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Abstract

Aloein which is the active compounds that decrease pain and inflammation and stimulate skin growth and
repair are selected as the model drug in this work. From the low content of active compound (<5%vV/v) in
Aloe-vera, the development of controlled Aloe-vera extraction system is required to increase the
efficiency of drug therapeutic. The development of control-released Aloe -vera extraction, aloein from
polyacrylamide hydrogel system as transdermal drug delivery patch was studied. The apparent diffusion
coefficients, Dapp, hydrogel pore size and the release mechanisms of aloein from aloein/polyacrylamide
hydrogels (aloein/PAAM) were investigated in the effect of crosslinking ratio of hydrogel. The pore size of
crosslinked polyacrylamide hydrogel increases with decreasing amount of crosslinker. The amount of
aloin release and Dapp increase with increasing hydrogel pore size. For larger pore size of hydrogel
system, aloein can easily diffuse out than smiler pore size hydrogel system. Thus, the amount of aloin

released and Dapp can be controlled by controlling the hydrogel pore size.
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Electrically controlled Aloe-vera extraction release from polyacrylamide hydrogel

S. Niamlang', T. Buranut', A. Niansiri', and A. Sirivat’

1 Abstract— Aloin which is the active compounds that decrease pain and inflammation and stimulate skin growth and repair

are selected as the model drug in this work. From the low content of active compound (<5 %v/v), the development of
controlled Aloe-vera extraction system is required to increase the efficiency of drug therapeutic. The development of control-
released Aloe-vera extraction, aloin from polyacrylamide hydrogel system as transderyial drug delivery patch was studied.

The apparent diffusion coefficients, Dy, hydrogel pore size and the release mechanisn:s of aloin/polyacrylamide hydrogels,
aloin/PAAM, were investigated in the effect of crosslinking ratio of hydrogel. The pore size of crosslinked polyacrylamide
hydrogel increases with decreasing amount of crosslinker. The amount of aloin releasc and D, increase with increasing
hydrogel pore size. For larger pore size of hydrogel system, aloin can easily diffusc out than smller pore size hydrogel
system. Thus, the amount of aloin released and D, can be controlled by controlling the | drogel pore sized.

Keywords— polyacrylamide hydrogels,Aloin, diffusion coefficients, electrically controlled dru relcase

In this work, the release characteristic of Aloe-vera

1. INTRODUCTION extraction, aloin from PAAM hydrogel systcm was

investigated at various hydrogel pore sizes in with and
; The control.le'd firug releascf. technology was without applied cleciric field strength. The rate and
mteresped because it is hlghly beneﬁc1§al for control_lcd the amount of drug rc! will be controlled by controlling
drpg; into the body and it can be rapidly meta_bqllzc gnd the hydrogel porc . These aloin/PAAM hydrogel
eliminate from the body after administration. system might incre the therapeutic efficiency and

Hydrophobic drugs are also difficult to administer valushle 8t Alos-ver
because of the molecules in these drugs are not soluble in
water, so they are not readily transported into the body.

traction.

One of the most recent approaches to overcome this is to 2. METHODO!L.0
conceal the hydrophobic drug molecule inside a larger Materials
host molecule that is soluble in water. Hyper-branched Aloein (AR Fluka). was usedas the siodsl
polymers are one of substances that are used as host drug.  Acrylamid | (AR grade, Fluka), NN’
molecules. Polymers are generally used in many methylenebisacry! | N'-MBA) (AR grade, Fluka)
applications because of their unique properties such as 3 g A e
2 sa tetramethylencdiam EMED (AR grade, Fisher
s dqnsﬁy, ST, and_procesg ablht}-" i th~ese Scientific), and an iim peroxodisulfate (AR grade
properties could be combined with their electrical ? ' ; 2
Fluka) were used wnomer, crosslinker, \‘;1lalySt,

properties, this would useful in several applications[1]. g
i i ) and initiator, respe
Hydrogels, consisting of tri-dimensional structures

formed by crp;slinking hydrophil_ic polymeric chains, Preparation in-loaded  Polyacrviamide
possess the ability to swell in solution in response to the Hydrogel (Alocin
chemical nature of the media, the pH, the ionic strength, The 0.2 cin-loaded PAAM hvdrogels
the electric field, and temperature [1]. (based on the we! ¢ acrvlami e mononicr) were
The Aloe-vera extraction (Aloin, Aloe-emodin and prepared by the ! polvmerizition of 232 g Of
Aloesin) which is the active compounds that decrease pain acrylamide in an oluton of Aloein with N, N
and inflammation and stimulate skin growth and repair are methylenebisacry MBA) as crosslinker  [3].
selected as the model drug in this work. From the low Ammonium - p: nd  tetramethylenc !Immme
content of active compound (<5 %v/v) in Aloe vera, the (TEMED) were 1 W  the ac =leralok.
development of controlled Aloe-vera extraction system is To study the il link 112 ratio on the release of
required to increase the efficiency of drug therapeutic [2]. Aloin from Aloc byarogels gels at various
crosslink ratios (1 ¥ ¢ 0.001, 0.( 0.005,
0.010, 0.016, 1. 'A 02, PAAM_03,
PAAM_04, I'A =N ipectivele) were
S. Nigmlang, T.‘ Bu(anut, A. Niansiri‘ Depa_nmepl of Mat'erials and prepared al SRt of i N’
Metallurgical Engineering, Faculty of Engineering, Rajamangala .
University of Technology Thanyaburi, Klong 6, Thanyaburi, methylencbisicn M3/
Pathumthani, 12110, Thailand Tel +66-2-549-3480, Fax +66-2-549-
3483 E-mail: sumonman_n@mail.rmutt.ac.th PAAM Chara
- ) 2 i To stud fer ine ratio or mesh
A. Sirivat Conductive and Electroactive Polymers Research Unit, size of hy : s faoleristic the

The Petroleum and Petrochemical College, Chulalongkorn University, :
Bangkok, 10330, Thailand hydrogel me:




9th Eco-Energy and Materials Science and Engineering Symposium, Chiang Rai, Thailand, 25-25 12011

The hydrogel mesh size, &, was calculated using the
following equation: o7 WS e S FUC

E=v,,|C, = l (1 E o : v
: M, 3 »nr
where C,, is the Flory characteristic ratio for PAAM 5 :
(8.8), and / is the carbon-carbon bond length (=15.4 A) 3 AR R
i : o8
5 PAAM_05
o PAAM_06
Drug Release Studies U TR ST T i W T N, 1
The diffusion through a pig skin was carried out in : J g 15 2o 2
order to study the release characteristics of the drug from Timgha
a Aloin/PAAM hydrogel. A pig skin was placed on top of . ‘ ! )
the acetate buffer solution on a custom built modified Figure 1 Amount of Alom release from Aloin/PAAM
Franz diffusion cell. The nylon net was allowed to come hydrogel at time t v hr) at various crosslinking ratio,

into equilibrium and in contact with the acetate buffer (pH pHof 5.5, E=0 Vani i 37C.

5.5) in the receptor chamber; the buffer was magnetically 5 :
stirred throughout the experiment period (48 h) at a Effect of electric fic! HELR
thermostatically maintained temperature (37 + 2 °C). The

Aloin/PAAM hydrogel with particular crosslinking ratios ~ Figure 2 shows 11 amounts of Aloin released from
(mol wsa: mol aam = 0.002, 0.005, 0.016, or 0.024) were Aloin/PAAM verst: time at various electric field
placed between the copper cathode and the net, which was strengths, 0-0.1 V 1 sample woo attached to the
mounted onto the receptor compartment. To study the negatively charged « e (cathode) From Figure 2, it
effect of electric field strength on the release of the Aloin is evident that th ount of Al released  from
from the Aloin/PAAM hydrogels, the cathode electrode Aloin/PAAM is erc o higher eleciric field strength
(copper electrode) was connected to a power supply, due to three drivin; est clectrostatic foree, modified
which provided various electrical voltages across the the pathway of pigs! toxpansion of PAAM hydrogel.
hydrogel, the pigskin, and the buffer solution. The anode As the electric ficl phiedthe cioctrons push the
electrode pin was positioned in the buffer solution. The anionic out and v ! 1 pig skin. Thus
amount of the drug in the withdrawn solution sample was higher electric ficld 1 2t of aloin were
determined using a UV spectrophotometer. The released. The thiid “¢ onigines [rom the direct
experiments were carried out in triplicate and the data expansion of the | L hdrogelpore size due to the
were reported as average values. electric field [].
3. RESULTS AND DISCUSSION 8 —
PAAM characterization )5 % %
PAAM was polymerized through free radicalization . 4 4 % 3
and subsequently crosslinked at 27 C [3]. The calculated
mesh sizes of PAAM hydrogel is PAAM_01, 292 + 8 A; o8

PAAM 02, 183 16 A; PAAM 03, 161 + 8 A,
PAAM 04, 148 + 3 A; PAAM 05, 119 + 10 A,
PAAM 06, 99 + 2; as the crosslinking ratio decreases, the
mesh size increases.

P

LE=O0V
E=0.03V

Amount of drug release (mg)

AM_ E=0.05V

Effect of crosslinking ratio
Jffect of g AM_03,E=0.4V

The amount of aloin released through pigskin was
reported as the amount of aloin release from aloin/PAAM

e

as shown in Fig.2. Evidently, the amount of aloin released = i
from aloin/PAAM through the pigskin is greater at a . _ !
given time for samples with a lower crosslinking ratio as Figure 2 Amou - rom: Aloin/PAAM
shown in Figure 1 [4]. hydrogcl (PAAM { ' various electric
field strength,
Drug Release Kin:

We next inve ; " the electric field
strength on the 1! : n Aloin/PAAM
hydrogel. Drue e ; + analyzed by
plotting the ano 1 5 square root

of time accord ng U 116,711
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0=2C,(Dt/m)" @) poly(dimethylsiloxan pyriol composites,
Composites: A, 35.4

where Q is the amount of drug released per unit area, [2] Bum, BP. | B Frikad. T

C, is the initial drug concentration in the gel, and D is the Halliday ’D A ’ (‘, \ \( - ; k l;em{st& w0

diffusion coefficient of the diffusant. In Figure 3 D,,, of
Aloin release from Aloin/PAAM hydrogels (PAAM_03)
through the pigskin are plotted versus mesh size, at 37 s
as determined from data of Figure 1 and 2 using eq. 2.

electronic  propet (p-phenylene  vinylene),
Poly[(2,5-dimethv! | and poly[(2,5-
dimethoxy-p-phenvic lenel hem Soc.
Perkintrans, 1.

8e-5 [3] Lira, LM., Ton (205) Conducting polymer-
O PAAM_O3@E=0.1V hydrogel  compo £ el oet ical release
e DgEANCE a0 o devices:  systiios | n  of semi-
6e-5 5 interpenetratin ile  network,
s Electrochem C
2; 5e-5 ? [4] Murdan, § ;o drug delivery
g i from hydrogels. . 1-17.
3e-5 | 5 [5] Kantaria . MJ. (1999)
%; Gelatin stabili anogels:
-5 é § rheology and ¢ transdermal
106 . drug delivery, ./ © 5.

100 150 200 250 300 350
Mesh size (A)

Figure 3 The apparent diffusion coefficient, Dy, of Aloin
from Aloin/ PAAM hydrogel vs. Mesh size at pH 5.5, and
at37 C.

Dyp of Aloin  from Aloin/PAAM Increase
monotonically with increasing mesh size and electric
field. In general, we may conclude that the diffusion
coefficient of a drug in a transdermal delivery system
depends on drug size, electric field (driving force).

4. CONCLUSIONS

The Aloin /PAAM hydrogels were prepared by
varying the crosslinking ratio to study the release
mechanisms and the apparent diffusion coefficient, D,
of the aloin from Aloin/ PAAM hydrogel with and
without an electric field. With the absence of electric
field, the amount of aloin release increase with decreasing
cronsslinking ratio due to the larger mesh size of
hydrogel. Regarding the effect of electric field strength,
the amountof aloin released increase with increasing
electroc field strength due to three driving forces;
electrostatic force, modified the pathway of pigskin and
expansion of PAAM hydrogel. D,,, of Aloin from
Aloin/PAAM hydrogels system increases with increasing
electric field strength and hydrogel mesh size.
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ELECTRICALLY CONTROLLED ALOE-VERA EXTRACTION
RELEASE FROM
POLY ACRYLAMIDE HYDROGEL

S. Niamlang'’, T. Buranut!, A. Niansiri!, and A. Sirivat?
'Rajamangala University of Technology Thanyaburi, Thailand
2Chulalongkorn University, Thailand

Abstract

The apparent diffusion coefficients, D, and the release mechanisms of Aloin-doped
poly(phenylene vinylene)/polyacrylamide hydrogels, Aloin-doped PPV/PAAM, were
investigated. In the absence of an electric field (passive release), the diffusion of Aloin
from the SA-doped PPV/PAAM hydrogel is delayed in the first 3- 6 hr due to the ionic
interaction between the anionic drug and PPV. Beyond this period, Aloin can diffuse
continuously into the buffer solution through the PAAM matrix. Dy, of Aloin-doped
PPV/PAAM is higher than that of the Aloin-loaded PAAM, and the former increases with
increasing electric field strength due to the combined mechanisms: the expansion of PPV
chains inside the hydrogel; the reduction reaction under a negative potential driving the
Aloin through the PAAM matrix, or iontophoresis; and the electroporation of the matrix
pore. Thus, the presence of the conductive polymer and the applied electric field can be
combined to control the drug release rate at an optimal desired level.

Keywords—Aloein / Hydrogel /Paper Aloe-vera Extraction, Transdermal
drug delivery patch, Diffusion coefficient
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