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POLYACRYLAMIDE HYDROGEL BY ELECTRIC FIELD IN
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ABSTRACT

In this study, the effect of crosslinking ratio (mol N, N’-methylenebisacrylamide (MBA) :
mol monomer ; 0.001, 0.005, 0.010, and 0.035) drug size, dissociation constant of acid (K ) and
electrical voltage on the release characteristic of acid drug from polyacrylamide hydrogel were
investigated. The selected model drugs are metaphosphoric acid (4.000 A), phosphoric acid
(4.071 A), lactic acid (5.196 4) and benzoic acid (5.858 A). These model drugs are drug for diarrhea
treatment in piglet. The release characteristics were studied by using a hairless pigskin in acetate
buffer pHS.5, at 32°C the experiment period 48 hr.

The release characteristic of all drugs from polyacrylamide hydrogel shows the similar
results. The amount of released drug increased and reached the equilibrium after 10 hr. The amount
of released drug increase with decreasing crosslinking ratio because the drug can easily move from
the hydrogel at the larger pore size in lower crosslinking ratio. The amount and ratio of released
drug increase with increasing electrical voltage because of iontophoresis, electroporation in
hydrogel and expansion of pore size in epidermis. In addition, the smallest size of drug shows the
highest amount of released drug. At highest K, shows highest amount and rate of drug released.

Thus the amount of released drug can be easily controlled by adjusting the electrical
voltage, K, and hydrogel mesh size. These hydrogels might be use as high efficiency transdermal

drug delivery pacth for piglet.

Keywords: acid drug, polyacrylamide, iontophoresis drug delivery, patch
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2.1.9.2 1nT0IAMS @@ﬂﬁuua 31 UV-Visible spectrophotometer
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2.1.9.3 Fourier Transform Infrared spectrophotometer (FT-IR spectrophotometer)
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* / * — o ke

Cast into mold

Y 7
U a

H ' Y < a a
51 3.1 Yuaeumawsouurdulzoitignsilunsaninnedozaiarlud lalasiva

Ma1an 3.3 HBunaaaainlslumseTounnunlzemodozasar lud lalasma Noasims

FouuIAI
anfl wewewe;  amFew  Aaswiiien  wRswliie  dadaums
(AAM) g YIN (TEMED) Ammoniumperoxo L%BWU’JN
(MBA) g ul Disulfate (g) (g MBA/
CRGIAN g AAM)
PAAM 01 2.32 0.004 20 0.01 0.01
PAAM 02 2.32 0.023 20 0.01 0.05
PAAM 03 2.32 0.046 20 0.01 0.10
PAAM 04 2.32 0.161 20 0.01 0.35

a d wa
3.1.3 manadeutazinIzngaauavedlalasiva
= A 1 a a A A Y o 1 dy o o
Anwrauian1ee voaweaozasa luamsen1a aeae 1uil oasimsuaudazauag
wyuveInedozaIal lua lalasina MIndadIumsIFoNuI19A1 AT1ITOUAN UL TUFIUVDI
a a o a J @ = 1 a a J Aa £ g
wodezasal lua lalasiwa AnTzinmiusanliszninawedszasan luauazeilgnsidlunsa
! A 1 A A £ g a a J
as@euAINIsganaundvenrunlzeligniitlunsavinnedozaiarlua lalasioa
= A Ya A ' ] ' Ao L A A
asdovdIuaenunsanedluurunilze uaz naassanassnnignsilunsanmson
laumaaesldnuanzi@eunuuiivisgns
3.1.3.1 MIN19AIINTUINA (Degree of swelling)

I [ R 1 ' A o 1 o
Wumsiaanuansalumsgaduive sy laTasnandunszvaulag

v
a =

{ [ a 1 =y ¥
nMsnaaeINguunil 37.0 = 1.0 °C Funminugungiivesinnie Tasusruau 13 luminiuna

U
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3 4 a 3 A e : J
59U ué’wmmumﬁam ﬂimmmﬁﬁma (Equilibrium water content, EWC) §3UN1TH 1A

9NTINTVINAT (Degree of swelling) ALEuMIN 3.1

Degree of swelling (%) = M-M: 100 (3.1
d

Y
o g

= 3
umuﬂmm'la%mawmum (2)

Tash M

Y
° v

ininvealalaswanui ()

M,

<L g

a 4 YN ] H
3.1.3.2 MsuAgRguautianiamenmnvearutlzenignsiunsaain
wodozasanlud lalasna

Gummlaqgwguﬁuaﬂaiﬂmagﬂﬁmammfmmi 3.2

1/2

&=v,,3|C, 7 | (3.2)

Tagh yiagnguvedlalasma (A)

,O} v 1 ld' d’
umuﬂimaqaizmnmﬂwgmﬂfaman (g/mol)

o

N
I

g Y 4
iin Tuanaved I Tumes (gmol)

o,

= Flory characteristic ratio maqwaﬁazﬂ‘%aﬂuﬁ (8.8) [32]

!
I

B

o 1 a A %’
daaiuTaedSuasveaneawes luan1zuIuii

N
)
)

Il

ANMVEMIWUTZIENINMTVOU-A3 VDU (1.54 A) [32]

._.
Il

¥ 1 1 o {
Wmiin lwanaseningae e lagmuianaunsn 3.3

v, + v, 2,7

Lo 2V (3.3)
M M 1/3 .
¢ n Vos LV,
Vz,r _5
Vor Vor
%’ o a Al a ann A 9
1\/[n = uTﬁuﬂIiJ!aﬂaﬂlﬂ\iwaaluaiﬂﬂlxllﬂﬂﬂaﬂﬁﬂ'll‘]fﬂll"llj'l\i W'lll')
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1187 (36,400 g/mol) [32]

v = 3assunzvedlalasma (0.741 mL/g) [32]
Y ¥

v, = f51a5a8 Tuaveaii (18.1 mL/mol) [32]

@ [ a Ll 1
Var = ’E)Gli'lﬁ')l!"U@\‘IWﬂﬂlu@ﬁﬁ@‘lﬁ'u’mﬁﬂ@uﬂﬂﬁ@ﬂﬂ']ﬁ'U'ZliJ

o [ a Ll ~ a 14
Vas = 'E)GliWﬁ'Ju"ll@\‘]W’lf]ﬂliJ’E')ﬁﬁ@ﬁuWﬁiiu%mgﬂW@aLNﬂiﬂﬂﬂ
X = Interaction parameter of PAAM-water, (0.48) [32]

3.1.33 asndevdnyuzdugiuvoinoaozaian lud lalasia
o [ a a o a
MINMIATIIADVANHULNINNIENINYBIND AR A1 1Ua 1a Tasia Taonod-
a J ) 1 @ PRy { 1
pzasa1lua lalaswa gni lurluasazareiwmlesnsluszuuniivas lufimsnszduan
o Y < o L 0o q Y ¥ v ¥ a ? Y
useau Idhameuen fluna 1 3w sniugni ldudevazuaudidremsszidaenieandae
d' o a a 4 d' Y 9 1 [ [
1704 Freeze dry ttaz hnedozasat lua lalaswanuiadr luaenmanvasduguaiely
IORNHINAYDITATINTIFOIVINABVIAFHTUIAZANBIZ W UVDINDAD AT A Tud laTas
aAEnd0IaNIIMIDIANATOULLUADINT A
a o ] a a
3.1.3.4 MsuATzInseadwvearumlzemeaozaian lud laTasioa
a ' o = 1 Aa a 4 A £ ) A
AATERHINUSIATTEHINNeR0AT A luAataziignEiunsa AruAs0q
FT-IR (Fourier Transform Infrared spectrophotometer) Tael¥ Truam3saIuLUD ATR-FTIR %4

o o o w & A A A
nJuT‘Vimmi‘v]Nmmmuwmumﬂuﬂaumama

g
=4

1 [ H < a
3.1.3.5 asndeummsganaungveskunlzenigniiiunsaninwedes-
asanlualalasiag

H 4

A 1 1 == a a3 a a o’d'dg! Y

ioasndouNe luudunlzenlgnsilunsannwedozasat luanyuglla
z’z}a A o 1 a = Y o ~ 1 A 1 A £
Uuligeegise 319 Iarhmanfisuiisummsganaundesyning asareenlgnsiunse way

1 A £ a a o'lrl gJJ a d'd%} Y A

uiumlzenligniitunsaninnedezaiar lud laTasa 91ne1na 4 siia Nzl la drenses
UV-Visible spectroscopy

3.1.3.6 asnaeulSunaenuivsinegluupunlzen

A = ~ Y a 1 A £ g}/ a o

oasaaeulsumeiindvs e siunlzenngniitunsans 4 wiia il

{ ) <3 o ' { °
puldudeiguungil 120 °c Wurar 2 ¥ Tue vauduulzernudandnaziildazate
a [ g’/ o td' % [ 1 A 9 d‘

DMSO 1511435 10 mL vidsanimiiansazaten Ia ldaninisgandunds @rein509 UV-

Visible spectroscopy
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3.1.3.7 naansdantassnnigniiunsanwionlaumaaesldiuaniny
AIULUDHINIIENS
) i A £ g Y a o 1 '
WHutzoMugnslunsand 4 vila uvimsnaasimslaniasseiriu
@ ~ 9 o 1 ~ a I 1
nilagnsnaenal Tavazinisdanassengungl 32 °C uag ANWTUNTAAI (pH) = 5.5

I o o 2 A 1 @
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3.1.4 minageumstlanilasseniiignaiiunsannnedsrasarlud lalasiea
= [ J
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a

{ I 1 o 1
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o 14 ~ @ 14 g}J 1 . . .

a1sazaelies Tasnasazareiosiuazussged Iy Modified franz diffusion cell
[ ~ o 1 I o o o A
a3 3.3 Tagazshmanadeumsiaaasse Wunar 48 43 Tug inmsnaaeanaluszuun
' Yy Y o 9 = Yy v o 9 ]
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#e M3 1FHENMIMUIBNANUYUTUVDIENTABNANA UV-Visible spectroscopy
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Meodified franz diffusion cell

|—— Temperature controlled at 32°C

| Buffer solution pH 5.5

511 3.2 MmsnaaouuruuilzerTasld Modified franz diffusion cell

Y
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8. ﬁ?ﬂNﬁllﬁ%ﬁlﬁluiWﬂﬂuwﬁﬂ'ﬁ’J%EJ <«
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4.1 wamsAnIaaulinveanedeyasallualalaswa

4.1.1 9A3INITUVINAY (Swelling ratio)
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a 9 a a L4 ~
MANEINGANTITUNTUINAIAZYUIAFNTUYDIVDINDADZAT A NG laTasaa N
] o’lrl 9 ] 1 A 1 a a hl c’ll v YA

AATIZH ANINFATIUMIFOUUI NG WoAOLATA1 WA 131ATIaYUIA 5 x 5 mm QAUFTIN
a I % o % o { o {
garigideuilunar s 3 dnhmini la ldswraluaunsi 3.
% % a a o o ¥ [ 1 4
7031715 VINAIVDINBARLAT A lud la1aT19a1nNA1TNAasIladll dadiuUM IO
V214 0.001 mol (PAAMO1) 1IuA2 1A 846% FATIUNITLADUVIIE 0.005 mol (PAAMO2) LINAD
18 629% Faa1UNTHFOUVINN 0.01 mol (PAAMO3) VIR 521% tazndadIumsiFouvyng
% 9 [ tﬂ'
0.035 mol (PAAMO4) a2 18 272% asnaaslugii 4.1
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LN U IANFATIUVDINTIFBUVINTINAADOATINITUINAIVDI b 1asa Tae
A a Al U A o o 9 o o
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Crosslinking ratio(Mol MBA/Mol AAM)
51 4.1 Sasimsvaudivesnedozaiatlud lalasnaidasimaiFouToanie

4.1.2 YUIAYDITWTUVBINDADEAT AT lud lalasiea
I @ [ 1
urnvesgniuvedlalasnaiudedenanlunisniugunisunioonu1veIe191n
a 4 o a,
leTasa vurnvesgnguuedlalasmadininiizriuazduInd1095U09 Peppas 1A Barr
-Howell aattanaluauns (3.2) [32]
AT 4.1 1AAINNNFURUT TEHINTATIUMTIFONVINLALYUIAYDIFUTUVD
a a 4 [ 1 (% A z%l d‘ [ 1 4‘
wodezasallud lalasmalagdadiun1suiualued 1a lagmaszmuiy tedadi1un1ssou
A A o 1 A o Y 1A ‘g o Y
171989904 109NN BAATIUMIFBUVIIaAAd 1 1HANNeVe A TsNNNINYY 7
- 4
vagugulvalvgyy

'
v A

M98 4.1 Vagnguveanedozasal lud laTaswaionsIMsrenyeA1n

et 031N THOUIIN (mol) VUIAFNTU (A)
PAAMOI 0.001 294
PAAMO2 0.005 281
PAAMO3 0.010 173
PAAMO4 0.035 127

52



a di' k4 ' 1J aa 2 ‘ﬂ a a2 ul dvl i’
4.2 Wpszrlassavewwuulzanugnsilunsaninweaszniallualalasiea
a 4 wa 1 PR £ a a
42.1 wamsanNzRguaNanmenmveniulzeligniilunsannwedozas-

alualalasieag

o a a2 o a 2 4

dnvaznmMomnYeInedozasal lud lalasia gnasiadou Tasthwedezasal lud

] o PR { [l [
lelasna Tlusluasazaroiiosnsluszuundvag litimsnszdquarnussau luihneuen
I [ kS o @ a 3 4
Wuna 1 nintugnyh ldudsvazuindidienssziiae1ioona o303 Freeze dry 1ay
) a a 4 = Y 9 1 [ [ A = o
inedezasar lua laTaswanudawd lamenmanvazdugiunesluiofnyinavedns
4 1 a a Ja o
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(a)

511 42 nmae SEM veanedezasanlua lalasia mindadauasionydng 0.001 mol

(PAAMOI) () hifimsnszdudronssanluih ) Imsnszduasuseaulndhor v

(m) tmsnszaualeussau Ivih 0.3 v (1) Imsnszqudeussauluihos v
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()

511 4.3 amd1o SEM veanedezaia ludlalasina mindadauansidonuang 0.005 mol
(PAAMO2) () Lifimsnszduarons s il @) Imsnseduadlouseduliih o v

(m) Umsnszaualonseau i 0.3 v (9 Tmsnseduasusadu i os v

(M) Q)

51 4.4 nwn1e SEM veawedezasatlud lalasiva MAFAFIUENTIFOUVI 0,010 mol
(PAAMO3) () Lifimsnszdudronssanluih @) Imsnseduarsuseduliihon v

(m) Umsnszaualonseau Tvih 0.3 v (9 Imsnseduasusedu i os v
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M9 4.2 Vnagnguvenedozaia lud lalaswaiidadiumsiouys uag useauluih
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fednil dadiums  vnagngu PUIAFNTU YUIAFHTU VUGN U
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g AAM) Ay 0.1V 03V 0.5V
PAAMOI 0.001 56.50 £26.37 103.94 £44.69 12.99 £3.61  7.56 +2.41
PAAMO2 0.005 52.65 £ 15.63 83.15+19.21 25.07 £5.06 8.33 £2.86
PAAMO3 0.010 123.81£40.94  2426+471  2340+659  10.24 +4.69
PAAMO4 0.035 2390+ 13.41 18.31 £7.32 29.81 +£19.56 20.87 £12.09
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Meta-phosphoric acid in Buffer Solution
3 — Meta-phosphoric acid in PAAM Hydrogel
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1 Lactic acid in Buffer Solution
4 3 i Lactic acid in PAAM Hydrogel
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Amount of Drug Accumulation(mg)
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(Phosphoric acid Loaded polyacrylamide hydrogel)
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Q = 2C,(DY/TT)

Tae Q AoUSinaniSeiuiufinidavedlalaswanna t,C, AoSumed
vs3geglulaTasvauas D Aemaaiinmzuns [17]

AT 4.3-4.6 LAAIWANIAUIN A1 n Ay A1 K veuduulzenumearlesn-
nweaezasan lua lalaswa uruulzoleanesnnedezasarlud lalasma urwulzeanan

wodozasa lud lalaswa uaz urnunlzenuu lydnneaozaiar lua lalasna amaauy

M50 4.3 A1 n uaza K veauruulzenumeoanesnnodozasat lua lalasoa

Fadauansisou E=0V E=0.1V E=03V E=0.5V
U314 (mol) n K n K n K n K
0.001 012 007 017 007 022 003 015 007
0.005 023 001 008 016 026 002 022 004
0.010 015 008 020 006 028 002 016  0.03
0.035 0.17 003 038 001 018 006  0.11 0.10

M350 4.4 71 n uaza K veanruuilzenlearesnnodozasar lua lalasoa

Faduasiou E=0V E=0.1V E=03V E=0.5V
VI (mol) n K n K n K n K
0.001 0.25 0.002 0.07 0.010 0.08 0.01 0.16 0.005
0.005 0.16 0.010 0.17 0.006 0.17 0.006 0.25 0.005
0.010 0.30 0.001 0.21 0.003 0.13 0.010 0.22 0.009
0.035 0.21 0.002 0.21 0.002 0.17 0.008 0.16 0.010
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ﬁﬂﬁ")uﬁWi!éﬁ'@N E=0V E=0.1V E=03V E=0.5V
U214 (mol) n K n K n K n K
0.001 0.09 0.02 0.13 0.02 0.29 0.002 0.20 0.01
0.005 0.09 0.02 0.12 0.01 0.12 0.01 0.22 0.008
0.010 0.17 0.01 0.14 0.02 0.32 0.003 0.08 0.02
0.035 0.19 0.006 0.40 0.0006 0.07 0.03 0.11 0.01
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0.005 0.13 0.07 0.34 0.006 0.19 0.05 0.24 0.01
0.010 0.14 0.05 0.22 0.03 0.16 0.08 0.21 0.03
0.035 0.20 0.01 0.15 0.05 0.19 0.05 0.29 0.02
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Effect of drug size on diffusion from polyacrylamide hydrogel for electrically

controlled transdermal drug delivery
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Abstract

In this study the effect of crosslinking ratio (mol MBA : mol monomer ; 0.001,0.01,0.0065 and 0.10) drug
size (benzoic acid, lactic acid and metaphosphoric acid) and electrical voltage on the diffusion of drug
from polyacrylamide hydrogel. Transdermal diffusion through a hairless pigskin in acetate
buffer ,pH5.5 ,at 32°C the experiment period 48 hr. The diffusion behavior of all drugs shows the similar
results. The amount of diffused drug increased with increasing diffusion time and reached the equilibrium

value at 10 hr. The amount of drug released increase with increasing mesh size because the drug easily
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moves out from the hydrogel at the larger mesh size. The amount and rate of drug release increase

when the electric field strength.

Because the electric field is applied, electron from cathode electrode

pushes the ionic drug by electrostatic force and electric field can generate the micro pathway in pigskin.

Thus polyacrylamide hydrogel will be a new class of transdermal drug delivery which can easily

controlling by electrical voltage and hydrogel mesh size.

Keywords Benzoic acid, Lactic acid ,Meta-Phosphoric acid ,Polyacrylamide, lontophoresis
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