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Abstract

The bio-reduction of selenite (Se (IV)) generates nanoparticles with sizes ranging between 30 and 300 nm. Biological properties of Se nanoparticles are
dependent on the nanoparticle size; smaller particles have greater activity. The green SeNPs (selenium nanoparticles) are prepared by mixing of plant
leaves methanolic extracts of Centella asiatica, Azadirachta indica, Ocimum tenuiflorum, Murraya koenigii and Catharanthus roseus with sodium
selenite. This mixture was stirred which gave a dispersion of SeNPs conjugated with plants phytoconstituents. Among these plants, C. roseus showed
high yield of SeNPs and purification of the nanoparticles was performed by alkaline lysis. The visualization and characterization of nanoparticles were
performed by UV-Visible spectroscopy, scanning electron microscopy (SEM), Fourier transform infrared spectroscopy (FTIR) and X-ray diffraction
(XRD). The antioxidant activity of nanoparticles was determined by ABTS, DPPH and FRAP assays. The anti-bacterial activity was carried out for
Streptococcus mutans, Staphylococcus aureus and Escherichia coliand anti-fungal activity was carried out for Candida albicans, Aspergillus niger and
Aspergillus flavus using well diffusion method. The suspension solution confirms the formation of SeNPs showed (285 nm) by UV analysis. Screening
analysis showed enormous phytoconstituents in leaves methanolic extract and simultaneously, the synthesized SeNPs by FT-IR spectrum confirmed
the presence of functional groups which were associated with bioactive molecules. XRD study exhibits the nano-crystalline nature of SeNPs. SEM
analysis revealed that the biosynthesized selenium nanoparticles were oval with size range of 195 nm. Green synthesized SeNPs were found to
possess significant antioxidant activity (ICs 403.571, 477.48 and 60.090 pg/mL) and SeNPs showed strong antimicrobial action, with A. flavus showing
the lowest zone of inhibition (9 mm) and S. mutans showing the highest zone of inhibition (35 mm). The synthesis of thermodynamically stable
aqueous SeNPs has been aided by the active phytoconstituents found in C. roseus leaves extract, which are effective reducing agents. The present
results support the advantages of green method to produce Se NPs having potential activities.
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Introduction L. (Tulsi), Murraya koenigii (L) Sprengel (Curry leaves) and
Catharanthus roseus (L) G. Don (Vinca) are some of most
commonly used medicinal plants. The primary techniques for
producing nanoparticles are physical and chemical procedures,
which are frequently expensive and potentially harmful to the
environment. Green synthesis has been intensively sought in
recent years as a substitute, effective, affordable and eco-friendly
way to create nanoparticles with characteristics. This concept
offers examination of the several elements influencing the size,
shape and yield of metal nanoparticles (10). Understanding plant
toxicity and safeguarding people and animals from natural
poisons are two benefits of studying medicinal plants.

In the twenty-first century nanotechnology has emerged as one of
the promising approaches for innovations that lead to fulfill the
human needs. Nanoparticles have generated intense interest
because of their unique electronic, optical, photo responsive,
catalytic properties and biomedical application (1). The ability of
numerous biological systems, such as plants and algae (2),
diatoms (3), bacteria (4), yeast (5), fungi (6) and human cells (7) to
convert inorganic metal ions into metal nanoparticles through the
reductive capabilities of their proteins and metabolites has been
shown during the past decade. Rapid biosynthesis of
nanomaterials using plant materials has more advantages over
other biological methods, because it is inexpensive, quick in Centella asiatica, also known as Brahmi in Hindi and Unani,
production time, safe and the capacity to scale up production commonly known as Gutu kola, is used in Indian medicine system
volumes (8). Phytoconstituents are backbone of plants is what for enhancing the memory and for the treatment of skin disease. In
gives them their therapeutic qualities with less toxicity (9). Several ~ Ayurvedic medicine the aerial parts and roots are used for
medicinally valuable plants such as, Centella asiatica (L) Urban ~ Medicinal purpose and its chemical constituents have wide
(Brahmi), Azadirachta indica A. Juss. (Neem), Ocimum tenuifiorum ~ therapeutic  applications in areas of ~antimicrobial, —anti-
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inflammatory, anticancer, neuroprotective, antioxidant and
wound healing activities (8). Azadirachta indica is also known as
neem or kahibevu, the entire neem tree-leaves, blossoms, seeds,
fruits, roots and bark have long been used to treat fever, infections,
inflammation, skin conditions and dental issues. Additionally, it
possesses anti-inflammatory, antiviral, antifungal and antibacterial
properties (11). Ocimum tenuiflorum or tulsi, is a plant with a
complex chemical makeup that includes a variety of nutrients and
other biologically active substances. Different parts of tulsi plant like
leaves, flowers, stem, root and seeds are known to possess
therapeutic potentials and have been used by traditional medical
practitioners, as expectorant, analgesic, anticancer, antiasthmatic,
antiemetic, diaphoretic, antidiabetic, antifertility, hepatoprotective,
hypotensive, hypolipidemic and antistress agents (12). Murraya
koenigiicommonly called as Karibevu, studies revealed the presence
of varies phytoconstituents like alkaloids, flavonoids, carbohydrates
and sterol (13). The plant is credited with tonic and stomachic
properties. Bark and roots are used as stimulant and externally to
cure eruptions and bites of poisonous animals (14). C. roseus
commonly called as nithyapushpa, more than 130 alkaloids have
been identified from extract of different plant parts. The most
important alkaloids vinblastine and vincristine are derived from
leaves, which exhibits anti-cancer and anti-diabetic properties.
Another alkaloid rubacine derived from roots is used as
hypotensive and anti-arrhythmic agent (15). Where the GCMS
analysis of C. roseus methanolic extracts revealed core chemical
constituents such as trans-squalene, n-hexadecanoic acid, eicosyl
acetate, stearin, 1H-Benz(G)indole-3-carboxylic acid (16). C. roseus
contains significant amounts of volatile and phenolic compounds
including caffeoylquinic acids and flavonol glycosides which are
known to antioxidant activity. It has multiple applications in foods,
cosmetics and pharmaceutical industries. Besides antioxidant
activity, these compounds exhibit antiallergic, anti-inflammatory,
antimicrobial, anti-thrombotic, cardio protective and vasodilatory
effects (17).

Selenium (Se) is one of the necessary trace elements in the
human body. Approximately, 40-300 pg of Se is needed daily as
dietary supplements by a normal adult. It is found that elemental Se
at nano size carries high biological activity with low toxicity. This
exciting property of nano Se has provided its application in medical
and pharmaceutical sciences. Conventional method for
nanoparticles synthesis includes physical and chemical approaches.
Physical methods involve high temperature spraying method,
evaporation, laser ablation techniques, plastic deformation,
electrodeposition are some widely used physical processes for
nanoparticles synthesis are highly expensive as they required high
cost. In chemical synthesis, solvents, additives, reductants or a
stabilizer such as ethaline, borohydride, dode-canthiolates are
commonly used, these chemicals are environmentally unfriendly
and toxic for living organisms. The overall environmental concern
has influenced researchers to replace this methodology with clean,
nontoxic and environment friendly, green chemistry approach.
Selenium nanoparticles from biological sources like microbes were
advantageous compared to chemical methods. Some of the
advantages include highly purified form of nanoparticles, faster
production rate (18). In recent times, green synthesis using medicinal
plant extract has obtained specific importance in the formation of
nanoparticles because phytoconstituents are backbone of plants
and easily produce nanoparticles with less toxicity. Particularly,
essential dietary micronutrient selenium found in the form of SeNPs

2

is relatively a new member of drug nanocarriers in medicine because
SeNPs exhibited strong antioxidative and antibacterial activity (19).
Characterization of selenium nanoparticles has always depended
upon the source from which it has been produced. Characterization
is done by using some methods like Fourier transform resonance
spectroscopy (FTIR), X-ray diffraction (XRD), scanning electron
microscope (SEM), transmission electron microscope (TEM),
Brunauer-Emett-Teller method, etc. FTIR is a sensitive technique
used for identifying organic chemicals such as paints, adhesives,
resins, polymers, coatings and drugs. XRD is a unique method used
for the determination of crystallinity of a compound. XRD is mainly
useful for distinguishing between amorphous and crystalline
materials and to determine structural properties such as lattice
parameters, strain, grain size, phase composition, preferred
orientation, order-disorder transformation and thermal expansion.
SEM uses a focused beam of high-energy electrons to generate a
variety of signals at the surface of solid specimens. The signals that
derive from electron-sample interactions reveal information about
sample including external morphology like texture, chemical
composition and crystalline structure and orientation of materials
making up the sample. Transmission electron microscopes are
capable of imaging at higher resolution than light microscopes,
owing to smaller de Brogolie wavelength of electrons. In the reaction
change from colourless to deeply brick-red colour indicated the
formation of nanoparticles. The characterization of the nanospheres
in relation to size is of great importance, both in industrial and
biologic activities. Recent reports describe that Se (0) nanoparticles
with a size under 100 nm have a greater bioavailability. In addition,
other studies mention that a smaller size increases the ability to trap
free radicals with greater antioxidant effect and as expected, 5-200
nm nano-Se can directly scavenge free radicals in vitro in a size
dependent fashion (20).

The current research aimed to utilize extracts from five
distinct medicinal plants as bio-reductants and capping agents for
the creation of selenium nanoparticles. The synthesized SeNPs
were characterized using various techniques, including UV-Visible
spectroscopy, scanning electron microscopy, Fourier transform
infrared spectroscopy and X-ray diffraction. Additionally, the
selenium nanoparticles were examined for their antimicrobial
properties against various pathogens, including both Gram-
positive and Gram-negative bacteria, as well as fungal species. This
study also focused on assessing the antioxidant effects of SeNPs
through DPPH, ABTS and FRAP assays.

Materials and Methods
Plant collection and materials

Healthy C. asiatica, A. indica, O. tenuiflorum, M. koenigii and C. roseus
leaves were collected from local regions of Belthangady Taluk,
Dakshina Kannada District of Karnataka and were identified and
confirmed by relevant literature reviews. Sodium selenite (NaSeOs)
and methanol were purchased from HIMEDIA India. All the
experiments were performed with sterile distilled water and de-
ionized water (Fig. 1).

Preparation of plant leaves extract and phytochemical analysis

Leaves were washed with distilled water, shade dried and
powdered. Extractions of phytoconstituents from these samples
were done by Soxhlet apparatus by using methanol as solvent.
Twenty grams of each plant leaf powder was taken in a
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Whatman filter paper and placed in the thimble containing 200
mL of methanol in 500 mL round bottom flask. The extract
obtained in solution was distilled to remove solvent by
distillation process for 3 hr. The extracts were collected and dried
in glass jars at 40 °C. The extracts were stored at 4 °C for further
analysis. The preliminary phytochemical screening analysis was
carried out in methanol extracts of plant leaves to check the
presence of different phytoconstituents (21, 22).

Synthesis of selenium nanoparticles

An aliquot of 40 mM ascorbic acid was prepared in six separate
conical flasks. Ten millilitres of 20 mM sodium selenite were
taken in six test tubes separately. Contents in the test tubes were
added to six conical flasks containing ascorbic acid. From these,
one conical flask was used as control and remaining used for
samples. One millilitre of all the above five different plant
extracts was added into the remaining five conical flasks
separately. After addition of the extracts, both samples and
control were analysed spectrophotometrically at regular
intervals of time (0, 2, 4 and 6 hr). After completion of the
reaction, the synthesized SeNPs were harvested by centrifuging
the reaction mixture at 1500 rpm, dried overnight. The red SeNPs
were suspended in PBS (pH 7.4) by ultrasonication and then
centrifuged and used for further analysis (19, 22, 23). By using C.
roseus sample, selenium nanoparticles were produced by same
method which was mentioned above based on the highest yield.

Characterization of synthesized Se nanoparticles
UV-Visible spectroscopy

The SeNPs were characterized in a PerkinElmer UV-Vis
spectrophotometer, Lambda-19 to know the kinetic behaviour of
SeNPs. The scanning range of the samples was 200-700 nm at a scan
speed of 480 nm/min. The data in the spectrophotometer were
recorded and analysed by “BUV Winlab” software. The UV-Vis
absorption spectra of the SeNPs were recorded and Origin 8 was
used to plot the numerical data (19).

Fourier transform infrared spectroscopy

Two milligrams of the nanoparticles was encapsulated in 100 mg
of KBr pellet 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 500-4000 cm?® with a resolution of 1 cm™. A
PerkinElmer spectrophotometer was employed to record FT-IR
spectrum (19).

Fig. 1. Real time picture of C. roseus.

X-ray diffraction (XRD)

The crystalline size and purity were characterized by an X-ray
diffractometer using Philips Panlytical X’pert Pro X-ray
diffractometer using Cu Ka (1.54059 A°) radiation with the X-ray
generator operating at 45 kV and 40 mA. The crystalline size of
the prepared nanoparticles was determined by using Scherrer’s
equation as follows D = 0.9MBcosB, where D is the crystal size, A
is the wavelength of X-ray, 8 is the Bragg angle in radians and B is
the full width at half maximum of the peak in radians (19).

Scanning electron microscopy (SEM)

The surface morphology of synthesized SeNPs was observed by
scanning electron microscopy (ZEISS EVO-MA 10, Oberkochen,
Germany) (23).

Biological application

The advancement of the green production of nanoparticles using
plant extract performs a significant role on free radical
scavenging and microbial-mediated disease.

Antioxidant activity
DPPH radical scavenging activity

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
assay was determined by the method of (24) with some
modifications. Different concentrations of the sample and control
(100, 200, 300, 400 and 500 pg) and standard ascorbic acid was
mixed with equal volume of methanol. Three milliliters of DPPH
solution was pipetted and incubated in dark condition for 15 min.
After that, absorbance was read at 517 nm spectrophotometrically
with methanol as a blank. The percentage radical scavenging
activity of the SeNPs were calculated using the following formula:

DPPH RSA (%) =752 x 100

Where A. = absorbance of control at 517 nm and As =
absorbance of sample. The concentration of sample required to
scavenge 50 % of DPPH free radical (ICso) was calculated from the
curve of percent inhibitions plotted against the respective
concentration.

ABTS assay
Free radical scavenging capacity of the extracts from different
plant samples are estimated by ABTS (2,2-azino-bis-3-

ethylbenzothiazoline-6-sulphonic acid) assay [25]. ABTS' radical
cation assay is based on the ability of antioxidants to reduce
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ABTS" (blue/green) to ABTS? (colorless). ABTS radical cation
solution was produced by the reacting of 7.0 mM ABTS with K;S;0s
(2.45 mM) at a ratio of 2/1 (v/v), the mixture was kept in the dark at
room temperature for 12 hr. Different concentrations of the
sample and control (100, 200, 300, 400 and 500 pg) are taken and
the volume made up to 100 uL with methanol. An aliquot of 3 mL
of ABTS solution is added and incubated in dark for 30 min. After
that, the absorbance is read at 734 nm spectrophotometrically
with methanol as a blank. The percentage radical scavenging
activity of the SeNPs are calculated using the following formula:

ABTSRSA (%)= Mc-45) + 100
C
Where A. = Absorbance of control at 734 nm and As =
Absorbance of sample. The concentration of sample required to
scavenge 50 % of ABTS free radical (ICs)) was determined from
the curve of percent inhibitions plotted against the respective
concentration.

FRAP assay

Free radical scavenging capacity of the extracts was estimated
using the ferric reducing antioxidant power assay (26). Different
concentrations of the control and sample (100, 200, 300, 400 and
500 pg) were taken and the volume was made up to 1 mL with
methanol. 2.5 mL of 0.2M phosphate buffer (pH 6) and 1.1 mLof 1
% potassium ferricyanide was added and incubated at 50 °C for
20 min. Later, 2.5 mL of 10 % trichloro acetic acid (TCA) was
added. The samples and control were centrifuged at 3000 rpm
for 10 min if turbidity is observed. After that 2.5 mL of distilled
water and 0.5 mL of 0.1 % ferric chloride solution (FeCls) was
added. The absorbance was read at 700 nm spectrophoto-
metrically with methanol as a blank.

Antimicrobial activity
Bacterial and fungal strains

Inthe present investigation bacterial strains used are Staphylococcus
aureus, Streptococcus mutans and Escherichia coli and fungal strains
are Aspergillus niger, Aspergillus flavus and Candida albicans. The
pure cultures are collected from the clinical laboratories in and
around Mangalore University Mangalagangothri Konaje.

Well diffusion assay

Antimicrobial activity was carried out by using agar well diffusion
method (27) with little modification. Potato Dextrose Agar media
was autoclaved and poured into the sterilized petriplates and
after solidification, 100 pL inoculum of fungal strain was spread
over the medium using a glass spreader. Five wells were made
using 5 mm diameter cork borer in each plate. The wells were
filled with 50 pL aliquots containing 100, 200, 300 and 400 pg/mL
of nanoparticles in respective wells and 50 pL of DMSQO in centre
well which serve as negative control. Streptomycin used as
positive control. Plates were incubated at room temperature for
72 hr. The zone of inhibition was recorded in millimeter around
the wells. LB Agar was used for antibacterial study. Media was
poured into the sterilized petriplates. After solidification, 100 uL
inoculum of microbial pathogens were swabbed over the LB
Agar plates. Five wells were made using the cork borer in each
plate 50 pL of aliquots containing 100, 200, 300 and 400 pg/mL of
nanoparticles were dispensed into the wells using micropipette.
Central well with DMSO serves as negative control and Penicillin
G as positive control. Plates were incubated at room

temperature for 72 hr. The antimicrobial activity was evaluated
by measuring the inhibition-zone diameter observed.

Antidiabetic activity

a-Amylase inhibition assay was performed using 3,5-dinitrosalicylic
acid (DNS) method (28) with modification. Different concentrations
of the control and sample (100, 200, 300, 400 and 500 pg) were taken
and the volume was made up to 1 mL with DMSO. Then 200 pL of o-
amylase was added to each tube. Tubes were incubated at 30 °C
for 10 min. 200 pL of 1 % starch (substrate) was added and
incubated the tubes at room temperature for 3 min. The reaction
was terminated by the addition of 200 pL of DNS solution then
boiled the tubes for 10 min in water bath at 85-90 °C. After
cooling, 5 mL of distilled water was added. Then absorbance was
read at 540 nm spectrophotometrically with DMSO as a blank. a-
amylase inhibition assay of SeNPs was calculated by using the
formula:

% of a-amylase inhibition = @ x 100
C

Results and Discussion

Extraction of phytoconstituents from plant leaves done by
Soxhlet method

Among five plants A. indica showed highest yield while M. koenigii
lower extract yield (Table 1). A range of yield levels were reported
by various authors using various solvent systems. The aqueous
technique outperforms methanol in terms of extract yield when
compared to acetone, chloroform and ethanol (29). Methanol
also produced higher content (14-16 %) in the barks of Holigarna
ferruginea and Holigarna arnottiana than aqueous solvent
systems (9-11 %).

Table 1. Yield of extract obtained from five different medicinal plants

Name of plants Quantity of extract obtained (g)

Centella asiatica 5.063
Azadirachta indica 5.428
Ocimum tenuiflorum 2.137
Murraya koenigii 1.891
Catheranthus roseus 2.384

Qualitative phytochemical analysis

The qualitative phytochemical analysis of C. roseus leaves
methanol extract is shown in (Table 2). It revealed the presence
of enormous active constituents like alkaloids, flavonoids,
phenolics, saponins, tannins and terpenoids. Tannins have
amazing stringent properties. They are known to hasten the
healing of wounds and inflamed mucous membranes (30). In
addition to industrial applications as foaming and surface-active
agents, saponins have been extensively used as detergents,
pesticides and molluscicides. Alkaloids are associated with
medicines with the property of cytotoxicity. Several workers
revealed the analgesic, antispasmodic and antibacterial
properties of alkaloids (31). These active phytoconstituents
maybe combined with the metal solution to give the
nanoparticles. The plant-mediated synthesis reduces the toxic
chemicals and leads to an ecofriendly synthesis of NPs (32).

Synthesis of selenium nanoparticles

Five different leaf extracts are added to ascorbic acid solution.
The colour changes from colourless to ruby red color (Fig. 2).
After 48 hr of incubation, no further change in colour was
observed. This red color of reaction mixture was attributed to the
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Table 2. Qualitative phytochemical analysis of C. roseus methanolic leaf extract

Tests for Test reagents Methanolic extract of leaf

Alkaloids Wagner’s reagent +
Carbohydrates Molisch’s test _
Cardiac glycosides Keller Kelliani’s test

Flavonoides Alkaline reagent test _
Phenolics Ferric chloride test +
Phlobatannis Precipitate test _
Proteins 1% Ninhydrin solution in acetone +
Saponians Foam test +
Sterol Liebermann-Burchard test -
Tannins Braymer’s test +
Terpenoids Salkowski’s test _
Quinones Precipitate test +

+symbol indicates presence and - indicates absence with respect to extractive solvents.

Fig. 2. Selenium nanoparticles from sample and control.

excitation of surface plasmon vibrations of the Se nanoparticles and
provided an advantageous spectroscopic signature of their
formation. Synthesized selenium nanoparticles are characterized by
using parameter techniques such as UV-Visible spectroscopy, FTIR,
XRD and SEM analysis.

Characterization of selenium nanoparticles
UV-Visible spectrophotometer analysis

The surface plasmon vibrations of SeNPs were also confirmed by
UV-visible spectra (Fig. 3). UV-Visible spectra showed the broad
peak at 285 nm which confirms the formation of SeNPs. The UV
spectra centered between 200 and 300 nm was due to the
formation and surface plasmon vibration of SeNPs (18). The

broadness of peak also revealed that the synthesized particles
were polydisperse (33). The intensity of peak increased with
respect to time. The peak intensity was increased with time due
to the reduction of SeOs* to Se°. There was no further significant
increase in peak after 48 hr, which depicts maximum reduction
of Se0s* to Se’. This observation revealed the completely formed
SeNPs by phytoconstituents of C. roseus.

SEM analysis

Selenium nanoparticle synthesized from the leaves of C. roseus
shown particle size of 198 nm and are oval (Fig. 4). SEM also
showed a well form of a spherical Se nanoparticle at a resolution
of 10 nm scale. These particles were well distributed with
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Fig. 3. UV-Visible spectrum of SeNP.
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Fig. 4. SeNP of C. roseus after SEM analysis.

aggregation. Therefore, it has been suggested that nanoparticle
aggregation is dominant over the process of reduction and
primary nucleation of reduced atoms. 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 C. roseus leaves methanol extract-mediated
SeNPs may have efficient applications in pharmacology.

FTIR analysis

The result of FT-IR analysis of synthesized SeNPs is depicted in Fig.
5. FTIR analysis showed a long stretched peaks at 490-500 cm™
indicates the presence of halogen compound, stretched peaks at
800-900 cm™ indicates the presence of aromatic compounds,
stretched peaks at 1100-1250 cm™ indicates the presence of alkyl
and aryl halides and a group of stretched peaks at 1300-1350 cm™
indicates the presence of nitro compounds, stretched peaks at
1700-1850 cm* indicates the presence of amides, carboxylic acids,
esters and anhydrides and the absorption peak at 3200-3350 cm™*
shows the presence of alcohol group were responsible for
selenium nanoparticles synthesis from leaf methanol extract of C.
roseus. Previous studies revealed that alcoholic groups and
aromatic ring were responsible for the formation of selenium
nanoparticles from parsley extract (36). Hydroxyl group and C-H
groups were responsible for the formation of selenium
nanoparticles (37). This result indicates the presence of various
functional groups as biomolecules which may be responsible for
both reduction and stabilization of the SeNPs. Previous reports
have also suggested the role of phytoconstituents as a stabilizing
agent for the synthesis of metal NPs (38). However, the identity of
the active molecules responsible for the synthesis of the SeNPs
needs further validation.

Table 3. The minimum inhibition concentration of selenium nanoparticle

XRD analysis

In XRD analysis, the crystallinity of the nanoparticles can be
revealed. Selenium nanoparticles synthesized from C. roseus
showed broad peak at 26 angles of 20-25° which determines that
the sample is nano-crystalline (Fig. 6). XRD validates the creation of
SeNPs with crystalline structure. The successful synthesis of SeNPs
was confirmed by powder XRD (39). The well-crystalline nature of
the produced SeNPs is demonstrated by the strong peaks in the
diffraction pattern. The XRD pattern revealed 26 values spanning
from 10° to 80°. Several distinct peaks corresponding to SeNPs
were observed at angles such as 100°,101°, 111°, 201° and 210° and
these angles matched the Miller indices.

Antimicrobial activity

At the present time, several pathogenic microorganisms have
developed resistance to currently available commercial antibiotics
and cause adverse impact on health. Recent attention has been paid
to the use of nanoparticles to control diseases due to the
antimicrobial properties of these nanoparticles. The anti-microbial
activity of SeNPs was carried out on three fungal strains C. albicans,
A niger and A flavus as well as against three pathogenic bacterial
strains, S. mutans, S. aureus and E. coli by using well diffusion
method. The biosynthesised SeNPs demonstrated strong
antimicrobial action, with A flavus showing the lowest zone of
inhibition (9 mm) and S. mutans showing the highest zone of
inhibition (35 mm) (Table 3). It was investigated the inhibitory effects
of different concentrations of Se NPs (100-400 pg/mL). The findings
showed that the MIC of Se NPs against C. albicans, A niger and A.
flavus was 300 pg/mL.

Conversely, the MIC of Se NPs against S. mutans, E. coli

Bacterial zone of inhibition (mm) for organisms

Concentration of nanoparticle (ng) Streptococcus mutans Staphylococcus aureus Escherichia coli
Control Sample Control Sample Control Sample
100 10 09 12 06 04 09
200 08 13 2 09 02 09
300 04 3 12 17 01 15
400 06 35 12 20 01 18
Fungal zone of inhibition (mm) for organism
Concentration of nanoparticle (pg) Aspergillus niger Aspergillus flavus Candida albicans
Control Sample Control Sample Control Sample
100 10 07 08 08 17 09
200 10 10 08 09 17 10
300 12 12 14 09 03 13
400 13 12 14 11 03 13
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Fig. 5. FTIR analysis of selenium nanoparticles.
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Fig. 6. XRD analysis of selenium nanoparticle.
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and S. aureus, were 400 pg/mL and 300 pg/mL. The Agar
diffusion test has a correlation with the MIC values. The
antibacterial efficacy of those NPs made from plant extracts may
be due to their existence of phytoconstituents including
flavonoids, terpenoids, alkaloids, as well as additional bioactive
components. Moreover, these substances cause pathogenic cell
death by switching on the permeability of the cell walls along
with cell membrane (40, 41). Another reason why SeNPs could be
antibacterial is that they might cause microbial cells to die by
inactivating enzymes or producing oxygen species that are
reactive (42, 43). SeNPs were discovered to have dose-
dependent action toward all evaluated bacterial strains when
their effectiveness as antibacterial agents was investigated
against a variety of gram-positive (S. aureus and S. mutants)
along with gram-negative (P. aeruginosa and E. coli) (44). SeNPs
bio-synthesized via leaf extract of Mountain persimmon exhibited
antibacterial action toward S. aureus and E. coli (45). The use of
green synthesis of metal nanoparticles is going to be significant
in medicinal field.

Antioxidant activity
DPPH free radical scavenging activity

DPPH free radical scavenging assay is shown in Table 4. The
antioxidant activity of formulated SeNPs was estimated by
comparing the percentage inhibition of DPPH radicals and
ascorbic acid. The DPPH radical scavenging activity of SeNPs
increased with increase in concentration. Both SeNPs and
ascorbic acid showed the activity to scavenge DPPH free radicals
in a dose-dependent manner at 100 to 500 mg/mL. The results
showed that the ICsof SeNPs was 403.571 pg/mL and ascorbic
acid was 6624.91 pg/mL. Further studies evaluated the
antioxidant activity of SeNPs made with different techniques and
these studies showed that NPs have excellent antioxidant
capabilities (46). Previous studies showed that selenium
nanoparticles from Allium sativum showed high antioxidant
activity when compared to control (47). Selenium probably
correlates towards the strong antioxidant properties of SeNPs
and it is necessary for increasing the effectiveness of selenium-
containing enzymes such as glutathione peroxidase helps in
protecting tissues and cells from radical destruction (46).

ABTS assay

ABTS free radical scavenging assay is shown in Table 4. The
antioxidant activity of formulated SeNPs were estimated by
comparing the percentage inhibition of ABTS radicals and

quercetin. The inhibition of selenium nanoparticles was
determined by calculated ICs; value of control and sample. The
ICs value of control was more than the sample. The G of
control was 2132.11 pg/mL and sample were 477.48 pg/mL. The
nanoscale size of the particles increases the surface area,
enhancing their interaction with free radicals. The presence of
bioactive phytoconstituents from the C. roseus may act
synergistically with selenium to boost antioxidant capacity.
Selenium, as an essential trace element is known for its role in
redox regulation and free radical scavenging,.

FRAP assay

The obtained percentages were plotted in bar graphs as shown
in Fig. 7. The inhibition percentage of sample and control was
determined using ICs; values. The ICs value of sample were
60.090 mg/mL and control were 119.856 mg/mL. The superior
antioxidant capacity of the sample could be attributed to the
presence of bioactive compounds such as phenolics, flavonoids,
or other phytoconstituents capable of donating electrons and
reducing ferric (Fe*) to ferrous (Fe*) ions. These results support
the potential of the sample as a therapeutic agent targeting
oxidative stress-related disorders.

Antidiabetic activity

The obtained results were shown in Table 5. The inhibition
percentage of sample and control was determined using ICs
values. The ICs values of sample were 477.48 pug/mL and control
were 569 pg/mL. The a-amylase enzyme starts the digestion of
carbohydrates present in food; this digestion begins in the
mouth and is completed in the small intestine. Since alpha-
amylase is a carbohydrate-metabolizing enzyme, inhibiting this
enzyme will block carbohydrate breakdown, resulting in
decreased postprandial hyperglycaemia. Therefore, inhibition of
this enzyme has been shown to be a substantial and well-
targeted therapeutic strategy for controlling hyperglycaemia in
type 2 diabetes (48). In the current investigation, it was found
that the SeNPs suppressed alpha-amylase activity by 75.68 % at
100 g/mL. The findings of this study are consistent with a
previous report (48) regarding the evaluation of a new
medication against type 2 diabetes based on a polyherbal
extract.

Conclusion

Table 4. Radical scavenging activity of the SeNPs synthesized by the methanol extracts of C. roseus leaf expressed in pg of ascorbic acid equiv-

alents (AAE) and quercetin/mL

Concentration of nanoparticle (ug) DPPH Ascorbic acid ABTS Quercetin
100 8.08+0.11 10.94 +0.58 9.11+0.13 5.25+0.63
200 18.40+0.18 11.82+0.60 17.57+£0.33 7.34+0.48
300 26.3340.15 12.40+£0.65 28.56 +0.52 10.07 £0.12
400 44,67 +0.07 13.00+0.41 45.32+0.35 11.30+0.33
500 51.74+0.01 13.57+£0.16 52.00+0.73 14.22 £0.59
ICso 403.571 ug/mL 6624.91 pug/mL 477.48 ug/mL 2132.11 pg/mL

Notes: Values are expressed as mean + SD (n = 3).

Table 5. a-Amylase inhibition activity of the SeNPs synthesized by the methanol extracts of C. roseus leaves expressed in pg of control/mL

Concentration of nanoparticle (ug) Sample Control
100 9.473+0.23 2.55+0.38
200 21.72+0.19 16.81+£0.32
300 29.75+0.73 34.9+0.17
400 46.10 £ 0.56 35.76 +0.39
500 55.69+0.21 39.31+0.69
ICso 477.48 pg/mL 569 pg/mL
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Fig. 7. The ferric reducing ability of the SeNPs synthesized by the methanol extracts of C. roseus leaves expressed in ug of ascorbic acid

equivalents (AAE)/mL. Values are expressed as mean + SD (n =3).

C. roseus leaves extract possesses active phytoconstituents,
which are good reducing agents, has helped in the preparation of
thermodynamically stable aqueous SeNPs. Aqueous SeNPs has
higher radical scavenging activity and antimicrobial activity.
Aqueous SeNPs are nontoxic and as has antidiabetic potential
which was estimated through alpha amylase activity. As the
SeNP are low toxic and have bioavailability they can be used as
nutraceuticals. Since the synthesis of SeNPs are done through
green synthesis method scalability and reproducibility is the
major challenge.
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