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In the present study, zinc oxide (ZnO) nanoparticles were prepared using ZnCl,.2H,0O as a precursor, via green route using leaf
extract of Rhazya stricta as capping and reducing agent. The prepared ZnO nanoparticles were examined using UV-visible
spectrophotometer (UV-Vis), Fourier transform infrared spectrometer (FT-IR), X-ray diffraction spectrometer (XRD), and scanning
electron microscope (SEM). The UV-Vis absorption spectrum at 355 nm showed an absorption peak, which indicates the formation
of ZnO NPs. The FT-IR spectra analysis was performed to identify the potential biomolecule of the as-prepared ZnO NPs. The FT-IR
spectra showed peaks at 3455, 1438, 883, and 671 cm !in the region of 4000-500 cm” Y, which indicates ~-OH, NH, C-H, and M-O
groups, respectively. The SEM images showed aggregation of ZnO nanoparticles with an average size of 70-90 nm. The XRD study
indicated that the ZnO NPs were crystalline in nature with hexagonal wurtzite structure and broad peaks were observed at 2 theta
positions 31.8°, 34.44°, 36.29°, 47.57°, 56.61°, 67.96°, and 69.07". The synthesized ZnO NPs were found to be good antiplasmodial with a
50% inhibitory concentration (ICs) value of 3.41 yg/mL. It is concluded from the current study that the ZnO NPs exhibited noble
antiplasmodial activity, and for the improvement of antiplasmodial medications, it might be used after further in vivo studies.

1. Introduction

Nowadays, with speedy evolution of nanotechnology,
many nanoparticles have been reported for applications
in medical science. The nanotechnology applications in
the diagnostics, healthcare sector, drug delivery, bio-
imaging, antimicrobial agent, and therapeutics, also
referred to as nanomedicine, have enlarged ground over
the past 5 years [1]. This can be perceived from the
growth in the USA budget for the research of

nanomedicine, as well as a rise in the number of nano-
pharmaceutical patents [2].

Zinc oxide nanoparticles are one of the five zinc com-
pounds that are presently registered and commonly believed
as safe by the US Drug and Food Management. These zinc
oxide nanoparticles have an antibacterial effect on Gram-
positive and Gram-negative bacteria such as Escherichia coli,
Pseudomonas aeruginosa, and Staphylococcus aureus [3, 4].

Biosynthetic and ecofriendly process for the ZnO NPs
synthesis is considered being harmless, biocompatible, bio-
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safe in preparation of cosmetics, drug carriers, and fillings
in medical materials. In comparison with silver nano-
particles, the ZnO NPs have several benefits over silver
nanoparticles, such as low cost and white appearance [5, 6].
Physical and chemical methodologies are affluent for the
synthesis of nanoparticles but have some limitations such
as use of toxics chemicals, being costly, needing extensive
effort, and being time-consuming [7]. Tremendous
amounts of secondary waste are also formed from the
accumulation of chemicals for reduction and precipitation
in these methods. The green synthesis method using plant
extract has drawn consideration as a feasible and simple
alternative to physical and chemical approaches, because of
its ecofriendly nature, low cost, easy handling, and wide
availability of plants [8]. Zinc oxide nanoparticles have
been synthesized using green seaweed Calotropis procera,
Cassia fistula, Melia azedarach, and Kalanchoe blossfeldi-
ana [9-11]. Rhazya stricta is an important medicinal plant,
widely used for treatment of different diseases in Pakistan
[12]. The leaf extract of Rhazya stricta has been used as
anticancer, antifungal, analgesic, chemopreventive, rheu-
matism, and sedative agent [13]. Furthermore, it has many
beneficial phytochemicals such as tannins, saponins, amino
acids, gallic acid, and various flavonoids such as quercetin,
hesperidin, kaempferol, quercetrin-3-rhamnaside, iso-
quercitrin, rutin, apigenin, and luteolin [14-16], which
might act as reducing and stabilizing agents in synthesis of
nanoparticles (NPs).

Therefore, in the current study, leaf extracts of Rhazya
stricta were used for green synthesis of ZnO NPs, which are
not yet reported.

Malaria is the most severe tropical disease of protozoan.
Therefore, to eradicate malaria disease over a period, many
struggles have been accomplished. But the elimination of
malaria remains a faraway target, as worldwide millions of
clinical cases were reported with malaria every year and over
three billion people are living in its threat [17]. Malaria is
caused by the plasmodium parasite, generally P. vivax,
P. malariae, P. ovale, and P. falciparum. The supreme
pathogenic and powerful malarial parasite among the above
four species of plasmodium is P. falciparum in man, which
spreads disease and is the vital cause of almost every malaria
mortality and morbidity in tropical and subtropical coun-
tries [18]. The renowned beginning and progress of cerebral
malaria are acquiescence and assumption of infected red
blood cells, immune cells, and platelets to the vascular
endothelial cells covering and small blood vessels of brain. In
the brain, these signs lead to microhemorrhage and edema
[19]. Artemisinin combination treatment for falciparum
malaria are the important antimalarial medicines docile to
prevalent usage against all chloroquine-resistant malaria
parasites. However, malaria parasites of artemisinin-resis-
tant were freshly perceived in Cambodia. The most recent
antiplasmodial drugs from biotic reasons support in engrave
this matter, but it seems to be the loss of cost-effective and
biodiversity. The nanoparticles possessing various biological
potential are detected as a key source of new antiplasmodial
medicines and these feasible techniques were scarcely
revealed [20].
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The present study explores the antiplasmodial activity of
ZnO NPs against plasmodium parasites in in vitro
conditions.

2. Experimental

2.1. Extract Preparation. Fresh and healthy Rhazya stricta
leaves were collected from the Kohat University of Science &
Technology Kohat, Pakistan. The collected leaves were
washed three times with distilled water and were grinded
into small pieces with the help of an electrical grinder. About
10 g of grinded leaves was weighed and mixed in 100 mL of
distilled water in 250 mL conical flask, followed by heating
on hotplate for 15 to 20 minutes. The resultant extract was
filtered through Whatman filter paper. The obtained filtrate
was placed in inert plastic vials for the synthesis of nano-
particles (NPs) stored at 4°C in refrigerator.

2.2. Green Synthesis of ZnO NPs. For the synthesis of ZnO
NPs, 1 mM solution of hydrated zinc chloride was prepared
and 5ml of leaf extract of Rhazya stricta to 95ml of zinc
chloride aqueous solution was added in a 250 mL conical flask.
The mixture was kept on hotplate using magnetic stirrer under
continuous stirring for homogeneous mixing. The flask
comprising the solution was heated for 7-10 min at 80°C on
water bath. The pH was maintained on 12 by adding freshly
prepared NaOH (0.1 M) aqueous solution drop-wise and kept
on magnetic stirrer for 1 hr to get pale white precipitates. The
resultant precipitates were washed several times through dis-
tilled water, methanol, and acetone to remove any nonreacted
precursors. The obtained ZnO nanoparticles precipitate was
dried at 60°C in an oven, overnight [21].

2.3. Characterization of ZnO NPs. For the confirmation of size,
shape and structure of the prepared ZnO NPs were examined by
various techniques like UV-Vis, FT-IR, XRD, and SEM.

2.3.1. UV-Vis Spectroscopy. A UV-Vis spectrum in the range
of 300 to 600 nm of the nanoparticles was taken to initially
confirm the formation of ZnO NPs using Shimadzo 1800
UV-Vis spectrophotometer.

2.3.2. FT-IR Spectroscopy. FT-IR spectra were recorded in
the range of 4000-500 cm™" with a resolution of 4cm™, to
confirm the formation of ZnO nanoparticle peaks and to
find the biomolecules of the extract that are capped on ZnO
NPs. FT-IR spectroscopy measurements were carried out by
FT-IR spectrophotometer (Bruker-Tenson 37).

2.3.3. Scanning Electron Microscopy (SEM). The size and
shape of nanoparticles were studied using SEM JSM5910
(JEOL, Japan).

2.3.4. X-Ray Diffraction (XRD) Method. From XRD pattern,
the average crystallite size of prepared nanoparticles was
examined and also crystallinity of the particles was checked
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using JEOL, JDX-3532 CuKa

(wavelength =1.5418 A).

Japan,

2.3.5. Collection of Parasite Sample. The blood of malaria-
positive patient was tested in Al-Habib Clinical Laboratory
Kohat, and in EDTA tubes, the blood sample of malaria
positive was collected and stored at 4°C.

2.3.6. Staining and Visualizing of Parasites. Microscopic
examination was accomplished to diagnose malaria on a
glass slide to visualize the malaria parasite using staining
thick and thin blood films shown in Figure 1. Leishman stain
(0.15%) was used for staining of parasites.

2.3.7. Parasites Culture. Human O Rh" red blood cells of
plasmodium parasites in complete RPMI 1640 medium were
cultured. To the culture of plasmodium parasites, 10%
inactivated serum of O Rh" was added, and gentamicin
sulfate, about 40 ug mL, was also added. At 37°C parasites,
culture was incubated under gas mixture of 5% O,, 5% CO»,
and 90% N,. Every day, infected erythrocytes were trans-
mitted into a fresh complete medium to propagate the
culture [22].

2.3.8. Drugs Dilution. Stock solutions of chloroquine (CQ)
were prepared in Milli Q water. CQ and test compounds
(plant extracts, ZnCl,, and ZnO NPs) were dissolved in
dimethyl sulfoxide (DMSO). All stocks were then diluted
with culture medium to achieve the required concentrations
(in all cases except CQ, the final solution contained 0.4%
DMSO, which was found to be nontoxic to the parasite).
Drugs and test compounds were then placed in 96-well flat-
bottom tissue-culture grade plates.

2.3.9. In Vitro Antiplasmodial Activity. Antiplasmodial po-
tential of the studied plant extract Rhazya stricta, precursor
ZnCl,, and prepared ZnO NPs against plasmodium parasites
was assessed in 96-well plates for 48 h, following the description
by Okaiyeto et al. [23] using parasite lactate dehydrogenase
(pLDH) activity as a biomarker. Chloroquine, an antimalarial
drug, was used as a positive control. Percentage parasite via-
bility was calculated relative to the pLDH activity in wells
containing untreated control parasites.

2.4. Cytotoxicity Examination by Hemolysis. Cytotoxicity
analysis of synthesized nanoparticles is an essential step to
check its biocompatibility. Thus, we carried out the he-
molysis test of synthesized ZnO NPs by using reported
method [24, 25]. Briefly, blood (9 mL) was collected from
goat for the experiment and 1 mL (3.8%) sodium citrate
added to it to prevent coagulation. Then, the obtained blood
was centrifuged for 8 min at 3000 rpm, the supernatant was
removed, and the obtained pellet (RBC) was dispersed in
10mL PBS (phosphate buffer saline), and the same process
was repeated 3 times to remove the buffy coat of RBC
completely. After complete removal of buffy coat, the

obtained RBC were dispersed in PBS; then 2mL of the
suspension was added in 5 test tubes each. Afterwards,
different doses (0.25, 0.5, 1.0, 2.5, and 5.0 mg/mL) of ZnO
nanoparticles were added in the above 5 test tubes and the
tubes were shaken to mix the cells and NPs and then in-
cubated at 30°C for 90 min. After 90 min, the mixture was
centrifuged for 8 min at 3000 rpm and the supernatant was
examined by UV-Vis spectrophotometer (A =540 nm). 2 mL
of RBC suspension was mixed with PBS (pH 7.4) and Triton
X-100 for negative and positive control.

The hemolysis percentage was calculated by using the
following formula:

OD
OD

- ODnegative control

- OD

test sample

% hemolysis = x 100.

postive control negative control

(1)

The optical density of negative was 0.005 and positive
control was 1.302.

3. Results and Discussion

3.1. UV-Vis Spectroscopy Study of ZnO NPs. A UV-Vis
spectrum was taken in the range of 300-600 nm of the
prepared ZnO NPs. Peak at 353 nm indicates the formation
of ZnO NPs in Figure 2 [26]. The UV-Vis spectral analysis of
leaf extract of Rhazya stricta and the precursor ZnCl, is also
shown in Figure 2.

3.2. FT-IR Studies of the ZnO NPs. The FT-IR spectra of
Rhazya stricta aqueous extract as shown in Figure 3 showed
three main absorption bands at 3362, 2164, and 1654 cm ™.
The absorption band at 3362 cm™" could be attributed to the
O-H stretching vibration of flavonoids/saponins, and the
band at 2164cm™' shows C-N stretching; the band at
1654 cm ™" shows C=0 stretching vibrations of amine.

The functional groups in leaf extract of Rhazya stricta
identified by FT-IR were used as a stabilizing and capping
agent in the preparation of ZnO nanoparticles.

The FT-IR studies of biogenic ZnO NPs also showed a
similar arrangement of absorption bands with certain de-
grees shift in the band’s positions, specifying a possible
action of phenolic compounds and flavonoids which capped
ZnO NPs. Figure 3 also shows the band near the 672 cm™
indicating metal oxide stretching vibration for ZnO nano-
particles. However, the bands at 3472cm ™" and 1435cm™
are the characteristics peaks of hydroxyl [27] and amine [28]
groups, respectively; the band at 882 cm™"' may be assigned
to carbon-hydrogen bending vibrations [29].

3.3. SEM Studies of ZnO NPs. The formations of ZnO NPs, as
well as their morphological extents, were studied by using
SEM technique. The surface morphology of the ZnO
nanoparticles under different magnifications is shown in
Figures 4(a) and 4(b). The current study confirmed that the
average size of the particle was found to be 70-90 nm with
random spherical shape. Moreover, particles were aggre-
gated and poly-dispersed.
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Parasite Cultivation

FIGURE 1: Plasmodium parasite cultivation.
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FIGURE 2: UV-Vis spectra of the synthesized ZnO NPs/ZnCl, and
plant extract.
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FIGURE 3: FT-IR spectra of plant extract and the synthesized ZnO
NPs.

3.4. XRD Studies. Figure 5 shows the XRD pattern of the
biosynthesized ZnO NPs using Rhazya stricta leaf extract. All
X-ray diffraction peaks found at 31.8°, 34.44°, 36.29°, 47.57",
56.61°, 67.96°, and 69.07° present that the synthesized ZnO
nanoparticles are in analogous to the representative Bragg
peaks (100), (002), (101), (102),110),(112),(201)

planes of a ZnO hexagonal wurtzite structure [30] and are in
the good arrangement of the synthesized ZnO nanoparticles
with standard diffraction data available in the library (JCPDS
00-036-1451). This undoubtedly confirms that new synthe-
sized ZnO NPs have been effectively prepared by the green
synthesis route.

The peaks of XRD with high intensities suggested that
the synthesized ZnO NPs were highly crystalline using leaf
extract of Rhazya stricta.

The crystalline size of the biosynthesized ZnO NPs using
the peak at 36. 405 (101 was reported 18.96 by Scherer’s
formula) [26].

3.5. Antiplasmodial Activity. The results of the anti-
plasmodial activity leaf extract of Rhazya stricta, precursor
ZnCl,, and ZnO NPs are depicted in Table 1. A dose-re-
sponse assay yielded an antiplasmodial ICs, value of 19.3 ug/
mL, 11.6ug/mL, and 3.41 ug/mL for the leaf extract of
Rhazya stricta, ZnCl,, and ZnO NPs, respectively.

It is clear from the inhibition concentration (ICs,) values
that plant extracts show low antiplasmodial activity, ZnCl,
shows moderate antiplasmodial activity, and ZnO NPs
shows highest antiplasmodial activity against plasmodium
parasites. So it was concluded that ZnO NPs are good
antiplasmodial agents.

4. Discussion

ZnO NPs synthesis by physical methods is either expensive,
lengthy, or time-wasting, whereas chemical methods fre-
quently cause poisonous waste making them unfavorable
environment. Furthermore, occasionally harmful chemicals
on the surface of the nanoparticles can be adsorbed, which
cannot be useful in medical purposes [31]. The progress of
stimulated biologically experimental routes for the nano-
particle synthesis is grown into an essential nanotechnology
branch. The current research work highlights the medicinal
plant use for the ZnO NPs biosynthesis with effective
antiplasmodial activity against plasmodium parasites.

ZnO NPs were obtained using Rhazya Stricta leaf extract,
which were collected from strong and vigorous plants,
comprising the stabilizing and capping agents. During the
reaction, the mixture color was changed to pale white from
green-yellow, indicating the ZnO NPs formation. It was
observed that the leaf extract of Rhazya stricta containing
electron-rich functional groups accounted for the formation
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FIGURE 4: SEM images (a, b) of ZnO NPs under different magnifications.
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FiGure 5: XRD patterns of the newly synthesized ZnO NPs.

of ZnO NPs. Therefore, it was determined that the extract of
Rhazya stricta leaf for the ZnO NPs formation acts as a
capping and stabilizing agent.

Different techniques for the confirmation of the pre-
pared ZnO nanoparticles were used.

The most commonly used technique for the nano-
particles structural characterization is UV-Vis spectroscopy.
In Figure 2, UV-Vis spectra show the absorbance peak at 353
analogous to the specific band of ZnO NPs [26].

The existence of hydroxyl and amine group in FT-IR
spectra of Rhazya stricta indicates that it is used as a sta-
bilizing and capping agent in the synthesis of ZnO NPs.

The SEM studies under different magnification
(Figures 4(a) and 4(b)) of the synthesized ZnO NPs exhibit
relatively random spherical shape of nanoparticle and size in
the range of 70-90nm. Similarly, they illustrate distin-
guished random sphere-shaped particles, which is analogous
to those explored in the previously reported literature [26].

The XRD pattern of the synthesized nanoparticles
confirms that ZnO nanoparticles are hexagonal wurtzite
crystal structure. The crystalline size of the biosynthesized
ZnO NPs was found to be 18.96 nm calculated by Scherrer’s
formula. The results of the current study also contest with
the work reported by S. P. R. Verma et al. [26].

Parasitic diseases (like malaria, leishmaniasis, and try-
panosomiasis) around the earth are one of the chief

problems [32, 33]. Malaria is a life-threatening disease
caused by parasites that are transmitted to people through
the bites of infected female Anopheles mosquitoes [34]. In
2017, malaria cases from 87 countries were estimated to be
about 219 million [35]. Traditional medicines temporarily
have been used for thousands of years to treat malaria. The
plant is usually used in traditional treatment in Kenya to
control malaria [36]. Nanoparticles have presented an in-
novative approach for drug delivery efficiency because of
their reduced size and large surface-area-to-volume ratio,
which aids their ability to penetrate the cell membrane [37].
The development of effective and reliable drugs in the fight
against malaria represents a crucial challenge in modern
parasitology [38]. Phytochemical compounds that demon-
strate high antiplasmodial activity could effectively serve as
an alternative to synthetic antimalarial drugs [39].

In order to know the medicinal potential of ZnO NPs
prepared by using leaf extract of Rhazya stricta, we deter-
mined their antiplasmodial activity to inhibit the plasmo-
dium parasites in vitro condition. These ZnO NPs were
found to be good antiplasmodial with the highest ICs, value
3.41 ug/mL. The leaf extract of Rhazya stricta also showed
low antiplasmodial activity with ICs, value 19.3 ug/mL
followed by ZnCl,, which showed moderate antiplasmodial
activity with ICs, value 11.6 yug/mL.

The present study is compared with some already re-
ported literature and is summarized in Table 2.

It was confirmed from the current study that ZnO NPs
stabilized with leaf extract of Rhazya Stricta change the
plasmodium parasite’s action. The results openly indicate
that ZnO NPs are good plasmodium growth inhibitors il-
lustrating good antiplasmodial activity.

ZnO NPs are extensively used in the biomedical field due
to their antibacterial, antifungal, and antiplasmodial activity;
hence, the biocompatibility knowledge of ZnO NPs is es-
sential. For the transfer of any type of drugs or NPs to
targeted body organ, the blood is the primary carrier [45].
Thus, the biocompatibility of ZnO NPs with blood is more
important for its practical application. Table 3 demonstrates
the hemolysis % of ZnO NPs at different concentrations
(0.25, 0.5, 1.0, 2.5, and 5.0mg); the hemolysis % shows
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TaBLE 1: In vitro antiplasmodial activity of plant extract/ZnCl, and the synthesized ZnO NPs.
S. no Test samples Concentration of test samples (ug/mL) ICs, value (ug/mL)
1 Plant extract Rhazya stricta 50 19.3
2 ZnCl, 50 11.6
3 ZnO NPs 50 3.41
4 Chloroquine (positive control) 50 0.026
TaBLE 2: Comparison of the present study with published literature.
S. no Nanoparticles/plant extract ICs, value (ug/mL) Reference
1 AgNPs/Azadirachta indica and Ocimum sanctum 35-40 [40]
2 AgNPs/Callistemon citrinus 2.99-5.34 [41]
3 TiO, NPs/Momordica charantia 53.42 (CQ-s) and 59.71 (CQ-r) [42]
4 EW-AgNP (earth worm-mediated silver nanoparticles) 49.3 (CQ-s) and 55.5 (CQ-r) [43]
Ag NPs/amylase 3.75
5 Ag NPs/Ashoka plant extract 8 [44]
Ag NPs/neem plant extract 30
ZnO 3.41
6 ZnCl, 11.6 This study
Leaf extract of Rhazya stricta 19.3
TaBLE 3: Hemolysis test by using synthesized ZnO NPs.
S. no Sample (mg) OD* at 540 nm Hemolysis (%)
1 Triton X-100 1.297 +0.0002 +ve control
2 PBS 1.48 +0.0001 —ve control
3 0.25 0.0125 + 0.0004 0.59
4 0.5 0.025+0.0002 1.56
5 1.0 0.044 +0.001 3.0
6 2.5 0.062 +£0.003 4.43
7 5.0 0.13+0.002 9.68

Enol from

Bio-reduction

ZnCl,

. Stabilization A

Keto form

S d

Reaction with b
dissolved O,

P P

FIGURE 6: Proposed mechanism for the synthesis of ZnO NPs.

increasing phenomenon with increasing the dose of ZnO
NPs.

It can be seen from Table 3 that ZnO NPs show 4.43%
hemolysis by using 2.5mg dose (ZnO NPs), which is
within the permissible limit as the permissible limit for
biomaterials according to ASTM-E252408 is 5%

hemolysis [46]. However, at 5 mg dose of ZnO NPs, the %
hemolysis is 9.68%, which is above the permissible limit;
thus we can conclude that the synthesized ZnO NPs show
good biocompatibility up to 2.5 mg dose (ZnO NPs). The
obtained results are in good agreement with reported
literature [25].
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According to reported literature, the leaf extract of
Rhazya stricta contained various compounds like tannins,
saponins, amino acids, gallic acid, and various flavonoids
such as quercitrin, hesperidin, kaempferol, quercetrin-3-
rhamnaside, isoquercitrin, rutin, apigenin, and luteolin
[14-16]. The exact mechanism of metal (ZnO) NPs using
plants extract is unobvious due to the complex chemicals
composition of plant extract; however, the possible mech-
anism is proposed in view of the above chemicals compo-
sition of Rhazya stricta. Hence, Figure 6 shows the possible
mechanism for synthesis of ZnO NPs using leaves extract of
Rhazya stricta.

The flavonoid is converted from enol form into keto
form and produces reactive hydrogen. The produce reactive
hydrogen acts as a reducing agent, converting Zn*? into Zn°’,
which further reacts with O, (dissolved) and forms ZnO
NPs. Further, the amine and flavonoid act as capping agent
and stabilize the synthesized ZnO NPs. Mohammadi et al.
[47] and Matinise et al. [48] also proposed such type of
mechanism for the synthesis of ZnO NPs. Thus, the synthesis
of metal NPs by using plants extract has much more benefits
as compared to chemical route. The plant extract plays dual
role as reducing as well as stabilizing agent, reducing the use
of harm chemicals, being environmentally friendly, easily
available, and cost-effective as compared to chemical route
[49].

5. Conclusion

The fast-biological synthesis of zinc oxide nanoparticles
using leaf extract of Rhazya stricta provides an environ-
mentally friendly, simple, and efficient route for synthesis of
nanoparticles.

In the current study, ZnO NPs with crystallite size of
18.96 nm were effectively synthesized using leaf extract of
Rhazya stricta. The confirmation of the prepared ZnO NPs
had been characterized by UV-Vis spectroscopy, FT-IR
spectroscopy, SEM, and XRD techniques. The results
showed that the prepared ZnO NPs inhibited significantly
the growth of plasmodium parasites with the highest ICs,
value 3.41 ug/mL, which specified ZnO NPs are good
antiplasmodial agents against plasmodium parasites. Fur-
thermore, the synthesized NPs showed good biocompati-
bility, as they showed only 4.43% hemolysis with maximum
dose.
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