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ABSTRACT

solubility in water.

Oral bioavailability drugs are depends on several factors such as aqueous solubility, drug permeability and dissolution rate. The most
frequent causes of low oral bioavailability are because poor solubility and low permeability. Solubility is one of the important
parameters to achieve desired concentration of drug in plasma for achieving required pharmacological response. It has been
investigated that new chemical entities currently being discovered most of them have poor water solubility, which limits its
therapeutic efficacy. Melt sonocryatallization is newer particle engineering technique involved utilization of ultra sound energy to
generate fine particles of drugs that helps to improve aqueous solubility and bioavailability. Melt sonocrystallization offers solvent
and carrier less technique for the formation of fine particles which makes this technique more promising for the enhancement drug
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INTRODUCTION

bsorption of a drug through the oral route involves

dissolution of drug from the delivery system into

gastric or intestinal fluids followed by its
permeation through gastrointestinal cell membranes.
Bioavailability of drugs from oral route depends on their
solubility as well as permeability. Solubility is one of the
important parameter to achieve desired concentration of
drug in plasma for desired pharmacological response. 12

It has been investigated that most of new chemical entities
currently being discovered most of them have poor water
solubility, which limits the therapeutic efficacy of that
drug. Poor solubility results in higher dose and repeated
administration causes higher incidences of side-effects.
Hence, major challenges in front of pharmaceutical
scientist are to improve the oral bioavailability of poorly
water-soluble drugs by improving their solubility,
dissolution rate and membrane permeability. 3¢

The low solubility and low dissolution rate of poorly
aqueous soluble drugs in gastro-intestinal fluids often
shows insufficient bioavailability. The idea of permeability
and solubility characteristics had been helpful to classify
the drug under four classes prescribed by
Biopharmaceutics Classification System (BCS). The BCS is a
scientific framework for classifying a drug substance based

on its solubility in water and intestinal permeability.
According to BCS, class Il and IV drugs are rate limiting step
is drug release from the dosage form and solubility in
gastrointestinal fluid, so improving the solubility of such
drugs will enhance the bioavailability.”° The details of BCS
Classification System are shown in Table 1.

Table 1: Biopharmaceutical Classification System

Class 1 High Solubility — High Permeability
Class 2 Low Solubility — High Permeability
Class 3 High Solubility — Low Permeability
Class 4 Low Solubility — Low Permeability

Techniques of solubility enhancement

Solubility enhancement techniques can be categorized in
to three types like physical modification techniques,
chemical modifications  techniques  and other
techniques.’?® The details of solubility enhancement
techniques are summarized in table 2.

Sonocrystallization

Sonocrystallization is crystallization induced by ultrasound
(US). In 1927 Richards and Loomis firstly reported the
effects of US on crystallization.?* The research in this field
was delayed owing to inconsistent results and the lack of
proper US devices. In the period of 1950s to the 1970s,
sonocrystallization was actively studied in the former
Soviet Union.?>?® From that time, sonocrystallization of
various materials have been reported.?®3! The industrial
use of sonocrystallization increased during the 1980s due
to advances in ultrasonic equipment, and, currently,
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sonocrystallization is common for generating crystals in
the pharmaceutical and fine chemicals sectors.3%34
Sonocrystallization is the technique based on the use of

ISSN 0976 — 044X

ultrasound (US) to produce smaller particle size and
particle size distribution (PSD) and to generate of the
desired morphology.

Table 2: Various solubility enhancement techniques

Physical Modification Technique

2. Drug dispersion in
carrier

1. Reduction of particle size

a. Solid solution
b. Eutectic Mixture

c. Solid dispersion

a. Micronization

b. Nanosuspension

c. Sono crystallization

d. Supercritical fluid process
e. Spray Drying

Chemical Modification Technique

a.Co-solvency b.Co-crystallization

Other Technique

a.Hot melt extrusion b.Supercritical fluid

method

Ultrasound (US) is an oscillating sound pressure wave over
a frequency range of 15 kHz to 10 MHz.3> When ultrasonic
waves pass through a liquid with sufficient amplitude, the
negative pressure exceeds the local tensile strength of the
liqguid and bubbles are created. Bubbles are generated near
pre-existing impurities (e.g., gas-filled crevices in dust
motes), which oscillate and grow during cycles of
compression and expansion. When the developing bubbles
reach to a resonant size, they efficiently absorb energy from
ultrasound waves during a single compression expansion
cycle. The resonant size depends on the frequency of the
irradiated ultrasound, and is approximately 170 um for a 20
kHz ultrasound. At the resonant size, bubbles grow rapidly
during a single cycle of ultrasound waves due to efficient
energy absorption. Thought the bubbles cannot be
sustained without absorption of energy, they implosively
breakdown after reaching the resonant size. This process is
referred to as acoustic cavitation.3®

The collapse of bubbles produces hot spots, which have
intense local temperatures (~5000 K) and pressures (~1000
atm) and a rapid heating and cooling rate (>10'° Ks ) and
shockwaves. Shockwaves have velocities as high as ~4000
m/s and high-pressure amplitudes of 108.kPa.3’

The physical effects of ultrasound are more diverse in
heterogeneous systems than in homogeneous systems. At
the point when a bubble collapses near larger surface or
particle, the bubble no longer collapses spherically and
because of that high-speed liquid stream with a velocity
>100 m/s is generated. The liquid moves toward the surface
of the solid material, which deforms it or changes its
chemical composition. Furthermore, shockwaves produced
from acoustic cavitation cause high-velocity collisions
between micron-sized solid particles (i.e., interparticle
collisions). Shockwaves can also directly interact with

3. Modification of
crystal habit

a. Polymorph

c.Salt formation

c.Solvent
evaporation

5. Solubilisation by
surfactant

4. Complexation

a. Use of complexing agent  a. Microemulsion

e Inorganic b. Self emulsifying
e Coordination drug delivery system
e Chelates

e  Metal Olefin

e Inclusion

e Molecular complexes

d.Solubalizing agent e.Hydrotrophy

d.Lyophylization e.Polymeric alteration

Technique

particles and induce breakage this phenomena is also called
as sonofragmentation.3®

Crystallization is a universal operation for formation of fine
chemicals, pharmaceuticals or intermediates whether
derived from chemical or biochemical processing.
Nucleation and crystallization can be mediated by acoustic
cavitation and streaming.3 Sonocrystallization is mediated
by the bubbles caused by such acoustic effects. These
bubbles are temporary micro reactors that allow faster
chemical reaction and crystallization. Sonocrystallization is
involved in one or all of the key steps in the nucleation and
crystallization process.

The sonocrystallization process involves:

e Improved mass transport which

clustering and templating

improves

e Fast cooling after cavitation collapse

e Temporary high super saturation close to the
collapsing bubble

e  Pressure increases which reduce the temperature
for crystallization

e Shock waves to assist in nucleation
e  Overcoming energy barriers for nucleation

Mechanism of Sonocrystallization

”

Widely accepted explanation is the so-called “hot spot
theory, which attributes nucleation to local hot spots,
created by the concentration of kinetic energy in the
collapsing cavity or due to rapid cooling afterwards.
Another well-known mechanism is based on the fact that
the pressure shockwave caused by cavity collapse creates
locally high pressures. There are substances for which the
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solubility reduces with pressure, this increases the local
super saturation and could induce nucleation. A theory
related to the shockwave effect states that nucleation is
initiated due to separation of the solute and solvent near
the bubble wall. This is due to high pressures occurring in
the ultimate phase of bubble collapse. One more theory
suggests that nucleation occurs during bubble expansion.
Solvent evaporating into the bubble or cooling of the liquid
interface layer increases local super saturation, which could
lead to nucleation around the cavity. Also of interest is the
electrical theory, which proposes the consequences of
cavitation are caused by electrical charges on the cavity
interface layer.®®

The most accepted explanation of the small size particle
achieved by Sonocrystallization is related to the
characteristic effects of ultra sound (US), the stirring effect
causes a reduction in thickness of the diffusion layers in the
vicinity of the crystal surfaces by the high-energy
shockwaves impinging on the particle surface. This can
create high-velocity inter particle collisions that can alter
the particle morphology and size dramatically. It was
reported that these inter particle collisions occur with such
a great force that even metal particles tend to melt
together.! As the exact mechanisms behind US-assisted
crystallization are not known yet, the following hypotheses
seem to be the most accepted.*?

1. The effect of US is not directly caused by vibrations of
the US waves but by the cavitation bubbles formed by
the US field.

2. Both the amount and the size of the cavitation
bubbles affect the nucleation rate.

3. Higher US intensities produce more cavitation
bubbles and nucleation increases.

4. Llarger US frequencies produce smaller cavitation
bubbles which have a smaller impact on the
nucleation rate.

5. The segregation and cavitation bubble theories link
the nucleation rate to the size of the cavitation
bubbles.

Melt Sonocrystallization

Melt sonocryatallization technique is a novel particle
engineering technique involves the application of ultra
sound (US) energy to the soft or viscous molten mass
dispersed in an immiscible liquid. Solidification/
crystallization from emulsified melt is carried out under the
influence of US energy. The technique was initially used for
production of sintered crystals and a porous glassy bead
which allows extending the US energy received by the melt
in the emulsified state and determines the properties of the
resultant particles, which are dependent on US energy
input and frequency, and solidification rate of the melt. In
turn, this last variable depends on the temperatures of glass
transition of the material and that of the medium.
Application of US at temperatures above the transition
temperature favors crystallization, whereas processing
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below the transition temperature results in an amorphous
state. The mechanical stress due to ultra-sonication results
in sintered crystals or porous beads. The porous nature and
potential for producing crystalline particles as well as
amorphous particles offer flexibility to the technology and
are looked upon for improving the solubility of poorly
soluble pharmaceuticals.***%°

Melt sonocrystallization offers solvent and carrier less
technique for the formation of fine particles of drug with
enhanced solubility in water. This technique has also been
reported to improve solubility, micromeritics properties
and rheological properties of drugs.

Process of Melt sonocrystallization

The generalized method/process of melt

sonocrystallization is as follows

1. The required amount of drug was melted in a vessel
on a paraffin oil bath maintained at temperature
range of 190°C to 193°C.

2. Molten drug was then poured in a vessel containing
deionized water maintained at 50 to 60°C.

3. The mixture was sonicated for 15 to 20 minutes using
probe ultrasonicator at different amplitude.

4. The product obtained after solidification of dispersed
droplet was separate by filtration and dried at room
temperature. 4632

Variables affecting sonocrystallization
1. Frequency of Ultrasound

Changes in ultrasound frequencies affect the bubble
dynamics.>® At low ultrasonic frequencies (<100 kHz),
cavitation bubbles experience positive and negative
pressure ultrasound waves for extended periods of time
because wavelengths increase as frequencies decrease.
Thus, the bubble oscillation amplitude is large since the size
of the bubble differs substantially during compression and
expansion periods. While, high ultrasonic frequencies (>200
kHz) shorten the wavelength of the ultrasound and the life
of the cavity is reduced. In all cases, there are generally
dense clouds of cavitation bubbles, and the power of
collapse from each bubble is dependent on their size:
stronger for large bubbles at low frequencies, weaker for
small bubbles at high frequencies.>**¢ Yamaguchi et al.
prepared the liposomes under different ultrasonic
irradiation frequency and studied the effects of irradiation
frequency on their size. Three different frequencies (43,
143, and 480 kHz) were applied at a fixed intensity (8
W/cm2). It was observed that the size of the liposomes
decreased as the sonication frequency decreased, due to
changes in bubble dynamics.*’

2. Intensity of Ultrasound

As ultrasound intensities increase the size of generated
crystals decreases and vice versa. Increased sonication
intensities cause more vigorous micro scale mixing and
turbulence, which cause solutes to diffuse more rapidly.
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Because of accelerated diffusion of solute, the induction
time and metastable zone width (MZW) are reduced and
nucleation rate increases. The vigorous micro scale mixing
and turbulence helps to prevent crystals from
agglomeration.”®>® Park et al. studied the effect of
ultrasound intensity  on roxithromycin during
sonocrystallization. The intensity was adjusted from 5 to 15
W/cm2, crystal length was decreased from ~60 um to ~15
um during 10 min sonication.®

3. Sonication Time

As sonication time increases, crystal sizes decrease and also
size become more uniform. In case of short sonication
times, solution and precipitants are not mixed uniformly
due to that irregular shaped and size of crystals generated.
Prolonged sonication time improves mixing and prevents
crystals from aggregating.® Narducci et al. studied the
effects of sonication time on crystal size using Adipic acid
and found a significant difference in crystal size. Crystal size
was reduced as sonication duration increased.®?

4. Types of Ultrasound Generator

Multiple types of ultrasonic generators are exists and which

provide different experimental configurations for
sonocrystallization. Ultrasound generators are typically
ultrasonic baths, ultrasonic horns/probe, and plate
transducers.

Sonicating baths are standard laboratory equipment and
are typically used to disperse particles in Liquid.53%*
Ultrasonic horns also called as probe sonicator are also used
to perform sonocrystallization and offer batch or flow-
through configurations.®>7° The plate transducer generates
a wide range of ultrasound frequencies. It is important for
sonocrystallization when high frequencies are needed
(>100 kHz). With an ultrasonic plate transducer a batch
configuration usually used for crystallization.”*

CONCLUSION

Melt sonocryatallization is newer particle engineering
technique involved utilization of ultra sound energy on soft
or viscous molten mass to create fine particles of drugs that
helps to improve aqueous solubility and bioavailability.
Melt sonocrystallization offers solvent and carrier less
technique for the formation of fine particles which makes
this technique more promising for the enhancement drug
solubility in water.
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