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Abstract: The biosynthesis of metallic nanoparticles with plant extract is a promising alternative
method to traditional chemical methods. Artemisia annua L is a well-known Chinese herb for its potent
therapeutic anti-malarial activity and antitumor effects. Artemisinin, a sesquiterpene lactone derived
from Artemisia annua L. Although artemisinin's anticancer effect has been extensively reported, the
precise mechanisms underlying its cytotoxicity remain under intensive study. In the present work rapid
and simple method for green synthesis of silver nanoparticles with the leaf extract of the therapeutic
plant Artemisia annua L.was carried-out. The biologically synthesized silver nanoparticles were
analyzed using spectroscopic methods like UV–visible spectroscopy. Fourier transforms infrared
spectroscopy (FT-IR), Zeta potential, and particle size. The green Aa-AgNPs are characterized by
spectral analysis by Nanodrop-UV-visible spectroscopy. The surface Plasmon resonance peak of silver
nanoparticles in colloidal solution showed maximum absorption 441nm. FT-IR spectroscopy results
indicate the O-H phenolic group's participation, C=C aromatic stretching, N-H secondary amide
stretching, and C-H methylene group stretching. Dynamic light scattering measurements of Aa-AgNPs
revealed that the particle size is between 5-20 nm. The zeta potential of the green synthesized AaAgNPs was found to be -26.1 mV. The high negative potential indicates long-term stability. The
antioxidant activity of Aa-AgNPs was evaluated by DPPH assay. The results revealed that they have
very good antioxidant activity, which can be useful as a potential free radical scavenger. The
biosynthesized Aa-AgNPs of Artemisia annua exhibited good antimicrobial activity. The Aa-AgNPs
showed excellent catalytic activity in the reduction of lemon yellow and orange-red food dyes. The AaAgNPs can also act as an effective seed germination agent. Hence it is concluded that the green AaAgNPs can be useful for various biomedical and industrial applications.
Keywords: Biosynthesis; Artemisia annua L; Antimicrobial; Antioxidant; Dye Degradation.
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1. Introduction
For the past several years, the development of a new procedure for the biosynthesis of
different types of nanoparticles with the required size and shape has been an interesting
research area for scientists working in nanotechnology and biotechnology [1-2]. Research on
Nanomaterials is an upcoming and promising area in medicine and other biomedical
applications, and the biosynthesis of metallic NPs for other medicinal applications is an
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interesting area of existing research [3]. Among different metal nanoparticles, silver
nanoparticles (AgNPs) fascinated various researchers due to their outstanding applications in
diverse research fields like biosensors and biomedicine, catalysis, photonics, and
pharmaceuticals. AgNPs are widely used as anti-angiogenic,[4] antimicrobial [5] and
anticancer agents. It is well known that different chemical and physical methods are widely
used for the green synthesis of AgNPs [6], such as chemical reduction[7], photochemical
reduction [8], electro-irradiation [9], ultraviolet (UV) irradiation [10], microware irradiation
[11] and laser-mediated synthesis[12]. Presently the green synthesis of AgNPs by different
plants like Andrographis paniculata, Cathranthus roseus, Ficus fruit, Coleus aromaticus leaf,
Glycorhiza galbra root, Cassia alata leaf [13-18], Scytonema geitleri, Glycosmis pentaphylla
plants, probiotic bacteria and also by using algae and microalgae [19-22] have proven to be a
simple, stable and inexpensive viable alternative method to chemical and physical methods.
They have been widely used to synthesize metallic nanoparticles and study their spectral and
biomedical properties.
Artemisia is a large and diverse genus of plants with approximately 400 species
belonging to the Asteraceae family. Some species of the genus have been used as food additives
[23], anti-malarial, anti-hepatotoxic [24-25], anti-inflammatory [26], antimicrobial and
antiviral agents [27-29]. Several Artemisia species have medicinal properties that are widely
used to treat various diseases such as invigorating blood, relieving cough, stopping pain, as a
diuretic, anthelminthic, antiallergenic, and antitoxic agents [30]. Artemisia species are
distributed extensively in Asia, Europe, and other parts of North America. More than 150
species of Artemisia flora were of Asian origin. Most of them distributed in states of the
Chinese Republic, 34 reported species of this genus in Iran. Two of these species are endemic
[31-32].
The different organic compounds present in A.annua plant extract include many
essential oils, terpenoids, and flavonoids. The phyto-bioactive constituents present in the
aqueous extract of A.annua play an important role in reducing, capping, and stabilizing the
biosynthesized Ag+ ions. Though there are several studies on green synthesis, we hereby
report a rapid and straightforward method for the biosynthesis of Aa-AgNPs using leaf extract
of Artemisia annua and studied their therapeutic applications. The biosynthesized Aa-AgNPs
were evaluated by a range of spectral methods. They evaluated their antibacterial, free radical
scavenging activity, dye degradation and seed germination.
2. Materials and Methods
2.1.Plant material.

The leaves of Artemisia annua were collected from the CIMAP (Central Institute of the
Medicinal and Aromatic Plants), Lucknow, India. The selected parts of A. annua plants were
then dried in the shade at room temperature ground into powder. 20g of powder was added to
200mL of distilled water. The mixtures were boiled at 70◦ C for 30 minutes, allowed to cool to
room temperature, and filtered through cheesecloth followed by Whatman filter paper.
2.2. Synthesis of silver nanoparticles.

The freshly prepared aqueous extract was used immediately after filtration. An aqueous
solution of AgNO3 (0.1 mM) and (0.2 mM) was prepared and used for the biosynthesis of
AgNPs. Two test tubes were taken, and 1mL of aqueous extract of Artemisia annua was added
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to each test tube. Then 4 mL of distilled water was added to each test tube. 10mL of 0.1mM
aqueous solution of silver nitrate in one test-tube and 10 ml of 0.2 mM aqueous solution of
silver nitrate solution into another test tube were added, mixed thoroughly, and incubated. After
incubation, development of reddish-brown color was observed and therefore indicated the
formation of green silver NPs. These particles were stored at 4◦C till further use.
2.3. Spectral characterization of silver nanoparticles.
2.3.1. UV–Visible spectrophotometer.

The bio-reduced AgNPs are analyzed by using a UV–visible spectrophotometer
Nanodrop-8000 (Thermo Scientific, USA) within the wavelength range of 220 nm –750 nm.
2.3.2. Fourier transform infrared spectroscopy (FT-IR).

FT-IR analysis was used to recognize the different functional groups of phytoactive
biomolecules of Artemisia annua involved in the reduction of silver nitrate to AgNPs. The
obtained Aa-AgNPs were analyzed by FT-IR spectroscopy. FTIR measurements were carried
out from 4000 cm−1 to 400 cm−1 on a Perkin Elmer spectrometer in diffuse reflectance mode
at a resolution of 4 cm−1 using KBr pellets.
2.3.3. Particle size and zeta potential.

The particle size and zeta potential analysis were carried out by using Nanopartica SZ100, Horiba Nanoparticle analyzer, DST PURSE center, Sri Venkateswara University,
Tirupati. The size was calculated based on the Brownian motion of the nanoparticles suspended
in a colloidal solution of Aa-AgNPs were measured using DLS. The zeta potential analysis
was carried out to determine the surface charge of the biosynthesized Aa-AgNPs, which is very
much useful to assess the stability.
2.4. Antibacterial activity.
2.4.1. Bacterial strains.

Escherichia coli, Bacillus subtilis, staphylococcus aureus, klebsiella pneumonia were
obtained from DST PURSE center, S.V. University. The strains were maintained on agar slant
at 4°C and activated at 37°C for 24 h on nutrient agar (Sigma-Aldrich, Germany).
2.4.2. Evaluation of antibacterial activity.

The antibacterial activity of biosynthesized Aa-AgNPs was performed by disc diffusion
method. The nutrient agar plates were inoculated with 200 µL of overnight cultures of Grampositive and Gram-negative bacterial strains by the spread-plate method. On the inoculated
nutrient agar plates, 5 mm diameter filter paper disc placed and were impregnated with different
concentrations of test extracts (10, 20, 30, and 50µL ). The agar plates were incubated overnight
at 37°C. The zone of inhibition (ZOI) was measured by using a transparent scale. Levofloxacin
(30 µg/disc) was used as a positive control.
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1983

https://doi.org/10.33263/LIANBS101.19811992

2.5. Antioxidant activity.

Diphenyl-1-picryl hydrazyl radical scavenging assay (DPPH): The antioxidant activity
of Aa-AgNPs was performed by using 2,2-diphenyl-1-picryl hydrazyl (DPPH) assay. Different
concentrations (100–500 μg/mL) of biosynthesized Aa-AgNPs and the standard positive
control Ascorbic acid were taken separately in different sterile 10 ml test tubes 3 mL DPPH
solution was added to final concentration 0.1 mM. The reaction solutions were mixed
thoroughly, and the reaction was carried in dark condition at room temperature for ~30 minutes.
After 30 minutes, the free radical scavenging activity Aa-AgNPs was analyzed using a UV
1601 UV–visible spectrophotometer (Shimadzu Corporation, Japan) at 517 nm. The DPPH
solution without any sample is considered as a control. Finally, the percentage of antioxidant
activity was calculated by the following equation:
Inhibition % = 1− (A sample /A blank)×100
Asample: Absorbance of the sample, Ablank: Absorbance of the DPPH
2.6. Dye degradation.

Two food dyes were used to test the degradation capacity of synthesized silver
nanoparticles. Lemon yellow and orange-red dyes were taken. 100mg of each dye was
dissolved in 50ml of distilled water. This was left overnight for dispersion. The next day, UV
spectrophotometer readings were taken for both the dyes. Then 5ml of synthesized
nanoparticles solution was added to both the dyes, and the readings were taken respectively.
This was kept for 24 hours for degradation. After 24 hours again, the readings were taken. This
was repeated for the next 24 hours.
2.7. Seed germination.

Groundnut seeds were obtained from a local store, Balaji Colony, Tirupati. The
groundnut seeds were surface sterilized in 0.1% HgCl2 and washed twice with sterile distilled
water before germination. 50 grams groundnut seeds were soaked in distilled water for 24 h in
the dark were transferred to beakers containing moist ﬁlter paper and watered. The germinated
groundnut seeds were supplemented with 500 µl of biosynthesized Aa-AgNPs, to observe the
concentration-dependent effect on the growth of the root and shoot lengths using a metric scale
after the first day, second days and continued for a week.
3. Results and Discussion
3.1. Biosynthesis of Aa-AgNP’s.

The current study was carried out using a simple, eco-friendly, plant-mediated green
method for biosynthesis of Aa-AgNPs. There are several previous studies on green synthesis
of AgNPs using aqueous extracts of a wide variety of plants. In most of the previous research,
the biosynthesis of silver nanoparticles showed similar results. The rate of reaction was very
fast in some cases and very slow. Also, it took several hours to complete the reduction process
[33-34]. In these studies, Figure 1 showed the successfully biosynthesized Aa-AgNPs using
aqueous leaf extract of Artemisia annua. The bio-reduction of silver nitrate solution by
aqueous leaf extract of Artemisia annua to elemental silver to Aa-AgNPs was detected by
complete color from colorless solution to dark brown colored colloidal solution of Aa-AgNPs.
https://nanobioletters.com/

1984

https://doi.org/10.33263/LIANBS101.19811992

3.2. UV–visible spectroscopy analysis of Aa-AgNPs.

The visible spectrum of the solution recorded at different periods consisted of an
increasingly intense absorption at 441 nm. The UV–visible absorption spectrum of the
biosynthesized Aa-AgNPs was detected at 441 nm, due to its surface plasmon resonance (SPR)
in the visible region (Fig.2). The control sample did not show any color and consequently did
not peak in the visible region. Hence, it is concluded that the biosynthesized Aa-AgNPs were
the same as the formerly reported data by different scientists on silver nanoparticles [35-38].

Figure 1. Aqueous leaf extract of Artemisia annua at room temperature and incubated at 70°C for color change.

Figure 2. UV-Visble spectra of Artemisia annua leaf extract and biosynthesized Aa-AgNPs with 0.2(mM) silver
nitrate.

3.3. FTIR analysis of Aa-AgNPs.

FTIR analysis was done to reveal the biomolecules responsible for the bioreduction of
silver ions (Ag+) into Aa-AgNPs (Ag0) and capping of Aa-AgNPs were biosynthesized. FTIR
spectrum (Fig. 3a, 3b) showed the peaks at 3277, 2929, 1605, 1338, 1028 and 518 cm-1. The
peak at 1028 cm-1 responsible for the phenolic O-H group, and the peak at 1605 cm-1 could be
assigned to aromatic C=C stretching vibrations. Hence, these two peaks confirmed the
involvement of flavonoids or polyphenolic compounds in silver nitrate bioreduction into AaAgNPs. The proteins also played an important role in the capping, and stabilization of AaAgNPs was confirmed by peaks 3277 cm-1 and 2929 cm-1. The peak at 3277 cm-1 was
responsible for N-H stretching of the secondary amide of the proteins. The peak at 2929 cm-1
could correspond to C-H stretching of the methylene group of proteins. The peak at 1338 cm1 could be assigned to vibrations of C-N stretchings belongs to aromatic amines. FTIR spectra
measurements revealed that the proteins possess a strong affinity to bind with metal and could
be involved in the stabilization of the AgNPs synthesized by Artemisia annua leaf extract,
which were similar to the previous analysis by various researchers [39-41].
https://nanobioletters.com/
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Figure 3. FTIR analysis (a) FTIR spectra of leaf extract (b) FTIR spectra of Aa- AgNPs synthesized.

3.4. Particle size and Zeta potential analysis of Aa-AgNPs.

Dynamic light scattering technique was used to measure the particle size and zeta
potential value of the biosynthesized Aa-AgNPs. The stability of biosynthesized AgNPs
depends on both size and surface charge (zeta potential value) present on the AgNPs. The data
obtained from DLS measurements revealed that the particle size of AgNPs was 1-5 nm (Fig.
4), with an average size of hydrodynamic radii of 1.9 nm. The zeta potential value of the AaAgNPs was detected to be -26.1 mV (Fig. 5), which is similar to previous reports [35-37]. The
high negative value of AgNPs supports their good colloidal nature, high dispersity, and longterm stability due to negative-negative repulsion.

Figure 4. Particle size distribution curve of Aa- AgNPs synthesized from Artemisia annua leaf extract.
https://nanobioletters.com/
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Figure 5. Zeta potential analysis of biosynthesized Aa-AgNPs.

3.5. DPPH free-radical scavenging assay of Aa-AgNPs.

In the present study, the antioxidant activity of the green synthesized Aa-AgNPs was
checked by DPPH free radical scavenging assay. This method is dependent on the reduction of
DPPH radical to the non-radical form of DPPH–H in the presence of a hydrogen-donating
antioxidant. The radical scavenging activity (RSA) values of A-AgNPs and standard ascorbic
acid were represented (Fig. 6). The RSA of the Aa-AgNPs was increased with the increasing
concentration. The maximum RSA was detected at the highest test concentration of 500 μg/ml
used in this assay and was found to be 84.99%.
In contrast, the RSA value of the aqueous leaf extract of Artemisia annua was detected
to be 73.04% at the same concentration. Generally, the plants are usually rich in polyphenols
and other secondary metabolites. The Artemisia annua plant has artemisinin, a sesquiterpene
that contains various biomedical and pharmaceutical functions. Thus, the plant secondary
metabolites components give up hydrogen atoms from their hydroxyl groups to free radicals
and form stable phenoxyl radicals. The results revealed that the Aa-AgNPs have excellent
antioxidant activity. The earlier report on plant-humic acids and other plant-mediated silver
nanoparticles also have proven to show the excellent antioxidant activity [35-39,42]. DPPH
stable free radical method is an easy, rapid, and sensitive way to survey a specific compound
or plant extracts' antioxidant activity.

Figure 6. Antioxidant activity of biosynthesized Aa-AgNPs by DPPH method.
https://nanobioletters.com/
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3.6. Antibacterial activity of Aa-AgNPs.

There are several previous reports on antimicrobial activity using biosynthesized silver
nanoparticles on different Gram-negative and Gram-positive bacterial strains [14-18]. The
present study of various concentrations of green Aa-AgNPs was studied against four different
microbial species [Escherichia coli, Bacillus subtilis, Staphylococcus aureus, and Klebsiella
pneumoniae]. The biosynthesized Aa-AgNPs showed good inhibitory activity against both
Gram +ve and Gram –ve bacteria at different concentrations. The zone of inhibition (ZOI)
was observed in all bacterial species. The antibacterial studies using leaf extract of Artemisia
annua was also studied in different concentrations (10, 20, 30, 50 ug/mL) against E.coli,
B.subtilis, S.aureous, K. pneumoniae. The Artemisia annua extract showed various
antibacterial activity ranges, and the Aa-AgNPs exhibited moderate antibacterial activity
compared with that of levofloxacin (Fig. 7; Table. 1). The results were similar to the earlier
reports (19-20 & 37,42)

Figure 7. Antimicrobial activity of biosynthesized Aa-AgNPs against bacteria E.coli, B.subtilis, S.aureous, K.
pneumonia.
Table 1. Antibacterial activity of Artemisia annua Leaf extract and Aa-AgNPS.
Concentration
E .coli
Bacillus
Staphylococcus
Klebsiella

Leaf extract of Artemisia annua L (ZOI in mm)
10 mcg 20mcg
30mcg
50mcg
Antibiotic 5mcg
0.35
0.5
0.6
0.75
30
0.5
0.5
0.5
0.75
30
0.5
0.7
0.5
0.2
28
0.5
0.6
0.5
0.75
25

Aa-AgNPs (ZOI in mm)
10mcg 20mcg
30mcg
0.65
0.75
0.9
0.7
0.75
0.9
0.75
0.75
0.95
0.65
0.85
0.85

50mcg
0.65
0.65
0.85
0.8

3.7. Degradation of dyes studies of Aa-AgNPs.

The photocatalytic activity of Aa-AgNPs on the degradation of food dyes was
confirmed with the dyes lemon yellow and orange-red. The biosynthesized Aa-AgNPs
exhibited very good dye degradation activity (Fig. 8). Previous studies were conducted on dye
degradation of textile dyes and indicator colors. We are first to demonstrate catalytic activity
using food dyes.

https://nanobioletters.com/
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Figure 8. Light yellow color of the reaction solution containing. 1mM AgNO3 and (c) 0.2mM AgNO3 color
change of the reaction solution from light yellow to dark brown, indicating dye degradation.

3.8. Effect of Aa-AgNPs on seed germination.

The effect of silver nanoparticles on seed germination is evaluated by comparing the
germination percentage by taking two groups of groundnut seeds and adding silver
nanoparticles to one group and taking control as another group. We observed differences in
seedlings' growth in both silver nanoparticles treated and control (Fig. 9). The growth of seeds
with silver nanoparticles is different from the growth of seeds in control. Thus it is concluded
that the effect of Aa-AgNPs on seed germination is very promising. Seedlings count decreases
in nano treated seeds than compared to control. In control, the germination percentage is 25%,
and in Aa-AgNPs treated germination percentage is 43%.

Figure 9. Effect of biosynthesized Aa-AgNPs on Seed germination.

4. Conclusions
In this work, a stable and straightforward process has been adopted to the biosynthesis
of stable Aa-AgNPs. The developed method is inexpensive and useful to generate vast
quantities of long-standing, even Aa-AgNPs. The initial reaction of bioreduction was the
colorless solution. The complete reduction took place in 12 hours. The reaction turned from
colorless to light brown, and the SPR band was dectected at 441 nm, indicating silver
nanoparticle formation. The spectral characterization of the biosynthesized Aa-AgNPs was
carried-out by various spectroscopy methods. The biosynthesized Aa-AgNPs were very small
in size between 1 nm to 5 nm, with an average of 1.9 nm. The biosynthesized Aa-AgNPs leaf
extract of Artemisia annua has revealed excellent free radical scavenging activity and rational
https://nanobioletters.com/
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antibacterial activity against both Gram -ve and Gram +ve bacteria strains when compared with
standard antibiotics. The biosynthesized Aa-AgNPs also showed an encouraging and
prospective effect on seed germination. They also exhibited excellent photocatalytic activity
against lemon yellow and orange-red food dyes.
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