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ABSTRACT

Malaria is one of the life-threatening infectious diseases caused by the Plasmodium parasites infect red blood cells of humans. The major
problem associated with malaria treatment and control is the spread and development of resistance against chemical insecticides. Hence, the
plant-based formulations may serve as an alternative source for the development of new drugs for the treatment of malaria. The present study
is an attempt to evaluate the antiplasmodial activity of synthesized gold nanoparticles (Au NPs) using the aqueous leaves extract of Coccinia
grandis against Plasmodium berghei and characterized by UV-Visible (UV-Vis) spectroscopy, Fourier transform infrared, X-ray diffraction,
Scanning electron microscopy with Energy dispersive X-ray spectroscopy, and Transmission electron microscopy (TEM) with selected area
(electron) diffraction analyzes. The UV-Vis spectra of Au NPs showed a surface plasmon resonance peak range of 500-600 nm. The TEM image
revealed the spherical shape with a mean particle size of 2.82 + 2.5 nm. The in vivo antimalarial activity of synthesized Au NPs showed a
significant (P < 0.001) chemosuppressive effect, with parasite suppression of 88.75%, compared to aqueous extracts of C. grandis showed
69.45% against P. berghei at 100 mg/kg body weight. To sum up, further phytochemical research is required in the future to standardize
C. grandis compounds with strong antiplasmodial activity and devise the best alternative nano herbal formulation to replace the synthetic

drugs currently in use.
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INTRODUCTION

Malaria is known as an acute febrile illness in endemic areas, and
the most infectious disease with 228 million cases worldwide and
405,000 malaria deaths in 2018 with children under 5 years of age."
The World Health Organization (WHO) reported that there were an
estimated 219 million malaria cases and 435,000 related deaths in
2017 and in India 4% of the global malaria burden and contributes
87% of the total malaria cases in Southeast Asia. However, several
challenges have emerged in recent years which pose a threat to
the country’s progress in its fight against malaria. These include
the development of malaria multi-drug resistance, insecticide
resistance, and rapid urbanization leading to the emergence of
malaria in urban areas, increased people migration, and climate
change.?® All these factors can seriously basket the country’s
malaria control efforts and therefore warrant imperative attention.
In order to analyze these challenges, this requires a constant effort
to explore new drugs, mainly with novel modes of action.

In the earlier reports, the synthesis of nanoparticles (NPs)
using plant extracts has evolved into an essential branch of
nanotechnology because of its perspective application in
biomedical, magnetic and energy science. Huge amounts of
synthesized NPs can be prepared easily using plants and the
maximum of these are non-toxic.*® Enormous attention focused
in current years on the synthesis of gold NPs (Au NPs) because
of their unique optoelectronic properties, their applications in
catalysis, biotechnology and drug delivery.” The ability of Au
NPs to strongly bind with biological molecules is being used to
target tissues by conjugating the NPs surface with appropriate
biomolecules.® Au NPs have gained increasing interest due
to their electronic properties and extraordinary optical, high
stability and biological compatibility, controllable morphology
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and size dispersion, and easy surface functionalization.”? A
significant attribute of Au NPs is their stability against oxidation
and degradation in vivo study and these appealing properties are
critical in the development of nanomaterials for use as clinical
therapeutics and diagnostic tools.™

Numerous techniques, such as photochemical, electrochemical,
chemical, radiation and biological, have been used for the
biosynthesis of Au NPs." Biological methods for NPs synthesis using
microorganisms, enzymes and plant extracts have been focused onas
possible eco-friendly alternatives to chemical and physical methods.
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The growing demand to produce safe processes for the synthesis
of NPs without utilizing toxic chemicals. Thus, there is a need for
“green chemistry” that includes a clean, non-toxic and environment-
friendly method of NPs synthesis.'? Earlier studies reported that the
biosynthesized Au NPs using plant extracts of Cassia auriculata,™
Trianthema decandra,™® Ricinus communis/*> Mimosa tenuiflora,"®
Saraca indica,"” and Couroupita guianensis"® and their activities
such as antidiabetic, antimicrobial, anticancer, cytotoxicity, catalytic
activities, and antiplasmodial activity, respectively.

Coccinia grandis (L.) Voigt., also known as “lvy gourd” is a
climbing perennial herb, is a member of the Cucurbitaceae family.
It has been found in many countries such as Asia and Africa.
The whole plant of C. grandis is used to treat allergy, bronchitis,
jaundice, syphilis, gonorrhoea, fever, indigestion, nausea, eye
infections, and other conditions!"®'® and the leaves used in Indian
folk medicine for diabetes mellitus.

Artemia salina (Brine shrimp) is commonly used to assess the
cytotoxic effect of bioactive chemicals.” There is an imperative
need to find out the antimalarial drug to develop safe and
cheap new drugs against malarial parasites. The emergence
of resistant strains demands to find out effective new drugs or
drug combinations against malaria. In the present study, the
efficacy of eco-friendly synthesized Au NPs was evaluated against
Plasmodium berghei and the toxic effect tested against A. salina.

MATERIALS AND METHODS

Sources

Chloroauric acid (HAuCl,) was purchased from Sigma Aldrich,
India. All other reagents used in the reaction were the analytical
grade with maximum purity and glassware was washed with
double distilled water and dried using the hot air oven.

Plant Collection

The fresh leaves of C. grandis were collected from Amirthi
forest, Vellore District (12.7322° N, 79.0566° E) Tamil Nadu, India.
The taxonomic identification was made by Dr. A. Akbar, Head,
Department of Botany, C. Abdul Hakeem College (Autonomous),
Melvisharam, Ranipet District. The voucher specimen was
numbered (CAH/ZOO/AK/19/156) and kept in our research
laboratory for further reference.

Synthesis of Au NPs

The fresh leaves of C. grandis were washed several times with
distilled water to remove the dust particles and rinsed in
deionized water. The extract was prepared from the thoroughly
washed leaves (10 g) immersed in 100 mL of distilled water in an
Erlenmeyer flask using a water bath, heated at 60°C for 5 min and
monitored using UV-visible (UV-Vis) spectroscopy (Shimadzu 1601
spectrophotometer). Once the Au NPs was confirmed by their
UV-Vis absorbance at 200-600 nm the reaction was stopped and
centrifuged (Remi 2001) at 8000 rpm for 40 min. The supernatant
liquid was discarded, and the resulting pellet was dispersed
in deionized water. The centrifugation process was repeated
3-5 times to wash off any absorbed substances on the surface of
Au NPs. The Au NPs were synthesized by reducing 1 mm of HAuCl,
using 100 ml of 10% leaves extract at room temperature.’!

Characterization of Au NPs

The biosynthesis of Au NPs was monitored by sampling the
reaction mixture at regular intervals and the absorption maxima
were scanned by UV-Vis spectra, at the wavelength of 200-700 nm
and the spectra were recorded at 0 min, 30 min, 2 h and 4 h. Blanks
were prepared for each of the samples with deionized water. The
nano powder was subjected to X-ray diffraction (XRD) analysis
(Phillips PW 1830 instrument) to determine the crystal structure,
size and chemical composition of the Au NPs. X-ray generator,
operated at a voltage of 40 kV and a current of 30 mA, wherein the
sample was subjected to Cu radiations at 5°/min speed at a drive
axis of 26 and further, the images obtained were compared with
the Joint Committee on Powder Diffraction Standards (JCPDS)
library (file no: 04-0784) to account for the particle crystalline
structure. Particle size was calculated using the obtained 26 and d
value.??The Fourier transform infrared (FTIR) analysis (Perkin Elmer
spectrophotometer instrument) involved characterization of the
dried powder of Au NPs by scanning it in the range 500-4000 cm™'
at a resolution of 4 cm™". The pellets were mixed with KBr powder
and pelletized after drying properly. The pellets were later
subjected to FTIR spectroscopy measurement were identified the
functional groups. The size and morphological characterization
of the Au NPs were studied using Scanning electron microscopic
(SEM) studies (JEOL-JEM 6390, Japan) at x10,000 magnifications
operating with 20.00 kV. A thin film was prepared by drop coating
biologically synthesized Au NPs onto carbon-coated copper SEM
grids. The thin film on the SEM grid was allowed to stand for 5 min
to dry before measurement and then the extra sample solution
was removed using a blotting paper. Energy dispersive X-ray (EDX)
spectroscopy analysis was determined the presence of gold, and
the chemical composition of Au NPs. The sample was analyzed
in Transmission electron microscopy (TEM, JEOL model 1200 EX),
ultra-sonicated for 15 min, prepared on carbon-coated copper
TEM grids for analysis and performed an instrument operated at
an accelerating voltage of 120 kV and later with XDL 3000 powder.
The selected area (electron) diffraction (SAED) pattern of the Au
NPs is shown the presence of crystalline Au NPs as interpreted
using the diffraction pattern.

In Vivo Antiplasmodial Activity

Experimental animal and parasite strain

Healthy male mice (Swiss albino mice) weighing 20-30 g at
6-weeks-old, obtained from the Institute of Veterinary Preventive
Medicine, Ranipet, Tamil Nadu, India, were used for this study. The
mice were grouped and housed in polyacrylic cages (38 x 23 x
10 cm) with three animals per cage and maintained under standard
laboratory condition (the temperature at 27 + 2°C with dark/light
cycle 12:12 h). They were allowed a standard pellet diet (Hindustan
Lever Limited, Mumbai, India) and clean drinking water ad libitum.
The study was conducted under ethical committee permission and
approval of the Government of India, Ministry of Environment and
Forest, New Delhi, India (committee for control and supervision
of experiments on animals; Reg. No. 1011/c/CPCSEA). The
chloroquine (CQ)-sensitive P. berghei (NK 65) obtained from the
National Institute of Malaria Research, New Delhi, India, was used
to assess the in vivo intrinsic antimalarial activity.
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Parasite inoculation

The Albino mice were infected with P. berghei and used as donor
animals. The parasitemia of the donor mice was first determined
and parasitized erythrocytes were obtained by cardiac puncture
using anticoagulant and diluted in physiological saline (0.9%).
The dilution was made based on the parasitemia of the donor
mice and the RBC count of normal mice in such a way that T mL
of blood contains 5 x 107 infected erythrocytes.?! Each mouse
was inoculated by intraperitoneal injection containing 1 x 107
parasitized erythrocytes (0.2 mL).

The 4-day suppressive assay

To evaluate the in vivo antimalarial activity of synthesized Au NPs
using the leaves extracts of C. grandis against P. berghei infection
in mice followed the procedure of Peter et al.** The infected mice
were randomly divided into groups and the treatment was started
3 h after the mice had been inoculated with the parasite on Day
0. Treatment was then continued daily for 4 days from Day 0 to
Day 3. They were then treated orally for 4 consecutive days with
50, 75 and 100 mg/kg body weight of the Au NPs. Two control
groups were used; negative control (untreated control) was
treated with distilled water, and positive control was treated with
CQ 5 mg/kg. On day 4 of the experiment, tail blood was collected
and thin blood film stained with Field’s stain was examined
under the microscope. The parasitemia was determined in blood
smears that were characterized by random counting of 2000-
4000 erythrocytes when parasitemia was low (<10 %) or up to
1000 erythrocytes when parasitemia was higher. Parasitemia was
constantly monitored up to cure or mortality. The mortality of mice
was monitored daily in all groups during 4 weeks after inoculation.

% Parasitemia = Total number of parasitized RBCs/Total
number of RBCs x 100

Parasitemia suppression was calculated using the following
formula:

% suppression = Mean parasitemia of negative control-Mean
parasitemia of treated group

Mean parasitemia of negative control x 1002

A. salina bioassay

The test was performed to predict the cytotoxic activity,? and the
Au NPs were tested with different concentrations of 320, 160, 80,
40,20 and 10 mg/ml.The 10 ml of sea water was added to the pre-
labelled vials containing 10 live brine shrimp nauplii. After 24 h
of incubation at room temperature (25-29°C), under continuous
illumination of fluorescence lamp, the vials were inspected using
a magnifying glass and the number of survived nauplii in each vial
was counted. The mortality endpoint of this bioassay was defined
as the absence of controlled forward motion during the 30s of
observation.?”? The percent mortality of the brine shrimp nauplii
for each concentration and control was calculated. The percentage
of dead nauplii in the experiment was established by linear
correlation when logarithm concentration versus percentage of
mortality was plotted, and Lethal concentration (LC) values was
calculated using Origin Pro®2® with minor modification.

Statistical Analysis

Statistical differences between the mean parasitemia of the control
and experimental mice groups, percent inhibition on the 5" day

of an experiment, as well as the range and mean survival time
was assessed.? All values were expressed as mean + standard
deviation, with a limit of statistical significance of P < 0.05. The
values were based on the drug concentrations along the X-axis.
Statistical analyzes were done using origin 9.0.

ResuLts AND Discussion

UV-Vis Spectroscopy

The extracts of C. grandis was mixed in the aqueous solution of
the Au® ions complex, and it started to change the color from
light yellow to ruby pink due to the reduction of Au* ions which
indicated the formation of Au NPs. The control showed no color
change. The UV-vis spectra indicated a surface plasmon resonance
(SPR) gold band at 500-600 nm and the intensity steadily
increased to saturation as a function of the recorded spectra
at different time intervals such as 0 min, 30 min, 2 h and 4 h are
shown in different reaction time [Figure 1]. The time required for
the complete conversion of Au* to Au NPs was 4 h. The previous
authors reported that the synthesized Au NPs using Madhuca
longifolia®® and T. decandra™ required 2 h and 3 h, respectively.
The obtained Au NPs were stable for a period of 2 months due to
the coordination of carbonyl groups of oxidized polyphenols onto
the surface of Au NPs.

The extract concentration is an affecting factor in the intensity
of the extinction peak of synthesized NPs spectra. A significant
increase in the intensity of the SPR peak of Au NPs occurs in
the presence of the extract, which may indicate a formation
of a maximum number of Au NPs due to a decrease in the
agglomeration and higher nucleation.*% Extract molecules can
protect the particles from aggregation and the probability of NPs
collision and coalescence decreases due to the reaction between
functional groups of stabilizer and NPs.B" When the size of Au NPs
decreases, there is an increase in the number of low-coordinated
Au atoms which promote the absorption of the reactants on the
catalyst surface and facilitates the reduction.®>33The UV-vis spectra
of Au NPs at other ratios have broad peaks with low intensities
which might be due to the formation of large anisotropic particles.
The SPR absorbance is extremely sensitive to the nature, size and
shapes of the particles formed and their inter-particle distances.>¥
Furthermore, the size and the concentration of Au NPs can be
determined directly from UV-vis spectra.®>3¢! The larger NPs with
sizes of approximately 18 and 20 nm; the distance between
adjacent NPs is considerably smaller than the size of the NPs;
therefore, obvious changes in the spectrophotometric properties
of NPs and the consequent color of the solution was observed.
These results confirm with the previously reported studies on the
leaves extract of C. auriculata with HAuCl, transmuted color rapidly
from pale yellow to ruby red, indicating the formation of Au NPs
(with a diameter less than 25 nm) due to the localized SPR.'™¥ It
may be attributed to a secondary reduction phenomenon on the
surface of preformed nuclei, which becomes more pronounced as
the extract concentration rises.

XRD Analysis

XRD analysis of synthesized Au NPs using C. grandis showed
in the form of nanocrystals, as evidenced by the peaks at 20
values of 26.88°, 27.98°, 29.13°, 40.14°, 42.88°, 49.82°, and 66.01°
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correspond to the (200), (102), (112), (022), (310), (113), and
(223) Bragg’s plane of face cantered cubic (fcc) gold lattice,
respectively, which are in agreement with the diffraction
standard of gold (JCPDS) [Figure 2]. In this case, the peak due
to (102) reflection was more intense than those owed to (223)
and (022) reflections, suggesting that the synthesized Au NPs
were nanocrystalline in nature. This clearly reported that Au NPs
were predominantly oriented along the (111) plane utilizing
C. grandis extracts. The unassigned peaks crystallization due
to the bioorganic phase surface of the NPs. Similar patterns of
XRD have been reported form the synthesized Au NPs using the
extracts of Nyctanthes arbortristis showed 38.10, 44.40, 64.80 and
78.0 corresponding to the (111), (200), (220) and (311) planes of
fcc lattice structure of gold.B” Similarly, the crystalline nature of
Au NPs synthesized from the extracts of C. auriculata, the XRD
showed three diffraction peaks at the 20 range of 30-80°, which
can be indexed as (111), (200), (220) reflections of fcc structure
metallic gold, respectively.l'!

Absorbance (AU)
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Figure 1: UV-visible spectra of synthesized gold nanoparticles using
the aqueous leaves extracts of Coccinia grandis
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FTIR Spectroscopy

FTIR analysis was performed to identify the possible biomolecules
responsible for the reduction of the Au*ions and capping of the
reduced Au NPs synthesized by plant leaves extract [Figure 3].
Results of the present study revealed that the functional groups for
the synthesized Au NPs showed the presence of bands due to O-H
Hydroxy group, H-bonded OH stretch (3274 cm™), N-H Primary
amine, NH bend (1637 cm™), O-H Phenol or tertiary alcohol, OH
bend (1406 cm™), Skeletal C-C vibrations (1272 cm™), C-F Aliphatic
fluoro compounds, C-F stretch (1094 cm™'), C-O-O-C Peroxides,
C-O-O-stretch (867 cm™), C-I Aliphatic iodo compounds, C-I
stretch (546 cm™) and Aryl disulfides (S-S stretch) corresponds
to 463 cm™. This suggests the loss of the OH intramolecular
hydrogen bond functional group which might be responsible
for the reduction of Au* to Au®.®83% The polypeptides or proteins
had rich amino and thiol groups, which strongly bind the Au
(0), forming a polypeptides/protein-Au complex. The reduction
function of the amino acid residues was activated to trigger
the nucleation and growth of Au NPs in the scaffolds between
amino acid molecules. These structural changes have confirmed
the fact that the polypeptides or proteins could possibly form a
layer covering the NPs to prevent agglomeration and thereby
stabilize the medium.“**2 Qur analysis confirms the findings of
the previous authors report, the FTIR spectrum of synthesized
Au NPs from M. tenuiflora showed the characteristic broad bands
at 3250 cm™" were associated with phenolic OH from tannins
and flavonoids mainly, the peak at 1594 cm™" correspond to N-H
bending vibration, and the 1705 cm™ to ketone acyclic stretch and
region between 1000 and 1300 cm™ to C-O stretch.'¥ It can be
suggested that the water-soluble fractions in the biomass played
an important role in the bioreduction and shape evolution of the
NPs. The changes in the FTIR peaks in the present study were a
confirmation of the interaction of the different plant components
with HAuCl, solution.

SEM and Energy Dispersive Spectrum (EDS) Analysis

SEM analysis confirmed the cubical structure of the synthesized
Au NPs, which had an average size of 24.23 + 31 nm and were
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Figure 2: X-ray diffraction diffractograms of synthesized gold
nanoparticles using the Coccinia grandis

Figure 3: Fourier transform infrared spectrum of synthesized gold
nanoparticles using the Coccinia grandis leaves extracts
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produced during bioreduction of HAuCl, which could have
contained chloride ions. The synthesized Au NPs were found to
be square, with equal dimensions on all sides, the reason might
be the crystallization of HAuCl,” ions as shown in Figure 4. The
presence of gold atoms in the Au NPs was further confirmed
by EDX spectroscopy. The optical absorption peak formed at
approximately 3.3 keV, which is typical of gold nano crystallite
absorption due to SPR. The EDS analysis displays a strong major
peak for Au; the remaining weaker signals were recorded possibly
due to elements (Al, C and O) from organic moieties and the grid
used for this analysis. The energy dispersive spectrum profile of
Au NPs using C. grandis extract [Figure 4] showed strong gold
atom signals around 3-4 keV. The EDS analysis of the chemical
composition of HAuCl, ions treated extracted mediated synthesis
of Au NPs showed spectral peaks corresponding to gold atoms.
The high-intensity bands for carbon and oxygen revealed the
presence of bioorganic components such as proteins and other
macromolecules along with gold atoms in the sample. Similar
results were reported from the synthesized Au NPs using the
leaves extract of Stevia rebadiauna, the SEM micrographs were
spherical in shape with sizes ranging from 21 to 45 nm, EDS strong
signals were observed from the gold atoms and weaker signals
for carbon, oxygen, potassium and chloride were prevenient from
biomolecules of S. rebadiauna.”*

TEM with SAED Analysis

The TEM image reveals the formation of isotropic and spherical
and oval shape, which corresponds to the shape from the SPR
band in the UV-Vis spectra. The result obtained from the TEM study
clearly indicates the shape and size of the NPs and illustrates the
individual NPs as well as the clusters. The fringes of the Au NPs as
shown in Figure 5 and confirmed the nanocrystalline nature of the
NPs. The synthesized Au NPs using C. grandis obtained were fairly
dispersed, ranging between 2-50 nm, with an average size of 2.82
+ 2.5 nm, spherical and oval-shaped particles with a homogenous
distribution. The synthesized Au NPs using C. grandis obtained
were fairly dispersed showed an average size of 2.82 + 2.5 nm.
A few agglomerated Au NPs were observed in some places of the
TEM micrograph, they were not involved in direct contact due
to the presence of a capping agent. The crystalline structures of
synthesized NPs were further confirmed by their corresponding
SAED analysis as indicated in Figure 5d. Earlier authors reported
that the TEM images of synthesized Au NPs from the extracts of
C. auriculata showed spherical, hexagonal and triangular shape
with an average size of 17 nm.['® Recently, Rodriguez-Ledn et al.l'®
reported that the TEM images for the synthesis of Au NPs from M.
tenuiflora showed an average size of 40 nm.

In Vivo Antiplasmodial Activity

After being inoculated intraperitoneally of P. berghei ANKA with
1 x 107 infection in Swiss mice, Field’s staining of thin blood smear
was performed and microscopic examination of the untreated
group showed >30% parasitemia on day 4, survival period of
animals without treatment was poor with percent survival. The
experimental group showed a reduction of mean parasitemia
(%) on day 4 after being treated with C. grandis leaves extract and
HAuCI, solution showed 12.96 + 1.13 and 14.75 £ 0.73, respectively,
at 75 mg/kg body weight. The synthesized Au NPs using the leaves
extracts of C. grandis showed 10.51 + 0.93, 8.25 + 0.67, and 6.67
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Figure 4: Scanning electron microscopic images of synthesized gold
nanoparticles using the Coccinia grandis leaves extract. Magnification
at (a) x1,500, (b) x5,000, (c) x10,000, (d) EDS

Figure 5: Transmission electron microscopy images of synthesized
gold nanoparticles using the Coccinia grandis leaves extract (a) 2 nm,
(b) 10 nm, (c) 50 nm and (d) SAED pattern scale at 5.1 nm

+ 0.79% at 50, 75, and 100 mg/kg body weight, respectively
[Figure 6 and Table 1]. The CQ was tested in a parallel test which
parasitemia 0.76 + 0.08% at 5 mg/kg/body weight. The doses and
efficacy were tested for parasite suppression and parasitemia was
observed on day 4 for the synthesized Au NPs using C. grandis
extracts showed 69.45, 76.02 and 80.61%, respectively, at 50, 75
and 100 mg/kg body weight [Table 2]. Earlier authors reported
that the percentage of parasitemia suppression for the synthesis
of Au NPs using Streptomyces sp (Au-NLK3) were 40% at 8 mg/kg.**

The parasitemia of infected mice treated with Au-CQ at a dose
of 1mg per kg body weight was reduced by 84% when compared
to untreated controls, whereas the parasitemia of mice treated
with an equivalent concentration of chloroquine diphosphate
was reduced by only 44%, indicating that complexation of Au to
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Table 1: The survival and parasitemia progress of synthesized Au NPs using the C. grandis leaves extract against ANKA strains of P. berghei
infected mice

Groups % Parasitemia (Mean+S.D) (Number of Days)

1 4 6 8 10
C. grandis 0.65+0.08 (6/6) 12.96+1.13 (6/6) 58.09+1.64 (4/6) 63.33+1.27 (2/6) 76.43+0.00 (1/6)
75 mg/kg
HAuCI, 0.78+0.12 (6/6) 14.75+0.73 (6/6) 52.15+1.81 (3/6) 58.41+1.63 (3/6) 71.34+0.00 (1/6)
75 mg/kg
Au NPs 50 mg/kg 0.53+0.06 (6/6) 10.51+0.93 (6/6) 42.56+1.40 (4/6) 46.44+1.29 (4/6) 66.04+1.52 (2/6)
Au NPs 0.45+0.04 (6/6) 8.25+0.67 (6/6) 32.47+1.53 (4/6) 40.27+1.28 (4/6) 46.17+1.34 (2/6)
75 mg/kg
Au NPs 0.36+0.03 (6/6) 6.67+0.79 (6/6) 26.89+1.79 (5/6) 36.03+1.13 (6/6) 42.34+1.10 (2/6)
100 mg/kg
Negative control 3.2+0.48 (6/6) 34.41+1.61 (6/6) 88.45+0.00 (1/6) 92.46+0.00 (1/6) (0)
Chloroquine 0.00+0.00 (6/6) 0.76+0.08 (6/6) 1.91+0.18 (6/6) 2.78+0.50 (6/6) 4.99+0.74 (6/6)
(Positive control)
5 mg/kg

For each group n=6. Parenthesis: (Number of live mice/Total number of mice infected). C. grandis: Coccinia grandis, P. berghei: Plasmodium berghei, Au NPs: Gold

nanoparticles, HAuCl,: Chloroauric acid

Table 2: The % Suppression progress of synthesized Au NPs using the
C. grandis leaves extract against ANKA strains of P. berghei infected

mice

Groups % Suppression (Number of Days)

1 4 6 8 10
C. grandis 79.68 6233 3432 3150 2357
50 mg/kg Au NPs 8343 6945 5188 49.77 3396
75 mg/kg Au NPs 8593 76.02 6328 5644 5383
100 mg/kg Au NPs 8875 8061 69.59 61.03 57.66
Negative control 96.8 6559 1155 7.54 0
Chloroquine 5 mg/kg 100 97.79 9784 9699  95.01

(Positive control)

C. grandis: Coccinia grandis, P. berghei: Plasmodium berghei, Au NPs: Gold
nanoparticles

CQ significantly increased the in vivo susceptibility of P. berghei. No
apparent adverse reactions or apparent acute toxic responses were
observed.”! Malaria infected mice suffer from anemia because
of erythrocyte destruction, either by malaria multiplication or
by spleen reticuloendothelial cell action.“® An ideal antimalarial
candidate should prevent anemia secondary to preventing
hemolysis, body temperature reduction and weight loss in mice. In
this study, a significant attenuation of body temperature reduction
and Packed cell volume was observed by synthesized Au NPs
using C. grandis extracts at 50 and 100 mg/kg doses. This was also
comparable to the commonly used drug chloroquine. According to
our findings, the antiplasmodial activity of biosynthesized nano-
formulations may be due to the presence of bioactive metabolites,
which may confer protective properties against oxidative stress
caused by malarial parasites in the host’s parasitized red blood cells.

Brine Shrimp Lethality Bioassay

In the brine shrimp lethality bioassay, 50% mortality rate (LC,)
values <150 pg/ml were considered significantly active and
potentially lethal. The LC values for synthesized Au NPs from C.
grandis showed that the LC, LC,, and LC  values were 89.66,
135.05, and 258.49 ug/mL, respectively [Figure 7]. In agreement
with our results, Balalakshmi et al.*”! previously reported that the
synthesized Au NPs using leaves extract of Sphaeranthus indicus
showed no mortality on Artemia nauplii, all the tested animals
showed 100% survivability. In addition, Kesarla et al.“*® reported

Figure 6: In vivo antimalarial activity of synthesized gold nanoparticles
tested against ANKA strain of Plasmodium berghei at different
concentration (a) 50, (b) 75, (c) 100 mg/kg and (d) negative control
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Figure 7:The LC,, LC_, LC, and LC values of synthesized gold
nanoparticles against the brine shrimp (Artemia salina) larvae

that the synthesized Au NPs from Terminalia bellirica extracts did
not show any toxicity up to 1000 mg/L tested by the brine shrimp
(A. salina) assay. Because of their non-toxic nature, these Au NPs
can be used in a wide range of biological and medical applications.
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CoNCLUSION

Antimalarial drugs have been the mainstay of control and
prophylaxis against malaria since the first use of quinine from
the cinchona tree. Many drugs were developed against malaria
in the 20" century with the most important being chloroquine
and artemisinin. However, the ability of Plasmodium in particular
to develop resistance to these treatments has threatened their
continuing efficacy and raised the importance of combinations
as well as developing new drugs and novel targets. The present
study shows that the synthesized Au NPs using the aqueous leaves
extract of C. grandis possess good antimalarial activity. No adverse
effect was noticed when the extract and synthesized NPs were
orally administered, alluding that the extract is not acutely toxic
when administered to mice through this route. This supports its
use in ethnomedicine in the treatment of malaria. Furthermore,
it demonstrates its potential as a source of an antimalarial drug
molecule. However, the findings are only preliminary, therefore,
confirmatory studies, followed by isolation and characterization of
the active antimalarial compound(s) responsible for the observed
curative activity are recommended.
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