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Abstract

Raloxifene HCl is a BCS (Biopharmaceutics Classification System) class-Il drug with low solubility and poor bioavailability
(2%). The present study was undertaken to develop a nanoparticles system using the biopolymer gellan which has not
been explored well for its direct use in nanoparticulate systems. Gellan gum nanoparticles encapsulated with raloxifene
HCl was prepared by emulsion cross linking method and the developed nanoparticles showed narrow particle size
distribution with an average size of 472 nm, zeta potential of -40.6 mV along with 98+3% entrapment efficiency. FTIR
studies demonstrated chemical interaction between the polymer and drug. In vitro release studies showed an initial
burst release within 30 min followed by a continuous release for 24 hours. In vitro cytotoxicity studies performed with
MCF7 cell line revealed that the raloxifene HCl-gellan gum nanoparticles exhibited higher cytotoxicity compared to free
raloxifene HCI.
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INTRODUCTION report about the derivatized gellan gum-PEG

Gellan gum is an anionic heteropolysaccharide produced
by Sphingomonas  Paucimobilis  under  aerobic
fermentation and is composed of tetrasaccharide
repeating units of D-glucose, L-rhamnose, and D-
glucuronic acid at the ratio 2:1:1 with O-acetyl and L-
glyceryl moieties as the side chain on the D-glucosyl
residue adjacent to the D-glucuronyl residue[l1]. Gellan
gum has wide applications in food, cosmetic and
pharmaceutical industries as thickening, binding and
emulsifying agent. Gellan is used to solidify microbial
and tissue culture media[2], as a vehicle for ophthalmic
preparations[3,4] and other sustained release
pharmaceutical preparations viz. coated tablets &
capsules[5,6], implants[7], microspheres[8], beads[9]
and cross linked hydrogels for tissue engineering
scaffolds[10]. Gellan forms firm, hard and brittle gels,
with gelation being dependent on the type of cation,
ionic strength, temperature, and polymer
concentration[11]. Gellan gum has been studied
extensively for its use in several pharmaceutical dosage
forms but studies related to the application of gellan in
nanoparticle systems are very limited with one earlier
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nanoparticles for drug delivery[12]. No reports are
available in the literature about the direct use of gellan
gum for nanoparticles preparation.

Biodegradable polymeric nanoparticles exhibit various
advantages for cancer therapy as they have been proved
to lower systemic toxicity by providing a protective
housing for the drugs which limits its interaction with
the healthy cells[13-16]. They also increase drug efficacy,
bioavailability, retention time, specificity, tolerability,
therapeutic index and intracellular penetration of the
encapsulated drugs[17]. Other potential advantages of
polymeric nanoparticles include prolonged bioactivity,
patient compliance due to reduction in administration
frequency, protection of premature degradation of the
drug, improved absorption into a selected tissue and the
ability to codeliver multiple drugs with synergistic
effects to a particular tissue[17-19].

Raloxifene HCI is a selective estrogen receptor (ER)
modulator that acts as an estrogen agonist in bone and
serum lipids; acts as an antagonist at estrogen receptors
in breast and uteri. It has been recommended to reduce
the prevalence of ER-positive breast cancer and for the
treatment of postmenopausal osteoporosis[20].
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Raloxifene HCI was shown to inhibit the proliferation of
breast cancer cell line MCF-7[21], inhibit the growth of
RT4 urothelial carcinoma cells through ER-dependent
induction of apoptosis indicative of its possible use in
the treatment of bladder cancer[22], prevent capase-3-
dependent apoptosis in human chondrocytes[23] and
induce apoptosis in multiple myeloma cells[24]. Despite
known to be a therapeutically valuable drug, raloxifene
HCl has poor water solubility and is classified by
Biopharmaceutics Classification System (BCS) under
Class Il drugs[25]. It has very low bioavailability of 2%,
due to low aqueous solubility and extensive first pass
metabolism[26]. Various methods have been proposed
to overcome the poor aqueous solubility of raloxifene
HCl like solid dispersion formulation[27], self-
microemulsifying drug delivery system[28], inclusion
complexes[29] and co-grinding[26]. Reports about the
nanoparticle based delivery systems for raloxifene HCI
are limited with few previous reports about solid lipid
nanoparticles[30], raloxifene HCl nanoparticles prepared
using rapid expansion of supercritical system[31],
raloxifiene loaded solid dispersion nanoparticles[27] and
raloxifene HCl loaded nanoparticles using synthetic
aliphatic polyesters[32] to improve the solubility of
raloxifene HCl. In this present study we report the
preparation of raloxifene HCl loaded gellan gum
nanoparticles (GgR); characterization, in vitro drug
release and in vitro cytotoxicity on human breast
carcinoma cell line MCF-7 of the developed nanoparticle
formulation.

MATERIALS AND METHODS

Materials

Raloxifene HCl was obtained from Orchid chemical and
pharmaceutical Ltd, Chennai, India as gift sample. Di-
octyl sodium sulfosuccinate (AOT), methylene chloride,
isopropyl alcohol and mannitol were purchased from
Sigma-Aldrich. All other chemicals used were of reagent
grade. Gellan gum was produced by a recombinant
Sphingomonas Paucimobilis strain developed in our
laboratory.

Production, isolation and purification of gellan gum

Gellan gum was produced by recombinant
Sphingomonas Paucimobilis in a 5L fermentor (Solaris,
Italy) with a working volume of 3L and the conditions
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were maintained as described in our previous work[33].
Gellan gum was recovered using the method described
previously[34], with slight modification. The fermented
broth was diluted ten-folds with distilled water to
reduce viscosity, heated for 15 min and cooled then pH
was adjusted to 10 followed by heating in a constant
water bath for 10 min. The heated broth was cooled; pH
was brought down to 7 and centrifuged at 10000 rpm
for 1 hour to separate the cells. The supernatant was
heated to 95°C and gellan was recovered by
precipitation with three volumes of isopropanol. The
precipitate was then washed with large volume of
isopropanol and freeze dried; the above steps were
repeated two times to remove fermentation residues.
Dried gellan was dissolved in deionized water (1%, w/v),
1% KCl and the solution was heated to 95°C. The
polymer was recovered by precipitation with three
volumes of isopropanol followed by centrifugation at
10000 rpm for 1 hour and freeze dried.

Synthesis of GgR nanoparticles

Gellan gum nanoparticles were prepared by employing
emulsion  cross-linking  method[35] with slight
modification. Briefly, a solution of purified gellan gum
(10 mg/ml) and raloxifene HCl (500 pg/ml) were
prepared in deionized water (pH 8.0) and methanol
respectively. Each one ml of the solution was emulsified
with 3 ml of AOT solution in methylene chloride (10%
w/v) by sonication (Sonics, Vibracell, USA) over ice bath
for 1 min. Secondary w/o/w emulsion was prepared by
emulsifying the primary emulsion into 15 ml aqueous
solution of polyvinyl alcohol (PVA, 3.5%, w/v) by
sonication for 3 min over ice bath. Aqueous calcium
chloride solution (5 ml, 60%, w/v) was added gradually
to the above emulsion with continuous stirring.
Methylene chloride was removed under vacuum using a
rotary vacuum evaporator (Heidolph, Germany) and the
nanoparticles formed were recovered by centrifugation
at 10,000 rpm for 1 hour. Nanoparticles were washed
twice with deionized water, centrifuged to remove PVA
and unentrapped drug. The pellet so obtained was
resuspended in water and lyophilized.

Characterization of GgR nanoparticles

FTIR spectrum of gellan gum, raloxifene HCI, and GgR
nanoparticles were recorded over the wave region of
500 to 4000 cm-1, at a resolution of 4 cm-1, using FTIR
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spectrophotometer (Perkin- EImer, USA). The stability of
the nanoparticles system was evaluated by zeta
potential measurements. Zeta potential and average
particle size analysis was performed by DLS-Zeta Sizer
Nano series (Malvern). The measurement was done at
25°C for 2 min. The morphology of the prepared GgR
nanoparticles was examined by scanning electron
microscope (Hitachi SU6600) with a Schottky field
emission electron source operated under low vacuum
condition. The sample was kept at a working distance of
10.9 mm from the electron gun and was illuminated
with an electron beam operated at an accelerating
voltage of 15 kV and 2 um magnifications. The
secondary electron scattered from the surface of the
nanoparticle were captured using Everhart- Thornly
secondary electron detector and used for imaging
purpose.

Encapsulation efficiency

Encapsulation efficiency, which is the percentage of the
actual amount of drug encapsulated in the polymeric
carrier relative to the total amount of drug taken for
nanoparticles preparation, was calculated using the
following equation:

%Encapsulation Efficiency = (Actual drug loading/
Theoretical drug loading) x 100

To calculate the actual drug loading, an accurately
weighed quantity of nanoparticles was sonicated in 10
ml of methanol for 5 min, filtered through 0.45 p syringe
filter. The concentration of raloxifene HCl was estimated
by a HPLC system (Shimadzu, Japan, Model LC-6AD2100)
with C18 analytical column (enable C18G 5 um: 250x4.6
mm, Spincotech, India). The analytes were detected at
287 nm with PDA detector (Model SPD-M20A) using
acetonitrile and phosphate buffer solution (pH 3.0,
35:65, volume ratio) as mobile phase. Each analysis was
performed in triplicate and the flow rate of the mobile
phase was 1.0 ml/min at 40°C.

In vitro drug release of GgR nanoparticles

In vitro drug release of the GgR nanoparticles
formulation were investigated in acetate buffer pH 2.2
and phosphate buffer pH 7.4. Weighed quantity of
nanoparticles were loaded in a dialysis membrane
(Cutoff 45 kDa) and kept in beaker containing 100 ml of
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dissolution medium with constant stirring at 37°C. About
3 ml of sample was taken at regular intervals from the
dissolution buffer and replaced with equal volume of
fresh buffer. The amount of raloxifene HCl released was
estimated by HPLC analysis as described above. Each
analysis was done in triplicate.

In vitro cytotoxicity

The cytotoxicity of GgR nanoparticles and raloxifene HCI
was measured by MTT assay in human mammarian
cancer cell line MCF-7. The cells were cultured in
Dulbecco’s modified eagle’s medium (DMEM)
supplemented with 5-10% fetal calf serum, 4 mM
glutamine and 0.1% penicillin/streptomycin. Cells were
seeded at 3x103 cells/well in 96 well plates and
incubated for 24 hours to allow adherence of the cells
before the administration of samples for testing. After
incubation the cells were incubated with appropriate
concentrations of free raloxifene HCl (20-500 nM), GgR
nanoparticles (20-500 nM raloxifene HCl equivalent) and
unloaded Gg nanoparticles separately in 96-well plates
and incubated for 24 hours at 37°C with humidified 5%
C0O2. DMSO (0.1% v/v) was used as a vehicle control.
After 24 hours of incubation, 50 pl of MTT (2 mg/ml) was
added to each well and then incubated for 4 hours. After
4 hours of incubation the medium was removed and the
purple formazan crystal formed due the reduction of
tetrazolium salt only by metabolically active cells[36]
was dissolved in 200 pl DMSO. The absorbance of the
dissolved formazan was taken at 570 nm using a Bio-Rad
microplate reader and the percentage of cell viability
was calculated from the absorbance. All experiments
were done in triplicate and statistical analysis was
performed using Prism Software.

RESULTS AND DISCUSSION

Synthesis and characterization of GgR nanoparticles

Gellan gum is an anionic, water soluble
heteropolysaccharide which forms insoluble gels on
addition of calcium or sodium ions. AOT (Di-octyl sodium
sulfosuccinate) is an anionic surfactant containing polar
sulphosuccinate head group with large branching Di-
octyl side chain. AOT forms reverse micelles in non-polar
solvents such as methylene chloride and acquires bilayer
structure in multiple emulsions due to its double chain
amphiphilic nature and also forms insoluble salt with
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cationic calcium ions. The aqueous core of gellan gum
was entrapped into the reverse micelles formed by the
AOT in methylene chloride and further emulsified in the
aqueous phase using PVA as a secondary emulsifier. Due
to unique properties of the surfactant-polymer system
used in this study, the nanoparticles formed are
expected to have a calcium crosslinked core composed
of gellan and AOT head groups encircled by a
hydrophobic matrix made of AOT side chains with the
drug encapsulated in the core[35].

FTIR spectra of raloxifene HCI, gellan gum and GgR
nanoparticles were studied to check any interaction
between gellan gum and raloxifene HCI. As given in Fig.
1, gellan gum shows characteristic peaks at 3414 cm-1
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stretching, 1596 cm-1 for C=0 stretching, 1464.18 cm-1
for S- benzothiofuran, 1258.74 cm-1 for C-O stretching,
905 cm-1 for benzene ring and 806 cm-1 for thiophene
C-H bond. The interaction between polymer and drug
can be identified by the shifting or disappearance of the
frequency of functional characteristic peaks. As evident
from Fig. 1 the FTIR spectrum of GgR nanoparticles
indicated a shift in —OH peak (3414 cm-1 ) of gellan to
lower frequency (3386 cm-1) and disappearance of COO
stretching (1612 cm-1& 1413 cm-1) of gellan gum[37].
Disappearance of raloxifene HCI characteristic peaks at
3215 cm-1 and 3145.01 cm-1 for functional N-H and
phenolic -OH bonds[32] also confirmed the interaction
of the polymer with drug.

The particle size distribution of the formulation was

Figure 1. FTIR spectra of (A) raloxifene HCI, (B) gellan gum and (C) GgR nanoparticles
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(OH-stretching), 2924.09 cm-1 (C-H stretching), two
strong peaks at 1612 cm-land 1413 cm-1 for
asymmetric and symmetric —COO stretching and at 1028
cm-1 for C-O stretching for alky ether. Raloxifene HCI
exhibits characteristic peaks at 3215 cm-1, 3145.01 cm-1
for functional N-H and Ph-OH bonds respectively. It also
shows other characteristic peaks at 2958 cm-1 due to
the aromatic C-H stretching, 1642 cm-1 for C-O-C
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determined by light scattering (Fig. 2a) and the particles
showed narrow size distribution (PDI<0.5) with a mean
diameter of 472 nm. The zeta potential value of the GgR
nanoparticles was around -40 mV which revealed that
the nanoparticles exhibit good stability.

The morphology of GgR nanoparticles was examined by
SEM. It was observed from the SEM image (Fig. 2b) that
GgR nanoparticles exhibit smooth surface and regular
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spherical shape. The observed differences in size appear
to depend on the concentration of drug, surfactant,
polymer, vortexing speed and time. The entrapment
efficiency was found to be 98+3%, at higher drug
concentrations, a reduction in entrapment efficiency
was observed.

Figure 2a. Particle size distribution of GgR
nanoparticles
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In vitro release dynamics of GgR nanoparticles

In vitro drug release profile of raloxifene HCl from the
drug loaded nanoparticles was studied in acetate buffer
pH 2.2 and phosphate buffer pH 7.4 and is presented in
Fig 3. The amount of drug released from the
nanoparticles was higher in acetate buffer as compared
to the drug released in phosphate buffer. The release
profile was characterized by an initial burst release of
51%, 29% in acidic pH and neutral pH respectively in 2
hours due to the release of drug entrapped at the
surface and near to the surface. After 2 hours, the
nanoparticles formulation showed a sustained release of
the drug up to 24 hours with maximum release of 94.8%
in acetate buffer and 65.7% in phosphate buffer.

Earlier studies attempted to improve the dissolution of
raloxifene HCl include development of solid dispersion
formulation[27], solid lipid nanoparticles[30] and
nanoparticles using synthetic polyesters[32]. Raloxifene
HCI loaded solid lipid nanoparticles released only 60% of
the drug at the end of 48 hours and the raloxifene-
polyester nanoparticles exhibited an initial burst release
of 15% in 15 min with a maximum release of 25% in 60
hours in acidic pH. GgR nanoparticles system developed
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in the present study showed higher drug release than
other nanoparticles formulation due to low nanoparticle
size and the hydrophilic nature of the polymer. It also
showed a controlled release of raloxifene HCl up to
94.8% for 24 hours compared to the solid dispersion
formulation which released 100% of the drug within 45
min. Higher release in acidic pH may improve the
efficacy of raloxifene HCl as the uptake of the
nanoparticle through endocytosis results in exposure to
acidic environment after internalization[38] and
enhanced drug release which could potentiate the
cytotoxicity.

Figure 2b. SEM image of GgR nanoparticles
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In vitro cytotoxicity assay

In order to elucidate the cytotoxic effect of free
raloxifene HCl and GgR nanoparticles, we have carried
out cytotoxicity study of different concentrations of free
raloxifene HCl (20-500 nM), GgR nanoparticles (20-500
nM raloxifene HCl equivalent) and Gg nanoparticles on
MCF7 using in-vitro MTT assay. After 24 hours of
incubation, it was observed that raloxifene HCl and GgR
nanoparticles decreased the cell viability on a
concentration dependent manner. At the end of 24
hours incubation, the percentage inhibition of MCF7
cells by free raloxifene HCl and GgR nanoparticles varied
between 24-75% and 27-88% respectively in the tested
concentration range (20-500 nM) (Fig 4). A significant
increase in cytotoxicity of GgR nanoparticles was
obtained compared to free raloxifene HCl which is
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evident from the reduction in IC50 value of raloxifene nanoparticles). Unloaded gellan gum nanoparticles did
HCl from 200 nM (free raloxifene HCI) to 100 nM (GgR not show significant toxicity on MCF-7 as given in Fig 4.

Figure 3. In vitro drug release profile of raloxifene HCl from GgR nanoparticles in acetate buffer pH 2.2 (A) and
phosphate buffer pH 7.4(H) at 37° C
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Figure 4. In vitro cytotoxic effect of raloxifene HCl and GgR nanoparticles on MCF-7. Student T test,* p<0.05
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CONCLUSION

In the present study we report for the first time, the
possibility to entrap hydrophobic raloxifene HCI with
gellan gum using surfactant. The prepared nanoparticles
exhibited spherical shape, narrow particle size
distribution, negative zeta potential and high
entrapment efficiency. About 94.8% of raloxifene HCI
was released in acetate buffer at the end of 24 hours
from the GgR nanoparticles which was better than other
nanoparticle systems reported for raloxifene HCI
delivery. In vitro cytotoxicity assessment revealed that
the GgR nanoparticles system showed better
cytotoxicity than the free raloxifene HCI. Further studies
on the optimization of concentration of the drug,
surfactant and polymer could result in a better system
with a controlled release of the drug. These results
suggest that gellan gum nanoparticle system can be a
better system to deliver poorly water soluble
hydrophobic drugs like raloxifene HCl. The outcome of
this study also indicated the suitability of gellan gum for
nanoparticles based drug delivery systems.
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