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ABSTRACT

Solubilization of solid lipids in oil-in-water microemulsion is an important step in the preparation of lipid nanoparticles. Oil in
water microemulsion has been prepared using Tween-80 (T-80) as a surfactant and isopropyl myristate (IPM) as an oil phase
with a view to utilize them for the preparation of Solid Lipid Nanoparticles (SLN). The microstructure of the microemulsions
were evaluated using laser light scattering studies. From light scattering studies, it was observed that the intensity of scattered
light increases on increasing the concentration of IPM at a fixed concentration of T-80 (15%), reflecting an increase in the size
of the micelles. Dynamic light scattering studies show that the hydrodynamic diameter of the micelles increases on increasing
the concentration of IPM. Phospholipon® 90 G (lipid) solubilized microemulsions were prepared using 1:1 w/w mixture of lipid
and IPM as the oil phase. DLS studies suggest that addition of lipid did not alter the size of microemulsion droplets

significantly. Copyright © 2013 VBRI press.
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polyelectrolyte-surfactant interactions and biotechnological applications
of nanomaterials.

Introduction

Particulate drug carrier systems offer great promise to
improve the therapeutic effectiveness and safety profile of
various drugs. Incorporation of the drug into a particulate
carrier can protect it against degradation (both in vitro and
in vivo), control its release profile and also offers
possibilities for targeted drug delivery [1-8]. Solid lipid
nanoparticles (SLN, also referred to as solid lipid
nanospheres or lipospheres) are a new field of drug carrier.
They are colloidal systems providing controlled release
profile for many lipid soluble substances. The use of solid
lipids at the place of liquid oils is emerging as an attractive
idea to achieve controlled drug release, because drug
mobility in a solid is considerably lower compared to liquid
oil [1, 9-15]. SLN can be made from solid lipids (or lipid
blends) and are produced by one of the following
techniques, namely, high pressure homogenization [11,16]
microemulsion  template technique [11,17] solvent
emulsification evaporation technique [11,18] solvent
displacement technique [19] solvent emulsification
diffusion technique [11,20] phase inversion [21] and
membrane contractor technique [22]. Among these
techniques, we have focused our study on microemulsion
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template technique for the preparation of SLN.
Microemulsions are monophasic, thermodynamically
stable, transparent (or slightly translucent) dispersions of
oil and water. They are promising candidates to be used as
a medium to prepare nanoparticles of controlled size. It is
important to identify the solubilization of oil and lipids in
surfactant solutions, in order to explore their potential in
nanoparticle preparation.  The focus of this study is to
investigate oil solubilization in surfactant micelles and the
effect of lipids on microemulsion structure with a view to
utilize them for the preparation of SLN. These
microemulsions were characterized using laser light
scattering techniques.

A variety of lipids have been employed for the
preparation of SLN in drug delivery applications. For
example, lipid acids, mono, di or triglycerides, glyceride
mixtures, waxes etc, stabilized by a biocompatible
surfactant of choice (nonionic as well as ionic) have been
reported [10, 23, 24]. In the present paper, we examine the
microstructure of microemulsions formed by Tween-80 and
isopropyl myristate (IPM) using laser light scattering.
Polysorbate-80 or Tween-80 (polyoxyethylene-20-sorbitan
monooleate) is a biocompatible non-ionic surfactant that is
widely used as a solubilizer in pharmaceutical industry. A
lot of surfactants have been explored to study their efficacy
in drug delivery. Non-ionic surfactants are less toxic as
compared to ionic surfactants and have a high hydrophilic-
lipophilic balance (HLB) [10, 23, 25]. The nanoparticles
coated with Tween -80 led to the uptake by the endothelial
cells of the brain capillary. It has also been investigated that
the nanoparticles coated with Tween-80 could get across
the blood brain barrier and increases the brain drug
concentration by many folds [26, 27]. It is one of the
widely used excipients in pharmaceutical industry for
various applications and is approved by the U.S. Food and
Drug Administration for usage in injectable, oral and
topical products. Isopropyl myristate is synthetic oil
manufactured by condensing myristic acid with isopropyl
alcohol. It readily gets absorbed in the skin and hence used
as an emollient or moisturizer in creams and lotions and in
pharmaceutical industries as a lubricant [28-30].
Phospholipon 90G is used for the preparation of mixed
micelles, liposomes and microemulsions. It is used as a
solubilizer and stabilizer for parenteral administration and
is a phosphatidylcholine source for drugs and dietetics [31-
33].

Experimental
Chemicals

General ingredients include Tween-80 (Polyoxyethylene
monooleate), as a surfactant, was obtained from E. Merck,
Mumbai (India), IPM (isopropyl myristate) as an oil phase
was obtained from Sisco Research Laboratories, Mumbai ,
Lipid (phospholipon®90G) was a gifted chemical from
Bombay College of Pharmacy, Mumbai. All the chemicals
were used as received. Deionized water from a Millipore Q
system (resistivity ~ 18MQcm) was used to prepare
aqueous solutions. The chemical structures of Tween-80,
IPM and Phospholipon® 90G used for the preparation of
microemulsions are shown in Fig. 1.
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Fig. 1. Chemical structures of (A) Tween-80, (B) Isopropyl myristate, (C)
Phospholipon® (90G).

Dynamic light scattering

Light scattering measurements were performed using a
Malvern 4800 Autosizer employing 7132 digital correlator.
The light source was He-Ne laser operated at 632.8 nm
with maximum power output of 15 mW. All measurements
were carried out at 25.0+0.1°C using a circulating water
bath. Cylindrical cells of 10 mm diameter were used in all
of the light scattering experiments. The intensity of
scattered light was measured five times for each sample at
130° angle. The correlation functions were analysed by the
method of cumulants.

Preparation of microemulsions

Microemulsions are considered as two-phase systems
composed of an inner and outer phase (e.g. o/w
microemulsions, w/o microemulsion). Oil in water
microemulsions were prepared using biocompatible
ingredients, i.e. Tween-80 as a surfactant and isopropyl
myristate (IPM) as an oil phase. All microemulsions were
formulated with nanopure water to avoid surface-active
impurities. In order to formulate o/w microemulsions an
appropriate amount of Tween-80, isopropyl myristate (oil
phase, IPM) and (water phase, W), was weighed into glass
vials and homogenized completely by vortexing the
mixtures vigorously. The solubility of IPM was checked for
different concentration of Tween-80. A plot showing
maximum solubility of IPM at different concentration of
Tween-80 is shown in Fig. 2. With an aim to prepare SLN,
the lipid, phospholipon®90G was solubilized in the above
formulated microemulsions. Lipid solubilised
microemulsions were prepared by solubilizing equimolar
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quantity of IPM and a biocompatible lipid (Phospholipon
90G) in the surfactant solution.
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Fig. 2. Plot showing maximum solubility of IPM at different
concentration of Tween-80.
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Fig. 3. Variation of the scattered intensity of light as a function of IPM
concentration.

Results and discussion
Characterization of microemulsions
Static laser light scattering:

Laser light scattering studies were performed on (o/w)
microemulsions prepared by addition of different
concentration of IPM at fixed concentration of Tween-80
(15%). The variation in the scattered light intensity (at a
scattering angle of 130°) as a function of IPM concentration
is depicted in Fig. 3. Backscatter geometry is chosen to
minimize the interference from dust particles, if any. The
scattering intensity increases noticeably on increasing the
concentration of IPM. The absolute scattering intensity per
unit concentration of surfactant aggregates depends on the
volume of the aggregates as well as the nature and strength
of the intermicellar interactions. Thus, the observed
increase in the scattered intensity with an increase in the
concentration of IPM is an indication of the growth of the
micelles and/or changes in the intermicellar interaction. At
such low volume fraction of oil, changes in the
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intermicellar interaction can be neglected and the observed
increase in scattering can be attributed to increase in the
micelle size. Quantitative analysis using complementary
dynamic light scattering (DLS) measurements provides
more insight into the morphological changes in these
assemblies. DLS measurements were performed on these
microemulsions at different concentrations of IPM keeping
surfactant concentration constant.

Dynamic light scattering:

The variation in the hydrodynamic diameter of the micelles
upon oil or lipid solubilisation has been monitored by
dynamic light scattering. In colloidal range, suspended
particles diffuse in a random walk fashion by a process
known as Brownian motion. As a result of this, the phases
of each of the scattered waves arriving at the detector will
fluctuate in time due to random fluctuations in the relative
positions of the particles which scatter the light. Since the
net intensity measured by the detector is a result of
superposition of all the waves scattered from the scattering
volume, the intensity fluctuate randomly in time. This time
dependence or the fluctuations in the net scattered intensity
forms the basis of the Dynamic Light Scattering (DLS)
experiment [34].

The key concept underlying in a basic DLS experiment
is the fact that time scale of these fluctuations depends on
the size of the diffusing particles. Small particles diffuse in
the solution relatively rapidly resulting in a rapidly
fluctuating intensity signal in contrast to the larger particles
which diffuse more slowly.

The characteristic time scale of fluctuations in the
scattering intensity can be obtained from the autocorrelation
of scattered intensity.

A representative plot of the intensity correlation
function for 15% Tween-80 with 2.25% IPM and at a
scattering angle of 130° is shown in Fig. 4. Cumulants
method of analysis of autocorrelation function is applied for
a suspension of unimodal, rigid, spherical particles with
small polydispersity undergoing Brownian diffusion, the
correlation function decays exponentially and is given as
[35]

_ 2
@/ _ A(-T7) UoT

where T is the rate of relaxation of autocorrelation function
and , is the variance in the relaxation rate distribution.
r=Dpg* )

D is the translational diffusion coefficient and q is the
magnitude of the scattering wave vector given by

q = (47n/))sin(6/2) (3)
The solid line in Fig. 4 represents the theoretical fit to

the experimental data by the method of cumulants and it
reveals a reasonably good fit with this model.
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The average relaxation rate (I') value was obtained from
cumulant analysis for different concentration of IPM and
was used to calculate the diffusion coefficient of the
micelles. A progressive decrease in the I' value was
observed with increasing concentration of IPM, which
suggests a decrease in the apparent diffusion coefficient of
the micelles. The variation of apparent diffusion coefficient,
D,, of T-80 micelles (15 %) at different concentration of
IPM is depicted in Fig 5. A decrease in the diffusion
coefficient suggests an increase in the hydrodynamic
diameter of the micelles. For small dilute non-interacting
spheres the hydrodynamic radius, Ry, can be obtained from

the translational diffusion coefficient using the Stokes-
Einstein relationship [35].

D = kT / (6mnRy,) )

where k is the Boltzmann constant, 7 is the solvent
viscosity and T is the absolute temperature. If the particle
is nonspherical then Ry, is often referred as the apparent

hydrodynamic radius. The variation of hydrodynamic
radius, Ry of T-80 micelles (15 %) at different

concentration of IPM is depicted in Fig 8.
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Fig. 4. Representative plot of the intensity correlation function for 15% T-

80 at a maximum solubilised IPM. The solid line is a fit to the data using
method of cumulants.
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Fig. 5. Variation of diffusion coefficient of microemulsions at different
concentration of IPM.
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Hence, from SLS and DLS studies it is evident that with
increase in the concentration of IPM the size of the micelles
goes on increasing. Assuming a spherical aggregate and
using simple geometric considerations, the surface area and
volume of the micelles were calculated at each
concentration of IPM added in T-80 micelles using the
formula,

Surface area of the micelles = 47R,?

Volume of the micelles = 4/37tRh3

Here Ry is the hydrodynamic radius obtained from DLS
studies. The surface area as well as the volume of the
aggregates increases on increasing the concentration of
IPM. The aggregation number of the aggregates at different
concentration of IPM was calculated using the formula:

V = VNaggq
here, V = volume of the micelles
v=27.4+269n (A% (Tanford’s formula)

Nagg = @ggregation number

v = volume of the surfactant monomer obtained by Tanford
formula.*® The volume of surfactant monomer was found to
be 484.7 A,

The aggregation number of the micelles increases with
increase in the concentration of IPM. The hydrodynamic
radius, surface area of the micelles, corresponding volume
of the aggregates and the aggregation number at different
concentration of IPM are given in Table 1.

Table 1. Micellar parameters obtained from DLS studies.

S.No. Concentration Concentration Ry, (nm) Volume  Surface area Nagg

Tween-80 (%)  IPM (%) 39 32
s1 15 0 40 27x10°  20x10° 557
2 15 031 43 32x10°  23x10° 660
s3 15 0.76 45 38x10°  25x10¢ 784
s4 15 113 48 45x10°  2.8x10° 928

Table 2. % increase in the volume of the micelles due to IPM
solubilization.

S.No.  %(AV)  %(AA)  %(AV - AA)*
S2-S1 18.5 15 35
S3-S1 39.3 25 14.3
S4-S1 66.7 42 24.7

By assuming that IPM is evenly distributed among
surfactant aggregates, and each droplet contains similar
amount of IPM, we have calculated the % increase in the
volume of the micelles due to addition of IPM. The
percentage increase in the volume as well as surface area of
the micelles by addition of IPM in the 15% T-80 solution
were calculated at each concentration of added IPM
corresponding to that of pure Tween-80 micelles (Table 2).
The increase in the surface area with increase in the
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concentration of IPM may be attributed to the increase in
the number of T-80 molecules per micelle. Due to the
solubilization of the IPM in the core of the micelles, the
hydrophobic proportion of the micelles increases. In order
to maintain the hydrophilic-lipophilic balance, more
surfactant molecules are involved in the formation of
micelles, i.e. the aggregation number of the micelles
increases, which is in accordance to the results obtained
from DLS studies. The corresponding increase in the
volume of the aggregates occurs due to the combined effect
of increase in the aggregation number of the micelles as
well as the additional volume of the added IPM droplet.
Thus by subtracting percentage increase in surface area %
(AA) to that of percentage increase in volume % (AV) of
the micelles at different concentration of IPM with respect
to that of pure Tween-80 micelles, % increase in the
volume of the aggregates due to IPM addition has been
obtained at different concentration of IPM (Table 2). This
increase in volume corresponds to the percentage volume
occupied by IPM in the core of the micelles. In 15%
Tween-80 micelles the maximum solubilized IPM is
1.13%, which corresponds to ~ 8% of the surfactant
concentration, while the % increase in the volume of the
micelles due to maximum IPM solubilization is ~ 25%. It
indicates that due to addition of IPM the aggregation
number of the micelles increases and swelling of the
micelles occurs.
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Fig. 6. Variation of the scattered intensity of light as a function of IPM =
Lipid concentration.

Characterization of lipid solubilized microemulsions

With an aim to prepare solid lipid nanoparticles we have
dissolved a lipid phospholipon®90G in these above
prepared  microemulsions.  The  concentration  of
phospholipon was kept equal to the concentration of IPM.
These lipid solubilized microemulsions were characterized
by light scattering techniques. The intensity of scattered
light increases on increasing the concentration of IPM =
phospholipon®90G that indicates an increase in the size of
the micelles (Fig. 6). To investigate the effect of addition of
phospholipon  on  morphology of Tween-80/IPM
microemulsions, we performed dynamic light scattering
studies on lipid solubilized microemulsions at different
concentration. Similar methodology was employed for the
analysis of the DLS data as mentioned above. The diffusion
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coefficient of micelles decreases on increasing the
concentration of IPM = phospholipon® 90G (Fig. 7). The
average hydrodynamic diameter calculated from diffusion
coefficient using Stoke’s Einstein relationship shows an
increase with increasing concentration of IPM =
phospholipon® 90G. The hydrodynamic diameters of the
micelles in the presence as well as absence of phospholipon
are compared in Fig. 8. From the figure it is evident that
there is not much change in the size of the mcielles upon
addition of lipid to the microemulsion comprised of Tween-
80 and IPM. At all the concentration of IPM =
phospholipon® 90G, the size of the micelles is more or less
similar to that of the microemulsions in absence of the lipid
only a little swelling of the micelles is taking place, which
indicates that the lipid is getting solubilized in the micelles.
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Fig. 7. Variation of diffusion coefficient of microemulsions at different
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10.0 -

v O

9.5

9.0

VO

8.5

> IPM
8.0 D> O IPM + Lipid

Hydrodynamic diameter(nm)

0.0 0.2 0.4 0.6 0.8 1.0 1.2
Conc. [IPM] wt.%

Fig. 8. Variation of hydrodynamic diameter of microemulsions in absence
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Conclusion

Oil-in-water microemulsion were formulated using Tween-
80 as a surfactant and IPM as an oil phase keeping the
concentration of Tween-80 constant (15%) at variable
concentration of IPM. The microstructure of these
microemulsions has been evaluated using static and
dynamic light scattering techniques. Analysis of the results
showed that with increase in the concentration of IPM, the
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hydrodynamic size of the micelles increases. With a focus

to

prepare solid lipid nanoparticles, equal amount of

phospholipon® 90G to that of IPM was solubilized in the
microemulsions. DLS studies indicate that no significant
changes occur in the size of the microemulsions upon
addition of phospholipon.
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