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Abstract
BACKGROUND: Primaquine is one of the essential medicines used to treat malaria due to Plasmodium vivax. 
Primaquine works by destroying hypnozoites in the liver, and its effectiveness is based on the concentration of the 
drug in the target tissue. Primaquine acts by eradicating hypnozoites in the liver, and its effect is dependent on the 
drug concentrations in the target tissue.

AIM: The present study aimed to prepare primaquine in nanoparticle formulation using chitosan as carriers and 
improve on-target primaquine delivery to the liver.

METHODS: Primaquine-loaded chitosan nanoparticles were prepared using the ionic gelation method variations. 
Then, the resulting primaquine-chitosan nanoparticles were administered to the rats and compared with conventional 
primaquine. Afterward, plasma and liver concentrations of primaquine were quantified.

RESULTS: The primaquine-chitosan nanoparticles obtained were at 47.9  nm. The area under the curve (AUC) 
for primaquine-chitosan nanoparticles resulted lower in the AUC and Cmax, 0.46 and 0.42  times of conventional 
primaquine, respectively. However, no differences were found in time to reach Cmax (Tmax). Primaquine liver 
concentrations obtained with primaquine-chitosan primaquine nanoparticles resulted in 3  times higher than 
primaquine concentration.

CONCLUSION: Enhanced drug delivery to rat liver tissue by primaquine-chitosan nanoparticles may improve 
on-target drug delivery to the liver, enhance primaquine ant hypnozoites effects, and reduce unwanted side effects 
in the circulation.
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Introduction

Malaria due to Plasmodium vivax is a severe 
hazard to human health across the globe, being the 
most widely distributed species of the five plasmodia 
known to infect humans [1], [2]. Unlike malaria 
due to Plasmodium falciparum, patients infected 
with Plasmodium vivax and Plasmodium ovale 
often experience recurrent infections. In addition, 
hypnozoites, latent liver stage parasites, are the source 
of relapse in malaria [1], [3].

Activation of hypnozoites, the liver-stage 
parasites that lie latent after initial infection, is how 
P. vivax may induce relapses weeks or months after 
the first infection. The hypnozoite reservoir of the 
disease consists of these latent liver-stage infections. 
It is possible for these persistent phases of infection 
to reactivate and reproduce for months, even years, 
after the primary clinical illness, causing relapse and 
recurrence of transmission. The hypnozoite reservoir, 

which is undetected and unaffected by most antimalarial 
medications, is a significant barrier to the treatment and 
eradication of malaria [4], [5].

A radical cure of vivax malaria can only be 
achieved using the 8-aminoquinolines, including 
primaquine and tafenoquine. Relapses after vivax malaria 
infections can be prevented by the hypnozoitocidal 
effects of primaquine and tafenoquine [3]. Primaquine 
is generally tolerable and safe. Primaquine has certain 
drawbacks, such as a lack of lipophilicity that may restrict 
its liver absorption and a rapid metabolism that results 
in an inactive metabolite [6], [7]. Drug modification to 
nano-sized therapeutic formulations may be able to 
tackle many of the challenges of enhancing absorption, 
on-target bioavailability, and drug accumulation [8].

Thus, in the present study, we aimed to prepare 
primaquine nanoparticles utilizing chitosan as a carrier 
to enhance drug transport to the liver and investigate 
the pharmacokinetic profile of primaquine nanoparticles 
administered orally in the rats.
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Materials and Methods

Materials

Chitosan (degree of deacetylation ± 85%), 
natrium tripolyphosphate, and primaquine were 
purchased from Sigma-Aldrich (USA). Phosphate buffer, 
acetonitrile, methanol, diethyl ether, NaOH, Tris-buffer, 
trichloroacetic acid (TCA), sodium azide, bovine serum 
albumin, and acetic acid glacial were purchased from 
Merck (Darmstadt, Germany). All other reagents used 
were of analytical grade.

The high-performance liquid chromatography 
(HPLC) device used include: Waters™ Intelligent 
Sample Processor 2695 equipped with Degasser 
separation; Inertsil™ ODS-4 column (4.6 × 150 mm, 
5  µm), and Waters™ Photodiode Array Detector 
(PDA) 2998.

Primaquine nanoparticle preparation

The formation of nanoparticles resulted from 
the interaction between negatively charged phosphate 
groups from TPP and the positively charged amino 
groups of chitosan [9]. Nano-sized primaquine was 
obtained upon the dropwise addition of aqueous 
tripolyphosphate (TPP) solution to chitosan solutions 
followed by continuous stirring at 300–400 rpm at room 
temperature. Before adding TPP/chitosan, primaquine 
was dissolved in the chitosan or TPP solution.

Particle size distribution analysis, 
polydispersity index, and zeta potential

Particle size distribution and zeta potential 
were determined by a Malvern Particle Sizer (Malvern® 

Instruments, UK) or a Delsa® Nanosizer/Zeta Potential 
Analyzer (Beckmann-Coulter) at Nanotech Indonesia, 
PUSPIPTEK Serpong.

Morphology analysis of primaquine 
nanoparticles

We determined the morphology of primaquine 
nanoparticles using the Transmission Electron 
Microscope (TEM) in the Faculty of Chemistry, Gadjah 
Mada University, Yogyakarta.

The entrapment efficiency of primaquine 
nanoparticles

The amount of primaquine in the nanoparticles 
was measured using UV spectrophotometry. 
Preliminary studies obtained the absorbance maximum 
of primaquine at wavelength λ 259.3 nm. Nanoparticle 
samples were centrifugated at 12,000 rpm for 15 min. 
We calculated the difference between the total amount 

of primaquine used for the preparation of primaquine 
nanoparticles and the amount of free primaquine in 
the supernatant to assess the entrapment efficiency of 
nanoparticles [10].
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Evaluation of primaquine concentrations 
in plasma, liver, and pharmacokinetic profiles of 
primaquine nanoparticles versus conventional 
primaquine

Twelve Sprague Dawley rats were used in 
the parallel-controlled pharmacokinetic investigation. 
Our experiment was approved by the Faculty of 
Medicine Universitas Indonesia’s Ethics Committee 
before it began. The animals were kept in the animal 
house with unlimited access to a standard diet and 
drinking water. The 12 rats were randomly divided into 
two treatment groups of six to receive conventional 
primaquine group 15.5 mg/kg BW orally or primaquine 
nanoparticle 15.5  mg/kg BW. Treatment was given 
once daily for 5  days. Primaquine dose selected 
was based on the equivalence to human dose and 
calculated based on dose translation using body 
surface area [11], [12], [13].

On the 5th  day of the experiment, blood was 
collected from the tail vein before to the last drug 
administration, then 30, 60, 90, 120, 180, and 240 min 
later. Subsequently, rats were decapitated, and the 
livers excised.

Analysis of primaquine in plasma and liver

Drug concentrations in rat and liver 
plasma were done using high-performance liquid 
chromatography (HPLC). A researcher in our laboratory 
previously validated the HPLC methods used [14]. For 
the present study, we did a partial validation test to 
ensure the usability of the applied method [15]. HPLC 
column used was connected to a column heater and 
set at 40°C. The Waters Photodiode Array Detector 
(PDA) 2998 was adjusted to a wavelength of λ 255 nm. 
The HPLC device was completed by Hewlett-Packard 
Reporting Integrator #3392A (Hewlett-Packard Co., 
Santa Clara, CA). The mobile HPLC phase consisted 
of a phosphate buffer (20 mM, pH  3.0), acetonitrile, 
and methanol 70% with a volume ratio of 65:15:20. 
The materials for evaluating drug concentrations were 
phosphate buffer pH 3.0, methanol 70%, diethyl ether, 
NaOH 0.1 N, Tris-buffer, trichloroacetic acid (TCA) 
10%, acetonitrile, sodium azide, bovine serum albumin 
(BSA), and distilled water.

Blood samples were centrifuged at 3000 rpm 
for 5 min to obtain the rat plasma. Sample extraction of 
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primaquine from plasma was initiated by adding 50 µL 
of NaOH 0.1 to the sample. Afterward, 1 mL of diethyl 
ether was mixed into the sample solution followed by 
centrifugation. Then, the supernatant was pipetted and 
dried under nitrogen. Subsequently, the samples were 
diluted in phosphate buffer and inserted into the HPLC.

Ultra-Turrax was used to homogenize the 
liver sample for analysis. A  1:1 volume ratio of Tris-
buffer was added to liver homogenates. Afterward, 
the homogenates were centrifugated at 3000  rpm for 
10 min to collect the supernatant. Trichloroacetic acid 
solution at a ratio of 1:1.5 to the supernatant was 
added to denature the remaining protein in the solution. 
Subsequently, the samples were recentrifuged at 
8000 rpm for 2 min to precipitate protein and collect the 
supernatant. Afterward, sample extraction steps, from 
the addition of NaOH to the dilution of phosphate buffer, 
were done as that of plasma.

Data analysis

We used drug concentration in plasma which 
was to calculate the pharmacokinetic parameters of 
primaquine nanoparticles and conventional primaquine. 
The area under the curve (AUC) was calculated using 
the trapezoidal method. Absorption rate constant (ka), 
elimination rate constant (ke), absorption phase half-
life (t1/2 abs), and elimination phase half-life (t1/2 el) were 
calculated from regression of equation ln Ct to T [16]. 
A  comparison of plasma and liver concentrations 
between primaquine nanoparticles, and conventional 
primaquine was carried out by independent t-test in 
GraphPad Prism version 9.3.1.

Results

Optimum primaquine-chitosan 
nanoparticle formulation

Chitosan nanoparticles are made through 
ionic gelation between positively charged chitosan and 
negatively charged tripolyphosphate [17]. Following 18 
variations of nanoparticle preparation, the final formula 
used for further evaluation was formula 19:  0.1% 
chitosan solution in 0.15% acetic acid, 0.5% Na-TPP 
solution, and 0.3% primaquine diphosphate. The 
method used to obtain optimum nano-size primaquine 
was by slow infusion of the mixture followed by stirring 
at 400 rpm for 15 min.

Particle size distribution and 
morphological shape of nano-primaquine-chitosan

Out of the 20 preparation variations, 
primaquine particle size distributions ranged from 50 to 

250 nm, with entrapment efficiency of up to 55%. The 
final formula used for further experiments, including 
in vivo study, resulted in a particle size distribution of 
47.9  ±  13.7  nm (Figure  1), polydispersity index (P.I.) 
0.313, and cumulative number distribution of 100%, 
that is, the peak contained all particles measured.

Figure  1: Particle size distribution of the primaquine-chitosan 
nanoparticle final formulation. The particle size distribution obtained 
was at 47.9 ± 13.7  nm, polydispersity index (P.I.) 0.313. The 
cumulative number of 100%, which showed that there is only one 
peak that contained all particles from this preparation

Morphological examination of primaquine-
chitosan nanoparticles by transmission electron 
microscopy (TEM) showed a spherical shape (Figure 2).

Figure 2: Transmission electron micrograph of primaquine-chitosan 
nanoparticles. The bar shown equals 20 nm

Zeta potential of nano-primaquine-chitosan

Zeta potential greatly influences particle stability 
in suspension through the electrostatic repulsion between 
particles. It also determines the interaction of nanoparticles 
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with cell membranes, which are usually negatively charged 
[17]. Figure  3 displays the zeta potential of primaquine 
nanoparticles with a peak at + 18.52 mV.

Figure  3: Zeta potential of primaquine-chitosan nanoparticle 
preparation (at +18.52 mV)

Entrapment efficiency of 
nano-primaquine-chitosan

Entrapment efficiency (EE) of nanoparticle 
formulation was at 54.7% of primaquine.

Partial validation of primaquine 
quantification method

We did a partial validation of the previously 
developed and validated methods to ensure the applicability 
of the quantification of our sample [14], [15]. All our results 
meet the criteria for partial validation [15]. Accuracy 
of primaquine was ranged from 1.37 to 6.37% in low 
concentrations, 0.16–1.1% in medium concentrations, 
and 0.17–1.03% in high concentrations. Primaquine 
concentrations in samples showed that precision tests 
ranged from 6 to 10%. Linearity tests of primaquine 
standards meet linear regression values with R ranging 
from 0.9994 to 0.9998. Primaquine in both plasma and 
liver samples had a limit of detection (LOD) and limit 
of quantification (LOQ) of 0.05 µL/mL and 0.15 µL/mL, 
respectively. The recovery percentage in conventional 
primaquine samples ranged from 90 to 107%.

Primaquine and nano-primaquine 
concentrations in plasma and liver

Primaquine and nano-primaquine concentrations 
in plasma at each interval of blood collection time after 
drug administration are listed in Table 1.

On the 5th  day, the liver was harvested at 4 h 
following the dose of primaquine. Nano-primaquine 
concentrations in the liver were significantly higher 
(3 times; p < 0.05) than conventional primaquine (Table 2).

Pharmacokinetic profile of primaquine and 
nano-primaquine

The AUC of primaquine nanoparticles was 
significantly lower (3.3 times; p < 0.05) than of conventional 

primaquine. In addition, the maximum concentration in 
plasma (Cmax) of nano-primaquine was 2.3 times smaller 
than that of conventional primaquine. After 90  min of 
medication administration, the highest levels of primaquine 
and nano-primaquine were attained (Table 3).
Table  2: Primaquine concentrations in rat liver after 
drug administration of conventional primaquine or 
nano‑primaquine‑chitosan
Samples Primaquine  

(µg/mL)
Primaquine 
nanoparticles (µg/mL)

95% confidential 
interval

p‑value

240 min 0.48 ± 0.04 1.45 ± 0.01 ‑1.138; 0.791 0.0017*
*Significant at P < 0.05.

Discussion

In the present study, we displayed that chitosan 
as a carrier is an effective method to obtain nano-sized 
primaquine with drug absorption and distribution to the 
liver.

Chitosan is a natural polymer generated by 
partial deacetylation of chitin. After cellulose, chitin is 
the most common polysaccharide in the natural world. 
It is non-toxic, biocompatible, and biodegradable. As a 
pharmacological carrier, chitosan has been widely used 
by researchers in various drug applications to produce 
a targeted drug delivery system [9], [18], [19], [20], [21]. 
In addition, a study by Wimardani et al. has shown that 
chitosan at high concentrations might have cytotoxic 
effects on oral cancer cell lines [22]. In the present 
study, we only use a low concentration of chitosan 
(0.3%) as a carrier for primaquine.

Primaquine is a hydrophobic compound per 
se and becomes water soluble through its reaction to 
diphosphate salt. The primaquine diphosphate mimics 
the tripolyphosphate interaction with chitosan, which 
may be a reason for the relatively easy and effective 
incorporation of about 55% of the compound into 
the nanoparticles. Recently, a working group in India 
published primaquine nanoparticles with an even higher 
entrapment of more than 90% of primaquine  [23]. 
Hence, the scope of our future work will be to enhance 
our entrapment rates.

Out of 20 preparation variations, the best 
formulation resulted in a single peak particle distribution 
at 47.9 nm, which can be therapeutically valuable due 

Table  1: Primaquine concentrations in rat plasma after 
drug administration of conventional primaquine or 
nano‑primaquine‑chitosan
Samples 
drawn at min'

Primaquine 
(µg/mL)

Primaquine 
nanoparticles (µg/mL)

95% confidential 
interval

p value
(p < 0.05)

0' 0.01 ± 0.00 0.19 ± 0.00
30' 0.97 ± 0.01 0.44 ± 0.02 0.434; 0.626 0.0018*
60' 1.26 ± 0.15 0.57 ± 0.02 −0.423; 5.624 0.6057
90' 1.77 ± 0.11 0.75 ± 0.02 0.539; 1.501 0.0118*
120' 1.24 ± 0.12 0.51 ± 0.01 0.228; 1.222 0.0244*
180' 0.47 ± 0.01 0.37 ± 0.02 0.006; 0.184 0.0440*
240' 0.23 ± 0.02 0.29 ± 0.00 −0.130; 0.005 0.0493*
*Significant at P < 0.05.
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to the method of administration and the target organ 
or tissue. Furthermore, the result of transmission 
electron microscopy showed homogenous particles 
with spherical shapes, which confirmed our findings.

Our findings on the particle size were confirmed 
with the morphological examination using transmission 
electron microscopy. The shape supports the particle 
size equivalent to or close to their diameter. The form of 
the line describes an almost ideal Gaussian distribution 
with a peak volume of 45%, which means that the 
particle population of 47.9 ± 13.7 nm comprises 45% of 
the total particle volume of the preparation.

Our formulation also achieved an excellent 
cumulative distribution number of 100%. Furthermore, 
the distribution number showed that the preparation has 
only one population peak, that is, uniform distribution 
with a calculated polydispersity index (P.I.) of 0.313.

The Beckman-Coulter Nanosizer +18.5 mV 
measured zeta potential in our final formulation, which 
impacts the stability of the dispersion. Values around 
20  mV are considered sufficient for the repulsion 
between uniformly charged particles to keep them 
dispersed [24]. However, we have not yet determined 
the shelf stability of our particles. Our study has only 
measured the primaquine concentrations in the 
formulation for up to 1 week, which is currently enough 
for our in vivo study design. Shelf stability of at least 
3–6  months would be desirable [25], [26]. Increasing 
zeta potential (if necessary) might be another aim of 
future studies, which can be achieved by varying the 
degree of deacetylation. It is, nevertheless, important 
to note that the zeta potential (mainly the pH of the 
outer phase) substantially influences the stability of the 
nanoparticle dispersion during storage [24].

Our pharmacokinetic study results 
demonstrated that we had reached the aim to increase 
the drug delivery to the liver. The concentration in the 
blood (measured as plasma levels) was lower and 
in liver tissue 3  times higher than with conventional 
primaquine, indicating a much stronger distribution into 
the liver. On the other hand, the elimination rate was 
also lower with primaquine nanoparticles indicating a 
depot effect in the liver, an additional pharmacokinetic 
effect supporting our therapeutic intention.

Our results show that nanoparticles enhance 
drug delivery to the liver. A  higher concentration of 
nanoparticles in the liver was due to their nano-size 
structure increasing the surface area, which leads to 

increased permeation and absorption through cell 
membranes [17], [23]. Besides, polycationic chitosan 
nanoparticles with higher surface charge density may 
interact more intensively with the cell membrane and 
lengthen the absorption period [17], [27].

The lower AUC of primaquine-chitosan 
nanoparticles will reduce the dose-limiting side effects 
of primaquine in plasma, such as hemolytic anemia in 
patients with G6PD deficiency or methemoglobinemia, 
and other adverse effects related with higher primaquine 
plasma concentrations [28], [29].

The absorption rate constant and absorption 
phase half-life of nanoparticles were statistically not 
different from primaquine. The finding suggests that 
nanoparticles did not influence drug absorption in the 
gastrointestinal tract. The elimination rate constant and 
elimination phase half-life of nanoparticles exceeded 
3  times the values of conventional primaquine, 
indicating a “depot effect” of nanoparticles in the liver, 
which decreases free drug concentration in plasma and 
thus decreases drug elimination from plasma [16], [30].

The organ distribution volume of nano-
primaquine was 6.5 times higher than that of conventional 
primaquine. After 240  min, primaquine nanoparticles 
reached a roughly threefold higher concentration in 
the liver than conventional primaquine. Primaquine 
nanoparticles were highly distributed at the site of 
pharmacological action. On the other hand, the more 
than 2-fold lower AUC and concentration of primaquine 
nanoparticles in plasma will certainly reduce unwanted 
adverse effects related to high plasma concentrations. 
Hence, we can conclude that chitosan nanoencapsulation 
widens the therapeutic window of primaquine by a factor 
of more than 6, matching the 6.5 times increased volume 
of distribution in favor of its target organ [16], [31].

Conclusion

Primaquine nanoparticles obtained using 
chitosan as a carrier had an ideal particle size distribution 
and good entrapment efficiency. Furthermore, in vivo study 
in the rats showed that nanoencapsulation successfully 
enhanced primaquine delivery to the liver. Future 
studies should optimize our nanoparticle preparation’s 
entrapment efficacy, stability, and reproducibility and 

Table 3: Pharmacokinetic profile of conventional primaquine and primaquine‑chitosan nanoparticles
Pharmacokinetic parameters Primaquine Primaquine‑chitosan nanoparticles 95% confidence interval p‑value
AUC (µg/mL) 3.54 ± 0.023 1.66 ± 0.155 1.76; 2.01 <0.001*
Cmax ((µg/mL) 1.77 ± 0.11 0.75 ± 0.02 0.5389; 1.5011 0.0118*
Tmax (h) 1.5 1.5 ‑ ‑
Ka (per h) 1.53 ± 0.11 1.96 ± 0.32 1.88; 1.03 0.336
Ke (per h) 0.85 ± 0.01 0.28 ± 0.01 0.47; 0.63 <0.001*
t1/2abs (h) 0.45 ± 0.03 0.36 ± 0.06 −0.20; 0.38 0.313
t1/2el (h) 0.82 ± 0.01 2.46 ± 0.08 −2.02; −1.27 0.0027*
Clearance (L/h) 0.87 ± 0.01 1.88 ± 0.18 −1.76; −0.25 0.0291*
Vd (L) 1.03 ± 0.02 6.65 ± 0.39 −7.30; −3.94 0.0048*
AUC: Area under the curve, Cmax: Maximum concentration, Tmax: Time to reach Cmax, ka: Absorption rate constant, t1/2 absorption: Absorption phase half‑life, ke: Elimination rate constant, t1/2 elimination: Elimination phase half‑life, 
Vd: The volume of distribution. *Significant at P < 0.05.
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explore the potential clinical application of primaquine-
chitosan nanoparticles in antimalarial therapy.
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