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Abstract
The green Se NPs (selenium nanoparticles) are formed by simple mixing ofWithania somnifera (W. somnifera) leaves extract and
selenious acid (H2SeO3) solution. This mixture was stirred which gave a dispersion of Se NPs conjugated with W. somnifera
secondary metabolites. The work was focused to determine the phytochemical analysis of leaves extract, green synthesis, its
characterization and its applications. Screening analysis showed enormous phytoconstituents in leaves aqueous extract and
simultaneously, the synthesized Se NPs by FT-IR spectrum confirm the presence of functional groups which were associated
with bioactive molecules. The total flavonoid, phenolic and tannin contents in the aqueous extract were found to be 12.74, 40.54,
and 156.33 μg/mg respectively. The suspension solution confirms the formation of Se NPs showed (310 nm) by UVanalysis. X-
ray diffraction study exhibits the amorphous nature of Se NPs. Se NPs were spherical in shape within the diameter range of 45–
90 nm by FE-SEM. The intense, narrow width of selenium has high purity and was identified using EDX. The TEM analysis
exhibited the amorphous nature of particles. Green synthesized Se NPs were found to possess significant antioxidant activity
(IC50 – 14.81 μg/mg) and considerable antibacterial activity on Bacillus subtilis (12 mm), Klebsiella pneumoniae (14 mm) and
Staphylococcus aureus (19.66 mm). Antiproliferative effects of Se NPs possess great growth control against A549 cells (IC50 at
25 μg/ml). Se NPs exhibit efficient methylene blue (MB) dye degradation in the presence of sunlight. The present results support
the advantages of green method for the production of Se NPs having potential activities.

Highlights
•Withania somnifera leaves extract possesses active phytoconstituents and acts as reducing agents for the preparation of Se NPs
and the capping by the phytoconstituents providing stability to Se NPs as evident from FT-IR studies.

• The green synthesizedmetal nanoparticle has emerged at low cost, simpler and better choice than physical and chemical methods.
• Green synthesized Se NPs were found to be almost spherical in shape with particle size around 40–90 nm, selenium has high
purity and crystalline nature was identified using EDX and XRD.

• The DPPH scavenging analysis of the amorphous Se NPs has significant antioxidant activity and serves as a potential
antibacterial agent to treat diseases caused by bacteria.

• Antiproliferative activity results suggest that Se NPs possess higher growth control against A549 lung carcinoma cancer cells
(IC50 at 25 μg/ml) which indicated their potential in medical applications.

• The photocatalytic study concludes that these Se NPs have efficiency to degrade MB under sunlight irradiation. Therefore, they
can find application in water treatment plants and textile industries.
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1 Introduction

Plants have been explored successfully for rapid biosynthesis
of metal nanoparticles such as gold [1], silver [2], selenium
[3], MgO [4], CuO [5] and ZnO [6] nanoparticles. The
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nanoparticles are used extensively in cancer drug delivery as
the drugs which are bound with nanoparticles are able to pen-
etrate deep into the organs [7]. Particularly, essential dietary
micronutrient, selenium found in the form of Se NPs, is rela-
tively a new member of drug nanocarriers in medicine [8]
because Se NPs exhibited strong antioxidative [9] and anti-
bacterial activity [10].

In recent times, green synthesis using medicinal plant
extract has obtained specific importance in the forma-
tion of nanoparticles. Especially, phytochemicals are
backbone of plants and easily produce nanoparticles with less
toxicity. Withania somnifera Dunal (Ashwagandha)—Indian
ginseng or winter cherry—is a significant herb in the
Ayurvedic medical systems and proved itself as a mul-
tipurpose agent [11]. W. somnifera contains active ingre-
dients of withanolide and flavonoids. W. somnifera has
antioxidant, anti-inflammatory, anti-tumor, anti-stress,
mind-boosting and rejuvenating properties [12]. W.
somnifera, used as an antioxidant, eliminates free radi-
cals from the human immune system [13]. According to
Indian Herbal System (Ayurveda), W. somnifera is con-
sidered as an important herb and the best adaptogen
[11] and commonly used in a wide range of health
benefits. Hence, the current study was intended to use
W. somnifera as a bio-reductant and capping agent for
the synthesis of Se NPs as a hopeful carrier and to
evaluate its antioxidant, antibacterial and photocatalytic
activities.

2 Materials and Methods

2.1 Plant Collection and Materials

Healthy W. somnifera leaves were collected from Sarabanga
River, Omalur, Salem District, Tamil Nadu, India. W.
somnifera was identified and confirmed by the Botanical
Survey of India (BSI/SRC/5/23/2014-15/Tech.170),
Coimbatore, Tamil Nadu, India.

Selenious acid (H2SeO3) and ethanol were purchased from
Merck. All the experiments were performed with sterile dis-
tilled water and de-ionized water.

2.2 Preparation of Plant Leaves Extract

W. somnifera leaves were washed with sterile distilled water to
remove dust particles and then shade dried. W. somnifera
leaves extract was prepared by placing 10 g of dried fine cut
in a 500-ml beaker along with 500 ml of de-ionized water. The
mixture was boiled for 15 min until the colorless aqueous
solution changed to yellow. The mixture was subjected to
cooling at room temperature and filtered with (Whatman no.
1) filter paper before centrifuging at 1500 rpm for 5 min to

remove biomaterials. The extract was stored at 25 °C in order
to be used for further experiments.

2.3 Phytochemical Analysis

2.3.1 Qualitative Phytochemical Analysis

The preliminary phytochemical screening analysis was carried
out in aqueous extract of W. somnifera [14].

2.3.2 Quantitative Phytochemical Analysis

Determination of Total Phenol Content The total phenol con-
tent was estimated by a spectrophotometric assay in aqueous
extract of W. somnifera [15]. The results were expressed as
microgram of gallic acid equivalents (GAEs) per milligram of
extract.

Determination of Total Flavonoid Content The total flavonoid
content was determined by a spectrophotometric method in
the aqueous extract of W. somnifera [16]. The results were
expressed as microgram of (±) catechin equivalents (CEs)
per milligram of extract.

Estimation of Tannin Content Tannin content was measured
by Folin-Denis method in the aqueous extract ofW. somnifera
[17]. The results were expressed as microgram of tannic acid
equivalents per milligram of extract.

2.4 Synthesis of Se NPs

Green synthesis of Se NPs One hundred milliliters of plant
extract was mixed with 50 mM selenious acid and stirred.
The solution was incubated at room temperature. The reaction
mixture was observed for any change in color and ana-
lyzed time to time by a UV-Vis spectrophotometer.
After completion of the reaction, the synthesized Se
NPs were harvested by centrifuging the reaction mixture
at 1500 rpm. The nanopellets were washed with distilled
water and acetone, and the nanopellet was dried over-
night. The red Se NPs were suspended in PBS (pH 7.4)
by ultrasonication and then centrifuged. The red Se NPs
were used for further analysis.

2.5 Characterization Techniques

2.5.1 UV-Visible Spectroscopy

The Se NPs were characterized in a PerkinElmer UV-
Vis spectrophotometer, Lambda-19 to know the kinetic
behavior of Se NPs. The scanning range of the samples
was 200–800 nm at a scan speed of 480 nm/min. The
data in the spectrophotometer were recorded and
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analyzed by BUV Winlab^ software. The UV-Vis absorption
spectra of the Se NPs were recorded and BOrigin 8^ was used
to plot the numerical data.

2.5.2 Fourier Transform Infrared Spectroscopy

Two milligrams of the nanoparticles was encapsulated in
100 mg of KBr pellet in order to prepare translucent sample
discs. The pelleted sample specimens were subjected to
Fourier transform infrared (FT-IR) spectroscopy (Bruker IR
Affinity, Japan) in the range of wavelength 400 to
4000 cm−1 with a resolution of 1 cm−1. A PerkinElmer spec-
trophotometer was employed to record FT-IR spectrum.

2.5.3 XRD

The crystalline size and purity were characterized by an
X-ray diffractometer (Philips PANanalytical) using Cu-
Kα radiation of wavelength λ = 1.541 Å of green syn-
thesized Se NPs. The crystalline size of the prepared
nanoparticles was determined by using Scherrer’s equa-
tion as follows D ≈ 0.9λ/βcosθ, where D is the crystal
size, λ is the wavelength of X-ray, is the Bragg angle
in radians, and B is the full width at half maximum of
the peak in radians.

2.5.4 Field Emission Scanning Electron Microscopy and EDX

The morphology of synthesized Se NPs was observed by field
emission scanning electron microscopy and the elemental
composi t ion was recorded (ZEISS EVO-MA 10,
Oberkochen, Germany).

2.5.5 Transmission Electron Microscopy

Transmission electron micrographs were recorded using a
JEOL JSM 1200EX-II transmission electron microscope
equipped with an electron diffraction pattern.

2.6 Biological Application

The advancement of the green production of nanoparti-
cles using plant extract performs a significant role on
free radical and bacterial-mediated disease. Green syn-
thesized nanoparticles play a vital role in chemotherapy,
where high doses lead toxicity to normal tissue and the
immune system [18].

2.6.1 Antioxidant Activity

DPPH Radical Scavenging Activity The 2, 2-diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging assay was deter-
mined by the method of [19] with some modifications. The

DPPH scavenging ability was calculated by the following
formula:

DPPH RSA %ð Þ

¼ Absorbance of control−Absorbance of sample

Absorbance of control
� 100

2.6.2 Antibacterial Activity

Two Gram-positive bacterial strains (Bacillus subtilis,
Staphylococcus aureus) and two Gram-negative bacterial
strains (Escherichia coli, Klebsiella pneumoniae) were used.
Bacterial strains were obtained from clinical laboratories in
and around Salem District, Tamil Nadu. The agar well diffu-
sion method was employed as per the modified method [20].

2.6.3 Antiproliferative Activity

The A549 cell line was obtained from the National Centre for
Cell Sciences Repository, University of Pune, India. A549 cells
weremaintained in a humidified atmosphere containing 5%CO2

at 37 °C in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 100 units of penicillin, 100 g/l of streptomy-
cin, and 10% fetal bovine serum (FBS). Briefly, A549 cell was
pre-cultured in 96-well microtiter plates for 48 h under 5% CO2.

The optical density (OD) value was used to calculate the
percentage of cell viability by using the following formula:

Percentage of cell viability ¼ OD value of experimental NPs

treated sample=OD value of experimental untreated sample 100

MTT Assay 10× stockMTTwas prepared by dissolving in PBS
(phosphate-buffered saline) at a concentration of 5 mg/ml and
filtering through a 0.45-μm filter. The growth medium of the
confluent cells was removed, then 100 μl of MTTwas added
to each well. Following incubation at 37 °C with 5% CO2 for
5 h, 100 μl of MTTwas replaced by 100 μl DMSO and mixed
to release the color from the cells. The optical density was
measured at 540 nm using an ELISA reader (Thermo
Multiskan EX, USA) to elevate live cells [21].

2.7 Photocatalytic Degradation of Dye

The photocatalytic activity of green synthesized Se NPs was
analyzed by degradation of methylene blue (MB) under solar
irradiation [22].

2.8 Statistical Analysis

Statistical analyses were conducted using the SPPS software
(16.0 version). Analysis of variance (ANOVA) in a complete-
ly randomized design and Tukey’s multiple range tests were
used to compare any significant differences between samples.
Values were expressed as mean ± standard deviation. All
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determinations were done at least in triplicate and all were
averaged. The confident limits were based on 95% (p < 0.05).

3 Result and Discussion

3.1 Qualitative Phytochemical Analysis

3.1.1 Phytochemical Screening

The qualitative phytochemical analysis ofW. somnifera leaves
aqueous extract is shown in Table 1. It revealed the presence
of enormous active constituents like alkaloids, flavonoids,
phenolics, tannins and terpenoids.

Aqueous leaves extract exhibited rich source of flavonoids
and phenolics, possessing reducing functional groups. These
functional groups may play role in reducing selenious acid to
Se NPs. Biomolecules can serve as an active biocatalyst in
producing fabricated nanomaterials. These can additionally
act as natural stabilizers to nanoparticles. The plant-mediated
synthesis reduces the toxic chemicals and leads to an
ecofriendly synthesis of NPs [23]. W. somnifera leaves
(Indian chemotype) contains withanolides, alkaloids, many
free amino acids, flavonoids, glycosides, glucose, tannins,
and chlorogenic acid [24]. These active phytochemicals may
be combined with the metal solution to give the nanoparticles.

3.1.2 Quantitative Phytochemical Analysis

The biologically effective plant secondary metabolite phenolic
compounds are present in theW. somnifera leaves aqueous extract
and is estimated by using gallic acid as standard which is having
the appreciable amount of phenolic content. The total phenolic
content of aqueous leaves extract is in the range of 12.74 ±

0.28 μg/ml as shown in Table 2. The flavonoid content of W.
somnifera aqueous leave extracts was observed by using catechin
equivalent. The results show that the aqueous leave extract re-
corded the amount of flavonoid content is 40.54 ± 0.23 μg/ml.
The tannin content is rich in the extract (156.33 ± 14.53 μg/mg)
and is encouraging to stabilize themetal nanoparticles due to their
electron-donating capability and capping property of the tannin
compounds. This plant phytochemical-mediated synthesis of
metal nanoparticles may be a sign of its antioxidant potential by
the deposition of bioactive compounds on their surface.

3.2 Synthesis of Selenium Nanoparticles

W. somnifera leaf extract is added to selenious acid solution.
The color changes from colorless selenious acid to ruby red
color. Synthesized Se NPs are characterized by using param-
eter techniques such as UV-Visible spectroscopy, FT-IR, field
emission scanning electron microscopy (FE-SEM), EDX and
transmission electron microscopy (TEM) and to evaluate the
antioxidant, antibacterial and photocatalytic activity.

3.3 Characterization of Selenium Nanoparticles

3.3.1 UV-Vis Spectra Analysis

UV-Visible spectroscopy was used to examine the formation
of Se NPs. Figure 1a shows a plodding increase in absorbance
at 320 nm with respect to time of reaction, confirming the
synthesis of Se NPs. Se NP formation was visually identified
by the color change of reaction mixture from transparent into
ruby red with time. After 24 h of incubation, no more color
change was observed. This observation revealed the
completely formed Se NPs by biomolecules of W. somnifera
leaves. The UV-Visible spectroscopy analysis Fig. 1a revealed
the absorption maximum (λmax) at 320 nm after 24 h and was
attributed to the surface plasmon resonance (SPR) of Se NPs.
The UV-Visible absorption maximum between 200 and
400 nm was due to the formation of SPR of Se NPs [25].

From the optical absorption spectra, the direct optical band
gap was calculated using

αhνð Þn ¼ A hν–Eg

� �

Table 2 Total phenolic, flavonoids, and tannin contents of Withania
somnifera leaves extract

S. no. Phytochemical
constituents

Withania somnifera leaves aqueous extract

Absorbance (nm) Content (μg/mg)

1 Total phenolic 0.234 ± 0.004 12.74 ± 0.28

2 Total flavonoid 0.154 ± 0.001 40.54 ± 0.24

3 Total tannins 0.041 ± 0.016 156.33 ± 14.53

Table 1 Qualitative phytochemical analysis of Withania somnifera
leaves aqueous extract

S. no. Phytochemical constituents Aqueous extract

1 Alkaloids ++

2 Flavonoids +++

3 Flavonol −
4 Phenolics ++

5 Tannins ++

6 Steroids −
7 Proteins −
8 Saponins −
9 Terpenoids +

10 Glycosides −

+++, copiously present; ++, moderately present; +, slightly present; −,
absent

108 BioNanoSci. (2019) 9:105–116



where Eg is the energy gap, α is the absorption coeffi-
cient, h is Planck’s constant, ν is the frequency of light,
A is the constant of proportionality, and n = 2 for direct
band gap energy [26]. From the plots (Fig. 1b), band
gap energy is found to be 2.75 eV for as-prepared 24-h
aging time respectively. It was observed that the band
gap energy of green synthesized Se NPs is higher than
that of bulk α-Se (2.0 eV) and commercial Se powder

(1.8 eV) [27] due to quantum size effect, similar to the
early reports of Se NPs band gap 2.72 eV at 24-h aging
time. Green synthesis of Se nanoparticles band gap en-
ergy (2.75 eV) is large than that of commercial Se
nanoparticles (1.8 eV) whereas green Se nanoparticles
interact with plant biomolecules so less toxic, low cost
effect and very safe to the environment. But commercial
Se nanoparticles are synthesized by various chemical

Fig. 1 a UV-Visible spectrum at different time intervals (0, 12, and 24 h). b Band gap energy of selenium NPs at 24 h

Fig. 2 FT-IR spectra of synthesized selenium NPs
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methods. Previous reports also demonstrate that green
Se nanoparticles are better for the environment [28].

3.3.2 FT-IR Analysis

The result of FT-IR analysis of synthesized Se NPs is
depicted in Fig. 2. A broad peak observed at 3434 cm−1

corresponds to O–H stretch alcohols and phenols.

Absorption peak at 2938 and 2977 cm−1 corresponds to
C–H stretch alkynes. The band at 1571 cm−1 is due to N–
O asymmetric stretch nitro compounds. The strong band
at 1426 cm−1 is due to C–C stretching (in ring) of aro-
matics. The sharp peak at 1375 cm−1is attributed to the C–
H bending in alkanes and the 1077, 1044, and 1012 cm−1

corresponds to the C–N stretching of the amines. The
band at 923 cm−1 is due to the O–H bend of carboxylic

Fig. 4 FE-SEM images of selenium NPs

Fig. 3 XRD spectra of
synthesized selenium NPs
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acids. C–X stretching in alkyl halides causes a band at
817 and 649 cm−1 and the weak band at 510 and
461 cm−1is the result of C–N–C bending in amines.

This result indicates the presence of various function-
al groups as biomolecules which may be responsible for
both reduction and stabilization of the Se NPs. Previous
reports have also suggested the role of phytochemicals
as a stabilizing agent for the synthesis of metal NPs
[29]. However, the identity of the active molecules re-
sponsible for the synthesis of the Se NPs needs further
validation.

3.3.3 XRD Analysis

X-ray diffraction pattern result reveals that Se NPs are amor-
phous in nature (Fig. 3). The result matches with the previous
reported values [30]. Nonetheless, the X-ray diffraction pat-
tern could be indexed according to the trigonal phase of sele-
nium, which could be realized from the appearance of the
diffraction peaks characteristic of these mentioned phases of
Se having lattice constants a = 4.366 A° and c = 4.956 A°
(JCPDS file no. 06-362) [31, 32]. The prepared Se
nanoparticle-calculated crystalline size is 58 nm using
Scherrer’s equation.

3.3.4 Field Emission Scanning Electron Microscopic Analysis

Scanning electron microscopy is employed to analyze the
shape of the Se NPs synthesized by green method using W.
somnifera leaves aqueous extract. Figure 4 shows FE-SEM
image of Se NP greater numbers of the agglomerated
spherical particles within the diameter range 45–90 nm.
These particles were well distributed with aggregation.
Therefore, it has been suggested that nanoparticle aggrega-
tion is dominant over the process of reduction and primary
nucleation of reduced atoms. This may perhaps be related
to the fact that a larger number of functional groups (W.
somnifera leaves aqueous extract) bind and nucleate
selenious acid ions. The most accessible metal ions are
apparently involved in a smaller number of nucleation
events, which leads to agglomeration of the metal [33].
Previous report showed agglomerate NPs exhibit higher
biological activity [34, 35]. The synthesized W. somnifera
leaves aqueous extract-mediated Se NPs may have effi-
cient applications in pharmacology.

3.3.5 Energy-Dispersive X-ray Spectroscopy Analysis

EDX was employed to analyze the elemental chemical com-
position of Se NPs Fig. 5. Three signals could be observed

Fig. 5 EDX spectra of selenium NPs

Fig. 6 TEM image and selected
area electron diffraction patterns
of selenium NPs
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from the energy-dispersive X-ray analysis: a strong signal
from the Se atom (50.79%) together with O atom (35.55%)
and C atom 13.66%. There were no evident peaks for other
elements or impurities.

3.3.6 Transmission Electron Microscopy

The synthesized Se NPs obtained agglomerated particles as
inferred by transmission electron microscopy with selected
area electron diffraction patterns (amorphous nature)
(Fig. 6) [36].

3.4 Biological Application

3.4.1 Antioxidant Activity of Selenium Nanoparticles

Evaluation of antioxidant activities by DPPH radical is a stable
free radical [37]. The antioxidant activity of formulated Se NPs
was estimated by comparing the percentage inhibition of DPPH
radicals and ascorbic acid. The DPPH radical scavenging ac-
tivity of Se NPs increased with increase in concentration.
DPPH free radical scavenging assays are shown in Fig. 6.
Both Se NPs and plant extract showed the activity to scavenge
DPPH free radicals in a dose-dependent manner at 20 and
100mg/ml. Se NPs showedmoderate antioxidant activity when
compared with plant extract and ascorbic acid. These results
revealed that the Se NPs act as an efficient radical scavenger.

In vivo free radicals are the products of normal cellular
metabolism and serve as signaling and regulatory mole-
cules. However, excess free radicals will result in the
damage of cellular compounds and finally inhibit their
normal function. To date, some studies have suggested
that the amorphous Se NP have excellent antioxidant ac-
tivity [38].

3.4.2 Antibacterial Activity

Infectious diseases are major causes of morbidity and mor-
tality worldwide. At the present time, several pathogenic
microorganisms have developed resistance to currently

available commercial antibiotics and also cause adverse
impact on health [39]. Hence, there is an urgent need to
discover a new, more active, and safe antimicrobial agent.
Recent attention has been paid to the use of nanoparticles
to control diseases due to the antimicrobial properties of
these nanoparticles.

The antibacterial activity of Se NPs was carried out on four
pathogenic bacterial strains, Bacillus subtilis, Escherichia coli,
Klebsiella pneumoniae and Staphylococcus aureus. An antibac-
terial drug, ciprofloxacin, was used as positive control in
Table 3. Se NPs exhibited considerable activity against
Klebsiella pneumoniae and Bacillus subtilis with zone of inhi-
bition 14 and 12 mm but no activity against Escherichia coli
pathogen. The higher zone of inhibition is observed in
Staphylococcus aureus (19.66 mm) by Se NPs which may (ef-
ficiency to Staphylococcus aureus pathogen) serve as an anti-
bacterial agent. The use of green synthesis of metal nanoparti-
cles is going to be of significant importance in medicinal field.

3.4.3 Antiproliferative Activity

Active targeting of nanoparticles, a strategy of cancer
nanotechnology, is usually achieved by combination of a
targeting component to the surface of nanoparticles which
leads to the preferential accumulation of nanoparticles in
tumor sites, individual cancer cells, or intracellular organ-
elles inside cancer cells [40].

Table 3 Antibacterial activity of
selenium NPs S. No Bacteria Organisms Diameter of zone of inhibition (in mm)

WS- Se NPs Positive controla Negative controlb

1 Gram-positive bacteria B. subtilis 14.00 ± 0.00 27.25 ± 2.62 00.00 ± 0.00

2 S. aureus 19.66 ± 0.57 34.25 ± 1.70 00.00 ± 0.00

3 Gram-negative bacteria E. coli 00.00 ± 0.00 00.00 ± 0.00 00.00 ± 0.00

4 K. pneumoniae 12.00 ± 0.00 28.75 ± 1.25 00.00 ± 0.00

The values are mean of triplicates with (±) standard deviation (mean ± SD; n = 3)
a Ciprofloxacin (1 mg/ml)
b DMSO (50 μl/well)

Table 4 A549 cell line
IC50 values Concentration (μg/ml) % cell viability

A549 cell line

Control 100

12.5 78.2

25 49.2

50 38.4

75 21.7

100 14.8

IC50 49.2

112 BioNanoSci. (2019) 9:105–116



Green syn t h e s i z ed Se NPs we r e t r e a t ed on
adenocarcinomic human alveolar basal epithelial cancer
cell (A549) by MTT assay. The electron micrographs

revealed a uniform intracellular distribution of Se NPs both
in cancer cells. Se NP-treated cells exhibited chromosome
instability and mitotic arrest in human alveolar basal

Fig. 7 Antiproliferative activity
of selenium nanoparticles by
MTT assay

Fig. 8 DPPH radical scavenging
activity of selenium NPs
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epithelial cancer cells. The antiproliferative activity of Se
NPs significantly inhibited the growth of A549 cells and
was observed on treatment with Se NPs, as shown in Fig.
4. The half maximum inhibitory concentration (IC50) was
observed at 25 μg. The cellular morphological changes of
A549 cells exposed to MA-Se NPs for 72 h were also
examined by a phase-contrast microscopy, showing dose-
dependent cell number decrease and loss of intercellular
contact, while control group retained its number and shape
(Table 4).

3.4.4 Photocatalytic Activity

Photocatalytic activity of the synthesized Se NPs was evalu-
ated by dye degradation of MB under sunlight. Degradation
of dye was visually identified by gradual change in the color
from deep blue to colorless dye solution. The characteristic
absorption peak was found at 657 nm for pure methylene
blue dye solution. The dye degradation in presence of syn-
thesized Se NPs was verified by the decrease of the peak
intensity at 657 nm during 30-min exposure in solar light
shown in Fig. 7.

In the process of photocatalytic oxidation degradation
of dye, the main active species are holes, superoxide rad-
icals, and hydroxyl radical [41]. The photocatalytic study
concluded that these Se NPs have efficiency to degrade
MB under solar irradiation (Figs. 8 and 9). Therefore, they can
find application in water treatment plants and textile
industries.

4 Conclusion

Withania somnifera leaves extract possesses active constit-
uents like alkaloids, flavonoids, phenolics, tannins, and

terpenoids and acts as good reducing agents for the prepa-
ration of Se NPs. FT-IR (this analysis will help to study the
functional groups present in the samples) result shows var-
ious functional groups present in the prepared Se nanopar-
ticles because numerous phytochemicals interact with
nanoparticles. Nanoparticles in aqueous (colloidal) solu-
tions are not thermodynamically stable and hence capping
of the phytoconstituents provides stability to Se NPs as
evident from FT-IR studies and XRD exhibited amorphous
nature of Se NPs. Selenium have high purity and are crys-
talline in nature, identified using EDX. The DPPH scav-
enging analysis of the spherical amorphous Se NPs has
significant antioxidant activity and serves as a potential
antibacterial agent to treat diseases caused by bacteria. Se
NPs have antiproliferative activity against A549 lung car-
cinoma cells with 50% inhibitory concentration value
(IC50) at 25 μg/ml. These results suggest that Se NPs pos-
sess great growth control against cancer cells which indi-
cated their potential in medical applications. Moreover, the
photocatalytic study concludes that these green Se NPs
have efficiently degraded MB under sunlight irradiation.
Therefore, they can find application in water treatment
plants and textile industries. Hence, the combination of
phytocompounds and nanoparticles serves an efficient role
in its multifaceted pharmacological properties.
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