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in vivo and of  increasing its concentration in the target 
[1,2] Their capabilities 

dependent on their physicochemical properties, especially 

Recent research has indicated that the physicochemical 
characteristics of  nanoparticles play important roles in 
their adhesion to and interaction with the biological cells 

of  the nanoparticles were shown to be affected by 
several formulation and process parameters, such as 
power and duration of  sonication energy applied, drug 
and polymer concentration, solvent volume, polymer 
molecular weight, 
removal rate of  organic solvents, aqueous-to-organic 

INTRODUCTION

Polymeric nanoparticles are colloidal carrier systems 
that have been extensively investigated in biomedical 
and biotechnological areas, especially in drug delivery 

of  modifying the distribution of  an active substance 
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ABSTRACT 

The aim of this research was to investigate the effect of the duration of ultrasonication energy on the physicochemical 
characteristics of the nano–sized particulate drug delivery systems. For this purpose, meloxicam-loaded vitamin E 
d-
nanoparticles were designed by using ultrasonication-solvent evaporation technique and were characterized by 
photon correlation spectroscopy for size and size distribution, scanning electron microscopy for surface morphology 

in vitro
properties of the prepared nanoparticles are effectively controlled by the amount of shear stress transferred from 
the energy source to the emulsion, which is strongly correlated to the ultrasonication time.
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sonication parameters, especially sonication time, are 
the most commonly evaluated factors because of  their 

[3,4] The diameter of  
nanoparticles is a crucial parameter determining the extent 
and rate at which they are removed from the circulation 

affects drug loading and release from the nanoparticulate 
[5,6]

Several reports concerning the manufacture of  polymeric 
nanoparticles have been described within the nano 

solvent evaporation method is one of  the fabricating 
techniques for nanoparticles that can produce nano-sized 
particles by using ultrasonication or homogenization 

[1,4] Ultrasonication and homogenization 

evaporation method, and between these two procedures, 
ultrasonication is the more effective method for producing 

capability with ultrasonication of  applying higher energy 
and shear forces during the manufacturing process that 
strongly break down the emulsion into nanodroplets, 

this process, ultrasonic vibrations are transmitted into 
the emulsion as ultrasonic waves consisting of  alternate 
expansions and compressions, such that an extremely 
higher energy is released into the emulsion to break 
down the droplets than is possible with mechanical 

and highly reproducible when compared to mechanical 
[5,7,8]

The primary goal of  this research was to design a 
polymeric nanoparticulate drug delivery system based on 

effect of  sonication time (3, 6 and 9 minutes [min]) on the 
physicochemical characteristics of  the nanoparticles, which 
were prepared by ultrasonication-solvent evaporation 

hydrophobic molecule for incorporation in nanoparticle 

research, vitamin E TPGS, a new water-soluble derivative 

formulations due to its several advantages, including its 
bulky structure and large surface area characteristics, which 

[9-11]

ATERIA S AND ET ODS

Materials

Preparation of  nanoparticles

[9,10] 

The aqueous phase was prepared by dissolving vitamin E 

Germany) with the aqueous phase containing vitamin E 

Characterization of  PLGA nanoparticles

methylene chloride (direct method) and ultrasonicated 

the entrapped meloxicam concentration was determined by 

at a wavelength of  342 nm (n
(percent drug loading) was calculated from the ratio of  the 
amount of  the drug in nanoparticles to the amount of  the 
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of  percent actual drug entrapped loading to the percent 
theoretical entrapped drug (drug loading) and multiplying 

[11,12]

The mean particle size and size distribution (polydispersity 

nanoparticles were diluted to the appropriate concentration 

performed at 25o

Surface charge (zeta potential) of  the nanoparticles 

The shape and surface characteristics of  the nanoparticles 

nanoparticles was dusted onto double-sided carbon tape, 
which was placed on a metallic surface and coated with gold 
using cold sputter coater (Polaran E 5100) to a thickness 

In vitro drug release studies

The in vitro release of  meloxicam from vitamin E TPGS 

membrane method[13] in phosphate-buffered saline (PBS) 
[14]

and transferred into dialysis bags with a molecular mass cut-

which was submerged in 100 ml buffer solution and shaken 

The amount of  meloxicam released at pre-determined time 
intervals was determined spectrophotometrically (Shimadzu 

n

Data analysis

post-hoc test with the statistical software package SPSS 
P

RESU TS AND DISCUSSION

Preparation of  nanoparticles

mechanical homogenizers that rely on pressure and 

the ultrasonic probes use only low ultrasonic vibrational 
energy for atomization, such that an extremely higher 
energy is released into the emulsion system to form nano-

fact that the energy at the probe tip is high, focused and 

suitable for the fabrication of  the nano-sized vitamin-E 

solvent evaporation technique related to an investigation 
on the effect of  the various sonication times on the 
physicochemical characteristics of  nanoparticles has been 
studied earlier,[3-5,7]

particle size, size distribution, and release properties of  

that vitamin E TPGS was very effective in improving the 

technique of  nanoparticles when it was used as an 

Characterization of  nanoparticles

The results of  the physicochemical characterization 

not very high for all nanoparticle formulations and was 

ultrasonication energy (P > 
agent used in the nanoparticle formulations is one of  the 

very high drug encapsulation in the nanoparticle 
formulations containing a hydrophobic drug such as 
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coefficient, aqueous solubility, molecular weight) 
of  the hydrophobic drug used in the nanoparticle 
formulation and the interaction between meloxicam 

[10]

The nanoparticle size and size distribution, which are 

[7]

was an indication of  the particle size distribution and 
referred to the log normal distribution width of  the 

[11]

with the ultrasonication process, the addition of  energy 

factor on the nanoparticle size and size distribution, 

effect of  the ultrasonication time on the particle size 
and size distribution of  the nanoparticles is shown in 

in the nanoparticle size (P < 
duration of  sonication increases the energy causing 
droplet breakdown, thereby increasing the shear stress 

that the external energy released from the ultrasonication 
process provides shear stresses to the emulsion system, 

size of  the droplets is correlated with the magnitude of  

parameters that decrease shear stresses will increase 

shear stresses in the emulsion system is exercised by the 
energy density, which is described by the external energy 

[3]

longest time of  ultrasonication (9 min), a higher energy 

a rapid dispersion of  the polymeric organic phase as 
[4]

were investigated based on variation of  the sonication 
time for the formulations prepared, it was observed that 
all the nanoparticles produced with vitamin E TPGS 

that an increase in sonication time leads to an increase 
in the production of  smaller particles with narrower size 

of  the most important steps of  the process because an 

[4,5]

Zeta potential is an important parameter for the stability 

zeta potential indicates the presence of  suitable electric 
charge on the surface of  the drug-loaded nanoparticles, 
which can cause strong repellent forces among nano-sized 
particles to prevent aggregation of  the nanoparticles in 

[9,11] The zeta potential values of  
the nanoparticles indicated that the surface charge was 

times investigated P > 

found to be stable in dispersion state, possessing suitable 
absolute values of  zeta potential and having negative 

The shape and surface morphology of  the prepared 

nanoparticles exhibited very spherical shapes within a wide 

Drug release studies were performed using dialysis 
In vitro

formulations under in vitro sink conditions are given in 

Sonication time of 
nanoemulsion (min)

PDI Zeta potential 
(mV)

3 57.30 ± 10.30 474.50 ± 24.09 (71.80) 82.28 ± 11.68 (28.20) 0.651 ± 0.15 –29.90 ± 3.27
6 53.77 ± 4.67 397.20 ± 21.10 (63.70) 72.25 ± 15.37 (36.30) 0.571 ± 0.08 –25.20 ± 4.18
9 50.91 ± 0.49 367.40 ± 26.05 (41.00) 68.40 ± 27.27 (59.00) 0.449 ± 0.06 –20.10 ± 2.54
S.D.: Standard deviation, PDI: Polydispersity index
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the variation in the sonication time for the formulations 
investigated (P < 
obtained in the nanoparticles prepared with shorter 

released to the emulsion, leading to the formation of  
smaller nanodroplets, which was directly related to 

the sonication time resulted in an increase in the particle 
size and thus led to a decrease in the dissolution rate 

[9] 

CONC USION

time on the physicochemical characteristics of  vitamin E 

was successfully applied for the preparation of  vitamin E 

formulation parameters, sonication time played an 

the size of  the nanoparticles decreased with an increase in 

REFERENCES

et al.
of  polymer behaviour in organic solution on the production of  polylactide 

et al.
simultaneously loaded with vincristine sulfate and verapamil hydrochloride: 

characterization of  poly (D,L –lactide –co -glycolide) nanoparticles for 

–co -glycolide) nanoparticles prepared using a novel and controllable 

copolymer for cancer chemotherapy: Synthesis, formulation, characterization 
and in vitro

drug paclitaxel (Taxol®

in vitro drug release, 
cellular uptake and cytotoxicity of  paclitaxel-loaded poly (lactide)-

ow to cite this article: 
 

Source of Support: Nil, Con ict of Interest: None declared.

Figure 1: Scanning electron micrographs of vitamin E TPGS- 
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