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Abstract:  In recent years, metal nanoparticles have been applied in many areas due to their
attractive properties. Copper oxide nanoparticles, in particular, have drawn much attention owing
to their electrical, catalytic, optical, antibacterial, and antifungal properties. In this study, copper
oxide nanoparticles were synthesized using Onosma Sericeum Willd (Boraginaceae) extract with
a simple, economical, and eco-friendly method for the first time. The synthesized nanoparticles
were characterized using ultraviolet-visible spectrophotometry, field emission scanning electron
microscopy, and X-ray diffraction. The particle size distribution and zeta potential measurements
of the copper oxide nanoparticles were measured with the dynamic light scattering technique. It
was determined that the copper oxide nanoparticles with a particle size of less than 100 nm
showed a catalytic effect in the reduction of methylene blue (MB). At room temperature, up to
90% MB dye degradation was achieved. Also, the antimicrobial properties of the copper oxide
nanoparticles were investigated in this study. The results of the study showed that synthesized
copper oxide nanoparticles could be used as a promising agent in nanotechnology applications.
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INTRODUCTION

Metal  nanoparticles  are  used in  various  fields
due  to  properties  including  high  surface
area/volume  ratio,  differences  in  chemical
reactivity and catalytic properties, and selective
drug delivery to target organs and tissues with
easy surface modification. They can be used in
electrochemical  processes  and  hydrogen
production,  electronic  devices  and
communication  systems,  sensor  design,  and

biomedical  and  medical  imaging  technologies.
They also have the potential to be used in many
different  fields,  including  material  chemistry
(1,2).

Copper  oxide  nanoparticles  (CuONPs)  attract
attention  with  their  catalysis  (3),  sensor  (4),
and  superconducting  applications  (5)  due  to
their superior physicochemical properties. These
structures  are  also  considered  to  be
semiconductor materials with photocatalytic (6)
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and photovoltaic  (7) properties.  Some studies
have shown that  CuONPs can be antibacterial
agents (8) and used in the treatment of cancer
(9).

CuONPs  can  be  synthesized  by  different
chemical  methods such  as  chemical  reduction
(10),  microwave  radiation  (11),  and  thermal
decomposition  (12).  However,  synthesis
procedures  performed  with  these  methods
involve the adsorption of toxic chemicals to the
surface.  It  can  cause  serious  side  effects,
especially  in  medical  applications.  The  use  of
toxic  chemicals,  which  pose  a  risk  to  the
environment  and  human  health,  in  chemical
methods  has  led  researchers  to  develop  new
alternative  methods.  Green  chemistry  (13),
which is  defined as  the utilization of  a  dozen
principles that prevent or reduce the emergence
and use of substances that pose a danger to the
environment and human health in the design,
production, and use of chemical products, is an
alternative approach that has been extensively
researched in recent years. Association of green
chemical  principles  with  nanotechnology  has
been shown by Schmidt (2006) as the key to a
sustainable  society  in  the  21st  century  (14).
The  high  toxicity  and  long  biocompatibility  of
nanoparticle  technologies,  which  have  been
known for a long time, have urged scientists to
develop  new  synthetic  procedures  that  are
more  secure,  environmentally  friendly,  and
producing  as  little  waste  as  possible,  using
natural  and renewable raw materials  that  can
be  easily  integrated  into  biomedical
applications.  With  this  new  green
nanotechnology approach, it has become much
easier to find solutions to the problems caused
by the conventional synthesis procedure.

Green nanotechnology has been reported to use
plants  and  extracts  such  as  Aloe  vera,
Azadirachta  indica  (linden),  Camellia  sinensis
(tea), Jatropha curcas (castor nuts), Acalypha
indica  (castor  nettle),  Cymbopogon  sp
(lemongrass) being  preferred  in  metal
nanoparticle  synthesis  as  they  are  cheap and
renewable  natural  resources.  Also,
microorganisms  such  as  Rhodococcus  sp.,
Sargassum  wightii,  Pseudomonas  stutzeri,
Candida glabrata, M13 bacteriophage, Fusarium
oxysporum, and  Thermomonospora  sp.  are
extensively  used  in  the  synthesis  of  metal
nanoparticles  as  natural  resources  that  serve
the  purpose  of  green  synthesis  (15,  16).
Particularly in CuONP synthesis, the leaves and
stems  of  the  Gundelia  tournefortii  (kenger)
plant (17), the leaves of the  Psidium guajava

plant (18),  lemon juice (19) and the  Gloriosa
superba L plant (20) are used.

Plants do not require any other agents in the
production  of  metal  nanoparticles  because  of
the  phenolic  species  they  contain  (21).
Therefore,  in  recent  years,  studies  on  plants
and  plant  extracts  and  nanoparticle  synthesis
have  been  conducted  with  increasing
acceleration.  Onosma  sericeum  Willd is  a
member  of  the  Boraginaceae family  and  has
been known for its wound healing properties for
many  years  among  people  in  Adıyaman,
Turkey.  The  Boraginaceae family,  found  in
tropical, subtropical, and temperate regions of
the  world,  is  represented by  154  genera  and
2500 species (22).

Depending  on  the  chemical  composition  and
ionic features, several classes of dye molecules
have been reported. Thiazine dyes such as MB
are aromatic, organic, and toxic pollutants (23).
Methylene blue, like the other organic dyes, are
released  by  different  industries  such  as
cosmetic,  textile,  pharmaceutical,  and  plastic
industries  (24).  There  are  findings  in  the
literature  that  MB affects  the  central  nervous
system  (25).  Besides,  this  pollutant  can  be
accumulated  in  soil  and  water  and  threaten
human  health.  Therefore  the  investigation  of
catalytic  degradation  is  essential.  In  recent
years  nanoparticles  have  been  used  in  the
degradation of the dye. Especially owing to their
large surface area, CuONPs showed very high
reactivity.

In this study, CuONP synthesis was carried out
by  using  the  root  extract  of  the  Onosma
Sericeum  Willd plant  fort  the  first  time,  the
wound  healing  properties  of  which  are  well-
known,  and  applying  a  completely  green
method without the need for any other organic
solvents  or  stabilizing  agents.  The
characterization of the CuONPs was elucidated
using  analytical  methods.  The  antimicrobial
activities  of  the  obtained  CuONPs  against  a
range  of  Gram-positive  and  Gram-negative
bacteria were evaluated. Its catalytic activity on
the  reduction  of  methylene  blue,  a  harmful
pollutant for the environment, in the presence
of CuONPs was also studied.

MATERIALS AND METHODS

Materials
Copper(II) nitrate (Cu(NO3)2, 99%), methylene
blue  (C16H18ClN3S,  95%),  sodium borohydride
(NaBH4,  99%) were  obtained  from  Sigma.
Gram-positive bacterial  strains  Staphylococcus

562



Doğan Çalhan S. Gündoğan M. JOTCSA. 2020; 7(2): 561-570. RESEARCH ARTICLE

aureus (ATCC25925) and Bacillus subtilis (ATCC
6633),  gram-negative  bacterial  strains
Escherichia  coli  (ATCC25923),  Acinetobacter
baumannii  (ATCCS  02026) and  Aeromonas
hydrophila (ATCC95080) were purchased from
the Refik Saydam Hıfzıssıhha Institute, Ankara,
Turkey.  All  the  chemicals  used  in  the  study
were  of  analytical  grade,  and  18.2  mΩ  of
distilled water needed throughout the research
was  obtained  through  the  Milli-Q  A10  water
purification system.  

Instruments
All  spectrophotometric  measurements  were
conducted  by  using  the  Shimadzu  UV-1800
spectrophotometer.  The  structural  morphology
of  the  CuONPs  was  obtained  using  a  Zeiss  /
Supra  55  Field  Emission  Scanning  Electron
Microscope  (FE-SEM).  The  XRD  of  the
nanoparticles was studied by a high-resolution
Rigaku  SmartLab  brand  X-ray  diffractometer
(XRD). The size distribution of the CuONPs and
zeta  potential  measurements  were  performed
using  a  Zetasizer  Nano-ZS  (Malvern
Instruments).

Preparation of Extract
The Onosma Sericeum Willd plant was collected
from  the  Adıyaman-Besni  region  in  Turkey
between April and July 2018.  The identification
of the plant species was made by Assoc. Prof.
Dr.  Rıza  Binzet  of  the  Faculty  of  Arts  and
Sciences  at  Mersin  University.  The  collected

plant samples were first cleaned from dust and
impurities using tap water, followed by distilled
water. The plant was left to dry in a clean and
dry place. The root portions of the plant were
extracted  for  the  CuONP  synthesis.  For  the
extraction, 200 mL of distilled water was added
to 20 g of roots that were cut into small pieces
and subjected to maceration for 6 hours at a
temperature  that  did  not  exceed  90  °C  in  a
shaking water bath. The extract was filtered in
vacuo and stored in a refrigerator. Great care
was  taken  to  keep  the  extract  as  fresh  as
possible.

Synthesis of the CuONPs
Copper(II) nitrate (Cu(NO3)2, Sigma) was used
as the copper source. 5 mL of the extract (20
g  /  200  mL)  dropwise  was  added  to  the
Cu(NO3)2 solution (25 mL), which was prepared
in 100 mM and mixed in the magnetic stirrer.
Next, 1000 µL of NaOH (0.1 M) was added to
the mixture.

The gray-green color that developed within half
an hour indicated the synthesis of CuONP. The
resulting  CuONPs  were  separated  by
centrifugation  (10,000  rpm,  20  min),  washed
three times with deionized water, and dried in
an oven at 80 °C for 12 hours. The oven-dried
sample was heat-treated in an ash oven at 400
°C for 3 hours (Figure 1). The obtained samples
were stored in a cool and dry environment until
analysis.

Figure 1. Schematic showing the synthesis procedure and mechanism of CuONPs

Characterization  of  the  Synthesized
CuONPs
The  optical  properties  of  the  synthesized
CuONPs  were  determined  by  an  ultraviolet-
visible (UV-Vis)  absorption spectrophotometer.
All measurements were performed in the range
of  200-800  nm,  in  quartz  tubes  and  with

Shimadzu  brand  UV-1800  spectrophotometer
adjusted  to  1  nm  resolution.  The  structural
morphology of the CuONPs was obtained using
a  Zeiss  /  Supra  55  Field  Emission  Scanning
Electron Microscope (FE-SEM). A high vacuum
sputter  platinum coating  device  was  used  for
sample preparation. The crystal structure of the
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nanoparticles  was  illuminated  by  a  high-
resolution  Rigaku  SmartLab  brand  x-ray
diffractometer  (XRD)  using  Cu(Kα)  radiation
(wavelength: 1.54 Å) operated at 40 kV and 40
mA at room temperature. The size distribution
of  the  CuONPs  and  zeta  potential
measurements  were  performed  using  a
Zetasizer  Nano-ZS  [Malvern  Instruments].
Before  size  distribution  and  zeta  potential
measurements,  CuONPs  were  suspended  in
deionized water at a concentration of 1 mg/10
mL  and  then  sonicated  using  a  sonicator  at
room temperature for 20 min at 40 W form a
homogeneous suspension.

Catalytic Properties
A reduction of MB was observed in the presence
of  NaBH4 and  CuONPs  catalysis.  10  mL  of
water, 1 mL of 10 mM 4MB, and 1 mL of 1mM
NaBH4  were mixed in a tube at 25  oC. Then, 1
mL of 0.01% CuONPs solution was added to this
mixture. Samples were taken from the obtained
mixture  at  intervals  of  one  minute,  and
measurements  were  made  between  200-800
nm  by  UV-Vis  region  absorption
spectrophotometer,  and  reaction  monitoring
was performed. Also, MB degradation (%) was
calculated using the following equation.

Dye degradation (%) = (C0−C tC0 )  ×100  (1)

C0: Initial concentration of MB
Ct: Concentration of the dye solution after 45
minute
All  dye concentrations were measured by UV-
Vis absorption spectrophotometer. Results were

given  as  the  average  of  the  three
measurements.

Antibacterial Activity
In  vitro antibacterial  activity  studies  were
performed  against  Staphylococcus  aureus
(ATCC 25925), Escherichia coli (ATCC 25923),
Acinetobacter  baumannii  (ATCC  02026),
Bacillus  subtilis  (ATCC  6633) and  Aeromonas
hydrophila  (ATCC  95080) bacteria  using  the
resazurin  microplate  method  (resazurin
microtitre  assay-REMA)  (26).  Ampicillin  was
used as the standard drug in these studies. The
color change of resazurin from blue to pink or
colorless  was  considered  positive  and,
therefore, an indication of bacterial growth. The
minimum inhibition  concentration  (MIC)  value
was  determined  as  the  lowest  concentration
that prevents the resazurin from blue to pink or
colorless. All antibacterial  activity assays were
repeated three times.

RESULTS AND DISCUSSION

UV-Vis Analysis
UV-Vis  spectra  were  taken  to  evaluate  the
optical  properties  of  the  CuONPs  obtained  by
biosynthesis. It was observed that the solutions
of  CuONPs  obtained  in  1  mg /  10  mL water
gave  characteristic  plasmon  band  at
approximately  220  nm  at  room  temperature.
Surface  plasmon  absorbance  due  to  the
collective oscillation of the free conduction band
electrons  was  very  sensitive  to  determine
CuONPs, which  was  in  good  agreement  with
previous  works  (27,  28).  Figure  2  shows  the
UV-Vis spectra of the CuONPs and plant extract.

Figure 2. UV-Vis spectra a) CuONPs b) Extract of Onosma Sericeum Willd.
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FESEM Image and Particle Size Distribution
FE-SEM analyses were performed to determine
the surface morphology and particle size of the
obtained CuONPs. The FE-SEM images showed
that  the  CuONPs  were  spherical  and
approximately 70 nm in size. The dynamic light
scattering  (DLS)  analysis  results  for  size

distribution were also in support of the FE-SEM
results (Figure 3). The particle size was ranging
from 70 ± 6 nm in DLS measurements, which is
an excellent agreement to FESEM particle size.
DLS  results  were  calculated  by  taking  the
average  of  the  three  measurements  and
standard deviation. 

Figure 3. FESEM image and particle size distribution of CuONPs.

Zeta Potential Measurements
Zeta  potential  is  an  important  parameter
related  to  the  stability  of  nanoparticles.  The
negative value of the zeta potential reveals that
the  CuONP  negatively  charged  growths  are
coated  and  that  electrostatic  interaction
between  these  nanoparticles  may  be
responsible for the long-term stability of metal
nanoparticles  by  preventing  possible
aggregation  (28).  In  this  study,  the

biomolecules present in the  Onosma Sericeum
Willd plant  as  inducing  and  stabilizing  agents
are  thought  to  be  responsible  for  the
electrostatic  interaction  between  the  species.
The zeta potential (ζ-Pot, mV) for the CuONPs
was  measured  as  -13.7  ±  1.55  at  25  °  C
(Figure  4).  Zeta  potential  results  were
calculated by taking the average of the three
measurements and standard deviation.
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Figure 4. Zeta potential of CuONPs.

XRD Analysis
The  powder  X-ray  diffraction  technique  was
used  to  illuminate  the  CuONPs  crystal
structures  obtained  by  biosynthesis.  The
diffraction  patterns  of  XRD  analyses,  which
were conducted to clarify the crystal structures,
led to peaks observed at (111), (200), (202),
(020),  (202),  (113),  (311),  (220)  and  (400).

These  peaks  confirmed  the  presence  of
CuONPs. The obtained XRD patterns were found
to match those in the database of the Powder
Diffraction Standards Joint Committee (JCPDS)
file no: 89-7102. The information obtained was
in agreement with the literature (29). The XRD
spectrum obtained for the CuONPs is as shown
in Figure 5.

Figure 5. XRD spectra of CuONPs.
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Catalytic Activities
As  described  in  catalytic  properties,  it  was
found that  four  characteristic  peaks  of  MB at
246, 292, 613,  664 nm changed only slightly
before the addition of CuONPs. However, after
adding  0.01%  CuONPs  solution  to  the  same

mixture,  the  absorbances  were  reread  at
specific intervals.  In the first  45 minutes, the
characteristic blue color of MB was significantly
reduced,  and  the  absorbance  intensity
decreased (Figure 6).

Figure 6. Reduction of MB with CuONP.

As  a  result  of  calculations,  according  to
Equation  1,  the  rate  of  removal  of  >90%
observed  in  45  minutes.  Schematic

representation of degradation mechanism MB to
leuco-methylene blue is given in Figure 7.

Figure 7. Schematic representation of degradation MB to leuco methylene blue.

MB  is  a  heterocyclic  aromatic  industrial
pollutant-dye, which can be reduced to leuco-
methylene blue in the presence of NaBH4, but
the reduction rate  is  prolonged. In  this  study
forty-five  minutes  after  the  addition  of  the
CuONPs to the dye, the absorbance is gradually
decreased.  The  results  show  that  CuONPs
contribute to electron transfer, which plays an
essential role in the reduction of methylene blue
to leuco methylene blue. These results  are in

agreement  with  the  late  studies  on  catalytic
degradation of MB using biosynthesized CuONPs
(29).

Antibacterial Activity
The  results  obtained  by  determining
antibacterial  activity  using  the  resazurin
microplate method are summarized in Table 1.
The CuONPs showed antibacterial activity at a
concentration  of  250  µg  /  mL  for  Bacillus
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subtilis  (ATCC  6633),  500  µg  /  mL  for
Staphylococcus  aureus  (ATCC  25925),
Escherichia coli (ATCC 25923) and  Aeromonas
hydrophila (ATCC 95080) and 500 μg / mL for
Acinetobacter  baumannii  (ATCC  02026).  The
results  determined  that  the  CuONPs  showed
lower antibacterial activity against the standard
drug  Ampicillin.  However,  the  increase  of

CuONPs  concentration  also  increases  the
antibacterial  effect.  It  is  due  to  the  direct
interaction  between CuONPs  and the  external
membrane  surface  of  the  bacteria  (30).
However,  since high concentrations  can cause
toxic  effects  in  vivo,  these  effects  should  be
investigated in further studies.

Table 1. The MIC values (µg/mL) of CuONP against the bacteria.
Copper oxide
Nanoparticle

Staphylococcus
aureus
(ATCC 25925)

Escherichia
coli
(ATCC25923)

Acinetobacter
baumannii
(ATCC 02026)

Bacillus
subtilis
(ATCC
6633)

Aeromonas
hydrophila
(ATCC
95080)

CuONP 500 500 >500 250 500
Ampicillin 31.25 µg/mL 15.62 µg/mL 125 µg/mL 0.9  µg/

mL
31.25
µg/mL

CONCLUSION

In  this  study,  CuONPs  were  successfully
prepared using the extract of Onosma Sericeum
Willd  (Boraginaceae) in  a  simple,  economical,
and environmentally friendly way. The synthetic
process  was  advantageous  to  other
conventional methods because this process did
not  require  any  organic  solvent  or  toxic
reagents.  The  synthesized  nanoparticles  were
characterized by UV-Vis spectrophotometer, FE-
SEM, and XRD. The particle size distribution and
zeta  potential  measurements  of  the  CuONPs
were  determined  by  the  DLS  method.  The
obtained  CuONPs  were  found  to  have  a
spherical structure and an average particle size
of  70  nm.  The  synthesized  CuONPs  showed
antimicrobial  activity  against  Staphylococcus
aureus  (ATCC  25925),  Escherichia  coli
(ATCC25923),  Acinetobacter  baumannii  (ATCC
02026),  Bacillus  subtilis  (ATCC  6633),
Aeromonas  hydrophila  (ATCC  95080) at  high
concentration.  The  toxic  effect  of  CuONPs,
which increased antibacterial  activity  following
the increase in the dose of CuONP, should be
investigated in the future for in vivo studies. It
also  showed  that  the  CuONPs  performed
excellently  in  the  catalytic  reduction  of
methylene  blue.  At  room temperature,  up  to
90%  MB  dye  degradation  was  achieved.  In
conclusion,  it  can  be  said  that  these
nanostructures  are  candidate  molecules  for
biomedical and biotechnological applications.
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