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A B S T R A C T

The plant extracts are known for their anti-inflammatory, antifungal, antiviral and antibacterial properties. The
use of plant extracts in the preparation of bio-materials increases their biological application. In this concern,
herein reporting an eco-friendly procedure which is also a simple and cost effective, for the synthesis of Zinc
Oxide nanoparticles (ZnONPs) using Saussurea lappa plant root (rhizome) extract as a fuel. The prepared nano-
particles were confirmed using various characterization techniques. The Dynamic light scattering data showed
123.5 nm particle size with -99.9 mv zeta potential which indicates excellent stability of the particles. The peak at
541 cm�1 in the IR spectrum is assigned to the stretching frequency of the zinc-binding to oxygen. The X-ray
diffraction peaks confirm the close association with JCPDS Data Card No: 36-1451. The FESEM data revealed a
hexagonal wurtzite structure with a hexagonal shape of synthesized ZnO nanoparticles. The antibacterial studies
indicate the gram-negative strains showed better inhibition activity than gram-positive strains. Among Fungal
strains, Aspergillus niger and flavus, Fusarium oxysporum, and Rhizopus oryzae showed good inhibition activity at
higher concentrations. The cytotoxic data indicates the 5 μg/mL of the ZnO particles showed cytotoxicity on the
CHO cell line and with IC50 value 3.164 � 0.8956 μg/mL.
1. Introduction

Today nanotechnology plays a vital role in the fields of science and
technology due to their chemical, physical, and biological properties of
the nanoparticles than the bulk [1, 2]. This leads to enhance the
importance of nanoparticles (NPs) to a greater extent in various in-
dustries such as chemical, biological, medicinal, and environmental. In
addition, nanoparticles also using in the purification of water [3],
packaging and processing of food [4], in the storage devices [5, 6], fuel
cells to catalytic converters and in biosensors [7, 8], photocatalytic
studies [9], in drug delivery [10, 11] magnetic hyperthermia [12, 13]
magnetofection [14], antimicrobial agents, cytotoxic agents, bone
regeneration, proliferation, and cell adhesion capabilities [15], tissue
engineering [16], bio-labelling [17], etc.

In the light of the above, the ZnO NPs were synthesized using
different approaches for various applications. For example, Rania et.al
(K.R.S. Prasad), muralikp@msrit.

rm 18 March 2021; Accepted 7 J
vier Ltd. This is an open access ar
reported the preparation of the ZnO nanoparticles by co-precipitation
method for solar-driven photodegradation of Congo red dye [18],
Mohd Farhan Khan. et.al reported by sol-gel method for antimicrobial
activities [19], Hyeonhan Lim et.al reported by hydrothermal method
photodegradation studies [20], Mosalagae. et.al reported by ultrasonic
spray pyrolysis method [21], Anh Thi Le.et.al reported by solid precipi-
tation method for removal of heavy metal ions [22], Yan Xiu Liu et.al
reported microwave-assisted zinc oxide nanoparticles for photo-
degradation of CTMAB [23], Dapeng Wu et.al. prepared by the sol-
vothermal method for dye-sensitized solar cells [24], Jen-Chieh Lin et.al
synthesized by microemulsion technique for dye-sensitized solar cells
[25], Raghu and Ram synthesized by supercritical water method [26]
and Giri. et.al used a mechanical method for the preparation of ZnO
materials [27]. Among, the most popular chemical synthetic methods
usually require high levels of temperature and pressure. Then, also using
toxic chemicals like sodium borohydride, citrate as reducing agents and
edu (P. Murali Krishna).
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capping agents. The use of these toxic materials may associate with
environmental-related issues. Hence, a chemist searches for a method
that is an easy, inexpensive, non-toxic method to synthesize
bio-nanoparticles. To overcome these difficulties and reduce environ-
mental issues, the alternative is the use of different plant extracts as a
source of reducing agent in the preparation of nanoparticles. Hence green
chemistry gained more interest in research due to eco-friendly property.

Several metal oxides such as oxides of silver, copper, gold, etc have
been widely used for the green synthesis of NPs using different plant
extracts [28, 29, 30]. As zinc is found in cells throughout the human body
and is essential for the immune system, zinc oxide nanoparticles
(ZnO-NPs) have gained more focus in biomedical applications. Even
though, ZnO NPs are firstly used in the rubber industry for wearproof of
the rubber composite to enhance the properties of the polymers such as
toughness and intensity and antiaging, etc. [31, 32]. Thereafter ZnO-NPs
holds greater potential to use as a photocatalyst in water purification [33,
34], light-emitting devices, solar cells, lasers, piezoelectric transducers,
chemical sensors, photocatalysts, and transparent electronics are led in
nanotechnologies [35, 36], Crop production, nutrient management [37],
biomedical applications [38, 39, 40, 41, 42, 43, 44, 45, 46],
anti-microbial preservative for wood and food products [47], etc.

For the various applications, the green synthesized ZnO-NPs reported
in the literature by using many plant extracts [33, 34, 39, 42, 43, 48, 49,
50, 51, 52, 53, 54, 55, 56, 57] to get a flower, cube, rod, wires shaped
particles [58, 59, 60, 61]. The advantage of plant extracts in the green
route of ZnONPs is due to the intrinsic bio-features of the plant extract
help in exhibiting the distinctive properties of nanoparticles in a colloidal
solution. In addition, the chemical constituents of the plant extract such
as organic compounds (alkaloids, steroids, glycosides, resins, tannins,
organic acids, volatile oils, sugars, enzymes) and inorganic ingredients
(trace elements) [62] will be used as a reducing agent. Based on these
properties they can be applied in medicinal and industrial fields. In the
current study, the ZnO nanoparticles were prepared from the extract of
the medicinal plant Saussurea plant.

Saussurea lappa (Costus or Kushta) plant belongs to the Asteraceae
family, usually grows in Himalayan ranges at 8000–12000 feet, Western
Ghats, in China, Korea, and Japan [63]. For many years this herb has
been using in cosmetics and also in the treatment of gastric ulcers,
arthritis, inflammation, skin healing, as a supplement for infertility,
menstrual disorders, and many more. From the ancient days, this herb
has been used as an anti-angiogenesis, antiarthritic, anti-asthmatic,
antidysentery, anti-inflammatory, anti-ulcerative [64, 65].

Best of our knowledge, Saussurea lappa plant extract used for the
synthesis of the oxides of the Silver [66], Magnesium [67], and Selenium
[68] but no literature available on a synthesis of ZnO-NPs. In the light of
the above, herein reporting the preparation of ZnO nanoparticles from
roots (rhizome) of Saussurea lappa plant methanol extract and its
anti-bacterial, anti-fungal activities and cytotoxicity effect of ZnO
nanoparticles against Chinese Hamster Ovary (CHO) cell lines.

2. Experimental

2.1. Materials

Zinc nitrate hexahydrate (98% AR), EDTA, Ammonium hydroxide
were purchased from Merck, India Pvt. Ltd. The Chinese Hamster Ovary
(CHO) cells were obtained from National Centre for Cell Sciences
(NCCS), Pune, India. All other solvents used were analytical grade and
distilled water used throughout the work.

2.2. Physical measurements

The electronic spectrum of the material was measured in the range of
200–800nm using Spectra 450 SHIMADZU UV-Visible Spectrophotom-
eter. Dynamic Light Scattering technique was used in order to measure
the size and distribution of NPs (Nanopartica, HORIBA, SZ-100). The
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ATR (Attenuated Total Reflectance) Fourier–Transform Infrared (FT-IR)
spectrum of the material was recorded between 500–4000cm�1 with the
KBr pellet method. The crystallinity of the nanoparticles was determined
by using Rigaku Miniflex 600, Japan X-Ray Diffraction (XRD) tool. The
shape and external morphology of the NPs were characterized by using
the Field Emission Scanning Electron Microscope (FESEM) for Elemental
and chemical analysis of NPs was done by Energy Dispersive X-ray (EDX)
of the model (FEI-Quanta FEG 200F) of IIT- Madras, Chennai.

2.3. Extraction of the plant

The root extract of the Saussurea lappa was used in the preparation of
the Zinc oxide NPs and the extract was collected using the following
procedure: The roots (rhizome) of Saussurea lappa were gathered from
the Srinagar and the surrounding forest region, Jammu and Kashmir,
India. Dr. K. Madhava Chetty authenticated the same and sample is
deposited in herbarium, Botany department, S.V. University, Tirupati,
India. The roots of the plant were grinded to get powder using a pul-
verizing machine and extracted with methanol on soaking for 72 h.

2.4. Preparation of ZnO nanoparticles from methanol extract of the
Saussurea lappa

The ZnO nanoparticles were prepared by the Co-precipitation method
using plant extract (Figure 1). To a 50 ml of the plant extract added 50 ml
of the 0.1 M aqueous solution of hexahydrate zinc nitrate. The resultant
mixture was stirred for about 15 min and continued the stirring at 60 �C
for about 20 min more. Then added EDTA (0.1 g) and also a few drops of
ammonium hydroxide solution to maintain pH 12 and the mixture was
vigorously stirred at 1000 rpm for 2 h at 70–80 �C. The precipitation
formed was cooled and washed with distilled water and ethanol 3–5
times and centrifuged the solution with ethanol solution. Thereafter, the
supernatant solution was discarded and dried the obtained precipitate.
The dried precipitate was grinded with a mortar and pestle to make a fine
powder. Then calcinated the powder at 600 �C for 4 h to clean and pure
nanoparticles.

2.5. Biological studies

2.5.1. Antimicrobial activity
The disk diffusion agar analysis has been followed to test the effec-

tiveness of the antimicrobial activity of biosynthesized ZnO nanoparticles
against gram-positive (Streptococcus aureus, Bacillus subtilis) gram-
negative (Sphingobacterium thalpophilum, Staphylococcus aureus, E. coli,
Pseudomonas aeruginosa, Sphingobacterium sp, Acinetobacter sp, Ochrobac-
trum sp) bacteria and also on fungi. Three different concentrations of
(170, 100, 50 ppm) ZnO-NPs were prepared and introduced an array of
bacterial species.

2.5.2. Cytotoxicity effect of ZnO nanoparticles
The invitro-cytotoxic studies of the ZnO-NPs were evaluated using the

MTT [(3-(4, 5-dimethylthiozol-2-yl)-2,5-diphenyltetrazolium bromide)]
assay method on Chinese Hamster Ovary (CHO) cell lines, a widely
employed for the expression of recombination proteins. The cells were
grown at 37 �C in a humidified incubator under 5% CO2/95% air in
DMEM with 10% Fetal Bovine Serum (FBS). The CHO cells have been
planted in 96 well tissue culture plates at the quantity of 0.2 � 106 cells
per well. After that the corresponding CHO cells were kept in a humid-
ified CO2 incubator to treat with test compounds for 24 h. Then the cells
were treated with 20 μL of 5 mg/mL MTT and incubated for 4 h in a
humidified atmosphere. Then added 200 μL of DMSO to the wells so as to
dissolve the MTT formazan crystals. Further in the control experiment,
the cells were grown without test compounds, in the same media.
Immediately after the development of purple colour, the absorbance of
the wells was measured at 570 nm. In the control cells, the formazan
generated was picked up in order to represent 100 % viability. Relative



L.A. Kolahalam et al. Heliyon 7 (2021) e07265
cell viability was computed in relation to the extent of MTT converted
into formazan salt. Three independent experiments were executed and
the average � S.E.M was calculated. Cell viability (%) was calculated
using the following Eq. (1) and reported as cell viability (%) Vs con-
centration (μM).

Cell Viabilityð%Þ¼Optical Density of ZnONPs
Optical Density of Control

� 100 (1)

Inhibition Concentration (IC50) means the concentration of ZnONPs
inhibiting 50% of cell growth and the same was calculated from the
graph of visible cells against nanoparticle concentration.

2.5.3. Statistical analysis
All the data reported were examined repeatedly for three trials. The

data were analysed using SPSS version 16.0 and computed mean � SD.
Further, one way ANOVA was carried followed by Duncan's Multiple
Range Test (DMRT) (P < 0.05).

3. Results and discussion

3.1. Synthesis and characterization of ZnO-NPs

As shown in Figure 1, the zinc oxide nanoparticles were prepared by
adding Saussurea lappa plant extract as reducing agent to an aqueous so-
lution of hexahydrate zinc nitrate by the co-precipitation method. The in-
gredients flavonoid glycosides, chlorogenic acid, shikokiols, chrysophanol,
etc [69] may be caused to change zinc(II) ion to zinc oxide NPs. The
physicochemical changes during the preparation of zinc oxide nanoparticles
were observed in previously reported literature [70]. The formation of
ZnO-NPs was further investigated by following analytical techniques.

3.1.1. UV visible spectral analysis
A UV-Visible spectrum of the prepared sample was recorded in the

range of 200–800 nm at different time intervals using Spectra 450,
SHIMADZU Spectrophotometer. In an aqueous colloidal solution, the
formation and the stability of the synthesized ZnO NPs were confirmed
by the absorption maximum peak at 430 nm (Figure 2) and this peak
occurs due to the phenomenon of redshift.

3.1.2. Dynamic light scattering analysis
Dynamic light scattering is the most useful technique to determine

particle size. The formed ZnO nanoparticles are well distributed con-
cerning volume and intensity. Zeta potential analysis determines the sur-
face charge of synthesized nanoparticles. The Nanopartica SZ-100
Figure 1. Synthetic route of ZnO-NPs u
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instrument was used to know the particle size and zeta potential. The
particle size distribution spectrum was recorded by plotting the diameter
(nm) on the X-axis and frequency (%/nm) on Y-axis. The zeta potential
spectra of ZnO nanoparticles were taken by plotting the zeta potential
(mV) and intensity (a.u) on the X and Y-axis respectively. The nano-
particle's stability is directly proportional tomagnitude of the charge. From
Table 1, the synthesized nanoparticle showed 123.5 nm particle size with
-99.9 mv zeta potential which indicates excellent stability (Figure 3a and
b). The higher value of zeta potential (either positive or negative) implies
excellent physical colloidal stability [71]. This is because of the electro-
static repulsions among the respective particles. In another way, assem-
bling the particles may show the Zeta potential of a lower magnitude.

3.1.3. Fourier transform infrared (FT-IR) spectroscopy
The FT-IR spectrum of synthesized nanoparticles from Saussurea lappa

was recorded in the range from 500– 4000 cm�1 by using the ATR tech-
nique and representative spectrum shown in Figure 4. In the FT-IR spec-
trum, the peaks at 3847 cm�1, 3741 cm�1, and 3673 cm�1 observed
correspond to O–H stretching absorption of zinc nitrate hexahydrate. Peaks
at 3618 cm�1 related to the stretching vibrations of C–H bonds of alkynes
which may present in alkaloids of plant extract. The peak at 2967 cm�1 is
for the strong C–H stretching vibrations of amines. The peak at 2359 cm�1

corresponds to the C�C stretching vibrations of alkynes present in the plant
extract. The peak at 1917 cm�1 related to the strong C¼O stretching. The
peak at 1741 cm�1 shows the C¼O stretching vibrations of carboxylic acids.
The peak at 1695 cm�1 was assigned to the C–N stretching. The peak at
1524 cm�1 shows the N–H bending and -C-O-H in-plane band. The peak at
1053 cm�1 shows the strong C–O stretching. The peaks at 815 cm�1 and
602 cm�1 are assigned to the strong stretching and bending of C–H bonds.
The peak at 541 cm�1 corresponds to a standard peak of (ZnO) due to the
stretching frequency of the metal binding to oxygen. Similar observations
were reported in the literature [50, 72, 73, 74, 75].
3.1.4. X-ray diffraction (XRD) analysis
Powder X-ray diffraction (XRD) was used to investigate the structural

information, identify the phase and crystallinity of the prepared ZnO-
NPs, and Figure 5 shows the XRD patterns of synthesized ZnO nano-
particles using S. lappa plant extract. The intensity data were obtained in
the range of 200–800. A definite peak broadening indicates that the
synthesized material contains the particles in the nanoscale range was
obtained at λ ¼ 1.54 A0 by using X-Ray Diffractometer. The diffraction
peaks (2θ) at 31.54�, 34.30�, 36.11�, 47.28�, 56.47�, 62.77�, 67.89� and
69.03� correspond to the planes (100), (002), (101), (102), (110), (103),
(112) and (201) confirmed the close association with JCPDS Data Card
sing Saussurea lappa plant extract.



Table 1. Dynamic light scattering and Zeta potential data of synthesized ZnO nanoparticles.

Particle Size Zeta Potential

Peak No S P area ratio Mean nm SD nm Mode nm Peak No Zeta Potential mV Electrophoretic Mobility mean cm2/Vs

1 1.00 124.0 11.4 123.5 1 -146.1 -0.001131

2 - - - - 2 -41.6 -0.000322

3 - - - - 3 130.7 0.001012

Total 1.00 124.0 11.4 123.5 -99.9 -0.000774

Figure 2. UV-visible spectrum analysis of Saussurea lappa mediated synthesized ZnONPs.
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No: 36-1451 (Figure 5). There was the similarity of the lattice planes
reported in previous literature of ZnO nanoparticles synthesis from Ixora
Coccinea leaf extract [72], Cinnamomum Tamala [76], Laurus nobilis [77],
and Costus pictus leaf extracts [56]. Therefore, it was confirmed that the
synthesized ZnO nanoparticles exhibit a hexagonal wurtzite structure
with slight agglomeration. The average size of the synthesized ZnO
nanoparticles obtained was around 26�1nm. Apart from the Bragg peaks
of FCC ZnO nanoparticles, unassigned peaks were also observed in the
Figure 3. (a) Histogram of synthesized Zinc oxide nanoparticles using Dynam
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spectrum implying the crystallization of the bio-organic state formed on
the surface of the NPs.

3.1.5. Morphology studies of zinc oxide nanoparticles
The FESEM images of prepared ZnO NPs analysis helps to determine

the structure of the nanoparticles. The FESEM images (Figure 6a and b)
revealed a hexagonal wurtzite structure with hexagonal shape of syn-
thesized ZnONPs. The results of the JCPDS data of XRD and FESEM have
ic light scattering. (b) Zeta potential of synthesized ZnO nanoparticles.



Figure 4. IR spectrum of the synthesized ZnO nanoparticles.

Figure 5. XRD spectrum of synthesized ZnO nanoparticles.
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correlated the shape of the nanoparticles. The elemental composition of
ZnO nanoparticles was confirmed by Energy Dispersive X-ray (EDX)
analysis (Figure 7) of the NPs and composed of zinc, oxygen. In the
synthesized nanoparticles strong signals of ZnO atoms were observed, it
revealed that the ZnO nanoparticles have Zn rich environment in the
lattice.
Figure 6. FESEM images of synthesized ZnO na
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3.2. Biological activities of the prepared zinc oxide nanoparticles

3.2.1. Antimicrobial activity
The mechanism of the ZnONPs antimicrobial activity even though not

clear, the literature suggests that the activity due to various mechanisms
[78, 79, 80, 81, 82, 83]. In present studies, the antimicrobial activity was
investigated by disk diffusion analysis for biosynthesized ZnO nano-
particles performed for three different concentrations (50, 100, 170
ppm) against gram-positive (Streptococcus aureus, Bacillus subtilis), and
gram-negative (Sphingobacterium thalpophilum, Staphylococcus aureus, E.
coli, Pseudomonas aeruginosa, Sphingobacterium sp, Acinetobacter sp,
Ochrobactrum sp) bacteria and also on fungi. At 170 ppm concentration,
ZnO nanoparticles exhibited a notable antimicrobial effect compared
over the concentrations at 50 and 100 ppm. A similar observation was
made in reported literature [83, 84, 85]. From Table 2, Figure 8 and
Figure 9, Among the tested pathogenic strains, the gram-negative
strains showed better inhibition activity than gram-positive strains
[86]. This may be due to the nature of the structure of the cell wall, cell
physiology, metabolism or degree of contact, etc. But when compared to
E. Coli and S. Aureus (Gram-positive) P. Aeruginosa (Gram-negative) and
Bacillus (Gram-positive) showed an effective zone of inhibition in all
concentrations. In the case of anti-fungal activity, ZnO NPs showed good
inhibition activity at higher concentrations (170ppm) than the lower
concentration (50 and 100ppm). Among, Aspergillus Niger and
noparticles (a) at 5 μm and (b) at 100 nm.



Figure 7. EDX graph and elemental analysis of ZnO nanoparticles.

Table 2. In-vitro antibacterial studies of synthesized ZnO nanoparticles.

S. No Bacteria Zinc oxide Nanoparticles Zone of inhibition (mm)

170 � 2 ppm 100 � 1 ppm 50 � 1 ppm

Gram-negative

1 Sphingobacterium thalpophilum 3.2 � 0.04bc 2.7 � 0.02d 1.5 � 0.05cd

2 Staphylococcus aureus 3.2 � 0.03a 3.0 � 0.05a 2.4 � 0.06a

3 E. coli 3.7 � 0.05a 2.9 � 0.04abc 1.9 � 0.07c

4 Pseudomonas aeruginosa 3.5 � 0.08bc 3.2 � 0.08ab 3.1 � 0.05cd

5 Sphingobacterium sp 3.0 � 0.06a 2.9 � 0.03a 2.1 � 0.16a

6 Acinetobacter sp 2.8 � 0.04b 1.9 � 0.04d 1.4 � 0.06b

7 Ochrobactrum sp 2.7 � 0.18de 1.8 � 0.13a 1.2 � 0.08d

Gram-positive

8 Bacillus subtilis 2.7 � 0.07d 2.0 � 0.04b 0.9 � 0.08d

9 Streptococcus aureus 2.6 � 0.02d 1.6 � 0.06bc 1.1 � 0.07cd

10 Uncultured bacterium Figure 8 2.9 � 0.17d 2.6 � 0.06abc 1.5 � 0.09d

Completely Randomized Design
CRD (P � 0.05)

0.295 0.259 0.248

The data presented is � SE of three measurements.
Data followed by the same letter are not significantly different at P � 0.05, whereas those followed by different letters are significantly different at P � 0.05.

Figure 8. In-vitro antibacterial studies of ZnO nanoparticles with bacterial strains: 1. Sphingobacterium thalpophilum 2. Staphylococcus aureus 3. E. coli 4. Pseudomonas
aeruginosa 5. Sphingobacterium sp 6. Acinetobacter sp 7. Ochrobactrum sp 8. Bacillus subtilis 9. Streptococcus aureus 10. Uncultured bacterium.

L.A. Kolahalam et al. Heliyon 7 (2021) e07265

6



Table 3. In-vitro antifungal studies of synthesized ZnO nanoparticles.

S No Fungi Zinc oxide Nanoparticles Zone of inhibition (mm)

170 � 2 ppm 100 � 1 ppm 50 � 1 ppm

1 Meyerozyma caribbica 2.9 � 0.12b 2.5 � 0.08cd 2.3 � 0.02ab

2 Aspergillus niger 2.7 � 0.14c 2.1 � 0.22c 2.0 � 0.05a

3 Meyerozyma guilliermondii 2.5 � 0.05b 2.3 � 0.14d 2.0 � 0.07a

4 Rhizopus oryzae 2.9 � 0.08a 2.2 � 0.02ab 1.9 � 0.08c

5 Aspergillus flavus 2.7 � 0.06a 1.9 � 0.08ab 1.7 � 0.06a

6 Aspergillus oryzae 2.5 � 0.04c 1.5 � 0.06c 1.3 � 0.04a

7 Trichoderma asperellum 2.7 � 0.08a 1.6 � 0.05a 1.4 � 0.12b

8 Fusarium oxysporium 2.1 � 0.02a 1.9 � 0.04d 1.7 � 0.14c

C.R.D (P < 0.05)
The data

0.27 0.23 0.22

The data presented is � SE of three measurements.
Data followed by the same letter are not significantly different at P � 0.05, whereas those followed by different letters are significantly different at P � 0.05.

Figure 9. In-vitro antifungal studies of ZnO nanoparticles with strains: 1. Meyerozyma caribbica 2. Aspergillus niger 3. Meyerozyma guilliermondii 4. Rhizopus oryzae 5.
Aspergillus flavus 6. Aspergillus oryzae 7. Trichoderma asperellum 8. Fusarium oxysporium.

Figure 10. Bar diagram of in-vitro antibacterial studies of ZnO nanoparticles.

L.A. Kolahalam et al. Heliyon 7 (2021) e07265
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Figure 11. Bar diagram of in-vitro antifungal studies of ZnO nanoparticles.

Table 4. Cytotoxic data of the ZnO nanomaterials on CHO cell lines.

Sample Concentration in μg/mL Optical Density Mean SD SE % of Control

Trial 1 Trial 2 Trial 3

Control 1.49 1.50 1.39 1.46 0.06 0.04 100.00

2 0.88 0.89 0.85 0.87 0.02 0.01 59.82

3 0.71 0.78 0.65 0.71 0.07 0.04 48.86

4 0.42 0.36 0.41 0.40 0.03 0.02 27.17

5 0.37 0.36 0.34 0.36 0.02 0.01 24.43

6 0.37 0.39 0.41 0.39 0.02 0.01 26.71

L.A. Kolahalam et al. Heliyon 7 (2021) e07265
Aspergillus Flavus, Fusarium Oxysporum and Rhizopus showed very good
inhibition activity at higher concentrations (170 and 100 ppm). The
higher activity of ZnO nanoparticles was due to their well-developed
chemical stability, surface chemistry, and smaller size, enables to
interact with the microorganisms easily. Also, the particles interact with
Figure 12. Dose dependent graph for cyt
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the building blocks of the outer membrane and might cause structural
changes, degradation, and finally leads to cell lysis. The inhibitory ac-
tion of the microbes may be due to the loss of DNA replication ability
upon treatment with the metal ion. All this is due to the inactivation of
ribosomal subunit proteins expression, as well as inactivation of other
otoxic studies for ZnO nanoparticles.



Figure 13. Cytotoxic effect of synthesized ZnO nanoparticles on CHO cell lines.
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cellular proteins. Mainly the inactivation of enzymes essential for ATP
production occurs due to the release of ROS (Reactive oxygen species)
[87]. The results of the antifungal assay of ZnO nanoparticles were
given in (Table 3), Figure 10 and Figure 11. The mechanism of inhibi-
tion of metallic nanoparticles on microorganisms is not well known.
Nanoparticles bind with cytoplasmic membrane and killed bacterial and
fungal cells. This comes out of the electrostatic interaction between
positively charged nanoparticles and negatively charged cell mem-
branes of microorganisms.

3.2.2. Cytotoxicity effect of ZnO nanoparticles
In vitro cytotoxic effect of ZnO-NPs on Chinese Hamster Ovary (CHO)

cells were investigated using different concentrations of ZnO-NPs and the
data provided in Table 4. In a control experiment, cells were cultured
same as in media without ZnO NPs. At 570 nm the absorbance was
recorded preceded by the development of purple colour. Three separate
experiments were executed and mean � SEM was determined and dose
dependent graphwas plotted between cell viability in % Vs concentration
(μg/mL) (Figure 12). A concentration of 2, 3, 4, 5, 6 μg/mL nanoparticles
were used to investigate the cytotoxic studies on dosage effect. From
Figure 13, on increasing the concentration of the NPs up to 5μg the % of
the cell viability decreases then again increases for 6μg. Hence 5μg
concentration cells showed cytotoxicity on the CHO cell line and its IC50
value is 3.164� 0.8956 μg/mL. Further size and shape dependent uptake
of ZnO nanoparticles into mammalian cells have been reported and point
to the need for in-depth study of antimicrobial and cytotoxic effects of
nanoparticles.
4. Conclusion

In the present work, ZnO nanoparticles were prepared using meth-
anolic extract of roots (rhizome) of the Saussurea lappa plant by the co-
precipitate method. The formation of NPs confirmed using UV–Vis, FT-
IR, XRD, DLS, and FESEM techniques. In the IR spectrum, the peak at
541 cm�1 assigned to the stretching frequency of the Zn–O vibration. The
FESEM data indicates a hexagonal wurtzite structure with hexagonal
shape of the ZnO nanoparticles. The antibacterial data shows the gram-
negative strains better inhibition activity than gram positive strains.
Among tested Fungal strains, Aspergillus niger and Aspergillus flavus,
Fusarium oxysporum, and Rhizopus showed very good inhibition activity
at higher concentrations. The cytotoxic data indicates the 5 μg/mL of the
ZnO showed cytotoxicity on the CHO cell line and with an IC50 value of
3.164 � 0.8956 μg/mL.
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