Journal of Cluster Science (2020) 31:791-801
https://doi.org/10.1007/s10876-019-01686-6

ORIGINAL PAPER q

Check for
updates

Synthesis and Characterization of Zinc Oxide Nanoparticles Using
Cynara scolymus Leaves: Enhanced Hemolytic, Antimicrobial,
Antiproliferative, and Photocatalytic Activity

Mariappan Rajapriya’ + Sundararaj Aruna Sharmili' - Raju Baskar” - Ravichandran Balaji® -
Naiyf S. Alharbi* - Shine Kadaikunnan® - Jamal M. Khaled” - Khalid F. Alanzi* - Baskaralingam Vaseeharan’

Received: 5 July 2019/ Published online: 3 October 2019
© Springer Science+Business Media, LLC, part of Springer Nature 2019

Abstract

Cynara scolymus leaves were used in the green synthesis of zinc oxide nanoparticles (ZnO NPs). ZnO NPs was confirmed
by the formation of a white precipitate. UV—visible spectroscopy results showed a strong absorbance peak at 371 nm. The
use of SEM confirmed the spherical shape of the nanoparticles, which had an average size of 65.9 nm. The nanoparticle
zinc (80.17%) and oxygen (19.83%) composition was confirmed using energy-dispersive X-ray analysis (EDXA). X-ray
power diffraction (XRD) spectra confirmed the crystalline nature of the nanoparticles. We found 0.5% hemolysis following
the addition of 100 pg/ml of ZnO NPs. A MIC study found that bacteria were more susceptible to ZnO NPs relative to
fungi. The ZnO NPs photocatalytic degradation activity was assessed using methyl violet and malachite green, which
exhibited 94.3% degradation after 120 min of UV exposure and 89.5% degradation after 120 min of UV exposure,
respectively. Using human breast cancer cell line (MCF 7) and Vero cells, we found half maximal ICs( values of 65.31 pg/
pl and 957.85 pg/ul, respectively, following antiproliferative assays. Thus, green synthesized ZnO NPs were found to
possess hemolytic, antimicrobial, photocatalytic, and antiproliferative activities, and as such could be used in the devel-
opment of novel drugs.
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Introduction

Nanotechnology primarily concerns the study of particles

ranging from 1 to 100 nm in size [1]. An interdisciplinary

5< Sundararaj Aruna Sharmili field, Nanotechnology incorporates bionanoscience, mate-

arsharmilis@gmail.com rials science, and technology [2], and also relies heavily on

< Baskaralingam Vaseeharan the fields of biology, chemistry, and physics [3].

vaseeharanb @gmail.com Nanoparticles are widely used in a range of applications

owing to their optical, biological, and physiochemical
properties [4-7].

Nanoparticles can be synthesized using physical,
chemical, and biological methods [8, 9]. Biological
nanoparticle synthesis typical involves the use of micro-
organisms, fungi, algae, and plants. The green synthesis
method has recently become widely-used, as it allows the
use of less toxic chemicals [1, 10] that are safe when
released into the environment. Green-synthesized
nanoparticles produced from plants are also more stable,
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and synthesis by plants is faster relative to other methods of
synthesis [4, 11].

Nanoparticles have a wider range of applications rela-
tive to larger particles as they have a much higher surface
area to volume ratio, which allows them to more efficiently
act as active components [8, 12]. Metal oxides typically
form closely-packed structures and often exhibit antimi-
crobial, magnetic, and catalytic qualities [13]. Green-syn-
thesized nanoparticles are highly compatible, and so they
can be used in a number of biomedical and pharmaceutical
applications [14]. ZnO NPs are widely used in the pack-
aging of food [15] and in the production of paints and
varnishes [8]. They also block harmful UV radiation, a
quality which makes them valuable in the production of
cosmetics and sunscreens [8].

Metal oxide nanoparticles possess catalytic qualities and
as such are commonly used in the elimination of toxic
hazardous chemical substances, primarily in the field of
environmental safety [1]. The catalytic properties of ZnO
NPs are due to their crystal structure, porosity, surface area,
size distribution, and band gap, and are often used in
photocatalytic degradation [9, 16]. Recently, number
studies are reported on photocatalytic capacity of ZnO NPs
[17-20].

Cynara scolymus L., commonly known as artichoke, is
often used in the synthesis of Ag NPs. C. scolymus belongs
to the family Asteraceae and originated in the Mediter-
ranean, although it is now cultivated worldwide [21].
Artichoke has some medicinal value and is commonly used
as a hepato-protectant. Artichoke leaf extract is also used in
the treatment of hepatitis and hyperlipidemia in traditional
European medicine. C. scolymus leaves and head extracts
have been used in folk medicine as they have choleretic
and hepatoprotective activities there by enhancing the liver
function. They are also used in the treatment of chronic
liver and gall bladder diseases, hepatitis, jaundice, symp-
toms of diabetes and arteriosclerosis [22]. The active
components present in the leaves of C. scolymus include
luteolin, apigenin, glycosides, monocaffeoylquinic acids,
dicaffeoylquinic acids, and sesquiterpenes [23]. Although,
C. scolymus leaves contain up to 2% of phenolic acids
(chlorogenic acid, cynarin and caffeic acid), 0.4% of bitter
sesquiterpenes  lactones  (cynaropicrin, grosheimin),
0.1-1% flavonoids (luteolin such as scolymoside, cynaro-
side, apigenin-7-O-rutinoside, cynarasaponins, inulin) [24].
The leaf extracts of C. scolymus have antioxidative,
antibacterial, anti-HIV, hepatoprotective, choleretic activ-
ity apart from the ability to inhibit cholesterol biosynthesis
and LDL oxidation [25]. Hence, the present study aimed to
investigate the potential for ZnO NP synthesis using arti-
choke leaves. To our best knowledge this is a first report on
ZnO NPs synthesis using artichoke leaves extract. An
attempt was also made in this study to assess the particles’
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hemolytic, antimicrobial, photocatalytic, and antiprolifer-
ative activity, to determine whether they can be effectively
used as a drug.

Materials and Methods
Preparation of Plant Samples

Artichoke leaves (Cynara scolymus L.) were collected
from Ooty, The Nilgiris, Tamil Nadu, India. After collec-
tion, the artichoke leaves were dried and chopped into
small pieces and divided into 10 g samples. The samples
were added to 100 ml of distilled water and boiled at
100 °C for 10 min. The mixture was allowed to cool and
then filtered using Whatmann filter paper No.1. The filtered
extract was then stored at 4 °C for further use [15].

Synthesis of ZnO NPs

The ZnO NPs synthesis was achieved by co-precipitation
method. To synthesis of ZnO NPs C. scolymus leaves
extract were added drop by drop to the salt solution act as
reducing capping and stabilizing agent. NaOH solution
(2 M) was then added to adjust the pH to 12. The solution
was kept on a heating magnetic stirrer and constantly
stirred while the temperature was maintained at 100 °C.
The resulting solution contained a white-colored precipi-
tate, which confirmed the formation of ZnO NPs. The
precipitate was separated by centrifugation at 10,000 rpm
at 4 °C for 10 min. The resulting pellet was then washed
with distilled water and ethanol. The pellet obtained was
calcinated in a muffle furnace at 200 °C for 2 h. The white
powdered ZnO NPs obtained were stored in vials for fur-
ther use [26].

Zn (CH3COO0), +C. scolymus leaves extract + NaOH
— Zn(OH),— ZnO NPs

Characterization of ZnO NPs

UV-Spectrophotometry (Elico) was used to study the
optical properties of the synthesized ZnO NPs. Readings
were taken at wavelengths ranging from 250 to 400 nm. To
identify the functional groups present in the ZnO NPs,
FTIR was used between the ranges of 4004000 cm ™. To
study the shape and size of the nanoparticles, SEM was
used. Scanning was performed at magnifications ranging
from 30,000x to 80,000x. The shape of the nanoparticles
was again confirmed using TEM analysis (TEM-2100 plus
electron microscope). The elemental composition of the
ZnO NPs was determined using EDXA. The crystalline
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nature and the size of the ZnO NPs were studied using
XRD (Panalytical X’pert powder XRD system). The size of
the ZnO NPs was determined using Debye—Scherrer’s
formula:

Dp = (094 x 1)/(p % cos0)

where Dp is the average crystalline size, [ is the line
broadening in radians, 0 is the Bragg’s angle, and A is the
X-Ray wavelength (0.15418).

Hemolytic Activity

Fresh human blood samples (2 ml) (first author’s blood
sample) were collected and citrated to prevent coagulation.
Samples were washed three times with phosphate buffer
saline (pH 7.4) and centrifuged at 1000 rpm for 10 min.
Red blood cells were obtained as a pellet and the super-
natant-containing platelet-deficient plasma was discarded
[27, 28]. The pellet was resuspended with 20 ml of PBS to
create an equal suspension. The red blood cells were
treated with an equal volume of ZnO NPs at concentrations
ranging from 0.7 to 100 pg/ul. The samples were then
incubated at 25 °C for 30 min. The positive control was
prepared by adding 2% Triton X and the negative control
contained cells treated with PBS only. Following incuba-
tion, the red blood cells were collected as a pellet by
centrifugation at 5000 rpm for 5 min. The supernatant was
utilized for subsequent absorbance studies [29]. Absor-
bances were read at 540 nm using a microplate reader
(ELISA reader, Bio-rad). The percentage of hemolysis was
calculated using the following formula:

Hemolysis(%) = 100 x (OD test sample—OD PBS)/
(OD Triton X—OD PBS)

Minimum Inhibitory Concentration

The green synthesized zinc oxide nanoparticles were
checked for their antimicrobial activity using different of
clinically important bacterial and fungal strains. These
strains included Staphylococcus aureus, Escherichia coli,
and Pseudomonas aeruginosa as well as Candida albicans
and Candida tropicalis. Microbroth dilution assays were
performed to find out the MIC of the synthesized
nanoparticles for each taxon. Nutrient broth was used to
culture bacteria and Sabraud dextrose broth was used to
culture fungi. The test was carried out in a 96 well plate.
One hundred microliters of the nutrient broth and Sabraud
dextrose broth were placed in wells 2—-10. Two hundred
microliters of nanoparticles were added to these wells,
which were then serial diluted. The inoculum (100 pl) was
then added. The 11th well was used for the positive control

(media) and the 12th well was used for the negative control
(inoculum). The plate was then sealed and incubated at
37 °C for 24 h. Absorbances were read at 490 nm on a
microplate reader (ELISA reader) [30, 31]. MIC percent-
ages were calculated using the following formula:

Inhibition(%) = 1—OD of test/ OD of control x 100

Photocatalytic Activity

Photocatalytic degradation assays were performed using
methyl violet and malachite green. Each dye was prepared
at a concentration of 10 ppm. The dyes (10 ml) were
placed in separate test tubes and marked as a control.
Methyl violet and malachite green (10 ml) were then
placed into two separate test tubes to which 2 mg of ZnO
NPs were added. The test tubes were kept in the dark and
incubated for an hour before being irradiated with sunlight
[32, 33]. UV spectrum scans were taken in the range 200—
800 nm every hour until complete degradation of the dye
was achieved. Degradation percentage was calculated
using the following formula:

Degradation(%) = OD control—OD sample /OD control
x 100

MTT-Based Antiproliferative Assay

The cytotoxic effect of the synthesized ZnO NPs against
human breast cancer cell lines was assessed by rapid col-
orimetric assay using 3-(4, 5 dimethythiazol-2-yl)-2, 5-
diphenyl tetrazolium bromide (MTT). The results were
compared with those of untreated controls [34]. Screening
experiments were performed as follows: the cells were
seeded in 96-well plates in 100 pl of medium containing
5% fetal bovine serum (FBS) solution at a plating density
of 10,000 cells/well. Well-plates were incubated at 37 °C,
5% CO, and 95% air, and 100% relative humidity 48 h
prior to the addition of further compounds. After 48 h,
compounds at various concentrations (10-1000 pg) were
added and the well-plates were incubated at 37 °C, 5%
CO, and 95% air, and 100% relative humidity for 48 h.
Experiments were performed in triplicate and media pre-
pared without the addition of samples were used as a
control. After 48 h, 50 pl of MTT solution (5 mg/ml, dis-
solved in triple-distilled water) was added to each well
before incubation at 37 °C for 4 h. The media were then
removed and formed formazan crystals were dissolved in
100 pl of dimethyl sulfoxide (DMSO) and their absorbance
was measured at 570 nm using a micro plate reader. Per-
centage cell inhibition was determined using the following
formula [35]:

@ Springer



794 M. Rajapriya et al.

Cell inhibition (%) =100—Absorbance(Sample) / va .
4 nm
Absorbance(Control) x 100
2.2
3
Results and Discussion = 204
o
c
Visual Characterization S s
2
Visual characterization is the first step in the confirmation < L6l
of ZnO NP synthesis. The color of the particles changes on
the addition of the leaf extract from a light brown to a 14
whey-like color (yellowish white) as a precipitate forms
(Fig. 1a). The reducing mechanism of artichoke leaf 300 320 340 360 380 400
extract was given in the Fig. 1b. This method is supported Wavelength (nm)

by Santhoshkumar et al. [1], who reported that a color
change from half white to pale yellow confirms the syn-
thesis of ZnO NPs. Gnanasangeetha and Thambavani [36]
also reported the appearance of a pale white precipitate
following the green synthesis of ZnO NPs.

Fig. 2 UV spectrum of ZnO NPs

Zinc acetate solution Artichoke leaf extract White precipitate
400°C
(b) Zn(CH;COO), + Artichoke leaf extract —> Zn(OH),—> ZnONPs

‘M Al OOQ
Y - oY
ve? = 00°

Zinc acetate Artichoke leaf extract Reducing and Capping ZnO NPs
(Zn(OH),)

Fig. 1 a Color change and formation of white precipitate, b mechanism of reduction of ZnO NPs from zinc acetate by Artichoke leaves extract
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UV Spectrophotometry

UV absorbance was determined by scanning at wave-
lengths between 250 and 400 nm. At a particular wave-
length, the conducting electrons begin to oscillate as a
result of surface plasmon resonance (SPR). As a result of
SPR, a strong peak was observed at 371 nm (Fig. 2), which
confirms the presence of ZnO NPs. Similar results were
reported by Jamdagni et al. [15], Karthik et al. [37] and
Suresh et al. [38], in which absorption peaks were observed
at 369 nm, 374 nm, and 370 nm, respectively, corre-
sponding to the characteristic range of ZnO NPs. Similarly,
Al-Shabib et al. [39] reported the confirmation of ZnO NP
synthesis based on the observation of an absorption peak at

Wavelength Cm™

385 nm in the visible UV spectra. Vennila and Jesurani
[40] also reported that a peak at 390 nm corresponds to the
presence of ZnO NPs, likely due to SPR.

FTIR

FTIR analysis was used to determine the role of functional
groups and the involvement of biomolecules in the syn-
thesis of ZnO NPs. Peaks were observed between the range
of 400-4000 cm™". FTIR analysis of artichoke leaf extract
showed a strong broad absorbance at 3405.67 cm_l,
characteristic of the (O-H) stretching frequency common
to alcohol compounds. The peak at 1610.27 cm™" corre-

sponds to the (N-H) bending frequency common to
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compounds containing an amine group. The peak at
1397.17 ecm™ ! is indicative of the (~C—H) bending fre-
quency characteristic of compounds containing an alkane
group. The strong peak at 1079.94 cm ™' is indicative of the
(C-0O) stretching mode characteristic of alcohol com-
pounds. A peak was also observed at 468.617 cm™'
(Fig. 3a). Concerning the spectra produced by the analysis
of ZnO NPs (Fig. 3b), the strong and broad peak observed
at 3430.74 cm™" corresponds to an (O—H) bond and indi-
cates the presence of an alcohol group. The very broad,
strong peak at 2339.23 cm™' is indicative of the (O—H)
stretching frequency and suggests the presence of an acid.
The peak at 152542 cm™' (C=C) corresponds to the
presence of an aromatic group. The weak peak at
1331.61 cm™ ! is indicative of the (C-N) stretching fre-
quency and suggests the presence of an amine group. The
peak at 910.236 cm™ ! is indicative of the (=C—H) bending
frequency and its strong bands suggest the presence of an

alkene group. The peaks at 490.795 cm™' and
422.334 cm ™! are characteristic of a (Zn—0) bond [8]. This
result is supported by the findings of Vijayakumar et al. [8],
in which peaks were observed between the range of
500-4000 cm~ ' and a characteristic (Zn—O) stretching
peak was observed at 413 cm~!. Santhoshkumar et al. [1]
also compared the spectra of nanoparticles and artichoke
leaf extract and provided a similar interpretation.

SEM-EDXA

SEM was used to study the morphology of the ZnO NPs.
The images showed spherically-shaped ZnO NPs ranging
from 37 to 84 nm in size (Fig. 4a, b). The average particle
size was 65.9 nm. Their elemental composition was stud-
ied using EDXA peaks (Fig. 4c), from which the compo-
sition was determined to be 80.17% Zinc and 19.83%
oxygen. Santhoshkumar et al. [1] reported the morphology
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Fig. 4 Scanning electron microscopy images showing spherically-shaped ZnO NPs (a 30,000x; b 60,000x; ¢ EDAX spectrum)
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of spherical nanoparticles of particle size 70 nm using
EDXA, finding the composition of the particles to be
75.36% zinc, 22.36% oxygen, and 2.29% carbon. Simi-
larly, Ishwarya et al. [9] found an elemental composition of
78% zinc and 48% oxygen based on EDXA spectra. Datta
et al. [41] reported quasi-spherically-, radially-, and
cylindrically-shaped nanoparticles based on SEM images
and reported an elemental composition of 97.6% zinc and
2.4% oxygen based on EDXA.

TEM-SAED

The size of the nanoparticles was analyzed through TEM
analysis. The TEM image showed and confirmed that
spherical shaped ZnO NPs and the size of the nanoparticles
ranges between 20 and 70 nm (Fig. 5). The SAED pattern
authenticates the crystalline nature of ZnO NPs. Our results
were supported by Padalia and Chanda [42] who reported
that spherical as well irregular shaped zinc oxide
nanoparticles synthesized from Ziziphus nummularia leaf
extract. Similarly, Patil and Taranath [43] also reported that
Limonia acidissima L. leaf extract coated zinc oxide
nanoparticles have spherical shape.

(a)

XRD Analysis

The structural properties and the crystalline size of ZnO
NPs were studied using XRD analysis. Diffraction peaks
were observed at 20E 31.8°, 34.5°, 36.5°, 47.5°, 57°, 63°,
66.5°, 68°, 69.5°, 73°, 77°, 90°, 93°, 95.5°, and 98.5°
(Fig. 6). These peaks were indexed as (100), (002), (101),
(102), (110), (103), (200), (112), (201), (004), and (202)
diffraction lattice planes, respectively. The crystalline size
of the calcinated ZnO NPs was calculated using Debye—
Scherrer’s formula:

Dp = (094 x 1)/(p % cos0)

where Dp is the average crystalline size,  is the line
broadening radians, 6 is the Bragg’s angle, and A is the
X-ray wavelength (0.15418). The average crystalline size
was found to be 20.5 nm. The crystalline nature and the
size of the nanoparticles were studied using XRD. The
nanoparticles’ crystalline nature was confirmed with ref-
erence to JCPDS file no. 89-7102. Their average size was
calculated using Debye—Scherrer’s formula and found to be
20.5 nm. Vijayakumar et al. [8] reported the crystalline
nature of ZnO NPs and reported an average size of 24 nm.

(b)

Fig. 5 Transmission electron microscopic images showing 200 nm (a), 20 nm (b) and SAED pattern (c) of ZnO NPs

@ Springer



M. Rajapriya et al.

798
10000
=
Lattice  : Primitive
3600, System  : Hexagonal
7 JCPDS No: 36-1451

3 6000 §
z
2 gl
S S
£ 4000
—

2000 —

0+
T T T T T T T

20 40 60 80 100
2 Theta/ degree

Fig. 6 XRD pattern showing the various Bragg’s lattice planes of
ZnO NPs

Ishwarya et al. [9] reported diffraction peaks and an
average crystalline size of 5-15 nm.

Hemolytic Activity

The hemolytic activity of ZnO NPs was assessed to
determine whether the synthesized nanoparticles destroyed
the membrane of red blood cells, which can lead to the
release of hemoglobin into the plasma (Fig. 7). We found
that 100 pg/ml of AT ZnO NPs exhibited 0.5% of total
hemolytic activity and that there was no related destruction
of red blood cells. Lower concentrations of nanoparticles
were non-toxic and were found to be biocompatible. This
assessment was crucial, as without it the use of ZnO NPs
could result in dangerous pathological conditions. In the
present study, 100 pg/ml of ZnO NPs resulted in a hemo-
Iytic activity of 0.5%. Das et al. [27] Vinotha et al. and
Abinaya et al. [44, 45] stated that hemolytic activity up to
5% is safe and a concentration of 2.5 mg/ml of ZnO NPs,
when synthesized by direct thermal decomposition, can be
used for their hemolytic activity. Muthukumarasamyvel

Fig. 7 Hemolytic activity
assays using ZnO NPs
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et al. [29] reported the results of hemolysis assays of
dicationic amphiphiles using human erythrocytes.

Minimum Inhibitory Concentration

Micro broth dilution assays were used to identify the
MICs using the synthesized AT ZnO NPs. For S. aureus
(Gram-positive bacteria), the MICs, was calculated as >
0.7 pg/ml. In E. coli (Gram-negative bacteria) inhibition
was achieved at a concentration of 25 pg/ml, and in P.
aeruginosa > 100 pg/ml was required to induce an inhi-
bitory effect. The minimum inhibitory concentration for
fungal species, including C. tropicalis, was found to be
0.35 pg/ml. This was at odds to the result found for C.
albicans, for which a concentration > 100 pg/ml was
required to produce inhibition (Table 1). Raju et al. [30]
reported the MIC of nanostructured silver nanoparticles
using Enteromorpha intestinalis. Jamdagni et al. [15]
reported the MIC of green synthesized ZnO NPs using
Nyctanthes leaf extract. A. niger had the lowest MICsq
value (16 pg/ml) and was determined to be sensitive to
ZnO NPs. Botrytis cineria and Penicillium expansum had
higher MICs, values (128 pg/ml) relative to A. niger. The
antibacterial activity of these nanoparticles could be due to
their accumulation in the bacterial cell walls, which would
alter their permeability, resulting in cell death. It has also
been suggested that ZnO NPs produce reactive oxygen
species, which induce cell death.

Photocatalytic Activity

Photocatalytic degradation activity was assayed using
methyl violet. We observed 94.3% degradation in the dye
following exposure to sunlight for 120 min (Fig. 8a), and
malachite green exhibited 89.5% degradation after

120 min of exposure to sunlight (Fig. 8c). The rate con-
stant of photocatalytic activity was calculated using
Langmuir-Hinshelwood kinetic model. The rate constant
of photocatalytic activity of ZnO NPs against methyl
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Table 1 Minimum inhibitory
concentration of ZnO NPs

S. No.

Species tested

MICs5, concentration (pg/ml)

Bacteria

S. aureus (ATCC 25923)
E.coli (ATCC 25922)
P. aeruginosa (ATCC 27853)

C. albicans (IFM 40009)
C. tropicalis (IFM 46521)

> 0.7
25
> 100

> 100
0.35

violet and malachite green was showed in Fig. 8b, d
respectively. These results confirm the photocatalytic
properties of ZnO NPs. A similar finding was reported by
Raja et al. [32] using methylene blue. An absorption peak
was observed at 660 nm and decreases in absorption were
seen after 90 min of exposure to sunlight. Likewise,
Karnan et al. [46] tested the photocatalytic activity of

ZnO NPs using methyl orange dye following exposure to
UV light, reporting 83.99% decolorization effectiveness
after 120 min of exposure. Similarly, Zheng et al. [47]
found that ZnO nanoparticles synthesized using Corymbia
citriodora leaf extract exhibited a photodegradative
capacity of 83.45% and 59.47% using methylene blue
after 90 min of UV irradiation.
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Fig. 8 Graph showing the photocatalysis of a methyl violet at 580 nm, b rate constant of ZnO NPs against methyl violet, ¢ malachite green at
615 nm, d rate constant of ZnO NPs against malachite green

@ Springer



800

M. Rajapriya et al.

Fig. 9 Antiproliferative activity
of ZnO NPs a MCF7 Control;
b MCF7 Treated; ¢ Vero
Control; d Vero Treated)

MTT-Based Antiproliferative Assays

Antiproliferative assays were carried out using breast
cancer cell line MCF-7 (Fig. 9a) and normal Vero cell lines
(Fig. 9c). The following ICsy values were recorded: MCF
7: 65.31 pg/pl ZnO NPs (Fig. 9b) and Vero: 957.85 ng/ul
ZnO NPs (Fig. 9d). Senthilkumar et al. [48] reported the
results of in vitro cytotoxicity assays using ZnO NPs using
Tectona grandis leaf extract. They reported ICs values of
30.90 pg/ml and 41.29 pg/ml in the 5-Florouracil and
MC3t3-E1 cell lines, respectively. Similarly, Mahendiran
et al. [34] stated that the Aloe vera gel coated zinc oxide
nanoparticles (ZnO-C) showed the highest anticancer
activity against MCF-7, Hep-2, and HeLa cancer cell lines
compared to other ZnO nanoparticles.

Conclusions

In the present study, spherically-shaped AT-ZnO NPs of
diameter 65.9 nm were created. MICsy assay results
showed that bacterial strains are more susceptible to ZnO
NPs compared to fungi. The photocatalytic degradation of
methyl violet and malachite green was facilitated by ZnO
NPs, providing evidence of their photocatalytic properties.
Low concentrations of ZnO NPs exhibited only weak
hemolytic activity and were found to be biocompatible in
nature. Antiproliferative assays showed ICs, values of
65.31 pg/pl and 957.85 pg/pl using breast cancer cell line

@ Springer

MCF 7 and Vero cells, respectively. Thus, we conclude
that ZnO NPs are safe for use in the development of novel
treatment methods.
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