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ABSTRACT

This research aimed to increase hydrogel stability and permeation enhancement. Gelatin was
blended with shellac and fabricated for transdermal drug delivery (TDD) patch. Gallic acid (GA)
was selected as a model drug.

To study the effect of shellac, crosslinking ratio and electrical potential on physical, chemical
and permeation characteristics, gelatin was blended with different amounts of shellac (0, 10, 20 and
30 %w/w of shellac for Ge/Sh/Ga 1, Ge/Sh/Ga 2, Ge/Sh/Ga_3, Ge/Sh/Ga_4, respectively). The
swelling percentage of hydrogel decreased with an increasing amount of shellac because of higher
rigidity from shellac resin. Moreover, the amount of Gallic acid increased with an increasing
amount of shellac. To study the effect of crosslinking ratio, different glutaraldehyde amounts of
2.42,3.63, 4.85 %w/w were added to Ge/Sh/Ga_4. The amount of drug permeation decreased with
an increasing amount of crosslinker due to the decrease of porous size in hydrogel. The external
potential was applied (0, 0.1, 0.5, 1 and 3V). The amount of drug permeation increased with an
increasing electrical potential due to the stronger electro-repulsion force and hair folliculitis
expansion. The cytotoxicity of hydrogel was characterized by MTT Assay, the percentage of cell
viability was over 100%. Thus, this blended hydrogel could be used as a user-friendly TDD patch.

In summary, gelatin/shellac blended hydrogel had higher stability and permeation efficiency
when the amount of shellac, crosslinking ratio and electrical potential were controlled. Furthermore,

it could be used as an electrically controlled TDD patch.

Keywords: gelatin, shellac, hydrogel, transdermal drug delivery patch, electrically controlled drug

delivery
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gﬂﬁ 2.17 Franz diffusion cell [25]

2.1.16 Fourier Transform Infrared Spectrometer (FT-IR) [26]
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2.1.17 Scanning Electron Microscope (SEM) [27]
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ﬂﬁ 2.19 aausznoun ﬁw ”ﬂﬁlmm‘%m Scanning Electron Microscope (SEM) [28]
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2.1.18 Differential scanning calorimetry (DSC) [29]

I 4 4 @ ] H %
¥ uns1zvmsasuulaanianudou (thermal transition) ¥9Ia138020819 N4 39

a

= (2 A 2 (2 ] tﬁ' 2 A
mstlasundasnasau (ﬂ”liﬂﬂﬁi’f)ﬂ"lﬂwaﬂx‘ﬂu) VDIFITAIDYN LUBYNINY (vis9aa) UNNY

u

{ v g o { i 1
(114!‘1J3581ﬂ1ﬂﬁ§]ﬂﬂﬁﬂﬂﬂﬂﬁﬂwuﬁ"lu“]]i’]ﬂ DSC ‘ﬁ’f) HUIDTAUT 2 DA ﬁ@ﬂ?ﬂﬁﬂiii}ﬁWi@n@ﬂT\i

40



a . I 1 [l o ] o
(sample pan) 11AZD1AB19DA (reference pan) Fuilunranlarsegiranulneguuginseild
9 a o o A A /9 ¥ Y S ] 9 '

A2NTU (heater) FHANYINU 1WITUNITNAARIRUNTI AT oY 2T IiANNTOULND A
g’z d’ (% A a Y d' 1 =1 1 =}
N304 TAgiA303 DSC 91$AIVANDAITINMINNUNYT AN (15U 10 DIFUYATYA AD 1 WIN)

Y 9 g’/ A o 9 [ A 9 A 1w g’/
Tag 32U N1MANUTOUDIANITDININNU AIGDATINITHUANVTOUTMINUAADANT

N1ITNAABDN

REFERENCE PAN SAMPLE PAN
pans [ (U U
Y-—-..
R\ "---...___‘ / sample
reference __ | |~
matenal m Plresistance
thermometer

AV fvvvw—]/

gﬂﬁ 2.20 dauilsenoundl wﬂljll’é)ﬂlﬂ%@\‘i Differential scanning calorimetry (DSC) [29]
[ Y 9 a g’-’ A Y [ PA [ Y] A =\
1aIn13 1Auion gur)lUeInIANIAeINNAIIEAT 1IN 1INAY 11199910 sample pan X
% ) 19 1 = = % ) 19 o 9 =S
A198190¢91911 116 reference pan 11l Msla15Ar06190g9191131 1% sample pan Hera1slu
Y311 ANINAIN reference pan WHWLBAINI furnace A0 1HANNTOU sample pan M1AANN TR
d‘ d' [ a' a Y % [ g’/ d' ] 9 9
reference pan rwemgmemmﬁmmqmwgﬂmmﬂu ANUUY furnace V]E]er@] sample pan ADY

9NN furnace N10414 reference pan AvsudeldA1wTounINNI LAzMTTAAY

1 =Y Y g’/ dy A 9 ~ [ A A Y
UANANNUBIYSHIUANTOUN furnace NIFDIN ABHUINKANVDIATOI DSC llﬁng'ﬂﬂl‘Vil‘Viu

Y 9 = I ' a I 1 1
ﬂTWllﬂ\ﬂEl Liﬁ]gﬁi'l\?ﬂﬁ'lw Tﬂﬂmmu X LﬂuﬂWm@QQﬂ!Wﬂ”N Uaginu'y Lﬂuﬂwmmmuﬁﬂmﬂ

9 v
¥091/511A1N50UVBI furnace NId09 & guugh lagungiivilslasdnaudy msnadouds

[ [
ad =~

(% 1 ) A a % 1 9 (% A 1 [
G]’JE]EJN‘VHI@‘IEJﬂ1§L‘W3J (ﬂ%ﬁ]ﬁﬂ) PUNHUAITAIDYWAIYDATINITINNYUUYUNAIN (1% 10°C 919

= A 9 A Qy A A [ a % ] 9 A
1 w19 Taeisuaun 25°C HAZEaUFANITNAADIN 300°C) ‘Vi’if]ﬂ"l’i’iﬂielWQQAWQNﬁﬁﬂ’J@ﬂNl‘l?ﬂQﬂ

41



g : ' 3 ) o @ ' '
(Isothermal) L']J‘Lli%flgnﬂ”l‘ﬁﬁﬁ (L“Iﬂ! 200 °C L']JL!L’JEH 10 GH’JIIN) uammmﬂwsmammuiwq

o 1 ' a

< o v a % Q'
L!%%J’J UiiﬂWﬂWﬁﬂﬁUﬂUTﬂﬁ1ﬂiﬂ@l@WﬁﬂTﬁ‘V]ﬂ'ﬁ’E'NL‘]S'L!LaEJ’JﬂUQﬂlWQiJLLa$@¢Ii1ﬂ13lWNQﬂ!‘ﬂﬂN

g U

Tagaaulugudrussemeanldlunsnaaesliaowuuune Us581NIANDY (inert atmosphere 1F1
[2) Aa ® a e . 1 2] a A
une'luTasiu) wazusseManiunaoon®au (oxidizing atmosphere LU LATDONFIIU 130

9 g o @ 1 S 9 o [ Aq v @ ] [
f]1ﬂ1ﬁ)ﬂ’)11lif)u‘l/lclﬁ?ﬂ‘iﬁ’)ﬂiﬂ\‘i (heat flow) Nﬂ1ﬁf]ﬂﬂﬁ’éNﬂ‘lJWﬁ\‘iﬂH“Vﬂ‘l’iﬁﬁﬁ’)’é)ElN HaZHNIN

a A ) J [ k) o

[} awv J (Y =)
Tunvelagiaa (milliwatts, mW) WDUIATNAITUHNI AUAI8LIA1 waaww“lﬁ’ﬁﬂﬂimm

v Jda a

[ ~ 1 A A ~ A a 4 [ ~Aq Y o [ =\
wasungnuaaluniie 1adiadIun (mw.s) ¥3e Haagad (m)) wasnunlieasdredal
1 Y [ d‘ v % ] 4' % ] [
MmeaeanasinuMI)asulaseuiiall (Enthalpy) ¥09e130798149 110A15AI8E19AANAINY
15159071 Enthalpy 101311088 u0Uat0 Endothermic  11atiod@13A10819A18NAIITU 157
o . 4 y v A 4
{3811 Enthalpy Im3t/asunaasnuy Exothermic tioasaiognaimalasunaimamenin
' . Y ) ¥ 1 Aq v
MU NTUADNLAD (melting) furnace fodlnanuiou sample pan 11NN 14 reference pan

iWoNIzANQUNYINVDY sample pan UAZ reference pan 1MUY AmSouvzgnderiulids

1 1 dy

J A9 1A o g to = =
sample pan ‘JJTﬂﬂ’J”I?iS’E)L!@EJﬂ?TVmﬂ?NWTLl“l.‘}JEN reference pan U vuegnuNMsilasunlan

a LTl

Y Y
a v g
mﬂﬁuumﬂuu‘uu Exothermic “H%E)LL‘UU Endothermic

I A A A P o 9 (] v Z’, 1 =\
DSC !‘]Jumif’)\‘]llE)Tllﬂﬁ"l%ﬁ‘ﬂgﬂuWﬂJ"IGL“If’f)EJNLLWiﬁaWEJ @]Q!L@iﬂ@ﬁﬁ?ﬁﬂiﬁumu

Y
(%

a adg a J¢ 14 = ) Jq 9
wanddan dtannsetnd e1eud ooy Tlvudsenisuazen Tasgmirlddszgnald s

(% 3

o @ a J a @ 4 ) [ a Il { o
IMIUNTUATICHAUNINAGANUN LASHIVTUITUIY ’Jf)ﬂTQﬂl@QﬂijﬂHﬁﬁﬁTNTﬁﬂﬂﬂqﬁjQWﬂ

a

M3 1#1A3049 DSC 15U melting point (IAVADNLYAI) Glass Transition Temperature (Tg, QU

U

= Y Y \ . — =2 ! aaa a o .
ﬂmﬂaﬂuﬁmuzﬂmmma) oxidation  stability (ﬂ313JLﬁﬂﬂiﬂﬂﬂgﬂﬁﬂm@ﬂ“mﬂ‘]ju) reaction
4 ana a a(
kinetics (ﬂauwamammmﬂgﬂsm) N30 purity (ANNUITNT) [29]

2.1.19 Uv-vis spectrophotometer [30]
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334 mi‘V]ﬂﬁ’@‘Uﬂ’ﬂmL%ﬂﬁﬁ’J (Hardness) ASTM D 2240
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4.1.3 Crosslink Density
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Crosslink ratio Molecular weight between crosslinks Mesh size
(%w/w) (g/mol) (A)
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3.63 15936 + 1569 183 +£13
4.85 5964 +297 93+3
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ANVUIUTANNINTY [31, 33, 36, 37]

4.2 MIMDAIINIVINAD (Degree of swelling)
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MnramsnaasInyng lnmsdaadasserninszuuninaunsiiiase1niigy Thin film

11 n uaza k awaaslumsed 4.4 wungnoasiaiuvondu lalasmanaaunauiranan
a 1 1 1 x a3 v

Taoldensanian 1 a1 n ogluwg 0.5<n<1.0 Fuiluna lnnisanildeserninszuuniugus

11189811101 Non- Fickian
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M 3197 4.4 wamsnaaeanunna lnmsdaatldesenninszuuaiuaumsihdae

Samples k n

ov 01V 05V 1V 3V ov 01v 05V 1V 3V

Ge/Sh/Ga_1 0.025 - - - - 0.753 - - - -
Ge/Sh/Ga_2 0.031 - - 4 - 0.56 - - - -
Ge/Sh/Ga_3 0.025 - - r - 0.737 - - - -

Ge/Sh/Ga_4 0.026 0.083 0.085 0.134 0.136 0.753 0.737 0.638 0.64 0.641

Ge/Sh/Gu/Ga_1 0.052 0.072 0.086 0.106 0.137 0.818 0.683 0.663 0.603 0.566

Ge/Sh/Gu/Ga_2  0.045 - - Z - 0.842 - - - -

Ge/Sh/Gu/Ga_3  0.055 - - 2 - 0.720 - - - -

4.5 Hamsnaaaua NIl uny
nageUA NI UNEA109T MTT ASSAY Tagtiusaani1iiid (Fibroblast Cells) 14U 1 x

4 4 1 1 [ 99 ¥ 1w
10" 1wraa laasluuaaznguuod 96 well plate UsulITMInTvIaITTzaIoad 1HNIND 180 ul

a

f 9 v
A20911113 DMEM 111 10% heat-inactivated FBS 118% 1% Pen-Strep Solution 1iu4 13Ngainigil

U

H I & 3‘/ a @ 1 {
37°C Tuan1zemeand 5% Co2 11unar 24 1109 NNTUANEITAZA19A19819NANUT U

=

] -~ v 2 Y A < @
a1 U511a5 20 pl vune Hdnguugd 37°C Tuannzeimand 5% co, Wunat 24 42Tug
Y
9 I a o 1
nmiumanuiluiivvesasanadesas laslda1sazars MTIT (3-[4,5-dimethylthiazol-2-y1]-
v Y
2,5-diphenyltetrazolium bromide) NAMMIANIY 5 mg/ml U5w1a5 100 pl i lduludnzides
¢ . S0 oS Z 4 4 4
wasilunal 3-6 91 Tus amiuih lldasminmsganaunasianuennau 560 urTuwas Fawa

< a ! < a
ﬂ'liﬂ@ﬂ’f]ﬂﬂ’ﬂillﬂuv\l‘blL!ﬁﬂﬂﬁluﬁ'li'lﬂﬁ 4.5 wamiw@’daummmuwﬂu Fibroblast Cells
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Y I A .
ﬂ]ﬁ]ﬂﬁ 4.5 Wamiﬂﬂﬁﬂummlﬂuwﬂu Fibroblast Cells

Sample Cell viability (0.001 mg/mL)  Non cytoxicity (Cell viability
> 80%)

Ge/Sh_1 102.65 +0.07 /
Ge/Sh_2 104.26 + 0.09 /
Ge/Sh_3 104.08 £ 0.01 /
Ge/Sh_4 101.12 £ 0.05 /
Ge/Sh/Ga_1 101.12 £1.03 /
Ge/Sh/Ga_2 98.78 £0.76 /
Ge/Sh/Ga_3 99.96 +1.05 /
Ge/Sh/Ga_4 101.78 £ 1.51 /
Ge/Sh/Gu_1 100.46 + 3.50 /
Ge/Sh/Gu_2 105.76 + 1.40 /
Ge/Sh/Gu_3 86.23 £0.64 /
Ge/Sh/Gu/Ga_1 91.56 £2.04 /
Ge/Sh/Gu/Ga_2 96.66 +(0.22 /
Ge/Sh/Gu/Ga_3 103.42 + 3.46 /

*Non toxicity Cell viability >80%
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3 a o 1 @ ] 1 e % 1 ] I~ a
NNTNATOUANNT UNHUDIAIDEI 14 @29819 WU NI 14 @981 hlllﬁﬂ'ﬂll!'ﬂiﬁ/ﬁ&l

[ a a J ]
11 Fibroblast Cells 19031M3193A0 TauaUraduINN1 80%

4.6 MinaaeUanvAmInavearulslasnanafunauratanlagl¥ansanian

2
NAMIANEIENTAFINAAT Modulus Voary laTasnanaifunauyauan Laananal
winlaTaswanardunausatanninislasundassnsinisenyi1anons1dIu Ge/Sh 4,
Ge/Sh/Gu_1, Ge/Sh/Gu_2, Ge/Sh/Gu_3 1A 0.248, 0.402, 1.982 11ag 4.174 MPa aNdIAU A
d' wAa A 1 1 a 9
uaraalugii 4.14 nazauiiAamBanan Modulus voaru laTasanaaunaurauan lagldon
a % dy 1 a d'd = a d’ Q 1
FANARA HEAdNandll uHY laTaTnalnaIANNEYaLANNTNITIANEINTANIAA NOATIAIU
Ge/Sh/Ga_4, Ge/Sh/Gu/Ga_1, Ge/Sh/Gu/Ga_2, Ge/Sh/Gu/Ga_3 1f11 0.036, 0.068, 0.171 Lag 0.370
MPa mud1ay aaanalugili 4.15 sinwamsnaasuilionfionioun Modulus vounu laTas
A 9 NDBANA A AR T ) = o ' A A
wanaaurgusatan laglFainsanian YA NNNILLUS NIMOATITIUVRITITIFONVIIUNY
2 X 9 o ' ' = A A A A
WINVUFIAOAAADINUNANITNAABIANNHUIMUUIEH I8 TN NironTeq AvtioLY
[ 1 d' 1 Y v d' é’ ] a =
8ns1aIUveIA TNV aINa BRI 1M FeNInTHLHY la TaswanaAuNasaLanil
3 Lg A~ Aa a 1 a 1
ANVUTIUTINNVY uaziolimsaneinsanianad 1 luukulalasnanaaunausaand
Y] ' a = [ 9 A 1 A
waldurulalasnanaidunauiyauan HaNNuTasaisgaduazinl Modulus  Naaad
o I~ ] A { [ <3
deAnavInUNaNINAgaUANNLTIveuHY laTasmanaidunasalan WU INANULTIUD

uru laTaswanadunauyataniinanaiolims@uensanianad Iz a1 Tg Atanas

WoAvensananhliunuseuiuag [36, 37, 39, 41]
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E=Ge/Sh 4 4.174
F=Ge/SI/Gu_l
G=Ge/Sh/Gu_2 T
4 4 |H=Ge/Sh/Gu_3
P
&
s 3
R
g 1.982
g 9] L
-
1 4
0.248 0.402
0 T ! T ' T T ! T A 2 L T T T T T T T ¥ T T
E F G H
Samples

5U% 4.14 wamInaaUANIAIFINAAT Modulus  ¥oduwu lalasnamaidunausalan lag

Y

dl o a lﬂ'
asuonIINTIANAITFENUNT
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A=Ge/S/Ga_4
B=Ge/Sh/Gw/Ga_1
C=Ge/Sh/Gw/Ga_2
4 . D=Ge/SI/GwGa_3
_
[+]
&,
e B
p—
/2]
=
< 2
s
1 _
0.370
0.036 0.068 0.171 ﬁ
0 Lb—r——r—r—==== B0 ==
A B ® D
Samples

511 4.15 wamIsnaaouaNAINaA Modulus vodury laTasmanadunausauan Iaglsy

U

gINTANIAN

MINMIANEIANTAITINAAT Max Stress YouurY lalasmanmaunauranan lasldeoin

- v X = - 4 Ao
FANAA uaaInaadl mavedsnislasundalsuiaasirenvy119NenI 199U Ge/Sh_4,
Ge/Sh/Gu_1, Ge/Sh/Gu 2, Ge/Sh/Gu 3 1f1 0.083, 0.107, 0.147 uag 0.205 MPa MUA1IAY Ad
uaaaluzii 4.17 vazauiABanan Max Stress voaunu lalaswanaiaunduyanan nold

9 H v
ensan1an uaaswansll urulalasnanaaungurananiiimsaueinianian Noas1aIu
Ge/Sh/Ga_4, Ge/Sh/Gu/Ga_1, Ge/Sh/Gu/Ga_2, Ge/Sh/Gu/Ga_3 A1 0.056, 0.076, 0.103 11ag 0.163
MPa awd1ay aaaaslugili 4.18 nnwansnaasulionfSeufiounl Max Stress  UBIUHY
a 9 a a0 2 dy d' = v ' d‘

leTasmanaaunauyananlasldornsanian Iaunuduiodsuusadiuvesaision

A zél = Y [ 1 U 1A A =) A
sll’JNLWlliﬂﬂéUuﬁ)’fiﬁ@ﬂﬂﬁ@Qﬂ‘UWZ’Iﬂ1§1/lﬂa’ENﬂ’Nll‘H‘LlTlluuigW’JNﬁWEJI%‘VIQﬂLGBEIlleN ABLND
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3 ' i Y
WisasdInvesasFeuvInanalionsimstenannvuunu lalasnanadunauyauanil
< d’! A~ a a ' a '

ANV INNTL nazillelimstAvernsamanadldluurulaTasmanadunauratandas

] A a < 9 A A
naliurulaTasmanaaunguyauan Iauudwsaiosauazinl Max  Stress  Nanad

@ < 1 a 1 1 <
doandeenuNamInaaauauLYsvewny lalasmanadunauyaan inuINANUITIVS
urulaTaswanardunausataniinanaieiimsauensanianas limsz a1 Tg iaranas

WeAvensananiiunugouiuag [36, 37, 39, 41]

0.25
E=Ge/Sh_4
F=Ge/Sh/Gu_1 0.205
G=Ge/Sh/Gu_2 T
0.20 - H=Ge/S/Gu_3
P
QCE 0.147
& 0.15 -
2]
§ 0.107
= T
< 0104 0.083
« T
p
0.05 1
000 ¥ J ! T T T 1 T T T T T T T T T T T T
E F G H
Samples

31 4.16 wamsnadouaNITRITINAAT Max Stress VounY laTlasnanaidunausananlag

4 o A A
AsuonIIMIIANAITFOUYIN
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0.25
A=Ge/S/Ga_4
B=Ge/SI/GW/Ga_1
C=Ge/S/GwGa_2
020 | [D=Ceis/GuGa3
' 0.163
=
Ay T
& 0.15
7
g 0.103
) “+
v 010 1 0.076
S T
= 0.056
T
0.05 1
0.00 ¥ J J T T | 1 T T T T T T T T T T T
A B & D
Samples

517 4.17 wamInaaouaNAwINan1 Max Stress Voduru laTasnanaaunausauan Iaely

Y

gINTANIAN

NAMIANYIANLIAINAAT Elongation at break Yoauiy la lasnanaidunauyaianlag
9y a [ d" A 2 A A o 1

l¥rnsanian uaaanaastl pavesmsiasunlasdSuna a5 ¥euv119Nons 199U Ge/Sh_ 4,
Ge/Sh/Gu_1, Ge/Sh/Gu_2, Ge/Sh/Gu_3 Ufi1 31.80%, 46.40%, 52.74% WA 52.74% MUA1AU A
uanaluzilii 4.19 uazauifiFanan Elongation at break voaur lalaswanaidunauwaon
9 H v

Tagldeinsanian uananansdl unulalasmanaidurausatanninisaneInsanIan y
9A3189U Ge/Sh/Ga_4, Ge/Sh/Gu/Ga_1, Ge/Sh/Gu/Ga_2, Ge/Sh/Gu/Ga_3 1A 17.76%, 59.82%,
14327% uaz 223.24% awday awaalugli 420 Mnwanisnaaeuiienfsouiioua

S 4 ] a 9 a a1 A dy
Lﬂflilcﬁuﬁ Elong at break eumuwuulaimmammﬁum’fm%auaﬂhﬂ%mﬂ‘mmaﬂ UATNUUU

i1 ' ' Y v
Lﬁ@1Ji3J1il!i’)@]ﬁTﬁ’JuGU’ENfﬂiL‘%@Mﬂl’)NLWZJZJTﬂ%u‘%Qﬁ@ﬂﬂg’ENﬂ‘UWﬁﬂ”liVlﬂﬁ’f)\‘lﬂ’J”lﬂJ‘ViuHLuu
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1 = d' A di A [ 1 A 1 Y o A 49!
senINme Tngnaen Ted ABNOINNOAT A IUVBIAIFONUYINGINA 1 OATINTAFRUNINTY
1 a = < da! A a a a
urnlaTasmanaidunauwataniinnuudws wndy taziieinms@usnsananaslalu
uriu laTasmanadunauananiliudiu laTasmanadunaurauanlinnueouynauisn

A 9 ds! ' a1 d’ a a
ElﬂulﬂﬂJ1ﬂGUu!,W51$ﬂ1 Tg UADAAUNDRNYINTANIAN [36,37, 39, 41]

300
E=Ge/Sh_4
F=Ge/SlVGu_1
G=Ge/S/Gu_2
250 ] H:Ge.-"Sh.qu:S
e
=~
S
4 200 1
L
-
O
S 150
g
8
S
eh 100 A
g 66.02%
e 52.74%
- 46.40% — N
50 1 31.80% T
STS
0 TR CASNI L TAURY — AN N\ Vadw® T o
E F G H
Samples

317 4.18 wamsnaaeuauIiAiFINan Elongation at break vodunulalaswawaiaunedy

watan laglasusasnsanasreuyIg
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300

A=Ge/Sh/Ga 4
B=Ge/S/GwGa_l
C=Ge/SW/Gu/Ga 2 2 /

250 1 D=Ge/Sh/G/Ga_3 223.24%
e
e
p—
% 200 A
=
o 143.27%
S 150 T
o
)
S
Dzﬁ 100 -
ko) 59.82%
82} T

50 A

17.76%
0 L L = L L
A B C D
Samples

51N 4.19 wamsnadouauiABenan Elongation at break voauny laTasmnanaiaunay

9 a
wauan laglgensanian

NMIANMIAVITATINAAT Hardness ¥oautru laTaswanaidunauyanan lagldeinga
A o 2 4 - %3 de
n1an uaadnansdl naveenistdasuudasdSuiuarsi¥euvi19nons1aIu Ge/Sh 4,
Ge/Sh/Gu_1, Ge/Sh/Gu_2, Ge/Sh/Gu_3 11 4.15, 5.25, 6.75 1Az 7.20 <ua1ay adaadlugin
421 uwazauiiarananl Hardness vodunu'lalasmanaidunausananlasldeinsanian
Y 1 '

waaawanall urulalasnanadunauyaLanNinsANeInsANIan NeAs 18I Ge/Sh/Ga_4,
Ge/Sh/Gu/Ga_1, Ge/Sh/Gu/Ga_2, Ge/Sh/Gu/Ga_3 1f13.70, 4.15, 4.85 uag 5.60 AMA1AU A9
neraelugii 4.22 Mnwanisnaasulonfiouioua Hardness vouiu laTasnanaaumedy

9 a A 1 A da! d' 2 [ U d‘ 2 da! é
wavan laslsensanian IA1  MNAWNUTHIUOATIEIUVOITITFONVIIUNYNINVUF

A9ANRDINUNANITNARDIANUHUIHUTZH 0 TangniFou 1o Avtioiudas1dIuY0s
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A ' Y v A 2 ] a = < 2
ﬂ”lilf’]fﬂll"'l]';l"lﬁE‘NNﬁiﬁ@@]i”lﬂﬁl"]f@llNWﬂﬂJuLLWLl"I,ajﬂSlﬁ]aLilﬂW]LlNﬁlll"lfﬁllﬂﬂilﬂ?”lllll“]lﬂu1ﬂﬂlu
d‘ = a a \ a 1 Y 1
uazmaumimumm@mmm”lﬂimmu"laiﬂmammﬁuwamsﬁaLaaﬂaqwaiwﬂ1 Tg uwu"laim
a2 9 a A o Y1 < 1 [l 2
Ranaaurausatan laglsensananiatanasin lvmanuudsanag DOUPNNINYU [36,37,

39, 41]

8
E=Ge/Sh 4 7.20
F=Ge/Sh/Gu_l 6.75 T
G=Ge/Sh/Gu_2 T
H=Ge/Sh/Gu_3
6 1 525
T
7 415
= T
B
o
am
2 4
0 T T T T
E F G H

Samples

51U 4.20 mamINaaoVAUIABINAAT Hardness ¥ounu laTaswanadunauyatan lay

U

4 o a A
lasuonsIMseuasIFeNIIN
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A=Ge/Sh/Ga 4
B=Ge/SW/GWGa_1
C=Ge/SWGWGa 2
D=Ge/SH/GW/Ga_3
o 5.60
T
4.85
T
o 4.15
2 n 3.70 I
"E
<
0
2 4
ot rr -t 1
A B £ D

Samples

511 4.21 wamInaaoUANIAITINAAT Hardnessvoauiy la Tasnanardunauyavan Tag 146

Y

nsANIAN

a d: a a
4.7 MINANzHInssad v umilslasnanmaunausatanlaglfeinsanman

a o v a a
i]”mﬂ15ﬂ15’;mﬁzﬂmm%’wwmuwu”laiﬂmamamuwam%auaﬂTﬂﬂiﬁff’mﬂmmaﬂwu

Y
2 A

1 8IN3ANAA, Ge/Sh/Ga_4, Ge/Sh/Gu/Ga 1, Ge/Sh/Gu/Ga 2, Ge/Sh/Gu/Ga_3 ¥ peak INAUUN
-1 & 1 Jd v < = a X2 A -1 =
3250-3350 cm «mmmwyjﬂm%mm O-H / N-H stretching U peak INAUYUN 1633 cm  HILLTAY
] d v . = a ds! A -1 = 1 Jd o .
ﬁyﬁmﬂvumm C=0 stretching U peak INAVYUN 1549 cm %Qllﬁﬂﬁﬁy’ﬂﬂﬂ%uﬂlm C=C stretching
uaz U peak NAYUH 1227 om” FauaaanglafFuues C-0/ C-N stretching 1IAKANTNATDY
1] 1 =) L= | T a ds! 1 = a aan dtﬂ'
W‘U’N!I,WuvlEIIﬂiL%aL%aWIuWﬁNWﬁLLﬁﬂlllliJ peak Gl“l’i‘iJLﬂWU‘H L!ﬁ'ﬂ\i’NVlﬁJiJﬂﬁLﬂﬂﬂ;]ﬂﬁEﬂlﬂiJﬂ

wldn/asunlamgandurienadluasou [34, 39] dauaaslugili 4.24
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400

Ge/Sh/Gu/Ga_3
4 Ge/Sh/Gu/Ga_2
= 300 f
é:/ /\'\/\/-\'\.\/
5 1633 cm™! V\/ N
o C=0 stretching /v Ge/Sh/Gw/Ga_1
= s e ———— it g
jca 200 S 1549 em™' / A VL U!Ill
E C=C stretching \ Vopr Ge/Sh/Ga 4
w
g | a
; 1227 em’’ /
I 0 0 il C-O/C-N stretching Gallic acid
3250-3350 cm”’
O-H/N-H stretching
0 T T T T T T

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm'l)

H a o ] a a
517 4.22 wam ATz Iassadveauru lalasnanaaunasatan Insldensanian

U

a d wAa a
4.8 MIUAzHanTamaaNuSouve s lslaswanafunaiyataniagly
g1INIANIAN

wansuaIzianianieanuiouvesunulalasnamaidunausanan W IHY

laTaswanaidunansatannons1aIu Ge/Sh 4 WU peak A1 Tg, Tm INAYUR 85.7, 185.9

v 1

. 4 o a 4 1A - 4
Cc elimstAvasi¥euvisadlUnudiukulelasnanadunauiyatannonsiaiu
Y H 1

Ge/Sh/Gu_1 WUIH peak A1 Tg, Tm (AATYUT 83.4, 183.6 °C 1alimsaneInsananas llwun
' a d' v 1 L= 1 a 49! d'

urulalaswanaiAunasanannons1dIu Ge/Sh/Ga 4 WUNT peak A1 Tg, Tm AATUR

d‘ = a d‘ a 1 ) a
43.8,192.4 °C Welimaanas¥envnaazernsaman adldnuiuulalaswanaaunay

v Y H
1wauanNons a4 Ge/Sh/Gu/Ga_1 WU peak A1 Tg, Tm LAATUN 49.9, 196.3 °C MUEIAD A

uanalugil 4.24-4.27 ninwamsnaaesnuindelmaanaarouyivad i luwrulaTaswan

103



aAungusatanve lidawansznuaea Tg, Tm vosuny lalasmanaidunauiraanuiniin
A tﬂ' = a a 1 1 a 1 Y =S
ualelims@uensanman aglunuunulalasmanardunauvatanszaanali a1 Te
é 9 Y A A d' 1 d’ = a a 1 [l
AAAY FIADANADINUNAVBITNIAITFINaNNUI NI MTANeINTANMEn ad ldnuueiulalas
a ' Y a 1 v = '
wanawunauratanadinaliudu lalasmamaifunausatanlia1nITNUADLIIAG A

Modulus A1 Hardness 3A18994 [41]

DSC fimwimag)
1 exo Peak 185.9°C, 4.144 mWimg
40
Ge/Sh_4
35
30
25
Glass Transition A
Onset 853 °C End 1920°C
20 Md  857°C |
Inflection  859°C
15 End 86.1°C
Delta Cp. 0,041 J{Q"K) Onset 183.0°C ~
10
141
05 o
Area: 1341 Jig
i . A -~ N
-05 T T T T T v T ; v
40 60 80 100 120 140 160 180 200

Temperature °C

3 a 4 wa 1 a { o U
ﬁ‘l.lﬁ 4.23 wamiamiww’dum‘wNmm%’ﬂmlmtmu"laimmaL%amuwam“vauaﬂﬁammau

Y

Ge/Sh 4
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DSC fmvWimg)

L exo

Ge/Sh/Gu_1

Peak 1836 *C, 5879 mWimg

Glass Transition
Onset 829°C
Mid 834°C
Inflection  83.5°C
End 838°C
DeltaCp™  0.035 Jg™K)
End 1875°C
Onset 1814°C
: 1]
Area 13964g
40 60 80 100 120 140 160 180 200
Temperature "C

‘]Jﬁ 4.24 Waﬂ']’i’JLﬂﬂw‘ViﬁﬂJ‘]JWVINﬂ’J']iI‘iE]MGUi’NLLWL!hlﬁIﬂiLﬂﬁlﬁﬂﬂWIHNﬁmﬂfﬁ!mﬂ‘l’lﬂﬁﬂﬁ’)u

Ge/Sh/Gu_1
DSC KmWimg)
+ exo
Ge/Sh/Ga_4
30
25
Glass Transition
Onset 406°C
20 Mid 438°C
Inflection 47.1°C
End 47.0°C
15 Delta Cp* 0.032 Mg'K)
10
05
00

Peak 1924 °C, 3489 mWimg

End: 1964 °C

Onset 1908 °C

—

Area 5375/

J

40

60 80

100

140

Temperature 'C

160 180 200

‘]Jﬁ 4.25 Nﬁﬂ'l‘i’J!ﬂ‘51"’ﬁﬁiJ‘lJGl“VlNﬂ’J'liJ‘if]uGUlemuhl81@3!%@1L%ﬂWIHNﬁNL“Bﬁ!LﬁﬂW@ﬁﬁﬁ’JH

Ge/Sh/Ga_4
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DSC fimWimg)

30

25

20

05

00

¥ exo

Ge/Sh/Gu/Ga_1

Glass Transition

Onset 491°C

Mid 499°C
Inflection  498°C

End 507*C

Delta Cp™:  0.244 J{(g*K)

Peak 196.3*C, 3 mWimg

End: 199.1°C

Area 26.1Jig

Onset 1942 °C

40 60 80 100 120 140 160 180 200
Temperature 'C

Y a 4 a 1 a { o 1
ﬁﬂﬁ 4.26 Wam'imﬂ‘iwwﬁuuwnmm%’eummuwu”laTﬂ'mammﬂuWﬁm%auaﬂ%ﬁﬂmu

U

Ge/Sh/Gu/Ga_1
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pH 7.4 {unan 48 Halus UhnaeesmsUandesnianuedaluaainulelas waﬁaﬂ']aﬁué’um“anmd'mld wa
mmﬂaaqw'U"h'LUIﬂ'ma*qnﬁ'ﬂthu&uﬂ'%mmmwaﬁﬂéaﬂmﬁﬂua%ﬂﬂﬂ'ﬁnﬁuéﬂnﬂaLuaﬂtﬁuﬁuua:ﬂ%u1m
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wavanlulalasamynintu isssnluanavsagawaniuvsnaglulalasaaiudilihiTlminnisiouraty
vasenolgvansarnuihnnswilienannsafus i usensnleinndu vennninhemaulslnnealuneasy
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Ffvan waniy, wauan, manweds, lelasma, ssuvdsinuiinni
Abstract
Transdermal drug delivery systems (TDDs) deliver drug through skin to human body. TDDs have been
widely used because this system can control ameunt of drug permeation and user friendly. Hydrogel
plays the important material in TDDs patch. In this work, gallic acd was selected as model drug. To
investigate the effect of shellac, the gelatin hydrogel was prepared at various amount of shellac (0,
10, 20 and 30 %w/w of shellaclon physical properties and permeation characteristic. The percentage
of swelling of hydrogel decrease with increasing amount of shellac because of higher rigidity from

shellac structure. The permeation characteristic experiments was carried out by Modified Franz
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Diffusion Cell using pigskin as the permeation membrane at pH 7.4, 37°C for 48 hr. The amount of

gallic acid permeation from shellac/gelatin hydrogel gradually increase with time. The amount of

permeated gallic acid from hydrogel increase with amount of shellac increase due to the higher

gelatin chain relaxation. Moreover, the toxicity of hydroeel were investivated. Gelatin hydrogel

showed nontoxicity behavior. Thus the prepared egelatin hydrogel can be an interested candidate

material using as TDD patch.

Keywords: Gelatin, Shellac, Gallic acid, Hydrogel, Transdermal drug delivery systems
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