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Abstract

The solubility, bioavailability and dissolution rate of drugs are important parameters for achieving in vivo
efficiency. The bioavailability of orally administered drugs depends on their ability to be absorbed via
gastrointestinal tract. For drugs belonging to Class II of pharmaceutical classification, the absorption process
is limited by drug dissolution rate in gastrointestinal media. Therefore, enhancement of the dissolution rate of
these drugs will present improved bioavailability. So far several techniques such as physical and chemical
modifications, changing in crystal habits, solid dispersion, complexation, solubilization and liquisolid
method have been used to enhance the dissolution rate of poorly water soluble drugs. It seems that
improvement of the solubility properties ofpoorly water soluble drugscan translate to an increase in their
bioavailability. Nowadays nanotechnology offers various approaches in the area of dissolution enhancement
of low aqueous soluble drugs. Nanosizing of drugs in the form of nanoparticles, nanocrystals or
nanosuspensions not requiring expensive facilities and equipment or complicated processes may be applied
as simple methods to increase the dissolution rate of poorly water soluble drugs. In this article, we attempted
to review the effects of nanosizing on improving the dissolution rate of poorly aqueous soluble drugs.
According to the reviewed literature, by reduction of drug particle size into nanometer size the total effective
surface area is increased and thereby dissolution rate would be enhanced. Additionally, reduction of particle
size leads to reduction of the diffusion layer thickness surrounding the drug particles resulting in the
increment of the concentration gradient. Each of these process leads to improved bioavailability.
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1.INTRODUCTION their low solubility in GI media. The rate

The bioavailability of orally administrated
drugsdepends on their absorption from the
gastrointestinal (GI) tract (1-3). Through this
route of administration, poorly water soluble
drugs present low bioavailability because of
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limiting step in the absorption of these drugs is
the dissolution rate in the GI fluids rather than
their diffusion through the GI membrane (4).
Absorption is the transition of a drug
molecule from the administration site into the
blood or lymphatic circulation (4-6). The
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amount of absorbed drug is affected by
physicochemical properties of the active
ingredient, pharmaceutical dosage form, and
physiological characteristics of the absorption
site (7). In the body, passive diffusion is
considered as the main mechanism of drug
absorption. In this process, drugs must be
dissolved before diffusing through the gut
wall. Thus, the extent of drug absorption
mainly is dependent on its solubility in GI
fluids (6). Therefore, one of the determinant
parameters for achieving favorable concentration
of drug in the systemic circulation (in vivo
efficiency) is solubility of the drug. The
solubility is the maximum quantity of a solute
that can be dissolved in a certain quantity of
solvent or solution at a specific temperature
(4,5). There are some techniques for
enhancement of the solubility and therefore the
dissolution rate of poorly water soluble drugs.
Co-solvency and micro-emulsion (8-11),
complexation (12-15), crystal habit alteration
(16,17), using more soluble salts (18,19), solid
dispersion (7,20-26), liquisolid methods (27-
32), and particle size reduction approaches
(33-36) are some of the methods have been
used so far to enhance drug water solubility.
As we know, there are several disadvantages
in the use of each technique. For example, salt
formation is a complicated process and the
dissolution enhancement is not always
predictable in this process. This method is not
applicable for neutral compounds (37). As
another example, solubilization techniques
normally show poor stability and insufficient
acceptability by patients (3). For selection of a
suitable technique for a certain drug, some
certain aspects such as physic-chemical
properties of drug, nature of excipients and
nature of dosage form should be considered
(38,39).

Reduction of the particle size often appears to
be the first and easiest way to enhance drug
dissolution rate.The solubility of drug is often
related to the drug particle size. When particle
becomes smaller, drug particles have greater
interaction with the solvent and then the
solubility is increased (4,5). According to the
Noyes-Whitney equation (equation 1), when
particle size is reduced the total effective
surface area of drug particle is increased and
thereby dissolution rate is enhanced.
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dC/dt=DA (Cs-C)/h (1)

where, dC/dt is the dissolution rate of the drug
particles, D is the diffusion coefficient of the
drug in the GI media, A is the effective surface
area of the drug particles in contact with GI
fluids, h is the thickness of the diffusion layer
around each drug particle, Cs is the saturation
solubility of the drug in solution in the
diffusion layer and C the concentration of the
drug in the GI fluids. All of these parameters
in the equation can be considered as constant,
except A and C. A can be increased by
reducing the particle size (40).

Nanosizing of drugs has begun since the
90s (41). Nanosizing is the reduction of
particle size down to submicron range. Recent
advances in milling technology have resulted
in reproducible production of particles in 100—
500 nm sizes (42,43). Recently, nanotechnology
has become a promising approach to increase the
dissolution rate of poorly-water soluble drugs.
The first example of the application of
pharmaceutical nanotechnology was danazol.
Danazol is a poorly water soluble compound
(10 pg/ml) that classified in BCS as Class II
drug (33,41). In 1983 Robertson and coworkers
milled it to a median particle size of 169 nm. In
their work Danazol nanosuspension showed
enhanced oral bioavailability as compared to the
drug ordinary suspension (44).

Generally the particle size and shape are
important in every stage of a solid dosage form
fabrication. Particle size affects mixing,
granulation, compression and coating of solid
dosage forms (45-48). In the body, dissolution
rate of a drug is a function of solubility and
particle size. It seems that the simplest way to
increase the dissolution rate is particle size
modification. By particle size reduction
(micronization and nanosizing) of both actives
or excipients, dissolution rate can be enhanced
(46,49). According to Noyes-Whitney equation
when particle size is reduced, the total effective
surface area is increased and thereby dissolution
rate is enhanced.Additionally, reduction of
particle size reduces the diffusion layer
thickness surrounding the drug particles and
thereby increases concentration gradient (4,50).
Additionally, reduction of particle size reduces
the diffusion layer thickness surrounding the
drug  particles and thereby increases
concentration gradient (4,50). This process
illustrated in Fig. 1.
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Fig.1. Reduction of particle size reduces the diffusion layer thickness surrounding the drug particles and thereby

increases concentration gradient and dissolution rate.

As we know, milling is a common and old
pharmaceutical method to reduce particle size
and hence raise the dissolution rate of poorly-
water soluble drugs (51). Micronization is a
technology that coarse drug powder transfer to
an ultrafine powder with a mean particle size
range of 2-5 um and usually carried out by jet-
milling or top down methods.

Micronization of the poorly soluble drug

produces hydrophobic  poorly  wettable
surfaces  (52-54). Nighute and Bhise
investigated the micronization effect on

rifabutin dissolution rate. Improved dissolution
rate of drug was obtained in this method (52).
Costa and colleagues increased the dissolution
rate of efavirenz by micronization method.
Efavirenz is a non-nucleoside reverse
transcriptase inhibitor (NNRTI) of the human
immunodeficiency virus type 1 (HIV-1)
belonging to the Class II of the BCS for drugs
with very poor water solubility (53).

For many poorly soluble drugs of class II,
micronization is not adequate to increase the
surface area and consequently the drug
dissolution rate. Most often nanosization is
necessary to overcome the low dissolution rate
and bioavailability problems. By changing the
size of the particles from micron size to nano
size range, the specific surface area of particles
is greatly increased and causes a higher
dissolution rate (46,55). For example crystals
of aprepitant exhibits a 41.5 fold increase in
surface area, when particle size changes from
5 um to 120 nm (38). By proper formulation of
nanoparticles, the dissolution rates and
therefore  bioavailability ~ will  increase.
Furthermore the extent of dose will reduce in
these formulations (51,55).
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2. DRUG DISSOLUTION

The process in which molecules are
separated from surface of the solid drug and
enter into surrounding solution phase is called
dissolution process (5,45). Dissolution is a
kinetic, usually diffusion-controlled process
(5). Dissolution rate was first described by
Noyes and Whitney in 1897 and in 1904; the
dissolution rate constant and diffusion
coefficient of solutes explored by Nernst and
Brunner (46). Both intrinsic (particle size,
surface area, crystal habit, and distribution are
solid state properties of pure substance) and
extrinsic (hydrodynamics and test conditions)
factors influence the dissolution rate. Intrinsic
dissolution rate is the rate of mass transfer per
area of dissolving surface when boundary
layer thickness is constant and assuming sink
condition (5,45).

3. NANO APPROACHES FOR ENHANCE-
MENT OF DRUG DISSOLUTION

Nanometer is one billionth of a meter and
nanotechnology is the science of synthesis and
manipulation of materials in the nano-scale
ranges (56-59). The most important scientific
advances of nanotechnology have been in the
past two decades. One of the advantages of
nano-sized drugs compared to conventional
drugs is the particle size of them. For poorly-
water soluble drugs, dissolution rate is more
affected by particle size and thereby surface
area of the drug particles. Nano-sized particles
may show increased dissolution rate and
saturation solubility because of the vapor
pressure effect (45,54,60).

There are two general ways of generating
nanosized particles. The first way is to start
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with a bulk material and then its breaking into
smaller pieces using mechanical, chemical or
other form of energy which is referred to as
top-down approach. Another approach is to
synthesize the material from atomic or
molecular species via chemical reactions,
allowing for the precursor particles to grow in
desired nano size known as bottom-up
approach (34). Nanoparticles preparation
techniques are summarized in Table 1. Fig. 2
also shows top-down and bottom-up
approaches schematically.

Two strategies including solubilization
and dissolution rate enhancement are mostly
used to enhance the bioavailability of drugs
with low water solubility. Self-emulsification
and micellization are examples of the first
group and particle size reduction asnanosized
particles, nanosuspensions and

nanocrystalsbelong to latter category (61-63).
Here we focused on the recent research works
concerning the effect of nanosization on the
dissolution rate enhancement of the poorly-
water soluble drugs.

3.1. Drug nanoparticles

Generally a nanoparticle is an object with at
least one dimension less than 100 nm (64,65).
Nanoparticles in drug delivery area, are solid
submicron colloidal systems generally made of
macromolecular substances and polymers and
can be prepared from different materials
(66).The drug is entrapped, encapsulated or
attached to a nanoparticle matrix (Fig. 3).
Depending upon the method of preparation,
nanoparticles, nanospheres or nanocapsules
can be obtained.
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Fig2. Top-down and bottom-up approaches.

Drug

.—-

Manoparticle

Fig. 3. Drug loaded nanoparticle.

Table 1. Preparation techniques of nanoparticles.
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Drug-loaded nanoparticle

Nanoparticle preparation techniques

Examples

Reference

Precipitation, Emulsion as template,

Bottom up Supercritical fluid method (26,45.61,62)
Jet milling, High pressure homogenizer,

Top down Wet ball milling G4

Chemical reaction Polymerization techniques (34)

Combination technique Bottom up + Top down (34)

Top down + Top down
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Nanoparticles of drug formulation can be
taken orally, parenterally, or by ocular and
pulmonary routes. For rapid dissolution in the
body or arterial uptake smaller sizes are
required, whereas for prolonged dissolution or
targeting of mononuclear phagocytic system
larger particles are preferred (67). Using of
nanoparticles leads to rapid in vivo dissolution,
fast absorption, and increased bioavailability
(68). As mentioned earlier sections,
the particles in nanometer range have
different physicochemical properties from
macroscopic/microscopic  scale or atomic
scale. Improved pharmacokinetic properties of
nanoparticle formulations of poorly water-
soluble drugs are affected by dissolution
kinetics (41).

Indomethacin is a non-steroidal, anti-
inflammatory drug with anti-pyretic effect and
is categorized as Class II drug of BCS.Rezaei
Mokarram and coworkers compared the
dissolution rate of indomethacin nanoparticles
with that of physical mixture of micronized
drug with polyvinyl pyrrolidine (PVP). They
used a controlled pH co-precipitation method
to  produce indomethacin = amorphous
nanopartiles in a PVP polymeric matrix. Nano-

sized form of the drug showed greater
dissolution rate (45% in 30 min) in
comparison with micro-sized drug-PVP

physical mixture form (10% in 30 min).
According to the authors, high dissolution rate
of indomethacin nanoparticles compared to
either indomethacin or the drug—PVP physical
mixture, is attributed to the particle size
reduction, the loss of crystalline form, and
increased wettability due to the presence of the
hydrophilic polymer (69).

In the other study Liu and colleagues
combined crystal habit modification and
particle size reduction to synthesize celecoxib
(CXB) nanoparticles. CXB is weakly acidic
and has a low solubility in water. In their work
CXB  nanoparticles  showed  markedly
enhanced  dissolution rate and oral
bioavailability due to particle size reduction
and crystal habit modification. They combined
the anti-solvent precipitation under sonication
and high pressure homogenization methods.
This combination has been shown a promising
method for producing small, uniform and
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stable CXB nanoparticles. They used acetone
and water as solvent and anti-solvent
respectively. Then drug solvent system was
injected into aqueous solution containing
hydroxypropyl methycellulose (HPMC) and
sodium dodecyl sulfate and maintained under
sonication. Finally the CXB suspensions
were further homogenized by high pressure

homogenization. Spray-drying method
was used for solidification of CXB
nanosuspensions, because it requires less

time and energy compare to lyophilisation.
According to their results, CXB nanoparticles
increased the saturation solubility of CXB
four-fold and consequently the drug was
completely dissolved in the phosphate buffer
dissolution medium within 5 min, while only
30% of raw CXB was dissolved at same time
interval. Respectively, the Cpax and AUC .24 1)
of CXB nanoparticles were approximately
three-fold and two-fold greater than those of
the CXB capsules (70).

Kakran and  coworkers enhanced
dissolution rate of quercetin, a poorly water-
soluble antioxidant, by fabricating of
nanoparticles. In their work, three methods
were applied to enhance quercetin dissolution
rate: solid dispersion with PVP and pluronic
F127, complex formation with B-cyclodextrin
and fabrication of nanoparticles. Their results
showed that complex form and solid
dispersion state of quercetin improved drug
dissolution rate significantly, but the
dissolution rate of quercetin nanoparticles was
much higher than the untreated drug. They
used evaporative precipitation of
nanosuspension to produce nanoparticles and
studied the influence of various anti-solvents
on the shape and size of the nanoparticles.
Smallest particles (220 nm) were obtained
with hexane as anti-solvent. The particles were
big, irregular and flake when water used as
anti-solvent, while in the presence of benzene
or hexane as anti-solvent, the particles were
smaller with needle shape (23).

Ibuprofen is an NSAID with low oral
bioavailability due to slow dissolution
behavior. Mansouri and colleagues reduced the
particle size of ibuprofen using solvent/anti-
solvent precipitation technique and produced
nanoparticles with diameter of approximately
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300-400 nm. They used the isopropyl alcohol
as solvent, water as anti-solvent and sodium
dodecyl sulfate, PVP, sodium lauryl sulfate,
and Tween 80 as stabilizer. The precipitated
nanoparticles in solvent/anti-solvent system
were oven-dried and nanoparticles of
ibuprofen were produced. In comparison with
free drug, the prepared nanoparticles showed
improved dissolution rate (2.3 times greater
dissolution in purified water in first 30 min).
In their study anti-solvent precipitation was
used as a simple and effective approach to
produce nanoparticles of poorly water-soluble
drug ibuprofen (62).

Meloxicam, an anti-inflammatory drug, is
very insoluble in water and has low
bioavailability. Raval and patel prepared
meloxicam  nanoparticles  that  showed
remarkable improvement in dissolution rate
because of particle size reduction and
changing to amorphous form. These
nanoparticles were prepared by anti-solvent
precipitation in the presence of HPMC and
sodium dodecyl sulfate (SDS) at high pressure
homogenization. Due to this combination,
stable nanoparticles of meloxicam with
remarkable improvement in dissolution rate
were produced. The drug dissolution rate
showed a significant increase from 7% for free
drug to 82% for meloxicam nanoparticles.
They used spray-drying method for
solidification of meloxicam nanoparticles (8).

Badawi and coworkers prepared
itraconazole (ITZ) crystalline nanoparticles
(the mean particle size ranged from 0.23 to
0.34 pm) using sono-precipitation technique
(relatively simple and low-cost method). They
formulated  twelve ITZ  nanocrystals
formulations using methylene chloride
(solvent phase) and ethyl alcohol (anti-solvent
phase). Tween 80 or one of stabilizers amongst
pluronic F127, HPC, HPMC, or inutec SPI
was used as stabilizer for antisolvent or
solvent phase stabilizer, respectively. The final
solution was cooled down and prepared
nanocrystals were oven dried. Compared to
pure ITZ, prepared nanocrystals showed 3.8-
8.6 times improvement in dissolution rate in
10 min (71).

Albendazole is a class II drug with low
bioavailability characteristics. Koradia and
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colleagues tried to enhance the solubility and
dissolution rate of this drug by preparing
crystalline nanoparticle formulations (638.7
nm-814.8 nm). Anti-solvent precipitation
technique in the presence of sodium lauryl
sulfate as stabilizer was wused. Four
formulations with different concentration of
PVP K30 (0.05, 0.1, 0.2 and 0.4%) were
prepared. All formulations were in the nano-
size range and showed marked improvement in
drug dissolution and solubility compared to
pure drug of micron size. PVP K30 in 0.4%
concentration showed highest dissolution rate
(70% in 60 h). Un-milled drug (in micron size)
showed only 10% in this period of time (72).

3.2. Drug in the form of nanocrystals

Drug nanocrystals are nanoscopic crystals
of the drug with a mean diameter below 1000
nm (54). The most applied methods for
preparing of nanocrystals include nano-
precipitation, high pressure homogenization,
wet milling and spray drying (57,73). In the
topical dosage form, the nanocrystals increase
saturation solubility of the drug enhancing the
diffusion of the drug into the skin (66,72,74).
Drug nanocrystals are different from
nanoparticles consisting of a matrix and an
incorporated drug. In other words these are
composed of 100% drug in crystalline form
and nono-size range (66).

During recent years, the drug nanocrystals
have rapidly evolved into a promising drug
delivery strategy. Nanocrystals of sirolimus,
aprepitant, fenofibrate, megestrol acetate,
paliperidone palmitate have been fabricated
and their products are currently in the market.
Sirolimus nanocrystals (Rapamune®) were the
first marketed product introduced in 2000. It is
available in two formulations, as oral
suspensions and as a tablet (50). Rapamune
tablets show a  21-27%  increased
bioavailability compare to rapamune solution.
The oral single dose of rapamune is 1 or 2 mg
and the total tablet weight is approximately
365 mg for 1 mg drug containing formulation.
This implies that tablets contain a very low
percentage of its total weight as nanocrystals
(66,75). Aprepitant nanocrystals (Emend®) is a
capsule containing pellets of nanocrystalline
aprepitant and was the second nanocrystalline



drug product introducedand market in 2001.
This medication is used for the treatment of
emesis in a single dose of either 80 or 125 mg
(66,75). TriCor® tablet which contains
fenofibrate nanocrystals and Megace ES®
containing megestrol acetate for the treatment
of HIV-associated anorexia and cachexia were
the third and fourth nanocrystalline drug
product marketed thereafter (66).

Nifedipine (NIF) is a poor water soluble
drug with solubility of 20 pg/ml of water.
Because of low aqueous solubility, it has low
dissolution rate and poor oral bioavailability.
NIF nanocrystals that prepared by Hecq and
coworkers showed greater dissolution rate
compared to the un-milled commercial NIF.
They used high pressure homogenization for
particle size reduction. According to the
authors, this method is considered as a simple
and acceptable way for particle size reduction
and could be generalized depending on the
hardness of drug and the type of stabilizer
utilized. In nano-size drug crystals 95% of the
drug is dissolved following 60 min compared
to 5% for the un-milled drug (76).

As another example, nanocrystal of
cilostazol (a synthetic antiplatelet agent with
vasodialating effect) was prepared by Jinno
and colleagues. They found that the
nanocrystal technology is an efficient method
to improve the oral bioavailability of
cilostazol. They showed that nanocrystals of
cilostazol has greater dissolution rate than
common form. They prepared three types of
suspensions with different particle size
distributions (the hammer-milled, the jet-
milled cilostazol crystals and the nanocrystal
spray-dried powder of cilostazol). The median
particle diameters of cilostazol in the hammer
milled, the jet-milled and the nanocrystal were
1300, 2400 and 220 nm, respectively. The
dissolution rate for these formulations was
45%, 80% and 95% in 60 min, respectively
(77).

Nitrendipine is an antihypertensive drug
which is almost insoluble (about 1.9-2.1
pg/ml) in water. Quan and coworkers prepared
nitrendipine nanocrystals with the mean
particle size of 175 + 13 nm using a
precipitation homogenization process. They
employed spray drying to solidify the
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nanocrystals. The in vitro dissolution rate of
the nanocrystals showed significant
improvement compared to a commercial tablet
and the Cp.x of the nanocrystals was
approximately 15-fold greater than
commercial tablet (78).

In other study, Lai and colleagues prepared
piroxicam (PRX) in different nanocrystalline
formulations using a  high  pressure
homogenization technique using poloxamer
188 as a stabilizer. PRX is a lipophilic and
poorly water-soluble drug. Dissolution study
of PRX nanosuspensions showed a higher
dissolution rate compared with the coarse
PRX. Authors concluded that the improvement
in PRX dissolution rate is mainly caused by
the increased surface-to-volume ratio due to
the nanosization of drug particles (79). In the
other study, Sun and coworkers investigated
the effect of particle size reduction on the
dissolution rate of coenzyme Q9. They
prepared the nanocrystals of coenzyme Qo in
80-700 nm range using the solvent/non-solvent
method and without any surfactant or polymer.
The bioavailability of coenzyme Q) after oral
administration in beagle dogs was increased
significantly compared to coarse suspensions.
With the particle size of 80 nm, the maximum

bioavailability was enhanced 7.3 times
compared to coarse suspension (73).
3.3. Drug nanosuspension

Nanosuspensions contain colloidal

dispersion of drug nanocrystals in a liquid
dispersion medium such as water, aqueous
solutions, or nonaqueous media which
stabilized by surfactants and/or polymeric
stabilizers (3,37,80). Nanosuspension method
is one of the promising methods in improving
the dissolution rate of poorly-water soluble
drugs. A nanosuspension not only can
overcome the  poor  solubility and
bioavailability of low water soluble drugs, but
also could modify the pharmacokinetic
profiles of drugs and thus improve their safety
and efficacy (81,82). Nanosuspensions are
prepared by precipitation, high pressure
homogenization, emulsion and milling
techniques  (83,84). The particles in
nanosuspensions are stabilized with mixture of
surfactants or polymers (38,85). Also by
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addition of a suitable tonicity modifier agent,
the formulation may be used for intravenous
injection. The formulations could also be
further processed into standard dosage forms
such as capsules and tablets for oral
administration (40). Fig. 4 shows the
preparation steps for a drug nanosuspension.

Atovaquone is an antibiotic for treating
opportunistic pneumocystis carinii infections
in HIV patients, non-complicated plasmodium
falciparum malaria and leishmania infections.
The form of nanosuspension of atovaquone
was also prepared by Schéler and colleagues
in 2001 (75). The nanosuspension formulation
showed excellent therapeutic effect in a new
murine model of reactivated toxoplasmosis.

Itraconazole is a poorly water-soluble drug
with low Dbioavailability. Nakarani and
coworkers formulated itraconazole in a
nanosuspension with a mean particle size of 294
nm by pearl milling technique using zirconium
oxide beads as a milling media. They used
poloxamer 407 as a stabilizer and glycerol as a
wetting agent. The in vitro dissolution profile of
drug from nanosuspension formulation showed
90% drug release in 10 min compared to 10 and
17% for pure drug and marketed formulation
(Canditral capsule) respectively (86).

Jain and coworkers designed mucoadhesive
nanosuspension of ciprofloxacin in average
particle size ranging between 503 to 1844 nm.
They prepared four different formulations
using different polymers including soya
lecithin, pluronic F68, polyvinyl alcohol, and
PVP. The formulation with soya lecithin
exhibited fast dissolution rate as compared to
the others. These nanosuspensions showed 45-
56% drug release in 10 h which is much

greater than that of the conventional
ciprofloxacin formulations (87).

Sigfridsson and colleagues investigated the
effect of particle size reduction on dissolution
rate enhancement of poorly water-soluble
acidic or basic compounds. They showed that
there is a correlation between particle size and
in vivo exposure of an acidic compound.
Nanosuspention of an acidic compound
provided higher in vivo exposure due to the
improved  dissolution rate and  oral
bioavailability. Their results also revealed that
for a basic compound, with the same doses,
due to high solubility at gastric pH and the
basic pKa, microsuspension is sufficient and
more particle size reduction does not
require(40).

Olmesartan medoxomil is one of anti-
hypertensive agents. Its orally administration
is limited due to the poor aqueous solubility
(<7.75 pg/ml) and low absolute bioavailability
(only 26%).

Using media milling technique, Thakkar
and colleagues prepared its nanosuspensions to
enhance the oral bioavailability of olmesartan
medoxomil by improving its solubility and
dissolution rate. Drug in from of
nanosuspension showed significantly higher
dissolution rate than the conventional drug
suspension as well as from the marketed tablet
formulation. More than 70% of the drug (for
lyophilized nanosuspension formulation) was
dissolved within 5 min and about 100% was
dissolved within 15 min, while the
conventional drug showed only 12%
dissolution at the end of 5 min and 92% after
60 min (88).

@ Drug + Organic solvent
(solution 1)

Stabilizer+ solvent into which
drug is insoluble (solution 2)

Solution 1 is added into solution 2
under high speed agitation

Precipitation of drug
particles

Fig. 4. The preparation steps for a drug nanosuspension.
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Hou and coworkers prepared azithromycin
nanosuspensions with mean particle size of
about 200 nm by the combination of reactive
precipitation and freeze-drying in the
presence of biocompatible stabilizer. Solid
nanoparticles were then obtained by
lyophilization of the nanosuspensions. In vitro
studies showed that the dissolution rate
increased obviously in comparison of raw
azithromycin (89).

Pranlukast is one of the potential drugs in
the treatment of asthma. Due to its poor
water solubility, it has limited clinical
applications. Wang and coworkers prepared
nanosuspensions of pranlukast (318.2 + 7.3
nm) through high-pressure homogenization
method. They wused poloxamer 407 as
stabilizer and PEG 200 as surfactant.
In vitro study of dissolution behavior of
nanosuspensions showed remarkable fast
dissolution rate resulting in complete drug
release in 30 min.

In  vivo bioavailability  of  these
nanosuspension formulations showed 4.38 fold
improvement compared to raw crystals of the

drug (80).
Cerdeira  and  colleagues  prepared
nanosuspensions of  miconazole  and

itraconazole (antifungal drugs) by media
milling method with mean particle size of
approximately 210 nm. These drugs have low
water  solubility,  which  limits their
bioavailability and antifungal effects. They
used sodium dodecyl sulfate in combinations
with either cellulose ethers (HPC or HPMC) or
poloxamers as stabilizer.

Compared tothe coarse drug suspension,
dissolution of the miconazole nanosuspension
(spray-or freeze-dried) was enhanced twice in
10 and 20 min. Freeze-dried itraconazole
nanosuspensions did not show faster
dissolution than freeze-dried coarse suspension
but itraconazole nanosuspension in spray-
drying form showed fast dissolution to the
extent that 60% of the drug was dissolved in
less than 10 min as compared to 30-45 min
with the coarse suspension (84).

Simvastatin, a hypolipidemic drug, has an
oral bioavailability of less than 5%. Athul
prepared nanosuspension of simvastatin with
particle sizes in the range of 240-244 nm by
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high pressure homogenization method using
PVP K30 as stabilizer. The homogenized
nanosuspension was then freeze dried. These
formulations showed maximum drug release
0f 98.73% in 1 h compared with raw drug that
showed a maximum release of only 45.90%
(83,90).

Felodipine is a poorly water-soluble
antihypertensive drug (91). Sahu and Das
prepared nanosuspension of felodipine (60—
330 nm) by nanoprecipitation alone and in
combination with ultra-sonication method
using ethanol as solvent and water as
antisolvent. According to their results the
nanosuspension of felodipine can increase the
dissolution rate of drug and improve its oral

bioavailability.
Their results showed that the dissolution
profiles of nanosuspension formulation

showed up to 79.67 % release in 4 h. The
authors also stated that the nanoprecipitation
with ultra-sonication is potential approach
to formulate homogenous nanosuspensions
with uniform-sized stable nanoparticles of
felodipine (3). Some of research works in
which the dissolution rate of drugs have shown
improvement via nanosizatin aresummarized
in Table 2.

4. NANOTECHNOLOGY ISSUES

Applying of nanoparticles has various
benefits such as an increases in dissolution
rate, bioavailability and rate of absorption of
poorly water-soluble drugs , delivery systems
with high payloads, extended circulation times
and active targeting capabilities, protecting
from opsonization and clearance in
the Dbloodstream (45,57). For decades
pharmaceutical scientists have been using
nanoparticles to reduce toxicity and side
effects of drugs. Inspite of above mentioned
advancements, there are some disadvantages
and safety concerns about nanoparticles.
Recently it is realized that these carrier
systems themselves may impose risks to the
patient.

The particle size reduction is a good
method to increase the dissolution rate of
poorly water-soluble BCS-class II and IV
drugs but there are possibility of disorder
induction and solid state modification.
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Table 2. Some of research works in which the dissolution rate of drugs has shown improvement via
nanosization.

Drug name Preparation method Type of nanoparticles Reference
. Controlled pH co- .
Indomethacin precipitation method. Amorphous nanopartiles (32,69)
Anti-solvent precipitation
Celecoxib under sonication al.ld h.lgh Amorphous nanopartiles (70)
pressure homogenization
methods.
The particles were big, irregular
and flake type when water used as
Quercetin Evaporative prempltatlon of anti-solvent, but in the presence of 23)
nanosuspension. benzene or hexane as anti-solvent,
the particles were smaller and
needle shaped.
Ibuprofen Solvent/anti-solvent Amorphous nanopartiles (62)
P precipitation. phod P
Meloxicam Anti-solvent precipitation. Amorphous nanopartiles ®)
Itraconazole (ITZ) Sonoprecipitation technique. Crystalline nanoparticles 71)
Albendazole Anti-solvent precipitation Crystalline nanoparticles (72)
technique.
Nifedipine (NIF) High pressure Nanocrystal (76)
homogenization.
Cilostazol The hammer m'“ed and the Nanocrystal 77)
jet-milled.
Nitrendipine Precipitation homogenization Nanocrystal (78)
process.
piroxicam (PRX) High pressure Nanocrystal (79)
homogenization technique.
Solvent/non-solvent method
coenzyme Qg and without any surfactant or Nanocrystal (73)
polymer.
Itraconazole Media milling. Nanocrystal (84)
High-pressure
Atovaquone homogenization. Nanocrystal (75)
High-pressure
. . homogenizationcombination
Ciprofloxacin with ultra-sonnication Nanocrystal 87)
method.
Olmesartap Media milling method. Nanocrystal (88)
medoxomil
Azithromycin Reactive precip itation and Nanocrystal (89)
freeze-drying.
High pressure
Pranlukast homogenization method. Nanocrystal (80)
Miconazole Media milling method. Nanocrystal (84)
. . High pressure
Simvastatin homogenization method. Nanocrystal (83)
Nanoprecipitation alone and
Felodipine in combination with ultra- Nanocrystal 37)

sonnication method.
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The particle size reduction also deteriorates
flow  properties and  wettability  of
particles and develops electrostatic
forces, leading to problematic formulations
(3). Also neurological and respiratory damage,
circulatory problems and toxicity of
nanoparticles are concerns associated with the
use of mnanoparticles (92-94). Therefore
monitoring of the particle size reduction and
development of methods for the safe
utilization of nanoparticles are necessary.

5. CONCLUSION

Since, designing and development of new
drug entities is complex and time consuming
which requires high cost. Therefore, improving
the solubility properties ofconventional drugs
may be an appropriate idea to increase
bioavailability of poorly water-soluble drugs.
Nanosizing of drugs in form of nanoparticles,
nanocrystals or nanosuspensions, without
complicated synthesis processes can be used as
a simple method to increase dissolution rate of
drugs and consequently their bioavailability.
Using of these systems has resulted in the
improved dissolution rate and therefore
bioavailability —after oral administration.
Amongthese systems, preparation of drug
nanocrystals is a simple, effective and
promising method in delivery of poorly water-
soluble drugs by oral route, because these are
only composed of drug in crystalline form and
nonosized range. Spray drying method has been
employed most commonly to solidify the
nanostructurs. Its low cost makes this method
very popular in industries. In addition to greater
bioavailability, nanoparticles provide smaller
drug doses, and hence reduce the toxicity and
dosage variability. Due to some disadvantages of
nanoparticles, monitoring the fabrication process
of nanostructures is necessary.
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