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a  b  s  t  r  a  c  t

Various  strategies  to  deliver  antimalarials  using  nanocarriers  have  been  evaluated.  However,  taking  into
account the  peculiarities  of  malaria  parasites,  the  focus  is  placed  mainly  polymer-based  chitosan  nanocar-
riers. Our  purpose  of  the  study  is  to develop  chitosan–tripolyphosphate  (CS–TPP)  nanoparticles  (NPs)
conjugated  chloroquine  in application  for attenuation  of  Plasmodium  berghei  infection  in Swiss  mice.  NPs
were prepared  by  ionotropic  gelation  between  CS  and  sodium  TPP.  In  the  study,  the  interaction  of CS
and  TPP  and  the presence  of  chloroquine  at the surface  of  chitosan–TPP  NPs  have  been  investigated  by
means  of  different  methods  like  FTIR,  DLS,  and  zeta  potential.  After  drug  preparation,  effective  dose  of  the
hitosan
ripolyphosphate
anochloroquine
nti-malarial drug
lasmodium berghei

nanoconjugated  chloroquine  (Nch)  among  100,  250,  and  500  mg/kg  bw/day,  was  studied  against  P. berghei
infection  in  Swiss  mice  by  blood  smear  staining  and  biochemical  assay  of  different  inflammatory  mark-
ers,  and  antioxidant  enzyme  levels  also  performed.  After  evaluating  the  effective  dose,  dose-dependent
duration  study  was  performed  for 5, 10,  15  days.  From  the  present  study  the  maximum  effect  of  Nch
was  found  at  250  mg/kg  bw  concentration  for  15  days  treatment.  So,  this Nch  might  have potential  of
application  as  therapeutic  anti-malarial  and  antioxidant  agent.
. Introduction

Pharmaceuticals and pharmaceutical carriers represent cur-
ently an important and still growing area of biomedical research
y the help of the basic property of any multifunctional nanocar-
ier. Nanotechnology is a multidisciplinary field covering the
esign, manipulation, characterization, production and application
f structures, devices and systems at nanometer scale (1–500 nm

ize range) which at this size range present with unique or supe-
ior physicochemical properties (Bawa et al., 2005). Chitin is an
nteresting biopolymer to prepare nano sized particle, owing to

Abbreviations: CRP, C-reactive proteinase; DTNB, 5′ ,5′-dithio(bis)-2-
itrobenzoic acid; EDTA, ethylene diamine tetra acetate; GR, glutathione reductase;
SH, reduced glutathione; GSSG, oxidized glutathione; H2O2, hydrogen peroxide;

C, infected control; LDH, lactate dehydrogenase; MDA, malondialdehyde; MPO,
yeloperoxidase; NADPH, nicotinamide adenine dinucleotide phosphate; Nch,

anochloroquine; OPD, O-diamisidine; PBS, phosphate buffer saline; ROS, reactive
xygen species; SGOT, serum glutamate oxalate transaminase; SGPT, serum gluta-
ate pyruvate transaminase; TBA, thiobutiric acid; TBARS, thiobutiric acid reactive

ubstance; TCA, trichloro acetic acid; TrxR, thioredoxine reductase.
∗ Corresponding author. Tel.: +91 3222 275329; fax: +91 3222 275329.
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its unique polymeric cationic character, good biocompatibility,
biodegradability, its mucoadhesivity, and absorption-enhancing
effects. Additionally, the use of a natural polymer as the carrier
material avoids any potentially toxic effects of nanoparticles (Wang
et al., 2012). Chitosan, a natural linear biopolyaminosaccharide
obtained by alkaline deacetylation of chitin (Fig. 1a), and sec-
ond abundant polysaccharide next to cellulose. Rendering amino
( NH2) and hydroxyl ( OH) groups, CS enables a high degree of
chemical modification. Chitin is a straight chain homopolymer
composed of (1,4)-linked N-acetyl glucosamine units, while CS
comprises of copolymers of glucosamine and N-acetyl glucosamine.
CS has one primary amino group and two free hydroxyl groups for
each C6 building unit. Due to the availability of free amino groups, it
carries a positive charge and reacts with many negatively charged
surfaces such as the cell membrane, mucus lining (due to nega-
tively charged sialic acid residues), and also with other anionic
polymers (Paliwal et al., 2012; Chakraborty et al., 2010). CS is a
weak base, insoluble in water and organic solvents, however, it is
soluble in dilute aqueous acidic solution (pH < 6.5), which can con-

vert the glucosamine units into a soluble form of protonated amine
(R NH3

+) (Lam et al., 2006). As such nanomedicine drug deliv-
ery system can reduce the drug dosage frequency, treatment time
and toxicity (Swai et al., 2008). Thus nanodrug delivery systems

dx.doi.org/10.1016/j.ijpharm.2012.05.064
http://www.sciencedirect.com/science/journal/03785173
http://www.elsevier.com/locate/ijpharm
mailto:sroy.vu@hotmail.com
dx.doi.org/10.1016/j.ijpharm.2012.05.064
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eem to be a promising and viable strategy for improving malaria
reatment.

Both passive and active nanotechnology-based drug delivery
ystems for malaria have been evaluated and they are able to deliver
he drug to the specific target in the human body where the malaria
arasite is located. In passive targeting, conventional nanocarriers
r surface-modified long-circulating nanocarriers can be used (Kato
t al., 2003; Soma et al., 2000). Although it is true that the phar-
acokinetics of drugs differ between humans and mice, it is also

rue that all mammalian plasmodium species have comparable life
ycles and are sensitive to the same drugs. The increasing resistance
f malaria parasites to available drugs increases the burden of dis-
ase and the need to develop new and effective anti-malarial agents
Guinovart et al., 2006). The outbreed albino mouse inoculated with
lasmodium berghei is generally considered to be a valid model for
he primary and large scale screening of drugs for eventual use
gainst human malaria. The use of strains of rodent malaria para-
ites can yield additional information concerning both its potential
alue against strains of human malaria, and the mode of action of a
ompound. Therefore, a credible in vivo screening system needs to
e established for testing the efficacy of these drugs against malaria
Peters et al., 1975).

The antimalarial drug policy states that all Plasmodium vivax
ases, undiagnosed fever cases, and clinical malaria cases should
e treated with chloroquine in full therapeutic doses. Chloroquine,
n effective drug on all five species of parasites, including some
trains of Plasmodium falciparum,  therefore, remains the main drug
or the treatment of all malarias in India except in PHCs with 10%
r more cases found resistant to it (Sharma, 2007). CQ acts against
he intraerythrocytic stage of the human malaria parasite, and is
hought to exert its toxic effect in the parasite’s acidic digestive
acuole (DV). Once inside the acidic DV, CQ becomes protonated
mostly diprotonated), which renders it less membrane-permeant
nd results in its accumulation to high concentrations but CQ
ecome ineffective due to efflux out of the DV, away from its pri-
ary site of accumulation and action (Lehane and Kirk, 2010). In

his fact, nano drug carrier may  overcome the efflux of CQ from DV
nd as well as may  reduce the resistant zone of the age old CQ.

This study seeks to synthesize, characterize the CS–TPP
anoparticle conjugated chloroquine and to determine whether the

nitial number of parasites inoculated and/or the medication after
noculation influence the anti-malarial efficacy of nanoconjugated
hloroquine against P. berghei NK65 infection in Swiss mice as mod-
ls, in order to ascertain the true value of its use in the treatment
f malaria.

. Materials and methods

.1. Parasites

The NK65 strain of P. berghei, used in this study was sup-
lied from Dr. Pralhad Ghosh’s Research Laboratory, Department
f Biotechnology, Delhi University, South Campus, Delhi, India and
aintained into sex and age-matched wild type mice by weekly

assage by intraperitoneal injection (Joshi et al., 2008) and blood
tage parasites were stored at −80 ◦C.

.2. Animals

Swiss male mice (6–8 weeks old, weight 20–25 g) were used to
ull fill the experiments. Animals were maintained in accordance

ith the guidelines of the National Institute of Nutrition, Indian
ouncil of Medical Research, Hyderabad, India, and approved by
he ethical committee of Vidyasagar University. The animals were
ed standard pellet diet with vitamins, antibiotic and water were
harmaceutics 434 (2012) 292– 305 293

given ad libitum and housed in polypropylene cage (Tarson) in the
departmental animal house with 12 h light and dark cycle under
standard temperature (25 ± 2 ◦C). The animals used in this study did
not show any sign of malignancy or other pathological processes.

2.3. Chemicals and reagents

Tris buffer, sodium chloride (NaCl), Triton-X 100, potassium
dihydrogen phosphate (KH2PO4), dipotassium hydrogen phos-
phate (K2HPO4), ethylene diamine tetra acetate (EDTA), sodium
hydroxide (NaOH), chloroform, sodium acetate, ammonium
acetate, potassium hydroxide (KOH), methanol, Gimsa, Tris–HCl,
formaldehyde, alcohol, diphenylamine (DPA) were procured from
Merck Ltd., SRL Pvt. Ltd., Mumbai, India. 5′,5′-dithio(bis)-2-
nitrobenzoic acid (DTNB), standard reduced glutathione (GSH),
glutathione reductase (GR), NADPH, Na4, NADPH, oxidized glu-
tathione (GSSG) were procured from Sigma (St. Louis, MO,  USA).
Commercially available histopaque 1077, hepes, Phorbol mirested
aceted (PMA), horse heart cytochrome-c, fetal calf serum, Mini-
mal  Essential Medium (MEM), Dulbecco Modified Eagle’s medium
(DMEM) were purchased from Sigma Chemical Co., USA. All other
chemicals were from Merck Ltd., SRL Pvt. Ltd. Mumbai and were of
the highest purity grade available.

2.4. Drug preparation

2.4.1. Preparation of chitosan–TPP nanoparticle
Chitosan nanoparticles were prepared by ionotropic gelation

between chitosan and sodium tripolyphosphate (Shu and Zhu,
2002). The synthetic procedure involves the dissolution of 0.1 g
chitosan in 100 ml  of 1% acetic acid. Then three different concen-
trations of TPP (0.6, 1.2, 1.8 mg/ml) were prepared by dissolving
respective amount of TPP in deionized water. Under magnetic
stirring at room temperature, 5 ml  of different concentrated TPP
solution was added into 15 ml  of 1 mg/ml  chitosan solution drop
wise to maintain chitosan to TPP weight ratio of 5:3, 5:2, 5:1 respec-
tively. Then the reaction was  stirred for 6 h. Finally the particles
of different sizes were obtained depending upon chitosan to TPP
weight ratio, which was collected by centrifugation at 12,000 rpm
for 10 min. These particles were further purified by washing sev-
eral times with deionized water followed by centrifugation. Finally
these particles were dried at 60 ◦C.

2.4.2. Particle characterization
2.4.2.1. Fourier transform infrared spectroscopy (FTIR) study. FTIR
scanning was  performed in transmission mode using Perkin–Elmer
spectrometer equipped with a DTGS KBr detector and a KBr beam
splitter with constant nitrogen purging. IR grade KBr was  used as
scanning matrix. One to two  milligram of fine sample powder and
90–100 mg  of KBr powder were mixed and dried completely, then
transferred to 13 mm die to make a nearly transparent and homoge-
neous pallet. All spectra were taken at 4 cm−1 resolution, averaged
over 20 scans in the range 400–4000 cm−1.

2.4.2.2. Dynamic light scattering (DLS) study of particle. Particle
size was measured and analyzed with a dynamic light scatter-
ing analyzer (Malvern Instrument). The analysis was performed
at scattering angle 90 ◦C under 25 ◦C. In brief, particle were sus-
pended in deionized water at a concentration of 1 mg/ml then
the sample was  sonicate using a sonicator bath until sample was
form a homogenous suspension. For size measurement by DLS,
sonicated stock solution of particle (0.5 mg/ml) was  diluted four

times.

2.4.2.3. Zeta potential measurements of particle. The zeta (�) poten-
tial is the electrostatic potential that exists at the shear plane of
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Fig. 1. Schematic representation of (a) chemical structure of chitosan, the polymer is obtained by the partial deacetylation of naturally occurring polymer, chitin; (b) the
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reparation of CS–TPP nanoparticle; (c) interaction mechanism of between chitosa

 particle, which is related to both surface charge and the local
nvironment of the particle. The zeta potential of our samples was
etermined with a Zeta Potential Analyzer from Brookhaven Instru-
ents Corporation. For measurement the zeta (�) potential value,

hitosan–TPP NPs were suspended in deionized water to the con-
entration 0.05 mg/ml.

.4.2.4. In vitro cyto-toxicity of chitosan–TPP nanoparticles by MTT
ssay. The HeLa cell lines were cultivated for in vitro experi-
ents. Cell lines were obtained from the National Centre for Cell

ciences (NCCS) Pune, India. It was cultured in Dulbecco Mod-
fied Eagle’s medium (DMEM) and Minimal Essential Medium
MEM)  supplemented with 10% fetal calf serum, 100 units/ml
enicillin and 100 �g/ml streptomycin, 4 mM l-glutamine under
% CO2 and 95% humidified atmosphere at 37 ◦C. HeLa cell

ines were seeded into 96 wells of tissue culture plates hav-
ng 180 �l of complete media and were incubated for 18 h.
hitosan–TPP nanoparticle was added to the cells at different

oncentrations were incubated for 72 h at 37 ◦C in a humidi-
ed incubator maintained with 5% CO2, The cell viability was
stimated by 3-(4,5-dimethylthiazol)-2-diphenyltertrazolium bro-
ide (MTT) (Chakraborty et al., 2011a,b).
tripolyphosphate: (i) deprotonation; (ii) cross linking.

2.4.3. Loading of drug on nanoparticles and its characterization
2 mg/ml  chloroquine solution was  prepared by dissolving 40 mg

of drug in 20 ml  of deionized water. Then 3–4 drops of diluted
phosphoric acid was added to above chloroquine solution. Finally,
drug loaded chitosan–TPP NPs was obtained by adding 5 ml  of
chitosan–TPP NPs solution (1 mg/ml) in 5 ml  of above drug solu-
tion. This reaction was stirred for 24 h at room temperature. Drug
conjugated chitosan NPs was obtained followed by above cen-
trifugation process and free chloroquine was discarded. Then the
chloroquine encapsulated nanoparticles was dry in oven at 40 ◦C.
Then this nanoconjugated chloroquine was taken various weights
and biological study was carried out. The drug loaded NPs was char-
acterized by FTIR, DLS and zeta potential according to the process
of nanoparticle characterization.

2.4.3.1. Actual drug content and encapsulation efficiency. Actual
drug content and encapsulation efficiency were measured by the
method of Cevher et al. (2006).  After 36 h of stirring, the mix-

tures were centrifuge at 3500 × g for 10 min  to get nanoconjugated
chloroquine as pallet. Drug content was determined by analyz-
ing the CS–TPP solution and pallet (dissolve in 1.0 ml  PBS, pH 7.4)
using Hitachi U2001 UV/Vis spectrophotometer at a wavelength
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f 343 nm with PBS as reference (Takla and Dakas, 2002). Drug
ontent was determined by comparing with the standard curve
f chloroquine which was achieved from chloroquine solution in
BS (pH 7.4) with concentration between 0.001 and 0.1 mg/ml.
ctual drug content (AC) and encapsulation efficiency (EE) were
alculated (Eqs. (1) and (2)). All analyses were carried out in tripli-
ate. Results are expressed as the mean percentage (w/w) ± S.D. of
hree formulations. Where Mact is the actual chloroquine content in
eighed quantity of CS–TPP, Mms is the weighed quantity of pow-
er of CS–TPP and Mthe is the theoretical amount of chloroquine in
S–TPP calculated from the quantity added in the process.

C (%) = Mact

Mms
× 100 (1)

E (%) = Mact

Mthe
× 100 (2)

.5. Parasite density determination and inoculums preparation

Standard inoculum was prepared from a donor mouse with P.
erghei parasitized erythrocytes. Thin blood films were made by
ollecting blood from tail vein, this was stained with Gimsa stain
nd the percentage of parasitemia was determined by counting the
umber of parasitized red blood cells out of 1000 blood cells in
0 random microscopic fields. The parasitemia has been presented

n percentage by with this formula: % of parasites = (no. of para-
ites in RBC/no. of RBCs) × 100. Our interested infected blood from
he donor mouse was obtained by cardiac puncture after anesthe-
ia with chloroform. Each mouse was infected intraperitoneal with
tandard inoculums of the 106 parasitized erythrocyte suspension
n phosphate buffered saline (0.2 ml)  from a donor mouse that was
repared based on percentage parasitemia (Tripathy et al., 2012).

.5.1. Effect of CS–TPP on parasitic infection
To evaluate whether CS–TPP NP itself have antimalarial activ-

ty, 100 mg/kg bw/day, 250 mg/kg bw/day and 500 mg/kg bw/day
S–TPP were treated by intraperitoneal injection to P. berghei

nfected mice for successive 10 days as per our previous published
ab report (Tripathy et al., 2012). Mice were divided into 5 groups of
ix (6) animals each. Group I: Control; Group II: P. berghei infection
ontrol; Group III: P. berghei infection control +100 mg/kg bw/day
S–TPP; Group IV: P. berghei infection control +250 mg/kg bw/day
S–TPP; Group V: P. berghei infection control +500 mg/kg bw/day
S–TPP.

.6. Experimental design

.6.1. Effective dose determination study of nanoconjugated
hloroquine against P. berghei infection

To determine the effective dose, 100 mg/kg bw/day, 250 mg/kg
w/day and 500 mg/kg bw/day nanoconjugated chloroquine were
reated by intraperitoneal injection to P. berghei infected mice for
uccessive 10 days (Tripathy et al., 2012). Mice were divided into

 groups of six (6) animals each. Group I: Control; Group II: P.
erghei infection; Group III: P. berghei infection +100 mg/kg bw/day
anoconjugated chloroquine (Nch); Group IV: P. berghei infection
250 mg/kg bw/day Nch; Group V: P. berghei infection +500 mg/kg
w/day Nch.

.6.2. Effective duration determination study of nanoconjugated
hloroquine against P. berghei infection
To determine the effective duration, P. berghei infected mice
ere injected intraperitoneal with their effective dose of Nch,

espectively for 5 days, 10 days and 15 days. After sacrifice blood
ample (n = 6/group) was used for quantification of parasitemia,
harmaceutics 434 (2012) 292– 305 295

preparation of serum and separation of lymphocyte, RBC for bio-
chemical estimation of different parameters.

2.7. Separation of serum, lymphocyte and RBC

Serum was separated by centrifugation of blood samples at
1500 × g for 15 min  taken without anticoagulant. Serum was kept
at −80 ◦C for the biochemical estimation of different parameters.
Lymphocytes were isolated from blood heparinized blood samples
using standard isolation techniques (Tripathy et al., 2012). Blood
samples were diluted with equal amount of PBS (pH 7.0) buffer
and then layered very carefully on the density gradient (Histopaque
1077) in 1:2 ratios. Centrifuged at 500 × g for 20 min and the white
milky layer of mononuclear cells, i.e., lymphocytes were carefully
removed. The layer was  washed twice with the same buffer and
centrifuged at 3000 × g for 10 min  to get the required pellet of
lymphocytes and rest pellet as RBC was transferred in another cen-
trifuge tube and stored at −80 ◦C for further study. The pellets of
lymphocytes were lysed in a hypotonic lyses buffer for 45 min at
37 ◦C and kept at −20 ◦C until biochemical parameter experiment
(Sandhu and Kaur, 2002).

2.8. Biochemical estimation

2.8.1. Superoxide anion generation
The superoxide production was measured by the SOD-

inhibitable reduction of acetylated cytochrome c (Babior et al.,
2002). All groups of lymphocytes were resuspended in phosphate
buffer saline (PBS) supplemented with 1 mM l-NMMA  (NG-
methyl-l-arginine, to avoid sequestering of O2 by nitric oxide) at
2 × 106 cells/ml. 0.1 l g/ml phorbol 12-myristate 13-acetate (PMA),
a potent stimulant, and 20 lM horse cytochrome c were added
to lymphocyte suspensions. Cytochrome c reduction by gener-
ated superoxide was  then monitored spectrophotometrically at
550 nm wavelength with or without the addition of 3 lM SOD. The
superoxide generation assay was performed in room air conditions
(Goldstein et al., 1977).

2.8.2. NADPH oxidase activity
After the isolation from control and infected blood, the lym-

phocytes of different groups prewarmed in Krebs ringer buffer
(KRB) with 10 mM glucose at 37 ◦C for 3 min  and PMA  (0.1 �g/ml)
prewarmed at 37 ◦C for 5 min  was added than the reaction was
stopped by putting in ice. Centrifugation was  carried out at 400 × g
for 5 min  and the resultant pellet was resuspended in 0.34 M
sucrose. The cells were then lysed with hypotonic lysis buffer.
Centrifugation was  carried out at 800 × g for 10 min and the super-
natant used to determine enzyme activity. NADPH oxidase activity
was determined spectrophotometrically by measuring cytochrome
c reduction at 550 nm.  The reaction mixture contained 10 mM
phosphate buffer (pH 7.2), 100 mM NaCl, 1 mM MgCl2, 80 �M
cytochrome c, 2 mM NaN3 and 100 �l of supernatant (final volume
1.0 ml). A suitable amount of NADPH (10–20 �l) was added last to
initiate the reaction (Heyneman and Vercauteren, 1984).

2.8.3. Nitrite generation (NO) and release
No generation and release was measured according to

Chakraborty et al. (2011a,b) using Griess reagent (containing 1
part of 1% sulfanilamide in 5% phosphoric acid, and 1 part of 0.1%
of N-C-1 napthyl ethylene diamine dihydrochloride). Reading was
taken in a UV spectrophotometer at 546 nm. The levels of NO were
expressed as �mol/mg protein.
2.8.4. C-reactive protein (CRP) level
C-reactive protein level in serum was estimated using a sand-

wich ELISA Kit (Tulip, Mumbai, India). The assay was performed as
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er the detailed instructions of the manufacturer. The levels of CRP
ere expressed as �g/dl.

.8.5. Lactose dehydrogenase (LDH) activity
LDH activity in serum was estimated using a sandwich ELISA Kit

Tulip, Mumbai, India). The assay was performed as per the detailed
nstructions of the manufacturer. The activity of LDH was  expressed
s �g/dl.

.8.6. Serum glutamate oxalate transaminase (SGOT) and serum
lutamate pyruvate transaminase (SGPT) activity

To measure enzymes SGOT and SGPT in serum, a modified pro-
ocol of the standard colorimetric end-point method was used
Reitman and Frankel, 1957). Briefly, 20 �l of serum was added
o 100 �l of reaction mixture in PBS, mixed, and incubated (37 ◦C,
0 min  and 30 min  respectively), followed by the addition of 100 �l
f 2,4-dinitrophenylhydrazine. The mixture was incubated for an
dditional 20 min  at room temperature. The reaction was stopped
y addition of 1 ml  of 0.4 M NaOH and absorbance was  read at
20 nm after 5 min.

.8.7. Myeloperoxidase (MPO) activity in serum
200 �l of serum was reacted with 200 �l substrate (contain-

ng H2O2 and OPD) in dark for 30 min. The blank was prepared
ith citrate phosphate buffer (pH 5.2) and substrate, in absence

f cell free supernatant. The reaction was stopped with addition
f 100 �l 2(N) sulfuric acid and reading was taken at 492 nm in a
pectrophotometer (Chakraborty et al., 2011a,b).
.8.8. Lipid peroxidation (MDA) level
The extent of lipid peroxidation was estimated as the concen-

ration of thiobarbituric acid reactive product malondialdehyde

ig. 2. The FT-IR spectra (a) of the chitosan–TPP, chloroquine loaded chitosan–TPP and the
ano  particle; (c) chloroquine loaded chitosan–TPP nano particle.
harmaceutics 434 (2012) 292– 305

(MDA) by using the method of Chakraborty et al. (2011a,b).  One
hundred microliters of sample was  added to 100 �l of double-
distilled water and 50 �l of 8.1% sodium dodecyl sulfate (SDS)
and incubated at room temperature for 10 min. Three hundred
and seventy-five microliters of 20% acetic acid (pH 3.5), along
with 375 �l of thiobarbituric acid (0.6%), was added to the tis-
sue solution and placed in a boiling water bath for 60 min. After
incubation, 250 �l of double-distilled water and 1.25 ml  of 15:1
butanol–pyridine solution were added to the mixture and cen-
trifuged for 5 min  at 2000 × g. The supernatant was removed and
measured at 530 nm with the use of the Hitachi U-2000 spec-
trophotometer. Malondialdehyde concentrations were determined
by using 1,1,3,3-tetraethoxypropane as standard.

2.8.9. Thioredoxin reductase activity (TrxR)
By using the method of Holmgren and Bjorsnstedt (1995) thiore-

doxin reductase (TrxR) activity was  measured by the reduction of
dithionitrobenzene (DTNB) in the presence of di-nucleotide phos-
phate reduced (NADPH). After initiating the reaction with NADPH,
the increase in absorbance was  monitored at 412 nm at room tem-
perature and specific activity was  calculated as units of enzyme
per mg  protein. The reaction mixture contained 100 mM potassium
phosphate buffer (PBS), pH 7.5, 2 mM EDTA, 3 mM DTNB, 0.2 mM
NADPH.

2.8.10. Hemolytic activity
Hemolytic activity was measured by using the method of Gupta

and Saxena (1980).  In briefly the aliquot samples of the parasite

preparations were mixed with 0.5 ml  of normal erythrocyte sus-
pension in small tubes and the final volume was made to 2.0 ml
with 0.15 M saline and was incubated at 37 ◦C for 30 min. Then it
was centrifuged at 2000 × g for 10 min  later the supernatant was

 chloroquine. The dynamic light scattering study (DLS) study of the (b) chitosan–TPP
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easured at 540 nm and the parasite was substituted by saline
gainst a reagent blank.

.8.11. Determination of reduced glutathione (GSH)
Reduced glutathione estimation in the cell lysate was  performed

y the method of Chakraborty et al. (2011a,b).  The required amount
f the cell lysate was mixed with 25% of trichloroacetic acid and
entrifuged at 2000 × g for 15 min  to settle the precipitated pro-
eins. The supernatant was aspirated and diluted to 1 ml  with 0.2 M
odium phosphate buffer (pH 8.0). Later, 2.0 ml  of 0.6 mM DTNB was
dded. After 10 min  it was measured at 405 nm. A standard curve
as obtained with standard reduced glutathione. The level of GSH
as expressed as �g/mg protein.

.8.12. Oxidized glutathione level (GSSG)
The oxidized glutathione level was measured after derivati-

ation of GSH with 2-vinylpyidine according to the method of
hakraborty et al. (2011a,b).  In brief, with 0.5 ml  cell lysate, 2.0 �l
f 2-vinylpyidine was added and incubates for 1.0 h at 37 ◦C. Then
he mixture was deproteinized with 4% sulfosalicylic acid and cen-
rifuged at 1000 × g for 10 min  to settle the precipitated proteins.
he supernatant was aspirated and GSSG level was  estimated with
he reaction of DTNB at 412 nm in spectrophotometer and calcu-
ated with standard GSSG curve. The level of GSSG was expressed
s �g/mg protein.

.8.13. Redox ratio (GSH/GSSG)
Redox ratio was determined for all the five groups by taking the

atio of reduced glutathione/oxidized glutathione.

.8.14. Activity of glutathione reductase (GR)
The GR activity was measured by the method of Chakraborty

t al. (2011a,b).  The tubes for enzyme assay were incubated at
7 ◦C and contained 2.0 ml  of 9 mM GSSG, 0.02 ml  of 12 mM NADPH,
a4, 2.68 ml  of 1/15 M phosphate buffer (pH 6.6) and 0.1 ml  of cell

ysate. The activity of this enzyme was determined by monitor-
ng the decrease in absorbance at 340 nm.  The activity of GR was
xpressed in terms of nmol NADPH consumed/min/mg protein.

.8.15. Activity of catalase (CAT)
Catalase activity was  measured in the cell lysate by the method

f Chakraborty et al. (2011a,b).  The final reaction volume of 3 ml
ontained 0.05 M Tris-buffer, 5 mM EDTA (pH 7.0), and 10 mM
2O2 (in 0.1 M potassium phosphate buffer, pH 7.0). About 50 �l
liquot of the lysates were added to the above mixture. The rate
f change of absorbance per min  at 240 nm was recorded. Catalase
ctivity was calculated by using the molar extinction coefficient
f 43.6 M−1 cm−1 for H2O2. The level of catalase was  expressed in
erms of mmol  H2O2 consumed/min/mg protein.

.8.16. Activity of superoxide dismutase (SOD)
SOD activity was determined from its ability to inhibit the auto-

xidation of pyrogallol according to Chakraborty et al. (2011a,b).
he reaction mixture consisted of 50 mM Tris (hydroxymethyl)
minomethane (pH 8.2), 1 mM  diethylenetriamine pentaacetic
cid, and 20–50 �l of cell lysate. The reaction was initiated by addi-
ion of 0.2 mM pyrogallol, and the absorbance measured kinetically
t 420 nm at 25 ◦C for 3 min. SOD activity was expressed as unit/mg
rotein.
.9. Protein estimation

Protein was  determined according to Lowry et al. (1951) using
ovine serum albumins as standard.
Fig. 3. Graphical presentation of (a) in vitro cyto-toxicity of chitosan–TPP nanopar-
ticles by MTT  assay and (b) in vivo antimalarial activity of CS–TPP nano particle.

2.10. Statistical analysis

The data were expressed as mean ± SEM, n = 6. Comparisons of
the means of control, and experimental groups were made by Stu-
dent’s t-tests (using a statistical package, Origin 6.1, Northampton,
MA  01060, USA), P < 0.05 as a limit of significance.

3. Results and discussion

Nanomedicine has the potential to restore the use of old and
toxic drugs by modifying their biodistribution, improve bioavail-
ability and reducing toxicity (Peters et al., 1975), so we  have
synthesized and characterized by conjugating the chloroquine with
CS–TPP NPs and it has been treated 100 mg/kg bw/day, 250 mg/kg
bw/day and 500 mg/kg bw/day in P. berghei infected Swiss mice to
evaluate the effective dose. To determine the effective duration, we
have charged the evaluated effective dose for 5 days, 10 days and
15 days in P. berghei infected Swiss mice after 10 days successive
infection.

3.1. Particle characterization
For certain period, drug delivery formulation based on CS
was usually prepared by chemically cross linking agents such as
glutaraldehyde which was responsible to induce toxicity. How-
ever, to overcome this disadvantage low molecular weights anion,
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Fig. 4. Graphical presentation of parasitemia (a and c); hemolytic activity (b and d) and thioredoxin reductase activity (e and f) during effective dose and effective duration
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tudy  respectively. Values are expressed as mean ± SEM, n = 6. *Significant differe
nfected control group.

PP were applied in the formulation preparation via electro-
tatic interaction (Lam et al., 2006). In the study, chloroquin was
ncorporated in nano-particle during the synthesis of CS–TPP. All
hese particles are characterized by FTIR spectroscopy, DLS, zeta
otential.

Cationic CS could react with multivalent counter ions to form
he intermolecular and/or intramolecular network structure by
onic interaction between NH3

+ protonated groups and negatively
harged counter ions of TPP. Due to hydrolysis, the small molecule
olyelectrolyte, sodium TPP, dissociate in water and released out
H− ions, so both OH− and P3O10

5− ions coexisted in the TPP solu-
ion and could ionically react with NH3

+ of CS (Fig. 1c). The present
tudy has been performed by FTIR spectroscopy for the compari-
on of FTIR spectra of the CS–TPP, CS–TPP loaded chloroquine and
hloroquine (Fig. 2a). The chloroquine loaded chitosan NPs reveals
ne most important peak at 1565 cm−1 that assigned to N O
tretching of amine presence in drug. The peak at 2927 cm−1 was

ttributing C H stretching of methylene group. The skeleton bands
f heterocyclic aromatic ring appears in the region 1565 cm−1 and
406 cm−1 stretching vibrations of C C, C N which indicated the
resence of chloroquine on chitosan NPs.
 < 0.05) compared to control group. #Significant difference (P < 0.05) compared to

The particle size has been established by DLS. Fig. 2b and c
shows respectively the particle size of the chitosan–TPP NP and
drug loaded nanoparticles. After analyzing data, it was  found that
chitosan–TPP nanoparticle size was  in the range of 150–225 nm and
the drug loaded nanoparticles size was in the range of 150–300 nm.
The highest fraction of chloroquine NP present in the solution was
of less than 250 nm.

Chitosan–TPP nanoparticles are mainly characterized by a
positive zeta potential. Interaction is therefore strong towards
any negative surface charge. We  also studied the zeta poten-
tial of the CS–TPP NPs and Nch. The positive charge of Nch
(+32.9 mV)  was slightly higher then CS–TPP NPs (+30 mV). This is
due to presence of positively charge amine group present in drug
molecule.

The cytotoxic activity of chitosan–TPP nanoparticle on HeLa cell
lines was evaluated by assessing the cell viability using a standard
MTT  assay method. Different concentration of chitosan–TPP NPs

(5–25 �g/ml) was  added to cells for 24 h. It was found that there was
no significant difference in cell viability between the cells treated
with chitosan–TPP NPs (Fig. 3a). Hence this chitosan–TPP NPs is
expected to be safe for biomedical applications.
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Table  1
Actual drug content and encapsulation efficiency of chloroquine loaded CS–TPP nanoparticle. Values are expressed as percentile ± S.D., n = 6.

nt % ±

m
a

i
5
i

3
c

t

F
e
d

Polymer Drug Polymer:drug ratio Actual drug conte

CS–TPP Chloroquine 1:1 27.36 ± 1.014 

Nanoconjugated chloroquine was successfully prepared in poly-
er:drug ratio of 1:1. Actual drug content was approximately 28%

nd the encapsulation efficiency was over 54% (Table 1).
It has also been found that CS–TPP NP itself have no antimalar-

al activity against P. berghei. As 100 mg/kg bw,  250 mg/kg bw and
00 mg/kg bw CS–TPP NP was administered in 10 days successive

nfected mice but parasitemia reduction was not observed (Fig. 3b).

.2. Effective dose and duration determination of nano

onjugated chloroquine against P. berghei infection

Plasmodium infection leads to increased oxidative stress in
he vertebrate hosts. The high proliferation rate of parasites
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ig. 5. Graphical presentation of superoxide radical generation (a and c); NADPH oxidase
ffective dose and effective duration study respectively. Values are expressed as mean ± S
ifference (P < 0.05) compared to infected control group.
 S.D. Theoretical drug content (%) Encapsulation efficiency % ± S.D.

50.00 54.72 ± 1.342

results in the production of large quantities of toxic redox-active
by-products (Romao et al., 2006). Reactive oxygen species (ROS)
are generated within the infected RBC (iRBC) as a result of degra-
dation of hemoglobin in the food vacuole of the parasite (Becker
et al., 2004). So, parasitemia and hemolytic activity was observed
in both to evaluate the effective dose and to determine the dose
dependent effective duration study. These were decreased signifi-
cantly (P < 0.05) by 16.99%, 56.63%, 48.23% and 23.48%, 31.18%, and
28.92% respectively after 100 mg/kg bw/day, 250 mg/kg bw/day,

500 mg/kg bw/day Nch treatment respectively (Fig. 4a and b). After
duration study the reduction of parasitemia was  18.91%, 58.48%,
98.16% and hemolytic activity decreased significantly (P < 0.05) by
7.28%, 19.65%, 28.55% (Fig. 4c and d). However, the result of Nch
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EM, n = 6. *Significant difference (P < 0.05) compared to control group. #Significant
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Fig. 6. Graphical presentation of nitric oxide generation of lymphocyte and nitric oxide release serum (a and b) and (c and d) during effective dose and effective duration
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nfected control group.

reatment suggests that a complex relationship exists between the
arasite load and the efficacy of the drug. Hemoglobin proteoly-
is in intraerythrocytic malaria parasites is a biochemical event.
he oxidant haeme group is separated from globin chains, a pro-
ess in which Fe2+ is oxidized to Fe3+ and electrons produced react
ith molecular oxygen to form oxygen radicals (Mohan et al., 1992;

rancis et al., 1997). Our data suggested that hemolytic activity and
arasitemia markedly decreased at 250 mg/kg bw/day Nch for 15
ays treatment.

During infection, TrxR is responsible for transferring of electrons
rom NADPH to thioredoxin to contribute the antioxidant capacity
f the cell. Plasmodium TrxR differs significantly from mammalian
ounterpart. Thioredoxin functions as redox messenger in para-
ite maintaining reduced intracellular environment (Mohan et al.,
992). Our result also reveals that TrxR activity also significantly
P < 0.05) increased by 64.28% in infected groups as compared with
ontrol, in Nch treated groups it decreased significantly (P < 0.05) as
ompared to infected group and maximally the activity decreased
y 37.19% at 250 mg/kg bw/day Nch treatment (Fig. 4e). In case
f duration study, TrxR activity increased 34.41%, 53.5%, 53.54% in
nfected control group respectively, but nanoconjugated chloro-
uine decreased TrxR activity significantly (P < 0.05) by 19.8%,
1.95%, 33.61%; after 5 days, 10 days and 15 days treatment, respec-
ively (Fig. 4f).

Superoxide anion (O2
•−) generation and NADPH oxidase activity
n lymphocytes was significantly (P < 0.05) increased in P. berghei
nfected group by 53.05% and 45.73% respectively. But nanoconju-
ated chloroquine (Nch) treatment decreased the O2

•− generation
nd NADPH oxidase activity, as compared to infected control.
100 mg/kg bw Nch supplementation decreased the O2
•− generation

9.31%, NADPH oxidase activity 16.65% and 500 mg/kg bw Nch sup-
plementation decreased the O2

•− generation 28.43% and NADPH
oxidase activity 19.96%, and 250 mg/kg bw Nch reduced the O2

•−

generation 31.88% and NADPH oxidase activity 24.80% maximally
as compared to their infected groups (Fig. 5a and b). During duration
study we also found, superoxide generation and NADPH oxidase
activity were increased significantly (P < 0.05) by 42.62%, 52.75%,
52.92% and 59.11%, 95.57%, 90.73% in P. berghei infected group,
respectively, after 5 days, 10 days and 15 days of infection. Treat-
ment of 250 mg/kg bw/day nanoconjugated chloroquine in infected
group decreased O2

•− generation and NADPH oxidase activity sig-
nificantly (P < 0.05) by 13.66%, 24.12%, 30.43% and 13.23%, 32.62%,
40.48%; after 5 days, 10 days and 15 days successive treatment,
respectively (Fig. 5c and d). The generation of superoxide anion
and activation of NADPH oxidase was observed to increase signif-
icantly (P < 0.05) in lymphocytes due to P. berghei infection. The
activated NADPH oxidase transports electrons from NADPH on the
cytoplasmic side of the membrane to oxygen in the extracellular
fluid to form O2

•−. This O2
•− leads to oxidative damage of macro-

molecules including lipid, protein, DNA and antioxidant enzymes
(Babior et al., 2002). But our study support that nano conjugated
chloroquine protect the immune cell through reducing the NADPH
oxidase activity and excess O2

•− generation.
Lipid peroxidation is important determinant to assess the cel-
lular damage. Lipid peroxidation in lymphocytes was measured
in terms of malondialdehyde (MDA). MDA  level decreased sig-
nificantly (P < 0.05) by 25.14%, 28.28%, 21.35% respectively as
compared to infected control after 100 mg/kg bw, 250 mg/kg bw
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Fig. 7. Graphical presentation of reduced glutathione (GSH) level and redox ratio (a–d); oxidized glutathione (GSSG) activity (e and f) of lymphocytes during effective dose
and  effective duration study respectively. Values are expressed as mean ± SEM, n = 6. *Significant difference (P < 0.05) compared to control group. #Significant difference
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P  < 0.05) compared to infected control group.

nd 500 mg/kg bw Nch treatment per day for 10 days succes-
ive treatment (Fig. 5e). MDA  level were increased significantly
P < 0.05) by 53.94%, 59.98%, 55.34% in infected group, respec-
ively, after 5 days, 10 days and 15 days of infection. Treatment of
50 mg/kg bw/day nanoconjugated chloroquine in infected group
ecreased MDA  level significantly (P < 0.05) by 19.64%, 26.84%,
2.89% after 5 days, 10 days and 15 days successive treatment,
espectively (Fig. 5f).

ROS arise from the production of nitric oxide and oxygen rad-
cals produced by the host’s immune system in response to iRBC
ursting and merozoite release (Becker et al., 2004). P. berghei

nfected mice blood lymphocyte showed the significantly (P < 0.05)
ncreasing of NO generation from infected group as compared to
ontrol group but Nch supplementation in different concentra-
ion decreased the NO generation (Fig. 6a). NO release in serum
as found to be increase significantly (P < 0.05) in infected group,
ut it also decreased after Nch supplementation (Fig. 6b). NO
eneration and release were increased significantly (P < 0.05) by
08.34%, 108.58%, 110.45% and 54.83%, 55.5%, 52.75% in P. berghei

nfected group, respectively, after 5 days, 10 days and 15 days of
infection. Treatment of 250 mg/kg bw/day Nch in P. berghei infected
group decreased NO generation and release significantly (P < 0.05)
by 10.26%, 22.4%, 39.32% and 13.37%, 19.19%, 28.33%; respectively
(Fig. 6c and d).

Glutathione is an important antioxidant in cellular system.
The plasmodium GSH pathway, in conjunction with the thiore-
doxin redox system, could indeed act as a primary line of defense
against oxidative damage (Salinas et al., 2004). So, to understand
glutathione level, we have measured both reduced glutathione
and redox ratio. Treatment with nano conjugated chloroquine
increased the reduced glutathione (GSH) level in Group III, Group
IV, Group V by 11.81%, 20.77%, 14.05% and 27.47%, 83.58%, 49.01%
respectively when compared with infected group (Fig. 7a and b).
Treatment of 250 mg/kg bw/day nanoconjugated chloroquine for
5, 10, 15 days in P. berghei infected group, GSH level and also redox
ratio increased by 5.3%, 7.01%, 15.82% and 42.04%, 55.17%, 76.13%

respectively (Fig. 7c and d). The GSSG level was also decreased in
treated group then infected group. In Fig. 7e, the dose of 250 mg/kg
bw showed the effect 34.15%, 100 mg/kg bw showed 13.97% and
500 mg/kg bw showed 15.06%. During 5, 10 and 15 days treatment
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Fig. 8. Graphical presentation of superoxide dismutase (SOD) activity (a and d); catalase activity (b and e); glutathione reductase (GR) activity (c and f); of lymphocytes during
effective dose and effective duration study respectively. Values are expressed as mean ± SEM, n = 6. *Significant difference (P < 0.05) compared to control group. #Significant
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ifference (P < 0.05) compared to infected control group.

chedule the GSSG level significantly decreased (P < 0.05) by 25.47%,
0.47%, 34.25% respectively (Fig. 7f).

The superoxide dismutase (SOD), catalase (CAT), glutathione
eductase (GR) activity were measured to understand the antiox-
dant status of different group of lymphocytes. The activity
f antioxidant (SOD, CAT and GR) enzymes were decreased
32.85%, 21.58%, 35.02% respectively) significantly (P < 0.05) when
ompared to their control. These antioxidant activities were sig-
ificantly (P < 0.05) rose in Nch supplemented group as compared
o their infected group. Among the different concentrations of
ch, 250 mg/kg bw is the most effective dose (SOD: 56.27%, CAT:
7.16%, GR: 44.18%) to play a protective role against the P. berghei
nfection (Fig. 8a–c). SOD, CAT, and GR activity were decreased
ignificantly (P < 0.05) by 26.05%, 35.01%, 89.58%; 11.65%, 20.00%,
1.57%; and 21.26%, 43.67%, 51.29% in P. berghei infected group,
espectively, after 5 days, 10 days and 15 days of nanoconjugated
chloroquine treatment (Fig. 8d–f) and for 15 days treatment is more
effective.

Imbalance between the generation of reactive oxygen species
(ROS) and the antioxidant system causes oxidative stress. Immune
cell uses ROS to carry out many of its functions. It needs appro-
priate levels of intracellular antioxidants to eliminate the harmful
effect of ROS. Glutathione is a crucial component of the antioxi-
dant defense mechanism, and it functions as a direct reactive free
radical scavenger (Sarkar et al., 1995). In the study decreased GSH
level may  be due to increasing level of lipid oxidation products
which may  be associated with less availability of NADPH required
for activity of GR to transform GSSG to GSH due to increase pro-

duction of ROS at a rate that exceeds ability to regenerate GSH in
lymphocytes with infection (Ray and Hussain, 2002). SOD, a chain
breaking antioxidant, plays an important role in protection against
deleterious effects of lipid peroxidation (Sullivan et al., 2000).



S. Tripathy et al. / International Journal of Pharmaceutics 434 (2012) 292– 305 303

d 

15 days10 days5 days

0

2

4

6

8

10

12

14

16

18

20

22

24

26

28

#
#

#

**

*

IU
/d

l

 Control   Infected control  Parasite infection + Nch

c 

15 days10 days5 days

0

2

4

6

8

10

12

14

16

18

#

#

*
*

#*

µ
m

o
le

/d
l

Control Infected control Parasite infection + Nch

,

0

2

4

6

8

10

12

14

16

18

20

#
#

#

*

µ
m

o
le

/d
l

Control Infected control IC+100 mg/kg bw Nch

IC+250 mg/kg bw Nch IC+500 mg/kg bw Nch

a 
'

0

2

4

6

8

10

12

14

16

18

20

22

24

26

#
#

#

*

IU
/d

l

Control Infected control IC+100 mg/kg bw Nch

IC+250 mg/kg bw Nch IC+500 mg/kg bw Nch

b 

15 days10 days5 days

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0.70

0.75

#

#

#

*
*

*

µ
m

o
le

/m
g
-p

ro
te

in

Control Infected control Parasite infection + Nch

f 

'

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0.70
*

#

#

#

µ
m

o
le

/m
g
-p

ro
te

in

 Control   Infected control   IC+100 mg/kg bw Nch 

 IC+250 mg/kg bw Nch   IC+500 mg/kg bw Nch

e 

F ogena
e an ± S
d

s
t
a
a
s
l
a
i
t
n
M
N
M
p
i
b
d
c
(

ig. 9. Graphical presentation of C-reactive protein level (a and c); lactate dehydr
ffective dose and effective duration study respectively. Values are expressed as me
ifference (P < 0.05) compared to infected control group.

CRP and LDH level were significantly (P < 0.05) increased in
erum of P. berghei infected mice blood as compared to respec-
ive control groups and after Nch treatment the LDH level and CRP
ctivity significantly (P < 0.05) decreased by 11.94%, 22.04%, 18.71%
nd 15.22%, 24.07%, 21.23% in treated groups during effective dose
tudy (Fig. 9a and b). During effective duration study CRP and LDH
evel significantly (P < 0.05) decreased by 3.93%, 15.87%, 23.03%
nd 10.55%, 21.60%, 32.2% respectively (Fig. 9c and d). MPO  is an
mportant enzyme to produce hypochlorus acid in cellular system
hat leads to oxidative damage. So, it is an important determi-
ant to establish the free radical generation in P. berghei infection.
PO  activity is significantly (P < 0.05) increased in infected group.
ch, 100 mg/kg bw, 250 mg/kg bw,  500 mg/kg bw decreased the
PO  activity significantly (P < 0.05) by 16.58%, 32.85%, 18.82% com-

ared to their infected group (Fig. 9e). Serum MPO  activity were
ncreased significantly (P < 0.05) by 44.55%, 54.63%, 57.48% in P.

erghei infected group, respectively, after 5 days, 10 days and 15
ays of infection. Treatment of 250 mg/kg bw/day nanoconjugated
hloroquine in infected group decreased MPO  activity significantly
P < 0.05) by 10.55%, 21.60%, 32.2%; after 5 days, 10 days and 15 days
se (LDH) level (b and d); and myeloperoxidase activity (e and f) of serum during
EM, n = 6. *Significant difference (P < 0.05) compared to control group. #Significant

successive treatment, respectively (Fig. 9f). In the presence of serum
derived MPO, ROS generates hypochlorus acid (HOCl) and initiate
the deactivation of antiproteases and the activation of latent pro-
teases, that leads to the tissue damage (Kapoor and Banyal, 2011).
In our study, Nch supplementation also inhibits the MPO  activity
which was  increased due to malaria parasite infection; suggest that
protective role of Nch.

SGOT and SGPT activity were significantly (P < 0.05) increased
in serum of P. berghei infected mice blood, as compared to its
control. 100, 250, 500 mg/kg bw/day Nch supplementation among
three concentration drugs showed the effect of decreasing the SGOT
and SGPT level in treated groups by 10.09%, 24.07%, 20.76% and
6.72%, 29.81%, 22.99% respectively, as compared to its infected
groups (Fig. 10a and b). SGOT, and SGPT level were increased sig-
nificantly (P < 0.05) by 52.45%, 55.13%, 53.49%; and 53.82%, 57.31%,
55.59% in P. berghei infected group, respectively. After 5 days,

10 days and 15 days of nanoconjugated chloroquine treatment,
SGOT and SGPT level were decreased significantly (P < 0.05) by
16.17%, 26.82%, 31.28%; and 22.62%, 27.92%, 31.92% respectively
(Fig. 10c and d).
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. Conclusion

The study demonstrate that, ionically cross-linked CS–TPP
anoparticles act as drug delivery vehicles against rodent para-
ite and CS–TPP NP containing chloroquine, potentially eliminate
arasite and protects the lymphocytes, serum and RBC against
. berghei infection at the dose of 250 mg/kg bw/day for 15 days
aximally by decreasing free radical generation, lipid and protein

amage, and also by increasing the antioxidant status. Hence, the
anoconjugated chloroquine may  be used as a potential therapeu-
ic antimalarial agent, a free radical scavenger and antioxidative
roduct against malaria infection. However, further studies are nec-
ssary to clarify the relationship between the parasite load in the
ost, and also Nch bioavailability and/or its effectiveness against
hloroquine resistant parasite (this research will be reported in
ur next-coming publication), and the host responses, including
mmune mechanisms in the course of medication.
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