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ABSTRACT

Organogelators induce 3-D networked structures in apolar solvent molecules via cross-linking of non-covalent self-assembled
aggregates below the gelation temperature. The objective of the present investigation was to evaluate the effects of different Span
40 concentrations on gelation kinetics and drug release behaviour of topical soybean oleogels. An inversely proportional relationship
was observed between gelation time, melt flow index and concentration of Span 40 in soybean oleogels. Gompertz model was
employed on gelation kinetics data to determine organogelator and oil parameters which are assumed to be associated with thermal
stability and gel flexibility respectively. Formulation OGS2 (18% W/V Span 40) formed less viscous, thermally stable and presumably
more flexible oleogel compared to other formulations. Nearly ideal zero-order release of paracetamol was achieved from 0GS*2
following Fickian diffusion. However, slow drug release profiles, higher t50 values were observed with oleogels having 20-24% w/v

Span 40 which followed Korsmeyer-Peppas kinetics with non-Fickian diffusion.
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INTRODUCTION

rganogelators which are low molecular weight

viscoelastic materials, promote non-covalent self-

assembly of various types of aggregates, such as

fibres, strands, and tapes, which are cross-linked
among themselves through “junction zones” resulting in
the formation of 3-D networked structures in the solvent
molecules leading to  oleogels below the gelation
temperature (Tg).! Sterol, sorbitan monostearate (Span
60), sorbitan mono palmitate (Span 40), lecithin and
cholesteryl anthraquinone derivatives have been used as
organogelators at different concentrations in the
development of oleogels with different apolar organic
solvents such as cyclo-hexane, benzene and carbon
tetrachloride, vegetable oils (sunflower oil, rice bran oil,
sesame oil, olive oil, mustard oil etc.) and mineral oil.>* For
each apolar solvent-organogelator combination, there
exists a unique critical gelator concentration (CGC), i.e.
minimum concentration of gelator necessary to induce
gelation of the particular solvent/oil .*

An ideal oleogel for the topical application would be one
with  good organoleptic properties, satisfactory

extrudability and spreadability, pseudo-plastic flow
behaviour, high flexibility, high thermal stability and
improved drug release. The properties of oleogels are
governed by relatively weak and non-bonded interactions
such as hydrogen bonding, Vander Waals interactions and
ni-stacking of gelators.®

The nourishing property of vegetable oils increases their
utilization as suitable solvents in topical formulations. It is
reported that soybean oil based gels and lotions protect
our skin from UVB rays, free radical-induced inflammation,
reduce transdermal water loss on the skin and promote
skin barrier recovery.”

The objective of the present study is to develop
paracetamol (PCM) loaded novel soybean oleogels for
topical application by varying Span 40 concentration and
to evaluate the effects of different organogelator
concentrations on in-vitro characteristics of soybean
oleogels and establish a relationship between soybean oil
parameter and gel flexibility from gelation kinetics study as
well as to ascertain the effect of organogelator
concentration on drug release behaviour from the
oleogels.

MATERIALS

Soybean oil pouches of same batch (Emami Ltd., India)
were procured from the local market, Kolkata, West
Bengal in order to maintain a strict control on oil quality.
Span 40 was of AR grade and obtained from Loba Chemie
and paracetamol IP (PCM) was received as a gift sample
from the enlisted vendor. Double-distilled water was used
throughout the study, wherever required. For
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hemocompatibility study, fresh goat blood was collected in
the heparin-coated tube and stored at -4°C.

METHOD

Accurately weighed paracetamol (2% w/v for drug-loaded
batches) and Span 40 were dissolved in soybean oil
maintained at 60°C with continuous stirring in mechanical
stirrer (REMI) at 500 r.p.m for 1h after which a clear,
homogeneous solution was obtained and it was allowed to
cool down subsequently to 25°C to form oleogels having
different concentration (%w/v) of organogelator.
Composition of the various batches of oleogel
formulations is presented in Table 1.

Table 1: Composition of Soybean Oil Based Oleogels(%w/v)

Batch PCM Span 40 Soybean oil
OGS* 1 2 16 82
OGS* 2 2 18 80
OGS* 3 2 20 78
OGS* 4 2 22 76
OGS* 5 2 24 74

OGS are the blank gels of the corresponding drug- loaded
gels

Compatibility study
Fourier transformed infrared (FT-IR) spectroscopy

Infrared spectroscopic studies of oleogel components and
trial batch of the drug-loaded formulation (OGS* 2) were
carried out by FT-IR spectroscopy (Bruker, Alpha-T,
Germany) in attenuated total reflectance (ATR) mode in
the range of 4000-500cm™.

Physico-chemical characterisation

Organoleptic evaluation

The freshly prepared oleogels were subjected to
organoleptic evaluation for their color, odor, opacity and
appearance.

Drug content study ®

A definite amount of drug-loaded oleogel was mixed with
phosphate buffer (pH 5.8) to obtain uniform dispersion
that was kept undisturbed for 48hr. The dispersion was
filtered through Whatman filter paper (No.1). An aliquot of
filtrate was suitably diluted and analysed by UV-visible
spectrophotometer (UV 1800 UV-vis spectrophotometer,
Shimadzu Corporation) at a wavelength of 249 nm.

Rheological study °

Rheological behaviour of oleogels was studied by using
Brookfield digital viscometer (Model LVDVI+) at 252C by
varying shear rate from 1-5 r.p.m (spindle 6) for 1 min
each. Ostwald de-wale Power model (equation 1) was
employed for modelling of viscosity for the determination
of flow consistency index (k) and flow behaviour index (n)
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from the relationship between shear stress (T) and shear
rate (Y).

Thermal analysis
Gelation kinetics study

Gelation kinetics study of oleogels was performed by
nepheloturbidometry (ELICO® CL 52D, ELICO India).
Oleogel in sol state was transferred to Nessler cylinder and
the light was allowed to pass through the turbid sample
where suspended particles scattered light. Transformation
of sol to gel was characterised by increase in turbidity
which continued for a certain period of time after which
there was no further increase in turbidity. The time at
which turbidity attained a constant value is defined as
gelation time. The turbidity intensity was measured at 20 s
interval and expressed in terms of nepheloturbidity unit
(NTU).

Gelation kinetics modelling °

Gompertz model was employed for modelling of gelation
kinetics. This non-linear model (equation 2) indicates a
(NTU) (Y),
concentration of gelator in % w/v (p) and time for gelation
in h (x).

relationship between turbidity intensity

a is defined as non-polar solvent(oil) parameter and is
related to gel flexibility whereas B indicates organogelator
parameter and can be related to gel’s thermal stability.

Log Y=0+ Bp .o (2)

In the above equation, p*is defined as
p*=pr+p+ p3*+....(3)

Where p1 indicates organogelator concentration, p2
indicates surfactant concentration; ps indicates other
additive concentration and so on.

Determination of gel-sol transition temperature (Tg) *

Thermal analysis of oleogel was done by drop ball method
for determination of the gel-sol transition temperature
(Tg). A stainless steel ball having the diameter of 1/8" inch
and weight of 230 mg was placed over the formulation in
a beaker and attached with a melting point apparatus (El-
931). The formulation was heated at a rate of 12C/min. The
temperature at which the ball started to move into the gel
was noted and considered as the gel-sol transition
temperature of the oleogel (Tg).

Melt flow index *

Melt flow index (MFI) is defined as the ease of melt flow of
thermoplastic material in gram over a period of 10 min at
a certain standard temperature (i.e, 65°C for gel
formulations) when checked in melt flow tester. A fixed
weight of oleogel (10 g) was poured into the cylinder and
temperature was set at 65°C to prevent thermal
degradation of gel at higher temperature as specified in
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reported method. Pressure was applied with the piston bar
to the cylinder using 10 g of weight above the piston bar
after setting at the predefined temperature. Sample melt
flow occurred through the die face in the form of wire and
was collected after 10 min and was further subjected to
weighing to determine its mass.

Drug diffusion studies

In-vitro drug diffusion study and modelling of release
kinetics *

Modified Franz diffusion cell was used to perform the in
vitro drug release study on prepared oleogels through
dialysis membrane-60 (HIMEDIA® LA 330-5MT). Accurately
weighed drug-loaded oleogel containing PCM equivalent
to 4mg was placed on the membrane and wetted slightly
with phosphate buffer (pH5.8). The buffer solution in the
receptor compartment was maintained at 32+0.59C. An
aliquot of 1 mL was withdrawn every hour for 7h and
replenished with fresh buffer. Following appropriate
dilution, aliguot was analysed by UV-visible
spectrophotometer (UV 1800 UV-vis spectrophotometer,
Shimadzu Corporation) at a wavelength of 249 nm. The
study was performed in triplicate. From drug release
profile the time taken for diffusion of 50 % drug i.e., tso
value was calculated for all gel formulations for model-
independent comparison. Simultaneously, the drug
release data of oleogels were subjected to kinetic
modelling to determine the drug release pattern and the
diffusion mechanism.

Steady-state flux, co-efficient

determination'?

permeability

The measurement of flux across human skin provides a
valuable insight into the formulation development of any
dermatological product. The steady-state flux of PCM from
oleogels across the artificial dialysis membrane is defined
as follows.

SSflux= dQ/dt*l/A ........................... (4)

Where,

SShux= steady-state flux of drug (mg/cm?.hr); dQ/dt= slope
of the linear portion of the curve i.e. cumulative amount
per unit time (mg/hr); A = diffusional area (cm?)

Permeability co-efficient (Kp) is quantified by the following
equation.

sz SSflux/ Capp ............................ (5)
Where,

Capp = initial concentration of the drug in the gel
formulation. In the present study, it was expressed as
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%w/v i.e. weight of drug actually present in the volume of
gels taken for permeation study.

Accelerated stability study 3

Accelerated stability study includes thermo-cycling or
freeze/thaw cycling, and syneresis measurements that
help to predict the effect of temperature change on
stability of anhydrous organogels. The purpose of the
study was to assess the change in gelation time with
consecutive freeze-thaw cycles. Thermo-cycling or freeze-
thaw cycling method involves incubation of the freshly
prepared gel samples at 652C for 15mins till the formation
of sol state followed by gelation when time was noted.
Then these oleogels were incubated at 49C for 15 min after
which stored at 252C for 48hr.The process was repeated
for 6 cycles for oleogel and at the end of each cycle,
gelation time was noted.

RESULTS AND DISCUSSION
Oleogel formation

Oleogel formation for soybean oil occurred at all the
selected Span concentrations. The dissolution of Span 40
in the soybean oil at 60°C resulted in the formation of clear
homogeneous solution but change in solubility parameter
of Span 40 molecules with lowering of temperature to 25°C
decreased the affinity between continuous oil phase
(soybean oil) and Span and therefore a three dimensional
self-assembled structure of gelator was formed by
capturing oil molecules within.*

Fourier transformed (FT-IR) Spectroscopy

FT-IR study was performed for Span 40, soybean oil, PCM,
drug-loaded oleogel (OGS* 2) [Fig.1] Peaks at 2913, 2855,
1744, 1157 and 719cm™ were found in the spectrum of
soybean oil. Most of the characteristic peaks of Span 40,
soybean oil and drug were visible in drug-loaded oleogel.
FTIR analysis of the oleogels revealed slight shifting in the
peaks of the individual components as well as minor
changes in peak intensity indicating otherwise
compatibility between the oil, organogelator and the drug.

Absence of the broad peak at 3300 cm_1 in oleogels
indicated intermolecular hydrogen bonding among the
fatty acyl groups of gelator and oil molecules which is
responsible for imparting strength to the gels.}*1°

Physico-chemical characterisation of oleogels

The organoleptic properties of prepared blank oleogels are
summarized in Table 2. The drug content study revealed
that all formulations contained drug in the range of 92-
96%. (Table 2)
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Figure 1: FT-IR Spectra Of Drug-Loaded Oleogel Of Soybean Oil (Ogs* 2) Along With Raw Materials

Batch

Table 2: Organoleptic Characteristics and Drug Content Assay of Soybean Oleogels

0GS2
OGS 3
0GS 4
OGS 5

Colour
Yellowish- white
Yellowish- white
Yellowish- white

Yellowish- white

Organoleptic characteristics

Odour
Odourless
Odourless
Odourless

Odourless

Drug content* (%)
Opacity Appearance
Opaque Smooth-oily 96+0.2
Opaque Smooth-oily 95+0.8
Opaque Smooth-oily 93+0.4
Opaque Smooth-oily 92+0.8

*represent meantsandard deviation for 3 experiments (n=3) and determined in corresponding drug-loaded oleogels

Rheological study

The order of viscosity for soybean oil based blank oleogels is as follows:

0GS5> 0GS4> 0GS3> 0GS2 [Fig. 2].

Modelling of viscosity data revealed all the formulations to exhibit non-Newtonian pseudo plastic flow behaviour.
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Figure 2: Effect of Organogelator Concentration on Rheological Behaviour of Soybean

0]

Thermal analysis

The gelation kinetics was studied by monitoring the change
in turbidity during cooling of the blank oleogels. The
change in gelation time with gelator concentration is

leogels

shown in Table 3. Gompertz model was employed for
modelling of gelation kinetics to determine soybean oil
parameter (a) and organogelator parameter (B) [Table 3]
which are related to gel flexibility and thermal stability of
the oleogels respectively. Gel-sol transition temperature
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(Tg) of the blank oleogels is presented in Table 3. Tgvalue
was found to increase with increase in gelator
concentration.

The order of MFI of soybean based oleogels is presented
as follows:

OGS 2>0GS 3>0GS 4> 0GS 5

Thermal analysis of oleogels suggested that increase in
gelator concentration decreased gelation time and caused
gel-sol transformation to occur at a higher temperature.
The Tg values of the formulations were lower than the
melting point of Span 40. The increase of Tg with the
increase in gelator concentration indicated that self-
assembly in the gel state is governed by strong
intermolecular interactions attributable to Span 40.Gel-sol
transformation is a reversible process as the gels reformed
on cooling exhibiting same properties as before (.16

ISSN 0976 — 044X

Oleogel, OGS 2 was found to possess higher a- value
compared to other formulations indicating higher
flexibility. Moreover, OGS 2 was found to possess lower
viscosity than other Span-based formulations suggesting
ability of lower concentration of Span 40 to result in
flexible (higher a- value) structure. Higher viscosity and
lower a- value of OGS 5 suggested the formation of a more
compact mesh-like self-assembled structure within the
oleogel. Better thermal stability of OGS 5 was established
from the lower B-value and simultaneously higher Tg value.
As the concentration of gelator was increased, a-value
decreased indicating the formation of comparatively rigid
gels with higher viscosity and better thermal stability as
manifested in increasing B-value and higher Tg. The oleogel
(OGS 2) with higher a-value and low viscosity is expected
to demonstrate improved drug release owing to higher gel
flexibility.

Table 3: Thermal Analysis Data of Soybean Oil Based Oleogels

Gel-sol transition Gelation time

Batch temperature (Tg) (2C)* (sec)*

0GS 2 42+0.3 1060+1.2
OGS 3 46+0.5 460+1.3
0GS 4 48+0.4 320+1.7
OGS 5 49+0.5 260+1.5

Melt flow index Modelling of gelation kinetics

(gm/10sec)* a B
0.87+0.7 2.0726 0.5791
0.56+0.3 2.062 0.8454
0.450.2 2.054 0.9234
0.34+0.6 2.034 0.9985

*Data represent meantstandard deviation for 3 experiments (n=3)

Drug diffusion studies

The drug release profiles of PCM from the prepared
oleogels are presented in Fig. 3. The percentage of drug
release decreased with increase in Span 40 concentration.
Results of kinetic modelling of drug release studies are
tabulated in Table 4. Solubility and partition co-efficient of
PCM play a significant role on release of PCM from soybean
based oleogels.!” Improved drug release from oleogel,
OGS* 2 is attributed to the flexible gel network as evident
from the thermal analysis. Satapathy reported earlier that
the release of the drug molecules from mustard oil and
ground nut oil based organogels decreased with increase

in gelator concentration due to the formation of dense
network structures that hindered drug diffusion.® It was
found that OGS* 2 followed zero order release kinetics
with Fickian diffusion, but drug release from other
formulations occurred via non-Fickian diffusion and
followed Korsmeyer-Peppas model. Moreover, constant
increase in the values of tso, and decreasing SSfux and
permeability coefficients were observed in gels with higher
concentration of Span 40. Data from in vitro drug diffusion
studies indicated negative impact of increasing
concentration of organogelator on drug release behaviour
from thermally stable oleogels.
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Figure 3: Effect of Span 40 Concentrations on Drug Release Profiles from Soybean Oleogels. Error bars represent

meanzsandard deviation for 3 experiments (n=3)
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Table 4: Kinetic Modelling Of Drug Release Data And Determination Of Drug Diffusion Parameters From Oleogels Of

Soybean Qil
Batch Kinetics Mechanism of
followed diffusion

OGS 2* Zero Fickian

OGS 3* Korsmeyer- Non-Fickian
Peppas

OGS 4* Korsmeyer- Non-Fickian
Peppas

OGS 5* Korsmeyer- Non-Fickian
Peppas

tso(hr)* SSiux(mg/cm?2/hr)* Ko(cm?/hr)*
6.0+0.2 2.6910.6 1.3410.2
7.410.3 1.98+0.4 0.99+0.3
8.0+0.3 1.68+0.5 0.84+0.4
8.510.4 0.87+0.3 0.44+0.5

*Data represent meanzstandard deviation for 3 experiments (n=3)

Accelerated stability study

Soybean oil based oleogels were found to be stable up to
10 cycles. [Fig. 4] (only 6 cycles are reported here).
Accelerated stability studies on oleogels showed them to

be stable with slight increase in gelation time for OGS3,
OGS 4 and OGS5 from 2™ freeze/thaw cycle. No change in
gelation time was seen with OGS 2 even after 6 cycles
indicating the oleogel structure to be able to withstand
effects of temperature change.
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Figure 4: Change in Gelation Time of Oleogels of Soybean Qil on Exposure to 6 Freeze-

Thaw Cycles

Combining the results from the above studies, it can be
concluded that increase in concentration of Span 40 as
organogelator produced most dense soybean oleogel with
higher viscosity, high gel-sol transition temperature, and
higher thermal stability but with remarkable decrease in
drug diffusion. But, soybean oleogel with 18%w/v Span 40
produced a stable topical formulation with satisfactory
organoleptic, thermal and rheological properties and zero-
order drug release profile, ideally suitable for controlled
release applications.

CONCLUSION

Soybean oleogels of varying thermal and rheological
properties with different drug release profiles and kinetics
were obtained by changing the concentration of Span 40.
Increase in organogelator concentration improved the
thermal stability of oleogels but produced rigid network
with very low drug release profiles and steady state fluxes.
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