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ABSTRACT

Background: Vernonia amygdalina is generally known as sour leaf or bitter leaf which is one among the medically
significant plants in African and Mediterranean regions. Hence, this study aids the biosynthesis of copper nanoparticles
using V.amygdalina for the first time and further it aims to investigate the cytotoxicity, antioxidant and anti-inflammatory
properties of the V.amygdalina mediated copper nanoparticles.

Methods: Cytotoxic effect of Copper sulphate nanoparticles reinforced with Vernonia amygdalina extract were assessed
using Brine Shrimp Assay at 5 pL, 10 pL, 20 pL, 40pL and 80pL, anti-inflammatory activity using Bovine Serum Albumin
(BSA) and antioxidant activity using DPPH Assay at 5 pL, 10 pL, 20 pL, 30 pL, 50 pL.

Results: As the concentration increased, the cytotoxicity of the nanoparticles increased. It was found that the values for
anti-inflammatory properties of nanoparticles was higher than the standard values at 30pL, 40puL, 50 pL concentrations.
Percentage of inhibition was highest at 40 pL (85.7%) and 50 pL (92.6%). The values for antioxidant properties of
nanoparticles were found to be higher than the standard values at 10 pL and 20 pL and almost equal in 30 pL
concentrations.

Conclusion: Vernonia amygdalina mediated copper nanoparticles have very less cytotoxic effects. It also has a potential
to serve as a good anti-inflammatory and antioxidant agent.
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INTRODUCTION

Metallic nanoparticles are multidimensional in nature, and they have been tremendously
used in a variety of sectors of industries and medicine including drug delivery, wastewater
treatment, and DNA analysis, as antibacterial agents and biosensors and in solar power
generation and catalysis. Many researchers have turned their centre in favour of metallic
nanoparticles like copper, gold , silver due to their magnificent physicochemical(1,2)
electronic, chemical(3), catalytic, optical, antifungal applications mechanical, electrical,
and thermal conduction properties. . In recent years, copper nanoparticles (Cu NPs) have
received much attention from researchers due to its applications in industries and medicine.
Many methods are available to synthesize copper nanoparticles which includes physical,
chemical, biological, thermal reduction, chemical reduction, sonochemical reduction,
microwave heating etc(4,5). Above mentioned methods like physical and chemical
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methods utilize toxic chemicals that are expensive and difficult
to scale up in large quantities (6-8). Biosynthesis of
nanoparticles using crude extracts of leaves, seed’s and
animal’s chitin has been adapted to overcome the toxic effects
of the above mentioned methods. This method of synthesis is
free of toxic, biocompatible, cost-effective, and eco-
friendly(9) (10) (5,11).

Biosynthesis implies the utilization of green technology used
for the reduction process of metal ion into bulk metallic
nanoparticles formulation in the redox reaction to obtain nano-
sized particle which includes crude extracts from leaves of
plants that are enriched in metabolites such as flavonoid,
alkaloid, tannin, saponin and phenolic acid (12) (13)(14). The
study on antibacterial effects of copper nanoparticles using E.
coli and Bacillus subtilis revealed the fact that the Cu NPs
exhibited superior antibacterial activity compared to the silver
nanoparticles. (15). But no research has been conducted as far
as green synthesis of Cu NPs is concerned using extracts of
medicinal plants like Vernonia amygdalina.

Vernonia amygdalina is generally known as sour leaf or bitter
leaf due to its bitter flavour, which usually grows in tropical
Africa as a small bush with 22 cm to 5 m long and belongs to
the family of Asteraceae kin(16). V. amygdalina is one among
the medically significant plants used against malaria, helminth
infections, gastrointestinal disorders, and fever(17). In
traditional medicine , V.amygdalina has been used to treat
malaria, fever and inflammatory diseases. V. amygdalina
produces a variety of flavonoids and bitter sesquiterpene
lactones which contribute to the bioactivities of this plant(18).
It can be speculated that the antioxidant properties of
Vernonia amygdalina can be attributed to the presence of
these flavonoids.

This study aids the biosynthesis of copper nanoparticles using
V.amygdalina for the first time and further it aims to
investigate the cytotoxicity, antioxidant and anti-
inflammatory properties of the V.amygdalina mediated copper
nanoparticles. Our team has extensive knowledge and research
experience that has translate into high quality publications
(19-28)

Aim of the study

To investigate the cytotoxicity, antioxidant and anti-
inflammatory properties of the V.amygdalina mediated copper
nanoparticles.

Objectives

To investigate the cytotoxicity of Vernonia amygdalina

mediated copper nanoparticles.

To investigate antioxidant properties of Vernonia amygdalina
mediated copper nanoparticles

To investigate anti-inflammatory properties of Vernonia
amygdalina mediated copper nanoparticles

Null hypothesis

There is no difference in the cytotoxicity, antioxidant and anti-
inflammatory properties of the V.amygdalina mediated copper
nanoparticles.

Alternate hypothesis

There is a difference in the cytotoxicity, antioxidant and anti-
inflammatory properties of the V.amygdalina mediated copper
nanoparticles.

MATERIALS AND METHODS

Preparation of aqueous leaf extract

Vernonia amygdalina was brought from the Nigerian market.
The collected leaves of V.amygdalina were washed 3-4 times
using distilled water and dried for 7-14 days. The well dried
leaves were made into powder. The collected powder was
stored in air-tight containers. About 1 g of V.amygdalina
powder was dissolved in distilled water and boiled for 5-10 min
at 60-70°C. The solution was filtered by using Whatman no. 1
filter paper. The filtered extract was collected and stored in
4°C for further use.

Synthesis of NPs

The synthesis of copper nanoparticles, 20 ml of V.amygdalina
leaf extract was added with 80 ml of CuSO4 kept under
constant stirring using a magnetic stirrer at 45-50 °C for 6-7 h.
At the end of the step green colour was obtained after the
centrifugation process the product was washed twice with
deionized water and dried in a hot air oven at 100 °C for 3 h.
Finally, the dried powder was stored and properly labeled and
used for further analysis (Figure 1).

Preparation of NPs

CuSO4 NPs solution is centrifuged using Lark refrigerated
centrifuge at 800 rpm for 10 min and the pellet is collected and
washed with distilled water twice. The final purified pellet is
collected and dried at 100-150°C for CuSO4 NPs for 24 h.
Finally, the NPs powder is collected and stored in an air-tight
Eppendorf tube.

Characterization of copper nanoparticles

The synthesis of NPs solution preliminary characterized using
UV-visible spectroscopy. About 3 ml of the solution is taken in
curettes and scanned in  double-beam  UV-visible
spectrophotometer from 300 nm to 700 nm wavelength. The
results were recorded for the graphical analysis. The aqueous
copper nanoparticles and the optical properties were
characterized by UV-spectrophotometer (UV-2450, Shimadzu).
The synthesized copper nanoparticles were identified by X-ray
diffraction; the Fourier transform infrared spectroscopy
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analyzed the functional and chemical group (range of 4000-400
cm) and transmission electron microscopy (JEOL JEM3100F).

Vernonia amygdalina ‘Vernonia amygdalina

leaves Powder

Vernonia amygdalina mediated

Copper sulphate solution

CuNps solution

Figure 1: The scheme of synthesis of Vernonia amygdalina
mediated Cu NPs.

Cytotoxic Effect

Setup preparation: The artemia tank was filled with 6 litres of
distilled water. To that 50 grams of iodine free salt was added
and mixed well using a spatula. 2 capsules containing 15 grams
of Brine Shrimp eggs were added to the tank and left
undisturbed for 5 minutes for proper soaking in salt water.
Microscopic picture of nauplii is shown in figure 2.

After that, airline tip was placed inside the artemia tank and
the aeration level was increased to maximum level. After 24
hours of incubation, the nauplii hatch out from the brine
shrimp eggs, and observed using a stereomicroscope.

The cytotoxicity CuSO4 nanoparticles reinforced with Vernonia
amygdalina extract was assessed using Brine shrimp assay. 12
well ELISA plates were taken and to each plate 6-8 ml of
saltwater was added; followed by adding 10 nauplii to each
well. CuSO4 nanoparticles reinforced with Vernonia
amygdalina were added to each well at different
concentrations (5 pL, 10 pL, 20 pL, 40 pL, 80 pL) and was then
incubated for 24 h. After 24 h, the total number of live and
dead nauplii was counted and the mortality rate was checked.

% death = Number of dead nauplii

Number of dead nauplii - number of live nauplii x 100

= |

Figure 2: Microscopic picture of nauplii

Anti-Inflammatory Activity (Protein Denaturation
Assay)

Bovine serum albumin (BSA) was used as a reagent for the
assay. BSA makes up approximately 60% of all proteins in
animal serum. It's commonly used in culture, particularly when
protein supplementation is necessary and the other
components of serum are unwanted. BSA undergoes
denaturation on heating and starts expressing antigens
associated with Type lll hypersensitivity reaction which are
related to a disease such as rheumatoid arthritis,
glomerulonephritis, serum sickness, and systemic lupus
erythematosus.2 ml of 1% bovine albumin fraction was mixed
with 400 pl of plant crude extract in different concentration
(500-100 pg/mL), and the pH of reaction mixture was adjusted
to 6.8 using 1N HCl. The reaction mixture was incubated at
room temperature for 20 min and then heated at 55°C for 20
min in a water bath. The mixture was cooled to room
temperature, and the absorbance value was recorded at 660
nm. An equal amount of CuSO4 nanoparticles reinforced with
Vernonia amygdalina was replaced with dimethyl sulfoxide for
control. Diclofenac sodium in different concentrations was
used as standards. The experiment was performed in triplicate.

Test Group

10 pL, 20 pL, 30 pL, 40 pL and 50 pL of the CuSO4 nanoparticles
reinforced with Vernonia amygdalina was taken in 5 test tubes
respectively. To each test tube 2 ml of 1% Bovine Serum
Albumin (BSA) was added. 390 pL, 380 pL, 370 pL, 360 pL and
350 pL of distilled water was added to the test tube containing
10 pL, 20 pL, 30 pL, 40 pL and 50 pL of CuSO4 nanoparticles
respectively.

Control Group

2 mL of Dimethyl Sulphoxide (DMSO) was added to 2 mL of BSA
solution.

Standard Group

10 pL, 20 pL, 30 pL, 40 pL and 50 pL of Diclofenac Sodium was
taken in 5 test tubes respectively. To each test tube 2 mL of
1% Bovine Serum Albumin (BSA) was added. The test tubes were
incubated at room temperature for 10 minutes. Then they were
incubated in a water bath at 55 oC for around 10 minutes.
Absorbance was measured at 660 nm in UV Spectrophotometer
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% Inhibition was calculated using the following formula:

% of inhibition
100

=( Control OD - Sample OD % Control OD) x

Antioxidant Activity

DPPH radical scavenging assay was performed to monitor the
antioxidant potential of plant crude extract. DPPH (oxidized
form) is a stable lipophilic free radical, nitrogen-centered with
purple color. The antioxidant can donate an electron to DPPH
radical and the change in absorbance at 517nm will follow.
Color will change to pale yellow gradually.

Test Group

10 L, 20 pL, 30 pL, 40 pL and 50 pL of the CuSO4 nanoparticles
reinforced with Vernonia amygdalina was taken in 5 test tubes
respectively. To each test tube 1 ml of DPPH (2, 2-diphenyl-1-
picrylhydrazyl) was added. 1990 pL, 1980 pL, 1970 L, 1960 pL
and 1950 pL of 50% methanol solution was added to the test
tube containing 10 pL, 20 pL, 30 pL, 40 pL and 50 pL of
nanoparticles respectively.

Control Group

1 mL of DPPH was added to 2 mL of methanol solution.

Standard Group

Ascorbic acid was used as standard The test tubes were
incubated in a dark cupboard for around 20 minutes.
Absorbance was measured at 517 nm in the UV
Spectrophotometer.

% Inhibition was calculated using the following formula:

% of inhibition = (Control Absorbance - Sample Absorbance%
Control Absorbance )x 100

RESULTS

Table 1 depicts the cytotoxicity of CuSo4 nanoparticles
reinforced with Vernonia amygdalina extract. At 5 pL and 10pL
concentration no death of nauplii found, 20 pL there was a
death of 10% of nauplii, at 40 pL there was a death of 10% of
nauplii and at 80 pL there was a death of 30% of nauplii. It was
seen that as the concentration increased the cytotoxicity of
the nanoparticles increased.

Table 1: Cytotoxicity of Vernonia amygdalina mediated CuSO4 Nanoparticles

Conc in pl Viable nauplii Percentage death of nauplii
Aqueous extract Aqueous extract

5ul 10 0%

10 pl 10 0%

20 pl 9 10%

40 pl 9 10%

80 pl 7 30%

3A

3B

Figure 3A: depicts the pre-set up of cytotoxicity test and figure 3B depicts the post setup after 24 hours of cytotoxicity test.

Journal of Complementary Medicine Research | Volume 14 | Issue 2 | 2023-




Sushanthi Suresh et al : Antioxidant, Anti-Inflammatory and Cytotoxic Effects of Vernonia Amygdalina Mediated Copper Nanoparticles

4A 4B

Figure 4A depicts the anti- inflammatory property of CuSO4 nanoparticles reinforced with Vernonia amygdalina extract pre-
incubation. Figure 4 B depicts the antiinflammatory property of CuSO4 nanoparticles reinforced with Vernonia amygdalina extract
post-incubation (Colour change).

4C
100 92.6
ap 85.7 84
78
76.1
80 73
70
60

c 60 52.1
2 a7
k= 50
2
=
£l 40 32.4
X 30

20

10

0
10 20 30 40 50
CuSo4 Np reinforced Vernonia
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Figure 4C depicts the anti- inflammatory property of CuSO4 nanoparticles reinforced with Vernonia amygdalina at various
concentrations compared with the standard values.

It was found that the values for anti-inflammatory property of nanoparticles was higher than the standard values at 30uL, 40pL,
50 pL concentrations.
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5A 5B

Figure 5A depicts the antioxidant property of CuSO4 nanoparticles reinforced with Vernonia amygdalina extract preincubation.
Figure5B depicts the antioxidant property of CuSO4 nanoparticles reinforced with Vernonia amygdalina extract post-incubation.
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Figure 5C depicts the antioxidant property of CuSO4 nanoparticles reinforced with Vernonia amygdalina extract at various
concentrations compared with the standard values.

The values for antioxidant properties of nanoparticles were
found to be higher than the standard values at 10 pL and 20 pL
and almost equal in 30 pL concentrations.

DISCUSSION

There was an expeditious advancement in nanoparticle
synthesis. Compared with the earlier physio-chemical methods

which require toxic chemicals for stability, Green
nanotechnology using plants becomes an emerging eco-friendly
alternative and plant extract mediated nanoparticles synthesis
is also cost effective(29). In this study, Vernonia amygdalina
was incorporated in Copper nanoparticles using green synthesis
and evaluated antioxidant, cytotoxicity and anti-
inflammatory.

In the present study, at 5 pL and 10pL concentration no death
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of nauplii found, 20 pL there was a death of 10% of nauplii, at
40 pL there was a death of 10% of nauplii and at 80 pL there
was a death of 30% of nauplii. It was seen that as the
concentration increased the cytotoxicity of the nanoparticles
increased. Percentage of inhibition of protein denaturation
(antiinflammatory activity) was 32.4% at 10 pyL concentration,
52.1% at 20 L, 76.1% at 30 pL ,85.7% at 40 L and highest at
50 pL (92.6%) (Figure 4C). Percentage of inhibition of DPPH free
radicals (antioxidant activity) was 56.9% at 10 pL
concentration, 60.2% at 20 pL, 63.4% at 30 pL, 68.5% at 40 pL
and 67.3% at 50 pL(Figure 5C).

From the above results of Vernonia amygdalina mediated
copper nanoparticles, when concentration of the nanoparticles
increased antioxidant, cytotoxicity and anti-inflammatory
activity also increased. The highest percentage of death of
nauplii was at 50 pL concentration of Copper nanoparticles
reinforced with Vernonia amygdalina extract. For both
antioxidant and anti-inflammatory activity, the activity was
highest at 50 pL concentration. It was found that the values
for anti-inflammatory property of nanoparticles was higher
than the standard values at 30pL, 40uL, 50 pL concentrations.
The values for antioxidant properties of nanoparticles were
found to be higher than the standard values at 10 yL and 20 pL
and almost equal in 30 pL concentrations.

Studies have been conducted in Vernonia amygdalina extract
but in Zinc nanoparticles(30,31). The mechanisms of
cytotoxicity from Copper sulphate was not totally understood,
but the generation of sulphate from the copper are believed to
be major constituents(32).

Many studies revealed that Vernonia amygdalina have
antioxidant and anti-inflammatory properties(33-35). The
copper nanoparticles are continuously used for the advanced
biomedical applications(36). The free radical scavenging
activity of copper nanoparticles is very close to the standard
ascorbic acid. It can be speculated that the antioxidant
properties of Vernonia amygdalina can be attributed to the
presence of these flavonoids(37).

Based on the findings of the study we can say that reinforcing
copper nanoparticles with Vernonia amygdalina has a
synergistic effect and can be used as an alternative to
commercially available anti-inflammatory and antioxidant
agents.

Limitations

The study was conducted in vitro, so it cannot be assumed that
the results of cytotoxicity, anti-inflammatory activity and
antioxidant activity could be translated into clinical
effectiveness.

Recommendations

- This product can be given to the patients in the form of a
mouthwash.

- In further studies, in vivo studies are recommended with

people’ acceptance values as well.

CONCLUSION

From the above study findings, Vernonia amygdalina mediated
copper nanoparticles have very less cytotoxic effects. It also
has a potential to serve as a good anti-inflammatory and
antioxidant agent. Future studies to be conducted after
incorporating Vernonia amygdalina into dentifrices or
mouthwashes.
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