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ABSTRACT: The present study describes the preparation and characterization of the Tween 80/Span 80 and sunflower oil-based orga-
nogels. Organogels were characterized using microscopy, X-ray diffraction, thermal, mechanical, and electrical techniques. The proper-
ties were found to be dependent on the proportion of the water : surfactant mixture. The in vitro drug release studies were
performed under electrical potential. The drug release in the presence of electrical current was compared with the passive drug
release. The drug release from the organogels followed the zero-order kinetics suggesting diffusion mediated release. The preliminary

results suggested that the organogels may be used as drug carriers in iontophoretic drug delivery. © 2014 Wiley Periodicals, Inc. J. Appl.

Polym. Sci. 2015, 132, 41419.
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INTRODUCTION

Skin is the largest organ and the integumentary system of the
body." It has been extensively explored to deliver drugs either to
elicit pharmacological actions either locally or systemically.” The
delivery of drugs into the systemic circulation across the skin is
regarded as transdermal delivery. The main advantage of trans-
dermal drug delivery is bypassing the first-pass metabolism by
the drug molecules. But the migration of the drug from the
skin surface into the systemic circulation is the rate-limiting
step.” Many approaches (e.g., use of permeation enhancers, elec-
trical energy, ultrasound or a combination of these) have been
adopted to improve the permeation of the drugs through the
skin layer.* Among the techniques studied, iontophoretic drug
delivery system has evolved as one of the widely explored trans-
dermal drug delivery systems. Iontophoresis is a non-invasive
transdermal drug delivery methodology which uses a low inten-
sity electric current to promote permeation of the drug across
the skin.” The method is based on the phenomenon of “like
charges repel each other”.® The technique uses a two-electrode
system. One of the electrodes is the active electrode, whereas,
the other is the passive electrode. The drug molecules used for
iontophoretic drug delivery are usually charged molecules.” But
various neutral drug molecules have also been tried.® If the drug
molecules are anionic in nature then cathode is made as the
active electrode and vice versa.” The delivery of the drug has
been found to be dependent on the profile of the electric current
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applied. Various current profiles have been applied and their
effect on the release profile has been studied extensively.'®!

Drugs are usually incorporated within gel based matrices. The
drug loaded matrices are placed in the donor compartment.
The matrices should be electrically conductive in nature.'>™"
Till recent past, only hydrogels were regarded as suitable for
iontophoretic delivery systems.'>™'® Of late, water containing
organogels are being explored as delivery matrices for iontopho-
retic drug delivery.'* Organogels are gel based systems which
immobilizes apolar solvents.'” In general, organogels are electri-
cally non-conductive.***! Organogel based formulations may be
designed to contain pockets of water, which can make the orga-
nogels electrically conductive.”” Even though water pocket con-
taining organogels have suitable properties to be used in
iontophoretic drug delivery, only few studies have been reported
which explore the suitability of the organogels for iontophoretic
drug delivery. Taking a note of this, we have tried to thoroughly
characterize Tween 80-Span 80 based organogels (previously
reported by our group) to determine its suitability as iontopho-
retic delivery vehicles.*

MATERIALS AND METHODS

Materials

Basic electronic components were procured from the local mar-
ket. Microprocessor (SPEEDY-33) was purchased from National
Instruments, USA. Span 80 (sorbitan monooleate; SM) was
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Table I. Composition of the Organogels

Composition % (w/w)

SA % DW/SM
Samples SM DW SO (w/w) ratio
F1 50.0 20.0 30.0 = 0.40
F2 60.0 20.0 20.0 — 0.30
F3 50.0 30.0 20.0 = 0.60
F1D 495 20.0 30.0 0.5 0.404
F2D 59.5 20.0 20.0 0.5 0.336
F3D 495 30.0 20.0 0.5 0.606

purchased from Loba Chemie, Mumbai, India. Tween 80 (poly-
oxyethylene sorbitan monooleate; PM) and sodium salicylate
(SA) were purchased from HiMedia, Mumbai, India. The stain-
less steel (SS) electrodes for the iontophoretic studies were fab-
ricated using high quality SS plates. Edible grade refined
sunflower oil (SO) was procured from the local market. All the
studies were conducted using double distilled water.

Preparation of Organogels

The preparation of the organogels was performed by fluid filled
fiber mechanism as per the previously reported literature.'® Sur-
factant mixture of SM-PM (1 : 2 weight ratio) was used as the
organogelator. The organogels were prepared by altering the
compositions of SM-PM, sunflower oil and water. The composi-
tions of the selected organogels have been provided in Table I.
In brief, SM-PM mixture was dissolved in sunflower oil and
subsequently homogenized using magnetic stirrer (100 rpm) at
room-temperature (RT, 25°C). To this homogenized solution,
water was added drop-wise with continuous vortexing. After
the addition of water, the mixture was vortexed further for 3
min. Drug containing organogels were prepared using sodium
salicylate solution in water as the aqueous phase. The final con-
centration of the drug in the formulations was kept 0.5% w/w.

Microscopic Studies

The microscopic evaluation of the organogels was performed
using bright field microscope (Leica-DM750 equipped with ICC
50-HD camera, Germany) and scanning electron microscope

Table II. Details of Texture Analysis Studies
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(SEM, JEOL, JSM-6390, Japan). SEM analysis was performed
using xerogels. The organogels were converted into xerogels as
per the reported literature.”* The xerogels were subsequently
sputter-coated with platinum, before visualization under the
SEM.”

Thermal Studies

Differential scanning calorimeter (DSC-200 F3 MAIA, Netzsch,
Germany) was used to study the thermal properties of the orga-
nogels. The organogels were scanned in the temperature range
of 20-150°C at a scan rate of 2°C/min under N, environment
in aluminum (Al) pans with pierced Al lid. Accurately weighed
15-20 mg of the organogels were taken in Al pans and hermeti-
cally sealed with Al lids.

Impedance Measurement

The electrical properties of the organogels were measured using
a computer-controlled impedance analyzer (Phase sensitive mul-
timeter, Model: PSM1735, Numetriq, Japan) in the frequency
range of 0.1 Hz to 1.0 MHz.*

Mechanical Analysis

Mechanical properties of the organogels were determined using
a static mechanical tester (Stable Microsystems, TA-HD plus,
U.K.). The stress relaxation, gel strength, spreadability and back-
ward extrusion studies were performed at RT. Table II summa-
rize the details of the mechanical studies.””®

Viscosity Studies

Viscoelastic properties of the organogels were studied by using a
cone (cone angle: 5.4° and diameter: 30 mm) and plate viscom-
eter (Bohlin Visco 88, Malvern, UK). All the viscosity studies
were conducted at RT.*°

In Vitro Drug Delivery

The drug delivery studies were performed using a specially
designed diffusion cell (Figure 1). SS plates (diameter: 2 cm)
were used as the electrodes and were connected to the donor and
the dummy chambers. The donor chamber contained drug
loaded organogel, whereas the dummy chamber contained nor-
mal saline (Figure 1). The donor chamber was separated from
the receptor chamber using a pre-activated dialysis membrane.
The experimental set-up of the iontophoretic drug delivery

Testing conditions

Pretest speed Test speed Post-test speed

Type of study Type of fixture (mm/sec) (mm/sec) (mm/sec) Mode of study

Stress relaxation HDP/SR spreadability 1.0 0.5 10.0 Auto force (5 g, 5 mm)
rig with 45° conical
perspex probe

Gel strength P/3 30mm diameter 1.0 1.0 10.0 Button mode (30 mm)
cylindrical probe

Spreadability HDP/SR spreadability 2.0 2.0 2.0 Auto force (5 g, 20 mm)
rig with 45° conical
perspex probe

Backward A/BE back extrusion rig 1.0 1.0 1.0 Buttonmode

extrusion
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Figure 1. (a) Schematic sketch of iontophoretic set up and (b) experimental setup of iontophoretic drug delivery system. [Color figure can be viewed in

the online issue, which is available at wileyonlinelibrary.com.]

system has been shown in Figure 1(b). SPEEDY-33 was used for
the generation of the basic waveforms (e.g., sinusoidal and
square) and was controlled by a LabVIEW program. The current
flowing through the system was 1.06 mA, which provided a cur-
rent density of 0.048 uA/cm?. The effect of application of various
waveforms on the release profile of the drug was studied (Table
III). The study was conducted for 4 h. Three milliliters of the
receptor volume was sampled at regular intervals of time
(15 min during the first hour and 30 min thereafter). Three
milliliters of the receptor volume was replaced with fresh water.
The samples were then analyzed spectrophotometrically using a
UV-visible spectrophotometer (UV-3200, LabIndia, Mumbai,
India) at a A, of 294 nm.***!

RESULTS AND DISCUSSION

Preparation of Organogels

The solution of SM-PM mixture in sunflower oil was light
brown in color. Addition of water resulted in the formation of
yellowish white or milky white colored semi-solid formula-
tions (Figure 2). An increase in the water proportion resulted
in the apparent increase in the whiteness of the formulations.
On the other hand, an increase in the SM-PM proportion
resulted in the formation of gels with higher yellowish tinge.
The formation of organogels was confirmed by inverted test-
tube method.”” The formulations were regarded as organogels
when they did not flow under gravity [Figure 2(b)]. Stable
gels were also formed after loading sodium salicylate into the
organogels. The pHs of the developed organogels were in the
range of 6.0-7.0. The bright field microscopy of the organo-
gels showed presence of droplets of water within an oil con-
tinuum phase [Figure 2(a)]. The droplets of water were

Table III. Basic Waveforms Used in Iontophoretic Drug Delivery

stabilized by the SM-PM layer, which formed a protective
layer at the interface of the water and sunflower oil. The
droplets were interconnected to form a three-dimensional net-
work structure. The FTIR studies suggested presence of the
intermolecular hydrogen bonding among the organogel com-
ponents (results not shown). This has been a usual phenom-
enon in water containing organogels.”>>>% Sodium salicylate
loaded organogels showed the presence of peaks associated
with the aromatic ring of the drug. There were no specific
interactions among the gel components and the drug mole-
cules. X-ray diffraction (XRD; results not shown) showed a
broad diffraction peak at 20° 20 thereby suggesting the amor-
phous nature of the organogels.”* The crystallinity of the
organogels, as predicted from the XRD profiles, was in the
order of F3> F2>FI.

SEM Studies

The xerogels were visualized under SEM and have been shown
in Figure 3. The microstructure showed the presence of fibrous
structures of organogelators. Addition of water to the solution
of SM-PM in sunflower oil resulted in the organization of the
surfactant molecules to form inverse micelles. These inverse
micelles formed 3D mesh-like structure which, in turn, resulted
in the immobilization of sunflower 0il.*® The microstructure of
the xerogels was dependent on the composition of the organo-
gels. All the three formulations showed the presence of gelator
fibers, but of different architectures. Reverse micellar structures
were distinctly visible in F2 and F3. F1 showed the presence of
predominantly spherulitic structures. In addition to the reverse
micellar structures, F3 also showed the presence of spherulitic
arrangements. The presence of reverse micellar structures was

Basic Amplitude of basic Frequency of basic Signal conditioning Modulated
waveform waveform (Vgp) waveform (Hz) circuit waveform
Sinusoidal 3.00 440 = SN

Square 3.00 440 — SQ

Sinusoidal 3.00 440 Half-wave rectifier SNH

Square 3.00 440 Half-wave rectifier SQH (pulsed DC)
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Figure 2. (a) Formation of organogels showing BFM image and (b) the
stable organogels. [Color figure can be viewed in the online issue, which

is available at wileyonlinelibrary.com.]

not predominant in F3 as was in F2 formulation. The formation
of predominant reverse micellar structures in F2 might be
accounted to the lower water to SM-PM ratio (DW/SM-PM).
Because the DW/SM-PM ratio was highest in F3, spherulitic
arrangement of fibers was seen [Figure 3(c)]. Formation of
spherulites in these organogels was by heterogeneous nucleation
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Figure 4. DSC thermograms of organogels. [Color figure can be viewed in
the online issue, which is available at wileyonlinelibrary.com.]

mechanism as evident by the radial outgrowth of gelator fibers
from the nucleation point.”” The microstructure of the organo-
gels as observed under light microscopy and SEM are different
from each other. This may be explained by the fact that there
are chances of alteration of original micro-architecture because
of the molecular rearrangements of the organogel components
while extracting out the apolar continuum phase. The 3D archi-
tecture is often reported to collapse upon itself during conver-
sion to xerogels.”®

Figure 3. SEM images of the (a) F1, (b) F2, and (c) F3 organogels.
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Figure 5. Electrical properties of organogels (a) Nyquist plot, (b) frequency vs. tan 0, (c) frequency vs. imaginary component, (d) frequency vs. imped-

ance, and (e) equivalent circuit diagram with R, and C, values obtained after fitting the impedance data. [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com.]

Thermal Studies

Figure 4 shows the DSC thermograms of the organogels. The
thermograms of the organogels have shown a single broad
endothermic peak. This was due to the evaporation of the water

Table IV. Mechanical Properties Obtained from the Stress Relaxation Studies

molecules. Though the organogels have shown single endother-
mic peak, the position of the peak was different. This may be
due to the extent of intermolecular hydrogen bonding among
the organogel components. The occurrence of the endothermic

Formulations WR (g-sec) Fo (9) F: (9 % Relaxation k1 ko S

F1 193.25 12.21 491 39.13 0.1361 0.0001 0.3906
F2 195.55 11.68 5.44 4545 0.1518 0.0001 0.3892
F3 531.59 35.16 12.07 36.98 0.1258 0.0001 0.3897
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Table V. Mechanical Properties Obtained from the Gel Strength, Spreadability Studies, and Backward Extrusion (Be) Studies

Index of
Formulations Firmness (g) Stickiness (g) Adhesiveness (g-sec) Cohesiveness (g-sec) viscosity (g-sec)
F1 146.50+2.5 -220.8+3.7 -83.65+x24 219.40+3.2 759.46
F2 153.82+3.2 -258.22+3.9 -92.05+3.6 209.93+2.7 685.56
F3 436.83+2.8 -65590=1.9 —229.55+x22 141560+ 3.6 1373.13

peak temperature (T,) was highest for F3 followed by F2 and
F1. This may be due to the structural variations of organogels
as was evident from the XRD studies, which suggested that the
crystallinity of F3 was highest followed by F2 and F1. In general,
the presence of endothermic peak at higher temperatures indi-
cates higher thermal stability of the formulations.>

Impedance Analysis

Figure 5 shows the complex impedance spectra (Nyquist plot)
of the organogels. The plot showed two distinct regions in all
the gels. The high frequency region contained a slightly
depressed semi-circle which can be attributed to the bulk effect
of electrolytes. The low frequency region showed a non-vertical
spike which can be attributed to the roughness of the electrode-
sample interface.”® The intercept of the semicircle on the real
axis gives bulk resistance of the materials from the Nyquist
plot.40 There was a decrease in the bulk resistance (R;) of the
organogels in the following order F2> F1>>F3. The results
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104

L

30 40 ( 5I0
Time (sec)

D
-104

Force (g)
S
]
o

204
=30

-40
504

[B3) 1200

900

—F1
—F2
—F3

600+
300

3001

Force (g)

Time [gec)

-600-

-900-

may be explained by the fact that higher proportions of water
resulted in a corresponding decrease in the R, The tan J plot
of the organogels has shown a single relaxation peak. This may
be due to the ionic transport process in the bulk phase.*' The
impedance profile showed F2 had highest impedance followed
by FI and F3. The result was in accordance with the bulk resist-
ance of the organogels obtained from the Nyquist plot. The
results showed that there was a decrease in the impedance of
the organogels with the increase in the frequency thereby sug-
gesting a capacitive dominant behavior of the organogels. The
relaxation time of the organogels was calculated from the imagi-
nary component profile using the following equation:

27 ax Ti=1 (1)
where,
f max= frequency at Z” max.

7,, = Relaxation time
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Figure 6. Textural studies of organogels (a) stress relaxation studies, (b) gel strength studies, (c) spreadability studies, and (d) backward extrusion stud-

ies. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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Figure 7. (a) Pseudoplastic behavior of the organogels and (b) modified power law fitting of the organogels. [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com.]

It was observed that the relaxation time (t,,) of F3 (29,891
Hz ') was maximum compared with F1 (3908 Hz ') and F2
(3848 Hz™'). This might be explained by the fact that an
increase in aqueous phase lead to the increased mobility of the
charged particles within the gel systems.*?

The modelling of the Nyquist plot was done by proposing an
electrical equivalent circuit [Figure 5(e)]. The inhomogeneity of
the system is counterbalanced by adding a constant phase
(CPE) element in the equivalent circuit. Two CPE elements
have been introduced in the equivalent circuit which were
named as CPEl and CPE2.* The proposed electrical circuit
contained a parallel combination of bulk resistance, bulk capaci-
tance and a CPE element (CPE2) which represented the semi-
circle (bulk effects). An another CPE element (CPE1) was added
in series to represent the spike obtained as a result of electrode—
sample interface.”” The data was fitted using commercially avail-
able computer software Z SimpWin. The red lines as shown in
Figure 5(a) indicated a good fit data. The bulk resistance and
bulk capacitance (C;,) obtained after fitting the impedance data
are shown in Figure 5(e).

Mechanical Analysis

The mechanical properties of the organogels were analyzed by
stress relaxation (SR), gel strength, spreadability studies and
backward extrusion (BE) studies (Table IV and V, Figure 6).
The SR profiles of the organogels were determined using a cone
probe, made of perpex. The cone was allowed to move a dis-
tance of 10 mm after a trigger force of 5 g. The maximum force
at the distance of 10 mm was noted as F,. The probe was held
at the same position for 30 sec. During this time, the deforming
force due to the stress applied started dissipating. The force
sensed by the probe at the end of 30 sec was regarded as Fs.
The percent decrease in the force due to hold time was calcu-
lated as the % SR.**** The area under the F, and F;, curve was
regarded as work on relaxation (WR). The results of the study
have been tabulated in Table IV. % SR is a measure of molecu-
lar rearrangement of the organogel components after the stress
is applied. The %SR was found to be highest in F3 followed by
F1 and F2, respectively. The WR was found to be highest in F3
whereas the WR of F1 and F2 were found to be similar.
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This suggested that the firmness of F3 was much higher
compared with F1 and F2. Similar finding was also evident
from the gel strength studies.

The stress relaxation profile was further analyzed by modified
Peleg’s equation.*

Fo—F(t))t

B EON_y gy (2)

0

where, F, is the maximum force attained when a specific force
is applied; k; and k, are the Peleg’s constants which indicates
the initial rate and extent of the relaxation, respectively.

k, provides information regarding the initial force decay rate
whereas k, provides information regarding the overall relaxa-
tion. The normalized stress relaxation data was plotted against
time and fitted linearly (¥ >0.995). The initial rate of the relax-
ation (k;) was lower in the organogels with higher DW/SM
ratio. It was in the order of F3> F1> F2. The k, values of the
organogels was almost equal. The viscoelastic properties of
the organogels were quantified by calculating the area under the
normalized stress relaxation curve (S). The S value was found
to be ~0.48 (Table IV) which suggested viscoelastic fluid nature
of the organogels.*’

The highest force required to penetrate/deform the organogels
is regarded as the firmness of the organogels.*® The firmness of
F3 was much higher compared with F1 and F2. The firmness of
F1 and F2 was almost comparable (Table V). The firmness
of F3 may be associated with the higher degree of intermolecu-
lar hydrogen bonding in F3 due to highest DW/SM-PM ratio as
against F1 and F2. The DW/SM ratio was similar in F1 and F2.
Because of this, the firmness of F1 and F2 was expected to be
similar. The maximum negative force recorded during retraction
of the probe is regarded as the stickiness and the area under the
negative curve is the adhesiveness of the gels.***® The stickiness
and adhesiveness of F3 was highest compared with F1 and F2.

Spreadability is a measure of how easily a formulation can be
spread. As a matter of fact, the area under the positive peak
(cohesiveness) is inversely proportional to the spreadability. The
results suggested that F3 was least spreadable, whereas the
spreadability of F1 and F2 were comparable.
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Figure 8. The in vitro drug delivery profiles under (a) passive diffusion and (b) SN, (c) SQ (d) SNH, and (f) SQH wave forms. [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.com.]

The BE studies were conducted to have an insight on the index  Viscosity Studies

of viscosity of the organogels. The index of viscosity of the  The viscosity profile (Figure 7) of the organogels suggested
organogels was calculated from the area under the negative  shear-thinning property, ie. the viscosity of the organogels
peak.”" F3 was found to be having higher viscosity index which  decreased with the increase in the shear rate. It was observed
was followed by F1 and F2 (Table V). that at low shear rates, F3 had the highest dynamic viscosity
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Table VI. The Mean CPDR and % Increase in CPDR Values of Organogels Due to Iontophoresis

CPDR % Increase in CPDR
Type of waveform F1D F2D F3D F1D F2D F3D
Passive diffusion 17.50 14.16 242 — — —
SN 25.67 18.18 28.01 46.68 28.39 15.74
SQ 30.40 16.87 31.64 73.71 19.13 30.74
SNH 21.16 32.36 32.16 20.91 128.53 32.89
SQH 24.87 26.82 34.95 4211 89.40 4442

compared with F2 and F1, respectively. The index of viscosity
calculated from BE studies also suggested that the viscosity was
highest in F3. The shear-thinning property may be attributed to
the destruction of the networked structures at higher shear
rates. The flow behavior of the organogels was predicted by cal-
culating the flow behavior index (n) using Ostwald-de wale
modified power law.’> The ‘0’ value of the organogels was
found to be <1, suggesting pseudoplastic flow behavior of the
organogels [Figure 7(b)].

The Herschel-Bulkley model [eq. (4)] is used to calculate the
yield stress required for a formulation.

T=1.+Ky" (3)

where, 7 is the shear stress; 7. is the yield stress, k is the consis-
tency, n is the flow index, and y is the deformation rate or shear
rates.

The yield stress is considered as an indirect representation of
the strength of the formulations. Similar to the bulk resistance,
the yield stress of the organogels were found to be in the order
of F2 (1.44) > F1 (1.32) > F3 (1.18). The organogels with higher

Table VII. The Drug Release Kinetics of Organogels

DW/SM ratio showed lower yield stress values. This suggested
that the organogels containing higher water content resulted in
lower yield stress.

In Vitro Drug Release Studies

The in vitro drug release profiles from the organogels have been
shown in Figure 8. The height and diameter of the donor cham-
ber was 3.62 and 2.5 c¢m, respectively. 15 g of the drug loaded
organogel was used for the study. The drug release studies sug-
gested that the cumulative percent drug release (CPDR) from
the organogels was higher when electrical current was applied
compared with the passive diffusion (Table VI). Percentage
increase in CPDR due to the application of different current
wave forms has also been tabulated in Table VI. Under the
experimental conditions, the modified waveforms (SNH, SQH)
have shown higher % increase in CPDR than the native wave-
forms when compared with the passive drug release studies. In
general, the pulsed iontophoresis (SNH, SQH) prevent the elec-
trode polarization which might have facilitated the higher drug
movement.” In case of SN and SQ waveforms, the frequent

KP model

Wave form Sample code Zero order (r9) Higuchi (r?) Best fit n Type of flow

Pas F1D 0.98 0.98 Zero order 0.92 Case-ll transport
F2D 0.99 0.87 Zero order 0.94 Case-ll transport
F3D 0.99 0.87 Zero order 1.00 Case-ll transport

SN F1D 0.99 0.81 Zero order 1.09 Case-ll transport
F2D 0.99 0.86 Zero order 1.02 Case-ll transport
F3D 0.99 0.88 Zero order 0.98 Case-ll transport

SQ F1D 0.99 0.80 Zero order 1.2 Case-ll transport
F2D 0.99 0.84 Zero order 1.13 Case-ll transport
F3D 0.97 0.91 Zero order 0.89 Case-ll transport

SNH F1D 0.98 0.91 Zero order 0.84 Case-ll transport
F2D 0.99 0.84 Zero order 1.00 Case-ll transport
F3D 0.99 0.81 Zero order 1.10 Case-ll transport

SQH F1D 0.99 0.86 Zero order 1.08 Case-ll transport
F2D 0.99 0.88 Zero order 1.02 Case-ll transport
F3D 0.93 0.90 Zero order 0.93 Case-ll transport
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and continuous change in electrode polarity might have resulted
in the lower drug release.

The drug release kinetics was predicted by best-fit model esti-
mation. Data fitting was performed upon the 60% of the total
drug released.>® The results showed that the release of the drug
followed Zero-order kinetics under both passive and active con-
ditions (Table VII). This suggested that the release of the drugs
was predominantly by diffusion and the release was concentra-
tion independent under the experimental conditions.’>*® The
results indicated that the application of electrical potential of
different waveforms did not alter the mechanism of drug release
but only facilitated the active diffusion of the drug.

The Korsmeyer-Peppas (KP) release exponent (n) value was cal-
culated from the slope of the KP model (Table VII). The results
indicated Case-II or super Case-II transport phenomenon.
Usually, this kind of transport phenomenon is reported when
the diffusion of the drugs is much faster compared with the
relaxation of the polymer molecules of the delivery matrices.””

CONCLUSION

The current study reports the physical and electrical characteri-
zation of the Tween 80-Span 80 and sunflower oil based orga-
nogels. The properties of the organogels were dependent on the
composition of the organogels. An increase in the gelator con-
centration increased the physical properties of the organogels.
On the other hand, an increase in the water concentration
resulted in the decrease in the physical properties. The electrical
properties of the organogels were improved with the increase in
the water concentration. The iontophoretic drug delivery sug-
gested that the rate of release of the drug from the matrix was a
complex phenomenon dependent on the composition of the
organogels and the waveform pattern of the electrical potential
applied. Though the results are preliminary, the results of the
in vitro drug release studies suggested that the developed orga-
nogels may be tried as carriers for iontophoretic drug delivery.
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