
Page 1/20

Green synthesis, characterization of copper
nanoparticle synthesis from the leaf extract of
Aegle marmelos and their biological activities
Kalyani Pullapukuri 

Bio Enviro Chemical Solutions
Dinesh Reddy Gopa  (  gopadinesh@gmail.com )

GMR Institute of Technology, Srikakulam Dst

Research Article

Keywords: Green Synthesis, Aegle marmelos, Copper nanoparticles, Characterization, Antimicrobial
activity, Anticancer activity

Posted Date: July 31st, 2023

DOI: https://doi.org/10.21203/rs.3.rs-3193651/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-3193651/v1
mailto:gopadinesh@gmail.com
https://doi.org/10.21203/rs.3.rs-3193651/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/20

Abstract
Over the past few decades, the development of nanomaterial applications in numerous �elds has been
known to be signi�cantly aided by green methods for the manufacture of metallic and metallic oxide
nanoparticles. In comparison to several current physical and chemical approaches, the green production
of copper and copper oxide nanoparticles (Cu and CuO, NPs) proved more practical and cost-effective.
Applications for green-fabricated Cu and CuO Nanoparticles include energy, biomedicine, pharmaceutics,
photocatalysis, electrocatalysis, organic dye degradation, and cosmetics. The bioactive elements of the
plant extracts and the preparation circumstances have a signi�cant impact on the shape and topology of
biologically active Nanoparticles. The goal of the current review is to raise awareness of the numerous
plants used in the biologically active manufacture of copper and its oxide nanoparticles (NPs) for use in
catalysis and biological activity testing like Antimicrobial, antioxidant and anticancer. It has also been
studied how to characterise biogenic copper nanoparticles for their chemical, morphological, and
topographical properties using various analytical methods.

Introduction
Studying materials at the nanotechnology is the intriguing and expanding �eld of research known as
nanoscience (1–100 nm). When contrasted to their bulk counterparts, the nanomaterials have unique
characteristics. Due to their distinctive characteristics, such as a high surface-to-volume ratio, form, size,
and composition, nanomaterials have a tremendous potential for a variety of applications [1]. In recent
years, metal and metal oxide nanoparticles have signi�cantly improved biomedical sensing, imaging,
diagnosis, and treatment. The three metals that are used the most frequently today are silver, copper, and
gold. A low-cost, high-yielding material that can be exploited in biomedical and environmental
remediation applications among these metal nanoparticles is copper [2]. Due to their interesting
characteristics, copper and copper oxide-based nanomaterials have attracted a lot of attention recently.
These materials can be used for a variety of purposes, including sensors [3,4], catalysts [5, 6], electronics
[7], optics [8], solar cells [9], environmental remediation [10,11], antimicrobials, etc.

Cost-effective, dependable, sustainable, and energy-e�cient strategies are used in green approaches for
the synthesis of nanomaterials. Plant extract-based green synthesis techniques are preferred because
they are easily accessible, manageable, non-toxic, economical, and environmentally friendly. The variety
of phytochemicals also makes it possible to make nanomaterials with a variety of properties [12–15].
Several viruses, bacteria, and fungi are evolving resistance to the antimicrobials that are now accessible.
New microbial species are also developing for unknown reasons. Microbiological diseases had become a
serious threat to humanity [16–19]. This may be due to the ineffective use of current antimicrobial
medications or unsustainable development that is bad for the environment and ecology. The discovery of
novel antibiotics is essential in the event of pandemic infections. The answer to all of the world's issues
has been maintained by nature. In the past, people used a variety of plant extracts to make very e�cient
medicines called "bhasmas."
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A. marmelos, a traditional herb from the Rutaceae family, has been used to treat asthmatic disputes,
catarrh, diabetes, ophthalmia, deafness, and other conditions. Stomach pain, loose bowels, and
cardiovascular disorders are all treated with natural medicines. ZnO-NPs have a wide range of potential
applications that have been rationally approved, including their antibacterial, hypoglycemic, anthelmintic,
antispasmodic, antidysentery, antiulcer, stress, lessening, antiparasitic, injury-healing, larvicidal,
photochemical, and neuroprotective properties. The current work provides a quick and straightforward
process for making silver nanoparticles that is environmentally friendly by reducing silver nitrate solution
with an aqueous leaf extract of Aegle marmelos. evaluation of copper nanoparticles' biological
properties, including as their antimicrobial, anticancer effects [20–23].

Methodology

Copper chloride solution preparation
0.1245grams of copper chloride was dissolved in distilled water to make 500 ml of a 1 mM solution of
copper sulphate.

Preparation of the plant extract
The 25 grams of fresh herbs that were gathered from the community to make the Aegle marmelos leaf
extract were used. Fresh leaves were completely rinsed with pure water, then given a �nal wash two or
three times with pure water to remove any remaining dust and other visible particles. The leaves were cut
into little pieces and dried for two to three days in the shade (Fig. 1). The pieces of little leaves that had
been shade-dried were then given 100 mL of distilled water, and they were boiled on a water bath for
�fteen minutes. The solution was heated, cooled, and then �ltered through Whatman Filter Paper No. 1 to
remove contaminants. It was then held at 4°C until it was used again within a short period of time.

Copper nanoparticles synthesis
Crude extract from the leaves of A. marmelos were used to make copper nanoparticles. 100 ml of a 1 mM
A. marmelos leaf extract and 1 ml of a 250 ml Erlenmeyer �ask containing an aqueous copper chloride
solution were used to make copper nanoparticles. The following day, the �ask was kept at room
temperature. By repeatedly centrifuging for �fteen minutes at 12,000 rpm to purify the produced Cu
nanoparticle combination, the pellet was then redistributed in deionized water. The Cu nanoparticles were
then dried in an oven set to 800oC.

Characterization of Copper nanoparticles
Copper nanoparticles that have been synthesised can be examined using UV-VIS spectroscopy to
determine their properties. In Spectral data, a characteristic surface plasmon resonance (SPR) absorption
band is produced by free electrons in metal nanoparticles. This peak in the Ultra violet spectrum results
from the strong interaction of the free electrons present on the outermost layer of metallic nanoparticles
with speci�c wavelengths of light. The shape and size of metal nanoparticles in�uence their colour. Using
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an Equiptronics microprocessor-based Single-beam spectroscopy, the Ultra violet spectrum of the solvent
from area 300-600nm were used to con�rm the decrease of Cu++ (EQ-825A). The substances that have
their substituents coupled with the produced nanoparticles are identi�ed by FT-IR characterization. To
analyse the morphological properties, sizes, and shapes of nanoparticles, high resolution SEM
investigation is performed. XRD (Shimadzu, XRD-6000) was used to analyse the crystalline nature and
establish the average size of the particles.

In vitro antibacterial activity

Six human gram positive and gram-negative bacteria Corynebacterium glutamicum (MTC2745),
Salmonella typhimurium (MTCC-98), S. �exneri, (ATCC-12022), V. parahaemolyticus (ATCC-17802),
Clostridium perfringens (ATCC 13124), Enterococcus faecalis (MTCC-6845) were maintained on nutrient
broth. Bacterial sensitivity to nanoparticles is commonly tested using a well diffusion assay. Copper
nanoparticles solution that had been prepared was introduced to the wells. In order to allow for diffusion,
the samples were �rst incubated for 15 min at 4 C and then for 24 h at 37 C. When a zone of inhibition
was shown around the well after the overnight incubation, the experiment was deemed successful.

In vitro antifungal activity

The agar well diffusion method was used to assess the antifungal e�cacy of CuO nanoparticles against
Aspergillus �avus (MTCC-3396), Aspergillus fumigatus (MTCC-961), Aspergillus niger (MTCC-281), and
Candida albicans (MTCC-277). Potato dextrose agar culture media plates were made, infected with the
fungi, and incubated for 3 days at 25°C to encourage fungus development. Wells were made in the agar
plate with a core-borer and �lled with 100µL of CuO nanoparticles that had been dissolved in DMSO. The
plates were incubated at 25°C for 3 days after being left at 37°C for 1 hour to allow the test sample to
diffuse. 50µL of the antibiotic Nystatin was employed as a positive control. After the incubation period,
the zone of inhibition was measured against tested fungal microorganisms.

In vitro anticancer activity of copper nanoparticles

Preparation of HCT 116 cell lines suspension
Trypsin was used to digest a subculture of the HCT 116 cell lines in DMEM (Dulbecco's Modi�ed Eagle's
Medium). 10% FCS (Fetal Calf Serum) with 25 mL of DMEM was added to the �ask's dispersed cells. Via
gently pipetting with the pipette, the cells were suspended in the medium and homogenised.

Seeding of cells
Various sampling quantities (10 to 200 µg/mL) were put to each well of a 24 well culture plate along with
one millilitre of the homogenised cell suspension, and the plate was then maintained at 37°C in a
pressurised CO2 incubator with 5% CO2. After 48 hours of incubation, the cells were examined at x40
magni�cation using an inverted tissue culture microscope from Olympus.

Cytotoxicity assay
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The present work was performed by using (3, 4, 5, dimethyl thiazol-2-yl)-2,5-diphenyl tetrazolium bromide
(MTT). Live cells' mitochondrial succinate dehydrogenase and reductase convert MTT into measurable
purple formazan. This formazan production is directly connected with the quantity of viable cells and
negatively correlated with the degree of cytotoxicity. MTT was added to the wells after 48 hours of
incubation, and they were then kept at room temperature for 3 hours. The contents of each well were
taken out using a pipette. After dissolving the formazan crystals with 100 mL of DMSO, each well's
absorbance was measured at 540 nm with a Robotnik microplate reader. The following calculation was
used to compute the percentage growth inhibition:

The optimal biological indicator of cytotoxic activity is typically determined to be the inhibitory
concentration at 50% (IC50). The puri�ed chemical concentration at which 50% of cell inhibition resulted
is known as the IC50 value.

Results

Evaluation of Biosynthesis of Copper Oxide Nanoparticles
The visual transformation in the colour of the reaction mixture was �rst used to con�rm the formation of
copper nanoparticles, and then an examination using UV-visible spectroscopy was done for additional
con�rmation. The copper ions were converted to copper nanoparticles using the extract from A.
marmelos. Comparatively, no colour change was seen when aqueous Cu-SO4 was pre - treated under the
same conditions without cellfree supernatant, indicating that the biosynthesis of copper nanoparticles
was not taking place. This was demonstrated by the soft blue reaction blend turning green after 1% (v/v)
of 1mM aqueous CuSO4 was added to the cell-free A. marmelos extract (Fig. 2). A subtle but noticeable
shift in the colour of the copper sulphate solution was noticed after 24 hours at ambient temperature,
going from a very light blue to a greenish brown, suggesting the creation of copper nanoparticles,
according to Ashtaputrey et al., 2017 [13].

UV–visible absorbance spectroscopy
The Ultra violet absorbance spectrophotometer is used to identify synthetic metallic oxide nanoparticles
(NPs). The fundamental idea behind this method is extremely sensitive to detecting the peak position and
spectral form of a particle bulk. Figure 3 displays the copper nanoparticle solution's UV-visible spectrum
as recorded after 24 hours. The 320 nm spectra show a prominent and high peak, indicating the stability
and size of copper nanoparticles [14]. In copper solution, the strength of an SPR peak increased, which
showed that copper ions had formed CuO NPs. The greatest absorption peak was seen at 280 nm, and
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this can be attributed to the twisted SPR of CuO NPs [15]. The sample's UV-vis absorption spectra were
obtained between 200 and 700 nm for produced copper oxide nanoparticles. According to the spectra, the
absorbance peak at 310 nm corresponds to the band that copper oxide nanoparticles are produced [16].

X-ray diffraction analysis
The commonly used technique of X-ray diffraction (XRD) analysis was used to determine if a particle's
structure was amorphous or crystalline. The XRD was utilised to study the copper nanoparticle’s structure,
and the �rst Bragg's diffraction technique was employed to determine the points. Such peak studies
imply that the cubic assembly's centre is where copper oxide nanoparticle production occurs [16]. Some
of the unassigned peaks shown on the copper nanoparticles include impurities from the production
process [17]. The sample displayed a high level of crystalline phase with diffraction patterns of 22.09°,
27.8°, 28.20°, and 33.10°, which correlate to the distinctive face centred cubic (fcc) of copper lines
indexed at (111), (211), (211), and (220), respectively. The XRD pattern of Cu nanoparticles prepared by
using A. marmelos leaf extract is shown in Fig. 4. The crystalline phase of copper oxide nanoparticles is
con�rmed through the clear and precise copper oxide responses in the measured XRD patterns [18].

SEM Analysis
Copper nanoparticles made from extract of A. marmelos showed shell-like sheet structure. Copper
nanoparticles in the size range of 15 to 26 nm (Fig. 5) were produced without agglomeration and with
reasonably good monodispersed and almost spherical shapes [17]. Copper nanoparticles are
morphologically characterised by SEM. It has several limitations in terms of morphological analysis
because it only yields a small amount of data on the actual population and the dispersion of average
size. Several nano polymers have reportedly been harmed by SEM. Thus, the NPs must be able to endure
hoover pressure in order for a morphological examination using SEM to be effective [19].

FTIR Analysis
The main purpose of FTIR analysis is to �nd structural characteristics. The presence of potentially
bioactive compounds is caused by the reduction in copper ions and the capping ability of copper
nanoparticles. As illustrated in Fig. 6, the presence of various functional groups of copper nanoparticles
was determined using the FT-IR absorption spectra. For the A. marmelos leaf extract, a large peak at 3233
cm1 is hydrogen-bonded -OH stretching was discovered. In IR spectra, the C-H bending vibration are
represented by the bands' maxima at 2824 and 2756 cm1. Bands operating at 1429 and 1253 cm− 1 were
attributed to the materialisation of oxygen functional groups approximating strongly conjugated (C-O)
stretching in carboxylic groups. The high of 1066 cm− 1 was attributed to C-O stretching. C-N-C is credited
with the peak at 657 cm1. The peak at 532 cm− 1 is consistent with the production of copper
nanoparticles [20]. The produced copper oxide nanoparticles' FT-IR measurement revealed prominent
peaks at 3205 cm− 1, 1633 cm− 1, 1121 cm− 1, and 443 cm− 1. The C-O-H or C-N-H groups in the plant
extract, which help in the conversion of copper acetate to copper oxide nanoparticles, are represented by
the bands at 3405 cm− 1 and 1633 cm− 1 [16].
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Antibacterial activity of CuO-NPs
Antibacterial performance of copper nanoparticles was performed against different bacterial strains
Corynebacterium glutamicum (MTC2745), Salmonella typhimurium (MTCC-98), S. �exneri (ATCC-12022),
V. parahaemolyticus (ATCC-17802), Clostridium perfringens (ATCC 13124), Enterococcus faecalis (MTCC-
6845). The antibacterial effect of copper nanoparticles for diverse microorganisms in a well diffusion
assay is shown in Fig. 8. The results showed that a variety of bacteria responded very well to copper
nanoparticles remarkable antibacterial activity as in Table. 1. The size of the inhibitory zone represents
how susceptible the microorganisms are. In contrast to resistant strains, those that were vulnerable to
copper nanoparticles showed a greater zone of inhibition. Vibrio parahaemolyticus and E. faecalis
showed the maximum sensitivity to copper nanoparticles, whereas Salmonella typhimurium showed the
lowest sensitivity among the studied microorganisms, according to zone of inhibition. The antimicrobial
properties and solution concentration differed from sample to sample. Gram-negative bacteria have a
smaller effective zone than gram-positive bacteria. This might have happened because of the
complicated structure of gram-negative bacteria. Gram-negative cell walls are thicker than gram-positive
cell walls, which is another factor that contributes to the outcome [16].

Table 1 Antibacterial activity of CuO nanoparticles

S.No Test Organism            Zone of inhibition (mm)

         Copper nanoparticles (µg/mL)

    80 100 150 Standard

(Chloramphenicol)
30µg/mL

1 Vibrio parahaemolyticus (ATCC-17802) 17 18 20 22

2 Shigella �exneri (ATCC-12022) - 20 20 22

3 Corynebacterium
glutamicum (MTC2745)

- - - 18

4 Enterococcus faecalis (MTCC-6845) 12 14 16 19

5 Clostridium perfringens (ATCC 13124) 12 14 18 21

6 Salmonella typhimurium (MTCC-98) 10 12 14 16

 

Antifungal activity of CuO nanoparticles
According to Shamaila et al., 2016 [21], a well diffusion approach using agar plates was used to measure
the zone of neutralisation. Using potato dextrose agar plates, clinical fungal pathogens were grown and
constantly maintained at 37°C during the whole night. These mushrooms were employed in the
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experiment after being cultured for 24 hours. This approach required that the potato dextrose gar plate be
sterile and that an Agar plate be made for each fungus. The strains that were susceptible to copper
nanoparticles had a larger zone of inhibition than the resistant strains. Aspergillus fumigatus and
Aspergillus �avus showed the maximum sensitivity to copper nanoparticles, whereas Candida albicans
showed the lowest sensitivity among the studied microorganisms, according to zone of inhibition as
shown in Fig. 9 and further numeric details are given in Table. 2..

Table 2 Antifungal activity of copper nanoparticles

S.No Test Organism            Zone of inhibition (mm)

         Copper nanoparticles (µg/mL)

    100 150 200 Standard

(Nystatin) 50µg/mL

1 Aspergillus �avus (MTCC-3396) 10 12 12 15

2 Aspergillus fumigatus (MTCC-961) 12 14 16 18

3 Aspergillus niger (MTCC-281) 8 10 12 14

4 Candida albicans (MTCC-277) 6 8 9 11

In vitro anticancer activity

The anticancer potential of the copper nanoparticles was examined in the current work using HeLa cell
lines. A typical MTT experiment was used to assess cell viability, and the outcomes are shown in Table 3.
By increasing the concentration of fractions, the dead cells increased. Copper nanoparticles at a
concentration of 200µg/mL were found to have the lowest viability in HeLa cell lines (39.12 ± 0.16).
Copper nanoparticles demonstrated a strong cytotoxic effect with an IC50 value of 129.08 ± 0.11µg/mL
on HeLa cell lines, which were used to estimate the IC50 values. The cytotoxic effects of copper
nanoparticles was stronger against HeLa cell lines, according to the IC50 values, and it was thought to
have signi�cant antitumor activity. After being exposed to puri�ed fractions for 48 hours, HeLa cell lines
had changes in morphology, as observed under an inverted tissue culture microscope. HeLa cell lines
used as a control (untreated with fractions) developed as erratic con�uent aggregates with rounded and
polygonal cell shape (Fig. 10). Copper nanoparticles at a concentration of 200 µg/mL caused the
development of polygonal cells that started to shrink and take on a spherical shape after 48 hours of
treatment (Fig. 10 (h)).

Table 3 In vitro cytotoxicity of copper nanoparticles on HeLa cell lines Mean of three replicates ±
Standard deviation
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S. No

 

Fraction Conc.(mg/mL) % Cell viability of HeLa cell lines

copper nanoparticles

1 0 100.00±0.00

2 12.5 93.32±0.24

2 25 85.12±0.04

3 50 74.70±0.01

4 75 64.30±0.01

5 100 56.21±0.04

6 150 47.22±0.26

7 200 39.12±0.16

8 IC50 129.08±0.11

Discussion
An inexpensive and cost-effective approach was used to extract copper nanoparticles from A. marmelos
extract. The diameters of nanoparticles were investigated using SEM examination, and it was discovered
that the copper nanoparticles had a 15nm diameter and a 15–26nm length range. Using XRD patterns,
single-crystalline and evenly distributed structures have been observed. Results from the UV-Vis and FTIR
spectra indicated the presence of nanoparticles. Also, the �ndings of copper nanoparticle
physicochemical characterizations added to the �ndings of in vitro research. The green produced Copper
nanoparticles have potential uses in the realm of nanomedicine and might be utilised to create
specialised treatments for cancer cell lines, germs, and fungi. Also, the current work encourages
researchers to assess their antibacterial or anticancer potential in addition to enabling them to design
pilot-scale techniques for ecological nanoparticle synthesis from natural resources. There are
comparatively few investigations on the interactions of microorganisms with copper nanoparticles
compared to other nanometals. Hence, they may discover new directions in the �eld of nanomedicine by
investigating the processes of interaction of copper nanoparticles on long-term antibacterial activity.
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Figures

Figure 1

Preparation of plant extract
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Figure 2

Extracellular synthesis of Cu-NPs
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Figure 3

UV Spectrum analysis of Cu-NPs
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Figure 4

XRD Analysis of Cu-NPs
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Figure 5

SEM image of Cu-NPs



Page 17/20

Figure 6

Fig. 7 FTIR analysis of Cu-NPs
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Figure 7

Fig. 8 Antibacterial activity of CuO nanoparticles against a) Vibrio parahaemolyticus

b) Shigella �exneri c) Corynebacterium glutamicum d) Enterococcus faecalis

e) Clostridium perfringens f) Salmonella typhimurium
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Figure 8

Fig. 9 Antifungal activity against a) Aspergillus niger b) Aspergillus fumigatus

c) Aspergillus �avus d) Candida albicans
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Figure 9

Fig. 10 Anticancer activity of copper nanoparticles against HeLa cell lines a) Control (Without treatment),
b) Treatment with Cu-NPs (12.5µg/mL), c) Treatment with Cu-NPs (25µg/mL), d) Treatment with Cu-NPs
(50µg/mL), e) Treatment with Cu-NPs (75µg/mL), f) Treatment with Cu-NPs (100µg/mL), g) Treatment
with Cu-NPs (150µg/mL), h) Treatment with Cu-NPs (200µg/mL)


