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Research title Development of thermosensitive gel containing hull of mangosteen fruit
extract for mouth ulcer
Investigator Assistant professor Dr. Natthan Charernsriwilaiwat
Project period 1 year 6 months
Abstract

This research aimed to formulate a thermo sensitive gel using poloxamer 407
(PLX407) and chitosan-ethylenediaminetetra acetic acid (CS) loading extract from fruit hull
of Garcinia mangostana (EX). 18% W/W of PLX was mixed with 2% W/W of CS at the ratio
of 9:1 (PLX:CS). The PLX and PLX:CS were loaded with 1, 2.5 and 5 % W/W EX (PLX:EX and
PLX:CS:EX). The physical properties of all formulation including appearance, pH, gelation
temperature and viscosity were characterized. The release profile, antioxidant, cytotoxicity
and antifungal properties were evaluated. The pH of PLX:CS:EX formulation were in the
range of 3.35 to 6.87. The gelation of these formulation occurred around 35.5 - 37.5 °C.
The release profile of PLX:EX fitted the Zero order (R* = 0.9365) and PLX:CS:EX fitted First
order (R? = 0.9863). The antioxidant property of gel formulation still exhibited. The gel was
non tocixicity to human gingival fibroblast when the concentration was lawer than 200
me/ml. Furthermore PLX:CS:EX was able to inhibit the growth of Candida albican. However,
it did not show fungicidal effects. In conclusion, the fruit hull of mangosteen extract was
successfully incorporated into the thermo sensitivity PLX:CS gel with proper physical

properties. These formulations may be develope for using in the oral cavity.

Keywords : Thermosensitive gel, Hull of mangosteen fruit extract, Mouth ulcer
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ppm Parts per million
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SD Standard deviation

SEM Scanning electron microscope
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Tugesurniiina1n1sldenadvida herpangina erythema multiform wae contract
allergic stomatitis Juduy

Tsafifuamuessanduduiludenindaduseslsafidusdmelfiouasnduin
Hudlasdnunrreaunaituiiy udduvdsresunaonadsuluainiu 1dud recurrent
aphthous stomatitis Behcet’s disease LazmsAnelsasusTidesn

Imﬁﬁ]umma%aaaaimimﬁ'mmmmUﬁﬂLLwﬂwﬁm‘%’a%’q leun pemphigus
vulgaris bullous pemphigoid mucous membrane pemphigoid erosive and bullous
lichen planus uazmsfnidelifaisuFesdludihenidufuunnses

Tsaifuavnuesseslsaierlutesuin leua unauindu histoplasmosis
blastoplasmosis ag mucomycosis (2)

1.4.1.6 ms¥nwlsalutesinanunsadnwauelmakazamaivnvesnsiinsoslsnds
ansauvalssnvesenilflumsinulaeday Ao

- thenthuundifigridiugatn esniivdngiukansinsiieunndelutesiniia
danarianisussimvesseslsalutesuinuiaviia (8) wWu seelsa lichen planus wislugtae
fifigAduiush Ssarsdrdyitogluenthutniifignisugadn Ussnaude chlorhexidine

gluconate 0.1-0.2% Povidone iodine 1% cetylpyridium chloride 0.05% Hudy



Aaa £ LY [

- anslnendlgnsseiutin iWumsihwiauennisieedivnsluguuuuresasazany o

[y

U1y v viIolea FallansdAgniligndseiulan Ao benzydamine, hydrochloride way
lidocaine 1dusiu
- e WdmiunsinwenludesUnuazaevies laedivalug Uiuvgiiueiu

AgNau 81N 818y Baa B1A3u NilnuautReangniianizn wazlugluuvedia uave

' [%
£y o 1

walga FeeengnsnIvasienie LA 81 nystatin, clotrimazole, miconazole way
fluconazole Wusu
- g1duhsa dnlevalunissnwikaznisteanunsinaliga wu hialsasy hialse

Jain lagUsenaunige1fioangnslaniei Lagoangnsnviesnanie 1y 81 acyclovir,

Y

U

pencyclovir Wag valacyclovir Hudu
ay o [ ay o v & o . . g v A a
- pnagdAuiukazasuTuiiauiu dnidua1sdinan corticosteroid Nldlannziinign

U 9

@m%nﬂaamn 19U triamcinolone acetonide oral paste 0.1% beclomethasone spray Ju
fiu uaransuTugiiduiu Wy cyclosporin tacrolimus \usiu (2) uenainiiinisAneinig
Snwnseslsalugosnsiaiiindugt @28 propolis capsule Tuge (9)
1.4.2. In-situ gel
In-situ gel Ao Laaiilienslasunlamienisnszduannannewandouniieg vinls
antuynsazanevesaallasundasiy 1wy msdsuulamneessine (gauuqdl uag AW
Junsa-tua) madsundamaneniw @iafvhazats wag mawesdd) maAnUFAzen
wall (Mswileaieig weulel weuas) Wudu (10)
Hadeiifinaste in-situ gel anansauvslnasioluil
- gannil AeulefimsuvdvundaseumgivhlhAsuiisemieniliinsasuuas
anuzreInediueIsening sol-gel Insuuseanidu 2 Ussinn fe
1) wodlwesNianmgiingAvesansazansuuusan(lower critical
solution temperature, LCST) LﬁuwaaL@Ja%mmaamiazmaiuﬂfmsil,ﬁaLﬁmqmmﬁqqs‘ﬁu%
vlmnazneuluaaluii(solgel) Inenedwesidouthuldldun poly-
Nisopropylacrylamide (PNIPAAM), polyN-(L)-(1-hydroxymethylpropylmethacrylamide
[P(LHMPMAAM)], polyN,N diethylacrylamide(PDEAAM), poly-2-(dimethylamino)
ethylmethacrylate (PDMAEMA) waz poly(ethylene oxide)-poly(propylene oxide)-
poly(ethylene oxide) (PEO-PPO-PEO, Pluronics)

2) wedlestguu)IIngAvesasazasuuuggdn (upper critical

9 Y

solution temperature, UCST) 1unefwesiianvasidunausiiiiomingumglgauasyili

1%
o

wedluesamsaasazaneluun lnewediwestouinlalaun polyacrylic acid (PAA),



£

polyacrylamide (PAAmM) uag polyacrylamide-co-butyl methacrylate @sliiduagiunis
WO
I & a ¢ al | & = I3 | = o Y Ay Yo
- anudunsa-wa fie wedlwesivydunsavseivalududsenavdwimtnlyvse
Fulvsmauainanzwinaauiiinisildsulias pH F98anwuzNSAALaTINOAINBSTUNRY

a

n1sneeilaein snesilvgiinduile pH aeliulunediwesniuszgau(anionic) 1¥u ny

sl

flerdudunsngou uiniswesfazanadunediuesfifiuszquan(cationic) Wumyilsidud
Juvaseu Tnenedwesnitouuldlaun polyacrylic acid(PAA, Carbopol®, carbomer),
polyvinylacetal diethylaminoacetate (AEA) Tneflaouzu sol 7 pH 4 uaztdu gel 7 pH
7.4

- NN (swelling) A LﬁmmﬂmsﬁwaaL;J@%@Wé’fmfw%nmiawﬁwmiu myverol
18-99 (glycerol mono-oleate) Fululasufifitrasnessluthanndnvarvialalonseln
(lyotropic liquid crystals)

- nsuns (diffusion) fie 1ARIINANTUNSTEIITaTae sz IIne Rl eSuar AwInde
Adudodelfiamsannznouvensa Wy N-methylpyrrolidone (NMP)

A a

- Maweulesseningluananeadiuesiiuiusslasatia (ionic crosslinking) fie Wed

s = éf L% o . . . A
wesiiUAsukasanugduiuinuiInvesUseqlaganie anionic polysaccharide Nilaaula
Giaﬂizﬁ;ﬁlﬂu mono Wag divalent cations(Ca?*, Mg?", K* llag Na*) L9 k-carrageenan 2%

¥ 1

I3 a & A o + . I3 aa
LUULAANUTILALLUTIZLANLLBI1UIUYDY KT UDY @Y I-Carrageenan 2L ULIaNUAINY

Banguidlodiuinresca® wn uie nedeiiiduny methoxy waw alginic acid aAntuay
fu Ca?* Lﬁmmmﬁmﬂﬁﬁ%miwdwmg methoxy wag glucuronic acid MUERU

- madenlesszninsluananediesriueulall (enzymatic cross-linking) Ao wed
weslaseteulesiivu nisUanudes insulin (813n) vesgsnamelnaifulinediuesilasie
cationic waz pH §3UsEnaudag insulin wae slucose oxidase 1ABITADUALBIROTLHU
ihmalunszuadenvilliAnmanesiatu wasUasdesdaenasnin

- MaAnNeALIBTWTURNIUNIINTEAUMELEY (photo-polymerisation) fia N5yl
Awesiudsuwlasaniuglay nsld electromagnetic radiation Ineagld long wavelength
ultraviolet &evinls polymer l6i9n13n386U Wi Short wavelength ultraviolet adinasio
nsFurureuiioderianas 1wu 2,2 dimethoxy-2-phenyl

ﬁmiﬁﬂmﬁwmqmﬁh%’umLaamﬂ@mamﬁamsmw@mLﬂ/al,?iammwaal,u@iwias

¥fin Bukka waramy (2010) Uszifiuauautinisinigindoidonaznisuantdossn

rasagiline Tugasunguuuuvesilay MuTeulieusening carbopol P 940 kag sodium

alginate wu31 carbopol P 940 fiaauantnisinizfniiioidalafnda sodium alginate waz



[

msvanvdessrazanaailefinmaiivuiunavemediuesns 2 viln uay Farmacia LavAmE
(2010) Anwlssuiisunislanediuesyiiafel Ae poloxamer 407 (P407), carbopol 934P
(C934P) %39 gelatin (GELA) wazn1sliwediuessiunu e P07 sauiu C934P way P40T7
FUfU GELA wudnmsldnediuessiuiusening 15% PA07 s3ufu 0.2% C934P 3o 15%
P40 20U 1% GELA anansonoiaaldigamaiiluiag 29-30°C Fanswanndiveiaais
feudonlinediuosifinuauiflunsnena uazmainzindedeldd Tasdnlunjasline
Alwes 2 ¥linsiuiu Ae poloxamer, carbopol %38 sodium alginate Lﬁaﬂmamﬁﬁﬂﬁs
\mzAnnaznmsUanudesendia (11)
1.4.3. @sannaniaennaling

{9An (Garcinia mangostana Linn. 1@ Guttiferae) M%@ﬁ%@%ﬂﬂﬂﬂwﬂﬁﬂﬂqwdﬁ
mangosteen Hufininauddng gnimiduislinauarayulng Tusivesmadulsinaiu
fisonsuiuluifadaduniiuimaldl duluudvesniniumulngdu Sealdgnin
Tiduayulnsifassnaasng  varnvans wu Wasnsadlsann  uailunsvidevavidedy
Sutssmubusuiviesi uiln ynden wilivioads dminuruiuinulassldnmudiuna
witleswnas Tavauuunaan visldfurgdanauadld ievuadn feifedmniifuded
risfulssmudunals venmndisaniviiuenUTnotosuds Sasmmauduetigs

o w o |

vy = ) = a v v & Ao I
de Ungesene wideuly WesaniuusenuSeudniig ensiilaainaa dedldnuasidu
= A = = < Y A 1Y A o v Ya v v ! v
grediviios sxdisarn Tasswaaulugnldmviloudu Aethunldlugiuidn wiviessiauasun
LHAUBY
! A o Y < Y] o o [ 1 A = a
dwmhanlddueilivesiinn  dnasiludiveadfonna  Fauenandlassnemn
‘:l' o 1% L o Y < Y vV a ° U
mudseylilumseuaulnenas gagnihunlfiduguiviesiulugayulnsdmsivay
assasguyagu ngldiuannisvieasunilundonnislisuuse wu Yeusuiinane s
& a oo Y a A 4 a & a ao Ao ¥ oA Y A 1%
Juiiwnldldonisvieadunsuuse viseiinanidedniisn laeilsld Ao TdAenwaus
Uszanauasena (¢ n3w) gnellinen suduiyulavssnuniuis vioundunsazans
Wid (Uddie) wietgn fuvn 2 alas aundtennsvieniuazivy wieme
fenaduliiuduas 10 - 12 was Tunulavwaluguy vasludideaduduiu visg

[

Tufideoundt wiuludugUlavzesuass wnuveuwuiunig 10 - 11 @, 813 15 - 25 . Ty
< N = DI o < N = ' = v a
Juluineasewsstiiuiu eendinaluneniieivsenand senfigeniulnauaieis iumen
¢ a & aaa = a & & a a @ A a -
auysalne nfudedllddereumaes wazndudeslaginnuauinuniunanuiiiulatenai
fianwauziluuen 4 - 6 uan dadaduiividaennaiuisaasgylulunalalaglifoanay

nas setiulumangneenans fanadadufisilinaienug wisnafianuuandimnsanenug



] a ~ =~

¥ 1 v} I3 [y} U L Y] I3 d'd
Uesgninaiuddeannlanluniangiueenduianaivgnluniale Seaaduiivniingg
WSeulad wazdmenssuanluraAdudalvuialan
P =~ I ° ~ a ) A I I3 P
518U sAnedudnuruuInisigawnglInuatsaiinnuluesrusenauluden
Hadenn FuUdennadenausenaunigalsunuiiu (tannin) 8.8 - 10.5 % NilgnsuAeINIg
Vieadu uenaniddiansedidu 9 Snvanevin arsedinguniandnududwuinnauiuly
= C% & 1 d‘ b2 o & a

Wasnuaisnn Ao ansnquuaulsy (xanthones) MUsEnauUMEaIsUan Ao Leami-Ludlnaau
(Q-mangostin)

fienuieriugninisadrivendudiwuunvesasnguugulsuainide nua
C% 1 Q{ 4 dy a a 14 dy 14 dy a I~ a 1 § vV a a
fapn 1ugrslun1siueluaiiise Auies dudentalse Wuliviowad d1udaniiy
LazALSINAUY aANITONLAULAZAANISHAALNATUNINAUDIUS Tudaaulasl DNA
topoisomerase | &I WuUSunautoulesd serum glutamic oxaloacetic transaminase Wae
serum glutamic pyruvic transaminase NAUTEE@IMEIUNANLaEIANLAINAULaRR JUAU
auadasTUaYAUBaNTATU AU cyclooxygenase wag prostaglandin E, FaeUaeiunis
FALEU #1U monoamine oxidase wasAUAaNLLSY (12 ,13)

] P = o A P = '

uinuliidennadinauazasialinnveglufonna nsanganslunguuoulou

HgnanianduingruinuislenaagaulunesUfuianis laeaniggnsniewiunisaiunig

[

snLau MImudaniulazdlsindu wseudungvslunisiueaauziss Antaduegredien

v o = v o = v Ao 2
dnfunildluewran szlaiueayulnsunulagiu vsesunutagduiiauiuaniiensa
Wenineanulgeidegly

€

RANAAIINNITANYIITEAOYRN NTaIUITEUTLENAVRIU

Ly

ce
=

"

[
[ 9 A

MeganuideningItesiugnsnudenuafiseLasg nSAeULABATEYDIANTANA

1Y

MnUaNNaLIAnLRal
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QUEAUTBUUATISY

Tuln.A. 2003 Sakagami wazAne (14) levin1sfnwigrslunisimuaeiuaiisevas

'
o w A

&19 Ol-mangostin 52?@Lﬁumia’lﬂ@magﬂumaaﬂmaﬁ\‘iﬂﬂ Garcinia mangostana JRHGRITE
pengslun1siuluuniise vancomycin resistant Enterococci (VRE) wae methicillin
resistant Staphylococcus aureus (MRSA) lagdian MIC 1w 6.25 s 12.5 pg/ml muanau
ImaﬂﬁsﬁﬂwﬁﬁﬁaLLamﬁqmamna%mqméﬁmwdwmi Ol-mangostin AU Gentamycin Tun13
éfmvﬁa VRE 1aga1s O-mangostin AU Vancomycin hydrochloride Iumiéﬁuﬁ?a MRSA
wazlumsAnwisnAumuinnsiadunndsening o-mangostin fugnufTaugifineiiliiny

ampicillin uaz minocycline 1Juuuy partial synergism Ingaguudansanerinuinnisd



Q-mangostin 1819 W3en1stdsauiu Gentamycin lun1sdude VRE wazldsaufy
Vancomycin lunsdiuide MRSA fiuszansnluniseuaunisinide VRE uaz MRSA 16
Juogned

Tula.¢. 2007 Chomnawang wazan (15) lévinisfnuidagnivesaisadnain
asulnslnelumsiumssniauiifianmgainide Propionibacterium acnes lusunuaus

mMsmdneyyadaszkarnIsansERuLes cytokine Miluannnueanissnay ¥

=

P. acnes Wudennebiinnues Fuluanwnddgnviiliinnissnauwaziings Taenis

[ [
a =

nagaunNIAuaUgadasylunwIdeyulldIs DPPH scavenging Wag NBT reduction assay
FINANINAGDINUINE5ARAN Garcinia mangostana Hgnlunsiueyyadasy

LaLEIUNITOAANISLAN reactive oxygen species e DNNIN1SNAADUAIETD ELISA Fanuan

aunsnanUsuaues TNF-oL laensae @3a3Ulean Garcinia mangostana fiusg@nsnamiia

a

winlunisidneyyadaszuazdudinisndl cytokine Fudu mediator MAgdasiunis

(%

<

§niau Mnmsveasailifiuliinansatnandensineduunlilunsiunissnauieany
fuseleglunisununlginwan

Tuda.A. 2009 Chomnawang wazame (16) Win1sAnudegnilunisiiude
WUA7ILSY Staphylococcus aureus (S.aureus)%aﬂaaguvl,wﬁgwmm 17 ¥fialagl935 disc
diffusion method Imawaﬂsmgdwmsaﬁmmﬂ Barleria lupulina, G. mangostana, Hibiscus
sabdariffa, Senna alata, Tagetes erecta, Psidium guajava 3 qn ‘§1 UN158U '5' 3019
WwSaAvinvente Saureus I8 8nvtaide MRSA é’agﬂé’ué’jﬂﬂﬁLﬁ]‘%@LauimIm G.
mangostana, B. lupulina, H. sabdariffa, P. guajava, Eupatorium odoratum, Lawsonia
inermis, S. alata uag T. erecta %aiumamayuiwaﬁgwm G. mangostana mamaé]’uéga
Felaesl inhibition zone qﬁlﬁﬂ Ui wihnnsYa minimum inhibitory concentrations
(MIC) wosasulnsvimualags Broth dilution method wuth G. mangostana flqwslunis
fudagafiaalaeiian MIC iy 39 pg/ml wagrinnisnaaeugrdiuideuuaiife MRSA
FinRnlaeds microdilution methods wudaAn MIC wag MBC vJu 1.95 ue/ml uag 3.91

ug/mL ANuaIaY

gydmsfumseyyadass

Tud a.A. 2006 Yu wazame (17) lévinisAnguiduujateteendiaduain
a15Usgnoungy phenolic compound lusiaam (Garcinia mangostana) lagdafnnle
ansavans 70% MeOH wasyinnis partition wontuludau n-BuOH Tewansuszneundnly

nau phenolic 3 wliaddudAglunisaulisereendindunazgniinliuignsiag silica



gel column chromatography uag sephadex LH-20 wagszyunazdiutlu Py (1,3,6,7-
tetrahydroxy-2,8-(3-methyl-2-butenyl)), P, [1,3,6-trihydroxy-7-methoxy-2,8-(3-methyl-
2-butenyl) xanthone] wag P; (epicatechin) Tneldiades Uv-visible spectrophotometry,
IR spectrophotometry wag NMR spectroscopy AM3a161U Gﬁﬂqwéiuﬂﬁélj’]uﬂﬁﬁ%maaﬂ%
wiuresansUszneuta 3 wilaldnsusufiunalneisuansiety Usenaudieds freeradical
scavenging capability Wa ¢ total antioxidant activity in a linoleic acid peroxidation GR
asUseneutis 3 Sgvdduliisefiunnaeiuluusaznisveaey Fannisveaeulagds
1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging capabilities Fe¥auseansamiy
n1391uUAT81 linoleic acid peroxidation ¥84 P; 411N31 P, wag P; widssansan
superoxide anion radical scavenging activity 984 P; 11AA17 P; walnalAssiu P, e O
tocopherol Fanszuaumakeniazyiilviuiavdlagld activity Susuisesdusznauiinansds
Aanuausalun1sitdneuyadaselaeds DPPH (DPPH radical scavenging activity) U89

Y

AR G. mangostana Tadusgnaf

10



una 2

A5 HUN1SIVY

2.1 @34Adl
2.1.1 Wienuadisnn (aaunald Janin Junyd)
2.1.2 Agar (Himedia,USA)
2.1.3 Ethanol AR grade (Labscan co.ltd.)
2.1.6 Methanol HPLC grade and AR grade (Labscan co.ltd.)
2.1.7 Orthophosphoric acid (Labscan co.ltd.)
2.1.8 Acetonitrile HPLC grade (Labscan co.ltd.)
2.1.9 Dulbecco’s modified eagle medium (GIBCO™, Grand Island, NY, USA)
2.1.10 Fetal bovine serum (FBS) (GIBCO™, Grand Island, NY, USA)
2.1.11 L-Glutamine-200 mM (GIBCO™, Grand Island, NY, USA)
2.1.12 Penicillin G sodium for injection (sterile) (GIBCO™, Grand Island, NY, USA)
2.1.13 Sodium Pyruvate 100 mM (GIBCO™, Grand Island, NY, USA)
2.1.14 Sterile water for irrigation (GIBCO™, Grand Island, NY, USA)
2.1.15 Streptomycin sulfate (sterile) (GIBCO™, Grand Island, NY, USA)
2.1.16 Trypan blue stain 0.4% w/v (GIBCO™, Grand Island, NY, USA)
2.1.17 Trypsin-EDTA (0.25%) solution (GIBCO™, Grand Island, NY, USA)
2.1.18 Tryptone soy broth (TSB) (Lab M Limited, Bury, Lancashire, UK)
2.1.19 2,2-diphenyl-1-picryl-hydrazyl (DPPH) (Sigma-Aldrich®, St. Louis, MO, USA)
2.1.20 Potassium phosphate (Ajax Finechem Australia, New Zealand)
2.1.21 Sodium bicarbonate (BDH AnalaR®, VWR International Ltd. England)
2.1.22 Sodium chloride (Ajax Finechem Australia, New Zealand)
2.1.23 Sodium hydroxide pellet (Ajax chemicals, New South Wales, Australia)
2.1.24 Sodium phosphate (Ajax Finechem Australia, New Zealand)
2.1.26 Glycerin (commercial grade)
2.1.27 Triethanolamine (commercial grade)
2.1.28 Peppermint oil (commercial grade)
2.1.29 Xylitol (commercial grade)

2.1.30 Sodium saccharine (commercial grade)

11



2.1.32 Sodium lauryl sulphate (commercial grade)

2.1.32 Polysorbate 80 (commercial grade)

2.1.32 Calcium carbonate (Ajax Finechem Australia, New Zealand)

2.1.33 Carbomer 940 (commercial grade)

2.1.31 Sodium carboxymethyl cellulose (commercial grade)

2.1.32 Sodium benzoate (Ajax Finechem Australia, New Zealand)

2.2 Tangunsel

2.2.1 Beaker 911 20, 50, 100, 250, 400 uaz 1,000 1agdans (SCHOTT®, Germany)

2.2.2 Centrifuge (LEGEND X1R, Thermo Fisher Scientific®, USA)

2.2.3 Cylinder 9u1a 10, 25, 50, 100 kag 1000 adans Micropipettes w119 20-5000
uL (BIOHIT® Proline 100-1000 L, RAININ® Pipet-Lite XLS)

2.2.4 Dropper

2.2.5 Electrical balance (New classic MF, MS204, METTLER TOLEDO®, Switzerland )

2.2.6 Evaporator (Buchi®, Thailand)

2.2.7 Funnel

2.2.8 High Performance Liquid Chromatography (HPLC) instrument (Agilent

Technologies,USA)

2.2.9 HPLC vial (Duran SCHOTT®,Germany)

2.2.10 High voltage power supply (Gamma high voltage research,USA)

2.2.11 Hot plate (IKA®C-MAG HS 7 ,Becthai Bangkok Equipment & Chemicak
Co.,Ltd., Thailand)

2.2.12 Magnetic stirrer and stirrer bar (IKA®RO10, Becthai Bangkok Equipment &
Chemicak Co.,Ltd.,Thailand)

2.2.13 Microplate reader (Accu Reader® Metertech Inc,Taiwan)

2.2.15 Sonicator (Ultrasonic cleaner set,WiseClean® Korea)

2.2.16 Stirring rod

2.2.17 Syringe pump (NE-300, New Era Pump Systems,Inc.,NY,USA)

2.2.18 Test tube

2.2.19 Volumetric flask wu1a 10, 25, 50, 100 Wag 1,000 adans (SCHOTT®,Germany)

12



2.3 NIAIENETTANNNIUFINNATIAALALNITNTIVEBUAMAN WL
2.3.1 msanaaenaading
idenilianldeuuisiigungf 40 ssrneadoa autdmidnlidsuuas i
Waeninaflouwiadiununauagiden dnaudenigauieiiuaudy 5 n3uldlu soxlet
apparatus wagld 95 % ethanol 250 ml aslu round bottom flask Iﬂﬂiﬁqmﬁgﬁﬁ 78.1
pIALgaLYa Suine ethanol fag water bath 1ansaiandsanseive ethanol Taniyug
Unadin mnandndosasiildannisada (9% yield)
2.3.2 N13959@0UANAN Wl YRIaI3aNAINLUABNHALIAA
Woanabiansadindanututy 100 llasniu/daddnslueniveatlyinsed oo
iwseslasinInnsflveamadaussnuzgs (HPLO) Tagld C18 column reverse phase (4.6 x
250 fiadiung, 5 llasung) nsnsiva (Flow rate) Wiy 1 Tadans/undl, USumsitld
Sty 20 lulasans Tinswilae o3 awnlnsalnd anuenieau 320 unluwes Y9ane
wdoudl Ao axdlalulvsd (A) uaz vioavednuedn (B) lasfinsuudasdiuvesignin

Y
a o

®
a a  a ! Y] q‘
LAADUNYIN 2 YUA YLIAI919¢) AIRI5199 1 (18)

M99 1 LEAAIENTIAIUYBIINNIALARDUN

FnaaLndoud nandild
70% A 0-15 ¥
70% A to 75% A nelu 3wl
75% A to 80% A melu 1 w9
80% A 6 Ui
80% A to 70% A nelu 1 Wi

2.3.3 Usziilugdiueyyedassuesmisainmwdonnatisnnills sae DPPH assay
Ww3ea DPPH (MW 394.32) avundiudiu 200 lalasluans Tnedans DPPH 7.89 fiadinu
avanglulenueausung 100 Nadans
WisNasiees Tdanududunieg lngldieniuea \Wudviazaie wu 1, 5, 10,
20 war 40 lulasnsu/fiaddns wanlidniu wiitdily incubate gaunail 37 ssAigadus
Wunan 30 wnit thluindinisgandunas (Absorbance) finmenandu 520 uilulns fe

LA309 microplate reader AWIUNIAT %inhibition MUELNITN 1

13



93) 0 =[(01) = (012
%inhibition = L2200 (D0 =E2)00] X 100 oo (1)

(3o

Taofl Al = mnsganduasesfioeg
A2 = AINNIANAULAIYDY Blank
A3 = ANnsgANAULEIYe DPPH
11 %Inhibition wazauLTuTnageulUadensmiiienan ICy,

e : pnududuaaviefiiluasiensin ICs, azduesmiwasmnudududusu

2.4 manssnFunsraiiusaaiilregaumgiififiansafininiuensatga
2.4.1 Anwgamgilunisnelsavesiivenaailiresumgiifivszneuse Tndoneues
Fanududusineg
2.4.1.1 NSWSENATAZAIENANSEWINN EDTA wae lalnenu faunsaazatedniiu
1) wssuasazanglalng1u 1.0% w/w
(1) %4 letau 0.50 3 Talu beaker vun 50 faddns
(2) 43 EDTA autnitindidesns Talu beaker it lalowueg
(3) USuhmiingnethauasy 50 N3y
(@) ¥l UnauseL3as magnetic stirrer
2) wssnasazanslalagu 1.5% w/w
(1) 99 lalawu 0.25 n3u Talu beaker vun 50 faddns
(2) %4 EDTA muthwiiniifesns Telu beaker 7 lalowuag
(3) USuthmingaetihauasu 50 nda
(@) thlUnaugeedes magnetic stirrer
3) wssnansazatlalaeIu 2.0% w/w
(1) Felelmu 0.25 n¥u ldlu beaker 2w1n 50 addns
(2) 44 EDTA muthwiindisesns Telu beaker Aifllalawiue

(3) USUTUMUNAIEUIAUATU 50 N5U

a

(@) thlUnaunieia3as magnetic stirrer

ad a

2.4.1.2 M3fnyIRnIMAnNSIUAsULUaE UL TENINNETAZANELAZIIN Wing
gm31dUVDY poloxamer

1) MIwssuaEITazane poloxamer 407
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(1) %1 poloxamer 407 panimidniidosnis ldasly beaker vw1a 50 faddns
(2) Usuthmitingnethauasu 50 ndu
(3) thlUnaugeiades maenetic stirer sramnuduaula
(4) thansazans poloxamer 7k wmaaeunisnesiduaa Tnenisaes i
RRIVRH
2.4.1.3 M358 poloxamer 59U EDTA : lalasgu
1) M3m38U poloxamer 407 $IuAU chitosan WeiazAIULTNTU
(1) %9 poloxamer 407 $2uifu 1.0% lalagu ; EDTA
n. 41 poloxamer 407 mutimtiniidesnis
2. 41 1.0% lalnwu : EDTA mnanmindigesnis adudninesiiy
A. HANSIBLASES magnetic stirrer A uigamgll 4 ssrwaldea
(2) %3 poloxarner 407 S/ 1.5% lalagu : EDTA
n. 9 poloxamer 407 mmﬁmﬁﬂﬁﬁmmﬁ
2. 43 1.5% lalawnu : EDTA sanimdniigesns adudninesiiu
A. HANSIBLASES magnetic stirrer A uigamgll 4 ssrwaldea
(3) %3 poloxamer 407 $3ufU 2.0% lalag : EDTA
n. 41 poloxamer 407 mutimtiniidesnis
2. 43 2.09% lAlawnu : EDTA sanimdniigesns adudnnesiiu

A. NANAIBLATEY magnetic stirer UTUNUNYT 4 BarwaIdya

242 ﬁﬂwﬁmiﬁqﬁﬁusnLaaﬁhqmmﬁi’mﬁ’uwaéma%ﬁmﬁmﬂlué’mﬂdaumm i
1) MsussyansanaInUtendenn Tuenituiiusznaude poloxamer 407 wa
Talpenufinnududusineg
(1) Fathwiinansadnanudendann 0.5, 0.25, 0.1 nfy
(2) USuuSmmsdeenity 1.0% lelaguauasu 100 ndu

(3) WALAIY magnetic stirrer AU

2.5 NAFaUAMENEMENIINEABLAZIANI YRR SUB el IfRgaM RNl sainaINn

wWaanwaianm

2.5.1 anwgnIguenYavs 15U UIanlmeenng

Y
anwazn1eUBnvainTueaan eIt sananUdennadnn Useidy

Y

a

<

TAgN18A8LATAING aNBUY dY99A15U Auld 1Wuay
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2.5.2 mmriunsan
Aauunsassvesihiusnaaihreguvniiifasatnaindentatng
avndeuieasosinaudunsane (Horiba PH-33, Japan) Jafegnsas 3 n%q
2.5.3 m1A1miln
Amnudunsassvesiiusnaailiregumyliifasatinaniudentasiing 15
ATIRABUMELA3oeTAAIUNiA (Rheometer, Kinexus Pro, Marvern, England) $iagns
15 n3u fimum Shear rate 1-100 s flgaumigdl 25 uay 37 esauuaidoa Iadiog1say 3 Al
2.5.4 mamysinalarsanfy
i fusnaaiilideguugiififiansatnaniudensaiinn wisuldudaimng
wiuey avanslu ethanol Jude magnetic stirrer Wuran 24 $alus antuthansazanei
1lUnsesny membrane v11a 0.45 micron ietnluRnseinu3unn wearhuuslnafiu
eeseslasininnslveunataussaurgs Ingldannzauildesuislilude 2.3.2 el
AMNUNTUTRsasd A wearuuslnadiu svAuadummnududuvesansann B

wiluforazvosdwiunszyliluaain (labelled amount %) auaun1si 2 ¥iinsmeaed

91 3 59 wansuaduaade T drudsauuninsgiu

Sevagvasduaunseyliluaain = Anudntuvesasaiainsivaeuls/anududuresans

afinfiszylAuRaIN X 100, )

2.5.5 msanwinisuaniasearsafey

thieadiuau 10 g ldaduviaifihla hvanfiussgannsuuuriureseios shaking
incubator gaunnll 37 earwallua ATIluNTwET 50 rpm Az AISIIUNITNLUTEN
WAAUTZUIINIA 1400 rpm TdihanefiouU3unms 15 Tadans (%mmﬁsm; ansazany
NENUDe Na,HPO, 2.38 nSu KH,PO, 0.19 n5u NaCl 8 n3u ¢p 1 Ansvetnnaw) adluwan
uiafussyiiuenaa wilnhnisugyiinisiuna duieduatiay 1 Sadans uavld
dhaneitenlminduAuluusinesviiaiinaime tildieseimusine wanuudnaiu
seiedodasnlnnsilvesmananssaurgs Ingldannzauildesuelilude 2.3.2 vinns

YPADIT 3 A9
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s 1
a Y aadq

2.6 nsuszliugrsiueyyadassvaseraildegumginiiansafiaaniuiannaiinn
isvgneanlsegunginiarsainainidencaisan avgniaseulilaanududu
1000, 800, 600, 400, 200 waz 100 Hadnsu/dadans auainuainuuilunsIvaeunIgns

Fueyyadasyaie3s DPPH uazwins 1uen ICs, suiliesunelilute 2.3.4

2.7 NMSNAFBUNISINILANLLBLERYRIANSULRANIEIT viscometer method

WIBUAISATAY mucin AUUTY kazi1lUdnAunile AargwasasTnaIuniln
(Rheometer, Kinexus Pro, Marvern, England) AUNLUAYDY Mucin (Nm), AUNUAVD I

AsusLaa (Neel) wagAunianved A15us@aNauiu mucin (Ntotal) wag UIAIAIM

A Ay v ° a & oA ° a
PUANLAUIA WIS T UNISINERALEBLED (F) WAy HIATUIUAINFATN 1 2 hay 3

MEIAUEns wae 11A1 Nadhesion v 0 wafnsmnIsnaaevandiiniziniiede

N adhesion = Ntotal— Nm— Ngl v (1)
[l = nadhesioncF e 2)
o = DVD ____________________ (3)

WNBLUR: Y = shear stress (Pa), O = shear rate (s™)

2.8 msanwaNuduiudaiwad Gingival fibroblast cell

Usuiliulagld MTT assay fnudasaindsunsgiu (ISO 10993-5 indirect contact) 11
M3veneaiihreguunlififiansataanidensatiinn ludesieuas UV desiderduim
1 4l 910t azangssuseaiilirogumgiififlansadaannidensaiinn Ansuliunm
wiuou luemaidsueadiiusaaindsu (Serum free medium (SFM)) isznoudag
Dulbecco’s modified Eagle’s medium (DMEM) 1% l-glutamine 1% lactalbumin ez 1%
antibiotic waz antimycotic Tldaududu aufidesnts 5 arududu ¥ Human
gingival fibroblast g1y DMEM 7ifl 10% #5u AR ILLUIe0Tad 8000 Lwadiu 100
lulasans neamadly 96-well plates trlumnzidssausadinedinu plate Wuna 2 fu lu
incubate 7 37 osriaidua eiwadinigiitu plate udrgremsiAsasadoon wiunui
free1msiiddsusnaaiilidegungfifiaisafnainiudennaine azaieey vily

incubate 1wan 1 Tu ndsanwadladuiaiuansazaisvesisusnaanlidegumnnind

Y

a o

ansatnanUdenwaiinn auATUAILG Jgaaisazageen ldasagany MTT 1 dadniu/

fiaddns asluunud incubate Wil 4 Hilus Weasuniageansazane MTT son &g

arsazarenonaliwines pH 7.4 azatendn formazan iy plate Nlda1niwadNiyin
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#e DMSO 100 lalasansrengy thluiaAgandunasiianuenindy 550 wiluns lag
R30S microplate reader (Universal Microplate Analyzer, Model AOPUS01 and Al53601,
Packard BioScience, CT, USA). §1uanimi % cell viability Insnquitldemsideaiodl
Mfuenaaiilidegungiifarsatnanivdensainnazateey (SFM) 1unduaiuny
(100% cell viability) (19)
2.9 msAnugnsduie Candida albicans Tagn1ss1@n minimum inhibitor
concentration (MIC) ka2 minimum fungicidal concentration (MFC)
2.9.1 Mw3eaos)
Tuszeriisadnnqwadndouivaiyiulavieutusadls fAswsouferelull
delelatvesdeflivaaeuiimedediluauemmadeadefifiongussina 24
e Welmlafunyszanm 4-5 1aladl wwnld Sabouraud Dextrose Broth iviangasive
Welidonszaemesnainiu thmaenewmsidonte lﬂwaLé‘ymﬁqmmﬁ 37 a3rgald
Tnenioasdeomnsidsade udniluinarmulildamagandusasiisnmeniadu 600
wluuas Wiy 0.5 McFarland
2.9.2 779%49A7 minimum inhibitor concentration (MIC) a8 minimum fungicidal

concentration (MFC)

(1) wSsnasanaAuugy 100 mg/ml Tu DMSO

(2) Umansaimaslumasnd 1 waz 2 Usunas 500 ul

(3) uomsiasadeadluvasait 2 Usunas 500 ul masldrfuanduiiusldnasndi

3 Usunad 500 pl

(4) ¥ede (8) auivaenit 12 anthuTimansia 500 ul

(5) thiefedenlfuntiusldnaonynuasn wasaas 500 pl

(6) 1iTlUvf 37 °C uw 16-18 Flas unamenududushaeiinudeidue Mic

(7) hmaeniidulinuideldimzasuuenmsude Sabouraud Dextrose Agar (SDA)

Tnehunarududuaz 100 pl spread 9uih plate

(8) WnlUund 37 °C uw 16-18 Halus dunsmanududuiganlinuedus MFC

2.10 NM5AATITHN9EDA Statistical analysis

Toyanliannsnaaewnannevingl 3 ase Jeyauanadu Anade + daudeuuy

Y

[

1m557u 19adR one-way analysis of variance (ANOVA) dm5U3LAT1$RAIUKANGA ANHUA

v v

sedutiaddayit 0.05 Tagldlusunsu (SPSS version 10.0 for Windows (SPSS Inc., USA))
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unN 3

NaN1598

3.1 NSA3ENETANNANIUFINNATIAALAZNITNTIVEBUAMAN WL
3.1.1 mMasguaIsannvInUaeniaiing
PnMsanaUdennadinn fieT8n13 soxhlet extraction ludvhagarsieniueala
NanARToUaz (% yield) vosUTinaasataainiudonuaiang Wiy 16,37 + 1.76 (dade
+ damﬁmwummgm) G?fnmmaaa%malé’mﬂﬂmaa like dissolve like Aa AIgnazateay

ausaazanglatusyinazateniauaudfmilounu 1wy fvinazanefivniazaiunsoazane

q

Y

gnaraneiiddl msedussiegessrialuanaduusslalng-lalng (Dipole-dipole force)
warlumensafudnuiiazareflifdaiannsnazanefgnasaneilifidaldiduiu ey
fvhazanslenusaisanansaazasansadnludenuasisnn Ao arsusariuuslnaiu g9
Huanslunguueuinu Aduansiidsioonuls
3.1.2 mamusinaarsargluaisanaaensasiing
asafnandenuadiena lueniuea Anududu 100 lulasniu/ladans aud
asanAgLoanuislngfu (alpha-mangostin) 9.11 + 0.06 Wlasnsu/dadans
3.1.3 maAnwgnsmIsi e yyadassvesTIsaiavINtUAentainnmieds 2,2- diphenyl-
1-picrylhydrazyl (DPPH) radical assay Zfﬁ)mﬁyvn‘”umsmmjw ascorbic acid
MnMsAnwgyslunsiueyyadasedieds DPPH radical assay Tnsiinalnnissnu
OUYABATIIUY scavenging naNdfe ansfislgnslunisdusyyadasyazlilusnouun DPPH
vl DPPH gn3diasudandihadudimies dedmalinnsganduuadlianas 91nms
npassnuitasataaniudennaanavivlviansazats DPPH wWasudandiradudivdes
wazTadmapandunadlianandonmududuresansadafiutu nedanududurosansi
mm*mé’us"qumggﬂaﬁmzlﬁ 50% (half maximum inhibitory concentration: ICso) L¥i1AU

43.67 + 4.62 lulasn3u/liadans Fadeunin ascorbic acid 8¢ 6.07 W1 79915199 2

MTNT 2 LERINANITAUBULATATEYRN ascorbic acid uazansainanFenHainn

Sample ICs0 (Hg/mL)
Ascorbic acid 7.20 + 0.53
asannandenuaiang 43.67 + 4.62
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3.2 n'liél”’w‘h%'umsﬁgas‘i'l%’ummaﬁ‘l'sﬁiaqmwgﬁﬁﬁmsaﬁ’ﬂmnLﬂﬁanwaﬁaqﬂ
3.2.1 Fnwgamailunsieavesihfusailsogumniiiusznousie Tndensses
Fanududusneg
3.2.1.1 MsipuansazaeNaNsing EDTA uay lalnwu fanansnazanewdnfiu

AN 3 WAASANWAENIINIEAINIULAAZDRIIEIUTLIING Chitosan AU EDTA

9R918IUTENINN CS:EDTA ANYAIZNIINIBATN
19%CS : 0.2%EDTA +
19%CS : 0.4%EDTA 0
19%CS : 0.8%EDTA +
1.5%CS : 0.4%EDTA +
1.5%CS : 0.6%EDTA +
1.5%CS :0.8%EDTA 0
2%CS : 0.4%EDTA +
2%CS : 0.8%EDTA +
2%CS : 1.2%EDTA 0
ELR): 0 = lalfimgnou
+ = ipznoau

NNSANIDATIAIUTENIN EDTA wazlalpmiuinanuisoazaieinnulanes nuan
Usunauvaalalneui 1%, 1.5% way 2% zanuisaavateidnnulesuiidlanay EDTA Tu
U3unas 0.4%, 0.8% uaz 1.2% suaidu tiesantalsenuduansiilunalvg azateily

=]

anziilunse wazfivszgluuin Wewauiu EDTA Afluszqau vibianunsaduiulalagiu
a ' a a . = T ova

wiAnusasemInaliana fe wstlessin (lonic force) Faaunsnazaulalagnulutilan

gaqu

aad a

3.2.1.3 m&ﬁnmqmmmﬂmﬂmﬁmﬁsJuLLanamuzszijmiazmaLLasLaa (Too
w) U84 Poloxamer 407 Fearududusingg
mﬂmsﬁﬂmqmmﬁﬁﬁﬂﬁlﬁ@m'sl:d?{auLLanamumwﬂﬁuaamiazmaﬂmsJL‘fluma
(Tootgel) WU To g VB PLXAOT fidngufuanududu namie domududuves PLX407
WnTudawali Tsol_gelmaqﬁﬁ%’uwaﬁﬂm F99151991 11 1loan PLXA0T Uszneusiediud
goutuarliveuih Ao polyoxyethylene ,polyoxypropylene Aua1AU dlo arsazane
PLX407 fignmiiastiuauiisgn critical micelle concentration (CMC) Tasaa3199a3PLXA07

~ d' ] A 5 ) Y | A -
agdinsidsundadlaed@iunveuin(polyoxyethylene) agiusonauusniazauliveuiin
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(polyoxypropylene) agruddnuluduiuindu micelle Mntudloaamniiasdign critical
gelation concentration (CGO)aztAnnszuaUNs dehydration vilwia micelle Winn1sinTg

naufuwiutukaziiniluaaluian

A197 4 meqmmﬁﬁLﬁmﬂ'13Lﬂ?{auLLanamumdem5azmaLLazLﬁ]a (Tsolgel) UDY
PLX407‘17‘1| 14, 14.5, 14.75, 14.9, 15, 15.5, 16, 17, 18, 19, 20 %w/w

Poloxamer407 (%w/w) Tsotget (°C)
14 >50
14.5 36.67 + 0.58
14.75 35.00 + 0.87
14.9 36.67 + 1.53
15 32.83 + 0.29
155 31.33 £ 0.76
16 30.17 £ 0.76
17 27.33 + 0.58
18 26.00 = 1.00
19 23.00 + 0.00
20 24.67 + 2.31

3.2.1.3 MsAnundndiunazUiinaes PLXA07 iy 2%CS Ailnanogumgii
AnmsiasuLUasEnugsEninsEnsaaELaTLaa
MNMTNAABINUINIBYPLXA0T uNaNAy 2% CS vhlsaamgiifvhlsiAansiasy
AnuEINasazaenasiiueg (Toie) Wngstu Ssimsanfiuanududures PLXA07

Welianunsaianisidsuwdasaouzdunaiigumall 30-37 ssrwadea waslilnenou
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AN 5 WARIANWAENIINIBAN IBNEN 2%CS Ay 14.9%PLX407 Nhuiwiauludndliu

! )
A199 Tundu

ANMUINTUVRY  9RTIEIU 2%CS : PLX407 ANVAIZNY T sol-gel
PLX407 YA (@)
14.9% 0.5:95 0 >50
1:9 0 >50
2:8 0 >50
16% 0.5:9.5 0 >50
1:9 0 >50
2:8 0 >50
17% 05:9.5 + 29.67 + 0.57
1:9 + 38.3 + 2.08
2:8 0 >50
18% 0.5:9.5 0 26.50+0
1:9 0 35.67+0.58
2:8 + >50
VYL 0 = Lifingnou

= @ YV
+ = URNTNBULANUBDY

=1
++ = 1p¥NDUUIUNA
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3.2.2 Anwinsaaiivenaanhgamgiisuiunedwesvliamieludnsdiusiigg fiu

A159 6 wansduUsznauveaalalawulregum)inussyansainanUdenxaing

A13U Code dauusznau (g)
Poloxamer  Chitosan (CS)  Extract (EX)
(PLX)
18% poloxamer 407 PLX 100.01 - -
18% poloxamer 407 PLX:EX1 98.03 - 0.1004
Auansanm 1 mg/g
18% poloxamer 407 PLX :EX 2.5 98.00 - 0.2514
Auansanm 2.5 mg/g
18% poloxamer 407 PLX:EX 5 98.03 - 0.5025
Avansanm 5 mg/g
18% poloxamer 407 PLX : CS 90.02 10.00 -
fiu 2% chitosan (CS)
18% poloxamer 407, PLX:CS:EX1 98.20 9.81 0.1000
2% chitosan (CS) wag
a15aia 1 mg/g
18% poloxamer 407,  PLX:CS:EX 2.5 98.23 9.80 0.2504
2% chitosan (CS) wag
a15aim 2.5 me/g
18% poloxamer 407, PLX : CS:EX5 98.26 9.81 0.5001

2% chitosan (CS) uay

a15a1a 5 mg/g
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3.3 NdauANANEUENIINEABLAzIANivasinSus el deaunglindaisainainuaen
NALIAN

3.3.1 dnwalznguenyesIsveneailmegamgiuazain1undunsan

AN19N 7 WEAIAINANEANWEANSULIA

ANWULAISULIA

ANSU PLX AN5U PLX : EX 1

PLX:CS:EXS5

A15U PLX : CS ANSU PLX : CS:EX 1 #15U PLX:CS:EX 2.5 #15U PLX : CS: EX 5
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AN 8 LARIANYEILNIINIAINYBIANSULIA

AN5ULLAA anula  anwusdvasnisu pH Toolgel
PLX 0 0 6.87 £ 0.06 2250 + 0.50
PLX:EX1 0 +1 6.81 +0.02 2317 +0.29
PLX:EX 25 0 +2 6.26 + 0.05  23.67 + 0.58
PLX:EX5 0 +3 525 +0.11 22.83 + 0.29
PLX : CS 0 0 3.35+0.03 35.00+0.00
PLX:CS:EX1 0 +1 3.40 £ 0.08 36.00 + 0.00
PLX:CS:EX 25 0 +2 3.38 £ 0.01 36.33 + 0.58
PLX:CS:EX5 0 +3 3.44 + 0.01 35.00 + 0.00

wanewie: Aila ;0 = Ly, +1 = Yudntdes, +2 = FuUunay, +3 = Juuin

AnwazdueIinsu 0 = 1d, +1 = JavaeIeau, +2 = Jawmasauunaly, +3 = JanaeaTy

INNINARRINUTY Ynssuiaiula dvesiniuasidviosdudunusiunuanududy

vosansainanUdennadane Tudruvesaianudunsn-ae fa1sanainal pH veainFunui

o v aal o Y a < £ 1 [ 1 o v aal 1
TushSunilalawuyiliisanudunsaunniu lneranudunsa-aaesisunilalaguey

Tugas 3.35-3.44 uavnuinlalaguduulbilunisiitgaumilun1siinieg (Toe) 10wnsu

3.3.2 AIAIURIN

90.00
80.00

Shear rate (s1)

nUgLe: 8 = PLX =% = PLX: EX 1

= PLX:EX 25 =—®= = PLX:EX5

JUN 1 nsmuananansinanumilavesiisugaaigumgil 25 ssmiwadeavewinsunlil la

Tneu
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450 T
4.00 |

% 3.50

©

2 3.00

>

‘5 2.50

o

32.00

>

5 1.50

£ 1.00
0.50
0.00

0 20 40 60 80 100 120
Shear rate (s1)

NUgLe: 8 = PLX: CS % = PLX : CS: EX 1 =PLX:CS:EX 25 —®— =PLX:
CS:EX5

JUN 2 nemuanananTinanuvidavesisugnaiigumgil 25 ssrwaldeavesisuidl lala

YU
0 20 40 60 80 100 120
Shear rate (s1)
ngLe: 8 = PLX % = PLX: EX 5 =PLX:CS —®— =PLX:CS:EX5
U7 3 nemuansmansinaumiiaTeuifieussrintsiiveneaioumgll 25 ssmivailaves

o v A

fsunil lalswunazlidlalaesududiudsenau
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90.00 +
80.00

Pas)

2 60.00
>
o

2 40.00
>

5 30.00
£ 20.00
10.00
0.00

Shear rate (s1)

Mg 8 = PLX —* = PLX: EX 1 = PLX :EX 2.5 —®—= = PLX : EX 5

JUT 4 nsmluanskanisinanuviinvesisugnaafiounnil 37 ssmwaduavesisunlill la
JCLRLY

0 20 40 60 80 100 120
Shear rate (s1)

vUNeme: 8 = PLX: CS —*— =PLX:CS:EX1 = PLX:CS:EX 25 —®— = p|X:
CS:EX5

JUN 5 n9vlkanananTinAnuniinvewnsueanioumnil 37 ssmwalluavewinsund lale
YU

27



0 20 40 60 80 100 120

Shear rate (s?)

ngLe: 8 = PLX % = PLX: EX 5 =PLX:CS —®— =PLX:CS:EX5

UM 6 nemuanmansinauniiaiUseuiigusninewsuenaaigumugil 37 asriuaidyaves

o v A

Fsuindl Talewusazluillalpeududiulsenau

1NNINARBINUINT g TasTulzdialvnnd1Tulaunilaiadu anauauda

=

993 PLXA07 fianunsasdsuaniuzainaisasatsnatoduaaiiolounginasdy waziile

P ~ I o W av 1 o o v Ao I o W Aa o § v
Wisususeninensuntusilalaeudusisundlalagiunuin srsunidlalawiua evinlrainy

PUAYDIAISUANAY

3.3.3 mymvsuiaarsuaansarlnadiu Tus15ueaa maeas High performance liquid

chromatography (HPLC)
A5 9 WARY Y%content VBWTUENLTE
AU %content
PLX :EX1 124.54 + 1.76
PLX : EX 2.5 116.57 + 2.72
PLX :EX 5 103.54 + 1.74
PLX:CS:EX 1 114.09 + 2.28
PLX:CS:EX 25 84.71 = 4.60
PLX:CS:EX5 77.31 = 1.50
VUNELAR: aun15UTU1009a15 alpha-mangostin 31NN1591 standard curve Ag

y = 180.76x - 69.476
y Ao Wuill#ns1n (Area under the curve: AUC)

A Y v o a o a aa
X A ?‘I']'WllL”UlI‘U‘L!‘EJ@Qﬁ'ﬁ?ﬁﬂiyJLL’e]aW’]LLiNiﬂﬁﬁ]u dmimmu/maam)
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%

3.3.4 n1sfAnwInITUanUasgaIsa1Ag)

0.80 T
0.70 +
0.60 +
0.50 +
£ 040 +
G030 +
> 0.20 +
0.10 +
0.00 f f f f f !

rative

%

Time (hr)

[
[

e~ = ASaIl T = A2 = A3

SUT 7 N lbansANUEuRussEning %Cumulative vasa1sAvanUassanndnsu fuLial 989

Y

13U 18% poloxamer 407 fuansafnidenuadana 5 fadnsu/n3u

0.90
0.80
0.70 =
0.60
S 050
€ 040
gamﬁ

0.20 &

010 =

0.00 1 1 1 1 1 1

rative

m

Time (hr)

Vg~ = A3el = A2 = ASIN3

'
a

sUN

Y

8 nemluanInudNRuSIEIe %Cumulative vesansiivanUaesaindidu fuan ves
F13U 18% poloxamer 407, 2% chitosan (CS) wag @15ain 5 me/g
PnMIvedaunsUanlassasdfy woanluslnafuvesinsuaalalneiulazlifllals
yuiihrieguvndl flussgansatnainiudenwasisnn 5 fadndu/niu Ngumgll 37 ssmiwaides
Twhanewiey nuindleossesnarunuiunisuanddesanszdfyesnaniuasiiuinannniy

Tnesisunillalauazinsuanuassansdranlaunnitssunlididlalnsududiudseneu
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A157197 10 wansAduUsEansandunusnsAmuilanUasydyauuadashaanwuslnasiy

Formula Curve fitting constant (R?)
Zero First order Kosmeyer- Hickson- Higuchi
order peppas Crowell
PLX : EX'5 0.9365 0.9284 0.8999 0.9351 0.2364
PLX:CS:EX5 0.9873 0.9925 0.9063 0.9919 -1.6923

msvageunsUanUsesvesmsatindfyuoaruuslnafuvesiiveeaiilsegumgd
7 37 sernawaldalutiana 1, 2, 4, 8 wag 12 Hlus lurhaneiiey pH 6.8 + 0.05 WUIWIFU
PLX : EX 5 ﬁ?uﬁma‘damﬂa'aaé’ﬂwmmaamsﬁwﬁgyLLaa‘V\hLLmIﬂaﬁuLﬁaﬁaﬁmwmm R?
TndiAssruuuudiassuisendusuaue (Zero order reaction) R? = 0.9365 Famsvanvassly
Snvazilasisnsnisuantassuvuasilaglitutiuaududuresasdfaludiiiu waziu
PLX : CS : EX 5 nuiniinmsuanuasednuazvesansadyuwoanuudlnadudiofiansanainds R?
TndiAgsriunuuraesfAzendusiunils (First order reaction) R? = 0.9925 dsnsUaniaosly

[
v 1Y

nwarilaziionsnslanlassnuuTuiuautuTuTesa s Aglusisu

3.4 mM3UssilugnsAitueyyadaszuaseRailreaunglintiansainainiudenuaan
Y

AITNT 11 WARIHANTSANURULABATEYRIWITULS

Sample ICs0 (Hg/mL)
PLX407 N/A
PLX407 : EX 1 58.67 + 3.05
PLX407 : EX 2.5 29.33 + 1.15
PLX407 : EX 5 13.57 + 0.21
PLX407 : CS N/A
PLX407 : CS: EX 1 82.33 + 2.31
PLX407 : CS: EX 2.5 38.33 + 0.58
PLX407 : CS: EX 5 13.20 £ 0.40
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3.5 N1SNAFBUNITINILANLIBLEDVBIANSULIARIEAS viscometer method
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1519 12 Wama shear viscosity Yaensuanbviansiuasunlasvotgnmall rate 11 1 s 37

BNGRIGRIGES!
Qmﬁﬁ‘u shear viscosity i shear rate 1 s™
37 a3ANYaLYYd
Mucin 46.33 + 13.30
PLX 31.17 + 15.69
PLX:EX1 36.83 + 8.32
PLX :EX 2.5 16.40 + 7.91
PLX :EX 5 24.10 + 7.21
PLX : CS 27.04 + 591
PLX:CS:EX1 31.87 + 14.80
PLX:CS:EX 25 19.70 = 7.55
PLX:CS:EX5 26.30 + 13.02

a

= o a A A A = I o o aa
ﬁ]’]ﬂﬂqiﬂfﬁfﬂﬂqﬁﬂﬂﬁ]@LuaLElE]VIQfUVﬂ@J 37 DAY YH WU’NWWi‘UWﬂJﬂ'&UUiBﬂ@U%@Qlﬂ
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gy aziiwsslunsdafadoidalauinnitdisunluidiulsznevvealalngruludisund

diunanvaasannnUdennadenan 2.5 uas Jadnsu/niu

3.6 nMsanwANUTuRNeraIwad Gingival fibroblast cell
msanw1Anuduiuieiwad Human gingival fibroblast #e38 MTT vessisuiaa 1u

1981 24 Tl HANTNARBILARIAITUN 11 - 16
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< & . . : . . T
3.7 MsANEINSAULTD Candida albicans 1a8n15%#1A1 minimum inhibitor

concentration (MIC) a2 minimum fungicidal concentration (MFC)

M3 13 UAAINANIINAFBUANSIUNISAWTD Candida albicans Tagn15¥IAT minimum

fungicidal concentration (MFC) ¥odansaninlu 50% DMSO

Minimum fungicidal concentration (MFC) wasg15annlu 50% DMSO

a15anm 25 mg/ml

a13ann 50 mg/ml a1sana 100 mg/ml

<, v g . . g 1
nn13AnwIgnsluni1sd1uL¥e Candida albicans vesasainiudennaisnaly
50%DMSO WU ANuLintuigafiausadugudala(MIC) fe 6.25 % waraududusiand
111509130 1A(MFC) Ao 50 % RAIR1519 F9doAARBINUIIUIT8UDY Kaomongkolgit et al.

(2009) Nadnwrinanszdfny woarwuslnafuligrslun1siue Candida albicans 161
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MY 14 LanINan1sMAaaugnslunIsaue Candida albicans laan1suiAl minimum

inhibitor concentration (MIC) ¥84615U

Ay anudududngaisnunse  anududuigaiiananse
fudadeldMio) snFel&MFC)
PLX:EX 1 N/A N/A
PLX : EX 2.5 N/A N/A
PLX:EX 5 100% N/A
PLX:CS:EX1 N/A N//A
PLX:CS:EX 2.5 N/A N/A
PLX: CS:EX5 100% N/A

'
£ o o o 1

nsAneANUITuINgalgnsluduguiie Candida albicans (MIC) U96N5UNUY

9

FSUNLUSUasana 5 Jaansu/nsy auisaduduidalananududy 100% vaueisnsudul

'
¥ o

anusadugadeld ludiuvesnnududuiigaiiaiuisadnie Candida albicans (MFC) laidl
°o o a - ' I o v aa o &
isulaaenanansasels uinuitdSunddiudsenevveslalaguuazansadinaunsod wie
1A waz anuaunsalunisduduasaneduiuanudutuvesasainanuaonnadanaly

AU

Clotrimazole 1 mg’ml

PLX:CS:EXS5S

JUT 17 uanawansageugmsluniseuiie Candida albicans ¥8W3uLaa
PnMsvaaesnuIliausedn clear zone ld Wesandrsuealuauisadugaaela
Juadla wanuirseuaaeiinisiasydvlafianas Welsuiuuiinaseudie Tudiues

clotrimazole wuna1u1sadn clear zone g
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M99 15 LanINan1saaaugnslunIsaue Candida albicans lagn1swiAl minimum

inhibitory concentration (MIC) 984615

Minimum inhibitory concentration (MIC) ¥84/15U

Clotrimazole | mg/ml

T ———

v 1 " I
.! 4 X
- - s
100% 50% 25% 12

5% 6.25%

PLX +EX 1 PLX:CS:EX1

PLX:EX25
PLX:CS:EX25

PLX:CS:EXS

A15U PLX : EX 5 A5U PLX : CS: EX 5
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fungicidal concentration (MFC) 983615

M1V 16 WAAINANIINAFBUANSIUNISAWTD Candida albicans Tagn15¥IAT minimum

PLX : EX 1 100% PLX:EX150%

A15U PLX : EX 1
100% (g18) 50% (137)

N

PLX : EX 2.5 100% PLX : EX 2.5 50%

ASU PLX : EX 2.5
100% (18) 50% (277)

e 42, i

PLX : EX 5 50%

A15U PLX : EX 5
100% (18)) 509% (231)

Minimum fungicidal concentration (MFC) 984#15U

PLX : CS : EX 1 100%

ANSU PLX : CS: EX 1
100% (¢18) 50% (¥3)
=

PLX:CS:EX2.5100% PLX:CS:EX 2.5 50%

ANSU PLX : CS: EX 2.5
100% (¢18)) 50% (¥31)

=
i

PLX : CS : EX 5 100% PLX : CS : EX 5 50%

AN5U PLX : CS: EX 5
100% (¢18) 509% (¥31)
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UNN 4

ayUuazinsalnanisidy

MnmsAnwnsiauealalasulireguvgiifiussgansatnainidensataa e
fhwimsinite Candida albicans Turesunlngldansrewaadio poloxamer 407 smuansnse
Tunmsneratutumududuuargumgifiuasuudas fadarsazans poloxamer anansaiAsy
anuzanasazarsduealdludoniin eglsiniu poloxamer Smsinzdnibedorian el
arusndudoddnediues Alanandilunameindeidefifundisiaiussansniwlunis
ingfndiade Tasfinsumitlelpsuundududsenoulumiu wuiifuailsogungid

a 1

a1unsanelaalaludesiinvesiysd Nilgamaiiegluyie 35.5-37.5 sargaldeans 18%PLX :

Y

2%CS Bn31du 9 : 1 Ingussyansannandennadenanaududu 5 fadnsu/ndu lnewuin
fsusananinnudunseoey wavildnwausdivdedla Farnududurasduusiumuanududy

Y} o o = % a va . ] &
YOIA1TANALUAISU mﬂmiﬁﬂmmimua%aaaiﬂﬂEf[ftnﬁ DPPH radical assay Wu31n15619

o 1 aa [ A % ' o o aa <
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v Al o
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& wa a & A A a = H = q'
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Abstract. The purpose of this study was to develop the formulation of chitosan-
ethylenediaminetetraacetic acid (EDTA)/poloxamer containing Garcinia mangostana (GM) extract
gel for oral cavity. The GM extract with a concentration of 0.5% w/w was incorporated into a gel
formulation. The physical appearance, pH, viscosity and percentage label amount of GM extract gel
were performed. The m vitro antioxidant activity of gel were evaluated using 2 2-diphenyl-1-
picrylhydrazyl (DPPH) method. The antibacterial activity against Staphylococcus aureus was
evaluated by the zone of inhibition method. The mucoadhesive property was mvestigated using
viscosity technique. The results illustrate that the chitosan-EDTA/poloxamer containing GM extract
gel had a vellow colour of GM extract. The pH of a gel was in the range of 447 — 6.87. The
percentage label amount of gel was in the range of 98.71 — 99.37% and the viscosity of gel were mn
the range of 9607 — 14784 mPa/s. The Sol-Gel temperature (Ts,.cea) was 35 °C. All gel exhibited
antioxidant activity which evaluated by DPPH method. The zone of mmhibition of gel agamst
5.aureus was in the range of 8.17 — 10.52 mm. The chitosan-EDTA may improve the mucoadhesive
property of gel. In conclusion, the chitosan-EDT A/poloxamer containing GM extract gel may have
the potential for pharmaceutical application.

Introduction

Gareinia mangostana or mangosteen (GM) 15 a tropical frmt found m Southeast Asia. In
Thailand, people have used the hull of GM as a medicine for the cure of diarthoea. abdominal pan,
acne, wound and chronic ulcer. In a previous study, the activities of fruit’s hull of GM extract was
reported such as antioxidant activities antibacterial activity and wound healing effect [1, 2]. a
mangostin was found as the major compounds i the GM extract. Due to the great activities of GM
extract, we decided to formulate thermal sensitive in situ gel using poloxamer 407 contaming GM
extract. However, this gel exhibit low bioavailability due to it can easies removed form buccal
cavity [3]. Addition of mucoadhesive polymer 15 a very much useful technique for improving the
bioavailability of gel formulations. Many various polymers such as sodium carboxymethylcellulose,
chitosan and carbopol were mvestigated. Chutosan 15 the deacetylation of chutin. Chitosan composes
of -OH and —NH:> groups which can generate hydrogen and covalent bonds with mucin [4].
chitosan-ethylenediaminetetraacetic acid (EDTA) was also prepared in aqueous solution without the
use of organic solvents.

The objective of this study was to investigate chitosan-EDTA/poloxamer containing GM
extract gel for oral cavity. The physical appearance, pH. viscosity and % label amount of GM
extract gel were performed. The TsolGa temperature was measured. The 1n vitro antioxidant activity
of gel were evaluated using 2.2-diphenyl-1-picrylhydrazyl (DPPH) method. The antibacterial
actrvity agamnst Staphylococcus aurens was evaluated by the zone of mhibition method and the
mucoadhesive property was investigated using viscosity techmque.

All ights reserved. Mo part of contents of this may be reproducad or transmitted in any form or by any means without the written permission of Tranz
Tech Publications. Ltd, www_scientific.net. {#ﬁfﬁmﬁmﬁ 9,15:30:58)
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Materials and Methods

Materials:

Fruit’s hull of Garcinia mangostana extract were harvested form fruit garden in Prachinburn
province  Thailand. Chitosan (degree of deacethylation 085, MW 110 KDa),
ethylenediaminetetraacitic acid (EDTA) and Poloxamer 407 were purchased from Sigma-aldrich
Chemical Company, USA. All reagents were analytical grade.

Fruit’s hull of Garcinia mangostana (GM) extraction and standardization

GM was separately cleaned and cut mto small pieces. The GM was dnied at 50 °C overmight. The
GM was placed in a 250 ml of ethanol connected with Soxlet apparatus. The ratio of GM to solvent
was 1:50 at temperature of 75 °C for 2 h. After extraction. the supematant was dried by a rotary
evaporator under vacuum [5]. The GM extract was analyzed by the amount of o-mangostin
determined by HPLC. A VertiSep® AQS C18 column (250 mm * 4.6 mm, 5 um particle size) with a
C18 guard column was used. The HPLC analysis was performed according to the method of
Pothutirat et al., 2009 with a slhightly modification [6]. The elution was performed using gradient
solvent systems that consisted of acetomtrile (mobile A) and 0.1% /v ortho phosphonc acid
(mobile B) with a flow rate of 1 mL/min at ambient temperature. The gradient program was as
follows: 70% A for 0—15 mun. 70% A to 75% A m 3 min, 75% A to 80% A in 1 nun, constant at
80% A for 6 mun, and 80% A to 70% A in 1| min The wavelength of the UV—1sible detector was
setat 320 nm.

Formulation and characterization of Chitosan-EDTA/poloxamer containing GM extract gel
Poloxamer 407 was added slowly into the water at 5 °C under gentle agitation and the CS-EDTA.
The GM extract was incorporated inio the gel at concentration of 0.5% w/w. Table 1 shows the
formmlation of gel with and without GM extract.

For the sol-gel transition temperatures (Tsolga) measurement, 10 g of the gel in the vial
containing a magnetic bar was placed in water bath at 15 °C with a thermosensor immersed 1n the
gel and heated with constant stirmng. When the magnetic bar stopped moving due to gelation, the
temperature showed by the thermistor was determined as Tsolgal

The pH value of gels were measure using pH meter (Horiba PH-33, Japan). The appearance of
the GM extract gels was characterized by visual method. The viscosity of gel were perform using
Rheometer (Kinexus Pro, Marvern, England). The % label amount of GM in gel formulation were
characterized using HPLC method. The amount of o-mangostin was used as marker to calculate.
The % label amount of gel was calculated using Eq 1.

Label amouant (%) = (La/Lt) X 100 1

where La 1s the amount of the GM extracts that are calculate afier formulate and Lt 15 the
mnitial amount of GM extracts that are incorporate into formulation

Table 1. Formulation of chutosan-EDTA/poloxamer gel contaiming GM extract

. Amount (g)

Formulation Gl I3 a3 Ga
GM extract - - 0.5 0.5
Chitosan - 0.2 - 02
EDTA - 0.12 - 0.12
Poloxamer 18 16.2 18 16.2
Ethaneol - - 2 2
Purifled Water add to 100 100 100 100
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In vitre antioxidant activity of Chitesan-EDTA/poloxamer containing GM extract gel

The antioxidant activity of GM extracts gel were evaluated using DPPH method. A 200 pM aliquot
of DPPH 1in ethanol (100 pL) was added to 100 puL of the extract. The gel were dissolved in ethanol
and then diluted to the desired concentration with ethanol. The mixture was held at 37 °C for 30
min. The absorbance was measured at 520 nm by a microplate analyzer. The results of the assay
were expressed as ICsq, which represents the concentration of the extract (ug/mL) required to inhibit
50% of the free radical scavenging activity. The free radical scavenging activity was assessed using
Eq 2:

% Inhibition = [(Acontrol 520 mm — Asample 520 nm)/ Acontrel 520 nm] % 100 )

where A.pple 520 nm 15 the absorbance in the presence of the extracts and Acamel 520 om 15 the
absorbance of the control. The ICsp values were calculated by linear regression of the plots where
the x-axis represented the various concentrations (pg/mL) of the extracts and the y-axis represented
the % inhibition.

Antibacterial activity af chitesan-EDTA/poloxamer containing GM extract gel

The cultured bactenia strains of Staphylococcus aureus (S. aureus) (DMST8013) (available from the
department of medical sciences, Bangkok, Thailand), were prepared from their respective stored
cultures. For zones of inhibition, S. aureus was cultivated in tryptone soy broth (TSB) 1n a shaking
incubator at 37°C and 100 rpm for 24 h. The bactenial suspension was diluted until the bacterial
concentration reached 1 x 10% CFU/mL. 100 pL of bacterial suspension was spread onto tryptone
soy agar (ISA) plates. The TSA plates were drilled with a diameter of 0.5 cm and the gels (0.5 g)
were placed into the hole. The plates were incubated for 24 h at 37 °C and zones of inhibition
measured with a ruler (n = 3). 1 mg/ml amoxicillin solution was used as a control.

Mucoadhesive properties of chitosan-EDTA/poloxamer containing GM extract gel

The in vitro mucoadhesive strength of the gel was evaluated by the viscosity method (Kinexus
Malvern Rheometer, type KINX2100 (cylindrical probe 25 ml))[7]. 6% w/w of mucin was dissolved
in artificial saliva Na:HPO4 2 38 g, KH2PO4 0.19 g and, NaCl 8 g in distilled water 1 L pH 6.8). For
sample preparation, 3 g of mucin solution was mixed with 3 g of gel for 15 minutes. Samples of
each formulation were previously packed into the shallow cylindrical probe. Each sample was used
at 5 g of sample was at 25 °C, 37 °C and shear rate of 1, 5, 10, 15, 25 s Triplicates of each
formulation were analyzed using Eq 3 - 5.

Nadhesion= Thotal = Tm - Tzel 3)
F= TNadhesion T (4)
o=ky" )

where Naghesion = viscosity of adhesion, N = viscosity of total (formulation), 1y, = viscosity of
mucin, el = viscosity of gel, y = shear stress (Pa), ¢ = shear rate (s1). k =consistency index, n =
dimensionless number

Results and Discussion

Formulation and characterization

After extraction, the GM extract was collected and calculated to % vield. The vield was 16.37
+ 1.76 %. The content of o-mangostin in the GM extracts was 9.11 + 0.06% w/w. The in vitro
antioxidant activity (ICsp) of GM extract was 13.67 £ 4.62 pg/ml. The previous study, Natthan et.al.
2013 reported that ICso of GM extract was 14.66 pg/ml [2] These result indicated that the GM
extract showed strong antioxidant activity.
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Y30

Fig 1. Appearance of chitosan-EDTA/poloxamer containing GM extract gel

The appearance of chitosan-EDT A/poloxamer contamning GM extract gel 1s exhibited in Fig 1.
The formulation without GM extract (Gl and G2) was clear when the GM extract has loaded the
colour of gel change to yellow. The pH value, T.o . and % label amount of GM gel shows in table
2. The pH of gel was in the range of 447 — 6.87. When incorporating chitosan-EDTA i the
formmulation the pH value of formulation decreased. The pH value of formulation when loaded GM
extract slightly change These results indicated that the GM extract in gel formmulation slightly
effects on the pH value of formulation. The % label amount of gel was approximately 98.71 —
99 37%. The amount of GM extract remained in the gel formulation.

The sol-gel transition temperatures (Tsol-gal) of The chitosan-EDTA/poloxamer containing GM
extract gel was determined by visual mspection method. The effect of the appropniate addition of
GM extracts to get transition temperatures closely 37 °C are shown in Table 2. These results show
that the sol-gel transition temperature of the formulation contains 0.5% w/w GM extract decreased
may be because of GM extract bind to polyethene oxide chain in P407. This may promote
dehydration of polymer that causing adjacent molecule and intermolecular force leading to gelling at
the lower temperature [7].

Table 2. The pH values. Tsal-g=l temperature and label amount (%) of chitosan-EDTA/poloxamer
containing GM extract gel

Formulation pH Tsolgel (°C) Label amount (%)
Gl 687+006 3250+ 050 -

G2 4524008 32834029 -

G3 5254011 35.00+£0.00 9937+1.08
G4 4474001 35124013 98.71+130

The viscosity chitosan-EDTA/poloxamer containing GM extract gel are exhibited in Fig 2. At
25 °C, the viscosity of the formulation without and with chitosan-EDTA was 105 - 131 mPa/s and
625 — 627 mPa/s, respectively. The theology profile of the gel was Newtoman flow. At 37 °C, The
viscosity of gel dramatically increased due to the property of poloxamer. The viscosity of the
formmlation without and with chitosan-EDTA was 14767 — 14784 mPa/s and 9607 — 9641 mPa/s,
respectively. The rheology profile of the gel was pseudoplastic flow [8]. These results indicated that
the chitosan-EDTA/poloxamer containing GM extract gel exhibit the property of n situ gel.
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Fig 2. The viscosity at 25 °C (A) and 37 °C (B) of formulation G1 (4). G2 (A).
G3 (@) and G4 (W),

In vitre antioxidant activity and antibacterial activity

Table 3 shows the antioxidant and antibactenial activity of the chitosan-EDTA/poloxamer
containing GM extract gel. The antioxidant activity (ICse) which evaluated by DPPH method of all
gel was i the range of 13.20 — 13.57 mg/ml. The formulation of G1 and G0 did not show the
antioxidant activity. The antioxidant activity of GM extract gel depended on the concentration of
GM extract. This result indicated that the GM extract in gel formulation did not disappear duning
formulation. The zone of mhibition of gel agamst S. aureus was in the range of 8.17 — 10.52 mm.
The formulation of Gl and G2 did not show the zone of inhibition. This result illustrated that the
Chitosan-EDTA containing GM extract gel could imnhibit bacterial growth however this study may
require further expeniments in order to determine the mimimum inhibition concentration.

Table 3. The antioxidant and antibacterial activity of of chitosan-EDT A/poloxamer containing GM

extract gel
Formulation IC3s0 (mg/ml) Zone of inhibition {(mm)
G1 N/A N/A
G2 N/A N/A
G3 13571021 8.17+0.44
G4 1320+ 040 10.52+£0.43
60 +
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Fig 3. Dafference in viscosity between mucin and polymer mixtures at 25 °C (dash line) and 37 °C
(bold line) of formulation G3 (@) and G4 (W)
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Miucoadhesive Properties

From Fig 3 . the chitosan-EDT A/poloxamer containing GM extract gel formulation G4 shown
a good mucoadhesive property compared with formmulation G3. Even though increasing of shear rate
effect to viscosity becomes lower but the formulation G4 stilled higher. These resulted 1mplied that
the addition of chitosan-EDTA into in situ gel may improve the mucoadhesive property of gel. The
chitosan-EDTA formulation demonstrates excellent adhesion according to chitosan, being positively
charged, showed adhesion to mucin (which 1s negatively charged) that probably measures the more
direct molecule-to-surface interactions [9].

Conclusion

The chitosan-EDTA/poloxamer contaming GM extract gel was successfully formulated. The
gel was clear and had a yellow colour when loaded GM extract. The pH values and Tsol-gel
temperature did not change when loaded GM extract. The viscosity of gel slightly decreases when
loaded GM extract. The chitosan-EDTA/poloxamer containing GM extract gel exhibit both
antioxidant and antibactenial actrinty. The addition of chitosan-EDTA mto m situ gel may mmprove
the mucoadhesive property of gel In conclusion, the chitosan-EDTA/poloxamer containing GM
extract gel may have the potential for pharmaceutical application.
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A15N7 3 wanaan1TinANuriliavewnsueanliiilalngu Neamal 25 ssrwaldua

Shear rate

(sh

Shear viscosity (mPa s) \ade+SD

PLX

PLX:EX5

PLX:EX2.5

PLX:EX1

1.37

47766.67 + 386.82

33810.00 + 1285.57

45580.00 + 2017.03

24660.00 + 3591.53

3.74

30603.33 + 375.28

21780.00 + 1052.28

28806.67 + 1451.80

14943.33 + 2512.81

6.97

15896.67 + 196.30

11840.00 + 608.93

14806.67 + 798.58

7679.00 + 1108.03

10.19

10966.67 + 109.70

8391.00 + 464.72

10331.67 + 593.77

5365.33 + 587.90

13.41

8485.67 + 71.59

6543.33 + 384.36

8019.67 + 460.31

4230.67 + 494.95

16.63

6934.00 + 48.50

5360.33 + 313.92

6621.00 + 372.50

3528.00 + 432.65

19.86

5827.67 + 36.95

4545.00 = 255.91

5673.67 + 326.75

3022.67 + 371.26

23.08

5020.67 + 49.07

3954.67 + 224.86

4968.00 + 297.31

2635.67 + 325.46

26.3

4417.00 + 48.50

3501.67 + 208.28

4419.67 + 272.66

2347.00 + 284.56

29.53

3956.33 + 35.80

3147.00 + 201.68

3957.33 +243.64

2115.00 + 260.07

32.75

3590.67 + 23.09

2856.33 + 188.11

3576.67 + 210.09

1927.33 + 241.16

35.97

3283.33 + 13.28

2613.67 + 170.14

3270.33 + 202.00

177533 + 229.67

39.2

3018.33 + 2.89

2410.67 + 156.67

3003.33 + 184.51

1643.00 + 218.02

42.42

2794.67 + 9.81

2240.00 + 148.36

2772.33 + 159.51

1526.67 + 196.18

45.64

2614.67 + 8.08

2093.67 + 141.20

2589.67 + 148.53

1416.33 + 167.22

48.86

2449.00 + 10.39

1967.33 + 135.08

2431.33 + 138.03

1318.33 + 137.23

52.09

2303.00 + 17.32

1856.00 + 129.05

2284.67 +c131.13

1239.00 + 117.58

55.31

2177.67 +9.24

1755.67 + 124.02

2156.00 + 129.73

1168.67 + 105.50

58.53

2064.33 + 2.89

1666.67 + 118.50

2043.00 + 128.50

1113.33 + 105.52

61.76

1961.67 + 2.89

1585.00 + 113.01

1942.33 + 125.54

1072.87 + 116.65

64.98

1862.67 + 2.89

1510.67 + 108.01

1849.67 + 119.52

1036.60 + 128.96

68.2

1770.67 + 4.62

1443.67 + 105.01

1765.33 + 111.02

997.70 + 133.11

71.42

1692.00 + 5.20

1383.33 + 101.51

1688.67 + 100.52

959.97 + 131.54

74.65

1619.33 + 7.51

1328.00 + 98.06

1618.33 + 95.51

924.50 + 127.44

77.87

1540.67 + 18.48

1276.33 + 96.62

1553.33 + 91.51

890.93 + 123.30

81.09

1470.33 + 28.29

1228.00 + 94.14

1492.33 + 87.56

857.87 + 118.30

84.32

1416.67 + 27.14

1183.67 + 90.67

1436.67 + 86.12

827.60 + 114.04

87.54

1370.67 + 25.40

1143.33 + 88.19

1385.33 + 84.76

801.23 + 111.48

90.76

1327.33 + 23.09

1106.00 + 85.16

1339.67 + 82.40

T77.23 + 109.74

93.98

1285.33 + 21.36

1070.60 + 83.23

1298.33 + 80.93

754.40 + 108.26

97.21

1245.33 + 19.63

1037.70 + 81.54

1259.00 + 79.30

732.73 + 106.70
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A15N7 4 UanananTinAuvriinvewinsueanilalawiu Mol 25 asrgaided

Shear rate Shear viscosity (mPa s) \ade+SD

(sH PLX:CS PLX:CS:EX5 PLX:CS:EX2.5 PLX:CS:EX1

1.37 57.32 + 13.21 88.04 + 6.81 71.61 + 6.34 69.67 + 9.30
3.74 77.22 + 4.74 99.86 + 5.21 82.68 + 4.08 78.24 + 3.86
6.97 71.73 + 5.44 93.05 + 3.82 77.18 + 4.32 73.06 + 3.97
10.19 69.91 + 5.53 90.67 + 3.36 75.30 + 4.36 71.26 + 3.98
13.41 69.05 + 5.53 89.52 + 3.15 74.44 + 4.29 70.40 + 3.99
16.63 68.49 + 5.55 88.80 + 2.96 73.89 + 4.31 69.87 + 3.99
19.86 68.15 + 5.58 88.27 + 2.87 73.52 +4.23 69.55 + 3.98
23.08 67.88 + 5.54 87.88 + 2.82 73.24 + 4.23 69.25 + 3.99
26.3 67.66 + 5.55 87.59 + 2.76 73.02 + 4.21 69.05 + 3.99
29.53 67.48 + 5.55 87.34 + 2.71 72.85 + 4.19 68.89 + 3.99
32.75 67.34 + 555 87.13 + 2.68 7272 +4.18 68.75 + 3.99
35.97 67.22 + 5.53 86.95 + 2.65 72.61 + 4.16 68.65 + 4.00
39.2 67.11 + 5,52 86.79 + 2.62 72.50 + 4.15 68.56 + 3.99
42.42 67.01 = 5.50 86.64 + 2.61 72.40 + 4.13 68.48 + 3.99
45.64 66.93 + 5.49 86.50 + 2.57 7233 +4.11 68.40 + 4.00
48.86 66.84 + 5.46 86.36 + 2.52 72.27 + 4.11 68.33 + 3.99
52.09 66.79 + 5.45 86.22 + 2.52 7221 + 4.11 68.28 + 3.99
55.31 66.72 + 5.43 86.09 + 2.49 72.16 + 4.10 68.24 + 4.00
58.53 66.66 + 5.43 85.93 + 2.46 72.12 + 4.09 68.19 + 3.99
61.76 66.62 + 5.41 85.84 + 2.42 72.09 + 4.08 68.16 + 3.98
64.98 66.60 + 5.39 85.75 + 2.40 72.04 + 4.07 68.15 + 4.00
68.2 66.53 + 5.38 85.63 + 2.36 71.98 + 4.08 68.10 + 3.99
71.42 66.51 + 5.37 85.56 + 2.33 72.00 + 4.07 68.07 + 3.99
74.65 66.50 + 5.37 85.45 + 2.30 71.97 + 4.06 68.06 + 3.99
77.87 66.46 + 5.38 85.36 + 2.28 7194 + 4.07 68.05 +4.02
81.09 66.38 + 5.36 85.24 + 2.26 71.87 + 4.08 67.97 +4.00
84.32 66.34 + 5.34 85.12 + 2.23 71.83 + 4.08 67.93 +3.99
87.54 66.30 + 5.35 85.04 + 2.21 71.79 + 4.09 6791 +4.01
90.76 66.29 + 5.35 84.99 + 2.21 71.79 + 4.10 6791 +4.01
93.98 66.28 + 5.34 84.95 + 2.18 71.78 + 4.11 67.90 +4.02
97.21 66.29 + 5.34 84.93 + 2.16 7181 +4.11 67.90 +4.02
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A15NN 5 wanaanTinAnuniliavewnsueaanlililalagnu Neamal 37 ssrwaldva

Shear rate Shear viscosity (mPa s) \ade+SD

(sH PLX PLX:EX5 PLX:EX2.5 PLX:EX1

1.37 77026.67 + 2689.62 60923.33 + 3485.53 76803.33 + 1685.12 71573.33 + 5718.95
3.74 52376.67 + 1254.96 40360.00 + 2220.56 51146.67 + 1695.47 49160.00 + 2021.56
6.97 27200.00 £ 75.50 20920.00 + 1433.56 26493.33 + 1220.87 25446.67 + 937.57
10.19 18503.33 + 262.74 14396.67 + 1055.67 17956.67 + 1006.20 17263.33 + 657.29
13.41 14120.00 + 285.83 11012.67 + 897.44 13583.33 + 770.02 13110.00 + 555.07
16.63 11433.33 + 205.99 8942.00 + 766.51 11006.67 + 536.31 10600.00 + 431.39
19.86 9634.33 + 169.06 7548.67 + 623.50 9331.00 + 326.12 8951.00 + 340.59
23.08 8370.33 + 147.79 6562.00 + 528.34 8077.00 + 281.90 7768.00 + 293.95
26.3 7435.67 + 128.24 5806.67 + 464.79 7139.33 + 232.64 6883.33 + 264.47
29.53 6693.33 + 112.08 5213.67 + 411.07 6413.33 + 188.81 6195.00 + 237.67
32.75 6086.67 + 90.67 4735.33 + 366.62 5809.67 + 168.47 5639.33 + 218.84
35.97 5582.00 + 80.89 4339.33 + 330.25 5315.33 + 145.61 5185.33 + 201.93
39.2 5148.67 + 78.91 4005.67 £ 299.43 4902.33 + 132.00 4806.00 + 189.94
42.42 4782.33 + 60.35 3721.33 + 276.77 4548.00 + 127.18 4483.33 + 179.49
45.64 4476.33 + 49.54 3482.67 + 252.90 4247.00 £ 129.01 4206.33 + 170.57
48.86 4213.33 + 45,94 3276.67 + 232.14 3988.33 + 130.58 3962.67 + 164.09
52.09 3975.33 + 42.52 3095.00 + 218.63 3764.67 + 130.21 3747.33 + 157.84
55.31 3767.67 + 44.88 2934.33 + 208.57 3570.33 + 128.22 3555.00 + 151.81
58.53 3586.67 +49.12 2791.67 + 198.60 3397.33 + 124.36 3382.00 + 146.48
61.76 3420.67 + 50.06 2665.67 + 189.23 3242.00 + 120.33 3226.33 + 141.00
64.98 3265.67 + 51.98 2551.33 + 182.39 3101.67 + 116.54 3086.33 + 135.43
68.2 3124.67 + 52.70 2448.00 + 175.52 2974.00 + 114.25 2958.33 + 131.47
71.42 3000.00 + 54.67 235533 + 167.57 2858.00 + 109.78 2841.33 + 12591
74.65 2884.33 + 55.10 2270.33 + 163.10 2750.67 + 105.19 2733.67 + 120.79
77.87 2778.67 + 54.56 2190.67 + 160.26 2652.00 = 101.17 2634.67 = 117.20
81.09 2679.33 + 53.46 2117.33 + 155.53 2559.67 + 98.31 2542.00 + 114.07
84.32 2587.00 + 52.72 2048.67 + 150.82 2474.00 + 96.15 2455.67 + 110.65
87.54 2503.67 + 50.95 1985.00 + 147.60 2394.67 + 93.29 2375.67 + 106.69
90.76 2426.00 + 48.77 1926.00 + 144.01 2321.00 £ 91.00 2300.67 = 103.72
93.98 2352.33 + 47.60 1871.33 + 140.05 2252.67 + 87.21 2231.33 + 101.04
97.21 2283.67 + 46.07 1819.67 + 136.84 2187.33 + 85.14 2166.67 + 97.53
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A15NN 6 UanaanTinANuniinvewnsueanilalawu Mgl 37 asryaided

Shear rate

(sh

Shear viscosity (mPa s) \ad8+SD

PLX:CS

PLX:CS:EX5

PLX:CS:EX2.5

PLX:CS:EX1

1.37

608.27 + 176.80

2893.33 + 1352.15

1179.07 + 405.27

757.60 + 440.45

3.74

441.30 + 76.25

2299.67 + 1053.29

791.77 + 221.41

474.80 + 233.16

6.97

290.87 + 46.38

1385.27 + 637.58

491.80 + 105.18

298.60 + 120.29

10.19

256.87 + 35.66

1054.37 + 470.24

410.40 + 80.89

251.23 + 90.86

13.41

235.80 + 28.93

898.97 + 378.92

366.13 + 74.50

218.07 + 66.56

16.63

22517 £ 24.29

797.10 + 320.47

352.03 + 74.38

201.80 + 54.38

19.86

218.60 + 20.60

729.00 + 284.40

341.57 + 73.26

190.90 + 46.64

23.08

21277 + 17.85

679.47 + 261.01

330.60 + 69.07

181.93 + 40.36

26.3

208.53 + 15.53

641.97 + 244.08

324.10 £ 61.36

177.13 £ 37.83

29.53

203.93 + 13.89

612.97 + 232.09

31793 + 51.87

171.87 + 35.07

32.75

199.97 £ 12.92

590.50 + 224.19

312.27 + 42.43

167.20 £ 32.16

35.97

196.53 + 11.93

572.13 + 217.69

306.70 + 34.84

162.97 + 29.58

39.2

193.47 £ 10.97

556.53 + 211.56

301.30 + 29.55

159.10 + 27.32

42.42

190.93 + 10.18

542.90 + 205.46

296.03 + 26.22

155.73 + 25.31

45.64

188.67 £ 9.43

530.83 + 199.62

290.50 + 24.34

152.67 + 23.41

48.86

186.77 + 8.77

520.13 + 194.01

285.07 + 23.26

150.03 + 21.76

52.09

185.13 + 8.06

510.27 + 188.50

279.90 £ 22.70

147.90 + 20.35

55.31

183.53 + 7.37

501.07 + 182.98

275.10 + 22.26

146.00 + 19.21

58.53

182.03 £ 6.72

492.47 + 177.59

270.37 + 21.51

144.43 + 18.21

61.76

180.60 + 6.24

484.27 + 172.28

265.53 + 19.98

143.10 £ 17.46

64.98

179.17 £ 5.66

476.37 + 167.01

261.37 + 18.83

142.00 + 16.91

68.2

177.70 + 5.17

468.03 + 161.04

257.60 + 18.37

140.90 + 16.31

71.42

176.33 + 4.86

460.23 + 155.74

254.17 + 18.14

139.93 £ 15.92

74.65

175.07 £ 4.45

453.03 + 151.41

251.00 + 17.85

139.20 + 15.57

77.87

173.67 + 4.12

445.90 + 146.90

248.07 + 17.62

138.40 + 15.12

81.09

172.40 + 3.83

438.27 + 141.74

245.13 + 17.40

137.50 + 14.68

84.32

171.13 + 3.58

430.90 + 136.86

242.40 + 17.18

136.63 + 14.19

87.54

169.97 + 3.45

424.33 + 132.88

239.90 + 17.02

135.87 + 13.69

90.76

168.83 £ 3.31

41797 + 12891

237.43 + 16.83

135.10 = 13.30

93.98

167.73 + 3.22

411.70 + 125.11

23517 + 16.64

134.50 + 12.86

97.21

166.73 £ 3.17

405.87 + 121.83

233.00 + 16.45

13393 + 12.52
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AN 7 hAnaA1 AUC N1ANU81IRAY 320 nm kag %content U898115U81498

1 T
A s

. Wunlangm (AUC)
AIVYIA 7 7 7 — %content
ASIN 1 ASIN 2 AN 3 ALRaYLSD

PLX: EX1 133.9 135.8 139.6 136.43+2.90 124.54+1.76
PLX : EX 2.5 410.0 403.7 425.6 413.10+£11.27 | 116.57 + 2.72
PLX:EX5 803.7 776.7 781.5 787.30+14.40 | 103.54 + 1.74
PLX: CS:EX 1 119.6 114.2 118.4 118.40+3.75 114.09 + 2.28
PLX: CS:EX 2.5 258.0 292.6 288.8 279.80+18.97 84.71 £ 4.60
PLX: CS:EX5 559.4 581.4 560.7 567.17+12.34 77.31 £ 1.50

1599 8 wanINANISAUBULABaTEYRwnTuRaT e inuTTRar liuTIYansaingIN

Lﬂﬁaﬂﬁ\‘iﬂﬂ P35 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical assay

FSULILAA ICso (mg/ml)

ASadt 1 asadt 2 a%ait 3 AaAY+SD
PLX N/A N/A N/A N/A
PLX:EX5 13.8 13.4 13.5 13.57 £ 0.21
PLX:EX2.5 30 28 30 29.33+1.15
PLX:EX1 58 56 62 58.67+3.05
PLX:CS N/A N/A N/A N/A
PLX:CS:EX5 13.6 13.2 12.8 13.20 = 0.40
PLX:CS:EX2.5 38 39 38 38.33+0.58
PLX:CS:EX1 81 85 81 82.33+2.31
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A1519% 9 Usunaunisuanuaneans alpha-mangostin U9615U 18% poloxamer 407 AUENS

anim 5 mg/g
JEEEaN Usundans alpha - %Cumulative %
(hr) mangostin(AUC) Cumulative
afai 1 | a2 | etz | edeitt | p%iii2 | %z | w@wssD
1 10.40 10.00 9.90 0.29 0.29 0.29 0.29 + 0.00
2 26.38 21.73 23.83 0.37 0.37 0.36 0.37 + 0.00
4 35.70 30.10 29.20 0.41 0.39 0.39 0.39 + 0.01
8 61.00 36.70 44.10 0.50 0.41 0.44 0.45 + 0.05
12 111.50 83.90 86.20 0.69 0.58 0.60 0.62 + 0.06

A91971 10 USunaunsuanuaesans alpha-mangostin vees3u 18% poloxamer 407, 2%

chitosan (CS) wag @13ann 5 mg/g

SY8LLIan Usunaans alpha - %Cumulative %
(hr) mangostin(AUC) Cumulative
afai 1 | afaii2 | itz | edeitt | e%aii2 | %z | wdessD
1 58.60 63.40 50.60 0.47 0.48 0.44 0.46 + 0.02
2 72.00 50.00 59.60 0.55 0.47 0.50 0.50 + 0.04
4 75.00 62.40 67.00 0.56 0.51 0.53 0.53 = 0.03
8 93.80 85.00 95.60 0.63 0.59 0.63 0.62 + 0.02
12 131.40 | 11260 | 130.70 0.77 0.70 0.77 0.75 + 0.04

59




1517 11 Feearn150g59Aved human gingival fibroblast wad Tussuiaa PLX f1Asdudu

a9 Wunan 24 4alus

% cell viability
PLX (mg/ml)
n=1 n=2 n=3 n=4 n=>5 mean SD
0 106.561 | 103.688 | 103.209 | 97.4617 | 89.0805 100 6.93949
100 124.042 | 113.506 | 121.887 | 123.084 | 113.985 | 119.3008 | 5.13145
200 115.182 | 121.648 | 123.803 | 121.169 | 113.027 | 118.9655 | 4.61053
300 106.082 | 113.266 | 110.872 | 113.266 | 106.322 | 109.9617 | 3.56953
400 101.293 | 100.575 | 99.1379 | 100.335 | 101.533 | 100.5747 | 0.94277
500 96.5038 | 96.0249 | 91.954 | 91.2356 | 88.3621 | 92.81609 | 3.42692
A5l 12 JeUarN130g50AY8Y human gingival fibroblast wad Tussuiaa PLX @ EX 1 fiau
dadusinan W@unan 24 F3lug
PLX : EX 1 % cell viability
(mg/ml) n=1 n=2 n=3 n=4 n=>5 mean SD
0 97.2763 | 98.5733 | 91.7639 | 107.328 | 105.058 100 6.25651
100 125.811 | 124.514 | 127.108 | 117.704 | 118.029 | 122.633 | 4.44831
200 121.271 | 127.756 | 121.271 | 122.244 | 119.974 | 122.503 | 3.04523
300 132.62 | 123.865 | 129.053 | 115.11 | 129.053 | 125.94 | 6.81165
400 121.92 | 125811 | 119.001 | 114.786 | 137.808 | 123.865 | 8.77586
500 45.3956 | 35.668 | 39.559 | 47.0169 | 39.8833 | 41.5045 | 4.63695
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1517 13 Soearn150859AUed human gingival fibroblast wad lussuLaa PLX : EX 5 iAy

Wudusne Wunan 24 Falug

PLX : EX 5 % cell viability
(mg/ml) n=1 n=2 n=3 n=4 n=>5 mean SD

0 106.154 | 93.4066 | 102.198 | 99.5604 | 98.6813 100 4.69322
100 122.418 | 119.78 | 116.484 | 114.286 | 117.582 | 118.11 | 3.11825
200 115.165 | 120.22 | 118.242 | 120.22 | 121.758 | 119.121 | 2.53939
300 135.604 | 132.747 | 128.571 | 128.132 | 126.593 | 130.33 | 3.72655
400 27.4725 | 26.5934 | 27.4725 | 27.2527 | 26.3736 | 27.033 | 0.51543
500 30.989 | 30.1099 | 27.4725 | 27.4725 | 26.1538 | 28.4396 | 2.02389

M15N7 14 Toazn159858AU83 human gingival fibroblast wwaa lus3ulaa PLX : CS Ay

Wudusngs Wuan 24 Falus

PLX : CS % cell viability
(mg/ml) n=1 n=2 n=3 n=4 n=5 mean SD
0 100.089 | 103.648 | 99.8665 | 92.5267 | 103.87 100 4.58692

100 125.445 | 133.007 | 124.778 | 127.669 | 121.441 | 126.468 | 4.28296
200 132.117 | 140.792 | 131.673 | 133.452 | 129.671 | 133.541 | 4.27428
300 128.559 | 135.676 | 129.004 | 131.005 | 136.566 | 132.162 | 3.743
400 136.121 | 158.363 | 139.235 | 135.231 | 137.011 | 141.192 | 9.71341
500 28.2473 | 32.9181 | 28.6922 | 30.2491 | 30.694 | 30.1601 | 1.85157
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AN59T 15 JauarN130g50AY8Y human gingival fibroblast wwad Tusnsuiaa PLX : CS: EX 1 i

Anuuduae Wuan 24 Falus

PLX:CS:EX1 % cell viability
(mg/ml) n=1 n=2 n=3 n=4 n=5 mean SD

0 101.268 | 105.826 | 99.6829 | 98.2957 | 94.9267 100 | 4.00935
100 133.175 | 134.76 | 132977 | 132.58 | 129.608 | 132.62 | 1.87693
200 140.507 | 142.885 | 136.346 | 139.715 | 135.949 | 139.08 | 2.92403
300 151.209 | 153.983 | 144.075 | 147.444 | 142.687 | 147.88 | 4.7426
400 25.763 | 28.3393 | 27.5466 | 27.9429 | 27.1502 | 27.3484 | 0.99088
500 26.5557 | 30.1229 | 29.132 | 29.7265 | 27.5466 | 28.6167 | 1.51317

3197t 16 JouarN130g50AY8Y human gingival fibroblast wwad Tussuiaa PLX : CS: EX 5 i

ANUdNTue Wunan 24 2l

PLX:CS:EX5 % cell viability
(mg/ml) n=1 n=2 n=3 n=4 n=5 mean SD

0 100.063 | 99.4371 | 90.0563 | 106.004 | 104.44 100 6.22413
100 118.199 | 99.1245 | 119.137 | 122.577 | 103.502 | 112.508 | 10.4634
200 130.707 | 148.218 | 158.224 | 128.205 | 117.261 | 136.523 | 16.4449
300 39.7123 | 41.5885 | 40.6504 | 41.2758 | 38.4615 | 40.3377 | 1.27017
400 45,3408 | 42.8393 | 44.7154 | 45.0281 | 43.7774 | 44.3402 | 1.02285
500 41.5885 | 40.9631 | 42.8393 | 41.2758 | 41.5885 | 41.651 | 0.71306
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