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Abstract

Malaria remains a leading cause of mortality worldwide, killing over 3,000 children every day. The resistance to all the major antimalarials
drugs have been developed in majority parts of the world by the malaria parasite. To overcome the problem of drug resistance combination of
drugs and nanotechnology based drug delivery systems are likely to be the new strategies in combating drug resistance. Chloroquine
phosphate is the most widely used antimalarial drug with lot more advantages compared to the other antimalarial drugs. But due to the
development of chloroquine resistance by the plasmodium strains in most parts of the world, it is no more effective in the treatment against
malaria. In this work, we developed a polymeric nanospheres containing combination of chloroquine and azithromycin, an azalide, a subclass
of macrolide antibiotic which has an antimalarial activity with the help of double emulsion technique. The least particle size obtained was 89.6
nm, polydespersity index (PDI) of 0.236, and zeta potential of -13.2mV. Combination of chloroquine and azithromycin showed synergistic
effects against parasite growth in-vitro with ECs, of 1.953ug/ml and ICs, of 1.11pg/ml. The in-vitro data suggest that combination of
chloroquine and azithromycin into PLGA-nanoparticles will have clinical utility in overcoming the problem of drug resistance through

intracellular targeting as well as useful for oral administration.
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INTRODUCTION

Malaria remains a leading cause of mortality worldwide, killing
over 3,000 children every day.' There were an estimated 247
million malaria episodes in 2006. Around 86% of these cases
occurred in Africa, causing over 1.25 million deaths.? Resistance
against the many existing antimalarials is well documented, 3 and
combining drugs can limit the emergence of resistance. The
design of nanotechnology-based delivery systems applied to drugs
and antigens are likely to be the main strategies in combating this
disease.’

Polymeric nanospheres (NS) constitute the most thoroughly
investigated nanocarriers for drug delivery, after liposomes.**®
The surface properties of the NS can be modulated using a wide
variety of polymers in order to obtain passive or active targeting
in the body . Due to their polymeric nature, NS generally possess
high stability in biological fluids and under stress conditions of
preparation and storage, which qualifies them as promising drug
delivery systems for antimalarials. However, when compared with
other drugs, fewer reports have been published on the delivery of
antimalarial drugs using polymeric systems such as NS.

The only report found on antimalarial drugs discusses the
entrapment of PQ in albumin-NS prepared by a combined
emulsification and congealing procedure.” However, these
formulations were not tested in vivo. One initial attempt has been
made to demonstrate the susceptibility of P. falciparum to
antisense  oligodinucleotide nanoparticles (ODN-NS).® This
interesting approach used antisense ODN chitosan NS about 50
nm in size to improve antisense ODN internalization by P.
falciparum-infected erythrocytes through erythrocyte permeation
pathways. The target was the malarial topoisomerase Il gene.®
Both negatively and positively charged antisense ODN chitosan
NS, as well as free antisense ODNs in a concentration of 0.5 puM,
showed a sequence-specific inhibition compared with sense
sequence controls. However, ODN-chitosan NS were much more
sequence specific in their antisense effect than free ODNs. ODN-
chitosan NS with a negatively-charged surface exhibited a
significantly stronger inhibitory effect (87%) on the P. berghei
growth in comparison with the positive ones (74%) or free ODNs

(68%). To our knowledge, this is the first study demonstrating the
susceptibility of P. falciparum to antisense ODN-NS.®

To prevent drug-resistance mechanisms in malaria therapy, new
strategies for intracellular antimalarial delivery are urgently
needed.’® Both Chloroquine transporters could be probably
bypassed by drugs encapsulated in nanosystems able to pass
through the digestive vacuole membrane by different
mechanisms."'2 These mechanisms could be membrane fusion
and membrane-induced instability triggered by pH differences in
the cell compartments. These approaches can be exploited in order
to reverse CQ-resistance using nanocarriers loaded with CQ. One
of these suggested strategies has already been reported with CQ
entrapped in pH-sensitive liposomes, even though in vivo
investigations were not carried out.™

Combination therapy is one method of overcoming the global
challenge of drug-resistance Plasmodium falciparum malaria.
Antibiotics are used in combination with antimalarial drug against
multidrug-resistant P. falciparum. Combination of the tetracycline
group of antibiotics with quinine and mefloquine has been used
successful in Southeast Asia to treat multidrug-resistant P.
falciparum cases.** > The artesunate—tetracycline combination
has been shown to be a useful alternative.'® *” The drugs of the
tetracycline group should not be used in pregnant women and
young children..

Azithromycin is a semisynthetic derivative of erythromycin that
differs from erythromycin by possessing methyl-substituted
nitrogen in the macrolide ring. This alteration allows for greater
bioavailability, increased tissue penetration and longer elimination
half-life compared with those of erythromycin.’® Azithromycin
has antimalarial activity against P. falciparum in vitro, P. berghei
and Plasmodium yoelii in vivo.®®%? The clinical trial of daily
oral azithromycin in adults is effective for prevention of
Plasmodium vivax malaria.?2 Azithromycin is approved for the
use in children (Zithromax product information, 1999; Pfizer Inc.,
New York), and is safe for pregnant women.*?* The objective of
this in vitro study is to determine and formulate a nano drug
combination between azithromycin and standard antimalarial
drugs against multidrug-resistant P. falciparum.
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MATERIALS AND METHODS

Materials

Chloroquine Phosphate was a gift from Ipca Laboratories
Limited(M.P)., Azithromycin was a gift sample from Medopharm,
Malur., Poly (D, L-lactide-co-glycolide) (PLGA) purchased from
Sigma Chemicals, (Mumbai, India). Poloxamer 188 (Pluronic F
68) was purchased from Sigma Aldrich (USA). Dialysis bag for
in-vitro release studies was procured from Hi Media, (Mumbai,
India). All other reagents used were analytical and Pharmaceutical
grade.

PREPARATION OF POLYMERIC NANOPARTICLES
(PNPs)

Polymeric nanoparticles were prepared by double emulsion
technique.?® First, w/o microemulsions were prepared. The oil
phase was DCM. Pluronic F-68 was used as a hydrophilic
surfactant solution was used as continuous phase. The chosen
polymer and the drug was added under stirring in DCM. Then the
other drug Chloroquine Phosphate dissolved in distilled water was
added drop wise into the (polymer+drug) oil phase. 40 mL of
aqueous surfactant solution was prepared and the w/o phase
solution prepared previously was added dropwise under stirring.
After completion of stirring, the PNPs solution was subjected to
ultrasonication for 1 minutes. Out of all the batches the batches
with lesser particle size was selected and was freeze dried.

EVALUATION POLYMERIC NANOPARTICLES
Particle size and zeta potential
Particle size and zeta potential of the solid lipid nanoparticles
were measured by photon correlation spectroscopy using a
Malvern  Zetasizer Nano ZS90 (Malvern Instruments,
Worcestershire, UK), which works on the Mie theory. All size
and zeta potential measurements were carried out at 25°C using
disposable polystyrene cells and disposable plain folded capillary
zeta cells, respectively, after appropriate dilution with original
dispersion preparation medium.
Polydispersity Index:
Polydispersity was determined according to the equation,
Polydispersity = D (0.9)-D (0.1)/ D (0.5)
Where,
D (0.9) corresponds to particle size immediately above 90% of the
sample.
D (0.5) corresponds to particle size immediately above 50% of the
sample.
D (0.1) corresponds to particle size immediately above 10% of the
sample.®
Encapsulation Efficiency and Drug Loading:
Entrapment efficiency and drug loading of freeze dried Polymeric
nanoparticles (PNP’s) was determined according to the procedure
described previously.?® Weighed quantities of PNP’s (10mg) were
dissolved in ACN +distilled water and kept in sonicator for 1 hour
Drug content in the supernatant after centrifugation (4000 rpm for
15 min) was determined by UV visible spectroscopy at 210 AND
343 nm using ACN + distilled water as blank.
Drug entrapment efficiency (%)

= Analyzed weight of drug in SLNs _ x 100

Theoretical weight of drug loaded in SLNs
Drug loading (%)
= Analyzed weight of drug in SLNs x 100

Analyzed weight of SLNs

Entrapment efficiency = 1 - Free drug/ Theoretical drug loadedx
100
External Morphological
microscopy):
External morphology of nanoparticles was determined using
Scanning Electron Microscopy (SEM). Samples were diluted with
ultra purified water to obtain a suitable concentration. Then the

Study SEM (Scanning electron

samples were spread on a sample holder and dried using vacuum.
They were subsequently coated with gold (JFC 1200 fine coater,
Japan) and examined by a Scanning Electron Microscopy (SEM).
Differential scanning calorimetry (DSC)

DSC analysis was performed using DSC Q200 (TA Instruments,
USA). A heating rate of 10°C/min was employed at a range of 20-
310°C. Analysis was performed under nitrogen purge (50ml/min).
A standard aluminium sample pans were used. About 5mg sample
was taken for analysis. An empty pan was used as reference. DSC
thermograms were recorded for Chloroquine Phosphate (CP),
Azithromycin ~ (AZl), PLGA and (CP+AZI) loaded
nanoparticles.?®

Drug content determination

100 mg of PNP’s was taken and dissolved in ACN & distilled
water (1:1) and sonicated for 1 hr. The resulted solution was
filtered with 0.22y filter to obtain clear solution. The standard plot
of drugs was prepared in ACN and distilled water .Then the drug
content was measured using UV at detection wavelength of 210
nm and 342nm using the formula: Conc of sample/conc of
standard X 100

In-vitro release studies

The dialysis bag diffusion technique was used to study the in-vitro
drug release of Olanzapine PLGA-nanoparticles.?” The release of
Chloroquine Phosphate and Azithromycin from the PNPs was
studied under sink conditions. Batches which showed higher drug
content and entrapment efficiency were evaluated for in vitro
release. PNPs equivalent to 1.24mg Chloroquine phosphate and
2.5mg Azithromycin were suspended in 10ml of dissolution
media (Phosphate buffer PH 7.4) and Dialysis membrane having
pore size 2.4nm and molecular weight cut off 12000-14000
(Dialysis membrane-150, HiMedia, Mumbai, India) was used.
The dialysis bag retains nanoparticles and allows the free drug
into the dissolution media.?® The dialysis bags were placed in
50mL of dissolution medium and stirred using magnetic stirring at
37+1.0 °C. Aliquots of the dissolution medium were withdrawn at
each time interval and the same volume of fresh dissolution
medium was added to maintain a constant volume. Samples
withdrawn from pH 7.4 phosphate buffer were analyzed for
Chloroquine Phosphate and Azithromycin content
spectrophotometrically at 343 nm and 210nm against solvent
blank.

Release Kkinetics

Invitro dissolution has been recognized as an important element in
drug development. Under certain conditions it can be used as a
surrogate for the assessment of bioequivalence. Several
theories/kinetic models describe drug dissolution from immediate
and modified release dosage forms. There are several models to
represent the drug dissolution profiles where f; is the function of t
(time) related to the amount of drug dissolved from the
pharmaceutical dosage system. To compare dissolution profiles
between two drug products model dependent (curve fitting),
statistic analysis and model independent methods can be used.?

In order to elucidate mode and mechanism of drug release, the in-
vitro data was transformed and interpreted at graphical interface
constructed using various kinetic models.

Mechanism of Drug release

Korsmeyer et al. developed a simple, semi empirical model,
relating exponentially the drug release to the elapsed time (t)

f[ = K tn

K is a constant incorporating structural and geometrical
characteristic of the drug dosage form, n is the release exponent, f;
is M;/ M., (fractional release of drug).

Depending on the relative magnitude of the rate of polymer
swelling to the rate of drug diffusion, various release profiles may
be possible. The situation where the polymer structural
rearrangement takes place rapidly in response to the swelling
solvent as compared to the rate of drug diffusion generally leads
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to Fickian diffusion, or the so-called first order release,
characterized by square root of time dependence in both the
amount released and the penetrating diffusion front position in
slab geometry.

In case of sorption process is completely governed by the rate of
polymer relaxation, the so-called Case Il transport, characterized
by linear time dependence in both the amount diffused and the
penetrating swelling front position, results. In most systems, the
intermediate solution, which is often termed non —Fickian or
anomalous diffusion, will prevail whenever the rates of diffusion
and polymer relaxation are comparable.

Kinetic constant incorporates structural and geometrical
characters of the drug/polymer system. For non-Fickian release,
the n value falls between 0.5 and 1.0 (0.5< n < 1.0), whereas in
the case of Fickian diffusion, n= 0.5; for zero-order release (case
transport), n=1, and for Supercase Il transport, n>1. The values of
n as estimated by linear regression of log (My M, vs log (t) of

RESULTS AND DISCUSSION

Particle size and zeta potential

Particle size, PDI and zeta potential of the prepared formulations
detected by Zetasizer are shown in Table 1 and Figure 1. The
mean particle size of each formulation was approximately 99nm.
The PDI of each formulation was lower than 0.4, indicating the
homogeneous nature of the formulation. No multi-scattering
phenomenon was observed.

As shown in Table 1, all formulations exhibit negative charge
of >-10 mV. The most likely origin of this negative charge is the
presence of the nonionic-type surfactant, Pluronic F-68.
Compared with blank NPs, we observed a slow increase in zeta
potential for CP-AZI nanoparticles, which might be caused by a
partial absorption of CP-AZI on NPs surface and the masking of
negative charges in surfactant.

Table 1. Characteristics of blank and drug-loaded NPs

different formulations were calculated. Zeta
Formulation Size (nm) PDI potential
Interpretations of Diffusion Mechanisms from Dosage Forms (mV)
Release Drug transport Rate as a function Blank NPs 101.7 0.287 -12.7
exponent (n) mechanism of time CP-AZIl NPs 89.7 0.236 -13.2
0.5 Fickian diffusion t%° Abbreviations: CP-AZI NPs, Chloroquine  Phosphate-
0.5<n<1.0 Anomalous transport | t"* Azithromycin loaded nanoparticles
1.0 Case-1I transport Zero order release
Hi Super case-Il n-1 Polydispersity: The polydispersity index (PI) is the measure of
igher than 1.0 t I . .
transport size distribution of the nanoparticle formulation. Pl was measured

In-Vitro: Growth inhibition assay

In-vitro analysis was performed at National Institute of Malaria
Research, New Delhi. Strain of P.falciparum was cultured
continuously according to the candle jar method of Trager and
Jensen in vitro in human red blood cells (blood type B) with 5%
hematocrit in LIQUID RPMI-1640 medium (HIMEDIA)
supplemented with 25 mM HEPES (Sigma), 0.2% sodium
bicarbonate (Sigma) and 10% human B* serum. Slides of culture
were observed after 3, 6 and 24 h for regular development of
parasite stages.

Chloroquine sensitive P.falciparum, 3D7 strain was used in the
experiment. The culture was synchronized using sorbitol and
parasitaemia was adjusted to 1-1.5% by diluting with fresh human
erythrocytes. The cells were diluted with complete media to make
8% haematocrit. Again the slides of culture were prepared and
observed for the calculation of parasitemia, particularly for young
trophozoites or ring stages. One mg of each compound/extract
was dissolved in 100 pL DMSO and 900 puL RPMI-1640 to obtain
a stock of 1mg mL? (stock solution). A series of eight
concentrations were prepared from the stock solutions by two fold
dilutions. After 24 h, thin films of the contents of each well were
prepared and examined under the microscope.

Parasite count for each blood film was made using a compound
microscope under the oil immersion with X100 objectives after
staining the film with eosin yellow and methylene blue. Each film
was observed at three different visual fields. The number of
schizonts per 200 parasites were noted and compared between
control and test wells for the determination of the % inhibition.
All doses were studied in cultures and the mean was observed for
purposes of inferences. The inhibition of parasite growth in the
drug treated groups was calculated as follows: Parasitaemia in the
control (non-treated) group, expressed as percentage.

Statistical analysis

One-way analysis of variance (ANOVA) was used to determine
statistical significances in cumulative release rate. The analysis of
all data was performed in the Graph Pad Prism v.5.0 software
(Trial version, Graph Pad Software, CA, USA).

using Malvern zetasizer. Pl values range from 0.416 to 0.236 i.e.
monodisperse to very broad particle size distribution. Pl values of
all the formulations indicate that particle size distribution was
unimodal. The optimized batch having least particle size (89.7nm)
had a PDI of 0.236 as shown in figure 1 and figure 2.

Resulls

Mean (mv) Area (%) St Dev (mV)
Zeta Potential (mv): -13.2
Zeta Deviation (mV): 673

Conductivity (mS/cm): 0.558

Peak1: -13.2 100.0 6.73
Peak 2: 0.00 0.0 0.00
Peak 3: 0.00 0.0 0.00
Result quality :

Zota Potential Distrioution

200000

150000-

100000

Total Counts

50000

0
Apparent Zeta Potential (mV)

Figurel.Zeta potential report for the nano formulation

Results
Size (dnm): *intensity  WWITh (dnm):
Z-Average (dnm): B9 7 Paak 12 9226 672 o
Pdi: 0235 Peak 2: 6a35 178 1887
Intercapt: 0937 Peak3: 2 1258 BEIT

Result qualify . Refer to quality repart

Sizw Distribasion by Ilensity
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Figure 2. Particle size distribution and polydispersity Index
for nano formulation
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Entrapment efficiency and Drug loading:

The polymeric core was found to affect the extent of entrapment
efficiency. As observed with PNP with 1:2:5 and 1:2:3.5 ratios of
drug: polymer the maximum entrapment efficiency was
59.75%(CP),75.38%(AZI) and 56.85%(CP),76.83%(AZI)
respectively as shown in table 2. There was not much significant
difference between the entrapment efficiencies incase of 1:2:3.5
and 1:2:5. The entrapment efficiency in case of 1:2:5 and 1:2:3.5
was much higher that 1:2:2.5and 1:2:1.25 because of presence of
higher amount of polymer in the former.

Polymer to surfactant ratio can affect the loading efficiency of the
formulations. The amount of pluronic F-68 was optimized in
range of 2-5% w/w against a constant amount of polymer. It was
observed that 5% w/w pluronic F-68 could entrap maximum drug.
The possible reason might be that at this concentration surfactant
provided sufficient covering to the lipid core so as to minimize
possible leaching of the drug.

Table 2. Entrapment efficiency and drug loading of drug
loaded batches with varying concentrations of drug: Polymer

ratio

Drug: Pc_)lymer Efr;?;z?g;t('% Drug loading (%)

ratio cp AZI cp AZI

1:1.25 45.52 61.4 6.78 7.12

1:2 56.85 76.83 8.4 7.84

1:35 52.95 71.55 8.18 9.89

1:5 59.75 75.38 7.89 9.67

Abbreviations: CP,Chloroquine Phosphate ; AZI,Azithromycin
Scanning electron  microscopy (SEM): The External
morphological ~studies (SEM) revealed that maximum

nanoparticles were nearly spherical in shape (Fig. 3). The
nanoparticle size observed by SEM correlated well with the
particle size measured by zeta sizer (Malvern instrument).

15kV  X10,000 200nm 10 36 SEI

Fig 3. Scanning electron micrograph (SEM) of polymeric
nanoparticles.

Differential scanning calorimetry (DSC)

DSC was employed to investigate the thermal behavior of
crystalline chloroquine phosphate, azithromycin, PLGA. DSC
thermograms were recorded for chloroquine phosphate,
azithromycin, PLGA, nano formulation. Fig.4 shows DSC curves
of chloroquine phosphate, azithromycin, PLGA and nanoparticles.
The DSC curve of chloroquine phosphate, azithromycin showed a
melting endotherm at 200.73°C and 126.19 °C. The peak intensity
corresponding to the melting of chloroquine phosphate,
azithromycin decreased in thermograms of (chloroquine
phosphate+azithromycin) loaded nanoparticles (172.24 °C and
52.18 °C). These results indicate that only a small fraction of the

drug substance existed in the crystalline state. Reduction in the
melting point and the enthalpy of the melting endotherm was
observed. Incorporation of (chloroquine phosphate +
azithromycin) inside the Polymer matrix results in an increase in
number of defects in the crystal lattice, and hence causes a
decrease in the melting point of the final formulations. Small
particle size of nanoparticles leads to high surface energy, which
creates an energetically suboptimal state causing a decrease in the
melting point. This melting point depression might be due to
small particle size (nanometer range), the high specific area, and
the presence of surfactant. This melting point depression can be
attributed to Kelvin effect.

azEwemycn 001
ehloroquine phosphate D01
=

05

Heat Flow (Wig)

=20 o - - B . v . . o . B o - - v . v B
@ 1o 150 20 250
Em Uy Temperature (*C)

Fig 4 : DSC spectra chloroquine phosphate, azithromycin,
PLGA and nanoparticles

Ursvarasl v T4 TA isstnuments

Drug Content Determination:

The drug content was determined in 115mg nanoparticles. The

drug content was found to be 28.45% and 40.9% AZI and CP for

when the samples were determined under UV at 210nm & 343nm.

% Drug Content

= Drug analyzed in N.P
theoretical drug Loaded

X 100

AZl =11.38/40 X 100
=28.45%
CP =9.41/20 X 100
=40.9 %

In vitro release studies:

In vitro dissolution studies were carried out in Phosphate buffer
pH 7.4 for the PNPs batches showing the least particle size. The
release profiles indicate that PNPs formulations showed a
retarded release of the drug from the polymer matrix. Hence it
proves that that the formulated PNPs shows sustained release of
the drug as shown in table 3.

Table 3. Comparative in vitro cumulative percent release data for
PNPs formulations in 7.4 pH phosphate buffer for Chloroquine
phosphate(CP) and Azithromycin(AZI)

CUMULATIVE PERCENT RELEASE (%)
TIME (Hours) (F1) (F2)
CP AZI CP AZl

0 0 0 0 0
1 20.78 5.11 20.78 5.95
2 24.36 10.14 25.52 10.15
3 30.38 17.70 29.13 19.37
4 33.92 33.63 33.92 34.48
6 41.04 47.98 39.89 45.50
12 50.52 54.91 52.83 56.58
24 65.84 68.55 64.69 72.73
36 76.61 83.09 77.77 84.79
48 86.28 88.55 89.76 91.09

Abbreviations: CP,Chloroquine Phosphate ; AZI,Azithromycin
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Table 4. Regression value for various kinetic models Chloroquine phosphate(CP) and Azithromycin(AZI)

RZ
Formulation Zero order First order Higuchi’s Peppas
CP AZI CP AZI CP AZI CP AZI
F1 0.866 0.826 0.980 0.969 0.983 0.943 0.976 0.884
F2 0.88 0.838 0.981 0.982 0.986 0.954 0.979 0.898
Abbreviations: CP,Chloroquine Phosphate ; AZI,Azithromycin
100 1 W %CLR(F1) 188
& - B %CLR(F2) %0
X 70
% g ®
8 =50 y
g s 4 y=11.719x + 7.9422
R E R? = 0.9832
g 3 20
E= 10 |-
= 0
% 0 2 4 6 8

Time(hrs) ——

Fig 4. Comparative in vitro cumulative percent release graph
for PNPs formulations in 7.4 pH phosphate buffer for
Chloroquine phosphate

m %CLR(F1)
100 | H %CLR(F2)
80 1
E 60 /’{’/_;'
F ) "
SEE J
2
® S -~
E 0 —_——— T
0 '_\__T___'"__—v——
3 12 3 4 6 _"f
1224 36 g
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Fig 5. Comparative in vitro cumulative percent release (%)
graph for PNPs formulations in 7.4 pH phosphate buffer for
Azithromycin

Release kinetics

In order to elucidate mode and mechanism of drug release, the
invitro data was transformed and interpreted at graphical interface
constructed using various Kinetic models including zero order,
first order, Higuchi’s and Ritger-peppas . The in vitro release data
obtained for polymeric nanoparticle formulations, in phosphate
buffer pH 7.4, was fitted into various kinetic models. The results
are shown in Table.

The best linearity was obtained in Higuchi’s plot for PNPs
formulation indicating the release from matrix as a square root of
time dependent process. The Higuchi’s plot for batches F1 and F2
for the drugs Chloroquine phosphate and Azithromycin are shown
in Fig. 20, 21, 22 and 23.

VTime

Fig 6. Higuchi’s plot for Chloroquine phosphate (F1)

y =12.069x + 7.3607

20 R? = 0.9862
10
0
0 2 4 6 8

VTime
Fig 7. Higuchi’s plot for Chloroquine phosphate (F2)
120
100
80
X
2 60
e .-y = 13.896x - 0.5605
L3° 20 : R?=0.9435
S
3 20
0
0 2 4 6 8

VTime

Fig 8. Higuchi’s plot for Azithromycin (F1)
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cumulative % release
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Fig 9. Higuchi’s plot for Azithromycin (F2)

Release mechanism: By incorporating the release data in
Korsmeyer-Peppa’s equation, the mechanism of the drug release
can be indicated according the value of release exponent ‘n’.
Peppa’s plot for PNPs are given in Fig. 24, 25, 26 and 27

2.5
X
) 2
>
2
© 15 /.—..
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1S
3 1 y =0.6752x + 1.3028
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. R*=0.9963
2 0.5
0
0 1 2
Log Time

Fig. 10. Korsmeyer Peppa’s plot for Chloroquine phosphate
(F1)

2.5
N
a
e 2
=
T
= 15
€
C 1
[o]]
c y = 0.6805x + 1.301
0.5 R?=0.997
0
0 0.5 1 1.5 2

Log Time

Fig 11. Korsmeyer Peppa’s plot for Chloroquine phosphate
(F2)
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Fig 12. Korsmeyer Peppa’s plot for Azithromycin (F1)
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Fig 13. Korsmeyer Peppa’s plot for Azithromycin (F2)

The release exponent values ‘n” for F1 and F2 was found to be
0.675 and 0.680 for Chloroquine phosphate and 0.697 and 0.682
respectively for Azithromycin. Since, the release exponent ‘n’
values were between 0.5-1, it indicates that the PNPs formulations
F1 and F2 undergo anomalous diffusion.

In-vitro: Growth inhibition assays:

The in-vitro growth inhibition assays were carried out for the two
formulated PNPs batches having the least particle size against the
Strain of P.falciparum cultured continuously according to the
candle jar method of Trager and Jensen in vitro in human red
blood cells (blood type B). The inhibition of parasite growth for
the two formulated PNPs batches was calculated for the ECsy and
I1C5 value. The ECsy and ICs value for the two formulated PNPs
batches were shown in the table 18.

Table 5. ECsy and 1C5, values for the batches F1 and F2

Formulation ECso (ug/ml) 1Cs (Lg/ml)
F1 1.953 1.11
F2 1.961 1.2
Chloroquine
Phosphate 0.0768 0.0436
Azithromycin 15.86 8.4
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From the obtained ECsy and 1Csq value for the PNPs batches we
can say the drug combination of Chloroquine phosphate and
Azithromycin showed synergistic effect against the Chloroquine
resistant P.falciparum.

100.00

90.00 1
80.00 -
70.00
60.00 -
50.00 4
40.00

30.00 4

Parasite % =——————

20.00
10.00 4 /\
0.00 T iy T
0.1 1 10 100 1000
Drug-Conc(pg/ml)l —— =
4 Data points —Y predicted

Fig 14. Graph showing growth inhibition of parasite.

DiSCUSSIONS:
The study on various process/ formulation variables revealed that
all the variables are important in formulation of Polymeric
nanoparticles. Batch prepared with 250mg Polymer concentration,
8 hours stirring time, 4000 rpm stirring speed and 5.0% wi/v
surfactant concentration showed minimum particle size and was
identified as an ideal batch.
The entrapment efficiency and drug loading was found to be
higher in PNP prepared by 1:2:5 drug;:drug,: Polymer
concentrations compared to 1:2:1.25, 1:2:3.5 and 1:2:2.5. Hence,
1:2:5 batch was chosen for the further studies that is in vitro
diffusion studies.
Batches prepared with pluronic F-68 gave ideal zeta potential
value.
In-vitro studies indicated that the PNPs showed good inhibitory
effect on the Strain of P.falciparum.

CONCLUSION:

In the present study, double emulsion technique can be used as a
method for the lab-scale production of PNP’s. hydrophilic drug
like Chloroquine phosphate and hydrophobic drug like
Azithromycin can be successfully incorporated into the polymer.
The formulated polymeric nanoparticles showed inhibitory effect
on the malarial strain and provided sustained release of the drugs.
Thus the formulated PNPg containing Chloroquine phosphate and
Azithromycin can be used to overcome the problem of drug
résistance, which was confirmed by the IC 50 value of invitro
growth inhibition assay. This might be due to the PNPs reaching
to the intracellular level.
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