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Abstract

Chloroquine phosphate loaded PLGA nanoparticles were prepared using the modified
nanoprecipitation method. PLGA is a synthetic copolymer that can be easily functionalized to achieve
desired outcomes. PLGA nanoparticles are biodegradable, biocompatible, non-toxic and easily
prepared.The primary focus of the study was concerned with the preparation of Chloroquine
phosphate-loaded PLGA nanoparticles in order to improve drug tolerance, reduce the frequency of
doses and less toxic. Formulation of nanoparticles were characterized for encapsulation efficiency
using UV-vis. spectroscopy; particle size distribution, polydispersity index, and zeta potential using
photon correlation spectroscopy; and in vitro drug release profile using UV-vis. spectroscopy. The
sizes of nanoparticles formulation were 152.3 nm, polydispersity index is 0.272, encapsulation
efficiency was 75 % and drug loading efficiency was 60 % respectively. Ready nanoparticles were
spherical shape, smooth surface and free-flowing nature.In vitro drug release studies showed that
prepared nanoparticles-maintained drug release over 24 hours. Infra-red (IR) spectra showed the
stability of Chloroquine phosphate loaded PLGA nanoparticles and the absence of drug-polymer
interactions.
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Introduction

Malaria is often confronted with the problem
of instability and poor biological distribution,
which causes an alteration of
pharmacokinetics. [1]. Considerable efforts
have been directed towards malaria eradication
in endemic areas. Chemotherapy has been a
major factor in the fight against the disease.
Without an effective vaccine, chemotherapy is
the only easily accessible option for malaria
management.Much of this morbidity and
mortality could be prevented if the medicines
available to patients were effective, of high
quality and used correctly[2,3]. Chloroquine
phosphate is the main antimalarial agent.
Chloroquine  phosphate has been the
antimalarial drug of choice for many decades
because of its safety, high efficiency and low
cost [4].However, given the widespread
prevalence of chloroguine-resistant (CQR)
parasitic strains, CQ was replaced as front-line
antimalarial chemotherapy in the late 1990s
[].

Nanomedicine has been praised for its success
in the distribution of medicines and its
improved effectiveness [6-8]. The aim of the
study was to assess the antiplasmodial
efficacy. = Chemotherapy  involves  the
development of multiple drug resistance and
non-specific ~ targeting  of intracellular
parasites, leading to high dose requirements
and  subsequent intolerable  toxicity.
Nanocarriers have been given special attention
with the aim of minimizing the side effects of
drug therapy, such as poor bioavailability and
drug selectivity [9-11].New anti-malarial
drugs must meet the requirements of fast
efficacy, minimum toxicity and low cost.So
nanotechnology is a vital part of that.ldeally,
the nanoparticle delivery system would
selectively accumulate in the required organ or
tissue and, at the same time, penetrate the
target cells to release the bioactive agent [12-
14]. These nanocarriers are known to enhance
the effectiveness of currently available anti-
malarial drugs and contribute to the
formulation and administration of new
chemical entities. Targeting drugs specifically
on their site of action has a huge benefit in
malaria since malaria parasites often develop
drug resistance through the administration of
low levels of drugs in the presence of high
numbers of parasites. Moreover, nanomedicine
has the potential to restore the use of old and
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toxic medicines by altering their biological
distribution, improving bioavailability and
reducing toxicity. [15,16]. PLGA use as a
nano-carrier in the present study because it is a
biodegradable polymer and it co-polymer
including poly (esters), including poly (lactic
acid), poly (glycolic acid) is nature
biocompatibility and biodegradability provide
a versatile range of polymer in pharmaceutical
industry [17,18].

The aim of the work is prepared chloroquine
phosphate were loaded in poly (d,I-lactic-co-
glycolic acid) (PLGA) using modified
nanoprecipitation technique. The nanoparticle
formed was characterized for  size,
polydispersity index (PDI), zeta potential, and
entrapment efficiency. The in vitro release of
the drug was also determined by dialysis beg
method. Nanoparticles have been widely
applied as promising antimalarial drug
nanocarriers thanks to their biocompatibility,
high loading capacity, chemical stability and
straightforward synthesis/ surface
functionalization.

Experimental
Materials

Chloroquine phosphate was gifted from Lupin
Pharma Laboratories Ltd., Bhopal, Madhya
Pradesh, India. Polyvinyl alcohol (PVA, Mw:
160000, 86.5-89.0%  hydrolyzed) are
purchased from HiMedia Laboratories Pct.
Ltd., Nashik, India. Poly (D-acid, L-lactic-co-
glycol) (PLGA, 50:50, Mw: 30000-60000)
was obtained from Sigma Aldrich, Bangalore,
India. Acetone were purchased from the
Central Drug House (CDH), Delhi, India.
Phosphate buffer, spam 80 were purchased
from HiMedia Laboratory Pvt. Ltd., Mumbai,
India. All solvents and chemicals were
analytical grade.

Preparation of Chloroquine phosphate
loaded PLGA nanoparticles

The optimized formulation (CQP-PLGA-NPs),
were  prepared by using  modified
nanoprecipitation technique as follows: 10 mg
drug dissolved in distilled water and 50 mg
PLGA dissolved in 5 ml acetone both are
mixed. The organic phase added dropwise into
aqueous phase containing 1% PVA solution
(pH 7.4 phosphate buffer saline) under
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magnetic stirring at 1200 rpm. The solution
was kept for 5 hours to permit acetone to
evaporate. Subsequent to this, the suspended
nanoparticles were freeze-dried [19].

Particle size and polydispersity index

The newly developed CQP-PLGA-NPs were
released into deionized water.Suspension has
been characterised for particle size and
polydispersity index (PDI) by using the
dynamic light scattering technique (DLS)
(Malvern Instruments Ltd. and Nanoplus
Particulated System).

Determination  of  drug
efficiency and drug loading

entrapment

The determination of drug entrapment
efficiency (%EE) and drug loading (%DL) of
prepared nanoparticles by using UV
spectrophotometer(LABINDIA analytical, UV
3092) at 220 nm.The newly prepared
suspension was centrifuged at 18000 rpm for
15 minutes to obtain a clear supernatant.The
encapsulation efficiency (EE) and drug
loading (DL) were calculated as following
equations [20]:

Total amount of drug—Free amount of drug in supernatant,
%EE= 8 SRULL x100

M

Total amount of drug

Weight entrapped dru;
%DL= & PP x100

Weight of nanoparticles recoverd

@

Morphological analysis

The morphologies of the optimizedCQP-
PLGA-NPs were studied by transmission
electron  microscope (TEM, TECNA),
scanning electron microscope (SEM, NOVA
NANO FESEM 450) and atomic force
microscopy  (AFM, INNOVA, ICON
analytical equipment, Bruker). In the TEM
analysis, lyophilized nanoparticles were then
diluted with 2 mL ethanol and mixed
uniformly by sonication for 5 min. The
samples were prepared by placing a drop from
the nanoparticle suspension on the Formvar-
coated, air-dried copper grid.For SEM
analysis, lyophilized nanoparticles were
mounted on double-sided adhesive carbon
strains, and the particles were examined under
low vacuum and high potential. The 3D
organization and surface morphology of the
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nanoparticles were investigated by AFM
microscopy in threaded mode with 100 mm
long tips and cantilevered beams. The small
quantity of nanoparticle suspension was
attached to the magnetic study with the glass
lid holder and dried at 50°C in the oven.

Fourier transform infrared spectroscopy
analysis

The FTIR spectra of PLGA, chloroguine
phosphate, and CQP-PLGA-NPs  were
recovered by wusing the Bruker-FTIR
Spectrophotometer.  The  spectra  were
recovered in a wavelength range between 4000
and 400 cm * and interpreted with the help of
FT-IR software.

In vitro drug release study and data
analysis

An in vitro drug release study was conducted
to determine the drug release profile by using
CQP-PLGA-NPs. The in vitro release study
was carried out using the dialysis bag method
with the help of a dialysis membrane (Mw:
12000-14000 Da). CQP-PLGA-NPs
containing nanoparticles was suspended in 10
mL of phosphate buffer saline (PBS, pH = 7.4)
in the dialysis bag at a rotation speed of 100
rpm and temperature of 37 °C. Periodically, 5
mL of the sample was collected and the same
volume of PBS (pH = 7.4) was added. The
quantity of drug released was determined by
UV-VIS spectrometry at a wavelength of 220
nm at various moments. The cumulative % of
the drug released was analysed through
various kinetic models such as Zero order
kinetic model, First-order kinetic model,
Higuchi model and Korsmeyer-Peppas model.

Results and discussion
Particle size and polydispersity index

The size of the optimized formulation CQP-
PLGA-NPs was about 152.3nm (Figure 1),
which was within the nano range. The PDI
values of the nanoparticles were in the range
of 0.272. The PDI value < 1 showed that

stability of the prepared nanoparticles.
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Figure 1. (a) Particle size distribution of
nanoparticles
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Morphological analysis

The shape and surface morphology of the
nanoparticles were identified by using AFM,
TEM, and SEM techniques. The AFM image
of nanoparticles formulation is shown in
Figure 2a. However, TEM and SEM images of
the formulation are shown in Figures 2b and c,
respectively. The SEM and TEM images of
CQP-PLGA-NPs confirmed that the particle is
spherical in shape, homogeneous size
distribution and smooth. The analysis also
indicates that the size of the nanoparticles is in
the range of nano size and the diameter of the
particle is 152.3 nm.

(©)

Figure 2. (a) 3D view of AFM of the formulation, (b) TEM image, and (b) SEM image of the
nanoparticles.

Determination  of  drug
efficiency and drug loading

The entrapment efficiency of CQP-PLGA-
NPswas calculatedusing the
spectrophotometric method. The %EE and
%DL of the CQP-PLGA-NPswere measured
as 75%and 60%, respectively.

entrapment

Fourier transform infrared spectroscopy
(FT-IR) analysis

The FT-IR spectrum of chloroquine phosphate,
PLGA and CQP-PLGA-NPs is presented in
Figure 3.The absorption bands in the spectra
were recorded for the drug and its charged
PLGA nanoparticles in the 400-4000 cm*

area.
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Figure 3. FTIR spectra of PLGA (a), chlorogquine phosphate (b), and CQP-PLGA-NPs (c).

FT-IR spectra of chloroguine phosphate
showed a characteristic peak of NH, bending
at 1743.47 cm?, aromatic C=C stretching at
1389.26 cm?, C-N stretching at 1256.85,
1078.51 cm™. The spectra for PLGA polymer
showed peaks at 3746-3624 cm™ which is its
characteristic peak of O-H stretching. The C-H
stretching peak was found at 2954 cm*,and the
C-O stretching peaks at 1168 and 1272 cm
were also observed in the spectra. For CQP-
PLGA-NPs, the peaks of chloroquine
phosphate are much less intense due to the low
concentration of the drug in the nanoparticles
(Figure 3c). There is also no significant change
in functional peaks between the spectrums of
drugs, polymers and prepared nanoparticles.
Spectral analysis indicated that the specific
functional groups of the polymer material in
the nanoparticle surface have nearly the same
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chemical characteristics between the pure
polymer and the drug-trapped polymer.

In-vitro drug release studies

In vitro drug release studies were conducted in
phosphate buffer pH 7.4 for the optimized
formulation CQP-PLGA-NP.Release patterns
indicate that CQP-PLGA-NPs showed
sustained release of the drug from the polymer
matrix.Therefore, it proves that the formulated
nanoparticles show sustained release of the
drug within 24 hours, the formulation has
shown high entrapment efficiency as shown in
Figure 4. The release of the drug with different
time data were plotted by different kinetic
models such as Zero order kinetic model,
First-order kinetic model, Higuchi model and
Korsmeyer-Peppas model.
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Table 1. R? values and rate constants of different models forin vitro drug release studies.

No Kinetic model R? k N
1 Zero-order 0.9657 - -
2 First-order 0.691 - -
3 Higuchi 0.8657 - -
4 Hixson-Crowell 0.7667 - -
5 Koersemeyer-Peppas 0.9769 - -
Zero order plot First order plot
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Figure 4. Drug release kinetics plots: (a) zero order plot, (b) first order plot, (c) Higuchi plot,(d)
Hixon-Crowell model, and (e) Korsmeyer-Peppas plot.

The drug release correlation coefficients (R)
obtained from different kinetic models are
shown in Table 1. According to the best-fitted
model, the maximum regression value (R?) is
taken for consideration. It is concluded that the
formulation follows the zero-order model, the
correlation coefficient value of the zero-order
model is 0.9657.

Conclusions

In this study, chlorogquine phosphate was
successfully  encapsulated in PLGA
nanoparticles  through the modified
nanoprecipitation technique.This work
suggests that the aqueous phase (pH 7.4
phosphate buffer), the stabilizer (PVA) and
optimization based on the polymer drug report
PLGA (1:5) and stabilizer concentration (1%)
play a key role in achieving higher entrapment
efficiency (75%), optimal partical size (152.3
nm) and narrow polydispersity index (0.272).
The prepared CQP-PLGA-NPs have lots of
potential, increased bioavailability, better
patient compliance, decreased frequency of
dose and reduce toxicity. In vitro drug release
studies showed that prepared nanoparticles
maintained drug release over 24 hours.The
drug-polymer interaction was assured by the
FTIR spectra.
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