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A B S T R A C T

The paper describes the synthesis and characterization of copper oxide nanoparticles (CuO NPs) using the mixture
of plant rhizome extracts Ocimum sanctum and Saussurea lappa as a reducing agent. The prepared CuO nano-
particles are characterized and confirmed their formation based on data obtained from powder X-ray diffraction
spectroscopy, Fourier Transmission Infrared, Ultraviolet-Visible spectra, Field Emission Scanning Electron Mi-
croscopy images, Energy Dispersive X-ray analysis and Dynamic light scattering techniques and data reveal that
the average size of CuO Nps was 103.4 nm. The result of antibacterial and antifungal activities for concentrations
50, 100, and 170 ppm indicate that NPs may exhibit appreciable activity at higher (170 ppm) concentrations. The
MTT cytotoxic assay studies of Chinese Hamster Ovary (CHO) cell lines showed a Half-maximal inhibitory con-
centration (IC50) value of 4.14 μg/mL.
1. Introduction

Advanced nanotechnology is an emerging area of science and tech-
nology because of its minimal size of nanomaterials. The unique optical,
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electrical, and catalytic properties of the metal-oxide nanomaterials
attracted the scientific community and applied them to biomedical,
catalytic, biosensors, electronics, food, photonics, andmany other studies
[1, 2, 3, 4, 5]. Copper oxide is one of the transition metal oxides
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containing a narrow bandgap and their good electrochemical activity,
stability in solutions, high surface area and good redox potentials [6]
copper oxide nanoparticles have immense applications in various fields
such as sensors, catalysis, energy storage, photonic devices, biomedical,
chemical and biological sensing, light emitters, health care to decrease
tumour cell viability [7, 8, 9, 10, 11, 12]. As copper has anti-fungal and
anti-bacterial properties, it is used to improve the skin features of the face
by utilizing copper oxide pillows [13]. In diabetic patients, copper
impregnated socks are used to minimize the risk of skin pathology [14].
In recent years with the advent of nanotechnology, copper oxide nano-
materials have gained interest and applied as anti-diabetic, anti-micro-
bial agents [15, 16, 17, 18] and also in bio medicinal research as
biomaterials and optoelectronic fields [19, 20].

Over the past few decades, the synthesis of metal and metal oxide
nanoparticles such as gold (Au), silver (Ag), and copper (Cu) has gained
interest mainly in the biomedical field, especially in biosensing, imaging,
diagnosis, and therapy [21]. Among, cheap, reactive catalysts with high
yield [22], an essential element for humans [23], and also present in
enzymes like superoxide dismutase, cytochrome oxidase, and tyrosinase
[24] copper and/or copper oxide nanoparticles showed an interest in
synthesis and investigation of their biological activities. The copper oxide
nanoparticles are abundantly used as anticancer, antimicrobial, and
antioxidant agents due to the interaction of nanoparticles with the
cellular components, which leads to the participation of several reactions
and functions in the biological system [25, 26, 27, 28, 29]. To overcome
the limitations in chemical, physical, and biological methods [30, 31, 32,
33], an inexpensive, eco-friendly, non-toxic green synthesis method
using plant extracts as a reducing agent and fueling agent is adopted
during the synthesis of nanomaterials [34]. As the plant extract contains
components such as tannins, flavonoids, and terpenoids which act as
stabilizers during the synthesis of nanoparticles [35, 36, 37] leading to
the minimal use of chemicals.

The Ocimum sanctum plant belongs to the Lamiaceae family,
commonly known as Tulsi, the Queen of Herbs, India's legendary
‘Incomparable’. It has a significant role in the Hindu religion with spir-
itual holiness, which links the plant with the figure of the goddess and is
known from the traditional Ayurvedic epoch. In Ayurveda, its extracts
are used majorly for colds, headaches, inflammations and gastrointes-
tinal disorders [38]. Saussurea lappa plant is related to the Asteraceae
Figure 1. Biosynthesis of CuO NPs from Ocimum
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family and is popularly known as Costus, Kushta. Usually, this plant
grows in higher altitudes, Himalayan ranges of around 9000 feet,
Western Ghats, Korea, Japan and China [39]. Since ancient times, this
herb has been used as an anti-asthmatic, antidysentery,
anti-inflammatory, and anti-ulcerative [40, 41].

From the literature survey, it is observed that theOcimum species used
for the synthesis of silver [42, 43], gold [44], platinum [45], copper [46]
and zinc [47] oxide nanomaterials. Saussurea lappa plant rhizome extract
was utilized in the synthesis of silver [48], magnesium [49] selenium
[50], and zinc oxide [51] nanoparticles but no literature on the synthesis
of copper oxide (CuO) nanoparticles. In addition, best of our knowledge,
there is no literature available on the synthesis of copper oxide (CuO)
nanoparticles using a mixture of both Ocimum sanctum and Saussurea
lappa plant extracts. In the view of the above and continuity of our work
on the synthesis of nanomaterials using Saussurea lappa plant extract
[51], and also medicinally important copper oxide nanoparticles [52]
herein reporting the synthesis of copper nanoparticles and their anti-
bacterial, antifungal and cytotoxic studies.

2. Materials and methods

2.1. Materials

Copper-nitrate (98% AR) is obtained from Merck, Pvt. Ltd, India.
The Chinese Hamster Ovary (CHO) cell lines were obtained from the
National Centre for Cell Sciences in Pune, India. The electronic spec-
trum of the material was measured between 200 and 800 nm with the
Spectra 450 SHIMADZU UV-Visible Spectrophotometer. The size, dis-
tribution and zeta potential of the nanoparticles were measured using
the Dynamic light scattering (DLS) technique (Nanopartica, HORIBA,
SZ-100). The Attenuated Total Reflectance Fourier Transform Infrared
(ATR-FTIR) spectrum was recorded in the range of 500-4000 cm�1 with
the KBr pellet method. The crystallinity of the nanoparticles was ob-
tained by the Rigaku Miniflex 600, Japan X-Ray Diffraction (XRD)
analysis. The shape, size, and external morphology of the NPs were
explained with F-50 of Field Emission Scanning Electron Microscopy
(FESEM) and for Elemental analysis done by EDX of the model Energy
Dispersive X-ray (EDX) spectroscopy of model FEI-Quanta FEG 200F at
IIT- Chennai, Tamil Nadu. The DSC/TGA (Differential Scanning
sanctum and Saussurea lappa plant extract.



Figure 2. The UV-Visible spectrum of biosynthesized CuO nanoparticles.
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Calorimetry/Thermal Gravimetric Analysis) studies were studied using
a NETZSCH STA 449F3 thermogravimetric instrument at the Ramaiah
Institute of Technology, Bangalore.

2.2. Extraction of the plants

The seed extract of Ocimum sanctum and root (rhizome) extract of
the Saussurea lappa was used to prepare the Copper oxide nano-
materials. The extract was obtained using the following steps. Fresh
Figure 3. Histogram of biosynthesized CuO NPs using

Table 1. Dynamic light scattering and Zeta potential data of synthesized CuO nanop

Particle Size

Peak No S P area ratio Mean (nm) SD (nm) Mode (n

1 1.00 103.4 27.4 98.5

2 - - - -

3 - - - -

Total 1.00 103.4 27.4 98.5
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seeds of Ocimum sanctum were collected in Vijayawada, Andhra Pra-
desh, India. The collected seeds were thoroughly washed with double
distilled water, and dry it under the shade. The dried seeds were
crushed and powdered. To a 100 ml of distilled water added 1 gm of
seed powder, then boiled at 70 �C for about 30 min, cooled, filtered, and
store at 4 �C in the refrigerator for further use. The root extract of the
Saussurea-lappa plant was prepared following the procedure described
by the same group [51].

2.3. Preparation of copper oxide nanoparticles from plant extract

Using a mixture of Ocimum sanctum and Saussurea lappa plant extract
as a reducing agent and fuel, CuO nanoparticles were synthesized by the
Co-precipitation procedure (Figure 1). To a stirred mixture of both the
plant extracts (50 ml in 1:1v/v) added an aqueous solution of copper
nitrate solution (0.1M) and continued stirring for 15 min then another 20
min at 60 �C. The stirring may be continued until the solution colour
changed from light to dark colour along with precipitation formation.
Then, centrifuged and washed with distilled several times, and dried,
ground with mortar and pestle. Finally, calcinate the powder at 700 �C
for 4 h.

2.4. Biological studies

2.4.1. Isolation of test organisms and antimicrobial activity
Eight varieties of fungi (Meyerozyma caribbica and guilliermondii,

Aspergillus niger, flavus and oryza, Rhizopus oryzae, Trichoderma asperellum
and Fusarium oxysporium) and ten varieties of bacterial (Staphylococcus
aureus, Sphingobacterium thalpophilum, E. coli, P. aeruginosa, Sphingo-
bacterium sp, Acinetobacter sp, Ochrobactrum sp, B. subtilis, S. aureus and
Uncultured bacterium species were segregated from the drinking water
(a) Zeta potential and (b) Dynamic light scattering.

articles.

Zeta Potential

m) Peak No Zeta Potential (mV) Electrophoretic Mobility
mean (cm2/Vs)

1 14.9 0.000116

2 74.3 0.000577

3 178.8 0.001389

63.2 0.000491



Figure 4. FT-IR spectrum of biosynthesized CuO nanoparticles.
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supply of the PVC pipeline in Tirupati town, Chittoor district, Andhra
Pradesh, India. Using potato dextrose agar medium and nutrient agar
medium the fungal and bacterial species respectively were isolated
through the serial dilution pour plate technique. Then they are main-
tained for further investigations in potato dextrose agar slants and
nutrient agar slants for fungal and bacterial species growth. The fungal
and bacterial strains were grown in the respective medium and were
collected (10 days for bacterial and 2 days for fungal strains) and incu-
bated at 37 �C. The antimicrobial activity of the biosynthesized CuO-NPs
was performed for three different concentrations of (50, 100, and 170
ppm) using the disk diffusion method. Then, the size of the zone of in-
hibition was calculated by measuring the diameter of the zone in
millimetres.
Figure 5. X-ray diffractogram of CuO nanoparticles obtained using Ocimum
sanctum and Saussurea lappa plant extract.
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2.4.2. Cytotoxicity effect of CuO nanoparticles
The cytotoxic investigations of biosynthesized CuO nanoparticles on

Chinese Hamster Ovary (CHO) cell line studies using 3-(4,5-Dime-
thylthiazol-2-yl)-2,5-dipm8 phenyltetrazolium bromide) (MTT) analysis
method [53]. In a humidified incubator, cells were grown at 37 �C with
11% Fetal Bovine Serum (FBS) under 5% CO2/95% air in DMEM. In 96
tissue culture plates, the CHO cells were seeded at the quantity of 2� 105

cells per well. The CHO cells were treated with biosynthesized CuO NPs
for 24 h in a humidified CO2 incubator. These cells were then treated
with 20μL of 50 mg/mL MTT and incubated for 4 h in a humidified at-
mosphere [54]. 200 μL of DMSO was added, and the wells were mixed to
dissolve MTT formazan crystals. In a control assay, cells were developed
in a similar medium without the biosynthesized CuO NPs. Immediately
after the violet colour appeared; the absorbance at 570 nm was
measured.

In a control, the formazan produced in the cells was treated as 100%
viable. Depending on the volume of MTT converted into insoluble for-
mazan salts, the relative cell viability is estimated. Different concentra-
tions of nanoparticles were tested three times independently on the CHO
cell lines, and the mean � SEM was determined and expressed as a
percentage of the ratio of cell viability to concentration (μM). The cell
viability percentage was calculated using Eq. (1). The cytotoxicity of CuO
NPs at concentrations 2, 3, 4, 5 and 6 μg/mL was tested on the CHO cell
lines. The IC50 value was calculated using the logarithmic transformation
of the CuO concentration and nonlinear regression sigmoidal dose-
response analysis.

Cell Viabilityð%Þ¼Mean OD of CuO NPs
OD of control

� 100 (1)

2.5. Statistical analysis

Data were obtained through replicate experiments and analyzed
using SPSS version 16.0. Statistical parameters i.e. the mean� SD and the
corresponding significant differences between means were extracted
using a one-way ANOVA (CRD) followed by Duncan's multiple range test
(DMRT) (P < 0.05).



Figure 6. FESEM images of biosynthesized CuO nanoparticles under (a) 500 nm and (b) 300 nm.

Figure 7. EDX graph and elemental analysis of synthesized CuO nanoparticles.

Figure 8. TGA and DSC plot of biosynthesized CuO nanoparticles using Ocimum sanctum and Saussurea lappa plant extracts.
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Table 2. In-vitro antibacterial studies of synthesized CuO nanoparticles.

S No Bacteria Copper oxide Nanoparticles Zone of inhibition (mm)

170 � 1.4 ppm 100 � 1.1 ppm 50 � 0.9 ppm

Gram-negative

1 Sphingobacterium thalpophilum 2.2 � 0.04bc 1.2 � 0.02d 0.7 � 0.05cd

2 Staphylococcus aureus 3.2 � 0.03a 2.0 � 0.05a 1.4 � 0.06a

3 E. coli 2.7 � 0.05a 2.1 � 0.04abc 1.3 � 0.07c

4 Pseudomonas aeruginosa 2.9 � 0.08bc 2.2 � 0.08ab 1.1 � 0.05cd

5 Sphingobacterium sp 2.3 � 0.06a 2.2 � 0.03a 1.1 � 0.16a

6 Acinetobacter sp 2.4 � 0.04b 1.9 � 0.04d 1.2 � 0.06b

7 Ochrobactrum sp 2.3 � 0.18de 1.8 � 0.01d 0.3 � 0.08d

Gram-positive

8 Bacillus subtilis 3.2 � 0.14a 1.7 � 0.07d 1.0 � 0.04b

9 Streptococcus aureus 2.0 � 0.02d 1.9 � 0.06bc 1.2 � 0.07cd

10 Uncultured bacterium 2.7 � 0.17d 2.2 � 0.06abc 0.5 � 0.09d

Completely Randomized Design CRD (P � 0.05) 0.245 0.200 0.139

The data presented is �SE of three measurements and 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.

L.A. Kolahalam et al. Heliyon 8 (2022) e09726
3. Results and discussion

3.1. Preparation and characterization of CuO-NPs

The prepared copper oxide nanoparticles are stable at room temper-
ature and red in colour. In the production of the copper oxide nano-
particles from the plant extract, the following reaction path Eq. (2) may
occur.

Cuþ2 þ 2 e�→ Cu0 þ Air (O2)→ CuO (2)
Figure 9. Bar diagram of in-vitro antibacterial studies of biosynthesized CuO
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The formed NPs were characterized by spectroscopic methods.

3.1.1. Analysis of UV-Visible spectrum analysis
The UV-Vis spectrum of the synthesized nanoparticles was recorded

in the range of 200–800 nm at various time intervals using Spectra 450,
SHIMADZU spectrophotometer to monitor the evolution and stability of
the synthesized CuO NPs. In Figure 2, two absorption peaks were noticed
at about 270 nm and 500 nm for biosynthesized CuO nanoparticles from
both plant extracts from Ocimum sanctum and Saussurea lappa. The ab-
sorption peak at 270 nm is due to CuO nanoparticles [55]. The other
nanoparticles using Ocimum sanctum and Saussurea lappa plant extracts.



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

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

170 � 1.4 ppm 100 � 1.1 ppm 50 � 0.9 ppm

1 Meyerozyma caribbica 2.7 � 0.12b 2.1 � 0.08cd 1.3 � 0.02ab

2 Aspergillus niger 1.3 � 0.14c 1.1 � 0.22c 1.0 � 0.05a

3 Meyerozyma guilliermondii 2.8 � 0.05b 2.3 � 0.14d 2.1 � 0.07a

4 Rhizopus oryzae 2.1 � 0.08a 2.0 � 0.02ab 0.9 � 0.08c

5 Aspergillus flavus 2.0 � 0.06a 1.5 � 0.08ab 1.1 � 0.06a

6 Aspergillus oryzae 1.5 � 0.04c 1.0 � 0.06c 0.3 � 0.04a

7 Trichoderma asperellum 1.7 � 0.08a 1.3 � 0.05a 1.2 � 0.12b

8 Fusarium oxysporium 2.1 � 0.02a 1.4 � 0.04d 0.8 � 0.14c

Completely Randomized Design C.R.D (P < 0.05) 0.260 0.210 0.180

The data presented is �SE of three measurements and 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 10. Bar diagram of in-vitro antifungal studies of biosynthesized CuO nanoparticles using Ocimum sanctum and Saussurea lappa plant extracts.
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broad peak of 500 nm was due to the flavonoids, phenolic compounds,
and sesquiterpene present in the plant extract, which caused the peak to
be redshifted.

3.1.2. Dynamic light scattering analysis
Dynamic light scattering is an advantageous technique for deter-

mining the particle size, and the surface charge of biosynthesized
nanoparticles can be determined using zeta possible. The formed CuO
NPs were well distributed in terms of volume and intensity. The
Nanopartica SZ-100 instrument was used to determine the particle size
and zeta potential. Zeta potential spectra were recorded between the
zeta potential (mV) on X-axis and intensity (a.u.) on Y-axis and particle
size distribution spectrum was lotted between diameter (nm) on X-axis
and frequency (%/nm) on Y-axis, and their results are shown in
Figure 3(a and b). The stability of the nanoparticles is directly
7

proportional to the magnitude of the charge on them. Here from
Table 1, the biosynthesized CuO NPs have a zeta potential of 63.2 mV
with a particle size of 103.4 nm, showing excellent stability. Zeta po-
tential with a more positive or negative charge indicates excellent
physical colloidal stability [56] and this is due to electrostatic repulsions
between particles. The lower magnitude of Zeta potential is due to the
accumulation of particles.

3.1.3. FT-IR studies
Figure 4 illustrates the FT-IR spectrum of copper oxide nanoparticles

in the range of 4000-500 cm�1. 3845, 3741, and 3671 cm�1 peaks
correspond to O–H stretching of the free –OH group. 3619 cm�1 peak
attributes to the C–H bond stretching vibrations of alkynes. The peak of
2965 cm�1 is attributed to the N–H bond stretching of amine salt. 2357
cm�1 peak attributes to the C�C stretching vibrations of alkynes. 1695



Figure 11. Schematic representation of ROS generation by CuO Nanoparticles.
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cm�1 peak attributes to the C¼O bond stretching vibrations of carboxylic
acid. 1524 cm�1 and 1050 cm�1 correspond to the amine group. In that
1524 cm�1 corresponds to the N–H bond bending and 1050 cm�1 is
related to the C–N bond stretching of amines. 602 cm�1 peaks were for
C–O bending vibrations, and 540 cm�1 peaks were relevant to Cu–O
vibrations [57].

3.1.4. XRD studies
The powder XRD patterns of the CuO Nps from the Ocimum sanctum

and Saussurea lappa plant extract was shown in Figure 5. Here the formed
2θ ¼ 32.390, 35.400, 38.500, 46.190, 48.670, 53.460, 58.160, 61.480,
65.660, 66.060, 67.970, 72.170, 75.100 peaks were clearly observed
which can be set to miller indices planes of (110), ð111Þ, (200), ð112Þ,
ð202Þ, (112), (020), ð113Þ, (022), (311), (220), (113), (004). These peaks
were almost in good coincidence with JCPDS Postcard No.05-0661 and
therefore confirmed the formation of the typical monoclinic structure of
CuO nanoparticles [27, 58]. The average size of the synthesized CuO
Figure 12. Graphical representation of the cytotoxic effect of biosynthesi
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nanoparticles was around 38�1 nm calculated from Debye-Scherrer
formulae [59, 60].

3.1.5. Morphological studies of copper oxide nanoparticles
The FESEM images were acquired at different magnifications to

investigate the morphological studies of biosynthesized CuO NPs. From
the SEM images of the CuO NPs, some of them are well-dispersed rough
round, and cuboidal, closed packed nanoparticles with a higher tendency
to agglomerate were observed. In them, the larger nanoparticles were
surrounded by smaller nanoparticles.

In Figure 6 the copper oxide nanoparticles range in size from 40 to 60
nm. Finally, the size of the CuO Nps from FESEM results was almost in
closely related to XRD studies. Figure 7 shows the EDX analysis of bio-
synthesized CuO NPs calcined at 700 �C. Strong copper (Cu) signals and
oxygen elements in CuO nanoparticles were observed, and the data
revealed that the nanoparticles were almost stoichiometric. From the
EDX analysis, the calculated weight percentage of copper is 81.36 %, and
zed CuO nanoparticles on CHO cell lines at different concentrations.



Figure 13. Cytotoxic effect of biosynthesized CuO nanoparticles on CHO cell lines at different concentrations.
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oxygen is 18.64 %, and it indicated the Cu-rich environment in the lattice
of biosynthesized CuO nanoparticles.

3.1.6. Thermogravimetric analysis
The thermal stability of the CuO NPs was studied by recording the

thermogravimetric analysis and the Differential Scanning Calorimetry
(TGA-DSC) technique from room temperature to 900 �C with a heating
intensity of 10 �C/min. The TG curve of CuO is depicted in Figure 8.
About 22.5% of the weight loss occurred in RT-800 �C due to the
decomposition of organic matter of the plant extract of the prepared
nanoparticles [61]. Then, there is no significant weight loss in the sample
from 800 �C indicating the thermal stability of CuO nanoparticles. The
isothermal nature of the NPs was been studied using Differential Scan-
ning Calorimetry over the RT-900 �C temperature range. The DSC plot of
the NPs (Figure 8) shows a median exothermic peak at 700 �C.

3.2. Biological studies

3.2.1. Antimicrobial action
Using disk diffusion analysis, the three different concentrations (50,

100, and 170 ppm) of biosynthesized CuO nanoparticles were taken to
study the antimicrobial activity. The gram-positive microbial strains of
Bacillus subtilis, Streptococcus aureus, and gram-negative microbial strains
of S. aureus, E. coli, Pseudomonas aeruginosa, Sphingobacterium species,
Acinetobacter species, Ochrobactrum species and fungal strains of Meyer-
ozyma species, Aspergillus species, Rhizopus, Trichoderma, Fusarium species
were tested for antimicrobial activity of synthesized CuO nanoparticles.
The representative data of the antibacterial activities are shown in
Table 2 and Figure 9. The results indicate that a higher concentration of
(170 ppm) CuO NPs showed a significant antimicrobial activity than the
remaining (50 and 100 ppm) concentrations [62, 63, 64]. The NPs
deliver a metal ion that diffuses through the cell membrane by passive
transport or interact with the bacterial membrane receptor.

The antifungal activity for the fungal strains Meyerozyma guillier-
mondii and Meyerozyma caribbica at concentrations of 170, 100 and 50
ppm CuO Nps was investigated and data are shown in Table 3 and
Figure 10. Among, 170 ppm showed more significant antifungal activity
9

than the remaining concentrations (100 and 50 ppm). As the concen-
tration increases the activity also increases. The biological activity of the
CuO NPs can be due to the release of reactive oxygen species (ROS) and
leads to irreversible degradation of DNA. This leads to a modification of
some cell components, inactivating the enzymes essential for ATP pro-
duction and eventually inhibiting their regular functions [65].

In detail, the cell wall structure of gram-negative and positive bacteria
is different. In general, the gram-positive bacterial cell wall consists of a
thick layer of peptidoglycans than gram-negative bacteria. In many
studies, it is clear that the gram-positive bacteria are more resistant to the
mechanism of action of the nanoparticles than the gram-negative bac-
teria due to this thick layer of peptidoglycans [66, 67]. In addition,
gram-negative bacteria have an outer membrane of lipopolysaccharide.
As a result, both bacterial cell walls possess a negative charge and are
used to influence the interaction between bacterial cell walls and ions or
particles of nanoparticles. Thus, the positively charged nanoparticles can
easily interact with the negatively charged cell walls due to the electro-
static attractions of opposite charges.

Nanoparticles enter the cells of microbes by directly utilizing pro-
cesses such as endocytosis, phagocytosis, and macropinocytosis and also
other mechanisms including hole formation, microinjection, passive
diffusion and electroporation [68]. In particular, the positively charged
nanoparticles change the function of the electron transport chain in the
bacteria [69] since the negative charge of the bacterial cell walls attracts
the positive charge of the nanoparticles. Finally, it generates reactive
oxygen species (ROS) in the cell wall of bacteria which causes oxidative
stress in it and finally causes the cell lysis of the bacteria (Figure 11).

3.2.2. Cytotoxic effect of CuO nanoparticles on Chinese Hamster Ovary
(CHO) cell lines

Chinese hamster ovary (CHO) cell lines were used to study the in-
vitro cytotoxic effect of biosynthesized CuO NPs. Different concentra-
tions like 2, 3, 4, 5 and 6 μg/mL of CuO NPs were taken for the dosage
effect. In a control experiment (0 μg/mL), the CHO cells were grown in
the media without the CuO nanoparticles and absorbance was recorded
at 570 nm. Independent experiments were performed and calculated the
�standard error of the mean was calculated. From the results, a graph
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plotted the per cent of cell viability Vs concentration (μM). From
Figure 12 and Figure 13 the effect of nanoparticle dosage at various
concentrations can be observed. Here on increasing the nanoparticle
concentration, the per cent of cell viability decreased and the calculated
IC50 value is 4.14 μg/mL.

4. Conclusion

The present work addresses the biosynthesis of CuO nanoparticles
from Ocimum sanctum and Saussurea lappa plant extracts which presents a
simple, inexpensive, non-toxic, less chemical-use, and environmentally
friendly process. From XRD results, it was observed that the CuO nano-
particles were monoclinic. The evolution of CuO NPs was confirmed by
UV- Vis, XRD, DLS, FTIR and FESEM analysis. From the IR spectrum,
peaks at 540 cm�1 were assigned to Cu–O vibrations. The size of the CuO
particles is in good agreement with the results from FESEM and XRD
studies. The higher concentration of 170 ppm CuO NPs showed signifi-
cant antibacterial, and antifungal activity on several strains of bacteria
and fungi. These nanoparticles showed significant cytotoxic activity at 6
μg/mL on Chinese Hamster Ovary (CHO) cell lines with an IC50 value of
4.14 μg/mL. The results obtained by the green synthesis of CuO NPs
include the potential biological activities. Therefore, green synthesized
CuO NPs could potentially show application in the biomedical field.
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