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ABSTRACT

Plasmodium falciparum is one of the most common resistant Plasmodium species
responsible for high rates of morbidity and mortality in malaria patients. Clinical guidelines
for the management of Plasmodium falciparum include the use of a dose of primaquine
phosphate resulting intolerable side effects. Therefore, the aim of this work was to formulate
primaquine phosphate-loaded PLGA nanoparticles by using a nanoprecipitation method in
order to increase its bioavailability to minimize drug intake. This leads to reduced toxicity
and better therapeutic efficacy of the drug. The synthesized nanoparticles were
characterized by using dynamic light scattering (DLS), transmission electron microscopy
(TEM), scanning electron microscopy (SEM), atomic force microscopy (AFM), Fourier
transformed infrared spectroscopy (FTIR), differential scanning calorimetry (DSC), and
powder X-ray diffraction (XRD). TEM analysis revealed the presence of smooth spherical-
shaped nanoparticles. The drug DLS analysis confirmed the presence of negatively charged
nanoparticles with particle size in the range of 100-400 nm. The drug release study was
performed to analyses different kinetic models like zero-order model, first-order model,
Higuchi model, Hixson-Crowell model, and Korsmeyer-Peppas model.
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1. Introduction

Malaria is a fatal parasitic infection caused by the protozoan
Plasmodium. Annually, approximately 220 million people
worldwide are infected with malaria, resulting in approxima-
tely 411,000 deaths worldwide (WHO, 2020) [1]. Plasmodium
species have developed resistance to different existing
antimalarial drugs, thereby reducing the effectiveness of the
current medication [2]. In addition, conventional formulations
are nonspecific to intracellular parasites, hence higher dose is
prescribed leading to intolerable tissue toxicity-related side
effects [3]. Polymeric nanoparticles play a major role in modern
novel drug delivery systems and have the ability to remove
several drawbacks of conventional formulations. Nanoparticles
have increased surface area and thus can improve the bioavaila-
bility of different drugs. They can also have high entrapment
efficiency, specific site targeting abilities. Therefore, polymeric
nano-formulations have better thera-peutic efficacy and can
decrease dose frequency due to the stability of release
capabilities [4,5]. The nanoparticles generally have a hydro-
phobic internal core and a hydrophilic outer shell [6]. Several
polymers have been exploited for the formulation of nano-

particles such as polylactic (PLA), polyglycolic acid (PGA), and
poly(DL-lactide-coglycolide) copolymers (PLGA) because of
their biodegradability, biocompatibility, and versatile degra-
dation kinetics [7]. Amongst these polymers, PLGA is the most
successfully used biodegradable polymer [8]. Many studies
report the successful application of the PLGA polymer for the
preparation of nanoparticles as drug carriers [9].

In this study, our focus is to prepare a PLGA nanoparticle
formulation of primaquine phosphate (Figure 1), a highly
effective antimalarial drug. Primaquine phosphate, an 8-
aminoquinoline derivative, has the formula C15sH27N309P2 [10].
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Figure 1. Chemical structure of primaquine phosphate.
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Figure 2. Schematic representation for the preparation of primaquine phosphate-loaded PLGA nanoparticles.

The development of primaquine-loaded solid lipid nano-
particles, galactose-anchored gelatin nanoparticles, PEGylated
galactosylated nanolipid carrier, primaquine-loaded chitosan
nanoparticles, etc. had never reported earlier [11-14].
However, primaquine phosphate-loaded PLGA nanoparticles
have never been synthesized. In this work, we have prepared
small-sized and less polydispersed primaquine phosphate
loaded PLGA nanoparticles by using nanoprecipitation method.
The in vitro drug release of the nanoparticle formulation was
investigated using the dialysis bag method and the release
behavior was analyzed using various kinetic models such as a
zero-order model, first-order model, Higuchi model, Hixson-
Crowell model, and Korsmeyer-Peppas model [15-17].

2. Experimental
2.1. Materials

Primaquine phosphate was gifted from Sun Pharma
Laboratories Ltd.,, Gurgaon, Haryana, India. Poly (D-acid, L-
lactic-co-glycol) (PLGA, 50:50, Mw: 30000-60000) was
obtained from Sigma Aldrich, Bangalore, India. Polyvinyl
alcohol (PVA, Mw: 160000, 86.5-89.0% hydrolyzed) are
purchased from HiMedia Laboratories Pct. Ltd., Nashik, India.
Dichloromethane (DCM) 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.

2.2. Preparation of primaquine phosphate loaded PLGA
nanoparticles

The formulation of drug-loaded PLGA nanoparticles was
prepared by the modified nanoprecipitation method [18].
Briefly, a certain amount (10 mg) of drug dissolved in 2 mL of
water and a certain amount (70 mg) of PLGA dissolved in 3 mL
of dichloromethane solution. Aqueous phase was prepared by
using 2 % of PVA (surfactant) solution having pH = 7.4
phosphate buffer saline. In the next step, the organic phase was
added dropwise into the aqueous phase with a syringe under
constant magnetic stirring at room temperature. Organic
solvents were removed by continuous stirring overnight on a
magnetic stirrer at 1200 rpm at room temperature. The
formulation was sonicated under a bath sonicator (Bronson,
Delhi, India) for 20 minutes at lower temperature. The
nanoparticles were recovered by centrifugation at 17000 rpm
for 15 minutes. The nanoparticles were washed twice with
distilled water and then lyophilized. The final prepared
nanoparticles were stored in a vacuum desiccator at 4 °C

[19,20]. The schematic representation of the preparation is
given in Figure 2.

2.3. Particle size, zeta potential, and polydispersity index

The newly synthesized primaquine phosphate-loaded PLGA
nanoparticles were released into deionized water. The
suspension was characterized for particle size, zeta potential,
and polydispersity index (PDI) by using the dynamic light
scattering technique (DLS) (Malvern Instruments Ltd. and
Nanoplus Particulated System).

2.4. Determination of drug entrapment efficiency and drug
loading

The percentage of drug entrapment efficiency (%EE) and
percentage of drug loading capacity (%DL) of synthesized
nanoparticles was determined by following Equation (1) and
(2) [21-23]. The freshly prepared suspension was centrifuged
at 17000 rpm for 15 minutes to achieve a clear supernatant. The
free drug in the supernatant was analyzed using a UV
spectrometer (LABINDIA analytical, UV 3092) at 209 nm.

Total amount of drug—Free amount of drug in supernatant

%EE=

x100 (1)

Total amount of drug

Weight entrapped drug

%DL= x100 2)

Weight of nanoparticles recoverd
2.5. Morphological analysis

The morphologies of the optimized PLGA loaded
primaquine phosphate nanoparticles 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, the prepared
nanoparticles were freeze dried and lyophilized. Freeze dried
nanoparticles were then diluted with 2 mL of ethanol and
evenly mixed by sonication for 5 min. The samples were
prepared by placing a drop of the nanoparticle’s suspension on
the Formvar-coated copper grid and air dried. For the SEM
analysis, the lyophilized nanoparticles were mounted onto
double-sided adhesive carbon stubs, and the particles were
viewed under low vacuum and high potential. The 3D
organization and surface morphology of the nanoparticles were
studied by AFM microscopy in tapping mode with 100 mm long
spikes and cantilevered beams. The small amount of nano-
particle suspension was fixed to the magnetic study with the
glass cover holder and dried at 50 °C in the oven.
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Figure 3. (a) Particle size distribution of nanoparticles and (b) Zeta potential of nanoparticles.
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Figure 4. (a) 3D view of AFM of the formulation, (b) TEM image, and (b) SEM image of the nanoparticles.

2.6. Fourier transform infrared spectroscopy analysis

The FTIR spectra of PLGA, primaquine phosphate, and
primaquine phosphate-loaded PLGA nanoparticles were
recovered by using 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.

2.7. Differential scanning calorimetry and thermal
gravimetric analysis

To determine the differential scanning calorimetry curves
of pure drugs and their PLGA nanoparticles, a DSC thermal
analyzer was used. The crystalline nature of the medicinal
product in the polymer matrix was evaluated. Thermal
gravimetric analysis (TGA) determined the thermal stability of
drug nanoparticle formulation. A sample of free drug and drug
loaded PLGA nanoparticles thermograms was taken by using
(NETZSCH): STA 449 F1 Jupiter connected to an inert stream of
nitrogen gas and a heating rate of 10 °C/min was used during
the measurement.

2.8. Powder X-ray diffraction analysis

Powder X-ray diffraction patterns of pure drug, PLGA,
polyvinyl alcohol, and drug-loaded PLGA nanoparticles were
obtained by X-ray diffractometer (Bruker, D8-Advance) at room
tempe-rature in the range 10-80° (20) at a scan rate of 4 °C/min.
The evaluated powder samples were taken along the glass plate
attached to the X-ray diffractometer.

2.9. In vitro drug release study and data analysis

An in vitro drug release study was conducted to determine
the drug release profile by using primaquine phosphate-loaded
PLGA nanoparticles. The in vitro release study was carried out
using the dialysis bag method with the help of a dialysis
membrane (Mw: 12000-14000 Da). Nanoparticles was placed
in 10 mL of phosphate buffer (pH = 7.4) in dialysis beg 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 amount of drug
released was determined by UV-VIS spectrometry analysis at
wavelength of 209 nm at different times. The cumulative %
drug released was analyzed by various kinetic models.

3. Results and discussion
3.1. Particle size, zeta potential, and polydispersity index

The size of the primaquine phosphate loaded PLGA nano-
particles was about 10943 nm (Figure 3), which was within the
nano range. The PDI values of the nanoparticles were in the
range of 0.483. The PDI value < 1 showed that stability of the
prepared nanoparticles. The zeta potential value was -13.97
mV. The negative values of zeta potential of the prepared
nanoparticles could be attributed to functional group
modification on the particle surface and ionic adsorption of the
PLGA polymer.

3.2. 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 4a.
However, TEM and SEM images of the formulation are shown in
Figures 4b and c, respectively. The SEM and TEM images of
primaquine phosphate loaded PLGA nanoparticles 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 109+3.18 nm.

3.3. Determination of drug entrapment efficiency and drug
loading

The entrapment efficiency of primaquine phosphate-loaded
PLGA nanoparticles was calculated using the spectrophoto-
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Figure 5. FTIR spectra of PLGA (a), primaquine phosphate (b), and primaquine phosphate loaded PLGA nanoparticles (c).
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Figure 6. DSC of primaquine phosphate powder (a) and primaquine phosphate loaded PLGA nanoparticles (b).

metric method. The %EE and %DL of the primaquine
phosphate-loaded PLGA nanoparticles were measured as 87
and 54%, respectively.

3.4. Fourier transform infrared spectroscopy (FT-IR)
analysis

The FT-IR spectrum of primaquine phosphate, PLGA, and
primaquine phosphate loaded PLGA nanoparticles is shown in
Figure 5. The absorption bands in the spectra were recorded for
the drug and its loaded PLGA nanoparticles in the 400-4000
cm1 region.

FT-IR spectra of primaquine phosphate showed a charac-
teristic peak of NHz bending at 1593 cm, aromatic C=C
stretching at 1445 cm, C-N stretching at 1228, 1069 cm1. 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 primaquine phosphate loaded PLGA nanoparticles, the
peaks of primaquine phosphate are much less intense due to the

low concentration of the drug in the nanoparticles (Figure 5c).
There is also no significant shift of functional peaks between the
spectra of drugs, polymers and prepared nanoparticles. The
spectral analysis indicated that the specific functional groups of
polymeric material in the nanoparticles surface have almost the
same chemical characteristics between the pure polymer and
drug entrapped polymer.

3.5. DSC and TGA analysis

The study of thermal performance is a useful tool for the
assessing whether drug particles have been encapsulated in
polymeric matrices or not [24,25]. DSC determine the thermal
stability of the drug and polymer formulation. Crystallinity of
nanoparticles is a major factor because it significantly affects
the solubility and dissolution properties of the drug. The DSC
curve for pure primaquine phosphate is given in Figure 6a. The
endothermic peak at 259.0 °C is corresponding to the melting
point. Figure 6b shows the DSC curve of primaquine phosphate
loaded PLGA nanoparticles.
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Table 3. R? values and rate constants of different models for in vitro drug release studies.

No Kinetic model R2 k n
1 Zero-order 0.9693 1.24x101
2 First-order 0.8530 6.80x10-3
3 Higuchi 0.9581 -
4 Hixson-Crowell 0.9090 1.30x103 -
5 Koersemeyer-Peppas 0.8972 1.24x101 0.57
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Figure 7. XRD spectrum of PLGA, PVA, primaquine phosphate, and PLGA loaded primaquine phosphate nanoparticles.

A strong endothermic peak was observed in primaquine
phosphate loaded PLGA nanoparticles at 199.5 °C with a
reduced intensity compared to pure primaquine phosphate.
The shift in the endothermic peak is due to the loss of
crystallinity that leads to the change in entropy of the drug due
to its interactions with the polymer [26,27]. Primaquine
phosphate evenly dispersed inside the PLGA polymer may have
slow-release kinetics as desired. The degradation points of the
analyzed samples were determined by the TGA analysis. The
degradation of primaquine phosphate loaded PLGA nanopar-
ticles starts at 60 °C and gradually degrades to above 250 °C
[28,29]. This was comparable to that of free primaquine
phosphate.

3.6. Powder X-ray diffraction analysis

The X-ray diffraction spectrum was taken for pure drug
primaquine phosphate, PLGA, PVA, and primaquine phosphate
loaded PLGA nanoparticles. The PVA peaks at 26 position are
19.60, 22.60, 32.08, and 40.88° as shown in Figure 7. The PLGA
polymer showed broad peaks at 26 position 10-40° indicating
its amorphous nature. The primaquine phosphate show peak at
20 position 0 13.45, 16.63, 18.91, 19.95, 22.95, 24.71, 25.41,
27.17, 29.80, 31.73, 33.31, 36.49, and 42.98° due to its
crystalline nature. Whereas, the primaquine phosphate loaded
PLGA nanoparticles exist in amorphous state as shown in
Figure 7. The primaquine phosphate in free form shows a
crystalline nature, whereas the formulation shows an
amorphous nature because the individual drug molecules are
coated with PLGA polymer.

3.7. In-vitro drug release studies

The drug release studies were performed for the
formulation, produced by modified nanoprecipitation method
by using dialysis membrane. The formulation showed high
entrapment efficiency and controlled release.

The release study was done upto 24 hours. The cumulative
release of drug with different time interval were plotted in
different kinetic models such as cumulative % of drug release
with respect to time (Zero order kinetic model); log cumulative
of % drug remaining with respect to time (First-order kinetic
model); cumulative % drug release with respect to square root
of time (Higuchi model); log cumulative % drug release with
respect to log time (Korsmeyer-Peppas model).

The drug release rate constant (k) and correlation
coefficients (R) obtained from different kinetic models are
shown in Table 3. 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
0.9693. The extent of the release exponent ‘n’ in the
Korsemeyer-Peppas model indicates that the release
mechanism is non-Fickian diffusion.

4. Conclusions

Malaria is an illness that affects populations in tropical and
subtropical countries. However, the recent development of
nanomedicine is opening up new opportunities and providing
better and more effective solutions to treat this complex
disease. In this study, primaquine phosphate was successfully
encapsulated into PLGA nanoparticles by nanoprecipitation
method. Prepared nanoparticles showed desirable size and
%EE to delay drug release, as confirmed by an in vitro
dissemination study. Hence, it is concluded that the prepared
nanoparticles benefit from the promise, better therapeutic
efficacy and nanosized. Primaquine phosphate loaded PLGA
nanoparticles can thus be a good alternative to conventional
formulation with benefits of increased bioavailability, better
patient compliance and decreased frequency of dose.
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