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The Development of Curcumin Patch for Inhibiting Growth of Hepatoma
Carcinoma Transplanted in Nude Mice Dorsal-Skin

Assoc.Prof.Suthiluk Patumraj [1] Dr. Sorada Kanokpanon [2]

[1] Dept. of Physiology, Faculty of Medicine , [2]Dept. of Chemical Engineering

Faculty of Engineering, Chulalongkorn University

This study aims to develop the hydrogel patch that is able to control the
release of curcumin. As to use this curcumin patch in inhibiting tumor growth, the Hep-G2
implanted nude mice model was used.

By increased hydrophobics content, the modified-hydrophillic hydrogel was obtained. This
modified-hydrogel patch, CG-66 (10mg) could contain 40 mg of curcumin per each gram of
patch. And this CG-66 could slowly release curcumin within 14 days of its biodegradable
period. BALB/c-nude mice weighing 22-25g with aged 6-8 weeks was used and separated
into three groups; control, HepG-2, and HepG-2 with curcumin patch (HepG-2-cur). Two
days after the tumor cell was inoculated in the dorsal-skinfold chamber , the patch with and
without curcumin were inserted in the chambers of HepG-2-cur and HepG-2, respectively.
The results showed that there was a significant decrease in number of neocapillaries in
HepG-2-cur than in HepG-2 by 47 % (14 days). Besides, the tumor size of HepG-2-cur

(14 days) wad markedly small progress than HepG-2 by 73.18% (14 days).
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A o i 1 A o 1 -
Tsaueiss  uazsfidwgfewnnn 7 dusudellilfedisudulszyinsvesTannudodiaein
T5AuZIS S (Greenlee ez al,, 2000)  iumidanainlszsins lundvede fidasmsaonieiinig
t » ¥ ¥

inalsnuziStiad 1 desndmmildug  AnfuddiinWonaonguiiunaulsluiesriia
yosommsfisulsenmubulizd  TasRahnaduilesoiididgiiild  giidnisclvesniaiia

o 1 n’; J [V
Tsauzise Tundnzilsemaiunandraiu

] ey o - -] - A s A ° a

wudgiianisalvesnsiialsauzise Tudsemanieglsduazensnuniieviuiiotimiiioy
o ) 4 A o v o < A as S a
futlszmalueFogu a3 wudidarnsatedaolrauzse ludlszmaaddanniuiios 1/ 5-7
voutlszynsluemim

Tuil af. 2001 Sharma uazame IhnsIlounz rsautwudidguesaisemisfisaglu

. P Y ' . & P 4
MIAMUNISY (anti-cancer agents) MR 1AUA “Turmeric” Fuflunanldlumstszneve s
A s 2 & A4 o - 2 a

au'lnoisiSondud mevdiu ¥ ldnnsnvesayulwsndwgwiianilsfe  Curcuma longa Linn.

i d
“YUFU”

» ]
TuviiuFuiionsii Inssadraiu “low molecular weight polyphenol : curcumin (diferuloyl
3 L i -4 A A’ o L
methane)’ Ml wnuiiiuesmlizaeundwyniigniluamsiaulsndng  uudunammly
o8 TagmmizlulszmadwRouazdszimemivedoas ueenifiosld (Ammon and Wahl, 1991)
[ | - o d 4 . < -’ - . .. - .
AN T19UVYEMIUUINNIFO I curcumin nqmsi‘lu anti-oxidant, anti-inflammatory, anti-viral,
. .. Ay S g .o ' . .

anfi-parasitic unzma‘luu UMWY curcumin mﬁqnmﬂu chemopreventive agent against cancer
(Kelloff etal, 1997).

maes o 4 ] [ . ' .l . - .
111ﬂmsﬁﬂ‘umlmnu'mmﬂmnuﬁuuuﬁmmm curcumin 11ﬁq'nm"i'lu anfi-anglogenesis
- v o - a v a & o a ¥ s o v
fie  anwawnsnlunsdudimseiguesrasatealminugse  JehlfigaduzS liannse
- ] - ¥ &' ° o d o oW “seor
n3guazuayad 1d TassdfomaniihindnudiovadusSefidwstiady ey
t 4
adusTwesiamiay waduzivesdr1d udnafaseiufe curcumin amnIndudininyy
1 g o (3K d d o - oo o ey P .
naviisdveuradunfeld  lidnadu waduzSiduriiadu Mellimszen’lnf curcumin
a .’,’ - 71 o - o s dy
ausadudide maniyveasaifealminuzdwnyiaduiludeserdonszuiuntsil (Huang,
. vt o aaw J 1 o 1 .
et al, 1997, Rao et al, 1995, Singh et al, 1998) HARNNITOUNAGUANIFOI curcumin A0
1 4
dudalunszuiumsutauraddas TaoWuma nuclear factor-KB and activator protein-1 (AP-1

(Huang et al., 1991)



91NHAN15I00veANHITE WU curcuminoid (Sigma Co. 95%) TUyLIA 3000un./AR. Y.
P mmmt"mtfqn1:19?@113«%ﬁuz;?aﬁuﬁﬂqn‘lungﬁ'ﬁ“luﬁ"lé’hmhumst"mtfqmsﬂﬁwm
navaliealni (Yoysungneon et al, 2005) TaoAmizf388 N1 curcuminoid (Sigma Co. 95%) 1u
YUIA  300010./AN.UUAD AWNIOFUSY vascular endothelial growth factor (VEGF) and
cyclooxygenase-2 (COX-2) (Yoysungneon et al, 2006) eﬁaﬁswmuhﬁq VEGF lay COX-2 1ilu
mﬁﬂsznauﬁﬁﬁmﬁm%"umsa%'nwaamﬁaﬁ‘lmi (Ferrara et al., 1995; Rerrara, 1995; Kolch et
al, 1995; Lee et al., 1992; Eberhart et al., 1994).

auzdive1dviniananes a1 diwaduei¥ siy (Human Hepatoma American Type; HepG-2)
gnlunmyjalud iednmveviuSudensusininfanoeaidealii 11nam3sesendn
w113171579 curcumin Y179 3000u0./00.10F2 amsedufinRanasaiienls uazanuin
voanSeR 14 Su'lfedrniiodnymeadd udcurcumin via 300un/nn s higunse
fudamsfanaeaienlmiaznavinaveanzda 8oz ansoduds  vascular  endothelial
growth factor (VEGF) 1&0#W (Yoysungneon et al, 2006)  910NITNUNIUITIUATINNLD
curcumin A3 0gATNTE 114 Te0n uaznnnihdeyasin Bioavailability studies-curcumin
(www.bioperin.com/BioWithCur htm) 311371 1931191913015 1% curcumin via 300030,/
anamdn  Tuwymindszinn 3005y wyeI&5Y curcumin fgadudhllunwmminfios
1521101 0.00027 wm/ml of plasma tne 1y 183y 143U TaehiTinsVueens I curcumin ARy
sriieglunnimiihe 14%0.00027 = 0,0038 umyml of plasma

sotuilymiddyiidesihinisiiese limeliawnsou  curcuminoid nlgnufihe
e WaraanTaongihe hidesiutsenudmanann (high dose) Aoniswannszuumsmungu
mslaatlasy (controlled release or sustained release system) mmimimﬁ"eq Taold  modified-
hydrophillic hydrogel ¥841901AU Tﬁuﬁmsﬂ%"uﬂvi':uﬁa (surface modification) Yousa AU Tao
srnATInInacao 148 #Tinyj hydrophobics tiel¥aunsanILguAlden curcuminoid
stredeiiies Tasarsluusnafitisaduns it lileddaamnsaaiodvedlalasinn

mmﬁuqmﬁanﬁn‘ﬂlanwﬂnﬁﬂn'aumsaenqwi"lunu‘iﬁ’uf: ool TanFinmdii
awilneaioga warduiuTlsAudifaninnszuaunismIy aeanusu (collagen) 1doarn1m
aenausuiluTlsdurrsundfieginamnnlu famis nszgn Bu By vesdadRoagndavun
unzTumisvealan ienenanoudil Tnssathauuy miple helix taz hinzatelui QN hydrolyse
&on3n nie A ezFoanimednens oy maniailuiva duiii Tassadte nuy random coil
nazazmiol&aluilusefiesiindhe wardushy reversible thermo-set hydrogel naIfAe tile
nzn1m{1‘7'lqmnqﬁ¢"|1ni1 gel point (Uszanw 25-30 esruwaiFor) sxRaivon udiifon/dow

- ] o P~ a
qungiiI¥gandt gel point Avzamnsanfdouanmnduiluveunadldsn n1sldalszTominme
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adulusumeteiufiunozdesdinsziiums  crosslink teidouTassadvesTuanaldily
w3evesan  TasmsdeunyeriiTunazuymivendalulassadnueusmauesnns &
WuszTaaudud M3 crosslink 9m@ua o Idna103118 un nisldarsall diziandad'led

1 4
1%U glutaraldehyde M31919u'la] Transglutaminase Mil¥armiousauiunsziiunisdniesn
vinTauann  (dehydrothermal crosslink) A3 1duasdansilalena (UV) uazasld dues
dinaaseu 1Tudu (Ozaki and Tabata, 2005, Tabata and Ikada, 1998) 13 crosslink iinaABaNTANS
ATBNTN NWNA HASNNFININUBIAUIINIAY (gelatin hydrogel) na1fe emAuee liannsofy
- E al (o . a by
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NUMUABATELIUMS  hydrolyse  Tagil  uazmumiuaenszuiusesaais lasdulainielu
' a v A 4 4 a o X a
S8 Mscrosshink Aavmnniieziiliifa Tassafrmsedsfiudaus Wgailedisuiuiiou o
113 19uNUIIIAUTN crosslink A28 glutaraldehyde TUNISAINIUGT UAZ growth factor A1) 1€1g
319moluszAUMINANBINIARTINIAYIZAUNITA (Tabata and Tkada, 1998)
2UUNIAIVANNITLDALNBY (controlled release or sustained release system) 8100 ABINBDY
9
Ta01d  modified-hydrophillic hydrogel ¥Ba3a1@U TAslin151 51l {afuUAI (surface modification)
- J ~ ¥ 1] H
veusmAu Tnosssudaunsoazaei1dd Idiing hydrophobics el aansoniuguas

J .. ' ) - P U as
1890 curcuminoid e8wABiited TasassluuTnunifiwaduzd niiy leswdarmnisaniods
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[ 4 -y
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- W ¢ 4 1 . R Y 1
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nﬁm&’u‘luﬁ'mﬂgﬁnms (in vitro release experiments)
e & w gd v o - ¢/ d o o ay
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lud
B M3
- u’: d’ o o A ° v 4 d o d - Y]
nsanyRstiiee ¥ Tmaadainanes Minisdgntoaduzd @ (8139 vuRImis
. - 4 d a ]
Taol¥(Dorsal Skin-fold Chamber) Aaaiunisilasunlasvesnasaineaninalni [wmor
angiogenesis] &2 sSsuRsvlSiuve imneaiieasznitengun 185 vuaz 11145 a5
» ]
AAA9INYUUFU A® curcuminoid TuUINIAY A 7 uaz 14 Tu Tasdadvgyvesnuitonenis

o '- J L 1 H [ ] ar -
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Hypothesis : A3aa1odves lalansaniinsziiuseiludiniuquaisldesans curcumin
a 4 da - &
MR curcumin TuFinuiminzay w gafifanaionmlasass ¥eldenns
¥
111 implanted curcumin-patch within the tumor area Ta8 curcumin 92 11/Fudamsad

1 4
nasanealny i lfiwaduzFwnaiea e i lRvuiavesdeunziSuiingg

nalagnene

1. waafusiR I finruaumIaesms curcuminoid fawnsovi’ i Clinical trial Tu

fiholsauziFede il
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wisnnwssudainaassanitasnandudunds dainaasasz 185usmay fAe Sodium
pentobarbital NAG1¥OINOY (intraperitoneal; ip) Usuru 15 fadndu / ATansunimings e
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gammismmuTuanauivinanify chamber Usznuda chamber WhiuAMTsdINil
TassnsdudiufamisIiaany chamber udaihmsilgniaradieals-y 2x10° wad) aslu
chamber ﬁanntjuf‘r:h HepG2- mice Funeummrihdemaiinlasaise
dmiunyyaludilsiungunSoudiou fifunoun13AA chamber IWALINUNGY  Hep-
G2 mice 1A ignlgnooradiasid-y ﬁunntjuﬁya'mtjumuqu (Conwol) 2 Fu mgmasnInms
A chamber nyya ludiaeenguazgailanaiaulalasion TauiisoaziSoadewe i
1. wyya Tudd 185 unsdgndwsadiens-y WRsunnilaeadulalaseaiiussy
PBS (HepG2, n=6) I¥UIALIRUNYNJUAIVAN (Control, n=6)
2. wyya ludi IRTums e usadiens-y 1Sumsiavardv laTasinaiiussy

curcumin (HepG2-cur- patch, n=6)

usoaRwmaasgiu la Tasina

117 La. TuSufiziimyaaugunldeBsufin [control) 2 Lh udufzhimgn ldne fgBuninlHepG2-cur-patch]

ileasufmuade 7 uaz 14 u Saiund@nuwaves wardulsTasieafiussy curcumin Ao
-y P | '& L = A
nsinavasaiealnidses 1dnansuazideadsly
=y v o A = a g .
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A1IANYT angiogenesis vzAnyMUTRMRIMTIA U U TZnUAUAT chamber 91M1TUTA
Tivyya ludueulurhazuaafievifamiaus 1@ auuiny parafin
2.4, mafinynmfanamesminfagunlasvesraosidenfifnnimvadiorsy Tao38 Inwavial
Fluorescence videomicroscopy
L4 d d - LI/
moldAndesgansisnivgessmeud ¥1n15Ra FITC-dextran-250 131w 5 diafiniu/100
v ¥
finffasvesssazats  Wmunaeadeadifredned canulae 13 asiFewmsilozeglu
warun  (plasma) vhiMiunasaieadaurunendesgansymivigeasmaud uaz
A J 4 L4 -, v - )
oeneavuve Insvint naziiufinluddlemi Taondeen 1038 Tewila SIT (Hamamatsu Co.) UL
. a . o -] 2 -t v - s
real time A3 video timer MAIVINATINIINANBITNIIA TDVBUANYNIITNANBIIIATIHNING
inanneaifealmilaslisunsuduSega Gobal Lab II (Datatranslation Co.)
b 4 1 4 9
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2.5. muaTouwimneigivlalanoea
A‘ R * n’ ¥va
1181811502010 cholesterol grafted gelatin (3% wi/wt) MIMABHUUAIY Teflon molds AN I EY
1 =30 182011 §n307 Crosslink 11 glutaraldehyde in acetone:water (75:25) mixture for 24 hours at
#C [2-3]. @13 glutaraldehyde ANINAUIZYNA1TABBNTAB 0.1M glycine solution 1TUA1 1 FaTued
QUMM 11AZ A3 glutaraldehyde NNINIAUZNE19980 1AY de-mineralized water IAITUNAB N1
o d o A -
freeze dried (TU1701 2-3 TundaduFam I3 lududsadin
Curcuminoid 92{NATA10AIY ethyl alcohol 38 Sodium hydroxide W38 DMSO #1A21y
[ v ) 4
Wududag nazgngaduiunaedintes 4 ¥ lue anwduaAudanlasiiiunsainde
} 4 [
uda uazifiu Blunwuzdaeaensunisldau  umusadudamlosfigadis curcuminoid 9zgn
] . . P - [y H 3
u¥luasazas biological buffer Ngaumgll 37 eswuwaidoa InmmNudedRmIazaLim
[ a - - . . 4 1 L . .
A9 11eAT 1S uUYBY  curcuminoid fignilantldsseeninTaonszuaun1suns (diffusion)
o 7= v S 4 - 1 [ CARC- N I .
sunszns lifimsungeenindn  ufausiuemduszgndeosdiodulaniniudu (rypsin) suazaw
¥ E 4 v
Yanua uazlinsinswiSui curcuminoid ManuatignaTeuuuruvmAuds hydrophobic
. . - o - . . .
interaction A13AATIEHUTUM curcuminoid M1 1AUIT spectrophotometry (a2 High Performance
Liquid Chromatography (HPLC) (Health et. al 2003, Cayman Chemicals, 1998)
a d 7 - =Y { q o
2.6. MIRRNIZMA NN YeIHRemaaluYTIINTIgMBaaNATI (Veocapillary Density)
a Fuiihinismanesluiestlfiianis Microcirculation RU A2 1M UMNUYBIHABA
dealunTnudillgnivaduziis (Neocapillary Density =NC) 9A1MIn 1Ay Software Image
. - i ¢ g o .
Analysis(ref. 8-9) wasaiealuuTnulgnnduziSezamsousuruldTasldars Florescein

Isothiocyanate labeled Dextran (FITC-Dx-200, MW.=200,000) nazazgnsiudiniiunmiag Real



iow aa o o o s ;
time video camera (Hamamatsu) ABANIINANGY INMNNBAIA 18921 AATICHMONAS oM
’ o~ 4 J d - -«
Auuuniuvesvasaiea luuTnafilgniwaduzie (Neocapillary Density =NC) Tagazauisa
» v ow
saaududevazdeiuninmdnuiigiu  Tasl¥ Sofiware Digital Tmage Analysis V84

Datatranslation Global Lab I (USA) (ref. 8-9) (A431] 2)

Determination of Neocapillary Densi

using Global Lab II Software

FITC-Dx-200 labels

plasma circulation

NC was determined within the

. selected window using

- “Histogram” Menu of Global i

- Lab Il software.
|
i
Minmmum  |138.00 Total # of Pixels {11737.00 :
Maximum |214.00 ) = |
Mean  [156.00 :
Std. Dev. Iu.m % Selected X926 T
OK
Neocapillary density (NCD) (%) = % number of pixels within the capillaries x 100

Total number of pixels within the selected area




2.7, mihnnzvvinavanzie lnolifunsy IMAGE PRO I
griiuiinfiunmlao Real time video camera (Hamamatsu) ADBANIINANGY DINATN
W slide idAIATovztihmiiaseimends enwwaveanzde Tunfnudilgnlaoe:
mmimmmrﬂu%’asa:daﬁuﬁﬁﬁmﬁﬁnynﬁmfTu Taold Sofiware Digital Image
Analysis Y94 IMAGE PRO II (USA) éﬂ‘i’f'ﬂ’zﬂiﬂﬂ’h Software Digital Image Analysis Y84
Datatranslation Global Lab II (USA) (ﬁdzﬂﬁ 3)

SEEwC SR 2B 00 e adq
fHeH=ElSasE 28N el B8 68

Ty

b | 0
I = e = Py = gy

O gl Goap Scoe 807200 ytesl. Zoom 100% wa0 M3 0000 WR 11 image. €508 £ mum [l Syiees: <oy
e

o d an
NITIATITHN INAOA

o o dy =4 v 1 ti r v 4' ) r L4 1
TuamAdetinfS sususmaunanaevesdeya iednu e 1&linnunana 1 fusts
fifodguSeli TaglénsTinssmead@uuui (es) A1oTdsunsunouRuaes (Minitab

system for Windows version 14, USA) N3LAUAIIMTONU 95% (P-value < 0.05)

3. HaN1INaand

] s ] o a Ad‘d o a o ¥ o A§ ‘:
wyjerii Tu uazwymivendaniiilusnnuwnlueardusmhitannsafidedeu lumnaduq

mofusz T dui 18 anzdidoldnanssdalasTuananadu TassimsgeuTuana-



vesnsamaAssoaiunyezii Tuvsusnidu NUIWNITINANUSE hydrophobic TEMIN curcumin
fu uiuearaudantng ¥l curcumin Tiumseenmonusueai@y udsen 10 $alily
#1302810 Biological buffer (Kanokpanont, 2005) Fofussundananisaiidnenmitez14uns
Unnlien curcumin Tus1ane eseneziinsderiu curcumin et1edeiios Hunau Taoly
soznineziilumsuns unzluszosae lunsdai curcumin szifhulimunisanedavesusiu

parauusne Feamsofezdanias 18 TasmssunlAouanzluns crosstink
3.1. In Vitro Study: Mmimgumiant/aeeinsigiluniaveninme

msumsvemesgiunAINuAIRUAAIIag (nin 2 fadniu) Taslinsgaduineigiiun
ndiududan 1&un 10, 15, 20 uag 40 TuTasaswasuuniu drldusluasazate PBS pH 7.4
(0.01% Tween 80) 1137 °C flunaan 48 $2 Tnaudausuinaidusamlasszgndesdioeu lsivil
Y lﬁnmﬂ?mmmai’qﬁuﬁﬁammﬁﬂmwiuu‘}aqmn Hydrophobic Interaction AUABINMADIBA

matlanddsussigiiunnuruismaudandndgasuinesaiudium 10 Saandwndy
uriv naAeAegIfl s @38t CG125 FvimmisaaudasTasldmsdeuiussalfum 1, 2 nas 3 i1
vesneinaiAeIon initaaildenneigiiueensinuiuisaidudaudlasedesiadiounualu 6
FTu ilesniniAamsaaedetnaadveadusmaudanlas il hifiuSuanesgiiy
waamdeeglunrunaidusautlas luvasil CG100 iRansaaIsRIes TR IuFa Tuedt 12
Wiy udiiieaaSunanemmassenlunsdanlasauiiu cG7s, CGe6, CGS0 ag €G25 Hins
UnatdeairesgiueennnuiumAudanaseinsangalu 2 $1Tuwsn JasszSonnisuns
ua«ﬂa%'qﬁu"lmhﬁ:h 1" burst FuianInnIsunsveunegiiudiiuneuas laivi1 Hydrophobic
Interaction AUABIANIADIBA) 'na"amn'lfuﬁnwﬂaﬁﬂa'eaadnﬁ'm sunseehilfanisunsves
wesgiunnuAuadudaulasluszozinaident inefgiudiufiimieeglunriuinardu
dautlasgniniAu’13&0 Hydrophobic Interaction 3z I1IRBIgllufURBIAMABIBANATIZYN
nailnegeeninNmuMsanIoAuBIIHUIIAIAY

ca7s fimstlaaldenneigivesnuunnniwiueadudandasiindoonznisdanilas
#onemamesendinii lussoznauivadu ud hinandwiunmindenSsudoudu cg7s 3
iunssandasTaafudSinamsidentuse fiiimsioaddennesgives nundszum 45%
a1 24 $2TuafimAedn 55% uaasdenransolunisfnfuinesgiu ves cG75 Iuvmed
CG25, CG50 Lz CG66 finstanddsanesgliuninuduweaidudauag 20%, 30% uaz 40%
A AL AanuRdfy nﬁagﬂ‘i’uﬂ?mmm%'qﬁmﬁui‘i’mﬂu 15 indn3w/nTuuny, 20 Tadniy/
afuuru uaz 40 Hadnfw/aundu nudwdwsmaudantasiinislanldeoinefgiiuesnin
Wi AusanLnsfigadunesgivlTuta 10 fadnfinTuuriu qUi 6 - 8) Taounuie

- W & s d = - a o o ar v ] 1 J o
aAuAanlnsigatuneigiulTNm 40 Hadnsw/nsuury instaatasunsigiuuinga Tay



10

CG25, CG50, CG66 ng CG7s Ninesgilunnaniesgilssunm 73%, 59%, 51% ung 39%
o o A o 4 S A A a 0o q ¥ ! a o
awddy finm 24 ¥ 1w ordlesunsimmesgiiudidinuananu i uskwsaraudauag
himwsagaduldnua STufanisunsesnmninuiusaauludTimun 91ngUN 8 (A.)
Funaiuiuneigiiugnlanilasoesnunnnediuitu ldFailemulSammsideasiuse (DSC)
3 [ ' o 1 Y 2
il 3 mhwesremamesea sinnasendanaasituinsdautasInseadnlagldmagon
yuszluylsum 3 mivesnemmasseaisunruguiTunaneigiiulunisgasuli'ld e1e
H 4 .’ - J o - H o v 1 -
WesnnlamudTinumsweuiussiififaniwduS e lunsFeuiusz sznitmyeziiu
- @ [ P | J P 9 - - - v
daseiunylaasendafiqediu (a15199 3.1 ezl Tudasslidsnuanasuindmaldmuse
n& as =% o ] - o !
1FouToawuszd20m131a3l glutaraldehyde 1é1teoas 1l Tassadsverumenrdudaulasls
o - [ ] d o &L 4 Ly ¢ o dao Py ]
udasaianmsaaiodl ldhoneqiiulgnilaalldesesnin Asnannesgiiundunieuuurue
mAusandaemenimansunsaaddesiiunn 24 $2Tus urusardudaulaaiieldaisidon
o - N o d d m v A4 A
wurz lurlFane 1 Mwesneimmassen Annumeigiiuldtiesnuilelinis1daenameseanin
J A [) - [ Y - -~ -m s @ I3
uTasanzidleuriueadudaulasgadunesgiiualiuim 20 uag 40 fadnswniusiu naadld
Munmsazmsneigiuanududugemuisogaduvundusadudaudlasiiii Insaadrs
1 4 = [ -~
nemmmesengs Idsoniinsninenmasenlulassadralfinamnnereildiinesgiiuunin
Wl 1&eon i diedanasTaolFamideuiuse ludl5ina 2 vhwesasinmassen uiuea1du
[ v o S m [ 1 [ VoA & Y v ]
aaudaseusndninunesgiiu 8 linandnfuded sl Fmsdeuiuse 1 9 uanwaanse
o -3 Jd = * (% o 5 : A (4 a 1
TunsininumnesgiivaananinedeiivediAguie 19msiFeniusz IudTurm 3 1M1ve9
v . :
ABINAIAB DA NN UZITUTID191AAID hydrophobic interaction 33 nBIMmMABIEATUTATAad1e
< Yo d g = Y [V : - = ¥ o S =
waiina I dnnwseigiutiesay AniulTnunenmassendaiinadanisgadunesgiiu
9
Qs a o -
nan1ananem uanaaslfiuaimduislunsdaudasInsaadnveusniau Tae
- o \ A = -,
annsenlvguilTuuasmmaesenunzdas misdesanie Fesiinalunisaiuguilfison
1 - [ 4 o tJ v y L) o o/
sywiemAudauilasdumsi liazaioh @nafu dose ¥89913) HAZAIIAIVAUSATING
amldeamssiuminismugudainisdesaaisveswrusaAudauilos 1 burst veunoigiiu
L -I Al .
o1 Iwad lunshldiinislaadaessarsesngnigeluszozduq vesnsdesaaroveauniu
- A M + -~ L r -
naAuies FziiminageunnuamnialumsdedinunesgiiulusneTaolSudueaiau

sanlnaluiadeds 'y



11

man 3.1 uaasdTnanyesi Tudas: luTassardrvsusmaudauing (means + SD, n=3)

L Wmndouuss Wmsidoriusy Warmdouwuse
1 IMYB3NDINMIADTON 2 IMYBINBINTADION 3 IMUBIADINIIADSTON

Pinamjoriilu Yovasvos oy Mubosy Jovozwes  WBwnanyeriiludmiz  fevazves

803 (ug/g)x 10° wyjoziiTu (ug/g) x 10° nyezilly (ng/g) x 10° nyoziily
rszfanne Snaritan Bt
AR

G 360.68 + 0.04 - 360.68 +0.04 - 360.68 + 0.04 -

CG2s5 345.14 +0.02 4,30 313.58 +0.01 # 13.06 267.54 +0.01* # 8 25.82
CGsO 311.46 +0.01 13.64 286.06 + 0.01* # 20.68 215.34 +0.01* # d 40.29
CG66 298.05 +0.01* 17.36 276.01 +0.02* # 2347 198.41 +0.01* # 8 4498
CG7s 278.48 + 0.01* 22,719 25626 +0.01* # 28.95 188.88 + 0.01* # 8 47.63
CG100 263.13 +0.01* 27.04 23827 +0.01* # 33.94 168.43 + 0.02* # by) 53.30
CG12s 250.08 +0.01* 30.66 213.75 +0.01* # 40.73 132.27+0.01* # 8 63.33

J [] I} A o
* #, 0 uoamuuananesniuddgyfiousy G o M mndoniuns lurffune Ix, 2x 3xvou

Nnaneamasseniunua (Iua) awddy Hrzdududidiy p < 0.05

nnamsnaaey Iassadverunadudanlasiumaasluaisnd 3.1 Saiuewdas
silaveasmAuiimundaniasTassadnlaoldSinamadeuiusziiy 1,23 Moy
nelma@esen (Miin 2 Nadniw) Uhigadumesgiiu (azareluemuen pH~6) Mg
nARBY in viro Tastesdseulwiniudu ifen¥esazueammlaaidenineigiv finm

v o~ ol 4
ANy Awradlugun 4-7
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n goodoon Tins Usy
120 —
]
DSC 1X H
100 - - »
80 ;
60 H
:
40 ., - —
o— ~4b
20 > >:<
\
o B T T — -y - T
20 25 30 35 40 45 50
1.
120 o
DSC 2X H
- S—
—e—CG125 —a— CG100 E
—a—CG75 ——CG66 i
—e—CGS50 —x—CG25 E
- $
- A
E
o T bt L T IL
20 25 30 35 40 45 50
120 |
DSC 3X :
100 - —— *
1
80 | '
:
N
—3
]
:
1
&%
0 5 10 15 20 25 30 35 40 45 50

an (da1u9)

71 4 nimilemidesinesgiusinuruemaudanilns (nin 2 adnii) Figadunesgiulolianiudounn
=) A o '

unglfiFummadouiussiiu 1, 2 nag 3 v (InoTua)vosnonmnoson Tumisnzaty PBS pH 7.4 (0.01%

Tween 80) QuNH 37 °C
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n. tionsneieulnaiviE
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DSC 1X

100

80

60

40
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120
DSC 2X

100

80

60

40

20
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35 40 45 50

120

DSC 3X

100 - —

80 -

D N e AGGCEEEEEE! SEEEE

0 X T — T — r
0 5 10 15 20 25 30 35 40 45

a1 (dh1sv)

— T — =T

n
o

A' v d m [} - o o a a o é [ od m o
1 5 martaaddsure sgliuannusmeniAuarta(min 2 Nadniu) Fgaduineigingsun
15 Andnswafuuiy uagllfummaFennusaiy 1, 2 uaz 3 1 JasTua)vesnsinmansen

Tumsazniy PBS pH 7.4 (0.01% Tween 80) guingil 37°C
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n. elapfoeiaulaivildu
120

DSC 1X

100

SLIL------L--J

Cmm e

35 40 45

[24]
o

<----xt-l—r---r--

=T —

0 5 10 15 20 25 30 35 40
VIR (H2Taw)

J

E-N
[3,]

50

ﬂ; ¥ d = v - s as -~ e & ar S =«
3U1 6 msdaadasuinsigiusinuimenaudanyas (min 2 Hndnsu) Fgadiuinesigiiu
) -~ o ar o ] Y A s ]
Sy 20 Hadnfw/msundu nazldSumsnysutusaiu 1, 2 uaz 3 w1 JasTua)ves

ADINAIADSBA JUNI5NTNID PBS pH 7.4 (0.01% Tween 80) gl 37 °C
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fn. tinesnuieulmivizdu
120 :
DSC 1X !
100 - ° o— — £
— - '
)
80 :
)
i
60 ——iir »
A Y )
40 —e ¢
Y X
20 E
i
0 - . . , . —
20 25 30 35 40 45 50
1.
120

DSC 2X

=
o
o

L

—e—CG125 —a—CG100
—ar—CG75 —A—CGB6
—e—CGS50 —X=CG25

[e]
o
L

]
o
L

% malasldamaadeiiu

""""‘X“fk'i"""““l’"“

]

30 35

40 45 50
M.

120 .
DSC 3% !

-

—h

A

Y

X

i

ol , _ _ , , , v |
0 5 10 15 20 25 30 as 40 45 50

1an (thiuv)

H L - 1] ~ o o -~ - o J os - -~
Ju 7 msﬂaaﬂaanma%’guummmummnuaauﬂm(uuﬂ 2 aaniu) mgmuma%’ﬂuuﬂsmm
- L) o o L] .3 A o 1]
40 fiadnfwmnsuunu nazldTunamadeuiusadu 1, 2uaz 3 1w TasTun)vesnsinmassen

Tumiazaio PBS pH 7.4 (0.01% Tween 80) §ungii 37 °C
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é \ ) 1] - s H
VANANIINATBY in viro Fwaasmslaaldeanesqiunnuruesaidudauilasiinm
' < A . R % a a w 2 L] Jd a
#19 Judennamey in vivo 1asld CG 66 (miin 10 fiadnin) Fgadmneigiuiiiaie 40
L Y- .7 W L] k] A' U \J d' /=y 1
faandanTuuny 1Fnama¥sunusaily 3 mvesnewmamesea eliinsdesaaianialy
as d ) a Y [} 4’ ad ¢ A -~
szazalszana 2 dle wiveadaudaulasgnaiusedlsmiseeiausenlud Nguugll ss
b 4
psrraiFen  udnirhigaduneigiu (azawlueniuea pH~6) vimiutilihinsnaneany
¥
nane 3 nquiluszozna 2 dlaf &39I 15MAAB4 Intravital Fluorescence microscopy

g a . = i =1
iWOW1LI317% capillaries density TuU311 chamber Nlgn¥aduzIT

1 -7 - -y -] A %4 - % - - a Q v
51lfi 8 CG 66 (min 10 fadniy) Fagadinesgiiuiliue 40 Tadnsu/niuusiu 14
USumasFeuiusziiiu 3 whvesnenmansea e lvlinsdesaaronoluszevnanlsyum 2

a/ -4 .
FUat 3.2 wan13AnY1 in vive

[% 1 o v ] d o < o s a w &
nasnndiviinislgnieradians-nuds 9ald nedgliuuiin G 66 (iin 10 adnu) &
[ d a 2y a a W [ ] = v A o -1 o 4
qedLnesgiiulsw 40 Hadnswniuuku Juuinudiendunanfidgrraduzdduiuie
¥
[ aw 1 a P o
@su.ndamstgam s wanunssonaasinwadunidlu TuaatiawisoduduTasnesunng
a a ;’1 =2 o < o -] v act

nolu 24 g 145 undamiuiaindnymlSunaeaion 1y TAoIT itavitl videomicroscopy

v ' 9/ k4
aana1ludedu
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Y 1 R . ' v a o -3 °
#7881 video image HARIIINGN HepG2 vxiivfTinmveanasaidealmiifadusmuauinn

a). Control 14 days b). HepG2 14 days ¢). HepG2-cur-patch 14 days

d' [ 2 = P=d ld‘ = -: ¥ J s :; as
21'1’] 9a-¢ uﬁmmemwmmimﬁnaaﬂmaﬂinumnﬂwumznquimu‘n 14 nmmsﬂgn

s g
IFAAULIT

A1319% 3.2 1899109101331A312HA8 1151050 Global Lab 1T 18211811 Percentage of

Capillaries Density A4na 118 awnsoaginalane

Control gr. HepG2 gr. HepG2-cur—patch (n=5)
(n=6) (n=6)

32.1843.37% 68.69+0.9%* 20.73+1.9%**

* P < 0.001 compared to control
** P <0.001 compared to HepG2

Y] ~ s I o o . 4 v 1
wisn1sasn TaonerSuwndtuiumavesmsiiauziie S0 slide H&E voananznquiiny an
= I'd a LY | o At o { : o P 4? ﬂi
s Suusnezhafenalad  AlideunziFeegluFunanquesfeunziFideediuiui

d da ' ¢ 4 4 4 4 o
founzisilvnaduriuguinannieigs  lumsmiuideunsSniuezl§Tsunsy image
o & 4 o ] H v
Pro-Plus 6.1 Tasl¥didslunmsnagiluuy Polygon iilesnindeunziSeiizsen lidlugiing
dy 3 o Aa a o . (IR ] a o & o Y
uenentifeuuziSedaiidnuazAad Hematoxylin Wun1nndvvesdimis deihldaunsauen
) v I~3 v o Y : ~<
ANUIANANIENINABUNZIS Wwaz A uve RN 1§ nintiudmndunagilamnia
9 d o & o = o dy P g a v o 1 Py o
founzifeaggll wdiniundmsedmiunvesdsunzsuiisuudazdsu udninnmaunde (@

3114 10)
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HepG2 14 days Hep(G2-cur-patch 14 days

14 10 p ez lunyyaTudngu 14 Ju

131991 3.3 wannmsIETisunsudinssfuuane§sagl 1dde

( Hep-G2 -cur 2wk
— T
“Ulﬂﬁ’llﬁ area tumor area mean section ﬁ#qiunﬁ’uumk 11U cuts
2 2.1 0.7708 0.7708 slide 52, 54, 56 11
3 3.1 1.1443
0.91935 slide 29, 31 10
3.2 0.6944
5 51 0.7316 0.7316 slide 16, 19 9

’7 HepG2 2wk
3 a » 4
‘ “un'lﬁ’llﬁ area tumor area mean section #Ii’qﬁunﬁ’auuzﬁq $1%IM euts
—
1 1.1 2.6363
2.5586 slide 16, 19 8
12 24809
2 2.1 4.4435
4.72665 shide 31, 33, 37 9
2.2 5.0098
6 6.1 1.7693 1.7693 slide 48 4

k4 d' v} a Qs o’/ 1
4. aphrazderuenuzing nuMsIdaluiuae
Y] d‘ @ : @ A d‘d v ¢ . .
ANNNITIUNAUAN viuFulimshi Iassaduilu “low molecular weight polyphenol : curcumin
. & a v ' P a Py % (Y v
(diferuloyl methane)” Fefinrvnuiniluseflszasuiichdguasiigntlumsiaulsadies wuilu
P= 3 - = =) o/ -3 9/
navulueda  TasmwizlulsamaduiRonazdsememaeidoas uesnnosld (Ammon and
Wahl, 1991) A41i510911338§ 11U NFBI curcumin ignFiilu anti-oxidant, anti-inflammatory,
anti-viral, anti-parasitic WU curcumin Eqﬁqm?!ﬂu chemopreventive agent against cancer (Kelloff ez

al., 1997).
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QIAMs AN T oSS IHaves curcumin 3WGNEIT anti-angiogenesis 1D
mmmmm“lumsﬁuﬁ’amsm?mvmnaamﬁaa“lmiﬁu::l%‘a i lfaduziSalieansandy
naziuaend 14 snwaminanss TasliynduziF 9@y (Human Hepatoma American Type; HepG-
Mmigalunyalud ednumavesviusurensduteniniianaeaidenlus anzfITeNyN
M3 curcumin ¥11R 300030000 AeTy  aunsedudimaiRanaeaifiealni nazan
viaveszdedl 14 Tu'lRednihiodfynendd ud curcumin vum 300uAsnnuuF i
aunsodudamsiRennsaidealmitnzaannavesizia S uisr e oduds vascular
endothelial growth factor (VEGF) 1afa (Yoysungneon et al., 2006)

mnﬂnmsmnmwuimmﬁu‘la'[ﬁmnﬁmm]umsﬂdaumsma%’qﬁummmﬁqumi
manasadealmilunyya udi IRTun1dgndioadiers-y 14 Su'l8 uosfinaIfuzddl
nnaldnatednihisdgmeaia

AN mEITN5 I curcumin vu1R 3000un/MNUUAD Tumywminilszanm 3ond
o850 curcumin  Figadmdr I lunaiminfiosszing 000027 wgiml of plasma
(www.bioperin.com/BioWithCur.htm) itazny 145u143u Tasaunainiinsdusemisoun Kt
39 curcumin finasezileglunataiiife 14%0.00027 = 0.0038 ug/ml of plasma

P o =y a - ¢ = o P 4 9 & o
erwufounsutudTuia meigiunannsoussyluuin Aldlinyniduazanionualy

soziInT 14 Ju eziiifiu 0,01mg w3emiy 2,63 mivesnisgadunndld (0.01/.0038)

JsrimBmnveunsigiuuindemstuiimaitavoenidenlmlunyfignearaduzdety
Fiinanuudinuzditeidhnmanelaolfiwndusi$e®y  (Human  Hepatoma
American Type; HepG-2tgnlumyialud ifednunaveviiususenssufaniinanasaiden
Tmi snand3iodendamuinn Y carcumin vinR 30008n/nnandl  ansedudimaiia
vneadealmi @ 14 Su'lRedniifudiymeada udcurcumin Juvuwiivosnda 300un./nn.,
#2 oz hiansadudinmfanasadealminazasvnavesuzise 18dudeannsoduds
vascular endothelial growth factor (VEGF) 1afia (Yoysungneon et al., 2006) aviuld
Uszdninmyveunesgiulumstudazdufisuihded fusnumesgiulunnafmnz e
n?amﬂnn'n"lﬁ"hqnfﬂwﬂa{ﬂﬁmﬂu “dose dependent manner”
vinndnu Taoamzd3t ( Yoysungneon er al, 2006) WU curcumin YUIR 3000MA./
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1996  M.Sc. (Chemical Engineering)
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1989  Bachelor of Science (Biotechnology)
Khon Kean University, Khon Kean, Thailand
6. Work experience
6.1. Lectures
-Full time lecturer at the Department of Chemical Engineering, Faculty of Engineer,
Chulalongkorn University, in Physical Chemistry, Unit Operation Laboratories II-1I1,
Membrane Technology, Bioreactor Design, Analytical Chemistry (2002), Kinetics (2003)
-Invited lecturer in Bioleaching Process, for the Department of Ore Engineering, Faculty of
Engineer, Chulalongkorn University (2003)
-Invited lecturer in Downstream Processing, for the Faculty of Engineering and Industrial
Technology, Silapakorn University, Nakorn Prathom Campus (July - October 2004)
-Invited lecturer in Biochemistry for Chemical Engineering, for the Department of Chemical
Engineering, Mahanakorn University, Bangkok (June — September 2002)
-Invited Speaker at 1" National Symposium on Research, Development, Innovation, Design-
R&DID, Thai Chamber of Commerce University, Bangkok (May 2004)
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Researches
Area of interest: Biopolymers (for Tissue Engineering and Postharvest Technology) &
Controlled-Release Technology
~Onging Researches (with sources of financial support):

:Poly([]-caprolactone) Scaffold for the Regeneration of Human Cartilage (Chulalongkorn
university grant, 2002-2005)

:Development of Shellac-based coating for extending shelf-life of three kinds of tropical fruits
(Thailand Research Fund, 2004-2006)

‘Tissue Engineering Research Series: Dermal Regeneration Template for Artificial Skin
(2004-2008)

: Biodegradable Scaffold for Dermal Regeneration (Thailand-Japan Technology Transfer
Project 2003- 2005)

: Controlled Release of Growth Factors from Biodegradable Scaffold (Thailand-Japan
Technology Transfer Project 2004- 2005)

: Controlled Release of Curcumin from Hydrophobic Gelatin hydrogel (Pilot project,
Faculty of Medicine, Chulalongkorn Memorial Hospital, 2005-2006)

: Modification of Gelatin scaffold with Collagen Hydrolysates (New Researcher Grant,
Ministry of Science 2005-2006)
-Special Senior Projects, Department of Chemical Engineering, Faculty of Engineer,
Chulalongkorn University: Slow release fertilizers, chitosan-coated fertilizer (2002),
Development of gelatin-chitosan edible films for extended shelf-life of Durian (2003, with a
grant from Industrial-related Project for Undergraduate Study, IPUS), Purification process of
shellac-based wax (2004, IPUS), Slow release fertilizer from gelatin and chitosan matrix
(2005, IPUS)
-Research Assistant, School of Biomedical Engineering, Science, and Health System, Drexel
University, USA, Glucose-triggered drug delivery system: Microencapsulated liposomes and
the pH-sensitive poly(2-ethylacrylic acid); Histone project, Department of Oncology, MCP
Hahnneman University Hospital, Philadelphia, PA, USA (2001-2002)

Academic Society Activities
-Committee of the student activities board, Faculty of Engineering, Chulalongkorn University
(2002-2003)
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-Public relation committee, Department of Chemical Engineering, Faculty of Engineer,
Chulalongkorn University (2004~)

-Assistant to the vice chairman of Thai particle Technology Association (2004-)
-Member, Biotechnology Thailand (2002-)

Industrial consultation

-Clean Technology: Improvement of production in leather coating process, Pan Asia Leather
Co. Ltd. (2005), Reduction of energy used in the epoxy curing process in Auto LED
production line, Hana Semiconductor Corp., Bangkok Thailand (2004); Reduction of water
usage in squid process line, Union Frozen Food Products Co.Ltd., Samutsakorn, Thailand
(2003)

-R & D Consultant: Shellac-based products, Exellacs Co.Lul., Lampang, Thailand (2003-);
Chitosan-based products, Seafresh Chitosan (Lab) Ltd., Bangkok, Thailand (2002-)

7. Publications & Awards:

The Charles A. Stevens Memorial Award for best student poster, “Interaction between PEAA
and DOPC Liposomes: A Possible Model for pH-Triggered Drug delivery”, Philadelphia
Pharmaceutical Forum (PPF), Philadelphia, USA (May 1997)

The Development of a New Polymeric Glucose-triggered Drug Delivery Device, The
International Bioencapsulation VII Proceeding, (with Seminar Scholarship), Easton, MD.,
USA (November 1998)

Kanokpanont, Sorada and Wheatley, Margaret A, Development of a glucose-sensitive drug
delivery device: Microencapsulated liposomes and poly (2-ethylacrylic acid), Ph.D
Dissertation, Drexel University, PA, USA (2002)

Slow release fertilizers: Coating commercial fertilizers with chitosan and natural latex rabber,
Chula Academic Exhibition (2002)

R & DID award in Food Products, “Edible coating for extended shelf-life of Fresh Durian”
at the 1" National Symposium on Research, Development, Innovation and Design, Thai
Chamber of Commerce University, Bangkok, Thailand (May 2004)

Non-degreed Internship, Thailand-Japan Technology Transfer Project (TJTTP), at the
Department of Biomaterials, Field of Tissue Engineering, Institute for Frontier Medical
Sciences, Kyoto University, Kyoto, Japan (October ~December 2004, June-August 2005)
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Thongmarongsri N., Kanokpanont S., Bunnaprasert T., and Buranapraditkul S.,
Biodegradable Scaffold Fabrication for Cartilage Tissue Engineering, The 8" Pacific Polymer
Conference, 24-27 Nov. 2003, Bangkok, THAILAND

Thongmarongsri, Narawoot and Kanokpanont, Sorada, In vitro and In vivo biodegradation of
poly-(E-caprolactone) scaffolds: An implication for tissue engineering application (Oral
Presentation), Regional Symposium on Chemical Enginecring 2004/ The 14" National
Chemical Engineering and Applied Chemistry Conference, (TiChE, MTEC, KMITL), 1-3
December 2004

Siripholbun, Yuwalak and Kanokpanont, Sorada, Gelatin-Chitosan Edible Films for
Postharvest Application, (Poster Presentation), Regional Symposium on Chemical
Engineering 2004/ The 14" National Chemical Engineering and Applied Chemistry
Conference, (TiChE, MTEC, KMITL), 1-3 December 2004

Tangsadthakun, C; Damrongsakkul, S; Kanokpanont, S; Bunaprasert, T, Chemical and
Physical Characterization of Collagen/Chitosan Porous Scaffolds, (Oral Presentation),
BioThailand, 2-4 Nov 2005, Bangkok

Ratanavaraporn, J, Damrongsakkul, S, Kanokpanont, S; Bunaprasert, T, Morphology and
Properties of Collagen/Gelatin Scaffolds, (Poster Presentation), BioThailand, 2-4 Nov 2005,
Bangkok
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