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Abstract

Natural compounds are emerging as an effective agent for the treatment of malignant diseases. Curcumin
(diferuloylmethane) it is an active constituent of turmeric extract, which has gained a significant interest as a
plant based compound along with anti-cancer activity. Curcumin is physiologically well tolerated, with
negligible systemic toxicity. Despite Curcumin’s superior properties as anti-cancer agent its applications are
minimized due to its low cellular uptake and low solubility. The aim of the present study was to develop a
method for the preparation of nanoparticles of curcumin with a view to improve its aqueous-phase solubility
and examine the effect on its anticancer activities. The curcumin loaded nanoparticles were prepared by ionic
gelation technique by using different ratios of drug and chitosan (1:1, 1:2, 1:3, 1:4, 1:5 and 1:6) by adding TTP
(Tripolyphospahte anions) solution. Nanoparticles were formulated and evaluated for process yield, loading
efficiency, Zeta potential, particle size in vitro drug release, kinetic studies and stability studies. The chitosan
nanoparticles have a diameter of particle ranging approximately 56.4 nm and a Zeta potential 1.2 mV. The
results showed that the water solubility and anticancer property of curcumin was improved by reduction of
particle size up to the nano range and there was a steady increase in the entrapment efficiency on increasing the
concentration of polymer in the formulations and thus chitosan- based delivery system opens new and
interesting perspectives as drug carriers.

Keywords: Nanoparticles, Chitosan, Curcumin, lonic gelation technique.

1. INTRODUCTION

Natural products with chemo preventive and chemotherapeutic activities have been exploited for decades.
Owing to their good safety profile and low-cost, researchers have been focusing on developing innovative drug
formulations based on bioactive natural products as an effective alternative to the conventional chemotherapy
which is usually associated with high toxicity and serious side-effects'. One of such interesting products is
curcumin which is a natural polyphenolic compound found in the rhizomes of Curcuma longa. It has low
intrinsic toxicity but a wide range of pharmacological activities including antitumor, antioxidant, and anti-
inflammatory properties®. Curcumin has also been intensively investigated as a therapeutic or preventive agent
against cancer. However, the effectiveness of curcumin is limited due to its poor instability at physiological pH,
low bioavailability and water solubility. To evade this difficulty, considerable efforts have been devoted to
improve drug solubility. The development of drug nano carriers for poorly soluble pharmaceuticals seems to
bemore promising.’ To overcome these limitations, numerous studies have been focusing on preparing curcumin
nanoformulations to improve its pharmacokinetics and biopharmaceutical value. Among these nanoformulations

are polymeric nanoparticles, which are usually prepared from biodegradable and biocompatible polymers such
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as chitosan which is a well-known semi-synthetic polymer and possesses some ideal properties of a polymeric
carrier for nanoparticles such as biodegradability, non-toxicity, biocompatibility, and low cost. It possesses a
positive charge and exhibits an absorption enhancing effect. This characteristic can be employed to prepare
cross-linked chitosan nanoparticles*. The aim of this work is to utilize chitosan to prepare curcumin loaded
nanoparticles that have the ability to destroy cancer cells in an effective and selective manner without the need
of additional modifications. Therefore, chitosan nanoparticles were prepared using ionic gelation method’. The
prepared nanoparticles have been characterized and evaluated for their physicochemical characteristics such as

size and surface charge, shape, zeta potential, drug loading capacity and in vitro release characteristics’.

2. Methods and materials

2.1 Materials:

Curcumin was provided as a gift sample from Natural Remedies. Bangalore560100.

2.2 Preparation of Curcumin Nanoparticles’

Nanoparticles of chitosan were prepared by ionic cross linking of chitosan solution with TPP anions. Chitosan
was dissolved in aqueous solution of acetic acid (0.25 v/v) at various concentrations such as 0.1, 0.2, 0.3, 0.4,
0.5 and 0.6 mg/ml. At room temperature under the magnetic stirring, 5 ml of 0.84% (w/v) TPP aqueous solution
was added drop by drop using syringe needle into 10 ml chitosan solution containing 10 mg of Curcumin. pH
was adjusted to 6.0 by adding 0.1 M NaOH. The stirring was then continued for about 5 minutes. The resultant
suspensions of nanoparticles were then homogenized at 8000rpm for 20min. The formation of the nanoparticles
was a result of the interaction between the negative groups of the TPP and the positively charged amino groups
of chitosan (table 1).

2.3 Characterization of prepared nanoparticle' "'

2.3.1 Fourier transforms infra-red spectroscopy (FT-IR) analysis

The FT-IR spectra of pure Curcumin and chitosan nanoparticles loaded with Curcumin were recorded using

Shimadzu IR spectrophotometer, Model 840, Japan, to check drug polymer interaction and stability of drug.

2.3.2 DSC Analysis

DSC thermo grams were obtained using (Mettler, Switzerland). Small amount of powder of the dried
nanoparticles was crimped in a standard aluminum pan and heated from 25 to 400 °C at a heating rate of 10
°C/min under constant heating.

2.3.3 Drug entrapment efficiency

Drug content was determined by centrifugation method. The redispersed suspension of nanoparticles was
centrifuged at 15000 rpm for 40 min at 25°C to separate the free drug in the supernatant. Concentration of
Curcumin in the supernatant was determined by using UV-visible Spectrophotometer at 425 nm after suitable
dilution. The drug entrapment efficiency (% EE) was determined using the relationship in equation 1: EE (%) =

Experimental drug content x 100% / Theoretical drug content.
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2. 3. 4 Surface morphology study

Scanning electron microscopy (SEM) of the nanoparticles of chitosan was performed to examine the surfaces
morphology and particle size. The nanoparticles were mounted on a metal stubs and the stub was then coated
with conductive gold with sputter coater attached to the instrument. The photographs were taken using a Jeol
scanning electron microscope under magnification of 11.6mm x 6.00K.

2.3.5 Particle size distribution

The particle size distribution of the nanoparticles was determined by photon correlation spectroscopy. The
dispersions of nanoparticles were added to the sample dispersion unit containing stirrer and was stirred to reduce
the aggregation between the nanoparticles. The average volume of mean particle size was measured after
performing the experiment in triplicate.

2.3.6 Zeta potential

Drug loaded nanoparticles was measured by Zeta sizer. To determine the zeta potential, nanoparticles samples
were diluted with KCI (0.1 mm) and placed in electrophoretic cell where an electrical field of 15.2 V/ecm was
applied. Each sample was analyzed in triplicate.

2.3.7 In vitro release studies'

In vitro release studies were carried out by using dialysis tubes with artificial membrane. The prepared
Curcumin nanoparticles were re-dispersed in 5 ml of phosphate buffer pH 7.4 and subjected to dialysis by
immersing the dialysis tube to the receptor compartment containing 150 ml of phosphate buffer pH 7.4. The
medium in the receptor was continuously agitated using a magnetic stirrer and the temperature was maintained
at 37 = 1°C. Iml sample of receptor compartment was taken at various intervals of time over a period of 12 h
and each time 1 ml fresh buffer was replaced. The amount of drug released was determined spectrometrically at
425 nm.

2.3.8 Stability studies"

The stability study was carried out for the formulation FS-5. Formulation FS-5 was divided into 3 sets of
samples and stored at 5%+ 3°C in refrigerator, room temperature (30° + 2°C, 65% = 5% RH) and 40° + 2°C,
75% + 5% RH in humidity control ovens. Drug content of all samples were determined by the method as in
drugcontent at 0 month, 3months and 6 months. /n vitro release study of formulation FS-5 was also carried at 0
month, 3months and 6 months of storage.

3. RESULTS AND DISCUSSION

3.1 Physicochemical characterization of nanoparticles

Spherical nanoparticles were formed spontaneously upon the incorporation of solution of TTP to the chitosan
solution under magnetic stirring. Nanoparticles of chitosan were obtained by ionic gelation which is a simple
process, where particles are formed by means of electrostatic interactions between the positively charged
chitosan chains and polyanions employed as cross linkers.

The FTIR spectrum shows that there were no significant changes in the chemical integrity of drug and also
indicates that the polymer and drug are compatible with each other (Fig: 1-3). Nanoparticles prepared by ionic
gelation technique were found to be discrete and through SEM analysis (Fig: 4), their mean size distribution was

found to be 56.4 nm.



International Journal Of Electrohomoeopathy And Pharmaceutical Research IJEPR),India
ijepr.ardigitech.in , volume 02 issue 02, Publishing Date 06/05/2021 , ISSN 2582-5623

3.2 Differential scanning colorimetry

When comes to the preparation of drug formulation, it becomes necessary to evaluate the interaction between
the drug and the polymer. The DSC thermogram of pure curcumin shows a sharp endothermic peak at 182°C
which corresponds to its melting point. The thermogram of curcumin with chitosan shows sharp endothermic
peak at 185°C (Fig: 5, 6).

3.3 Drug Entrapment Efficiency and Zeta potential

The drug entrapment efficiency of nanoparticles containing drug: polymer in various ratios of 1:1, 1:2, 1:3, 1:4,
1:5 and 1:6 were found to be 44.6%, 57.5%, 62.3%, 78.4%, 92.64% and 81.23%(Table 2). Hence there was a
steady increase in the entrapment efficiency on increasing the concentration of polymer in the formulation. The
formulation FS-5 registered highest entrapment of 92.64% (Fig: 7).The high entrapment efficiency is likely due
to electrostatic interactions between the drug and the polymer. Zeta potential of FS-5 nanoparticles was in the
range of 1.2 mV, and it shows good stability.

3.4 In vitro release of nanoparticles

Cumulative percentage drug released for FS-1, FS-2, FS-3, FS-4, FS-5 and FS-6 after 12 h were found to be
43.52%, 57.68%, 64.98%, 76.93%, 85.89% and 71.43% respectively. It was apparent that in vitro release of
curcumin of FS-5 formulation showed maximum drug. And hence FS-5 formulation was considered as the ideal
formulation of the study (Fig: 8).

3.5 Stability studies

The results of drug content of ideal formulation FS-5 after 6months of stability testing at different storage
conditions were shown in (Table 3) In vitro release profiles for the same formulation was stored at different
storage conditions. It was observed that there was a slight increase in drug content when the formulation was
stored at 5%+ 3°C which showed 84.04% and at Room temperature it showed 83.35% and at 40 = 2°C/75% there
was a decrease in the drug content which showed 79.68% (Fig: 9,10).

4. CONCLUSION

Chitosan nanoparticles have been used to encapsulate curcumin which enhances its solubility, and improve its
efficacy against cancer cells. Based on drug content, drug entrapment efficiency, particle size morphology, zeta
potential and in vitro release, formulation FS-5 was selected as an optimum formulation. Stability studies were
carried out for the selected formulation FS-5. The stability studies showed the maximum content of the drug for
FS-5 formulation stored at 5°+ 3°C, Room temperature and at 40 = 2°C/75% RH. Thus, with the combination of
the prepared curcumin nanoparticles, it is possible to achieve higher damage to tumor cells using lower dosage
of curcumin in a relatively brief time. The potential of these nano formulations for tumor therapy could be
further realized by performing in vivo studies.
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FIGURES AND TABLES

Table 1: Preparation of Curcumin Nanoparticles

SL.No Formulation Drug: Polymer TPP RPM
code ratio (ml)
1 FS-1 1:1 5 8000
2 FS-2 1:2 5 8000
3 FS-3 1:3 5 8000
4 FS-4 1:4 5 8000
5 FS-5 1:5 5 8000
6 FS-6 1:6 5 8000
’ o
l
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Figure 1: FTIR Spectrum of Curcumin
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Figure 3: FTIR Spectrum of Chitosan
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Figure 4: SEM images of Formulation FS-5
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Figure 6: DSC Thermograph of Curcumin + Chitosan Nanoparticles
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Table 2: Percentage yield, drug content and entrapment of formulation FS1-FS6

Formulation %yield %Drug content %Entrapment
Code efficiency
FS-1 49 46 44.6
FS-2 57.6 56 57.5
FS-3 62.8 57 62.3
FS-4 78 63.2 78.4
FS-5 90 89.5 92.64
FS-6 82 65 81.23
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Figure 7: Percentage Entrapment Efficiency of Formulations FS1-FS6

Formulation Code
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% cumulative drug release

Table 3: Stability study comparison of drug content of formulation FS-5 at 5°+ 3°C, Room temperature and at
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Figure 8: In vitro release profiles of Curcumin nanoparticles

40 £ 2°C/75% RH after 6 months

Temperature in °C

% Drug content

59+ 3°C 84.04
30+£2°C 83.35
40 +2°C/75% RH 79.68
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Figure 9: Stability study: comparison of drug content of formulation FS-5 at 5°+ 3°C, Room temperature and at

40 = 2°C/75% RH after 6 months
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Figure 10: Stability study - in vitro Drug Release of Formulation FS-5 after six month of storage at 5°+ 3°C,
room temperature 30° + 2°C/65% + 5% RH and 40 + 2°C/75% + 5% RH.
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