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Abstract

The aim of present study was to develop a
multi-unit gastro-retentive floating dosage
form of curcumin with targeted and sustained
release characteristics. Although, protective
effect of curcumin against inflammation and
cancer is well documented, the clinical poten-
tial is underutilized owing to the physicochem-
ical properties of the molecule which lead to
poor oral bioavailability. Aqueous solubility of
curcumin was enhanced by complex formation
with B-cyclodextrin ($-CD). This complex with
enhanced solubility profile was further used to
prepare multiple unit floating beads. Floating
beads of curcumin f-cyclodextrin complex
(FBCC) were prepared by dripping a mixture of
sodium alginate and hydroxypropyl methylcel-
lulose solution into calcium chloride solution
acidified with acetic acid. FBCC were evaluat-
ed for percent drug entrapment, diameter, sur-
face topography, buoyancy, in vitro release and
pharmacodynamic activity against Benzo(a)
pyrene [B(2)P] induced forestomach papillo-
mas in albino female mice (Balb/C strain). The
investigation revealed that floating beads pos-
sessed optimum formulation characteristics.
The drug release from FBCC was fickian and
sufficiently sustained for 12 h. Results of anti-
tumor studies against B(a)P induced neopla-
sia of forestomach suggests that the tumor
incidence significantly reduced (50%) using
FBCC where as pure curcumin resulted in only
25% reduction. A multi-unit floating dosage
form of curcumin 3-CD complex possessing
sustained release characteristics was devel-
oped for targeting gastric tumors. Results of in
vitro studies and anti-tumor studies in ani-
mals suggest that FBCC can be safely and
effectively used to treat neoplasia of stomach.
However, these preliminary investigations
warrant further pharmacokinetic studies and
clinical evaluation in humans.

Introduction

The culinary and medicinal uses of turmer-
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ic, dried and powdered rhizomes of Curcuma
longa L. (Zingiberaceae), are well known and
widely reported in the ancient Indian, Chinese
and Japanese literature.! Curcumin, [diferu-
loyl methane, (E,E)-1,7-Bis(4-hydroxy-3-
methoxyphenyl)-1,6-heptadiene-3,5-dione] is
a phyto-polyphenol orange-yellow pigment and
the active constituent of turmeric. It is a crys-
talline compound having molecular weight of
368.37, log P value of 2.92 and a melting point
of 183°C. Curcumin has been extensively
investigated by various researchers across the
globe for its potential therapeutic benefits.2 It
is reported to possess anti-inflammatory,’
antioxidant,* anticarcinogenic,> antimuta-
genic,5 antiarthritic,” antibacterial,® antifun-
gal,% antiprotozoal,!0 antiviral,!! nephroprotec-
tive,12 contraceptive,13 anti-Alzheimer!4 and
anti-psoriaticls activities.

Curcumin has been shown to enhance the
effects of common anti-cancer drugs, and
doses as high as 8 to 12 g per day have been
shown to be well tolerated in humans.! While
all anticancer drugs weaken the immune sys-
tem, curcumin enhances it and acts as an
immune-restorer.16-18 Despite the considerable
promise that curcumin is an efficacious and
safe compound or more appropriately a
panacea for all ills it has by no means been
embraced by the formulation scientists. The
main reason is that the compound is practical-
ly insoluble in water under acidic or neutral
conditions. Although, soluble at alkaline pH
but it undergoes rapid hydrolytic degradation
to form feruloyl methane and ferulic acid. It is
also metabolized in the liver particularly via
glucuronidation and sulfation!¥ and these
metabolites appear to lack any pharmacologi-
cal activity. The initial reports by Wahlstorm
and Blennow showed that after oral adminis-
tration of 1 g/kg curcumin to rats, more than
75% of curcumin was excreted in feces and
negligible amount was detected in urine.20
Although, curcumin targets multiple chemo-
therapeutic and inflammatory pathways and
has demonstrated safety and tolerability in
humans?! however, the clinical literature lacks
conclusive evidence supporting its use as a
therapeutic agent due to its low bioavailability.

There have been several attempts to
improve the solubility and bioavailability of
curcumin by combining or complexing it with
various macromolecules like gelatin, polysac-
charides and cyclodextrins,?224 solid disper-
sions with polyvinyl pyrrolidone,2> aerosol
delivery,26 prodrugs,?” liposomes,28 micelles
and phoshoplipid complexes,2-31 microencap-
sulation,32 PLGA nanoparticles,33 solid lipid
nanoparticles,34 nanoemulsion,3> self micro-
emulsifying system36 and gastro-retentive
tablets.37

Taking into consideration the reasons attrib-
utable to poor bioavailability of curcumin, it
would be advantageous to design a formulation
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system with enhanced solubility and oral
bioavailability of curcumin. Besides enhancing
the drug release the oral drug delivery system
should also prolong the residence time of
dosage form in stomach. Gastro-retentive drug
delivery systems have been widely explored to
achieve a prolonged and predictable drug deliv-
ery profile in the gastro-intestinal tract. These
controlled release systems get retained in the
stomach for longer period of time, thus helping
in better and complete absorption of drug. A
number of approaches have been used to
increase gastric residence time by employing a
variety of concepts like, bioadhesive systems,
swellable polymers, density controlled delivery
systems. Amongst these floating drug delivery
systems are of great interest particularly the
multiple unit floating dosage forms. These were
designed keeping in view the all or nothing
response of single unit floating dosage forms.38
Literature reports indicate widespread use of
sodium alginate for achieving sustained release
of drugs3940 targeting gastric mucosat! and
increasing the bioavailability of drugs.42
Sodium alginate has ability to form a stable and
bioadhesive gel with calcium ions.%
Hydroxypropyl methylcellulose (HPMC) has
been reported to enhance the sustained release
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properties of alginate by providing a denser
inner matrix.#4 Also, the preparative methodolo-
gy of alginate beads involves the use of aqueous
solvents, avoiding exposure of ingredients to
high temperatures and toxic organic sol-
vents.4546 Moreover, the resulting preparation is
non-immunogenic, with bioadhesive properties
that could offer an additional advantage in
stomach targeting. Present work was designed
to improve the aqueous solubility of curcumin
by incorporating it into -cyclodextrin ($-CD)
complex. Further to improve absorption of cur-
cumin-B-CD complex from stomach, to target
stomach tumors and to prevent degradation of
curcumin the alkaline environment of intestine;
floating beads were prepared. Floating beads of
curcumin (3-CD complex (FBCC) were charac-
terized in vitro and evaluated for their protec-
tive potential against B(a)P induced gastric
tumors in female Balb/C mice.

Materials and Methods

Materials

Curcumin was a gift from Arjuna Natural
Extracts Pvt. Ltd., Kerala, India, Carbopol 980
NF was a gift from Lubrizol Advanced Materials
India Private Limited, Mumbai, India and
Hydroxypropyl methylcellulose (HPMC) K15M
was a gift from Colorcon Asia Pvt Ltd., Mumbai,
India. Sodium alginate was purchased from s.
d. Fine Chemicals Ltd., Mumbai, India. All
other reagents and chemicals used were of
analytical grade.

Animals

Albino female Balb/C mice 8 to 9 weeks old
weighing 20 to 30 g were obtained from
Central Animal House, Panjab University,
Chandigarh, India and used for carrying out
anti-tumor studies. Ethical approval to perform
the aforementioned studies in female Balb/C
mice was obtained from Panjab University,
Institutional Animal Ethics Committee,
Chandigarh India and their guidelines were
followed throughout the studies (15/IAEC
dated 04.09.2009).

Validation of spectrophotometric
method

Various standards of curcumin ranging
between 1-10 pg/mL were prepared from 10
pg/mL stock solution of curcumin in methanol
and HCI buffer pH 1.2. The samples were ana-
lyzed using a UV-visible double beam spec-
trophotometer (Shimadzu, Kyoto, Japan) to
prepare a calibration curve of curcumin at Amax
of 421 (methanol) and 430 nm (HCI buffer pH
1.2). The methodology and data were validated
for linearity, accuracy and precision.

[page 50]

Preparation and evaluation

of curcumin 3-CD complex

Kneading method was used to prepare 2:1
host-guest molecular complex of curcumin
with B-CD which was confirmed by Fourier
transform infra red (FT-IR) method (data not
shown).z3

Preparation of floating beads

200 mg of B-CD complex of curcumin was
dissolved in 5 mL of distilled water. This solu-
tion was dispersed in sodium alginate solution
(3% wA) containing HPMC K15M (alginate:
HPMC=9:1 w/w). Then gas forming agent cal-
cium carbonate (CaCOs) was added to the
solution in weight ratio 0.5:1 (gas forming
agent: alginate w/w). The mixture was
degassed under bath sonicator (10-15 min) to
remove any entrapped air. The resulting solu-
tion was dropped through a 26 G syringe nee-
dle into calcium chloride solution (1% w/)
containing 10% vAv acetic acid.4” The beads
were allowed to remain in calcium chloride
(CaCly) solution for 2 h to improve the
mechanical strength of the beads. The formed
beads were separated, washed initially with
ethanol and subsequently with distilled water
and then freeze-dried. Blank beads without the
curcumin complex were prepared using the
same method. The formula used has been pre-
viously optimized for the various parameters
like percent drug loading, drug entrapment
efficiency, surface topography and buoyancy by
optimizing the amounts of alginate, HPMC and
CaC03.48

Characterization and evaluation of
floating beads

Determination of drug entrapment efficiency

An accurately weighed sample of FBCC (20
mg) was crushed in a mortar and 10 mL of
methanol was added. This mixture was trans-
ferred to a test tube and thoroughly mixed on a
vortex and then centrifuged at 4200 rpm for 30
min, filtered through 0.45 1 membrane filter
and analyzed spectrophotometrically at Amax
421 nm against methanol as blank. Blank
beads were treated similarly. Drug entrapment
efficiency was calculated according to the fol-
lowing equation:

Actual drug content in beads

% DEE = X 100

Theoretical drug content

Determination of particle size

The particle size and the size distribution of
FBCC were determined in the dry state using
the optical microscopy method. The mean sur-
face diameter was calculated arithmetically,
using optical microscope fitted with an ocular
micrometer and stage  micrometer.
Approximately, 400 beads were analyzed for
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their size and mean diameter was calculated
using Edmundson’s equation.4?

Surface characterization by scanning
electron microscopy

The external and cross-sectional morpholo-
gy of FBCC was characterized by scanning
electron microscope (SEM). Samples were
coated with gold film under vacuum to modify
in conducting materials and investigated. The
internal structure of the beads was examined
by cutting them half with a steel blade.

In vitro evaluation

Floating and dissolution characteristics of
beads were evaluated using USP Type II appa-
ratus filled with 900 mL HCI buffer pH 1.2,
maintained at 37+0.5°C and stirred at 50 rpm.
At different time intervals, a 5 mL aliquot of
the sample was withdrawn and the volume was
replaced with an equivalent amount of fresh
dissolution medium kept at 37°C. The collected
samples were filtered using 0.45 1 membrane
filter and analyzed at Amax 430 nm using a UV-
visible spectrophotometer against HCI buffer
pH 1.2 taken as blank. Drug release data were
corrected for the values of the drug loss during
sampling. Similarly, dissolution studies with
placebo beads, pure curcumin and $-CD com-
plex of curcumin were also performed.

The absorbance data obtained was
processed applying correction factor for vol-
ume and drug loss during sampling using the
following equation:

n-1

Ci=A+(V4V) x EZI A.;[V.,' f(V.,' -Vl
where, C;i = Conc. of drug dissolved;
A; = Absorbance; Vs = Volume of sample with-
drawn; Vi = Total volume of buffer in dissolu-
tion basket.

The values of fraction of drug dissolved,
mean percent drug dissolved along with stan-
dard deviation at varied times were calculated
using Microsoft Office Excel 2007.

The time between the introduction of the
FBCC into the medium and its buoyancy to the
upper one third of the dissolution vessel (buoy-
ancy lag time) and the time for which the
beads constantly floated (duration of buoyan-
cy) were measured simultaneously as a part of
dissolution studies.4”

Anti-tumor activity

Albino female mice (Balb/C strain) aged 8 to
9 weeks old weighing 20 to 30 g was used. The
animals were kept under a standard 12/12
light/dark cycle and were given food and water
ad libitum. The animals were administered 2
doses of 3 mg of benzo(a)pyrene [B(2)P] in
0.25 mL of corn oil orally with 2 weeks between
doses. Placebo floating beads alone were
administered to the control group.>0 The B(a)P
treated mice were divided into 3 groups
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(n=10): pure curcumin treatment, FBCC treat-
ment and no treatment. The treatment groups
were administered 75 mg/kg of the drug in a
corn oil suspension or equivalent (in the case
of FBCC) orally for 5 consecutive days followed
by 2 drug-free days. The dosage regimen was
repeated till the end of the experiment.50

Tumor determination

Animals were sacrificed by cervical disloca-
tion 18 weeks after the last dose of B(a)P. The
forestomach was separated and was cut longi-
tudinally and fixed in 10% buffered formalin-
phosphate. Stomach papillomas measuring 1.0
mm or larger were counted using a magnifying
glass.5051 The relative susceptibility to B(a)P
induced tumors was expressed by the tumori-
genic index as proposed by Shimkin.52

Tumorigenic Index=prcentage of mice with
tumors X mean number of tumors per tumor
bearing mouse

All the data was statistically analyzed by one
way analysis of variance followed by Dunnett’s
method. P<0.05 was considered significant.

Results and Discussion

Validation of spectrophotometric
method

The linearity range for curcumin in
methanol and HCI buffer pH 1.2 was found to
be 1-10 pg/mL (r2= 0.9999). The equation for
linearity for methanol was observed to be y =
1.45E - 01x with E1% 1 cm = 1450 at Amax 421
nm. The equation for linearity for HCI buffer
pH 1.2 was observed to be y = 5.40E - 02x with
E1% lem = 540 at Amax 430 nm.

Drug entrapment efficiency

The entrapment efficiency of curcumin in
FBCC was found to be 66.42%.

Particle size analysis and surface
and cross sectional morphology

The mean surface diameter of FBCC was
observed to be 1.68+0.07 mm. The surface and
cross-sectional SEM images for FBCC are
shown in Figure 1. FBCC appeared to be almost
spherical in shape with wrinkled surface
which may be attributed to the release of car-
bon dioxide from the surface of beads during
formation. The cross sectional view of the
beads revealed many pores in the alginate gel
matrix that might contribute to floating char-
acteristics of beads.

In vitro evaluation

Floating properties
The floating ability of FBCC was evaluated
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along with dissolution studies. The beads
showed instantaneous and excellent floating
ability (almost 100%) which persisted nearly
for 24 h.

In vitro dissolution studies

The comparative results of the dissolution
studies of pure curcumin, 3-CD complex of
curcumin and FBCC are depicted in Figure 2. A
very low percent drug release of 1% from pure
curcumin in 24 h indicates the poor solubility
characteristics of curcumin at the gastric pH.
The rate of drug release (flux) for pure cur-
cumin for first 3 h was observed to be 14.55
ng/h. However, inclusion of curcumin into {3-
CD drastically improved the solubility of cur-
cumin in the acidic environment2?3 and this is
apparent from the release pattern of (3-CD
complex of curcumin (Figure 2). Almost 50% of
curcumin was released in 30 min and nearly
80% was released in 2 h from 3-CD complex of
curcumin. As evident from the graph, curcum-
in B-CD complex possessed a substantially
high flux rate amounting to 380.18 pg/h for
first 3 h. This burst release of curcumin got
sustained when the complex was incorporated
in FBCC. In case of 3-CD complex of curcumin
almost complete release was seen in 3 h but in
FBCC only 50% of curcumin released from the
beads in 5 h and 90% curcumin was released in
12 h. The rate of curcumin release from float-
ing beads for first 3 h was found to be 185.43
ngh.

When the dissolution data of FBCC was sub-
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jected to kinetic model fitting it was observed
to follow First Order Kinetics with highest lin-
earity (r2=0.9934) via Fickian diffusion
(n=0.43). First Order Model describes release
from systems where drug release rate is con-
centration dependent. However, the drug
release was also found to be close to
Koremeyer-Peppas Kinetics (r2=0.9826) which
describes the release of drugs from a swellable
system as a square root of time dependent
process based on Fickian diffusion.’ The dis-
solution results revealed that the entrapment
of curcumin $-CD complex in alginate beads
not only resulted in improved dissolution as
compared to pure curcumin but also sustained
the release of curcumin.

Anti-tumorigenic effects

After obtaining encouraging results of the in
vitro dissolution studies of FBCC, further in-
vivo pharmacodynamic studies were per-
formed to evaluate the therapeutic efficacy of
the developed multiple unit floating dosage
form against B(a)P induced forestomach neo-
plasia. It is a well-established animal model to
examine the anticancer activities of therapeu-
tic agents against gastro-intestinal cancers.
The studies indicate that treatment of mice
with B(a)P resulted in 100% incidence of
forestomach tumors after 10 weeks with an
average of 1.75 tumors per mouse compared to
control group; fed with placebo floating beads
(Figure 3). Treatment of mice with pure cur-

Figure 1. Scanning electron photomicrograph of floating bead of curcumin (A) surface

view (B) cross section.
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cumin after the last dose of B(a)P (i.e., during
the initiation period) resulted in only 25%
reduction in tumor incidence (percentage of
number of mice with tumors). A lower reduc-
tion in tumor incidence in animal group treat-
ed with pure curcumin may be attributed to the
low solubility of curcumin in acidic pH of stom-
ach, which might have prevented its solubiliza-
tion in gastric fluids.24 However treatment
with FBCC resulted in 50% reduction in tumor
incidence. Number of tumors per tumor-bear-
ing mouse was reduced to 71.42% and 38.29%,
with pure curcumin and floating beads respec-
tively. Similarly, the tumorigenic index (prod-
uct of percentage of mice with tumors and
number of tumor bearing mouse) was reduced
t0 93.75 and 33.5 with pure curcumin and float-
ing beads respectively. The statistically signifi-
cant (P<0.05) reduction in the number of mice
with tumors was obtained with floating beads
as compared with pure curcumin treatment
suggest the higher bioavailability and better
therapeutic efficacy of floating beads.

Discussion

The present study was performed to
enhance the solubility of curcumin at gastric
pH and then prepare a floating dosage form to
increase its gastric residence time. Solubility
was improved by preparing $-CD complex of
curcumin. 3-CD was selected for encapsula-
tion of curcumin because it is a semi-natural
product with extremely low toxicity and report-
ed to enhance solubility of curcumin.23.24
Literature reports reveal that supramolecular
chemistry of 3-CD offers water soluble inclu-
sion complexes with different drug molecules.
Cyclodextrins are reported to possess
hydrophilic exterior and a lipophilic core in
which the appropriately sized organic mole-
cules can form non-covalent inclusion com-
plexes resulting in increased aqueous solubili-
ty and chemical stability.>4 3-CD complex of
curcumin possessed very high solubility as
compared to pure drug which is evident from

dissolution profile (Figure 2).

Curcumin (3-CD complex was used to pre-
pare FBCC by using a combination of poly-
mers. The drug release from FBCC was sus-
tained over a period of 12 h which may be owed
to the presence of alginate and HPMC mesh
network in the beads which could have
restricted the diffusion of the embedded drug,
leading to an extended period of drug delivery.
Also, the floating nature of the FBCC might
have prolonged its gastric residence time.
Therefore, the presence of porous polymer net-
work might have served as a stabilizer, which
not only controlled the release but also length-
ened the stay of FBCC in stomach improving
the therapeutic activity of curcumin.5>

The in vivo studies in Balb/C mice treated
with B(a)P also confirmed the therapeutic effi-
cacy of floating bead dosage form of curcumin
{-CD when compared with pure curcumin. The
low activity of pure curcumin may be explained
on the basis of poor solubility of curcumin in
gastric contents and low gastric residence
along with degradation in alkaline conditions
of intestine affecting its overall therapeutic
performance. Whereas, the floating beads
were expected to stay in the stomach for a
much longer period of time and produce a
more efficient local effect. Moreover, 3-CD
complex of curcumin improved solubility of
curcumin and floating beads provided site-spe-
cific delivery to the gastric tumors resulting in
significant therapeutic effect.

Conclusions

In the present work floating beads of cur-
cumin (3-CD complex were formulated to pro-
vide sustained release of drug with an aim to
provide an effective therapy with enhanced
solubility and bioavailability; targeted action
and better absorption to treat stomach tumors.
FBCC exhibited sustained release of curcumin
with excellent floating properties. Also, in vivo
antitumor studies confirmed that the overall
rate of tumor incidence and number of

Figure 3. Compar-
ison of tumor inci-
dence of different
treatment groups.
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tumors/mouse is less in animal group treated
with FBCC compared to animals treated with
pure curcumin in B(a)P induced tumor model
of mice. These observations point to the poten-
tial of gastro-retentive form of curcumin 3-CD
complex as an effective delivery system to treat
stomach tumors in animals and possibly in
humans as well.
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