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ABSTRACT

This research aimed to study the fabrication of deprotienized natural rubber (DPNR) latex
using various types of plasticizer for drug patch application. This latex was deproteinized its protein
by saponification process. The focus plasticizers were silicon oil, dibutyl phthalate, ethylene glycol,
propylene glycol, polyethylene glycol, and glycerin. Besides, the effect of electrical potential on
physical property, cytotoxicity and drug permeation was investigated by using modified franz
diffusion cell at pH 7.4, 37°C for 72 hours with 0 - 9 electrical potential. Sulindac was selected as
model anionic drug.

The successful of DPNR preparation was confirmed by the amount of nitrogen at
0.01431% wt. Silicone oil was selected as a suitable plasticizer model for transdermal drug delivery
drug patch application because its physical property was more suitable and there was no toxicity on
human cell. Without applying external electric field, the amount of Sulindac drug permeation
rapidly increased and remained constant after 20 hours. Under the application of external electric
field, the amount and rate of drug permeation were greater than non-electric field system. When the
external electric field was applied, the repulsive force between clectrode and anioic drug and pore
formation in DPNR were generated. When increasing electrical potential, drug permeation and pore
formation also increased resulting in greater amount of permeation drug.

Consequently, the amount and rate of drug permeation could be controlled by adjusting

the electrical potential for drug delivery system used in nontoxic patch application.

Keywords: anionic drug, sulindac, iontophoresis drug delivery, patch
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M99 2.2 eregnaurunlzerurIvieluszuaee [35-38]

Year Model drug Matrix Indication Method of Ref.
TDDS
1996 Estradiol TDEs Postmenopausal Passive diffusion William et al.
(1996)
1998 Testosterone TTD Hypogonadism  Passive diffusion Douglas et al.
(1998)
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M99 2.2 dregranruulseriurImialuszuUae (99) [39-46]

Year  Model drug Matrix Indication Method of Ref.
TDDS
1999 Estradiol TDEs Ore venting Passive diffusion S.R Weiss et al.
postmenopausal (1999)
bone loss
2006 Oxybutynin TDO Overactive Passive diffusion G. Willy Davila
Bladder et al. (2006)
2007 Clonidine Poly(2-hydroxy- Antihypertensive Passive diffusion Xiaoping Zhan et
3- al. (2007)
phenoxypropyla
crylate
2009 Salicylic acid Polyacrylamide - Iontophoresis Niamlang et al.
(2009)
2009 Sulfosalicylic Polyacrylic acid - Iontophoresis P. Chansai et al.
acid (2009)
2010 Scopolamine TDS Motion sickness Passive diffusion Christian et al.
(2010)
2011 Lidocaine, Dodecyl 2-(N,N- - Tontophoresis Longsheng et al.
nicotine dimethylamino) (2011)
propionate
2012 Nicotine Deproteinized =~ Smoking Passive diffusion Jirapornchai et
natural rubber  cessation al. (2012)
latex
2013 Aloe-Vera Polyacrylamide - Iontophoresis S. Niamlang et
Extraction al. (2011)
2014 Buprenorphine - - Sonophoresis Richard et al.
and Clonidine (2014)
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517 2.10 1nTe99ANTRANAUIA (UV-Visible spectrophotometer)
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(D2) lamp Hl¥aauuaaluzIe UV ia Tungsten (W) lamp Falvinaunaeluyig visible
nanmamauiletasnnaurasfutiauaiannsznui Mirror 1 dwersvzriu 11ds slit waz lilan

a . . & ¢ o & v A A
N3ENUN Diffraction grating #4g1nsalriatiazgnoonuuyIiaIusanyune@ana1ue17
4 J o 2 o 2 - 4 ,
AAUUEINIRNIZINZDINAI9INUY Monochromatic light (LadeliaNueInaU@e) agn1u 11
H H 9 H
&4 Slit 18 Filter 1Y 1M1 NN50L@INTUAIUONIAUUSETINZANNTLND Mirror 2 NOUNIL
9y ] I ' . = & o 9 ] @
deounazuieeniludosaiulae Half mirror laeasanilavesduasazasouvzriv i

: a o a o ?1/;
Reference cuvette #4n133tA312% 1ag 1% UV-Visible spectrophotometer AUT0AATIZH LAN
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) A A = A 9! .
1/”\1@11”’!ﬂ!ﬂ’lWlLagﬂiu'lmIﬂﬁlﬂ’ﬂllﬂTjﬂﬂusllﬂﬂllﬁqwgﬂf}ﬂﬂauﬁ]gﬁwll'ﬁﬂ{lﬂf{luﬂ15 Identify

a y y o a J
shavesas luvaznUSuamsganaundanz 1 lunmsuontSuavesansihmninsz 53]

Toroidal Grating D2 larp (UV)

Minor |
W larap (Vis)

Reference Detector

Chrrette
Dulirror Reference

oot e P

Lens 2

’ Iirror 2 Sample Detectar
Chrvette 1
Sample ﬂ ] 1

Wlirror 3 AL [Lest 7

ﬂﬁ 2.11 aauilse ﬂauma“lumim UV-Visible spectrophotometer [54]

2.8 Fourier transform infrared spectrophotometer (FT-IR spectrophotometer)
< a & Aq o a A d a A Jd @ =
Wumaiianianlslumssuunilszmnvesasdounid aseiunsduaziuszinilu
A J { 1 @ ] { ]
TuanasiudeamnsonzvennaliuimesdlsznouniiegluTuanavesmsnaudlegiahn T
a o @ A o Aaa o 1 ~ A = g @
n31urta lagiin1sasiaianisganausaaaurusavesdieganaNuanee suiluanyue

RWIZAVOUAALNUTE [55]

'
A o

armtsnouas nannIsIaI 13 ee FT-IR Spectroscopy Haulsznouiidinyne

(% a J

d’ aAa A =) ' = v A A ' v A
LiJi’]'iQﬁﬂﬂﬂi?!iﬂﬂhﬁﬂ?ﬂﬂ’ﬂﬂﬂﬂ?ﬂLlﬁﬁ\iﬂﬁuiﬁﬁﬂuWﬁuﬁﬂNTL!LGUTUIJJﬂﬂﬂulﬂﬂﬁiﬂiiﬂlﬁﬂﬁ

=

o [ ' ! A ] . o = = ' @ I "o
"ILLfNi]“"E]ﬂLL'iNL”]Ju 2 d@aua Uiy Beam splitter mummwuwzmu“lﬂmmzﬁmﬂmmgﬂu

D.

< L A o v ! . a
i naznszanfinaeui 14 insiiiiodwaeaztounduuni Beam splitter 92iAn3
LL‘VISﬂﬁ'ﬂﬂllfﬂ‘ﬂlﬁ%1]ﬁuﬁ%@ﬂ?iu‘ﬂ5ﬂﬁﬂﬂllﬂﬂﬁ/ﬂg1\1mﬂ\ilL@iaSﬂUTNﬂ??ﬂﬁulﬁﬂllﬁﬂﬂhuﬁ”ﬁ

iod lldsmiadyanaieulannanudndeununusaunuvesnszan Tasnoasimsgu

v

v < A A Ay v Y Y A a
AT uﬂJTﬂ!LLaz‘ﬂ'ﬂNﬁ'ﬂli’)\‘lﬂ§$fl]ﬂ‘VIma@uﬂqﬂﬂggﬂﬂﬂﬂﬂﬂiﬁﬂﬂl"mgﬂ@i’]\‘ll!ﬁgﬂ\‘l‘ﬂ 1380

(3 Yy a v o o

‘EUUEy)”lmﬂN’t)ﬂi]”lﬂ@??ﬂﬁﬂlum”lmﬁﬁﬂﬁnﬂﬁaElﬂ He-Ne laser 21 “Internal reference laser” [56]
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3 U# 2.12 17504 Fourier Transform Infrared spectrophotometer [57]

MCT detector

Mirror-F
@
kN

Detector
XYZ stage

a p= " 5’: ety ,{Elmnonn

Mirror-T-R 7z
switch-r| 7~

'
Switch /'—I:“]’ et i Microscope-R
RIS | @ pya = =

Microscope

Mirror

Bruker Vertex 80
IR spectrometer

KBr window

DAC ; Half
'

‘ Condenser mirror Switch
= = - L
Mirror = S1EEY = e
a 1 TE IRIS 1

Sample Objective ‘%.
XYZ stage lens > Optical relay box
Visible scurce

2

30 2.13 @milsznounigluiaiod FT-IR spectrophotometer [58]

2.9 gngauuan (Sulindac)
a I @ ] [
gr9gaunan (Sulindac) tusrdrunisemavdszianlilysaifosood NSAIDs
1 9 H
(Nonsteroidal anti-inflammatory drug) "lﬁ’gﬂﬁn%'mwwclu% “Arylalkanoic acid” Tuassusni
Uszinadanguuazansyoninilag woin (Merck) d1%5UF0DUNFU AAUDIA (Clinoril) Tag
UTHN M & H Manufacturing tag 15uauan (Cenlidac) 1081135 Central poly trading gauuanil
g3 Insead1amunil o (12)-5-fluoro-2-methyl-1-[4-(methylsulfinyl)benzylidene]-1H-indene-3-
. . [ A dy ' < Yo Y 1 =2 Y
yl acetic acid uaaenazUh 2.14 o1t luawnsnesngns lanuiidesiumsgadudiszuy
= a ' £ 2 n v @ ~ a

Tvadeulafianou msoongnivesenilamisnog lauiu 16.4 51 Tualuszunlvaieulatia

oA o o L & '
ﬂ@uﬂﬂggﬂﬂ1ﬂﬂﬂﬂﬂﬂiiﬂu\‘]IﬂﬁlW1u‘lﬂNﬁﬂﬁTJ$Lm$Q%ﬁ$
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Y 9 1
yinalnAveseiifio 150-200 Jadniy Juazaoniclinis lsnudienilsesanmsui
Taomn1zod1989 (9lun 1ag auity) NSAIDs asnane1mssniay 1d 1as COX (Neutralizing
X ' a o 4 o o <
cyclooxygenase) HI0 FINTIUMTAS WMTFUATIHAIAIUMIBNIEAY Wenmilonniidaligns

4
a a 3 o '
msmumsniaay Tnveailosen, msduuzss, uazumalud1d1na) [59](60]

d' Y = a
3UN 2.4 gaslassairiamuniivesyanuan

2.10 NUNIUITIUNTIN (Literature review)
Y
2.10.1 mM35manalUsauluine1ss55uma (Deproteinization natural rubber)
a 4
Klinklai et al. (2003) ARBINSIATENL19DNOAF lAhiviad (Liquid epoxidized
Y
natural rubber; ENR) 9108195550918 laganaS 1 115Au Depolymerization 1UH18195550%1A
9 9 [@aaa a o 9 o
A28mM 3 193 A3 e100nTATY 910 (NH,),S,0, TuTnniuea (Propanal) 11 18v1n13naans
an a a o % a 4 =~ %’ a
UfnIeenendag (Epoxidation) Tuthensssumadameani/sum Tisauluihessssuma
PR [ A 4 =)
aeenlasinges 11581 (Proteolytic enzyme) NEUAUEITAALTIAIAT (Surfactant) LV 19 11/5AU
Y I A g dy U é’ 9 1 < = 1
nenrsunvaIunuiiesaldievu Tagldszoznarlumsiy 12 $21u9 wamsanyInu N
P s \\o P \ ) ¥
Wualulasnuanaunae 0.02 nlesmud lasimin vazi3ualalasasusuaiundluiie
Q' da! % ] aan =S a L | -] Y ) é g}; ] daj ]
PUNVAURAINFIUY TR NeATIATY taN 1T zaznau UMty $INiaed1971UDg
o 4 ana § o w a
AfSuansanlesezdan (Peracetic acid) N1 lunszuumsmaalisauluessssumna [61]
= o =) = %’ a
Kawahara et al. (2004) fawIn15nvalsuialdsauluieasssuna
.. . Y ax Y = ' @ 9 =< a A
(Deprotemlzatlon) AIYITNITVNRNIYYLTY (Urea) i’nJﬂiJmisl“]fﬁﬁamLNGNW’J (Surfactant) I(NOQA
Sld' a zg v A o 4 = ~ [} %} a
PINMIURNAAVUAVAIMIINYYE (Latex-allergy) 910 T sAuN0gIW18195550918 Tuns
=1 1 I~ ] Yy [ Y 9J <
NAaoINNINIUAN MANUYUNIA-A1e 1T pH 1A 7, wazldszeziar 1 92 Tue Tums
1 Y A A o Y o w = 3 = Aa A A
vnlded luanrgimmnzay memlinismiallsanluhenilszansnmuniga nams

J A . 1 a J < J <
VmamW‘U’J”anu”lmlluimﬁm (Nitrogen) Tue19555umIAanaeIn 0.38 iwesisuaiilu 0.02
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4
°

s 3o o g " A Yo ) . @ 1
osiFua Iaginiin HONIINUITUIUVDIFITNOHUUWIIAAAIUDYNTIT 0.7 ‘llliﬂﬂillﬁ’i]

o=

a aa & I a d'9l A =~ o A o w =
uaaang GINHJuﬂilﬂm‘lﬂuﬂﬂlﬂﬂmmﬂ%ﬂﬁmEJ‘lJﬂiJEJN‘V]W'I‘Llﬂ'iZTJ’Juﬂ'liﬂﬁ]ﬂIﬂiﬁull‘Ull

91 [62]
= [ o a 4
Pukkate et al. (2008) An¥1Na lnavesnsduATIZy IanedwesuuunI1m

1
[ ¥ ad

5119 & IS UA V8195 T TUNANAIUATEUINATA9A TUTAUUAY (Deproteinized natural
1 BO} -7 a o % 1

rubber; DPNR) maodaaiulasiiminveaneas 1oy 12.8 uag 32.8 %w/w A8 161 #0814 90
=) [ o a 14 1 a A A 4 4

Y%w/w 1ABIATINNTTUATIZH IANDAINDSHLUUNI1NTZ119 M3 n-0a7a lalasileseen laq/

a I o A

ATATUONTAUNUNINY (Tert-butyl hydroperoxide / Tetraethylenepentamine) WuaasuNs

a aan .. [ d‘ ay Y o w = 9y ] =

a3 01 (Initiator) HAI9INNGNFTINA IARIUNTZUIUMIMTA TUsAUAIeMILUIINgS Y

(Urea) aznswodd lasuaielgnserTo Ty Tude (Ozonolysis reaction) Tagldlnulans i

Y
(Chromatography) Tums#iarsamitiin Tuanaveswedd lasunuunswl nazdunalnseadig

A a tg @ a 4 U = % a A a o A 9 [
‘1/'ILﬂﬂ"l]1!ﬂ‘]_lIﬂW?Jﬁl,iJ0553W’J'Ixiﬁhlﬁiuﬂﬂil'lﬂﬁiilﬁﬂﬁLWE]’Jlﬂi1$1’i’dilﬂ¢l‘1/n\1ﬂﬁiﬂﬂiﬂi\iﬁiNﬂ\i

31t 2.15 Tawaguenasssunalusfudfidnsnsn@renedalodu 12.8 % wiw Tmueqda

geagaiafoutugaioun [63]

ﬂﬁ 2.15 7N TEM U943 1 DPNR-graft-PS-12.8 %w/w, ¥ DPNR-graft-PS-32.8 %w/w noui
Mastication ﬂ?ﬂlﬂ%ﬂﬂ Internal mixer Uag A DPNR-graft-PS-12.8 %w/w, 3 DPNR-

[

graft-PS-32.8 %w/w ¥a4910 Mastication & NMa3vens 200 U1 Tumas.
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Che-Man et al. (2008) Any1n1saaulanszuiumsnsalsuallsanly
H a A . @ o a 4
HIYNTITUY (Deproteinization natural rubber; DPNR) ﬁ?ﬂﬂizﬂ?l‘lmimLﬂiizﬁTﬂW’Oamﬂﬁ

a

(Graft copolymerization) nuunsiszrealasuy (Styrene) ALLNNALNNIATLAA

v A

(Methyl methacrylate; MMA) Taas i luenssssumna Taonsgiihenssssumadionisniessidy

u

FFuouTufiounlosoonlad ladamla (Ammonium peroxy disulfate; (NH,)28,0,) Hudaia

A v 9

Aaan 1 o W 90’ a a 4 4
U301 (nitiator) drumstisa Tsauluhensssumanagndududien1singgnalonio

9 14

FTIR spectrophotometer HA491NANHINANITNABDINUNANNITUIHVOINo U VoI e AT 1
a a A [ = ; A a ~ 9 9 = a 4
uazAammasaaiswivesldsaumnmanisnsglSeniesuda saulddans sz
wAa A Y 3 1 A Y . !
auiaFana uaaliriu szeznainlslun1inagl (Cure time) tagszozIaINoUNIAIFL
. . A A dﬂg d‘ = o 4 a 4 ds!
(Scorching time) VBIYNTITUVIANVUVUNDNTIUIUNDOUOINDS Innoamesns1Wunvu [64]
. = ard J ¥ a = o
Simchareon et al. (2012) APEIWANNANTTHINUIG19FTTNHIA T15AU
(DPNR), lansonda TnsWawiiaiwg laa (Hydroxyl propylmethyl cellulose; HPMC), laiinfiann
Nan (Dibutyl phthalate; DBP), taya1soue laun nialeasn (Oleic acid), Jo Ta Tnsiiaunadi-
1919 (Isopropyl palmitate; IPP), Tnswau'lnanea (Propylene glycol; PG) sazToaneoos (Olive
. o A = A wa A a d d'dg! Y
oil), HazMoINY (Terpene) TasfneIauamImenmuazauiaFinavosiaunyuglld wa
= Y I ~\o a Y o Y ~ A A 19
nnmsanynaasliruInheesssvnassaanu laanuasaiinnsianladh 1
o a @ < A aAX
st Idhmsanszianuuis wosldunugil1da1e Ultimate tensile strength; UTS,
nadouauianudangy (Elongation at break), 118% ANIHHEUUUAIINALN Peel strength
. = A 1 dyél L] a Y 9 2 1 J 9
and tack adhesive FegruiiAalIUogNUTHALazANNdUTUYIMTINTIsHaaza G 111
g5 TNMAAI [65]
= = 1 a . .
Suksaeree et al. (2012) AnyimsiasguurunlzenluTaauy (Nicotine
1 a o ..
transdermal patch; NTPs) AuMIHaNe19535UNA T15AUA (Deproteinized natural rubber
latex; DNRL) N1 ”lamam?aiwsﬁamﬁawgiaﬁ (Hydroxyl propylmethyl cellulose; HPMC) Lo
Aa A I 4 1 ) [ o J
lafinfianiman (Dibutyl phthalate; DBP) 1 uigaiaonn1u (Membrane) d1v5unsiiiasen lu-

Tadu (NCT)
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s
=]
=

>®

=

)
1

60 - o -

40 1 —>— Nicollnell TTS-20

= & = NPMC(ISYDBP(10) added adhesive

— &= HPMC(1SYDRP(10) added adhesive+backing layerl
20 4 seesgesss HPMC(1SYDBP(10) added adhesive+backing layer2
—a— HPMC(15)DBP(10) added adhesive+backing layerd
s D HPMC(ISYDBP(10) added adhesivetbacking layerd
—=— HPMC(15YDRP(10) added adhesive+backing layers

Nicotine release (%)

0 4 8 16 20 24

12
Time (h.)

suf 2.16 0 15 NCT Aignilanildesesninainuey NTPs 91 Blacking layer %HAf19)
(v uag A) SEM micrographs ¥4 NTPs ¥ nounistantaos NCT tag n vaims
1amaoe NCT.
msaasziantiamsdinu ldvewdazarunaugnasivaeyTasmain
U ' { o H a °
FT-IR, XRD, DSC, itag SEM luainisenevveariulzeniiuianineg1asssvana lasaud
~d A o Y A @ 4 I Y Ao o dy
wilvunyiminnaetfeatunssime (Blacking layer) ¥9481 NCT (Husuniisnsianuyule
%l . vAag Y a v :a
U3 (Moisture  vapor transdermal rate; MVTR) HaslaualieoFIUFIUAININ (Oxygen
.. =2 v a A (=) ] [ .
transmission; OT) 1nMsAnEINUNUAULdzen TuTaau 1idTin1s1siry Backing Layer 92
1 1 [ a ) 1Y < 1 [ 1 H '
aawaliimsiandasgeruiimislionssalumstanildessiniusuualzernting 1dusu
. o 4
Backing Layerﬂﬂuﬂﬂugﬂ“ﬂ 2.16 [66]
1 a a 4
Pichayakorn et al. (2012) WUINA Haleanosea (Polyvinyl alcohol,;
I a P o a ) o < [ 1 a o
PvA) Hunedwesnldnaunylulafy (Nicotine) d1v5uldiluenluszuunsSamruRmg
Yot A Y o =2 ~ a ) @ 9 < [ 1 a v K
1aanga Tagldminmsanuimaesenlulaaudimsuldiue lunisineriuAimia Ay

Ysmnaningnilanilassesnuduaaslugili 2.17
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100 1

o

=)

.
£y

__________

-3
=]

0.
RS

rs
=)

= Nicotine|l TTS.20
-=4-= NCT/DNRL
= b = NCT/DNRL/SCMC(10)
=+ =X~ -~ NCT/DNRL/SCMC(10YDBP
—-0—+ NCT/DNRL/SCMC(10)GLY

5 = Nicotinell TT$.20

- - #-= NCTDNRL
045 —=+=+ NCTDNRLMC(0)
=+=X=+ = NCT/IDNRLMC(I0YDBP

Nicotine release (%) E

Nicotine release (%)

b
=4

— 0=+ NCTVDNRLMC(I0}GLY

o
=

] 4 8 12 16 20 24 0 4 8 12 16 20 24
Time (h) Time (h)

100

o
=3

@
=)

=
=1

o
o —— Nicatinell TTS.20

Nicotine release (%) EI

!
i - - #-=- NCT/DNRL
| — —+— - NCT/DNRLPVA(10)
F ==X« NCT/DNRLPYA(I0YDBP

r
=

= &=+ NC/DNRLPVA(10)GLY

=%

0 4 8 12 16 20 24
Time (h)

st 2.17 nlisueuifSua NCT Ngnianidesainuruiilzen n DNRL/SCMC , %

Y

DNRL/MC, tiag ¥ DNRL/PVA #i lipanuaznaudiunaiadn lyses a1

v 3 Aa ° L. Y
Taegld1e195555518 1158161 (Deproteinized natural rubber; DPNR) J131)
1 a % a 1 9 1 d‘ =
uundzen luTndunaunurag Tagytian1es laun SCMC, MC, uag PVA tioufFouieon
o <3 1 dyw ~ ] {9 @
ons1a2lumstanasse uenaniisulsuieuurunlzowauaag laanvuglla waun
a 14 a 1 A a = oy
waraan lssos 2 ¥iia laun latifaniniaa (Dibutyl phthalate; DBP) uaz nalsessy
4 o <3 1 [ ~ a g
(Glycerin; GLY) tiienf3ouieusasnigimsdantlassenveanrunlzenildnarann laoiang
a [ [ ~ (= a a 4 = 1 a a 4
sHanutazuruulzan luimsaunaradn lewes annsdnyimunmsmunaraan lassos
o 1 A o 1 vy 3 1 A a
ad lli lusuulzen BsasimsiantlassenldEivu tazupualzer DPNR Anaunaradn la
S a =y =) A v < 1 a 1 1 ~Aq Y a A
wosriandweisu Hoasuiinmslastace lulaaugenuruulzenild latrfanimuan
I a s A [ Y a o 901 e . 2 A o 9
Auwaraan laes iosnnmlinaauianisseuiin (Hydrophibicity) Ye4eaadudualoaa
4 1 1 ] ] 1 a o
AMansmMIunIvean1eld Higuchi’s model MMIFUHIUYDS NCT naLHuulzenmiuiImiia

4 2
IWNUY [67]
v v oo . .
2.10.2 Sz‘lJ‘]JmiﬂQg‘]Jﬂ’JfJﬂ”liﬂWNﬁgl (UV-Radiation curing system)

Phinyocheep and Duangthong (2000) AnB1115A931e1955501AA 05T

E4 a 1Y) { { o a
(UV-radiation) 9411819555491 (Natural rubber latex; NRL) TagiSunlasuuaanyiliing
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1 g a Y o G axy . .
awaed vesluanaluiessssumna (NRL) Tagldviimseson NRL 91075015 Oxidative
. [ = Y I aa a 4 a L
degradation) NRL vzgniiunlasuaionsa iiludiond lade19555u31@ (Epoxidized natural
= it = a aan = = J . .
rubber latex; ENRL) 91nWamsfinyiudasne manalgnseniiaaniudwen lea (Epoxide ring

i
a =2

. . = a 2 Jy 3 t4 o = A
opening reaction) U893 ENRL ﬂqmﬁﬂu?Nﬁlf\‘llﬂﬂsllu1ﬂlﬁﬁﬂﬁuﬂvﬁmﬂ1ﬂiu 2 G]f'JIiN“]Nll'Jﬂ'J']lilﬂ

U U

Fl
QA A

' [ Y
Wennulfnseiinnaluannzgungis manamagon loslume Ty Tuanasunaiuedis
<3 A v A A v o - dyo} Y o
s uilonmesedginieldn1siauuesds Photo initiator ONINTT IAINITATIVEODYA
I < ' a A o
maaimsnigluesdaralamed (Elastomer) WUAMUAUTIUVYDIAITIEUNTUANA IR
d A Ao o o v W < Aa a a Aan
WumaindiaydmiveaGtazlszansnmveamsinalgnsenaglens [68]
. =2 d‘ Y [} a a
Deker and Viet (2001) finy1n151%0 loelaseaiua1vievesneaozns la lu
3 aa <3 a a
las-vaen-weatim ladu-vaen-neaszailalulas (Polyacrylonitrile-block-polybutadiene-
block-polyacrylonitrile; ABA) @28n13018538g73 Taglalgsedoudsusamiains-aladl
U =) a =) . .
(Infrared spectroscopy) Tuminagl wuaimsnasgerezaslalulasionladu (Acrylonitrile-
a 4 1 a 4 [ 1 a [
butadiene rubbers) AANTIAFON ToUUVAINIBVOINOANDT VLWL 17TTa (Vinyl) wazuudiu
a Y 49! dy d' Y v A AaA A =\
1M (Butane) 1ad1831 wonvIntl ABS Nnsgideszuumsmesidgilauianisnuaisal
9 A da! ~ o A 1 3w ]

naganuiouvzuu luvas Nauianusangungigiod [69]

Choi et al. (2006) Anp1n15 14 lWihatauazn1saeg1le19 Butadiene rubber;

BR a1059ag7 Taeld i lunisiildifanisdenToesznineme Te Tuanaessuaz aie T

J A A Ly

Aaa 4 I a 2N =\ o '
Tll!ﬁﬂa W@ﬁﬂﬁﬂ'lhlﬂ?]u Lﬁ'ﬂ\ﬁnﬂfﬂ\i BR LﬂuW@aLMﬂiﬂNﬁNU@ﬂﬁWﬂﬂ’N y T, a0
a g

a9 ! wa X o Y 9y =] o &
UHYUNBDINN “?\1ﬁuﬂﬁlﬁa’lﬁ@’m%ggﬂﬂWQWUﬂuﬁﬂ’lﬂﬂ\?qﬁjﬂﬂﬁﬂﬂ’lﬁﬂaﬂlﬂu muumimg‘ﬂ

)

Y [

s AR A d' Yy 9 d' 1 ~ ,3 o Y
A8z VUNIRITITEIIgMRe NN UND IFaT19msien Tegveae Ta Iuanangevu il
J I o [ 3 1 =2 A o [ 9 A é’
WosIFUANOQAT, ANNUTITIADNITNUNIIAY, HAaznN138aad & Javiagnilsuilgaldmnauy
&8 [70]
) ] v A A o A <
Chou and Huang (2008) AUNUIININIe3T829701) U1 jaauiiannuuds,
o =< ~ = A 2 = A o
1A WRAEITIA Y0819t ToW U (Neoprene rubber) tWnAU 521 11J89n5tads & gaa,
< 1 A 3 [
AUUATIAONITNULSTIAL, 1A Elongation at bleak MU TagAnyIINNOQAd T dY
(Storage modulus) 11z WOQAAGYITY (Loss modulus) NOULAZHAINT 1A VUTUROUNVY
[ 4 Y] 1 [
Wa @l (Dynamic shear), 998NAIVAN AD T8I0 WINNMITNIWTITYT INT1ZTZOLIAI1UD
msmesedgidawaliinamsnlasunladlnseadeTuanavess [71]

Do et al. (2008) §uAT1ZHNOADLATIAN (Polyacrylates) 31AN1TAIFUAE

4 < . . .
b Q%g% e lHilunn (Pressure sensitive adhesives; PSAs) wazly Hydrogenated rosin epoxy
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I A o Y ~ a [ o a a ~
methacrylate (HREM) Wuarsni veruniedndanu lagndy HREM Ny weaezasian
@ 4 9y o a4 A A o Y 1 1 ..
ﬁ\?m513‘Wﬁ]1ﬂﬂ15ﬂﬂ§ﬂﬂ38ﬂ1§ﬂ1ﬂiﬂﬁg? L‘W’E]‘Vl'll,ﬂuilﬁﬁ] PSAs WUI1 A1 (Glass transition

) ' A o ) = a o o a Y
temperature; Tg) Y94 HREM Nﬂ']@]”lﬂ'l']ﬁWﬁVWl']GlWfﬂﬂlﬂu&?ﬁﬂﬂum?llﬂ ARINNITAUATICHAIY

. . < ] 4 1A 1
(Fourier transfer infrared; FTIR) uaadl@isiuaaanunuiusuuveam ey TogasTen 52119

=l

[ a a = a A = d‘ 1 9 v A A
HREM nU weaszadaallszansninar fJiJLJJfJWW‘L&ﬂﬁﬂ\iqﬁ]ﬂﬂﬂﬂﬂﬁﬂTt’Jiﬂﬁgﬂ [72]

2.10.3 52UUEIIRIUAIYNY (Transdermal drug delivery system; TDDS)

a

Guyot and Fawaz (2000) AnianuiinuvesInsniuealelasnasia
(Propranolol hydrochloride) nuenidusnazato Ia luszun TDDS Tagasauaine ginsa
(Ucecryl), wo@ lo Tarfa0au (Polyisobutylene; PIB), az arganie laun laasond Insiawmiia

ivag lae (Hydroxy propyl methyl cellulose; HPMC) wani laAnywaiinaninvatedade wu

Y A o 9

a 4 < a g < g’/ Y 1
AgWoAmNDs, ANNUTITIVRUNNSN, 1Hee1, ANuuILsIvesFuN AT unHuane
. Y o Y { A 9 o o { 9
(Adhesive layer), ttaz ANy lavesmsagaregniud 1 dwmsuarshamnsoazane’la
o 1 Aa ] g’; { o 9 {2
alunsnaans i lldnvinstaniasseranunin HPMC Tae lamasusunyiminnglu
=® v A o 1 a d' = A 9y g’/ A a A ;A ]
ameamznuAIviie mitdaatlasssannunsni lulimsndeudesugdasaliUSuugani
d' = [ a d' = 9 g’/ Aa A 1 [
wenSeuieunuwminigniadeudlssugdnianu 12 lulawas mslanilasseansaagil
T

{ g’/ % 1 a a a J 1
i 2.18 W’Jﬂlﬁlﬂh],g]}ﬁﬁ"l?ﬂﬁﬁlﬂ@l1’i1ﬂ1i‘ﬂ’dﬂﬂa@EJEH‘1/]@]1/]ﬁﬂﬂ1ﬂL3J1/]§ﬂ§G]5ﬂimm$fﬂﬁﬁ1ﬁﬁiﬂWiLLW‘i

Q

a a a Y a Aa . .
NNMINYNYHa laemIoF11ea8 TuAaved8nF (Square-rood model, Higuchi) [73]

[:HQGEE o
A —e—HPOSB-UT2 |
R < | —e—HPOEULD ‘
i—-—HPO‘SS»USD ;
[ HP1,98
[——HP1g8UI2
.m | —=—HP1.98-U40
—a—HP1.98-U80
e+ HP1.98-U12(P)
=+ HP1.98-U40(P)

o o
O

o

Propranolol release (%)
w & O @ =
=3 S

0 4 8 12 16 20 24
Time (hours)

gﬂﬁ 2.18 1esidudmsianilasee 1 Hydroxyl propyl methy! cellulose devices (HPMC) i

QIIAABDAIY Uceeryl NANUNUIAIE .
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Naim et al. (2004) #AnwIwavese1Uszauan laun ersnuuuIvII
. A I 1 1 = s
(Metformin) N1nsa HCl Wuaivilszneu aszuiumsilanilass Inunaideunas lsauazerain
a = =2 & Aq ¥ d Y Y 2 A 1 A
IININANTIAUUY (Carrageenan) Fuduarshlfiludrad nsunanaonszmizems aglned
= Yo = 3 A a a )
Hlszquanldsumansgnunnmsgadutiaz MadeuanInueuunI nA1TIUY Wan 14
1 9 9 a d' 1 ] ) A da! :ﬂl =\ = g
WUNANWANT UV HC1 903 nsssuait i lsmsdunumvauiieinisgasuveiirlu
a I & [ 4 g’; a [ .
wnsniunal 2 $ e uamsdenanmveadumnin liaanansznUMNANNANTY HCL 39
9 [ Aa I 1 dy o Y 1 A A wa = A
Tumslgensnuuirnung Hel Wudivilsznevuil i lduruwnintianiamsganiznanag
A~ ' P-4 ¥ o
el HCl weruog 5 1nlodiduavoaiinin [74]
. Y o o 1
Thein-Han and Stevens (2004) lasiin1swaniunuulzenla Taau
(Chitosan) a8 3 1eiaeniiulalaswalaTawu (Chitosan hydrogel) Waa1nnsIvaLaald
<= 1 Aa A a A a
wudansdantaeeserniiszoznariuiuga ile lalaswalaTaguidSuialnauge 95
S I 4 I [ v
osidun (Degree of deacetylation; DD) Tagag 11iludnsinsniuquueudedensiiulalagu
X o 1 a 4 1
Fanalnaveamarhasenaiuisossuie lddlrealresasmans n1sunILVY non-Fickian Wi 1d
o == Y o 1 1 A o 4 ] 91& A 1 ~
mmsAnymansznuneldnisihdseiiudimisuysd Taoudunlzersg Ihge@onniun
g’a 1 J I = J I 4 1 1 A 43! A~ A
USua DD daua 70 lodiFudana 95 eodidud wuinmsianasserazmuayuiienn1smy
J I 4 a v @ A A 1 =
nloiFudved DD s zinamssuaInuvsudaaenmiulalasuuaz lalaswala Tasull
ANt ldaun [75]
), 4 < a 4
Mohamadnia et al.  (2007) lasonuuuiialalasmaneausanilsa
a rd H ] 1 =S
(Polysaccharide hydrogel beads) @28WBAINDI NN IATIAFINUVUMVITIIUH ,A1TIVUUY
< i
(Carrageenan) 11a¢ 1%1Rgu0191UA (Sodium alginate; Caralgi IPN) i la Tasnafdu ldreman
a o a 3
W51 15 U0 HIAA (Betamethasone acetate) 1A81INITANY IHAVOIgUUNLAz AN 1IZA U
1 { 1 1 (] 1 1 < 1 ]
nsaa1e pH  veosenildadlaenandrelsnenisdandaessainiialelasioa wudi il
Ao W ] 1 & I dy Y o
nansznuidinnylagaenislandasserduiluraniain IPN uenandwain laiinis
~ A 1 < @ . 2+
L‘]EEJ‘]JL1/I81JWﬂﬁﬂiiumiﬂaﬂﬂaaﬂmmﬂ e IPN DU Non-IPN alginate-Ca™ ttai¢ Carrageenan-
K hydrogels mMud 9y f1A1 pH 1.2 1az 7.4 Mnwamsandzlnmsniuqumsidaenanng
3 o o { ¥ 1 1 o a oy
Ayl 1dd msuenainsaazareir ldesruru sraannuaulaia (Diltiazam) A832U1
Natural-based IPN hydrogel. [76]
Ramanathan and Block (2001) laasdvaeunisldiea’lalaany (Chitosan
I a ) @ U J aa @
gels) Wlummsindmsumsdemeeiatenszua i walalasuszgninsoudlsez Faarsiu

(Acetylation) Vo4 lalawu uae laasa (Hydrated) TaeAnyimsiasuutlasuiavesna, ms
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~ [ ~ dy a ?xll ~ 9 1 gl.l ) [ A d
asundasa pH ANuFvesruma, taz na1nlslumsdaatlassnivuadimsvaisniu
aatan1a Wi lalas Ias Indu (Neutral; hydrocortisone), fmiﬁﬁﬂizﬂﬁm (Anionic; Benzoic
acid), ey 9130015290 (Cationic; Lidocaine hydrochloride) W1 Tuianagun1sndua e
o oA , o . A X 4 A " o
Aummsdasdasennainieg easimsdandassenzimuiuemuszeznainsdandasens

naaalugiin 2.19 [77]
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E —— A
60 - —0— B
i —4— C
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Cumulative gel mass loss (%)

0 —T TEadiee et T
05 06 07 08 09 10 11 1.2 13

Current (mA)

[

51 2.19 Bunwnngniaatdesoeniniinszud lilihaen

Juntanon et al. (2008) AnyIMesen lalasmasussonldonnnsaganoms

aladn (Sulfosalicylic acid) lat1d1uned lafiaeanaaed (Poly vinyl alcohol; PVA)
1 4 1] 4 1 Q =Y Q( Ll

BATIFIUMTFONVINAE) INDMIAFUTEANTNITUNT (Diffusion coefficient) tHazna lnanis

9 1
Yaatlaeevesen nuwnlgnszua Ivlihwas hildnszualiihawaasgili 2.20
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1400

1200 1

Degree of swelling (%)

A9

10319 2.20 wuNeaNuRUILENYeIMFon Tesveddis g Tuananin
' 1 v Aa X A~
dawasensilaniasseranas tazvmiavesgnguitavunulalasiva PVA szanauiiolinig
miugasdiumaron losvesmelgluana  uaaedezli 221 uaz 223 mwddy M
Q/ QQO' 1 v v d‘ 1 1 U
duilszansmsunsazuilswndunudasimsiron Teavesans s Tuana uaazuilsiumuviia
2 < 2 T ad = {
voagngy, Usumnszualidy, uwaz anuiluvivewrnudianinse navewlsumen

' A X A b § L7 35 A
ﬂaﬂﬂaaﬂaaﬂmuazmumgwgumwuumammmu"lﬂﬂuwmumuﬁmﬂlugﬂﬂ 2.22 19 2.24

(78]
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ﬂﬁ 2.21 aﬂymmwﬁmmummmﬂ SEM WﬁﬂﬂWﬂﬂﬂﬁﬂUﬂTiU’JﬂJﬁ’Jﬂ@ﬂi']ﬂ'lﬁL‘b”é]iJell?lN
ﬁ'N‘]GllfN Poly(vinyl alcohol) f PVA 0, ¥ PVA 0.5, @ PVA 2.5, 1ag 3 PVA 5.0 ‘VI

Maavee 350 1911

‘IJﬁ 2.22 ANHUY “I/INﬁillﬁTTl!’J“Vlfﬂﬁﬂﬂ SEM Ha491nN3UINAIUD Poly(vinyl alcohol) (PVA 0)

meldausaau e aov, v 1.0v,asv fimdaues 1500 i

o]
B g PVA 25 % % ;i;
E 25 & PVA_S0 %%% %
y i
g mmB @ ! % % @
E" 2 % A % % 3 %
= Bl ®@®¢{D§ < % %

Tim:qzhr) 40 50 60

ﬂﬁ 2.23 S Sulfosalicylic acid ﬂﬂﬂﬂﬁﬂﬂﬁ@ﬂ@@ﬂumm Sulfosalicylic acid-loaded

poly(vinyl alcohol) hydrogel ADITOZLIA ‘i/l’e)@]i”lﬂﬁl“lf’e)iﬂl?”l%]”lﬂo] ,E=0V,pH 5.5,

a

Noaval 37 °C

L] U
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E=10V
E=30V %

E=50V @ i @ @
i
% il

4o P>0O0

= 53ds
15 %
53

Drug Accumulation (mg)

Timel”2 (hrl?2)

gﬂﬁ 2.24 USumen Sulfosalicylic acid release 910 Sulfosalicylic acid-loaded poly(vinyl alcohol)
hydrogel @0 a1 fAugedu ey sasrdrumaronvnaily 0 , pH 55,

QNN 37 °C.

Keppeler et al. (2009) 1#38un15n9glatemsiFonyesznieaele
< ~ 4 1
Turanaveudinn15 1911y (Carrageenan) e 19 TumsanyszuuaIugumslanilaoss waves
Y v Aq Yo qYa . A A < a sy Y
ANuNTUYRIE s N 1 1nan13nagil (Crosslinker) ag dnFwaveIvIAANOANOTN 1A
[ I'd 1 1 ] 1 o A

NNTLVIUMIFUATIEHIUY Bulk aanandralsaemsilaniasse wanmlanisiiasan
na lnavesmsiyeuvieuesdis e Tuanaszna190Wnae 15 18as1e (Epichlorohydrin) tag Woa
LEABI3A (Polysaccharide) NOATIAIUANNHUIMUUYDINTIFOVUITEHINA 10T Tuiana
[ o o a ~ ¥ Aa < = < 1
A199 1A ANEIANHALNNAUTIUINONNUAIVEUTANTIRIUY #an1TAnEILEA ITANN

% ! d’ ! 1 d' o Y A 1
ANV AUVDITATITIUMTTONVINTEHINA 0 5 Tuanani 1dUTuamsdanidesen
A A < ~ A 9 1 4 1 Aa
i Ae WamRuUURTVINAdurIugUna1s 76 TuTaswas 1onInil KAYBINGANTIUNIS

% d’ = % lﬂ' 1 1 d' 1
VINANUBLNITANAIVBITATINTFONYINIZHINa e Ta TwanaveluTaswangnuylu
2 . 4 2 [~ o H V-

A15a2a1891a1 (Saline) vy uaadlmiudneninnslsaunaves lulasma elluszuuy
msvaailaseen [79]

Shivarat et al. (2010) ¥1MITHAUILALIINTANVIHAVDIFHANNT AINOIN
I ] [ a o 1 I a .
Wunduussgeldluszuumsinymeiimislasenn i uemdgiul (Ketotifen fumarate)
[ [ 1 1 a 4 ara e a
AUANHIBATIFIUAII ) VOINBANBSHaN JalasWan (Hydrophilic)  uazlalasinin

a = 4 [ 1
(Hydrophobic) alemaiamsszimevesaisazate lagladaserianuinnuldserieeuas
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a Jd Y a = = J <
woawoinvdunsusaailaInsa Inll (Infrared spectroscopy) #a1nMIANHILAAI IR IF LAY
Y o 9 1 a 4 Y o Y dy Y A ] A o
Wnulaseninaneawesuazendinu'laa venviniwinun lawseuunuudeenieii 1y
U = j’ = Li’ A A =
nadounsdanidaose, N1IgaduaNuFL, MIgyaenNNFY, tasauiaFina Taen1sanyn
1 P a o’y
mistaaaoees TaoldginsaifgnilszAngau (Modified franz diffusion cells) WanN13ANY
4 J a a 1 o
AWITOATIVAOVVINNAVAMAATNMTUNTUDIFNT (Higuchi kinetics) WU AN UYO

J

a Aaa 1 ' 9 dy A o < ' é’ =R o
Lm%WﬂaLN@iﬂﬂNWﬁﬂﬂﬂ?iﬂaﬂﬂﬁ@ﬂfﬂl‘lﬂiﬂﬂﬂlu mmmﬂumiﬂaﬂﬂaaﬂqwu AINAUN
9.

Y 1 '
urunlzoniilse@nsnmanniudisuTsagiiud, Tsaneuiiy, uaz Tsnouq [80]
o a J o a a
Leong et al. (2011) MINIEIUUALAATIZHANYULIRWIZVOIBIDULAY
. A J = a =
(Insulin) AgnU35T9TuMISTVONF-Wiatan n-A1519uuueYNIA 14 1A (Caboxy-methylated K-
. . & Y I A Y 9 a A A
carrageenan microparticles) 53113 uualguniuanaiuven uay Usziiulsz@nsnimms
o 1 G a a <3 ) Y ya A
s luraoananos nunmswseueduyduualyuaioauysol la lagns 193583 ou0all

2 a a "y g 4 Y a o 0 Y
szyauuaziimannlszansnmmsveduiluundauie Iiinaanumuz aunumsi o 14

=

<1 9y o 3 9 o o o @
u Tagoniiiminaaszauihaalu@ealagldnarlunisiny 12-24 53 Tua dwmsuluny
< Y3 ' v a I A
Wulsannu wamsanwdaslinunmsiaatdaesereymaszanlula mannuiluiy
' o = ' s =t a ~ o Y3
AonyNAaoId Wagln mivend-wiamn w-msvuuueynia luladunsodsulgeldndu
szuumsihdsaugaunigesthnldlash i ldiReensuie [81]
Pavli et al. (2011) 1a%1n13932980UMTNANUTLNIUANTLHIEGITNY
o A : 9 3
T5AANAUIADAGY (Doxazosin mesylate; DM) agnldiluduunuenilszyuanuazldais
=1 I A A ] Aa g a o Y g = a ) 1 o
UY (Carrageenan) I UBOIRONHIUBIAN INTA WANI3ITauaAI ITIHUDINIINANUTLTINAY
v < 1 ) ' a
yo4'lovousd1auiase uenantdunanislanlaosyos DM 910wnInAI5IUY (Solid
. 1 (% { 9 a 1
carrageenan matrix; CARRS) wagnumMsuanaazmsasundaclassgs e uunini
a g 4 1 a v 1 a v = 1 ) %
navunaImslandosvnwnin uazdanunnmanaiusemuniszriglalas inny
\ @ ' ° Y a 2 '
Tu1anaved DM (Self-association) Az CARRs Nduhldinamsmunisiaailassves DM

4 X
INUUU [82]
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70

| —=—1-CARR
—a—-CARR
60 - —e—-CARR

9
b tablet disintegration
B 40}
w
@ L
o
© 30
o
= L
e
0 20k

10 F

= :
0 1 : L 1 1
0 5 10 15 20 25

time (h)

d‘ d‘ 1 a2 a 1 d‘ a °
3‘]]7] 2.25 151181 DM ﬂgﬂﬂﬁﬂﬂﬁ@ﬂ@@ﬂu1%1ﬂm%§ﬂ CARR TUANNE NQUU 37 °C,

pH 7.0

o a a 4
Sittiwong et al. (2012) mmsesen lalaswaned hilaueansaed (PVA
Y a o 1 4 1 4 I [
hydrogels) A28 T UUATAT (Solution casting) NOATIAIUMTIFONVIA D 1F T UHY
' a ~ . o a J . .
mm«jnm‘iﬂa@ﬂaaﬂﬂimmuheﬂ (Benzoic acid) g savihtiarlud (Sulphanilamide) 310
1 1 1 u Q % %4
PvA Tagldasrnasudnvazimmzusinidanilaossd sy seaumIuINad, umuﬂimaqa
[ v 9 F
FEUINMIHFOUVIN, HAY mummmgw;uﬁmﬂﬁuuuﬁumeum PVA viasinmstantlasensa
9 9 '

9 1] 1] v
Maeeriadedu nudnllelioasidaumsiFonynsvesluana PVA fanasazinldimagnyu

1rAa dﬂg U a Q( 1 =) 1
vualnanaiu LLﬁZﬁMﬂiSﬁ‘ﬂ‘ﬁleﬂxifﬂiLL‘WSGU’ENEﬂllﬁ&’ﬂiiﬂﬂ!ﬂﬁﬂﬁﬂﬂﬁ@ﬂﬂ”lﬂ?ﬂhlﬁjﬂilﬁ]ﬁ

g

)

PVA 92NNIUAY [83]
Suksaeree et al. (2015) 1938NUAULAILEIINNITHANTEHIN Crude Z
cassumunar  oil, 1A 1A% (Chitosan), Az lansendalnsiamiaiwglad (Hydroxyl
o a = a . o [ ) Y I 1
propylmethyl cellulose; HPMC) funaradn lyaesnatosu (Glycerine) g U1t wueu
.. a L4 ' wa < &
mlzen (Medicine) Tagnsizrnszuaumsaluaumstanilassemeauiianmsgasunuay,
[ 9
OATITIUMITVINAD, MIAANTOU, LA JWTUANATUUY HPMC menasainmisaniaosay
= a o Y g}/ dg@/ ] =< g’; dy
Ysuavesnaraan lmaesnlFlusunsumsvugiurunilzer Fanamualignasivdounay
a 4 1 4 (% % ] A 2 =Y
AATIZHHAAIY FT-IR, XRD, 1ag DSC WUIoas1msuiudvesusuuzeniuaiu USuag

v ] Y
Wiy uaz Ysmaengnilaaildesesninanurunlzevgmuay [84]
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2.10.4 g1gauuan (Sulindac)
Jing Zuo et al. (2014) AnpIMsNlseaniamdmsuszuuideeniu
a @ 1 q 1 J <
Avitisvesonlungu bilyaifesoas (Nonsteroidal Anti-Inflammatory Drugs; NSAIDs) (Huenlu
' [ a 4 @ ¥ v o d
NQUIALINUAVIALLAA (Sulindac) WOAIUEINIBUANVDINA WD TasfNEIANTUWLS
ara 4 o 1 ] a Y] . 1
nmadandinlivesms Idnszua Idnhdsewimmimis #3lduner ToyTusvlu (buprofen) 1ay
g " W a £ 1 ] 901
a1 TAMEY (Indomethacin)  UBNIINNIIATIADVAITNTEANTMTUNT VB IUU WAL
Y { 1 1 Q'
iy ignianaeseenuioinurunilzenlalasiaa (Carbomer-based  hydrogels) Azt
Usgansammaihdeeriuiimiclagldnszua ldihnuAmiisveany devggnldaslyliu
1 4
wiunlzen leTasnamosnyiemssnmuvesndiuiiony 1IHAMSANEIMUIINSFURIUVD
4
owuAaniia Iaeldnszuda liihnszduainmeuen awisasnyemsonauvesnduiiela
1 = a A =< 1 g’/ v o 9 g}./ o Y d‘
a1 sz AN Tage1a 10BN IUFUNIIAING Y, YUNUWIA (Stratum  corneum) 1310
nEeufeunuszumirdsed lulimsnszduaszualifininaiouen Jeagdiimsdiulss
[ o 1 1 a @ I 1 y
szvpdahaseruiamilaeldnszua Ildhinszduanmeveniuszuumsilaaldesenidl
Uszansamuaziinnuilaoansga [85]
Cheng Yiyun et al. (2007) finsszuumaiiaseriuimislaelgelungu
] ' = 4 y [
lilyainesesa (Nonsteroidal Anti-Inflammatory Drugs; NSAIDs) NOAIUDINITBUANVD
Y dy a I a . - 2 dy a
ndwiilonnwodaie lua Iatily (Polyamidoamine; PAMAM) Tunmisanyitaziszitiunnuaiy
v A o ¥ A g a o ] A A
solunisanilassvessrain PAMAM v ng luusunlze oy
Ysz@nTmmdmsumsiideen NSAIDs iuiniie Tasernldae A lalyswlu (Ketoprofen)
naz laWgiida (Diflunisal)  Tumsdnyinmsianilaeseriuiimisvesry wudins g
I A < o Yy U 2 @ < A o @
PAMAM #lumsnglnimsazaunisiaaassenniniunainin 24 47 Tu4 emeuny
ady 19 ¥ 3 A o o W = ' < 4
a3t luld PAMAM ihuwnsndlunisussgerdmsumsaneimsaeduanuivilie e
' Y
asrvdovaNududuvesnludeanuiier alaTas-lu iuau 2.73 1 wazer lavlgiida
A 2 A Y <3| A Y g 1 A
NAY 2.48 11 10019 PAMAM Wlumm3ng 1unsussgen naaalimiugn PAMAM a1unsaiiy
H Y
Usz@nsamdmsomaihasenlungu NSAIDs il ldlidnenmigeuann [86]
a a . I
Sandeep et al. (2013) ?iﬂmwammawuﬂcyaumﬂ (Sulindac) gt uenuy
oA g 1A J o Ja o A g 3 Y o o J
ngui lilmafesosa (NO-NSAIDs) lTumsinyusaanmismiunzise Tagldhnmsdunses
dyzg 9 [ [ AAa o Y [T}
oty ldmaaesnuvy vaaninmeas iAoy nyazgnneaIes @ UVB SKH-1
1 a o & J g 3 { a
VINHANITANBINUI 1A ULAATNAMTTUIUYAAIHDIBNTINIU (p < 0.05 - 0.005) MAAIIN

] - . < {a o o
UVB 118908191807 U0N11n1 NO-Sulindac @11130aaunauzaaimiav, feanunsgnsiu
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(Mesenchymal) [87]
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as oA
IENINUHUITU

3.1 msmaadsunaddsaulinenssssuana

=
3.1.1 @131AY
= = o A A Y ~ a 4 o w a
fﬂﬁla$L’E]meﬂEJ’Jﬂ‘]JﬁWimiJ‘i/]Glclfcl,UﬂﬁmiEJ&JLLﬁ%’JLﬂ§1$‘Hﬂ1iﬂ1%ﬂﬂiu1m

Y '
Tdsauluhenasssuna aaanaluaisieai 3.1

! Aa o 9 { { Y % a
M58 3.1 uaad UIEN vazwinnvesa sl g lumsaatsuna Tdsauluieesssuna

=).

= a v %
a13tay UIHN Hin

81955 7UASTIA Double  Thai Eastern Rubber Co.,ltd. ﬁwnﬁmﬁ“u%ugﬂmiuuﬂzm
centrifuged (DCNR)
Tanen Tamagagama Ajax Finechem Pty.,ltd. f150ALTIANH (Surfactant)
(Sodium dodecyl sulfate; SDS)

Tandenlansenlod (NaOH)  Ajax Finechem Pty.,ltd. Asacansud

7’ o A a o
3.1.2 gUnsainlglumsduiivauise
= = o QY ~ a L4 o w =
swazpeangINVglnsainlylumsessunazinsznismialiui

= 9OI =) Q H
Tsauluihenasssuna aataadluansian 3.2

4 a o 4 s o w 2 ¥ a
Ms1eh 3.2 uaasusEnuazminivesglnsain g lumsdaadsumTdsaulmhessssuana

A A a v v a
1150930 V3TN HIN
A a P o Aa o s
IATPIAATIZHEIAAITUOU The GMI Advantage - ANTILHH AT VDU
laTasau uaz luTasau Gearhart McKee Inc. laTasu uazluTasau
(CHN Analyzer) (Nicolet NEXUS 670)
] [~ a [ I~ a
MInaaaumANUIuny Metrology Technical asvaoUMA N UNY

Co.,Ltd



http://th4.ilovetranslation.com/mYFs_vBS8Cl=d/
http://www.gearhartmckeeinc.com/advantage.html
http://www.gearhartmckeeinc.com/advantage.html

3.1.3 FamsmsatSinaTusaulurhenisssuma (DPNR)
iieannTasansiseiildiheo1asssumAsiia Double centrifuged natural
rubber (DCNR) 91013170 THAI EASTERN RUBBER CO., LTD s asisatSunaTsauly
Hre1aneun1silU1FiasouurdudanddesenazuriudidnInsaudsjuda038ns
gzoun AU (Sponification) [88] Taons1hesssumaRauiuasaausdIALaz
asazareansas@Iuamdudy 2.0 nfuaiens 100 Taddas taz 1.5 n3u/e19 100

o w 1

A aa g’/ = = g =) d’d g
Hadaas muday  nndulSuaTdsduluiihesndsualuTasnundeguies
Aal o o w = Y a 1 I a
F55uBIANOUILazHaINsMIalsuna lUsauaianaiia CHN azasnaeumMaNuluiyves
sol ad o w D A A Y ax ..
WesssunanmunszuIumsmIadsuialudsauin MTEC a193F5 MTT Cytotoxicity assay

Tagl4adwiia mouse fibroblast cells (ATCC CCLI1, NCTC 929, of Starain)

any J I a e ad o w = Y
3.1.4 AmMsnadoumnNulunEUe1e19ss sunanumMImIa lsauuan
1 I a 4 = [ ] a
mﬁ‘mﬁaummmgﬂuwymﬂgfuamﬂTuTaﬂiawzuasmmmwm
9 a AN 9 Jd a
(MTEC) aamaun MTT Cytotoxicity assay TaglHaadawsiia Mouse fibroblast cells, 1929,
T v 9 H
(ATCC CCLI1, NCTC 929, of Starain) Falivuaoulumsnagevuasll e aredaiiumadou
) ' - X 9 Y = < A o %
ADINIUMITNUFOAINITHIAWANUIOU 121 odfuyarsed 1Huszeziial 15 Wi usad
a A J o d A aa
LYIUADY YUA L929 mmmﬁuymummﬂu MEM 91171 1x105 15aa/Haaans veoaadlu
Y

% I A o o J

HEUHQUNTAIOENTIUIY 96 QN NANILYUNYY 37+1 DI UFATOA, ANUFUTUNNT 955
A 3 A 9 ga v o s Y ¥
nedigua 1fuszezingl 242 42119 e 11INAN1339UAINUVDIEAA Monolayers HAINUY
] 1} 1 1 lel
vrgmit lnaaeunumseanalasl 3 szau laun wiunlSeuiounalar liFuaunadon

] J @ @ ' @
LLNuVIﬂﬁ@Uﬂ’JUﬂ‘MLGb’ﬁmlﬂﬂﬁﬂiﬂﬂﬁﬁﬁﬂﬂ Thermanox (Nunc) coverslip (891316 IUNTANA

v
IS

a a aa 1 J o
wunaelsuag 6 AT NFUAMNAT/NAAANT) LAY LLWUV]ﬂﬁ@‘]Jﬂ'J‘UﬂNlcﬁaallﬂﬂﬂjﬂiﬂﬂﬁTEﬁﬂﬂ
a d . J 3 J o (% 1
WangTmund 0.1 1o ud d90Ld Diethyldithiocarbamate (ZDEC): RM-A Z (8013189UN13

o j’ d‘ 1 a a an
ananuNaelsuasues 3 AT VUK UAUUAT/UAADNT)
U ] { U 1 % g { 1 =)
I@]ﬂﬁ?@fﬂ\?ﬂ']ﬁ‘ﬂﬂﬁﬂﬂ‘17{]@&5]31ﬁ'¢]1‘lﬂ1'§ﬁﬂﬂ‘wu‘ﬁﬁ@ﬂﬁlﬂ@§ 3@19719
a Aa Aaa o g}/ ! a <3|
S UALNAT/UAADNT ﬁ]ggﬂUTNTi% (WQWNﬂﬂzﬂﬂﬁﬂﬂﬁﬁﬂYJ%ﬁQmﬁ{]N 37+1 ?)Qﬁ"llclfal‘%ﬂﬁ 1Wu
o (=) a A I [
seozian 24+2 911 Tag lutimsulasunilaslan) Wersadinaaeugniiuiluszeziiai 24+2
& o s . . . :
1119 udrveinmsdeudiradaies MTT (3- (4,5-dimethylthiosol-2-yI)-2,5-diphenyltetrazolium
3’, 1 =) o v g}/ o U d‘ o
bromide) 9INUUIZYNUNADDN 2 32113 naanntuih 1) laars MTT uag DMSO el

a4 v A = A
‘V]ﬂﬂ'fJ1Jfﬂiﬂﬂﬂﬁuﬂﬁullﬁﬂﬂ’)ﬁl!ﬂﬁ’ﬂ\i’éﬂuquiﬂﬁLWﬁUVIﬂ’J'IiJEJTJﬂﬁH 570 W Tumag
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3.2 HUHU3IPYAUUAADINGIFITNYIA

32.1 @151

= = [ A g Y G a 4
51ﬂazmamﬂmﬂumimw1%11mmmsm AUATICH LAZNATDUNIT

Vanilasseganuandaaniliunisan 3.3

a A o 9 A Adg 9o
M1919N 3.3 UFAIUIHN LAY Wuwﬂsll@\‘]fﬁilﬂum(l%'ﬁW

g =)

niuIsuHUlerauLan

a5l U3HN wihi
1heesssumATiia Double Thai Eastern Rubber HHUDTI0
centrifuged (DCNR) Co.,ltd (Matrix)
laswnaveaInsmunie (3-wos Sigma-Aldrich Co.,ltd asienTe

1anInIns InTerun) (TMPTMP)
2-fia-4-(wia InTe)-2-wes Tna Tu
Tws InTeW Tuu (MMMP)
gauuAn (Sulindac)

TwunaSeunae'lsa
Twunageusaaususiuan
Tsaeuroama laman
Twuneandeon laaeunas lsa
%4 I (Silicone oil viscosity100; Si)

A
ronnaulnanea (EG)

Tniadu'lnansa (PG)

Tadanannuan

(Dibuthylphthalate; DBP)

Sigma-Aldrich Co.,Itd

Sigma-Aldrich Co.,Itd

Ajax Finechem Pty..Itd.

Ajax Finechem Pty.,ltd.

Ajax Finechem Pty..ltd.

Ajax Finechem Pty.,Itd.

Sigma-Aldrich Co.,Itd
POCH
Sigma-Aldrich Co.,Itd
Sigma-Aldrich Co.,Itd

Sigma-Aldrich Co.,Itd

(Crosslinking agent)

193 UMTUANAIAILLE

(Photoinitiator)

vy X
fJ']‘]Jﬁ'in']’t’)']ﬂTﬁﬂ'Jﬂﬂﬁ'liJluﬂ

wisnasazaetivivies

pH 7.4

wsonasazaetivines

pH 7.4

wionasazaetivines

pH 7.4

wsonasazaetivines

pH 7.4
a 4
waradn lyaos
a J
waradn lyos
a J
waradn lyos
a J
waradn lyos

a J
waradn lyos
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9 o G 1

d' a o 9 A A 9 a 1
MINN 3.3 UFAANUITEN LY wummmmimu‘n“lﬂsmmmmﬂmmuuﬂzmcgauuﬂﬂ (919)

=S a U 2 d'
a1ty UIHN HHUIN

nedaueninaau lnanoa Sigma-Aldrich Co.,ltd waraan larod
(Polyethyleneglycol; PEG)

NGRS RERE (Glycerol; GLY) Sigma-Aldrich Co.,ltd wanadan lares

s o A a o
3.2.2 gUnsainldlumsduiinauise
= d‘ [ a’d' 9 = a 4
gazPeangINUglnIanlylumswiey AATIH uaznaaeums
Yaalassgauuanauaadlunisiean 3.5

3 G 1 a

d' a A o 9 ~ P Y o
MINN 3.4 UTAAITUA VIEN uazwummm’qﬂﬂﬁmﬂcﬁmmmmﬂmmuLgﬂzﬂwcyau!,mﬂ

n30aile U3tn wihil
19394048 1U878 800 191 USB Digital Microscope , 1A51zHanbaiznadagiu
22006 MeN
m’?}mi’ﬂmi@ﬂﬂﬁuum Tecan, The Infinite 200 INTEHTInaen
PRONanoQuant
guUnsalAnEIMIINI e Custom built NATDUMIUNTHIUVDIY
RELRPRVERG (o Custom built %ugﬂ%??mmmq Matrix A
mInaaeumaNuuiy Metrology Technical asvaeumaNu iy
Co.,Ltd
FTIR spectrophotometer Thermo Nicolet, Nexus MINATDUANYUL
670 Taseadramanil

3.2.3 ATMIWTENAHLIZ YA UIANINEINTITNINA
Y 9 1]
FUNUSUATHUIUINNTASAIOATISUMTUANAIA 8T (MMMP) 1AL
4 1 o H g}l =) Sol
151501 o9 (TMPTMP) tandenulusasidiuadnandluaisian 3.6 anwauiines
FITumIALazeIgauLanadluITaza1edIT I UNITUANAIAIBLEIAZ A 15 FN Toe MY
@ ] A a gy Y j’ = 3‘1 o 9 Y
asazatgainaniguugivesan laifluaisiiiemer amimhiaisazarondudisdu

N o o 1 o ~ Yy A a v v g
UINTY Wa1'ﬁ'@]ﬂhlcﬁl‘ﬁf?Ji@]T?J@@iTﬁ?uﬂﬂllﬁﬂﬁblu@”lﬁTQ‘VI 3.6 !Lagﬂuﬂ@ﬂlﬂﬂﬂﬁﬂﬁ]uqﬂ!ﬂu

L Y
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9
o o

X a4 Y = X 4o, v ¥ ¢
AITATULUBIANYN ummmm&mwaumaﬂummwwwa NMINUNIVUIAULTUNIUAUINAIN S

Y

o w

a A o v A Y A v A A X ' 6o A w A AY
uAasNe1 Tne @gid0as09m18598g7 (UV curing) 31 F400A1 fuiinsadginieiiag
o & a "o 4 .
W 400 Sadarnvasa Iyiiaraoalsen (Mercury lamp) anua1adng 1 200 Trad Anwd
a A A Y Y . . 3
50 1850% UAVBIAAU 254 W1 TUNATUAZTZLNIANTOUAIDINA (Air cooling) 1TUIaT 3

UIN [89]

3 H Y 1 a
MmN 3.5 uaaalsmamaainlslumaesouurunlzangauuen

Sample code Ratio of DPNR MMMP TMPTMP Plasticizer
DPNR : (Photonitiator) (Crosslinker)
Plasticizer mL g %wt of g %wt of g Type mL
dry NR dry NR
DPNR 5:0 1.00  0.565 0.1  0.0028 0.6 0.0182 - -
5DPNRISI 5:1 1.00  0.565 0.1  0.0028 0.6 0.0182 Si  0.20
SDPNRIEG 5:1 1.00  0.565 0.1 0.0028 0.6 0.0182 EG 0.19
SDPNRIPG 5:1 1.00  0.565 0.1 0.0028 0.6 0.0182 PG 0.20
SDPNRIPEG 5:1 1.00  0.565 0.1  0.0028 0.6 0.0182 PEG 0.20
SDPNRIGLY 5:1 1.00  0.565 0.1  0.0028 0.6 0.0182 GLY 0.19
SDPNR1DBP 5:1 1.00  0.565 0.1 0.0028 0.6 0.0182 DBP 0.19

324 MIAATEHUALLZ 01 UUANIINGNETTUINA
a 4 1 4
3241 MINATIRAANUHUIUUVYDIN 51U T84 (Crosslink density)
[ ) 4 Qy a
anunuinvesiusziyen ToaluFuaiueraimsigiaie
Y
MANANITUINAT (Swelling test) TABMTINFUNUSNUIMATDUMVUINTFIU ASTM D6814 1ag
A =Y 3 a v o a ' 2 2
MawseuruUilummasuIgiaviia 1 asusudmes vusluaisazatg Ingdu Usmag
A Aaa I o ] Y 1 ¥ o £ Yy Y =
150 Hadans 1Wunar 72 91w Faidluanzingauga warhsuauelduislagnsoun

a

~ I & = (Y= 5 v Y Y £ '
QUNHY 70 AU ALY T l‘]JuL’JaT 12 Glf’JIiJ\i "]Nllﬂllﬂwilﬂ‘ﬂﬂhluqﬂUﬂm@ﬂsﬁuﬂquﬂqﬂjusﬁjﬁna']
' ' v ' P
A199 e INAMLIAMA NN UYL BTN Toe Tuauanue saligasmuiuaill
gAIANNHUIUUYINU T2 ToeT11ana819 MUANNITV Flory-Rehner 14

quN19 3.1
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_—[In(l—vr)+v,+x1V,2]

Ve - 1 3.1
[Vi(V2-v,)/2]
4' [ d’ 4 a
1310 V, = anunuuiuuesmsien Tea luanasa (Tua/gnunansuamng)
YR A ~ a LA
V., = damulasifinasveutemsnuinlumisazaeusgninanizauga
X = mnanvedlnienszrieeenuaiazaielaming 0.391
4 a
V, = Suasvesluanasazans (106.20 gnunanisuamas/ Tua)

y 2 g 4 a <
gas daarulasdSuasveuiomsnuinlumsazareusgninanzanaa (V)

uanaluauns 3.2

V - Weight of dry rubber/Density of dry rubber 19

r ( Weight of dryrubber J J{Weight of solvent absorbed by samplej

Density of dryrubber Density of solvent

Lmzmmsa‘mmmﬁmmiummmmﬁ'ﬁwﬁumsﬁ 3.3

y A
Density at 23+2 °C(g/mL) = 0.7913 X8 3.3
e A = iwmieuesasaled1sluemid (n5N)
B = imindrenaludaiazaisingdu (nsw)

0.7913=  AIANUUUIUUYBIAIIAZINGDY N gaunil 2342 Baraltye
(nSw/iaaansy)
3.2.42 MIINTEHANBAULNNTUTIUINGT
A . . . Y=R @ &' a
1383 Optical Microscopy (Custom built) lgAne1any e NUE?
y 1 (-9} 1 1 U 1 QB}
YOIFUNUI NN UUAZHAINITNATOUMITUNTHIUVI0T TAIAIDENTUIUYNNATOURIONF D1

fMaavene 200 1911

an 1 I a ] d'é’ vy
3.2.43 Fmynadeumanuiluivvesrunzenvugilla
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msnagouanuiuivvingudimaluladlanzuaziag
UHI1A (MTEC) aromAila MTT Cytotoxicity assay TaglHisadaiia mouse fibroblast cells,
L929, (ATCC CCLI, NCTC 929, of Starain) Faflvuneulumsnadeudaidasluiade 3.1.4
3.2.4.4 minaaeumslanassegauuanninununlzen
nmslanddessigaunanainuruulzerdnyialreglnsal

Modified Franz Diffusion Cell sauaaaluzii 3.1 meluginisiussyansazarniviles pH 7.4

v
a

= = Y o A Y] 14 v Y
NYUNHU 37 DIA UG AUFY T Iﬂﬂﬂ?ﬂﬂﬂﬂl@ﬂ@‘ﬂﬂiﬂ! mu’e)’mﬁazmﬂuWLWaimwmmwmum

@

Yy 1
A A

a a Y o 9 '
WU 28.25 AT 1UFUANAT AUHUL 0.23 LFUANAT ATUVUVDINUTINDINYIWH U 281
dy ~ a o [y A A 9 I o 1
PNANUAN 12.57 mausuamas dmsunsainiing ldnszua ldihidludrauquasiaatldes
1 " ad gj./ 1 9 [} [ Y o A
o9 nuEunze1 sznwruBaa Insavaua Tnauuurunlzer ndrreszuuae Iidnunies
Mo lvnszudass dmsvlsuanngnilanasseoninnnurunilzennnaais sggniaam
MIRANAUUAIRIOIATOITAAINITRANAULEINATINEIAAY 265 U1 THINAT HAZIIAIAINET1IL

MuumlSunaniignianlassesnuise

DONOR COMPARTMENT
5 ELECTRODE
IN-LOADED NRFILM o i =
MEMBRANE
(PIC’S SKINy -‘ SAMPLING PORT
WATER OUT
ST RECEPTOR COMPARTMENT
L _| (BUFFER SOLUTIONpH 7.4)
-x
| WATER JECKET
T st el
HCTATR N g | SRAR-HEAD MAGNETIC

Ul 3.1 uaasglnsaidmSudnimsilantlaese (Modified franz diffusion cells)

[

° a = 1 '
msmafsunaingniaalassesnuininunuunilzeign

ﬁWH’Jﬂ!LﬁBﬁﬂHWﬁﬁ”lﬁﬁgﬂ”lill,Wil“’lI@Qﬂ"l AIAUMT 3.3

—L=kt" 3.3
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] < ] H [ ] ]
Taga n Fluamnvennalnmsdanasserainuruuilzen §1a1 n
[ T W L] 1 [
YoanmIamny 0.5 uaaaintluna lnmsianilaessuy Fickian diffusion An N13danilase
d' a 1 d' =Y d' 1 = I~ [
grnannMsuNIves lagnilsunaeingnilaailasseanuisziionsizimstlaalassgeluy
kS 1 H ! 1
PIWITANAINNUUILISUAINIIOSUNATATIZDUAIVDITT T 0.5 <n < 1.0 HaadIna lnas
' < . . . . o a ' ] { a
1aniaseeil i non-Fickian diffusion HUAD 1HANTUNTVDIEIB0AAUANULIZ I NAANT
% ) Y A U Qy ] 9 L]
vudldinanisdantasseroonuianryuauuaunlzel 1az 81 n> 1.0 na lAMTUNTHIU
I 9 o A [ 1 A a 1
Y3l uuUFUase Yuae msdantasseisenuininurunlzenninasinnisnaleais Tswe
a 4 a 1 Qy 1 a
A105 (Relaxation of polymer) 1A% (NAVINNITNTOUVDIFUNULHULLLE (Erosion)[90] 95U
NTUNIVDILIDDNIINNNINYDI819 11919z AUANA0na INNITUNTIUY Fickian, Non-
: o o [ o 4 1 [ H
fickian(Linear) (481 Super case II transport FIaIN5AUIUIANUTURUTTTH 9 AAeh

MSUNS (Diffusion coefficient) NULSaegnihdwuazna ldasaunisi 3.4

12

Q=2C, (DUT) 3.4

v X 1 v 2 v
Taan Q A9 51aennasuNAUNUNMINIAAUe 98195 ITNHA
= A (A = ' a 3 A = '
NIa1 t (mg.com/s) , C, ﬂmJimmammiﬁ;agiuma‘ﬁﬁu%m (mg/cm’) L4ag D ABATAINNITUNT

(cm’s ) [50]

=) v 4 1
32.4.5 mawssuaisazaeinmes 14 luminaaeumslaniaseen
o 4 ~ é} a 4
drsazaretivios pH 7.4 w3suvululSuias 1000 gnuian
a 1 4
EEUALAT DINNTHANTEHAINTaza1e TsReuaas lsaanududu 0.41 Tuaar arsazate
a a I'd 4
To@eunoamaanududy 10 Had Iuaa1s arsazarelnunaidounas lsaanududy 2.68
a A = Yy 9 a A 14 g’; [ 1
Haa luaat wazansazane lnundFeuodannududy 1.84 Jaa Iuaars anuulsua pH

I a 4
vosasazate ity 7.4 drensalalasnaesnanuautu 0.1 Tuaand
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3.3 UHUMSAURUNIUIVEY

M51N 3.6 LEUMTANTUNUIY

MIAUUUNIUIVY

52821701 (IADUIEIEY 59 — (ADUNEIBY 60)

213

4

5

6

7

8

9 (10

11

12

o= a o
aaai/gUnsainlsluauidonay

) A A v
ATNITITIUNTIUNINYIVDY

Y
andSua Tdsauluihessssuna
9
wFouasrvaeud/ua Tusauluiin

PTITUBIA

49! a 4 va '
mugﬂuammiww&mummuEJN

Aa o [ 9 1
sssunadmsulaiurunsIge

€--t-->

\4

I a ..
NagouAUYUNY (Cytotoxicity)

VOIWRNUUIIO

v

€ - -

F-->

a o 1
nagoULaz IRz inan1slanilane
gwuv1u1d nszualndr wioush

13 Repeatability

e

v

a o 1
nagoULaz A1z inan1slanilaoe
suulgnszua i wieuriins

Repeatability

\4

NATOUANUAITNIN (Stability test)
VOUHUVTTOIMeTUIZo1I81 9

A
U

4.______

a Jd v
'J!,ﬂi'l$Waﬂ‘k!m&ﬂW’]gﬂ'l\?Iﬂiﬁﬁ%}'l\i

IANVOIMHUUTTYOINONATA FTIR

InEHaNBUZN T UgIUING04

HHUDTTYON

o Y v
STJ‘]Ji’JﬁJGIJ@i;Ijﬁinﬂﬂ"ISﬁ?]_]Naiﬁlmﬁ

< av
Lﬁiil‘W%)’mJlﬁJEJUS"IENTUWﬁﬂTi'Jﬁ]EJ

Act <—>» Plan <*------ >
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YN 4

Nﬁﬂ131’lﬂﬂi’)x‘l!!ﬁ$ﬂ1§3!ﬂi1$ﬁ

A I @ ' = 1 a o 9 H Aa & 4?

lW@lﬂuﬂ1jwmu1uNuuﬂgEnclfllWTL!N’JWHQI@315]511!131\1‘555“651619ﬂlﬁiﬂnmuiu
a A 22 A a A ' Y a A " A @ v ¥ a
ANITUNUDU lW@a\jﬁu1miﬂiﬂu%@1§]ﬂ@iﬁlﬂﬂﬂj1“j$f’\nﬂlﬂ@\jﬁ@W’quqm% HIYWHITUBIA

Y v v
gnihnaadsunallsaunezihluneaesit anzmsdugliminzaunsanyaznianmenn

Q

[

E4
LmZWi]ﬁﬂii‘JJﬂﬁ‘l]ﬁﬂﬂﬁ@ﬂm NHANMINAADIAI

4.1 wamsaa3anadisaulinienssssumna
iosnndSinalusduamsssuiiiiogiionsaainnuieslidensfial§isen
Tﬂﬂmﬂﬁuﬁmﬂ’wawuyﬁgﬁagﬂﬁuﬁﬁ [91] @anair lifae msuinuAMITINY B 39
suiludeaantSinalusauiiogluhensssuma et 11 Siatonduurundzand i1
Ranazmoiiesnsensurtiuiianud 921931 1ho19555u31Rwiia Double centrifuged
natural rubber (DCNR) gniinandsualisaudiedtmsazeuidlilmdu (Sponification)
wunmsandsuallsauTaemsldarsannsa@aiiria Sodiumdodecyl sulfate (SDS) 1w
1511 2 N5U WaW Sodium hydroxide (NaOH) 1.5 nfuAelSuIane19555uTIR 100 Taaans

o

v Y

ansoandSualuTaswuadla 90% Wuaedsunalulasmuananin 0.21748% Iasrimiin

A %I v (% d' dy 9 addyw

189 0.01431% Iag1imiin aaaadluaisen 4.1 venantinmsantSuialuTasnude33 16

1 Ad' 1 1 Z) 1 %I

dawaliifSuna luTasnuimaesgindininsmalulaswuluies DPNR

A o 3 A = = [ 3| a 9 as o

Wernihesnantsualdsauldnaaeuannudluiya1e3% MTT Assay num

< a ¥ a [ = = ' Y1 . I = 1

ANuunbyvesiessssumavataalsuallsauaanalin % Cell viability HA101091
4 =\ % 90‘ a ol =) = % g‘l =)

65% afSeunsunuiieesssusianouantsuiaTlsau auiumsantsualdsaudae

Fomsazouiniingulasld Sodium Dodecyl Sulfate (SDS) HuaisanusIffmINayn
y

l
ad A

. . A g = & a 3 A Aa ;&
Sodium Hydrox1de (NaOH) V]L‘]Juﬁ'ﬁaga’]ﬂlﬂﬁ ﬁ]ﬂlﬂuj‘ﬁ‘ﬂﬁ’lujﬁﬂWa@]u']ﬂ’]\islfu@ﬂNﬂiN']m

Tisauen (Deproteinized natural rubber: DPNR) 184



3 y 1 U
Mm99 4.1 PSualuTaseuluhssssunaneuuazainsandsua Tlsau

3@ saansnang 13312 NaOH Hanalulasou
o . Cell viability (%)
(M5/31814 100 Ha) (M53/4118149 100 1A) (Y%owt)
2.0 1.5 0.01431 116
18195558 mANeUMIMazleuntnay 0.21748 <50
1Me9FITURANEIUM TR T15AUIEY (DPNR) 0.01431 >65

£ '
4.2 msvugdueulzenylingavuan (Sulindac)
4.2.1 msyugiuagmsinsgiauifvesrunlzeasiagaunan
uru e iagauuAngnNINT eNTUIINITMIFONUINTEHINWUTE
(Crosslink) MeluaielaTuanavree9E55HBIAAI0ITNITNIBTITGI (UV-Curing) 1a835n135
1 o o goJ % 4
Wwrulzen a1 Taeriniiens DPNR #aunDa151%ouv219 (Crosslinker) A0 Trimethylol-
propane tris(3-mercaptopropionate) (TMPTMP), 813313 4N154ANAIAI8LE 4 (Photoinitiator) A 2-
Methyl-4’-(methylthio)- 2- morpholino propiophenone (MMMP), Wae an'laaes , MRY Elﬁfﬁﬂcya
=y J [ ~ g’; dy A o 9
unan luilsuaaiee awaaaluaisied 4.2 nuumasunumzireriio luasgl Taedn
wieeseagdiilunat 3 wi wasnamsasgludunlzedomsniededginud siiaves
a I ' é’ ] a a 1 9 a 4 a
waradan lawesinanemsvugluiunlzerstiagauuan wuains ldwaraan lsaes wia
Ethylene glycol (EG), Propylene glycol (PG), Polyethylene glycol 200 (PEG200), Polyethylene
Y
glycol 400 (PEG400), Polyethylene glycol 600 (PEG600), Ltag Glycerol (GLY) Tsigns aﬁug 1/
uiunlzen 1diiiesnniidanazidiudou duaaslusii 4.1 Fawrunlzorinausuwaradnlos
Y ]

1593 ¥11A Silicone oil (Si) 1Az Dibuthylphthalate (DBP) dunsovugihilunnumlzenld uaiiio

a o v 1

] 9 v
TaenaslUndSua 200 Tadnsy nuusulzemigsauy wuNTmearuulzenldnaraan
Jd A = = A dgf PR ] A a A
lmaroiwiia siiowunderiaunsavugl ladhuumumlzenlnnurun 0.35-0.40 Hadwas
TasliAANUHUILUUUBINTIFONYINNHUTE (Crosslink density) 1.12x10° £ 0.1x10° mole/cm’
dy v ~ 9 a d Aa . = ] dy 1 =~
wonniusuuzanldwaraan laaesyiia si lanugangu yuzdite Tanuarsaumuy
[ o 3 Y] J o % ] H 3 a 4 4 ]
Fumsii T s unssas dwmsuurunlzenls DBP Wlunaradn lawes o lderaslllu
v v ds! v Y A % Y% a3 1 o Y 1 a dy =\
uiunzen ldaunsotuglaeld  esnindredunuilunouihldurunlzendadomaz i
v A a a a 9 ] o 9y 1 A } [ =
ANMUITUNNRA1N DBP USaRvveaurunlzeyi ldunuulzenau lumunzsumssamnie
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ABSTRACT

The fabrication of natural rubber latex for transdermal drug delivery patch
was studied in this research work. The natural rubber latex was deproteinized and
the amount of nitrogen in deproteinized natural rubber (DPNR) was characterized.
The percentage of nitrogen in DPNR was 0.04713 which confirmed the successful
of deproteinization process. Sulindac (Sul), an anionic drug, was selected as the
model drug. The effect of plasticizer type on physical properties, cytotoxicity and
permeation characteristic was investigated. The sulindac loaded DPNR (Sul-
loaded DPNR) patches were fabricated via the UV irradiation method using
various types of plasticizers. These included ethylene glycol (EG), propylene
glycol (PG), polyethylene glycol (PEG), glycerol (GLY), dibutyl phthalate (DBP)
and silicone oil (Si). The agglomeration of Sul-loaded DPNR film was observed in
Sul-loaded DPNR with EG, PG, PEG, and GLY. The Sul-loaded DPNR film using
DBP and Si as plasticizer showed the flexible and smooth film. The cytotoxicity of
DPNR films was investigated by MTT assay. The cell viability when using DPNR,
DPNR-Si and DPNR-DBP were 65 %, 90 % and 69 %, respectively. The in-vitro
permeation of the drug from the films was studied using a modified Franz
diffusion cell filled with a phosphate-buffered saline (PBS) at pH 7.4 and
maintained at 37 °C. The amount of sulindac permeation from DPNR-Si was
higher than DPNR-DBP because of the higher solubility of Sul in silicone oil. Thus

DPNR-Si could be a new choice for flexible and human friendly TDD patch.

Keywords: Deprotienized natural rubber, Plasticizer and Sulindac,
Transdermal drug delivery
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INTRODUCTION

Recently, the drug delivery system by transdermal routes is the most
attractive method among administration methods; oral administration or
injection. Transdermal drug delivery (TDD) system delivers drug through skin
to bloodstream. TDDs provides controlled amount of drug level in the
therapeutic window, non-invasive route, and ease to use and remove (Begoifia et
at., 2014). There are many kinds of materials which can be use as TDDs patch.
Hydrogel plays the major material using as TDDs matrix (Kandavilli ez al.,
2002). Polymer selection and design for TDD patch should considered the
optimization between the amount of drug- loaded matrix, permeation
characteristic, physical appearance and toxicity (Kandavilli et al., 2002). To
develop the soft, flexible and human friendly pain relief patch, natural rubber
(NR) is interested as TDD matrix. Natural rubber (NR, cis-1,4-polyisoprene) is
natural resource polymer which has high elasticity and good biocompatibility,
thus NR can be applied in many medical devices (Dick ef al,, 2017). NR has
been used as matrix for nicotine loaded NR patch (Suksaeree et al., 2012). The
physical appearance and toxicity of using NR as TDD patch is limited.

Sulindac (Sul) was selected as model drug. Sul is a non- steroid anti-
inflammatory drugs (NSAID) which exhibits antipyretic and analgesic
properties. Sul has low solubility in water andsmall absorption by the organism
(Gil et al., 2016).

Natural rubber latex (NRL) naturally consists of proteins. These
protiens can cause hypersensitivity reactions in some humans who contact with
them (Perrella et al., 2002). The removal of protein from NRL causes the
reduction of allergenic potential (Prasertkittikul ez al., 2013 and Pichayakorn et
al., 2012). To fabricate the human friendly TDD patch, deprotienized natural
rubber latex (DPNR) was prepared before fabrication process (Siepmann et al.,
2011).

To develop the soft, flexible and human friendly pain relief patch, sul
loaded DPNR was fabricated with various kind of plasticizers; ethylene glycol
(EG), propylene glycol (PG), polyethylene glycol (PEG), glycerol (GLY),
dibutyl phthalate (DBP) and silicone oil (Si). The physical appearance,
permeation characteristic and toxicity of sul loaded DPNR was investigated.
The sul loaded DPNR with suitable plasticizer will be the alternative choice for

“high motion patient.
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MATERIAL AND METHODS

Materials

To prepare the deproteinized rubber, double-centrifuged natural rubber
(DCNR; Thai Eastern Rubber Company., Ltd., Rayong, Thailand) , sodium
hydroxide (NaOH, AR; Lobachemice, Mumbai, India), and sodium dodecyl
sulfate (SDS; Calbiochem, Dermatadt, Germany) were used. DPNR was
vulcanized by UV radiation method using trimethylol-propane tris( 3-
mercaptopropionate) (TMPTMP, Aldrich, Louis, USA) , and 2-methyl-4-
(methylthio)-2-morpholdinopropiophenone (MMMP, Aldrich, Louis, USA) as
a crosslinking agent and a photoinitiator, respectively. To study the effect of
plasticizer; ethylene glycol (EG), propylene glycol (PG), polyethylene glycol
(PEQG), glycerol (GLY), dibutyl phthalate (DBP) and silicone oil (Si, AR glade;
Aldrich) was used as recieved. Sulindac (Sul, AR glade; xx China) was used as
model drug. Sodium Chloride (NaCl) was purphased from Carlo Erba, Strada
Rivoltana, Italy. The phosphate-buffered saline ( pH 7.4) was prepared by
mixing of potassium chloride (KCl, Calbiochem, Darmstadt, Germany) ,
potassium phosphate monobasic (KH2PO4, Calbiochem, Darmstadt, Germany),
sodium phosphate dibasic (Na;HPOj4, Calbiochem, Darmstadt, Germany) and
sodium chloride (NaCl,Carlo Erba, Strada Rivoltana, Italy)

Preparation of deproteinized natural rubber latex

The solution was prepared by mixing NaOH (1.5 g, 0.0375 mol) , SDS
(2 g, 0.0069 mol) , and DCNR (100 mL , 0.83 mol). The solution was
continuously stirred at 70 °C for 3 h. Then, the distilled water was added into
the solution at the DCNR: water volume ratio of 1:5 and stirred at 27 °C for 30
min. Then, the solution was centrifuged at 8000 rpm for 60 min to separate the
rubber layer from the water layer (Thorngkham et al., 2015).

Preparation of sulindac loaded deproteinized natural rubber (Sul-loaded
DPNR)

Sul-loaded DPNR films ( patch arae of 12.57 cm?, thickness 0.05 cm)
were prepared by using a UV irradiation method. Ethylene glycol (EG),
propylene glycol (PG), polyethylene glycol (PEG), glycerol (GLY), dibutyl
phthalate (DBP) and silicone oil (Si) were added into DPNR latex at
“plasticizerzMMMP ratio of 1:5. MMMP (photoinitiator) and TMPTMP
(crosslinking agent) solution was prepared at concentration of 0.1 and 0.6 %wt
of dry rubber content (DRC), respectively. The TMPTMP and MMMP solution
was then added into DPNR solution, follow by adding 200 mg of Sul. The
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solution was continuously stirred to obtain homogeneous solution for 30
second. Then, the mixed solution was casted into mold and was cured under
UV-radiation process.

To determine the actual amount of Sul in Sul-loaded DPNR film. The
prepared Sul-loaded DPNR film was completely dissolved in dimethyl
sulfoxide. The solution of 0.3 mL was poured into a 1 mL PBS buffer. The
drug content in each component was measured by using a UV-visible
spectrophotometer at 265 nm for Sul. A calibration curve was used to
determine amount of drug in each sample.

Deproteinized natural rubber characterization

The amount of nitrogen in DPNR film was analyzed via a CHN
analyzer (TruSpec Micro model of LECO Company). The calibration curve
was created via using ethylenediaminetetraacetic acid (EDTA) which had a
certain amount of nitrogen. The samples were completely oxidized under
oxygen atmosphere at 950 °C. The results were reported in % mtrogen by
weight of the sample.

The crosslinked DPNR films were immediately studied after the
crosslinking process following the ASTM D6814-02 standard. The crosslinked
DPNR film was cut into a 1 cm? square piece and weighed in air and
MeOH(non-solvent). The square film was immersed in toluene for 5 days to
obtain the equilibrium swelling state.

The toxicity of DPNR was investigated by MTT assay. Cell suspension
of 1x105 cells/mL L.929 (Mouse Fibroblast Cells, ATCC CCL1, NCTC 929, of
Strain L) in MEM completed medium was seeded into the 96-well pate. The
percentage of cell viability was reported (Ozdemir ef al., 2008).

In vitro Drug Permeation Study
A Modified Franz diffusion cell was used to study the drug permeation.
The PBS buffer solution at pH 7.4 was used in the receptor component. The
buffer solution was stirred continuously at a constant temperature at 37 + 0.5
°C as controlled by circulating water. The sample was placed on the prepared
pig skin and the receptor, respectively. The electrical potentials were applied
through the system. The amount of drug which diffused through the pig skin to
the buffer solution was detected by the UV-visible spectrophotometer. Samples
~were taken out at 0.3 mL at controlled time to determine the drug permeation
into the receptor.
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RESULTS AND DISCUSSION

Effect of plasticizer on physical appearance of Sul-loaded DPNR

To study the effect of plasticizer on processibility of Sul-loaded DPNR,
Sul-loaed DPNR with ethylene glycol (EG), propylene glycol (PG),
polyethylene glycol (PEG), glycerol (GLY), dibutyl phthalate (DBP) and
silicone oil (Si) were prepared. Figure 1 shows the physical appearance of
prepared Sul-loaded DPNR film. The aggregation of Sul-loaded DPNR film
was observed in Sul-loaded DPNR with EG, PG, PEG, and GLY. The Sul-
loaded DPNR film using DBP and Si as plasticizer shows the flexible and
smooth film.

a)

d)L

Figure 1. Physical appearance of Sul-loaded DPNR film with a) EG, b) PG, c)
PE, d) GLY, h) DBP, and i) Si.

Deproteinized natural rubber characterization

The amount of nitrogen content in DCNR and DPNR is directly related
to the corresponding amount of protein in the natural rubber (Nawamawat et
al., 2010). The amount of nitrogen significantly decreased from 0.21 %wt to
0.05 %wt. For using NR in medical device, the percentage of cell viability
should be higher than 70% (Lee et al., 2014). The percentage of cell viability
for DPNR, DPNR_Si and DPNR_DBP is 65, 90 and 69, respectively. Thus
DPNR with DBP and Si can be used as human friendly TDD patch.
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Permeation Characteristic ‘

The actual amount of Sul in Sul-loaded DPNR was determined and
tabulated in Table 1. The amount of Sul permeation from Sul-loaded DPNR
using DBP and Si as plasticizer for 72 hr is shown in Figure 2. For both
plasticizer system, the amount of Sul permeation gradually increases with time.
The amount of sulindac permeation from DPNR-Si is higher than DPNR-DBP
because of the higher solubility of Sul in silicone oil.

The permeation kinetic was also determine. Korsmeyer-Peppas equation
was used to determine the permeation mechanism.

Where My/Mo is the fraction of Sul permeated from Sul-loaded DPNR
films (mg) at time t, ky is the kinetic constant (t™), t is the permeation time (h),

and n is the diffusion scaling exponent which identifies the permeation
mechanisms. The permeation from film is controlled by fickian diffusion,
anomalous transport and case-II transport for the scaling exponent n of 0.5, 0.5
<n < 1.0 and 1, respectively [9]. From Figure 2, the n of Sul permeation from
Sul-loaded DPNR with both plasticizers is ~ 0.5. The Sul permeation from Sul-
loaded DPNRwas controlled by fickian diffusion.

To calculate the diffusion coefficients (D), permeation data was forced
to fitted with the Higuchi equation.

M, Dt 1
= )b & 72

Where Q is the amount of Sul permeated through a unit cross section
(g/cm?) in unit time, Co is the initial drug concentration in the film (g/cm?), and
D is the diffusion coefficient of the drug (cm?/s). The D of Sul permeation from
Sul-loaded DPNR-Si and Sul-loaded DPNR-DBP is 1.773x10° and 9.127x107’
cm?/s. Si, acting as a plasticizer, provides the higher amount of drug permeation
because of higher hydrophobicity of Si comparison to DBP. Thus, Si plasticizer
is the suitable plasticizer for Sulindac drug using as soft and flexible TDD
patch.

~r
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Table 1. Actual amount of Sul in Sul-loaded DPNR film

Sumpile Amount of Sul-loaded Actual Amount of
in DPNR films (mg) Sulindac (mg)
200Sul_SDPNR2 _1Si 200 154.64
200Sul_5DPNR_1DBP 200 168.83

16

O  200Sul-Si0V
14 A 200Sul-DBP OV

o ) 3 $834%
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Figure 2. Amount of Sul permeated from Sul-loaded DPNR films using
silicone (Si) and dibutyl phthalate (DBP) as plasticizer at pH 7.4, 37 °C.

CONCLUSION

The soft and flexible TDD patch was successfully developed from NR
latex. NR latex was first deproteinized and was determined remaining amount
of nitrogen. After deproteinization process, the amount of nitrogen significantly
decreased from 0.21 %wt to 0.05 %wt. The cytotoxicity of DPNR was
“investigated by MTT assay. The percentage of cell viability for DPNR,
DPNR_Si and DPNR_DBP is 65, 90 and 69, respectively. Thus DPNR with
DBP and Si can be used as human friendly TDD patch. The amount of sulindac
permeation from DPNR-Si is higher than DPNR-DBP because of the higher
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solubility of Sul in silicone oil. From permeation data, the fickian diffusion
controlled the permeation mechanism. The Sul-loaded DPNR using silicone oil
as plasticizer will be the suitable candidate for TDD material system.
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