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Abstract
Millions of people die every year as a result of infections’ multidrug resistance (MDR) pathogens. 
Therefore, the creation of novel antibiotics is urgently required for the treatment of bacterial illnesses 
that are resistant to a variety of drugs. The current study concentrated on the development of copper 
oxide nanoparticles conjugated with Vitamin-E (CuO NPs-Vit E complex), which was evaluated using 
various approaches like FTIR (Fourier transform infrared spectroscopy), UV-Vis (ultraviolet-visible 
spectroscopy), SEM (scanning electron microscopy), XRD (X-ray diffraction). The antibacterial and 
anti-biofilm activity was investigated against MDR Escherichia coli and Staphylococcus aureus. The 
antioxidant properties of CuO NPs-Vit E complex were determined using DPPH and FRAP assay. The CuO 
NPs-Vit E complex showed excellent anti-bacterial, anti-biofilm, and antioxidant activities. Moreover, 
it was found to be biocompatible and non-toxic to normal cells. Therefore, the synthesized CuO NPs-
Vit E complex can be used for the creation of new drugs for the treatment of multidrug-resistant 
bacterial infections.

Keywords: Anti-bacterial, Anti-biofilm, Antioxidant, Copper Nanoparticles, Multidrug Resistance, Vitamin-E

https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0005-0364-9758
https://orcid.org/0000-0001-9570-8770
https://orcid.org/0000-0003-4018-1144


  www.microbiologyjournal.org2081Journal of Pure and Applied Microbiology

Variyathody et al | J Pure Appl Microbiol. 2023;17(4):2080-2097. https://doi.org/10.22207/JPAM.17.4.01

INTRODUCTION

 Multidrug resistance (MDR) among 
pathogens is a global threat. Millions of deaths 
occur every year and there is an urgent need for the 
creation of innovative antibiotics for the treatment 
of multidrug-resistant bacterial infections. 
Successful treatment is still significantly hampered 
by multi-drug resistance (MDR).  Pathogenic 
bacteria are now posing a serious threat to 
worldwide public health due to their development 
of resistance to various antimicrobial drugs. Drug-
resistant bacterial infections are a significant cause 
of patient mortality and morbidity, and developing 
antibiotic resistance is significantly harming the 
tremendous medical advances made feasible by 
antibiotics over the last 70 years.1 Antimicrobial 
resistance has a considerable impact on the 
efficacy of antimicrobial drugs and is linked with 
elevated rates of mortality and expensive medical 
care. By increasing the likelihood that resistant 
infections will spread, MDR causes blockage in the 
control of the disease. This results in decreased 
treatment effectiveness, which prolongs the 
patient’s infection period.2

 Nanoparticles are of particular importance 
due to their incredibly small size and high surface-
to-volume ratio, which results in chemical and 
physical changes in their characteristics. Metal 
nanoparticles have been garnering attention 
among researchers due to their applications in 
various fields. They can be combined with aqueous 
suspension and act as colloids because they are 
made of metals and metal oxides, such as titanium 
dioxide, metal oxide nanomaterial, cupric oxide, 
etc. Metal nanoparticles’ ability to interact closely 
with microbial membranes due to their small 
size and the high surface-to-volume ratio has 
been assigned as the cause of their bactericidal 
activity, rather than just the release of metal 
ions in solution.3 It is possible to immobilize and 
coat surfaces with metal nanoparticles that have 
bactericidal action, which may find use in a variety 
of industries. In order to prepare them for possible 
use in medicine and other biomedical applications, 
nanosized organic and inorganic nanoparticles are 
created.4 Nanoparticle biosynthesis, which uses 
non-toxic reactants and materials, has been hailed 
as a technology that is cost-effective, ecologically 
safe, energy-efficient, and economically sound.5

 Copper is a naturally occurring element 
that permeates the entire environment. In the 
Earth’s crust, it is concentrated at 146, or 60 g per 
tonne. Copper-based nanoparticles are useful 
for a variety of applications, including water 
treatment, the textile industry, food preservation, 
and agricultural techniques. Copper nanoparticles 
have been shown in studies to exhibit antibacterial 
characteristics, and they hold great promise as 
a bactericidal agent.6 Different techniques have 
been used to create and characterize copper 
nanoparticles. The two main barriers to the use 
and advancement of the metal cluster in a new 
type of nanoelectronic device are stability and 
reactivity. Copper compounds (Cu), which can 
replace silver and composites made of other 
precious metals, have a significant potential for use 
as antibacterial agents. Copper oxide nanoparticles 
(CuO NPs) have gained interest primarily due to 
their antibacterial and biocidal capabilities and 
are potentially useful in a variety of biological 
applications.7 
 Vitamin E refers to eight fat-soluble 
substances that are produced by plant organisms 
as well as exhibited in varying amounts in 
foods high in fat, such as seeds and edible oils, 
or are mostly found in fortified foods such as 
-tocopherol. Vitamin E normally guards against 
oxidative damage brought on by copper. It is a 
lipid-soluble vitamin, and its most active form, 
-tocopherol, is a potent biological antioxidant.8 
In biological systems, vitamin E may successfully 
reduce oxidative stress, lipid peroxidation, and 
the harmful effects of reactive oxygen species. 
Additionally, it has been demonstrated that 
vitamin E is useful in minimizing the genotoxic 
effects of a variety of genotoxic substances.9 
The immunostimulatory properties of vitamin 
E have led to improved resistance to a number 
of diseases.10 Supplementation with vitamin E 
has been shown to improve humoral reactions. 
Both animals and people have shown increased 
antibody responses.11 The vitamin E increases 
the capacity of naive T cells to divide and produce 
IL-2, boosts the proportion of T cells that can 
successfully form immunological synapses, and 
corrects the age-related deficit.12 Numerous 
research on people has established the benefits of 
vitamin E on the occurrence of infectious illnesses 
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naturally and immunostimulatory properties of 
vitamin E boost resistance to infections.13

 Hence, the current study focused on the 
production of the copper oxide nanoparticles 
conjugated with Vitamin-E (CuO NPs-Vit E complex) 
and evaluated its anti-bacterial, anti-biofilm, 
and antioxidant capabilities. Additionally, the 
biocompatibility and cytotoxicity of synthesized 
CuO NPs-Vit E complex were also investigated.

MATERIALS AND METHODS

Synthesis of Copper Oxide Nanoparticles
 Two prepared solutions were used 
separately to create copper oxide nanoparticles. 14

Solution - 1
 In 100 ml of distilled water, 0.27M 
copper sulphate pentahydrate was dissolved. To 
completely dissolve, the mixture was agitated in 
a magnetic stirrer at continuous temperatures and 
speeds (37°C and 200 rpm). 

Solution - 2
 About 1.2M sodium potassium tartrate 
and 3M sodium hydroxide was dissolved in 100ml 
of distilled water and stirring conditions were 
carried out using a magnetic stirrer at constant 
conditions (37°C and 200rpm).
 5g of glucose was added after vigorously 
mixing 50 ml each of Solutions 1 and 2, respectively. 
The liquid was then agitated for 600rpm for 30 
minutes and then heated to 60°C in a water bath. 
The resulting mixture is centrifuged, twice washed 
in distilled water, then twice washed in ethanol. 
The powdered material was air-dried and used for 
additional examination.

Preparation of CuO NPs-Vit E complex
 The copper oxide nanoparticles were 
gradually added to a 20 ml magnetically agitated 
ethanol solution. Once the reaction reached 
equilibrium, Vitamin-E oil was carefully added 
to the first reaction mixture and agitated at a 
temperature of between 60 and 80°C. The reaction 
mixture was then placed in a fume closet to allow 
the solvent to evaporate, and the nano-metallic 
vitamin E complex was formed.

Synthesized Cuo NPs Characterization
UV-Vis (ultraviolet-visible) spectroscopy
 In a spectrometer (Beckman-Model No. 
DU-50, Fullerton) with a resolution of 1 nm, UV-vis 
spectra between the wavelengths 190 and 800 nm 
were used to analyze the produced CuO NPs. 

FTIR evaluation
 Fourier-transform infrared (FTIR) 
spectroscopy was used to conduct the FTIR study 
for the created CuO NPs (SHIMADZU, IRSpirit). 
With a resolution of 16 cm-1, the transmittance 
spectra were captured in the wave number range 
of 4000 - 600 cm-1.

XRD studies
 XRD is used to examine the structure 
and crystallinity of the synthesized CuO NPs using 
XPERT-PRO diffractometer instrument operating 
at 45kV. Using the Debye-Scherrer formula, the 
average crystallite size of CuONPs is calculated. Cu-
NP size (in nm), l =X-ray wavelength, b =complete 
width at half maximum of the diffraction peak, and 
q = observed Bragg angle are all included in the 
formula D = 0.9l/bcosq. 

Scanning Electron Microscopy (SEM)
 CuO NPs and CuO NPs-Vit E complex are 
morphologically examined by Scanning electron 
microscopy (SEM) (Carl Zeiss, Germany). The 
scanning data were collected from an average of 
47 scans with a resolution of 4 cm-1 and a scanning 
range of 4000-400 cm-1. It is constrained in certain 
morphological research since it yields scant data 
on the true population and dispersion of average 
size. 

Anti-Biotic Sensitivity Testing (Abst) For The MDR 
Pathogens
 Using the dehydrated medium, prepare 
MHA as directed by the manufacturer. Distilled or 
deionized water was used to prepare the media. 
The medium was boiled and heated while being 
stirred frequently and sterilized at 121°C for 15 
minutes. The agar medium was allowed to cool 
and poured into the sterile petri dish.
 A sterile cotton swab should be dipped 
into the predetermined bacterial suspension of 
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MDR Staphylococcus aureus and MDR Escherichia 
coli and streaked across the agar plates with the 
inoculum-containing swab. The streaking process 
was repeated after rotating the plate by 60 
degrees. The antibiotic disc such as Amoxicillin, 
Ampicillin, Streptomycin, Ciprofloxacin, and 
Tetracycline was placed on the inoculated and 
dried plate’s surface using the disc dispenser and 
lightly press down with the tool to make sure the 
disc is completely in touch with the agar surface. 
The zone of inhibition that resulted from overnight 
incubation of plates at 37°C was measured and 
recorded.15 

Antibacterial Activity
 The antibacterial activity of CuO NPs 
and the CuO NPs-Vit E combination against MDR 
Pathogens (Escherichia coli and Staphylococcus 
aureus) was evaluated using the well diffusion 
method. Bacterial inoculums from cultures that 
have been growing for 1-3 days were seeded 
onto petri plates with 20 ml of Muller-Hinton agar 
medium. CuO NPs and CuO NPs-Vit E complex 
were introduced at various concentrations 
(0.125 g, 0.25 g, 0.5 g, and 1 g) and incubated 
for 24-48 hours at 37°C in wells that were 6 mm 
in diameter. The experiment was carried out in 
duplicate, and the diameter of the resulting zone 
of inhibition surrounding the well was determined 
in millimeters.15

Minimum Inhibitory Concentration (MIC)
 The procedure outlined in the CLSI 
(2012)16 guideline was used to determine the MIC 
of the synthesized CuO NPs-Vit E complex. Using 
the Resazurin method, the MIC test was carried 
out in a 96-well round bottom microtiter plate.
 The concentration of the bacterial 
inoculums was maintained at 106 CFU/mL. In order 
to perform the MIC test, 100 µL of the test sample 
solution (500 µg/mL) was added and diluted twice 
with 100 µL of MHB containing bacterial inoculums 
from columns 1 to 12. The test samples were 
concentrated mostly in column 1 of the microtiter 
plate and least in column 12 of the plate. Row 2 
functioned as the positive control, while Row 1 
was the negative control (only medium). 30 µL 
of the resazurin solution (0.02% (wt/vol)) was 
added to each well of the microtiter plate, which 
was then incubated for 24 hours at 37°C. Any 

colour variations were noticed and the colour 
shift from purple to pink indicates the existence 
of living cells. The lowest concentration at which 
a color change could be seen was identified as the 
minimum inhibitory concentration (MIC) value.

Evaluation of Formation and Inhibition of 
Bacterial Biofilm
 Mueller-Hinton broth was used to grow 
Staphylococcus aureus and Escherichia coli, and 
the adherence assay on 96-well tissue culture was 
used to examine the bacteria’s capacity to produce 
biofilm. Each well of the microtiter plate was filled 
with 100µl overnight bacterial solution, then the 
1 MIC and 2 MIC concentrations of CuO NPs-Vit E 
complex were added.  Each strain was examined 
in triplicate. Escherichia coli and Staphylococcus 
aureus served as the positive control, while 
wells with sterile Mueller-Hinton broth served as 
the negative controls. At 37°C, the plates were 
incubated for 24 hours.
 Following the incubation, the culture 
was removed, the plates were thoroughly washed 
three times using phosphate-buffered saline 
(200ml), and they were dried inverted to get rid of 
non-adherent cells. The adhering biofilm was fixed 
with ethanol (95%) and stained for five minutes 
with crystal violet (1%). The unbound crystal violet 
was then removed from the wells using sterile 
distilled water, and the plates were air-dried for 
30 minutes. For each well, the optical density was 
calculated at a wavelength of 570 nm.17

Antioxidant Activity
DPPH Method
 The DPPH assay was performed by the 
method suggested by Formagio et al.18 3ml of 
the methanolic DPPH reagent (0.002% w/v) was 
combined with different concentrations of the CuO 
NPs-Vit E complex. A spectrophotometer was used 
to measure the absorbance at 517 nm following 
the incubation at room temperature in the dark 
for 30 min. Ascorbic acid served as the standard.

(Absorbance of Control – Absorbance of Sample)

(Absorbance of Control)
Inhibition  
(%) = 

x100

FRAP ASSAY
 The ferric-reducing antioxidant power 
(FRAP) was assessed using the Benzie and Strain, 
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(1996) method.19 A 300 mM sodium acetate buffer, 
10 mM 2,4,6-tri-(2-pyridyl)-5-triazine (TPTZ), 
and a 20 mM FeCl3•6H2O solution make up the 
FRAP solution. Various aliquots of CuO NPs-Vit E 
complex were added to 900 µl of FRAP solution, 
which was then incubated for 30 minutes at room 
temperature and in the dark. The absorbance was 
then spectrophotometrically determined at 593 
nm.

RBC Hemolysis Assay
 Healthy volunteers’ blood was drawn and 
centrifuged for five minutes at a speed of 5000 
rpm. The blood pellet was subsequently washed 
three times in a sterile pH 7.2 phosphate buffer 
saline solution.20 
 The RBC suspension was combined with 
1X and 2X MIC of CuO NPs-Vit E complex and the 
reaction mixture was then incubated for 60 min at 
37°C, followed by centrifugation for 10 minutes at 
1500 rpm. A UV-Vis spectrophotometer was used 
to determine the optical density of the resulting 
supernatant at a wavelength of 540 nm. 0.1% (v/v) 
Triton X-100 was used as a positive control, and 
PBS was utilized as a negative control.21 

Cytotoxicity (MTT Assay)
 The L929 (normal fibroblast) cell line, 
which was bought from the National Centre for 
Cell Sciences (NCCS), situated in Pune, India, was 
utilized in the MTT experiment to examine the 
cytotoxicity of CuO NPs-Vit E complex. Fetal bovine 
serum was added to MEM medium in which the 

cell line was grown and incubated with 5% CO2 at 
37°C. A freshly made growth medium containing 
various aliquots of CuO NPs-Vit E complex was 
used after the initial 24-hour incubation period. 
Following that, 10 µl of MTT (5 mg/mL in PBS) 
was added to each well, and the plates were 
left incubating for an additional 4 hours. The 
intractable formazan crystals were dissolved by 
thoroughly combining 200 µl of DMSO with the 
supernatant and the optical density was measured 
at 550nm.22 
 The percentages of viability (%V) and 
inhibition (%I) were calculated using the following 
formula: 
Percentage of viability (%V) =100 (At /Ac) 
Percentage of inhibition (%I) =100 [1-(At /Ac)]

Where, At – absorbance of treated cells; Ac - 
absorbance of control cells

LDH ASSAY
 Using a cytotoxicity detection kit, the 
activity of the lactate dehydrogenase (LDH) 
produced from the wounded cells was used to 
gauge the cytotoxicity of the CuO NPs-Vit E complex 
on the L929 mouse fibroblast cell line (Sigma Aldrich 
Inc., USA). The procedure recommended by the 
manufacturer was followed during the trial. Briefly, 
100 µl of the reaction mixture was added to the 
same volume of untreated and treated cells’ MEM. 
Supplemented with fetal bovine serum media. The 
plates were kept for 30 minutes at 25°C in the dark. 
The release of LDH activity was measured by using 
the optical density value read at 490 nm.23

Figure 1. Synthesis of CuO NPs Figure 2. CuO NPs-Vit E complex
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 Then, the L929 cells treated with different 
concentrations of CuO NPs-Vit E complex were 
evaluated by acridine orange staining.24

RESULTS

SYNTHESIS OF CuO NPs
 The formation of CuO NPs were visually 
confirmed by the colour shift occurred in the 
solution mixture (Figure 1). The pH of the 
synthesized nanoparticles was found to be 8.32. 

The total yield of nanoparticles were 1.5g/ml 
(21.73%). The Figure 2 shows the formation of 
CuO NPs-Vit E complex.

Characterization Of Synthesized CuO NPs
Ultraviolet-Visible (UV-VIS) Spectroscopy
 UV-Vis spectroscopy was used to analyze 
the CuO nanoparticles. The UV–vis absorption 
peak at 550 nm is attributed to the copper oxide 
nanoparticles (Figure 3). This shows the successful 
synthesis of the nanoparticles. The copper and 

Figure 3. UV Vis spectroscopy of CuO NPs

Figure 4. FTIR analysis of CuO NPs
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Pos. [°2Th.] Height [cts] FWHM Left [°2Th.] d-spacing [Å] Rel. Int. [%]
36.8613 101.37 0.2040 2.43645 100.00
Figure 5. XRD analysis

Table 1. ABST against MDR pathogens (Escherichia coli and Staphylococcus aureus)

Organism Amoxicillin Ampicillin Streptomycin Ciprofloxacin Tetracycline

Escherichia coli -  - 8 - -
 Resistant Resistant Resistant Resistant Resistant
Staphylococcus aureus 13 7 12 14 -
 Resistant Resistant Resistant Resistant Resistant

oxygen peaks in the spectrum were the greatest, 
indicating that the copper oxide nanoparticles 
created were extremely pure.

FTIR Analysis
 The synthesized copper oxide NPs’ FTIR 
measurements are shown in Figure 4, which aids 
in finding potential biomolecules that function 
as reducing and capping agents. The FTIR band 
at wavelength 416 cm-1 corresponds to the 
metal ligand, which indicated the presence of 
copper. The peaks at 679 cm-1 correspond to Cu 
(I)–O vibration of copper-oxide nanoparticles. 
The absorption peak at 555.50 cm-1 corresponds 
to the halogenated compounds, and it might 
be stretching of Cu-O. The existence of the C-O 
stretching group was indicated by the absorption 

band at 1203.58 cm-1. The bands at 1481.53, 
1643.35, and 3309.85cm-1 correspond to the CH2 
bend, mono-substituted alkene (C=C stretching), 
and aliphatic primary amine (N-H stretching), 
respectively. 

XRD Analysis
 The XRD results of CuO NPs showed 
the peak positions (Figure 5) with 2ט values of, 
35.6°, 38.7°, 66.4°, 68.1°, 72.5°, and 75.1° can 
be assigned to the planes (002), (111), (202), 
(113), (311) and (400) which corresponds to the 
copper-oxide (JCPDS card no 45-0937). The peak 
at 2θ  value of 36.86° represented the crystallinity 
of the synthesized CuO NPs. The presence of 
significant line stretching of the diffraction peaks 
demonstrates that the synthesised materials are 
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in the nanometre range. The average particle size 
of the synthesized nanoparticles was calculated 
using Scherrer’s equation from the FWHM (full 
width at half maximum) of the diffraction peaks. 
The crystalline size of the CuO NPs was found to 
be 42.89nm. 

SEM Analysis
 The surface morphology of the CuO NP 
and CuO NPs-Vit E complex was observed using 
scanning electron microscopy. The micrograph 
of CuO NPs (Figure 6) showed the presence of 
nanoparticles with more or less uniform circular 
or spherical shaped but varying in sizes due to 

Figure 6. SEM images of CuO NPs

Figure 7. SEM images of CuO NPs-Vit E complex
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Figure 8. ABST against MDR pathogens (Escherichia coli and Staphylococcus aureus)

Figure 9. Antibacterial activity of CuO  NPs-Vit E complex against MDR pathogens – Escherichia coli and Staphylococcus 
aureus

the complex formation and also no aggregation 
is seen. The SEM images (Figure 7) of the CuO 
NPs-Vit E complex revealed the agglomeration of 
particles, which evidenced the binding of Vitamin 
E to the CuO NPs. The CuO NPs-Vit E complex was 
also found to be in spherical shaped. 

Antibiotic Sensitivity Testing
 This test was done by using standard 
antibiotics like amoxicillin, ampicillin, tetracycline, 

streptomycin, and ciprofloxacin against both the 
MDR pathogens such as Staphylococcus aureus 
and Escherichia coli (Figure 8). The diameter of 
the inhibition zone reflects the magnitude of the 
susceptibility of microbes. No zone of inhibition 
was observed around the amoxicillin, ampicillin, 
ciprofloxacin, and tetracycline in the MDR 
Escherichia coli seeded plate. But, streptomycin 
inhibited the growth of Escherichia coli slightly 
with an 8mm inhibitory zone. For Staphylococcus 
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aureus, the zones for Amoxicillin were 13 mm, 
Ampicillin was 7 mm, Streptomycin was 12 
mm, and Ciproflaxin was 14 mm, whereas, the 
Tetracycline had no zones (Table 1). Hence, 
considering the size of the zone of inhibition and 
comparing it with the standard antibiotic chart 
both the isolated pathogens were observed to be 
multi-drug resistant.

Anti-bacterial Activity
 Both the MDR pathogens Escherichia 
coli and Staphylococcus aureus were effectively 
inhibited by all concentrations of synthesized 
CuO NPs and the CuO NPs-Vit E complex  
(Figure 9). Table 2 displays the findings from 
the study of the antibacterial activity using the 
well diffusion method. By measuring the zone 
of inhibition against each of the tested bacterial 
strains, the antibacterial activity was ascertained. 
Four different concentrations underwent this 
testing. For Escherichia coli, the zone range for 
the CuO NPs is 16 mm for 25 mg, 19 mm for 50 
mg, and 23 mm for 75 mg, but Staphylococcus 
aureus has no zone for 25 mg, 12 mm for 50 mg, 

15 mm for 75 mg, and 18 mm for 100 mg. The 
zone range of the Cu NPs + Vit E complex is 18 
mm for 25 mg, 22 mm for 50 mg, 27 mm for 75 
mg, and 31 mm for 100 mg for Escherichia coli, but 
15 mm for 25 mg, 18 mm for 50 mg, 24 mm for 
75 mg, and 29 mm for 100 mg for Staphylococcus 
aureus. CuO NPs had a maximum zone of inhibition 
of 28 mm for Escherichia coli at a concentration 
of 100 mg, whereas the CuO NPs-Vit E complex 
had a maximum zone of inhibition of 31 mm for 
Escherichia coli at the same concentration. CuO 
NPs were shown to have a maximum zone of 
inhibition for Staphylococcus aureus of 18 mm for 
100 mg, while the CuO NPs- Vitamin E complex 
had a maximum zone of inhibition of 29 mm for 
the 100g. The maximum zone of inhibition was 
recorded for the CuO NPs + Vit E complex than 
the CuO Nps. Hence, the anti-bacterial activity of 
the CuO NPs was enhanced by the combination 
of Vitamin E.

Minimum Inhibitory Concentration (MIC)
 The Minimum Inhibitory Concentration 
(MIC) of the synthesized CuO NPs-Vit E complex was 

Table 2. Antibacterial activity of CuO  NPs-Vit E complex against MDR pathogens – Escherichia coli and 
Staphylococcus aureus

Microorganisms      Zone of Inhibition (mm)

   CuO NPs    CuO NPs-Vit E complex

 25µg 50µg 70µg 100µg 25µg 50µg 75µg 100µg
Escherichia coli 16 19 23 18 18 22 27 31
Staphylococcus aureus - 12 15 15 15 18 24 29

Table 3. MIC

Microorganisms MIC (µg/ml)

MDR Escherichia coli 25
MDR Staphylococcus aureus 12.5

Figure 10. MIC – Resazurin method

found to be 25 and 12.5 µg/ml for Escherichia coli, 
and Staphylococcus aureus respectively (Table 
3). Hence, the Staphylococcus aureus was more 
susceptible to the CuO NPs – Vit E complex than 
the Escherichia coli. Figure 10 represents MIC 
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of the CuO NPs-Vit E complex against the test 
organisms.

Evaluation of Formation and Inhibition of 
Bacterial Biofilm
Biofilm Formation
 The optical Density Value (Biofilm growth) 
of the treatment CuO NPs-Vit E complex against 
MDR Escherichia coli and MDR Staphylococcus 
aureus was provided in Table 4. Both tested 
bacterial strains such as MDR Staphylococcus 
aureus and MDR Escherichia coli showed the 
considerable formation of biofilm with OD values 
of 0.28±0.024 and 0.28±0.07, respectively.

Biofilm Inhibition
 All the tested concentrations such 
as 1X MIC, and 2X MIC of CuO NPs-Vit E 
complex inhibited the biofilm formation of MDR 
Staphylococcus aureus and MDR Escherichia coli 
(Table 5). The absorbance of 1X concentration 
of CuO NPs-Vit E complex was found to be 0.14 
for MDR Staphylococcus aureus and 0.19 for 
MDR Escherichia coli. The 2X MIC of CuO NPs – 
Vit E complex effectively inhibited the biofilm 
formation with OD values of 0.05 and 0.07 for MDR 
Staphylococcus aureus and MDR Escherichia coli, 
respectively. 

Figure 11. DPPH assay of CuO NPs-Vit E complex

Figure 12. FRAP assay of CuO NPs-Vit E complex



  www.microbiologyjournal.org2091Journal of Pure and Applied Microbiology

Variyathody et al | J Pure Appl Microbiol. 2023;17(4):2080-2097. https://doi.org/10.22207/JPAM.17.4.01

Antioxidant Activity
DPPH Method
 The  synthes ized  CuO NPs-V i t  E 
complex demonstrated concentration-dependent 
DPPH radical scavenging ability (Figure 11). The 
DPPH scavenging activity is shown to be 14.31% 
at 25 µg, 24.06% at 50 µg, 29.89% at 75 µg, 
37.41% at 100 µg, 43.07% at 250 µg, 54.46% at 
500 µg, 61.21% at 750 µg, and 69.22% at 1000 µg  
(Table 6). The highest amount of scavenging 
activity was achieved at 1000 µg/ml of the 
synthesized complex, while the lowest amount was 

14.31% at 25 µg/ml. The IC50 value was determined 
as 514.68 µg/ml.

FRAP ASSAY
 Ferric Reducing Antioxidant Power (FRAP) 
values of synthesized CuO NPs-Vit E complex 
were depicted in Table 7. The data showed 
the maximum FRAP value of synthesized CuO 
NPs-Vit E complex was 63.18% for 1000µg/ml. 
The scavenging activity of FRAP against various 
concentrations, such as 25 µg, 50 µg, 75 µg, 100 
µg, and 250 µg, 750 µg revealed the FRAP value 

Table 4. Bio-film formation of MDR Staphylococcus 
aureus, and MDR Escherichia coli  (OD values)

Organism      OD value

 1st 2nd 3rd Average

MDR S. aureus 0.26 0.32 0.28 0.28±0.024
MDR E. coli 0.39 0.23 0.24 0.28±0.07

Table 5. Anti-biofilm activity (OD values)

Microorganisms     OD value

 1*mic 2*mic

MDR S. aureus 0.14 0.05
MDR E. coli 0.19 0.07

Figure 13. MTT assay (cytotoxicity) using cell line L929 for CuO NPS-Vit E complex



  www.microbiologyjournal.org2092Journal of Pure and Applied Microbiology

Variyathody et al | J Pure Appl Microbiol. 2023;17(4):2080-2097. https://doi.org/10.22207/JPAM.17.4.01

of 17.22, 23.14, 29.51, 36.20, 39.66, 48.29, and 
54.79% respectively. The IC50 value was found to 
be 614.72 µg/ml. The Figure 12 shows the FRAP 
assay carried out for CuO NPs-Vit E complex.

RBC Hemolysis Assay
 The result for 1X MIC shows 13.86% and 
for 2X MIC reveals 28.73% (Table 8). Hence, all 
of the evaluated concentrations of CuO NPs-Vit 
E complex are regarded as safe and non-toxic for 
humans because the maximum concentration (2X 
MIC) was less than 30% hemolysis activity.

Cytotoxicity Activity (MTT Assay)
 The cytotoxic activity of CuO NPs-Vit E 
complex against the L929 cell line was investigated 
using the MTT assay (Figure 13). The treatment 
of different concentrations of Cuo NPs-Vit E 
complex does not affect the cell viability of the L929 

cells. The maximum cytotoxicity obtained was 19% 
at the concentration of 100 µg/ml (Table 9). Hence, 
the CuO NPs-Vit E complex had no significant 
cytotoxic impacts on L929 cells. 

LDH Assay
 LDH assay is used to evaluate the release 
of lactate dehydrogenase released upon the death 
of the cells. Increasing concentrations increased 
the LDH and apoptosis of the cells (Figure 14). 
100µg showed 64% LDH release, 58% at 75µg, 45% 
at 50µg, and 26% at 25µg (Table 10). Similarly, the 
fluorescent dye stained viable cells were found to 
be higher at the lower concentrations and only 
mild reduction in cells was observed at higher 
concentrations.
 The existence of live cells could be seen in 
Figure 15, cells stained with acridine orange after 
being exposed to various concentrations of the 

Figure 14. LDH assay

Table 6. DPPH assay of CuO NPs-Vit E complex

Concen.  DPPH 
(µg/ml)  (%)

25 14.31
50 24.06
75 29.89
100 37.41
250 43.07
500 54.46
750 61.21
1000 69.22
IC50 514.68 µg/ml

Table 7. FRAP assay of CuO NPs-Vit E complex

Concen. FRAP 
(µg/ml)  (%)

25 17.22
50 23.14
75 29.51
100 36.20
250 39.66
500 48.29
750 54.79
1000 63.18
IC50 614.72 µg/ml
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CuO NPs-Vit E complex. The green cells are alive 
cells stained with acridine orange (Fluorescent 
dye). This result correlated with the MTT and the 
fluorescent staining (apoptosis). This shows that 
the developed CuO NPs-Vit E complex is safe and 
biocompatible. 

DISCUSSION

 Particles with a size between 1 and 100 
nm are referred to as nanoparticles (NPs). They 
can be combined with an aqueous suspension and 
act as colloids because they are made of metals 
and metal oxides, such as titanium dioxide, metal 
oxide nanomaterials, cupric oxide, etc. It is possible 
to immobilize and coat surfaces with metal 
nanoparticles that have bactericidal action, which 
may find use in a variety of industries. As a result, 
nanosized organic and inorganic nanoparticles 
are created in order to be used in biomedical 
applications and maybe in medicine. Everywhere 
in the environment, copper is a naturally occurring 
element. Studies on copper nanoparticles’ 

Figure 15. Fluorescent dye staining (Acridine orange)

Table 9. MTT assay 

Concen. Cytotoxicity  Cell Viability Cytotoxic
(µg) (%) (%) Reactivity

Control 0 100 Good
25 8 92 Mild
50 13 87 Mild
100 19 81 Mild

Table 8. RBC hemolysis of CuO NPs-Vit E complex

Concentration Percentage of hemolysis 
 inhibition

1X MIC 13.86%
2X MIC 28.73%

Table 10. LDH ASSAY

Concen.  Standard Sample 
(µg/ml)  (%) (%)

25 8 26
50 21 45
75 41 58
100 56 64



  www.microbiologyjournal.org2094Journal of Pure and Applied Microbiology

Variyathody et al | J Pure Appl Microbiol. 2023;17(4):2080-2097. https://doi.org/10.22207/JPAM.17.4.01

antibacterial characteristics demonstrate that 
these particles hold great promise as bactericidal 
agents. Metal oxide nanoparticles, including 
copper oxide (CuO), have attracted attention 
for their antibacterial and biocidal properties, 
and they could be used in a variety of biological 
applications. Vitamin E normally guards against 
oxidative damage caused by copper.7 It is a 
lipid-soluble vitamin, and its most active form, 
tocopherol, is a potent biological antioxidant. MDR 
is an inevitable natural occurrence that poses a 
severe global threat to human health. To tackle 
the MDR, a global cooperation effort is necessary. 
Pathogens frequently use a variety of resistance 
mechanisms to endure harsh circumstances.
 The current study evaluated the ability 
of synthesized CuO NPs-Vit E complex to suppress 
the growth of the MDR pathogens Escherichia coli 
and Staphylococcus aureus. 
 The surface vibration of valence electrons 
in the metal nanoparticles causes them to 
absorb visible electromagnetic radiation. This 
phenomenon is termed as surface plasmon 
resonance effect.  The idea of exploiting this 
phenomenon as a tracer for the presence of 
metal nanoparticles is possible with a basic UV-
visible spectrophotometer.25 The production of 
copper oxide NPS is indicated by a peak at 550nm 
in the UV-visible spectrum. Likewise, the Cu-
nanoparticles exhibited an absorption maxima at 
562 nm, which corresponded to the typical isoionic 
spectral peak.26

 Rajeshkumar and Rinitha reported27 that 
the diffraction peaks for copper were found to be 
at 2θ = 24°, 30°, and 42°, which correlate to (111), 
(111), and (200), respectively, which indicated 
the formation of Copper nanoparticles. Likewise, 
Peaks at 2 values of 43.39°, 50.49°, and 74.18° 
are associated with the (111), (200), and (220) 
metallic Cu planes, respectively. Other diffraction 
peaks, in addition to the metallic Cu peaks, were 
observed at 29.63°, 36.54°, 42.44°, 61.57°, 73.58°, 
and 77.49°, respectively, corresponding to the 
(110), (111), (200), (220), (311) and (222) planes 
of cuprite. These peaks represent the emergence 
of cubic copper (I) oxide nanocrystals. 28

 The work of Shiny et al.29 confirmed the 
existence of CuO nanoparticles and it was found 
to be spherically shaped. Likewise, the cubic-
shaped CuO nanoparticles were examined using 

SEM,28 which showed similarity to our findings. It 
is further validated by FTIR, which reveals a band 
that is consistent with the Cu-O bond. The primary 
peak was observed to be 576 cm-1, which indicates 
that Cu-O should be stretched.30 In the current 
study, the Cu-O stretching band was observed at 
555.50 cm-1. The FTIR peak appearances at many 
wavenumber bands, including the 3400 cm-1, 
1630–1761, 1142–1345, and 724–928 cm-1 were 
reported. N-CH3 stretching vibration was shown 
to have peaks at a bandwidth of 900–1000 
cm-1. The absorption bands at 471 cm-1 in the  
spectra indicate the occurrence of metal-oxygen. 

31 The FTIR spectra of synthesized CuO NPs showed 
peaks in the 400–4000 cm-1 range that can be 
related to the vibrations of metal-oxygen (M=Cu), 
further demonstrating that the CuO NPs formed 
in this manner. 2

 The copper oxide nanoparticles exhibit 
bactericidal action against gram-positive and 
gram-negative bacterial species.32 The bactericidal 
action of synthesized CuO NPs was consistent 
and showed potential for usage in biomedical 
applications.33 Escherichia coli and Staphylococcus 
aureus were two bacterial strains against which the 
antimicrobial activity of CuO NPs was examined. 
The antibacterial efficacy of CuO NPs against 
Staphylococcus aureus and Escherichia coli was 
demonstrated in a well-diffusion assay. The Copper 
nanoparticles have a distinctively high surface-
to-volume ratio allowing them to engage with 
the surface of a bacterium’s cell membrane, 
killing the bacterium as a result.34 Pseudomonas 
aeruginosa, Escherichia coli, Staphylococcus 
aureus, and Proteus vulgaris were employed as 
the four different bacterium species to test the 
antibacterial efficacy of CuO NPs. The findings 
showed that Escherichia coli had a larger inhibition 
zone (26.0±1.00 mm), making it more sensitive 
to CuO NPs than other bacterial species at the 
highest dose tested (1000 µg mL).35 The contact-
killing process of copper oxides (CuO and Cu2O) 
in which bacteria initially experience significant 
cell membrane destruction. Then additional 
damage occurs via a separate channel used by 
each copper oxide nanoparticle. The main factors 
of the toxicity for Escherichia coli were found to be 
the production of free radicals from  CuO (cupric 
oxide) and the formation of copper (I)-peptide 
combination from Cu2O (cuprous oxide).36
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 Cuo NPs-Vit E complex was studied for its 
effects on bacterial biofilm growth of Escherichia 
coli, and Staphylococcus aureus. The fact that 
Cuo NPs-Vit E complex has an impact on bio 
lm formation is mostly due to the size of their 
nanoparticles, as smaller particles have a bigger 
surface area for contact with pathogens than the 
bacterial control. Copper ions have the power 
to restrict bacterial formation and growth by 
rupturing the bacterial cell wall or cell membrane. 
They will react with them once inside the cell due 
to their propensity for phosphorus and sulfur-
rich compounds like DNA.37 The ability of Cu2+ 
ions released by CuO NPs, which completely 
submerge the bacterial cell surface and harm cells 
by modifying the arrangement of proteins and 
enzyme properties, has been linked to anti-biofilm 
actions.38

 DPPH has been widely utilized as a stable 
free radical to examine the reducing compounds 
and as a suitable solution for studying the free 
radical scavenging capability.39 The current study 
revealed the maximum DPPH radical scavenging 
of Cuo NPs-Vit E complex was 69.22% at 1000 µg. 
The present study employed the Ferric-reducing 
antioxidant power test to evaluate the antioxidant 
effects of the synthesized copper nanoparticles 
complexed with vitamin E. This assay relies on the 
existence of antioxidants in the sample to convert 
the ferricyanide complex into the ferrous form 
19. The FRAP value was identified as 63.18% for 
1000µg/ml.
 The rupture or bursting of RBC during 
hemolysis indicates that it possesses cytotoxic 
effects. If there is more than 30% hemolysis, 
the test samples are thought to be toxic to 
erythrocytes. 40 The current study revealed 28.73% 
at the 2X MIC concentration, which was considered 
to be safe.
 The cytotoxic activity of the Cuo NPs-
Vit E complex was tested using a healthy normal 
mouse fibroblasts cell line (L929) to assess the 
biocompatibility of the synthesized Cuo NPs-Vit 
E complex. The cell viability was observed to be 
81% at the concentration of 100µg/ml, as the 
absorbance value did not reduce even at the 
increased concentration of CuO NPs- Vit E complex, 
which showed similarities to the finding of Jahan 
et al.41 However, the CuO NPs - Vit E complex 

demonstrated their significant bactericidal 
efficacy against two MDR bacterial strains such as 
Escherichia coli and Staphylococcus aureus at the 
same concentration (100 µg/mL). The release of 
LDH was used to assess the extent of damage in 
the L929 fibroblasts cell line, which is taken as an 
indicator of the disruption of the cell membrane. 
The results of the LDH assay showed 64% in CuO 
NPs - Vit E complex, which is comparably higher 
than the standard used (56%).
 Hence, the CuO NPs-Vit E complex had 
potent anti-bacterial, anti-biofilm, and anti-
oxidant activity and also it was found to be safe, 
biocompatible, and non-toxic. 

CONCLUSION

 From the present study, the synthesized 
Cuo NPs-Vit E complex was characterized by UV 
Vis, FTIR, XRD, and SEM analysis. The significant 
antibacterial and anti-biofilm activity against 
MDR Staphylococcus aureus and Escherichia coli.  
Moreover, the antioxidant effects of Cuo NPs-Vit 
E complex were proved in terms of Ferric ion-
reducing antioxidant power and DPPH radical 
scavenging activity. This study demonstrated that 
the pharmacological properties were enhanced 
and the toxicity was reduced for the Cuo NPs 
upon the conjugation with Vitamin E. Therefore, 
the developed Cuo NPs-Vit E complex can be used 
for the creation of new drugs for the treatment 
of multidrug-resistant bacterial infections. 
Additionally, the non-toxicity of the synthesized 
Cuo NPs-Vit E complex on healthy mouse cells 
indicates their potential for usage in a wide range 
of sectors, including agriculture, medicine, and 
biomedical disciplines.
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