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ARTICLEINFO ABSTRACT

Purpose: Nanoprecipitation is the convenient and commonly used method for the
preparation of polymeric nanoparticles around 170 nm but yield particles with broad
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distribution, which require filtration step to produce particles with narrow distribution.
Hence, the primary aim of the present study was to implement few modifications to the
conventional nanoprecipitation method to reduce the mean particle size less than 150 nm
and to produce particles with narrow distribution without filtration step.

Methods: Eudragit E 100 nanoparticles were prepared using modified nanoprecipitation
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method 1 and 2. Prepared nanoparticles were characterized for the mean particle size,
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’P\‘glf;?ﬁ’grfitc'cl'\fsnopamcles Results: Eudragit E 100 nano_partic_les prepared u§ing modified nanoprecigit?tion

Nanoprecipitation Method me_thod 1 has shown a mean particle size of 196 nm W|th_surface area of 59.9 m“g .a}nd

Eudragit E 100 uniformity of 0.852 whereas, Eudragit E 100 nanoparticles prepared using modified
nanoprecipitation method 2 has shown a mean particle size of 114 nm with surface area

of 57.9 m*g™ and uniformity of 0.259.

Conclusion: Modification to the conventional nanoprecipitation method (method 2) has

produced mean particle size less than 150 nm and produced nanoparticles with narrow

distribution without filtration step.

Introduction

Nanotechnology is a branch of science that deals with
engineering particles on a near atomic scale with at least
one dimension between 1-100 nanometer (nm).
Manipulation of particle size below 100 nm significantly
increases the particle surface area and alters the
physicochemical properties of the size reduced
compound, which offers significant improvement in
various fields including automotive, construction,
electronics, textiles, sports, military, energy, and
medicine. Nanotherapeutics is a rapidly progressing area
in the field of nanomedicine, which is being utilized to
overcome several limitations of conventional drug
including poor aqueous solubility, lack of site specific
targeting, rapid systemic clearance, intestinal metabolism
and systemic toxicities. Nanotherapeutics includes but
not limited to solid-lipid nanoparticles, gold
nanoparticles, silver nanoparticles, mesoporous silica
nanoparticles, nanocrystals, magnetic nanoparticles,
carbon nanotubes, nanosponges, albumin nanoparticles,
fullerene nanoparticles and polymeric nanoparticles.*
However, polymeric nanoparticles offer potential
advantages such as enhancement of solubility, protection
of encapsulated drug, improvement in the bio-
distribution, offer sustain release of the drug, reduces the
number of required dose, reduces the systemic toxicities,

targets the drug to specific site, increases the intercellular
concentration of drug by enhanced permeability and
retention effect.”” Polymeric nanoparticles can be
prepared using solvent evaporation method, salting-out
method, nanoprecipitation method, emulsion diffusion
method, dialysis method, double emulsification method,
nano spray drying method, layer by layer method,
desolvation method, supercritical fluid technology and
ionic gelation method.®® Particle size of the prepared
polymeric nanoparticles decides the performance such as
solubility, dissolution, drug release, cellular uptake,
circulation half-life, and bio-distribution. Similarly,
uniformity of the prepared polymeric nanoparticles is the
most significant parameter that decides the consistency
of performance. Particles with broad distribution leads to
difficulty in establishing the conclusion on which sized
particles are responsible for the biological effects.® Based
on these two parameters, nanoprecipitation is the most
convenient and widely used method to prepare
polymeric nanoparticles around 170 nm but yield
particles with broad distribution and requires additional
filtration step to yield particles with narrow
distribution.® Hence, we intend to implement few
modifications to the conventional nanoprecipitation
method to reduce the mean particle size less than 150 nm
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and to produce particles with narrow distribution without
filtration step.

Materials and Methods

Cationic copolymer Eudragit E 100 was obtained from
Degussa (India). Poloxamer 188 was procured from
Sigma Aldrich (India). Analytical grade ethanol was
purchased from Brampton (Canada).

Fabrication of Eudragit E 100 nanoparticles using
modified nanoprecipitation method

In conventional nanoprecipitation method, polymer was
dissolved in acetone, which was poured in to distilled
water containing poloxamer 188 with moderate stirring
and the prepared nanosuspension was subjected to
filtration to yield narrow sized particle.”® However,
Eudragit E 100 nanoparticles were prepared using
modified nanoprecipitation method 1 and modified
nanoprecipitation method 2, which were described in
subsequent section.

Modified nanoprecipitation method 1

Briefly, about 250 mg of cationic copolymer Eudragit E
100 was dissolved in 6 mL of ethanol, which was diluted
with 4 mL of distilled water under the influence of
sonication (40 kHz, Lark, India). Prepared organic phase
was loaded in to a syringe equipped with needle (with
inner diameter of 0.30 x 8 mm). The loaded organic
phase was injected at the rate of 2 mL per minute by
inserting the needle (submerged position) in to 20 mL of
aqueous phase containing 250 mg of poloxamer 188
under the influence of sonication (40 kHz, Lark, India).
Subsequently, nanoparticles were formed and turned the
aqueous phase slightly milky with bluish opalescence.
However, sonication process was continued up to 60
minutes to aid size reduction and to evaporate residual
solvent present in the nanoformulation.

Modified nanoprecipitation method 2

Briefly, about 250 mg of cationic copolymer Eudragit E
100 was dissolved in 6 mL of ethanol, which was diluted
with 4 mL of distilled water under the influence of
sonication (40 kHz, Lark, India). Prepared organic phase
was added at once in to 20 mL of aqueous phase
containing 250 mg of poloxamer 188 under sonication
(40 kHz, Lark, India). Subsequently, nanoparticles were
formed and turned the aqueous phase slightly milky with
bluish opalescence. However, sonication process was
continued up to 60 minutes to aid size reduction and to
evaporate  residual  solvent  present in  the
nanoformulation.

Characterization of prepared Eudragit E 100
nanoparticles

Prepared Eudragit E 100 nanoparticles were
characterized for mean particle size, surface area and
uniformity using Mastersizer (Malvern Instruments,
UK), which function based on Mie and Fraunhofer laser
light scattering principle.

Statistical analysis

Student t test (GraphPad Prism V5.04) was used to
evaluate the significance of difference between modified
nanoprecipitation method 1 and 2. Any difference
between method 1 and 2 were evaluated at confidence
levels 90%, 95% and 99%.

Results and Discussion

In nanoprecipitation method, addition of organic phase
containing cationic copolymer Eudragit E 100 in to the
aqueous phase containing poloxamer 188 results in rapid
miscibility of ethanol in the distilled water leading to
increase in the polarity of ethanol, which decreases the
solubility of Eudragit E 100 and initiate the nucleation.
Concurrently, sonication process produce bubble which
oscillate non-linearly and finally collapse resulting in
production of high temperature, pressure and shock
waves, which not only inhibit the nucleation of Eudragit
E 100 at the initial stage but also helps in evaporation of
residual organic solvent present in nanosuspension.
Cationic nature of Eudragit E 100 provides higher
positive zeta potential to the prepared nanoparticles,
which generates an electrostatic force and maintains the
nanoparticles in  Brownian motion.  Additionally,
particles in Brownian motion can effectively overcomes
the Van der Waals force of attraction and gravitational
force, which in turn prevent the aggregation and
sedimentation of Eudragit E 100 nanoparticles.®***?

In conventional nanoprecipitation method, Poly(lactic-
co-glycolic acid) (PLGA) nanoparticles were prepared as
follows. 15 mg of PLGA was dissolved in 5 ml of
acetone, which was poured in to 15 mL of distilled water
containing 75 mg of poloxamer 188 with moderate
stirring. Prepared PLGA nanosuspension was filtered
using 1.0 um cellulose nitrate membrane filter to yield
narrow sized particle. Prepared PLGA nanoparticles
were in the size range of 160 nm to 170 nm and
uniformity were around 0.2 after filtration.™

However, we have implemented few modifications to
the conventional nanoprecipitation method (which has
been described in modified nanoprecipitation method 1
and 2) and prepared Eudragit E 100 nanoparticles were
characterized for particle size, surface area and
uniformity (Table 1, Figure 1 and 2).

Out of two modified nanoprecipitation methods,
Eudragit E 100 nanoparticles prepared using modified
nanoprecipitation method 2 has shown significantly
much lesser mean particle size (114 nm) and uniformity
(0.259) than the modified nanoprecipitation method 1.
Moreover, modified nanoprecipitation method 2 has
produced much lesser mean particle size and
comparable uniformity than the conventional
nanoprecipitation method without filtration step.

Conclusion

Modification to the conventional nanoprecipitation
method (method 2) has produced mean particle size
less than 150 nm and produced nanoparticles with
narrow distribution without filtration step. Hence, the
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proposed modification (method 2) to the conventional least mean particle size and highly narrow sized
nanoprecipitation method can be utilized to fabricate polymeric nanoparticles.

Table 1. Characterization of Eudragit E 100 nanoparticles prepared using modified nanoprecipitation methods

Distribution Width (nm) Mean Particle Size Surface Area . .
Method 2.1 Uniformity
d10 d 50 d 90 (nm) (m?g")
Method 1  74+1.0 123+2.0 226+3.0 196+2.0° 50.9+0.7 0.852+0.011°
Method 2 731#0.0 108%0.0 162+0.0 114+0.0 57.7+0.0 0.259+0.000
* P<0.10, P<0.05, P<0.01as compared to Method 2
Concentration: Span : Uniformity: Result units:
0.2147 %Vol 1.235 0.852 Volume
Specific Surface Area: Surface Weighted Mean D[3,2]: Vol. Weighted Mean D[4,3]:
50.9 m?/g 0.118 um 0.196 um
d(0.1): 0.074 um d(0.5): 0.123 um d(0.9): 0.226 um
Particle Size Distribution
14
12
< 10
g 8
3
S 6
4
2
8.01 0.1 1 10 100 1000 3000
Particle Size (um)

Figure 1. Characterization of Eudragit E 100 nanoparticles prepared using modified nanoprecipitation method 1.

Concentration: Span : Uniformity: Result units:
0.6980 %Vol 0.821 0.259 Volume
Specific Surface Area: Surface Weighted Mean D[3,2]: Vol. Weighted Mean D[4,3]:
57.7 m?/g 0.104 um 0.114 um
d(0.1): 0.073 um d(0.5): 0.108 um d(0.9): 0.162 um
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Figure 2. Characterization of Eudragit E 100 nanoparticles prepared using modified nanoprecipitation method 2.
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