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Objective: To prepare curcumin—piperine (Cu—Pi) nanoparticles by various methods and to study
the effect of various manufacturing parameters on Cu—Pi nanoparticles and to identify a suitable
method for the preparation of Cu—Pi nanoparticles to overcome oral bioavailability and cancer cell
targeting limitations in the treatment of cancer. Methods: Cu—Pi nanoparticles were prepared by
thin film hydration method, solid dispersion method, emulsion polymerization method and Fessi
method. Optimization was carried out to study the effect of various manufacturing parameter
on the Cu—Pi nanoparticles. Results: Out of four methods, Fessi method produced a minimum
average particle size of 85.43 nm with a polydispersity index of 0.183 and zeta potential of 29.7
mV. Change of organic solvent (acetone or ethanol) did not have any significant effect on Cu—Pi
nanoparticles. However, increase in sonication time, stirring speed, viscosity, use of 1:10:10 ratio
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e of drug/polymer/surfactant, and use of anionic surfactant or combination of anionic surfactant
Piperine with cationic polymer or combination of non—ionic surfactant with cationic polymer had a

significant effect on Cu—Pi nanoparticles. Conclusions: Cu-Pi nanoparticles coated with PEG
containing copolymer produced by Fessi method had a minimum average particle size, excellent
polydispersity index and optimal zeta potential which fall within the acceptable limits of the
study. This dual nanoparticulate drug delivery system appears to be promising to overcome oral
bioavailability and cancer cell targeting limitations in the treatment of cancer.

1. Introduction safe”. In spite of its efficacy and safety, curcumin has
not yet been approved as a therapeutic agent. The major

One of the newest trends in food science and technology  barriers to the clinical usefulness of curcumin in the

is functional food which is defined as foods that provide
health benefits beyond basic nutrition. Among various
functional food ingredients, polyphenols have attracted
many researchers” attention because of their anti—oxidant,
anti—inflammatory, and anti—cancer propertiesl1l.

One such polyphenol is curcumin, which is isolated from
the rhizome of the herb Curcuma longa Linn. Curcumin
has been extensively studied and found to have diverse
pharmacological activities|2l. Various animal and human
studies have shown curcumin is extremely safe even at very
high dosesi3l. United States Food and Drug Administration
has also declared curcumin as “generally regarded as
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treatment of cancer are poor oral bioavailability and lack
of cancer cell targeting. However, poor oral bioavailability
of curcumin is mainly due to its poor aqueous solubility,
intestinal metabolism, hepatic metabolism and rapid
systemic clearancel45l. These limitations can be overcome
by nanoparticulate drug delivery system.

Hence, the primary aim of the study was to prepare
curcumin—piperine (Cu—Pi) nanoparticles by various
methods and to study the effect of various manufacturing
parameter on the average particle size, polydispersity index
and zeta potential of Cu—Pi nanoparticles and to identify a
suitable method for the preparation of Cu—Pi nanoparticles
to overcome oral bioavailability and cancer cell targeting

limitations in the treatment of cancer.

2. Materials and methods
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2.1. Materials

The following chemicals were obtained from commercial
sources and used without any further purification. Curcumin
(97%) was purchased from Himedia Laboratories (Mumbai,
India). Piperine (97%) was purchased from Sigma—Aldrich
(Bangalore, India). Ethanol (99.9%) was purchased from
Brampton (Ontario, Canada). Acetone (analytical grade)
was purchased from S.D Fine Chemicals (Mumbai, India).
Poloxamer 188 (P 188) and Poloxamer 407 (P 407) were
purchased from Sigma—Aldrich (Bangalore, India). Sodium
lauryl sulfate (SLS) was purchased from S.D Fine Chemicals
(Mumbai, India). Sodium alginate was purchased from Nice
Chemical Pvt. Ltd. (Kerala, India). Eudragit E 100 was a
generous gift from Degussa (India).

2.2. Methods

Cu-Pi nanoparticles were prepared by (a) thin film
hydration method, (b) solid dispersion method, (c) emulsion
polymerization method and (d) Fessi method.

2.3. Preparation of Cu—Pi nanoparticles by thin film
hydration method

Cu—Pi nanoparticles were prepared by thin film hydration
method as per the protocol of Wang et al with some
modificationl6l. Briefly, curcumin, piperine and surfactant
were dissolved in organic solvent under sonication 40 kHz,
Ultrasonic Cleaner, Lark, India) followed by removal of
solvent under reduced pressure (Rotary evaporator, Lark,
India) to form a thin film. Further 5 mL of ultra pure water
Milli-Q Academic, Millipore, Bangalore, India) was
added to the thin film under sonication 40 kHz, Ultrasonic
Cleaner, Lark, India) for 5 or 10 cycles (5 minutes per cycle).
Nanoparticles were formed spontaneously and turned the
solution slightly turbid. Free drugs were removed from the
nanosuspension by centrifugation (Refrigerated Centrifuge,
Remi, India) at 3000 rpm for 10 minutes at 4 °C. The resultant
nanosuspension was used for further characterization.
Optimization was performed as per Table 1 to assess the
impact of organic solvent, surfactant and sonication time
on the average particle size, polydispersity index and zeta
potential of Cu—Pi nanoparticles.

2.4. Preparation of Cu—Pi nanoparticles by solid dispersion
method

Cu-Pi nanoparticles were prepared by solid dispersion
method as per the protocol of Kwon et al with some
modificationl7l. Briefly, Curcumin and piperine were
dissolved in organic solvent under sonication (40 kHz,
Ultrasonic Cleaner, Lark, India). Further this organic
phase was added in a drop wise manner to 50 mL of ultra
pure water (Milli-Q Academic, Millipore, Bangalore,
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India) containing surfactant and with or without sodium
alginate as viscosity enhancer under sonication (40 kHz,
Ultrasonic Cleaner, Lark, India) for 10 cycles (5 minutes
per cycle). Nanoparticles were formed spontaneously
and turned the solution turbid. Organic solvent was then
removed by continuous overnight stirring (Magnetic Stirrer,
Remi, India). Resultant nanoparticles were separated by
ultracentrifugation (Refrigerated Centrifuge, Remi, India) at
19 000 rpm for 45 minutes at —20 “C. Obtained nano pellets
were washed at least three times with ultra pure water
Milli-Q Academic, Millipore, Bangalore, India) and used for
further characterization. Optimization was performed as per
Table 2 to assess the impact of organic solvent, surfactant
and viscosity on the average particle size, polydispersity
index and zeta potential of Cu—Pi nanoparticles.

2.5. Preparation of Cu—Pi nanoparticles by emulsion
polymerization method

Cu—Pi nanoparticles were prepared by emulsion
polymerization method. Briefly, surfactant (usually above
the critical micelle concentration of the surfactant) was
dissolved in 50 mL of ultra pure water Milli-Q Academic,
Millipore, Bangalore, India) under sonication (40 kHz,
Ultrasonic Cleaner, Lark, India) and stored overnight
in required temperature for the formation of micelles.
Curcumin and piperine were dissolved in 5 mL of organic
solvent under sonication 40 kHz, Ultrasonic Cleaner, Lark,
India). Further this organic phase was added to 50 mL of
aqueous phase containing micelles under stirring (Magnetic
Stirrer, Remi, India) at 100 or 500 rpm for 1 hour at room
temperature. Nanoparticles were formed spontaneously
and turned the solution slightly turbid. Solvent was then
removed by continuous overnight stirring (Magnetic Stirrer,
Remi, India). Free drugs were removed by centrifugation
(Refrigerated Centrifuge, Remi, India) at 3 000 rpm for 10 minutes
at 4 °C. The resultant nanosuspension was used for further
characterization. Optimization was performed as per Table
3 to assess the impact of organic solvent, surfactant and
stirring speed on the average particle size, polydispersity
index and zeta potential of Cu—Pi nanoparticles.

2.6. Preparation of Cu—Pi nanoparticles by Fessi method

Cu—Pi nanoparticles were prepared by a method developed
by Fessi et al with some modifications(8l. Briefly, curcumin,
piperine and Eudragit E 100 were dissolved in 20 mL of
acetone under sonication 40 kHz, Ultrasonic Cleaner, Lark,
India). Further this organic phase was added to 50 mL of
ultra pure water Milli-Q Academic, Millipore, Bangalore,
India) containing surfactant under constant stirring
(Mechanical Stirrer, Remi, India) at 500 or 1 000 rpm for at
least 1 hour. Nanoparticles were formed spontaneously and
turned the solution slightly turbid. Organic solvent was then
removed by continuous overnight stirring (Magnetic Stirrer,



C Moorthi et al ./Asian Pac J Trop Biomed 2012; 2(11): 841-848 843

Remi, India). Free drugs were removed by centrifugation
(Refrigerated Centrifuges, Remi, India) at 3 000 rpm for 10
minutes at 4 “C. The resultant nanosuspension was used for
further characterization. Optimization was performed as per
Table 4 to assess the impact of surfactant, dose of surfactant,
dose of Eudragit E 100 and stirring speed on the average
particle size, polydispersity index and zeta potential of Cu—
Pi nanoparticles.

2.7. Particle size measurement

Particle size and polydispersity index were measured using
Mastersizer (Mastersizer 2000, Malvern Instruments, UK) or
Zetasizer (ZEN3600, Malvern Instrument, UK) based on the
nature of nanosuspension. Average particles size below 100
nm and polydispersity index below 0.2 were considered
acceptable.

2.8. Zeta potential measurement

Aggregation of nanoparticle in the formulation reduces
the physical stability of the nanosuspension and
aggregation of nanoparticles in the gut leads to decreased
oral bioavailability. Charge on the nanoparticles plays a
significant role in aggregation. Higher number of either
positive or negative charge repels each other which inturn
prevents the aggregation. Particle charge was quantified and
expressed as zeta potential. As a rule of thumb, suspensions

Table 1

with zeta potential above £30 mV were physically stable.
Suspensions with a zeta potential above =60 mV showed
excellent stability. Suspensions below 20 mV are of
limited stability and below £5 mV they undergo pronounced
aggregation. Zeta potential was measured using Zetasizer
(ZEN3600, Malvern Instrument, UK). Zeta potential around +
30 mV was considered acceptable.

2.9. Statistical analysis

Statistical analyses were performed using GraphPad
Prism software (Version 5.04). Experiments were carried
out in triplicate and student’s t—test was used to assess the
differences. The differences were considered significant at
P<0.0s.

3. Results

Cu—Pi nanoparticles were successfully prepared by four
methods and the results of characterization of the best
formulation in each method were tabulated in Table 5.
3.1. Thin film hydration method

Six formulations (F1-F6) were prepared and characterized.

Formulations F1, F2, F5 and F6 were used to assess the
effect of solvent on the Cu—Pi nanoparticles and found use

Optimization of Cu—Pi nanoparticles prepared by thin film hydration method.

Formulation Curcumin (mg) Piperine (mg) Organic solvent (5 mL)  Surfactant (100 mg) Sonication (Cycle)
F1 5 5 Acetone P 407 10

F2 5 5 Ethanol P 407 10

F3 5 5 Ethanol P 407 5

F4 5 5 Acetone P 188 5

F5 5 5 Acetone P 188 10

F6 5 5 Ethanol P 188 10

Table 2

Optimization of Cu—Pi nanoparticles prepared by solid dispersion method.

Formulation Curcumin (mg) Piperine (mg) Organic solvent 20 ml)  Surfactant (125 mg)  Viscosity enhancer (50 mg)
F1 12.5 12.5 Acetone SLS =

F2 12.5 12.5 Ethanol SLS -

F3 12.5 12.5 Ethanol SLS Sodium alginate

F4 12.5 12.5 Acetone P 188 =

Fs5 12.5 12.5 Ethanol P 188 -

F6 12.5 12.5 Ethanol P 188 Sodium alginate
Table 3

Optimization of Cu—Pi nanoparticles prepared by emulsion polymerization method.

Formulation Curcumin (mg) Piperine (mg) Organic solvent (5 ml)  Surfactant (100 mg) Stirring speed (rpm)
F1 5 5 Acetone SLS 100
F2 5 5 Ethanol SLS 500
F3 5 5 Acetone SLS 500
F4 5 5 Acetone P 407 500
Fs5 5 5 Ethanol P 407 500
k6 5 5 Ethanol P 407 100
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Table 4
Optimization of Cu—Pi nanoparticles prepared by Fessi method.
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Formulation Curcumin (mg) Piperine (mg) Eudragit E 100 (mg) Surfactant (mg) Stirring speed (rpm)
F1 12.5 12.5 250 SLS (250) 1 000
F2 12.5 12.5 250 SLS (250) 500
F3 12.5 12.5 100 SLS (100) 1 000
F4 12.5 12.5 250 P 188 (250) 1 000
F5 12.5 12.5 250 P 188 (250) 500
F6 12.5 12.5 100 P 188 (100) 1 000
Table 5
Characterization of Cu—Pi nanoparticles prepared by various methods (Mean+SD).
Method Formulation code Average particle size (nm) Polydispersity index Zeta potential (mV)
TFH Fs 321.80+21.03 0.54+0.01 —09.20£1.25
SD F2 158.00+17.04 0.65+0.15 —52.10%5.09
EP F2 705.60+44.40 0.75+0.07 —49.8013.48
Fessi F4 085.43114.57 0.180.03 29.7010.50
TFH: thin film hydration; SD: solid dispersion; EP: emulsion polymerization.
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Figure 1. Particle size distribution of Cu—Pi nanoparticle (F5) by thin
film hydration method.
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Figure 2. Zeta potential of Cu—Pi nanoparticle (F5) by thin film
hydration method.
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Figure 3. Particle size distribution of Cu—Pi nanoparticle (¥2) by solid
dispersion method.

of either acetone or ethanol did not significantly (P>0.05)
alter the average particle size, polydispersity index and zeta
potential. Formulations F1, F2, F5 and F6 were used to assess
the effect of surfactant on the Cu—Pi nanoparticles and found
use of Poloxamer 407 significantly (P<0.05) increased the
particles size and decreased the zeta potential than the use
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Figure 4. Zeta potential of Cu—Pi nanoparticle (F2) by solid dispersion
method.
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Figure 5. Particle size distribution of Cu—Pi nanoparticle (F2) by
emulsion polymerization method.
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Figure 6. Zeta potential of Cu—Pi nanoparticle (F2) by emulsion
polymerization method.

of Poloxamer 188 which may be due to higher ethylene oxide
portion in Poloxamer 407191. However, change of surfactant
did not significantly (P>0.05) alter the polydispersity index.
Formulations F2, F3, F4 and F5 were used to assess the effect
of sonication on the Cu—Pi nanoparticles and found increase
in sonication time significantly (P<0.05) reduced the particles



C Moorthi et al ./Asian Pac J Trop Biomed 2012; 2(11): 841-848 845

size which may be due to increased shear rate. However,
increase in sonication time did not significantly (P>0.05)
alter the polydispersity index and zeta potential. Out of six
formulations, formulation F5 produced minimum average
particle size of 321.8 nm (Figure 1) with polydispersity index
of 0.537 and formulation F3 produced maximum average
particle size of 410.3 nm with polydispersity index of 0.389.
Similarly, formulation containing Poloxamer 188 produced
maximum zeta potential of —9.84 mV (Figure 2). However,
Cu—Pi nanoparticles produced by thin film hydration method
did not satisfy the acceptance limit of average particle size,
polydispersity index and zeta potential. Moreover, Figure 1
showed three different particle size peaks which may have
increased the polydispersity index. To get more uniform
particle size by this method, an additional step, filtration
through 0.22 »m filter was required.
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Figure 7. Particle size distribution of Cu—Pi nanoparticle (F4) by Fessi
method.
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Figure 8. Zeta potential of Cu—Pi nanoparticle (F1) by Fessi method.
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Figure 9. Zeta potential of Cu—Pi nanoparticle (F4) by Fessi method.

3.2. Solid dispersion method

Six formulations (F1-F6) were prepared and characterized.
Formulations F1, F2, F4 and F5 were used to assess the effect
of solvent (acetone or ethanol) on the Cu—Pi nanoparticles
and found change of solvent did not significantly (P>0.05)
alter the average particle size, polydispersity index and
zeta potential. Zeta potential of all six formulations in thin

film hydration method was very low which may be due to
non—ionic surfactants (Poloxamer). Hence we decided to
study the effect of anionic (SLS) and non—ionic surfactant
(Poloxamer 188) in this method. Formulations F1, F2, F4
and F5 were used to assess the effect of surfactant (SLS or
Poloxamer 188) on the Cu—Pi nanoparticles and found use
of SLS significantly (P<0.05) decreased the particles size
and increased the zeta potential when compared to the use
of Poloxamer 188. The possible mechanism for decreased
average particle size in formulation (F1 and F2) containing
SLS may be due to its anionic charge which provided high
zeta potential of —51.2 mV and which inturn decreased the
aggregation which may lead to significant size reduction.
However, change of surfactant did not significantly (P>0.05)
alter the polydispersity index. Formulations F2, F3, FS and
F6 were used to assess the effect of viscosity on the Cu—Pi
nanoparticles and found increase in viscosity significantly
(P<0.05) increased the average particles size which may
be due to prevention of shear on the Cu—PI nanoparticle.
However, increase in viscosity did not significantly (P>0.05)
alter the polydispersity index and zeta potential. Out of six
formulations, formulation F2 produced minimum average
particle size of 158 nm (Figure 3) with polydispersity index
of 0.646 and formulation F3 produced maximum average
particle size of 510 nm with polydispersity index of 0.641.
Similarly, formulation containing SLS produced maximum
zeta potential of —52.1 mV (Figure 4). However, Cu—Pi
nanoparticles produced by solid dispersion method did
not satisfy the acceptance limit of average particle size,
polydispersity index and zeta potential. Moreover, Figure 3
clearly indicated two particle size peaks which may have
increased the polydispersity index. To get more uniform
particle size by this method, an additional step, filtration
through either 0.22 #m or 0.45 » m filter was required.

3.3. Emulsion polymerization method

Six formulations (F1-F6) were prepared and characterized.
Formulations F2, F3, F4 and F5 were used to assess the effect
of solvent (acetone or ethanol) on the Cu—Pi nanoparticles
and found change of solvent did not significantly (P>0.05)
alter the average particle size, polydispersity index and zeta
potential. In solid dispersion method we have studied the
effect of anionic (SLS) and non—ionic surfactant (Poloxamer
188) and found significant change in Cu—Pi nanoparticles.
Hence we have decided to study the effect of anionic (SLS)
and non—ionic surfactant (Poloxamer 407) in this method.
Formulations F2, F3, F4 and F5 were used to assess the
effect of surfactant (SLS or Poloxamer 407) on the Cu-Pi
nanoparticles and found use of SLS significantly (P<0.05)
decreased the average particles size and increased the
zeta potential than the use of Poloxamer 407. The possible
mechanism for decreased average particle size in formulation
(F1 and F2) containing SLS may be due to its anionic
charge which provided high zeta potential of —49.8 mV and
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which inturn decreased the aggregation which may lead to
significant size reduction. However, change of surfactant
did not significantly (P>0.05) alter the polydispersity index.
Formulations F1, F3, F5 and F6 were used to assess the effect
of stirring speed on the Cu—Pi nanoparticles and found
increase in stirring speed from 100 to 500 rpm significantly
(P<0.05) decreased the average particles size which may be
due to increased shear on the Cu—PI nanoparticle. However,
increase in stirring speed did not significantly (P>0.05)
alter the polydispersity index and zeta potential. Out of six
formulations, formulation F2 produced minimum average
particle size of 705.6 nm (Figure 5) with polydispersity index
of 0.750 and formulation F1 produced maximum average
particle size of 1 812.0 nm with polydispersity index of 1.023.
Similarly, formulation containing SLS produced maximum
zeta potential of —49.5 mV (Figure 6). However, Cu—Pi
nanoparticles produced by emulsion polymerization method
did not satisfy the acceptance limit of average particle size,
polydispersity index and zeta potential. This method also
required filtration step to get uniform particle size as the
Figure 5 clearly indicated three peaks which had increased
the polydispersity index.

3.4. Fessi method

Six formulations (F1-F6) were prepared and characterized.
In all three previous methods, study of effect of solvent on
Cu—Pi nanoparticle did not produce significant change in
Cu—Pi nanoparticles hence we have decided not to study the
effect of solvent in this method. In solid dispersion method
and emulsion polymerization method we have studied
the effect of anionic and non—ionic surfactant and found
anionic surfactant produced lesser average particle size and
higher zeta potential. Non—ionic surfactant produced very
low zeta potential and slightly increased average particle
size than anionic surfactant. However, to prevent rapid
elimination of drug by macrophages, coating with PEG
containing copolymer is essential. Hence we have decided
to use a cationic polymer Eudragit E 100 along with PEG
containing copolymer (Poloxamer 188) intended to produce
nanoparticles with high zeta potential and lesser average
particle size. Formulations F1, ¥3, F4 and F6 were used to
assess the effect of surfactant (SLS or Poloxamer 188) along
with cationic polymer on the Cu—Pi nanoparticles and
found no significant (P>0.05) change in average particles
size and polydispersity index but use of SLS/Eudragit
E 100 combination produced greater zeta potential than
Poloxamer 188/Eudragit E 100 combination. We have also
studied the effect of drug/polymer/copolymer on the Cu—Pi
nanoparticles. Formulations F1, F3, F4 and F6 were used to
assess the effect of drug/polymer/surfactant and found use
of 1:10:10 ratio significantly (P<0.05) decreased the particles
size than the use of 1:4:4 ratio. However, change of the ratio
did not significantly (P>0.05) alter the polydispersity index
and zeta potential. In emulsion polymerization method,

we have studied the effect of stirring speed and found
increase in stirring speed from 100 to 500 rpm significantly
decreased the average particle size. Hence we have decided
to study the effect of stirring (500 to 1 000 rpm) on the Cu—
Pi nanoparticles. Formulations F1, F2, F4 and F5 were used
to assess the effect of stirring speed and found increases
in stirring speed from 500 to 1000 rpm did not significantly
(P<0.05) alter the average particle size, polydispersity index
and zeta potential. Out of six formulations, formulation
F4 produced minimum average particle size of 85.43 nm
(Figure 7) with polydispersity index of 0.183 and formulation
F3 produced maximum average particle size of 239.0 nm
with polydispersity index of 0.349. Formulation containing
SLS/Eudragit E 100 combination produced maximum zeta
potential of 53.1 mV (Figure 8) and formulation containing
Poloxamer 188/Eudragit E 100 combination produced a zeta
potential of 29.7 mV (Figure 9). However, formulation F4
satisfied the average particle size, polydispersity index and
zeta potential acceptable limit. Moreover, Figure 7 clearly
showed a single particle size peak.

4. Discussion

Cu-Pi nanoparticles were successfully prepared by (a)
thin film hydration method, (b) solid dispersion method, (c)
emulsion polymerization method and (d) Fessi method. In
all these methods, nanoparticles were formed spontaneously
which were identified by turbidness. Instantaneous formation
of nanoparticles occurs as a result of the polymer deposition
on the interface between the organic phase and aqueous
phase when aqueous miscible organic solvent diffused out
quickly into the aqueous phase from each transient particle
intermediate. According to the “Marangoni effect”, the
transient particle intermediate causes a size reduction to
the nano range. Formation of colloidal nanosuspension was
confirmed by Tyndall effect (scattering of light by dispersed
colloidal particle)10l. In each method, we have used constant
weight of curcumin and piperine as these weights were
produced minimum average particle size in initial trials.

We have used either acetone or ethanol as an organic
phase in all four methods as both the drugs and polymer
are soluble in both solvents. Acetone and ethanol belong to
class TIT solvents which are regarded as less toxic and lower
risk to human health with daily exposure of 50 mg or less
per day which would be acceptable without justification.
Higher amounts may also be acceptable provided they are
realistic in relation to manufacturing capability and good
manufacturing practicellll. The solubility of organic solvents
in water was an important parameter affecting the mean size
of nanoparticlesl!2l. Hence we have decided to study the
effect of organic solvent on Cu—Pi nanoparticles and found
use of either acetone or ethanol has no significant effect on
Cu—Pi nanoparticles.

Surfactant helps in reducing the particle size due to the
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adsorption of surfactants on the surface of nanoparticles
and prevents the aggregation due to the static repulsion and
special hindrance. However, studies suggest that addition
of anionic surfactant is the best choice to reduce the
aggregation than the cationic and non—ionic surfactantl13].
But to prevent rapid clearance of drug from the systemic
circulation by macrophages, a coating with PEG containing
non—ionic surfactants are essentialll4-16]. Hence we
have decided to study the effect of non—ionic surfactant
(Poloxamer 188 and Poloxamer 407), anionic surfactant
(SLS) and combination of either non—ionic surfactant or
anionic surfactant with cationic polymer (Eudragit E 100)
on Cu—Pi nanoparticles and found use of SLS has produced
a maximum zeta potential around -50 mV with average
particle size above 150 nm and use of non—ionic surfactant
has produced a maximum zeta potential below —10 mV
with average particle size above 250 nm. However, use of
Poloxamer 188/ Eudragit E 100 combination has produced a
maximum zeta potential around 30 mV with average particle
size less than 100 nm. Similarly use of SLS/ Eudragit E 100
combination has produced a maximum zeta potential 53.1 mV
with the average particle size above 100 nm.

Sonication has been long used to produce nanosize
particles. The principal effect of sonication is cavitation
events (bubble formation). Bubbles, whose size is near
the resonant size for the applied frequency begins to
oscillate nonlinearly and eventually collapse. As a result
of such collapse, a violent implosion occurs that produces
extremely high temperatures, high pressures, and shock
waves which randomly and uniformly shatter large particles
into smaller discoid sections[17]. Sonication at various
powers and frequencies (43—480 kHz) was studied and
found small number of cavitation events with stronger
physical disturbance can reduce the size more efficiently
than the large number of cavitation events with weaker
disturbancel!8]. Hence we have decided to study the
sonication (40 kHz) effect (5 and 10 cycle) on the Cu—Pi
nanoparticles and found sonication for 10 cycles (5 minutes
per cycle) has produced as significant size reduction than
sonication for 5 cycles.

Mixing speed plays an important role in controlling
the size and size distribution of the resulting emulsion
particles. Below a critical stirring speed, spherical particles
could not be formed and the inversion process resulted in
macroscopically non—homogeneous multi shape structures.
Fully spherical particles were formed above critical stirring
speed. Further increase in the rotational speed of the mixer,
significantly reduced the size of the spherical particles
with a wide and random size distributions controlled and
considerably narrowed by the stirring speed(191. The result
of the emulsion polymerization method has confirmed
that increase in stirring speed from 100 to 500 rpm has
significantly decreased the average particle size to around
700 nm and further increase in stirring speed in Fessi method
from 500 to 1 000 rpm has reduced the average particle size
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below 100 nm which is mainly due to high shear ratel20].

Use of binder with medium or high viscosity leads
to marked reduction of heterogeneities of average
particle sizel21l. However, increase in viscosity results
in agglomerates(22l. Harris et al has shown that nasal
formulations containing 0.00%, 0.25%, and 0.50%
methylcellulose produced a dose-related increase in
average particle size to 51, 81 and 200 #m, respectivelyl23].
However, the current study has also confirmed that by
increasing the viscosity using sodium alginate has decreased
the heterogeneity of particle size significantly but increased
the average particle size of Cu—Pi nanoparticles.

Use of Poloxamer (188 or 407) has produced very low zeta
potential less than —10 mV which may lead to aggregation on
prolonged standing during storage and in the gut which may
decrease the bioavailability. Studies have shown that use of
mixed copolymer leads to average particle size reduction,
produces optimal zeta potential and high entrapment
efficiency, increases drug encapsulation, sustains release,
prolongs circulation time of the drug, significantly enhances
the bioavailability and also increases stabilityl24-28]. Hence
we have decided to use the mixed copolymer approach and
the present study has shown a marked decrease in average
particle size and produced optimal zeta potential when a
combination of Poloxamer 188 with Eudragit E 100 was used.
Based on the literature survey, acceptable limit for average
particles size, polydispersity index and zeta potential was
set at 100 nm, 0.2 and +30 mV, respectivelyl2.291.

In conclusion, we intended to prepare Cu—Pi nanoparticles
to overcome curcumin limitations in the treatment of cancer.
Cu—-Pi nanoparticles were prepared by thin film hydration
method, solid dispersion method, emulsion polymerization
method and Fessi method as these methods are easy,
highly reproducible and can be produced without any
sophisticated instruments(30.31]. Out of four methods, Fessi
method has produced minimum average particle size with
excellent polydispersity index and optimal zeta potential
which fall within the acceptable limits of the study. This
dual nanoparticulate drug delivery system appears to be
promising to overcome oral bioavailability and cancer cell
targeting limitations of curcumin in the treatment of cancer.
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