 7b) UV ircadiation had
average siges of approximately 70 L 040 and 68 & 0.22 nm, respec-
tively. Particle sizes for both conditions were measured ar 7, 14, 21, and
28 days across the theee temperatures. I0was found that both conditions
had o significant difference in average particle size and remained stable
throughout the stidy period. This indicates thar the microemulsion
system in this study posesses thermodynamic stability, preventing
phase separation or particle aggregation over lme.

3.3 Evaluation of KLO microemulsion: toxicity on skin cells, permention
efficiency, and ant-inflamatory activity

The texicity testing results of KL, the prepared KLO microesmulsion
with and without erosslinking on human skin fibroblast cells using the
MTT reduction assay were shown in Figo Ba. I was (ound that the
erosglinked KLD microemulsion and KLD were non-toxic 1o human skin
ealls an concentrations of les than o equal ta 1 %y, with cell viabiling
remaining above 80 % compared 1o the eontral group. In eontrast, the
ten times lower concentration of unerosslinked KLO mier s
showed no eylotoxicity, whereas mose harmiul eells were present due b
the presence of many unerosslinked CMA segments [A wson el al.,
2013; Bels L al., 20015 Mu 201E; kur e al., 2024);
Therefore, the eylotoxicity decreased afler CMA segments wers cposs-
linked, indicating that the KLD s effectively encapsulated within the
naneapsules

In the study of the anti-inflammatory elfects of KLO microenulsion
uging the Griess reagent method, the percentage of macrophage cell
growth was considered 1o select the concentration of pristine KLO and
encapsulated KLO in microemulsion with UV euring that is non-toxic
the cells. This concentration wias then used vo test the anti-inflammatory
effect by inhibiting nitrie oxide production (Garefa-Avaeda of al. 2020,
Ren and C 2007) Based on the previous section, a sample con-
centralion 01 % or les by volume was selested o snady
anti-inflammatory effects compared with diclofenas, a nonsteroidal
anti-inflammatory drug (NSAID) control. A shown in Fg 8, KLO had
the highest inhibitory elfect on nitrie oxide production in macrophage
celle, ar 37.23 & 0.96 %, which was more effective than diclelenac
(2468 L 4.87 %), and the crosslinked KLO micr nlsion (19.24
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4. Conclusions

The PMAA-B-PCMA-D-PMAA bio-lased block copolymer or BioSurd,
compised of the biopalymer and biocompatible polymer, was gynthe-
dized by solution ITP. 10 is the main Surfes. used o prepare the KLO
microemulsion for the firg dme, where the Surfa, is composed of
BioSurk Surf (tween 800): Co-Surf (ethanol) ratio of 1: 10 1. Ar the
optimal KLO: Surfyi: water matio of 6:24:70, the KLO microemulsion
was succesfully prepared with the nanocapsules, approximately 68 nm
in gize. The bio-based block copalymer shell was subseqguently subjected
1o palymer chain crosclinking via UV iradiation a1 a wavelength of
254 nm to enhance the shell sirength. In addition, enly 10 % of encap-
sulated KLO slowly permeated the skin after 1 h and reached 23 % by
& h, which is slower than uncroslinked microemulsions. The encapsu-
Tated KLO also exhibited anti-inflammatory activity, as evidenced by a
19244 1.63 % inhibition of nitric axide production in macrophage cells.
It showed no cytotosieity oward human skin cells ar concentrations less
than or equal o 1% v/v Moreover, the nanocapsules demonstrated
thermodynamic stability, with an average particle size of 70L0.65
nanometers afler 28 days of storage. Therefore, the KLO microemulsion
prepared in this study reprents a promiging alternative for use a5 a key
ingredient in cosmetic products or related applications.
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4 1.63 %), This may be because KLO iz encapsulated in icles and
released slowly, reducing the inhibition ol nitrie oxide production in
macrophages compared 1o unencapsulated KLO. However, the KLOD
i lsioms still d rated efectiveness in inhibiling nitrie
axide production and are likely 1o have longer shell life without eagy
degradation compared 1o direct use of KLO.

The release efficiency of KLO was ested in an in vitro system using
the Franz diffusion cell techmique. The concentration of KLO and
encapsulated KLO released from the microemulsion through the skin
wik measured using a spectrophotometer, with reults shown in Fig. Be.
It was found that a relatively high rate of permeation through the skin
during the first hour before lower for the later period for all conditions.
Without encapsulation, the pristine KLO showed the highest pesme-
ation, reaching 60 % for & h. For both eneapsulation conditions, the KLD
wilinrbed on the particle surface parmeated the skin cells inidally, after
which the KLO trapped in the microemulsion was gradually relessed
(Appel &1 al. 114). Moreover, the croslinked KLO microemulsion
represented a lower permeate skin than that of the KLO microemulzien
without erosslinking, in which the encapgulated KLO was released only
23 % by 6 h. This is because the surface of the eroslinked KLO micro-
emulsion particles was crosslinked by UV irrsdiation, resulting in a
stronger particle shell that berter prevents the release of KLO.
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Abstract: The research aimed to prepare bio-based biock
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use as polymer shell-encapsulated kaffir lime oil. First, cinnamyl alcohol was used
a5 biomonomer functionalized with methacrylic anhydride via an esterification reaction to
contain a double bond named cinnamyl methacrylate. Then, it was copolymerized with
methacrylic acid by Solution ITP, resulting in poly (methacrylic acid)-block-poly (cinnamy!
methacrylate)-block-poly (methacrylic acid) (PMAA-b-PCMA-b-PMAA), molecular weight

fanges of 742-4257 g/mol. After that, PMAA-b-PCMA-b-PMAA were used as the polymer
shell Kaffir lime oil in a P with surfactant (Tween 80]
3nd €o-surfactant (EOH). The ratio of kaffir lime oil: Spxwas varied at 1: 9, 2:8,3: 7, 4: 6,
5.5 674, 7:3,8:2,and 9: 1 (wt) dispersed in water at 400 rpm for 30 min. The nanocapsule
size was about 42 nm {contains 6% o, 24% surfactanty., 70% water) with -3.64 mV. After UV
curing at 254 nm for 120 min, the dimerization formation was confirmed by UV, where
the peak of cinnamy| groups at 283 and 294 nm disappeared.

Keywords: Kaffir ime oil, microemulsion; bio-based polymer, block copolymer, photo-reaction
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