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ABSTRACT

Curcumin is the main biologically active phytochemical compound of turmeric that has been widely used by ancient
cultures throughout Asia. However the dissolution rate limited absorption and pre-absorption degradation limits its use
as a potential therapeutic. In this study an attempt has been made to overcome the above limitations by curcumin deliv-
ery through nanotechnology. Nanocurcumin solid dosage formulations were prepared and studied for its dissolution
behaviour. Considerable improvement in the dissolution behavior was observed in the drug nanocrystal-loaded solid
dosage forms. This is expected to enhance the bioavailability of poorly soluble medicinal herbs such as turmeric in the

body.
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1. Introduction

Curcumin (1,7-Bis(4-hydroxy-3-methoxy phenyl)-1-6-
heptadiene-3,5-dione) (Figure 1) is a naturally occurring
golden yellow compound found as the main constituent
in the rhizome of the plant Curcuma longa grown in
tropical Southeast Asia [1]. Curcumin is the principal
curcuminoid of no change the popular Indian spice tur-
meric, which is a member of the ginger family Zingib-
eraceae. It is estimated that 2% - 5% of the turmeric is
curcumin. Today, India is the primary exporter of tur-
meric (known as haldi in Hindi, India). For centuries,
turmeric has been used as a spice, in preservation of food
through its antioxidant mechanism, colouring agent in
Indian food, as a yellow dye for textiles and, as well as a
therapeutic agent in traditional Indian medicine to treat a
wide variety of ailments, with no known side effects
[2,3]. Curcumin, which gives the yellow colour to tur-
meric, was first isolated in 1815, and its structure as
diferuloylmethane was determined in 1910 by Kazimierz
Kostanecki, J. Mitobedzka and Wiktor Lampe. Turmeric
has been used historically as a component of Indian Ay-
urvedic medicine since 1900 BCE to treat a wide variety
of ailments including those of the skin, pulmonary, and
gastrointestinal systems, aches, pains, wounds, sprains,
and liver disorders [4]. Extensive research in the latter
half of the 20th century has identified curcumin as re-
sponsible for most of the biological activity of turmeric
[5]. Curcumin has been shown to exhibit anti-oxidant,
anti-inflammatory, anti-viral, anti-bacterial, anti-fungal,
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anti-cancer hyperlipidemic, woundhealing and hepato-
protective activities and thus has a potential against
various malignant diseases, diabetes, allergies, arthritis,
Alzheimer’s disease, and other chronic illnesses [6]. These
effects are mediated through the regulation of various
transcription factors, growth factors, inflammatory cyto-
kines, protein kinases, and other enzymes [7]. Consider-
ing the recent scientific bandwagon that multitargeted
therapy is better than monotargeted therapy for most dis-
eases, curcumin can be considered an ideal “Spice for
Life” [8]. The pharmacological efficacy of curcumin
makes it a potential compound for treatment and preven-
tion of a wide variety of human diseases [9]. In addition,
it is extremely safe upon oral administration even at very
high doses, as proven in various animal models or human
studies [10]. In spite of this, curcumin has not yet been
approved as a therapeutic agent, and the relative bio-
availability of curcumin has been highlighted as a major
problem for this [11].
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Figure 1. Chemical structure of curcumin: (1E,6E)-1,7-bis
(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione Mo-
lecular formula C,;H,,Os; Molar mass 368.38 g/mol; Melt-
ing point 183°C (361 K); Exhibit keto-enol tautomerism and
the enol form is more energetically stable in the solid phase
and in solution ~95%.
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Curcumin is insoluble in water under acidic or neutral
conditions (0.1 mg/ml) but dissolves in alkaline envi-
ronment (3 mg/ml). Curcumin is hydrophobic in nature
and frequently soluble (1 mg/ml) in acetone (20 mg/ml),
ethanol, dimethylsulfoxide, dimethyl formamide and oils.
Curcumin is highly unstable undergoing rapid hydrolytic
degradation in neutral or alkaline conditions to feruloyl
methane and ferulic acid [12]. It is reported to be stable
below pH 6.0. Thus, the use of curcumin is limited by its
poor aqueous solubility in acidic or neutral conditions
and instability in alkaline pH. This leads to slow dissolu-
tion and reduced bioavailability to incomplete oral ab-
sorption 60%, such that therapeutic effects are essentially
limited to the tubular lower GI tract (i.e., colorectum)
[13-15]. Phase I clinical trials have shown that curcumin
is safe even at high doses (12 g/day) in humans but ex-
hibits poor bioavailability [16]. Major reasons contribut-
ing to the low plasma and tissue levels of curcumin ap-
pear to be due to poor absorption, rapid metabolism, and
rapid systemic elimination. To improve the bioavailabil-
ity of curcumin, numerous approaches have been under-
taken. These approaches involve, first, the use of adju-
vant like piperine that interferes with glucuronidation
[17]; second, the use of liposomal curcumin [18]; third,
curcumin nanoparticles [19]; fourth, the use of curcumin
phospholipid complex [20]; and fifth, the use of struc-
tural analogues of curcumin (e.g., EF-24) [21]. The latter
has been reported to have a rapid absorption with a peak
plasma half-life. Despite the lower bioavailability, thera-
peutic efficacy of curcumin against various human dis-
eases, including cancer, cardiovascular diseases, diabetes,
arthritis, neurological diseases and Crohns disease, has
been documented. Enhanced bioavailability of curcumin
in the near future is likely to bring this promising natural
product to the forefront of therapeutic agents for treat-
ment of human disease.

The development of a delivery system that can enable
parenteral administration of curcumin in an aqueous
phase medium will significantly harness the potential of
this promising anti-cancer agent in the clinical arena.
Several approaches to enhance the solubility of Curcum-
in such as chemical derivatisation, complexation or in-
teraction with macromolecules e.g. gelatin, polysaccha-
rides, protein, and cyclodextrin have been reported but
not successful yet in practical utility [22]. Nanonisation
is one of the successful methods in improving drug dis-
solution. In the resent years there have been considerable
interests in developing nanoparticles as effective drug
delivery system that can effectively deliver the drug to a
target site and increase the therapeutic effect, while mini-
mizing any side effects [23,24]. We attempted to develop
Curcumin nanocrystal as an innovative solution to over-
come the oral no change bioavailability problem of Cur-
cumin.

Since a decade the area of oral nanoparticulate drug
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delivery systems has received considerable attention
[23,24]. Nanoparticulate systems studied include poly-
meric, solid lipid, liposomes, niosomes, micelles, mi-
croemulsions, submicron emulsions and drug nanoparti-
cles. Nanonization is gaining commercial importance
with more products seen in the market [25-29]. Rapa-
mune containing Sirolimus (Wyeth) and Emend contain-
ing Fenofibrate (Merck) are commercially available in
the market with drug as nanocrystals. Many other prod-
ucts are in pipeline at different phases of clinical trials
[30]. Drug nanoparticles or drug nanosuspensions consist
of drug particles between 200 and 500 nm stabilized
with/without additives [30]. Nanonization helps in sig-
nificant improvement of pharmacokinetic parameters of
poorly bioavailable drugs [31-34]. Unlike other nano
systems this dosage form contains surfactants at very low
concentrations. Curcumin has dissolution rate limited
bioavailability and therefore formulating as nanosuspen-
sion might improve its dissolution rate thereby enhancing
oral bioavailability [2,5,9,10]. The ultimate goal of this
research was to produce a greater improvement in the
dissolution and bioavailability of curcumin through
nanoparticulate formulations. In previous paper we re-
ported the preparation and characterisation of Curcumin
nanosuspension [35]. The present paper deals with the
preparation of a new Curcumin nanocrystal capsule for-
mulation for oral administration along with the dissolu-
tion behaviour.

2. Materials and Methods
2.1. Materials

Curcumin was a gift sample from Indsaff Inc., Bhu-
baneswar, India. Curcumin nanosuspensions were stabi-
lized by Polyvinyl alcohol (PVA, molecular weight
90,000) and sodium dodecyl sulfate. Double-distilled
water was used as dispersion medium. The other chemi-
cals were of analytical reagent grade (SRL, Mumbai,
India).

2.2. Preparation of Curcumin Nanosuspensions

The Curcumin nanosuspension (Cur-NS) was produced
via high pressure homogenization in pure water using a
Micron Lab 40 at room temperature, applying 20 ho-
mogenization cycles at 1500 bar (equal to 150,000 kPa
and 21,756 psi) from spray dried material.

2.3. Spray-Drying

Spray-drying was employed to obtain freely flowable
Curcumin nanocrystal powder. For that Curcumin nano-
suspensions, having a drug concentration of 10% (w/w),
were dried with a Mini Spray-dryer B-190. The mini
Spray-dryer B-190 was set with regard to temperature
inlet (110°C - 100°C), outlet (74°C - 76°C) and air vol-
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ume (600 I/h). The spray-dried Curcumin nanocrystals
were directly collected after the process.

2.4. Particle Size Analyses

Photon correlation spectroscopy (PCS) (Zetasizer Nano
ZS) and laser diffraction (LD) (Coulter LS230) were em-
ployed to determine the particle size. PCS measurements
were performed at 20°C and each sample was analysed
three times. PCS yields the intensity weighted mean di-
ameter of the bulk population (z-average, measuring
range: 3 nm - 3 um) and the polydispersity index (PI) as
measures for the width of the size distribution. The PI
ranges from zero (monodisperse particles) to 0.500
(broad distribution), values above 0.5 do not allow allo-
cation of a logarithmic normal distribution to the PI. LD
was repeated three times and the results were calculated
as volume size distribution using Mie theory with the
optical parameters 1.593 for the real refractive index and
0.01 for the imaginary refractive index. As characterisa-
tion parameters the diameters 10%, 50%, 90% and 99%
were used. For example diameter 99% means that 99%
of the particles are below the given size value.

2.5. Preparation of the Capsule and Drug
Release

Formulations of the Curcumin capsules can be seen in
Table 1. Curcumin was admixed to the capsule excipi-
ents by a tumbler (Turbula, Basel). The mixed powder
was filled into hard gelatin capsule No. 2 using simple
filling capsule equipment for lab scale. The final product
of the capsules was collected and immediately trans-
ferred into dry plastic containers and tightly sealed.

The dissolution test of the capsules was performed us-
ing a USP XXIV rotating paddle apparatus with a Phar-
matest PTW SIII (Pharma Test, Hamburg, Germany) at
37°C and a rotating speed of 50 rpm in 900 ml of me-
dium. Capsules were held to the bottom of the vessel
using copper sinkers. Samples were analyzed for drug
concentration using HPLC.

2.6. HPL.C Analysis of Curcumin

A validated sensitive and selective high-performance liquid

Table 1. The formulations of curcumin capsules.

) Excipient (mg)
Formulation NC (mg) MC (mg)
Lc AV Mg
A 500 - 15 190 1
B - 500 15 190 1
Market - 500 -

NC = Curcumin nanocrystal, MC = Curcumin microcrystal; Mg = Magne-
sium stearate, AV = Avicel PH 102, Lc = Lactose, Market = Marketed
capsule.
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chromatography (HPLC) no change method using UV
detection was used for the determination and quantifica-
tion of curcumin. The HPLC system consisted of a Shi-
madzu LC 6A HPLC instrument equipped with a solvent
delivery pump, a Rheodyne injector valve and a variable
wavelength UV detector. The column used was C 18
analytical column (4.6 x 250 mm, particle size 5 pum),
with mobile phase consisting of two components: A, 10
mM ammonium acetate pH 4.5; B, acetonitrile. Initial
conditions were 95% A progressing to 55% A at 20 min
and 5% A at 33 min. The flow rate was maintained at 1
mL/min at 45°C £ 2°C. The eluate was monitored at 420
nm. Retention time for curcumin was 8 min. Free curcu-
min is completely insoluble in water therefore the con-
centration of curcumin was calculated using standard
curve of curcumin in ethanol. The data was recorded and
calculated using Winchrome software.

3. Results and Discussion
3.1. Curcumin Nanocrystals

The curcumin nanosuspension on a lab scale is typically
produced by pre-milling (with SDS 0.2%) followed by
high pressure homogenization in pure water using a con-
tinuous Micron LAB 40 at room temperature, applying
20 homogenization cycles at 1500 bar. The formulation
of curcumin nanosuspension was prepared using Curcu-
min 10%, Polyvinyl alcohol 2% and Water 88%. Figure
2 clearly shows the difference between the ordinary sus-
pension and the nanosuspension obtained. Nanonisation
renders curcumin completely dispersible in aqueous me-
dia. Free curcumin is poorly soluble in aqueous media,
and macroscopic flakes can be seen floating in the bottle.
In contrast, the equivalent quantity of curcumin nanopar-
ticles is fully dispersible in aqueous media. Figure 3
shows the particles size distribution of curcumin formu-
lations by PCS and LD. The Cur-NS-B had LD particle
size distribution of 0.1 um (<d10%), 0.2 um (<d50%),
1.8 um (<d90%) and 2.8 pm (<d99%). PCS size 306 nm,
Zeta potential (mV) of —6.4 in water and —2.7 in original
medium. Visual examinatiosn of crystals in nanosuspen-
sions from images of the nanosuspensions from light
microscopy and scanning electron microscopy showed

l 1

|

Figure 2. (A) Ordinary suspension and (B) the nanosuspen-
sion of curcumin.
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Figure 3. (a) PCS (above) and (b) LD particles size distribu-
tion (below) of curcumin formulations.

fine stable homogeneous distribution. It showed very
good physical and chemical stability over 3 and 6 months
period respectively. A spray drying process was em-
ployed to obtain dried curcumin nanocrystals having
good re-dispersability, saturation solubility and dissolu-
tion velocity. LD values were 0.13 um (<d10%), 0.4 um
(<d50%), 3.1 um (<d90%) and 3.9 pm (<d99%). PCS
size was 321 nm and PI of 0.38. In general, the saturation
solubility of the nanocrystals was distinctly 5 fold higher
than for microparticles. The result also showed the supe-
riority of curcumin nanocrystals in dissolution behavior
and was in agreement with the Noyes-Whitney equation.
According to these results, curcumin nanocrystals are
suitable for incorporation into solid dosage form, such as
tablets, capsules, pellets etc. The final product of a solid
dosage form containing curcumin nanocrystals is evalu-
ated in this work with respect to dissolution testing and
compared to marketed dosage forms. This part of the
study has been communicated in detail recently.

3.2. Preparation of Solid Dosage Forms

Nanosizing refers to the reduction of drug particle size
down to the submicron range. While reduction of particle
size has been employed in pharmaceutical industry for
several decades, recent advances in milling technology
and our understanding of such colloidal systems have
enabled the production of drug particles of 50 - 200 nm
size in a reproducible manner. The sub-micron particles
are stabilized with surfactants or polymers in nanosuspe-
nsions which can be further processed into standard dos-
age forms suitable for oral administration. These nano-
suspensions offer increased dissolution rates for drug
compounds and complement other technologies used to
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enhance the bioavailability of insoluble compounds (BCS
Class II and IV), such as solubility enhancers (i.e. sur-
factants), liquid-filled capsules or solid dispersions of
drugs in their amorphous state. Based on the Noyes-
Whitney principle, reduction in the particle size will in-
crease the dissolution rate due to increased effective par-
ticle surface area. This size-dependency comes only into
effect for particles of a size below approximately 1 um
(submicron particulate)}—a phenomenon observed in solid
dosage which leads to an increase of the dissolution rate
of such fine drug particles [23,24].

3.3. Formulation

On the market, no oral curcumin capsule is found in sin-
gle dose form. Curcumin is normally not combined with
any other drugs. CUR-500" capsules compared in this
study contain 500 mg curcumin. The formulations of
curcumin capsules can be seen in Table 1. Curcumin
nanocrystals were admixed to the capsule excipients in a
tumbler. On a lab scale, the capsules were prepared using
simple capsule filling equipment. The mixed powder was
gently poured into capsule no. 2 using the capsule filling
equipment. Avicel PH 102, lactose, magnesium stearate
are commonly used excipients for capsule fillers. Avicel
102 has good characteristics for a capsule filler, such as
excellent flow ability in comparison to Avicel 101.
Therefore Avicel PH 102 was mostly chosen as the cap-
sule filler. Mg stearate was incorporated as lubricant,
glidant and anti-adherent. These capsules were further-
more evaluated with respect to their dissolution behavior.
The final product of the curcumin nanocrystal-loaded
capsules can be seen in Figure 4.

(b)

Figure 4. Curcumin nanocrystal-loaded capsules (a) and
marketed capsules (b).
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3.4. Dissolution Study of Capsules

In vitro dissolution testing of Curcumin capsules was
performed in water and buffer at pH 1.2 and 6.8, at 37°C
(Figure 5). The dissolution test was not performed in
sink conditions. Therefore at a certain time, release of
Curcumin will be constant or further increase little be-
cause the saturation solubility is going to be approached.
Dissolution velocity of Curcumin from the Curcumin
nanocrystal-loaded capsules (nanocrystal capsules) was
distinctly improved and superior to that of micro crystals
capsules. Within 30 minutes, almost all of Curcumin was
dissolved from the nanocrystal capsules (Formulation A)
in water and buffer having a pH of 6.8. However, only
50% Curcumin was dissolved in buffer having a pH of
1.2. In contrast, only less than half of Curcumin was dis-
solved from the microcrystal capsules (Formulation B) in
water and in buffer having a pH of 6.8, and very little in
buffer having a pH of 1.2.

3.5. Comparison of Nanocrystal-Loaded
Capsules and Marketed Capsules

Further studies were conducted in order to ascertain the
efficacy of Curcumin nanocrystals against the marketed
commercial Curcumin capsules. The commercial curcu-
min products available in the market also contain micro
crystals of curcumin but in a typical unknown formula-
tion. In order to make sure that the excipient used in our
study does not add to the observed behavior and to have
a direct comparison with market product further study
was conducted to make certain the efficacy of Curcumin
nanocrystals against the marketed commercial capsules.
Figure 6 shows the dissolution behaviour of these two
products in various medium. Due to the poor aqueous
solubility of Curcumin, marketed capsules were unable
to release Curcumin similar to microcrystal loaded cap-
sules studied above. In contrast, Curcumin nanocrystals
showed an increased kinetic solubility in all the medium
studied. Therefore, the dissolve of Curcumin from these
capsules was distinctly improved. After the initial nag
period, nanocrystals showed near cent percent dissolution
in water and at pH 6.8. At pH 1.2 it showed all most half
of dissolution. In contrast the marketed commercial cap-
sules containing Curcumin microcrystals showed very
poor dissolution compared to nanocrystals in all the cases
studied. Many researchers have evaluated the improved
dissolution of Curcumin at 37°C in distilled water and
other body pH ranges [36]. The result shows that dissolu-
tion of Curcumin was considerably enhanced by solid
dispersion of nanoparticles. However, their results did
not specifically describe improved dissolution of Curcu
min nanoparticles, instead mentioning only prolonged
release of Curcumin from nanoparticles. Dissolution ve-
locity of nanocrystal-loaded capsules is much better than
any other techniques. Among factors for consideration,
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Figure 5. Percentage of dissolved Curcumin from nanocry-
stal-loaded capsules (formulation A) compared to micro-

crystal-loaded capsules (formulation B) in water ((a): Top);
buffer at pH 1.2 ((b): Middle) and pH 6.8 ((c): Bottom).

nanocrystals are simpler to manufacture and require less
material. Nanotechnology is therefore more effective in
increasing solubility and dissolution velocity. Moreover
this technology offers cost saving.

The more rapid release of Curcumin from the nanocry-
stal-loaded capsules is thought to be beneficial since,
once being administered orally, the fast dissolved Cur-
cumin may be passively partitioned into the gastrointes-
tinal tract tissues in a shorter time (because of the favor-
able concentration gradient) resulting into a rapid onset
of action and improved bioavailability. Therefore, Cur-
cumin nanocrystal-loaded capsules offer promise for a
dosage form with superior physicochemical properties
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Figure 6. Percentage of dissolved Curcumin from nanocry-
stals-loaded capsule in comparison with marketed capsule
in water ((a): Top); buffer at pH 1.2 ((b): Middle) and pH
6.8 ((c): Bottom).

that overcomes problem of low bioavailability in the
human body.

3.6. Dissolution Performance

Compared to microcrystal capsule and marketed capsule,
the nanocrystal capsules definitively showed higher lev-
els of percentage dissolved curcumin. In all the dissolu-
tion media, nanocrystal capsules dissolved curcumin at
distinctly faster rates compared to microcrystals and
marketed capsules. Therefore, nanocrystal capsules have
superior characteristics to microcrystals and marketed
capsules, indicating a major opportunity to enhance the
bioavailability of drugs by nanosuspensions for oral ad-

Copyright © 2013 SciRes.

ministration, in cases when dissolution is a rate limiting
factor in bioavailability in the body like that of curcumin.
It is easy to understand that a bio-relevant medium will
need a similar surface activity as bio-fluids and hence a
study on “In vivo pharmacokinetic evaluation of curcu-
min nanoformulation with improved bioavailability” was
also carried out and is found to yield a similar positive
result (communicated).

3.7. Dissolution Velocity

An outstanding feature of nanocrystals is the increase in
saturation solubility and consequently an increase in the
dissolution velocity of the compound. Based on the
Noyes Whitney equation [37], this increase in dissolution
velocity takes place in addition to the increase caused by
the enlargement of the surface area, e.g. exploited in mi-
cronized products [38]. By decreasing the particle size
(e.g. to the nanometer range), consequently the surface
area of the particulate is further increased. In addition,
the Noyes-Whitney equation also describes that the dis-
solution velocity dc/dt depends on the concentration gra-
dient (cs—cx)/h (cs is the saturation solubility; cX the
equilibrium concentration in the bulk phase and h the
diffusional distance) and the Prandtl equation describes
that the diffusional distance h is reduced for small parti-
cles. Thus, the simultaneous increase in the saturation
solubility ¢s and the decrease in h lead to an increased
concentration gradient (cs—cx)/h, enhancing the dis-
solution velocity in addition to the surface effect [39].

An increase in dissolution velocity and also an in-
crease in saturation solubility can also be achieved by
changing the crystalline state of the material (e.g. from
crystalline to amorphous or partially amorphous). Due to
thermodynamic reasons the preservation of the amorp-
hous state is critical; therefore the production of nanocry-
stals should lead to crystalline particles. The crystalline
state of the curcumin nanocrystals investigated in our
study remained unchanged (100% crystalline) upon both,
high pressure homogenization and drying process.

3.8. Perspectives of Drug Nanocrystals for Oral
Application

Recently, the particle size reduction effectiveness of drug
substances-loaded tablets on oral bioavailability has been
intensively investigated [23]. It has been proven that par-
ticle size reduction leads to improved oral bioavailability
in the body. Takano et al. have specified that particle size
reduction leads to improved dissolution rate and bioavai-
lability [40]. In addition, the rate-limiting steps of oral
absorption were simulated. An increase in the dissolution
rate and administered dose showed a shift from dissolu-
tion rate-limited to solubility limited absorption. In the
study in dogs, the particle size reduction of the drugs
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improved the oral absorption [40]. Such studies provide a
powerful tool to predict dose linearity and will aid in the
development of formulating poorly soluble drugs (Bio-
pharmaceutical Classification System (BCS) class II (as
well as IV) drugs).

According to Hintz et al., a computer method has been
developed to describe the theoretical dissolution rate of a
polydisperse powder under non-sink conditions based on
its weight percent particle size distribution. It is shown
that finer particles in the size distribution showed an im-
proved dissolution behavior. Moreover the particle size
distributions were used to simulate their effect on the
amount of drug absorbed orally [41]. Similarly we sug-
gest this promising curcumin capsule dosage form for
oral administration. It leads to superior physicochemical
properties and should overcome the in vivo absorption
problem of the poorly soluble curcumin as class II BCS
drug. Figure 7 summarizes the effects on bioavailability
enhancement in the gut. Important is that the nanocrys-
tals are released from the capsule or tablet as fine
nanocrystals. It could be shown that a slight aggregation
does not yet impair the dissolution velocity, but pro-
nounced aggregation will decrease the dissolution veloc-
ity strongly [42].

4. Conclusion

Nanosuspensions were formulated by high pressure ho-
mogenization to overcome problems caused by poor
aqueous solubility. Increase in surface area enhances the
dissolution rate. Spray dried curcumin nanocrystals pre-
pared by high pressure homogenization technique can be
employed to produce solid dosage forms of the drug like
capsules. Dried drug nanocrystals offer superior phys-
icochemical properties. Curcumin nanocrystal-loaded
capsules can be produced using conventional procedures.
From the Noyes-Whitney equation, the increased surface
area and saturation solubility due to the decreased radius
result in increased dissolution velocity. This phenomenon
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nanocrystals bl / nanocrystals
- ‘

.. \

adhesion

« pronounced ,. ® ®
« reproducable

* less erratic
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high concertration gradient
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blood blood
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Figure 7. Mechanism of action: finely dispersed nanocrys-
tals versus aggregated nanocrystals (similar to micrometer
crystals).
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was clearly demonstrated by the curcumin nanocrystals.
Dissolution velocity of nanocrystal-loaded solid dosage
forms was evaluated. Drug nanocrystals were released
from the nanocrystal capsules at a faster rate compared to
microcrystal capsules or marketed capsules. Dissolution
velocity of drug nanocrystals from solid dosage forms
was superior compared to micro crystal loaded solid
dosage forms and the marketed solid dosage forms (cap-
sules). Improved dissolution behavior in drug nanocrys-
tal-loaded solid dosage forms should lead to better
bioavailability of poorly soluble drugs in the body.
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