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Abstract

Silver nanoparticles (SNPs) were synthesized by using an aqueous extract of the green
seaweed Chaetomorpha antennina. Synthesized SNPs were characterized by UV-Visible
spectroscopy, FTIR, XRD, FESEM, EDAX, and DLS with Zeta potential techniques. The
formation of SNPs is confirmed by the appearance signatory brown color of the solution and
a characteristic peak at 452 nm in the UV-Vis spectrum. FTIR spectrum indicated 11 intense
peaks with different functional groups in capping the nanoparticles. The SNP lattice is
unaffected by other molecules in the algal extract, as revealed in the XRD pattern, and the
average size was 21 nm according to the full width at half minimum. FESEM images
revealed that the synthesized SNPs are spherical in morphology, with sizes ranging from
69.99 to 99.19 nm. The EDX result indicates that Ag-NPs display an absorption peak at 3
keV shows the presence of the silver element. The obtained zeta potential value of SNPs
through the DLS method was —27.4 mV. The seedling growth was positively affected by a
specific concentration of SNPs. In the antioxidant activity, the IC50 value was 384.13
pg/mL. The SNPs react with earthworm Lampito mauritii in the mortality rate of 25 % and
100 % for 3 min.
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1. Introduction

Studying and utilizing extremely small things is the basis of nanotechnology and
nanoscience, which can be applied to many other fields. The green synthesis of
nanoparticles from plant sources might be one of these interventions [1]. Many
nanotechnologies are used, ranging from traditional chemical applications to medical and
environmental technologies [2]. AgNPs have contributed to a wide range of applications,
including drug delivery [3], ointments, nanomedicine [4], agriculture, cosmetics [5],
textiles [6], food industry, photocatalytic organic dye-degradation activity [7],
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antioxidants [8], and antimicrobial agents [9]. Further, the green synthesis of nanoparticles
is also regarded as eco-friendly and cost-effective due to the small number of harmful
chemicals released into the environment [10]. Plant-mediated synthesis of nanoparticles is
a comparatively underexploited field and are recently receive ample attention compared to
microorganism-assisted synthesis. By using various plant extracts, AGNPs have been well
synthesized [11-15]. All these researches are confined to land plants, but only restricted
reports are accessible to synthesize nanoparticles from marine plants [16-19]. Noteworthy
secondary metabolites with therapeutic values are produced by marine macroalgae
[20,21].

Seaweeds are large marine macroalgae that are multicellular and macroscopic.
Marine algae are an immensely assorted diversified group of aquatic plants comprising a
few thousand species. Seaweeds have bioactive principles with a tremendous health
perspective. Several chemically novel compounds of marine origin with various
bioactivities have been isolated, and many of them are under investigation and/or being
developed as new pharmaceuticals [22-25]. Around 2400 marine natural bioactive
compounds were distinguished as secondary metabolites isolated from seaweeds of
subtropical and tropical populations with a broad range of biofunctional properties. As an
effect of a growing call for biodiversity in the screening applications looking for healing
drugs from herbal products, there is increasing attention in marine organisms, particularly
marine algae. Screening of seaweeds for pharmaceutical activities and bioactive
components is pretty imperative. Many drugs are synthesized from marine seaweeds
beneficially by pharmaceutical industries. There is an ever-increasing demand and need
for new bioactive drugs to control many malignant tumors.

Chaetomorpha antennina is a green alga coming under the family Cladophoraceae.
This species in the genus is made up of macroscopic filaments of cylindrical cells. The
genus is characterized by its unbranched filaments, making it distinctive. The biological
activities of C. antennina are antibacterial [26], antiplasmodial [27], and antioxidant
activity [28] etc. This species is rich in phytoconstituents like alkaloids, steroids, cardiac
glycosides, and saponins [29]. Chaetomorpha, also known as Spaghetti algae or green hair
algae, is a macroalga for a refugium. Chaetomorpha assimilates nitrate and phosphate
from refugium and grows fastly. It also chelates heavy metals like copper and zinc in a
water-based solution. It contains a heparin-like polysaccharide. Chaetomorpha has the
potential to be used as an antibacterial agent [30]. Based on our literature search, there has
been no evidence of silver nanoparticles studies in C. antennina. The present research
work relied on the collection, identification, green synthesis, and Characterization of
silver nanoparticles and their seed germination activities, earthworm toxicology, and
antioxidant activity of green algae Chaetomorpha antennina (Bory de Saint-Vincent)
Kutz.
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2. Materials and Methods
2.1. Collection and identification

The fresh seaweed Chaetomorpha antennina (Bory de Saint-Vincent) Kutz. was collected
from the Kanyakumari coast, Tamil Nadu, South India. The samples were brought to the
laboratory in polythene bags and cleaned thoroughly with fresh water to remove adhering
debris and associated biota. The algae were identified and authenticated by Botanical
Survey of India, Southern region, Coimbatore 641013 with the letter-number
S1/SRC/5/23/2014-15/Tech/851 dated 22nd August 2014 was dried in the shade at room
temperature for further use (Fig. 1).

Fig. 1. Chaetomorpha antennina- Habit.
2.2. Preparation of seaweed extract

The seaweed C. antennina was washed thoroughly with Milli Q water to remove
extraneous materials, and the log of the washed seaweed was finely cut into small pieces
and stirred with 100 mL. The sterile Milli Q water for 1min and kept in a water bath at 4
°C for 20 min. Finally, the extract was filtered with Whatman no. 1 filter paper. The
filtrate is employed as a reducer and stabilizer.

2.3. Biosynthesis of silver nanoparticles (SNPs)

For the biosynthesis of SNPs, 50 mL aqueous seaweed extract C.antennina was mixed
with 50 mL of 1 mM AgNOj; solution stirred well for 1 min kept in a water bath at 60 °C
for 1 h, and incubated in the dark at normal temperature. By observing the change in color
of the solution, it can be determined that AgNO; was bioreduced into AgNPs.
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2.4. Characterization techniques
2.4.1. UV- visible spectroscopy analysis

The reduction process for the formation of SNPs in solution was monitored on a Perkin-
Elmer UV-VIS Spectrometer Lambda — 35 to know the Kkinetic behavior of the AgNPs.
The reaction of the solution was analyzed at different reaction times in the wavelength
ranges between 200 and 800 nm at a scan speed of 480 nm/min. The spectrophotometer
was equipped with "UV Winlab" software to record and analyze data. Baseline correction
of the spectrometer was carried out by using a blank reference. The UV-Vis absorption
spectra of extract SNPs were recorded, along with the resulting data recorded in graphical
format, headings were taken for all the concentrations mentioned. To study the effect of
time duration on SNP formation, the reaction solution was incubated at specific time
intervals of 0, 1, 6, 12, and 24 h for each of the concentrations.

2.4.2. Fourier transform infrared (FTIR) measurement

FTIR measurements were carried out to investigate and predict any physicochemical
interactions between different components in a formulation in the dried biomass of the
extract-treated with AgNO; to find out the compound responsible for the synthesis of
SNPs. FTIR measurements were taken for the SNPs synthesized after 0, 6, 12, and 24 h of
reaction. These measurements were carried using an FTIR PERKIN ELMER instrument
with a wavelength range of 4000 to 400 nm where the samples were incorporated with
KBr pellets to acquire the spectra. The obtained results were compared with shifts in
functional peaks.

2.4.3. X-ray diffraction measurement (XRD)

The phase evolution of C. antennina SNPs was studied by X-ray diffraction techniques
(Philips PAN Analytical, The Netherland) using Cu ka radiation. The Ag samples were
scanned in the 20 ranges 15 to 70°C range in continuous scan mode. The scan rate was
0.04/sec with 35 KV and 25 Ma generator voltage and current.

2.4.4. Microscopy field emission scanning electron microscopy

FESEM was used to characterize mean particle size, the morphology of the AgNPs,
FESEM produces clear images with spatial resolution down to 11/2 nm that are
electrostatically less distorted, i.e., 3 and 6 times better than conventional SEM. Smaller-
area contamination spots are often examined at electron accelerating voltages compatible
with energy-dispersive X-ray spectroscopy. High-quality images are attained with
minimal electrical charging of samples (voltages range is 0.5 to 30 kV). The powder
sample and freeze-dried sample of the SNPs solution were sonicated with distilled water;
a small drop of this sample was placed on a glass slide was allowed to dry. A thin layer of
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platinum was coated to form the sample conductive Jeol. JISM-6480 L VV FESEM machine
was operated at a vacuum for the order of 10-5 torr. The accelerating voltage of the
microscope was kept within the range of 10-20 kV.

2.4.5. Energy dispersive X-ray (EDX) analysis observation of SNPs

EDX was performed on the particles using JEOL-2100 high transmission electron
microscope to confirm Ag presence and identify other elementary compositions of the
particles. A minimal amount of the sample was drop-coated film and analyzed for the
composition of the synthesized nanoparticles.

2.4.6. Particle size (diffuse light scattering method- DLS) with Zeta potential analysis

A laser diffraction method with a multiple scattering technique was used to know the
particle size distribution of the sample. It was based on Mie-Scattering theory. A horn-
type ultrasonic processor (Vibronics, VPLPI) was used to disperse Ag powder in water to
determine particle size distribution. The data on particle size distribution was extracted in
Zeta sizer version 6.20 Mall 052893, Malven Instrument.

2.5. Applications
2.5.1. Seed germination assay

An experiment was made to evaluate the effect of seaweed extract, C. antennina SNPs on
the germinability of the candidate seeds Vigna unguiculata (L.) Walp, Vigna radiata (L.),
and Cicer arietinum (L.) in a completely randomized design with duplicates (as per ISTA
rules, 2014). The treatments in the experiment were taken in 25 %, 50 %, 75 %, and 100
% concentration of SNPs. This setup was kept at room temperature of 28 °C for 24 h. The
seeds were soaked for 15 min in 5 % sodium hypochlorite for surface sterilization and
then dipped in silver nanoparticles solution throughout the night. The control seeds were
soaked in normal tape water and kept overnight. Then, the seeds were placed on the filter
paper soaked with 5 mL SNP solution placed in the petriplates. The inoculated petriplates
were incubated at room temperature. After 12 h, germination halted, and the germination
percentage, mean germination time, germination index, relative root elongation, relative
seed germination, and germination rate were estimated. Germination parameters were
calculated using the following equations [31-33]. Germination percentage (GP %) =
(Gf/n) x 100 (1).

Where Ni is the number of germinated seeds until the ith day, Di is the number of days
from the start of the experiment until the ith counting, and n is the total number of
germinated seeds.

Germination Rate (GR) = X Ni/XZ Ti Ni (3)

where Ni is the number of newly germinated seeds at time Ti.GR = (a/1) + (b-a/2) + (c-
b/3) +.....+ (n-n-1/N) (4)
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Relative root elongation (E) =(Mean root length with NPs) / (Mean root length with
control) x100

Germination index (Gl) = (Relative seed germination) x (Relative root elongation) / 100
Where, Relative seed germination = (Seeds germinated with NPs) / (Seeds germinated
with control) x100.

Embryonic Axis Length (EAL) Study

The embryonic axis length, fresh and dry weight of the embryonic axis, and percentage
increase/decrease over the control germinated seeds of Vigna unguiculata (L.)
Walp, Vigna radiata (L.), and Cicer arietinum (L.) were calculated in 25 %, 50 %, 75 %,
and 100 % concentrated SNPs solution of seaweed extract C. antennina.

2.5.2. Toxicity study of earthworm

The seaweed extract C. antenninawas allowed to interact with earthworm Lampito
mauritii at 25 %, 50 %, 75 %, and 100 % concentrations of SNPs solution and incubated
at a room temperature of 28 °C. The time taken for the earthworm's mortality was noted
and tabulated. Methanol, ethanol, rectified spirit, and silver nitrate solution served as the
controls.

2.5.3. Antioxidant activity
2.5.3.1. 1, 1 Diphenyl 1-2-picrylhydrazyl free radical scavenging activity

The DPPH radical scavenging activity of different concentrations (100, 200, 300, 400, and
500 pg/mL) of algal extract and green synthesized SNPs of the seaweed extract C.
antennina sample was measured [34]. The test samples (100-500 MI) were mixed with 0.8
MI of Tris-HCI buffer (pH 7.4), to which 1 MI DPPH (500 mMin ethanol) was added. The
solution mixture was shaken vigorously well and kept for half an hour. A UV-Visible
spectrophotometer (UV-160A; Shimadzu Company) was used to measure the absorbance
of the resulting solution. Radical scavenging potential was expressed as IC50 value,
representing the concentration scavenged 50 % of the DPPH radicals. Scavenging activity
of DPPH radical was calculated using the equation, percentage inhibition = (A control-A
sample) x 100 A control where a sample is the absorbance of DPPH solution with the
sample; A control is a blank absorbance. Synthetic antioxidant ascorbic acid was used as a
positive control.

3. Results and Discussion

Seaweeds are one of the most natural, sustainable resources within the marine ecosystem,
contributing to food, feed, medicine, and sustainable development. It was estimated that
about 90 % of the species of marine plants are algae, and about 50 % of the global
photosynthesis is contributed from algae. The untapped biochemical compounds were
present in these seaweeds, which could be a possible source of drug leads within the
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future. India is a tropical South Asian country with around 7500 km of coastline area with
divergent habitats and rich biota. The Southwest coast of India is a unique marine habitat
crowded with varied seaweeds. Both intertidal and deepwater regions of the Indian coastal
areas having approximately 841 species of marine algae. As a consequence of the
increasing demand for biodiversity within the screening programs seeking curative drugs
from natural products, there is now a greater interest in marine organisms, particularly
algae. It is documented that many drugs are often prepared from marine sources, which
could profitably be utilized in pharmaceutical industries. There is a growing demand and
need for new bioactive drugs to control many malignant tumors.

The extract of C. antennina was green in color, but after adding AgNO3 solution and
incubated at room temperature, the color of the solution slowly changed into brown color.
The change in color and intensity confirmed the reduction of Ag into AgNPs. A change in
color could accompany a reduction in silver ions to silver nanoparticles. The synthesis of
SNP was confirmed by visual observations. The color of the SNP varies from light yellow
to golden brown based on the particle concentration in the mixture [35]. The color change
in the reaction mixture was due to the excitation of surface plasmon vibration in the metal
nanoparticles [16]. Many authors also reported time-dependent SNP production using
algae as bioreagents. In Brown algae Sargassum muticum and S. tenerrimum, the SNP
synthesis occurred within 20 min of reaction [36,37]. At the same time, S. wightii was
taken only 10 min for synthesizing of SNP [38]. All the previous report concluded that the
different exposure time is due to the different reducing agents. In the present study also
the seaweed C. antennina changed to brown color. Due to the release of excess
intracellular SNP or reduction of Ag ions by polysaccharides or enzymes secreted by algal
thallus [39].

3.1. UV-vis spectroscopy analysis of Chaetomorpha antennina

UV vis absorption spectrum of C. antennina SNPs is shown in Fig. 2. The obtained
spectrum was broad bell-shaped. The presence of many secondary metabolites in the
solution leads to plasmon resonance of silver appeared at 452 nm. The SNPs synthesized
was analyzed using UV-Vis spectroscopy to determine the characteristic of the peaks
spectrum of SNPs wavelength. Based on the shape and size of nanoparticles, the
characteristic of SNPs appears at a wavelength range of 400- 600 nm [40,41]. The
absorption peaks around 410-430 nm for the surface plasma resonance (SPR) indicated
nearly spherical-shaped SNP production. As per many kinds of literature, the SPR band of
SNP can appear at any position in between the range of 410-490 nm wavelength.
Generally, the position of the SPR band in UV-Vis spectra is based on the particle shape,
size, interaction with the medium, local refractive index, and the charge transfer between
particles and the medium. The SNPs absorption spectrum presents a maximum peaks
height around 420- 450 nm with a blue or red shift with an increase in particle size was
also reported [42]. In the present investigation, UV-Vis spectra of SNPs synthesized using
the C. antennina algal extract evidenced the blue shift of the observation band around 452
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nm. This information confirmed that these SNPs have formed in the extracts, where the
Ag+ has been reduced to Ag’. The presence of secondary metabolites and protein in the
extracts played a vital role in both the reducing and capping mechanism of SNP formation
[43]. The synthesized SNPs were highly stable, which was also confirmed by the zeta
potential study. The spherical-shaped SNPs synthesized from Ulva reticulata and
Enteromorpha compressa [44], Turbinaria conoides [45] exhibited intense peaks at 420
nm.
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Fig. 2. UV-vis spectroscopy analysis of Chaetomorpha antennina SNPs.

The results obtained through FTIR analysis of the SNP peak values spectrum profile
were illustrated in Fig. 3. The spectrum displayed 11 intense peaks at 3923, 3876, 3781,
3344, 2708, 2675, 2354, 2081, 1644, 1256 and 673 cm™ in the region of 4000 cm™ to 500
cm™. The absorption band at 3923, 3876, 3781, 3344, and 2708 cm™ correspond to
alcohol with O-H stretching. The peaks at 2675, 2354, and 2081 cm™ evidenced the
presence of carboxylic acid, carbon dioxide, and allen compounds with O-H, O=C=0, and
C=C=C stretching, respectively. The sharp peak at 1644 cm™ is mainly due to the N-H
band stretching vibrations of amines. The absorption bands at 1256 and 673 cm™
correspond to C-O stretching with functional aromatic ester and C-C bending of the
alkene, respectively. Jabamalar and Judia [30] studied the crude extract
of Chaetomorpha and analyzed it through FTIR. The absorption band at 3437 cm™
corresponds to OH stretching vibration of polysaccharides, and the intense peak at 1636
cm™ was equivalent to that of galectans. Similar results were obtained in the present FTIR
study with Chaetomorpha SNPs [30].
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Fig. 3. FTIR analysis of C. antennina SNPs.

3.3. XRD analysis of chaetomorpha antennina SNPs

The structural characterization of SNPs synthesized from C. antennina has been
performed by using XRD analysis. The typical XRD diffractogram obtained is shown in
Fig. 4. According to the data and diffractogram, there is six distinct reflections at
32.20°(18), 38.1°(34), 45°(19), 46.26°(14), 64.39°(18), and 72.4°(10). In addition to this,
ten unidentified peaks also appear in the XRD pattern. The typical XRD pattern showed
that the extract contained a mixture of cubic and hexagonal structures of SNPs. The
average SNPs size was 21 nm according to the peak's FWHM (full width at half
minimum). The XRD spectra indicate that the formation of SNPs is crystalline, and the
accumulation was formed due to the little action of stabilizing agent present in the algal
extracts [46]. According to the present observation, the formatted Ag had nanoscale
components and the calculated lattice constant, which is consistent with JCPDAS results
[471.
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Fig. 4. XRD analysis of C. antennina SNPs.
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3.4. FESEM study of chaetomorpha antennina SNPs

The size and shape of the green synthesized SNPs of C. antennina were studied by
FESEM. Fig. 5 indicates that the synthesized SNPs were spherical in morphology with a
size range from 69.99 to 99.15 nm. Among these, some SNPs were agglomerated. The
difference in size may be due to the availabilities of various quantities and the nature of
capping agents present in the sample. The FESEM image of C.antennina SNPs
represented the morphological characterization of biosynthesized nanoparticles. It
expressed the presence of high density, spherical and well-distributed SNPs synthesized
from the extract. At the same time, previous studies of C. antennina showed the presence
of high density, hexagonal, cubical SNPs with 256. 2 nm diameter [48].
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Fig. 5. FESEM image of C. antennina SNPs.
3.5. EDX analysis of chaetomorpha antennina SNPs

EDX analysis of SNPs obtained from C. antennina was performed for the confirmation of
silver nanoparticles. The EDX analysis confirmed the presence of silver in the SNPs. A
strong signal at 3 kev confirmed the presence of SNPs formation in the solution. The
presence of a strong signal for silver atoms in all samples specified the purity of particles.
The weak signals were observed for oxygen, sodium, magnesium, calcium, potassium,
silicon, carbon, and aluminum are due to the presence of various biochemical molecules
in the sample responsible for the SNPs synthesis (Fig. 6). The EDX analysis of
Chlamydomonas reinhardtii [49], Chaetomorpha sp. [50] confirmed the presence of
silver. A previous report found that carbon, oxygen, sulfur, potassium, sodium, and
chlorine are elements in a minor amount in Chaetomorpha [51]. The present study of
Chaetomorpha SNPs EDX analysis showed the presence of carbon, sodium, chlorine,
calcium, oxygen, magnesium, silver potassium.
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Fig. 6. EDAX report of C. antennina SNPs.
3.6. Particle size analysis of Chaetomorpha antennina SNPs

The DLS analysis of the C. antennina SNPs was presented in Fig. 7. The triplicate value
of synthesized SNPs are 78.87, 78.08, and 78.81 nm, and the average size is 78.58 nm.
The obtained zeta potential value of SNPs through the DLS method was —27.4 mV (Fig. 7
and Table 1). It is within the normal range (-20 to -30 mV), which indicates the stability
of SNPs due to the electrostatic repulsion. Zeta potential is an essential factor in knowing
the surface change of nanoparticles and projecting the stability of the synthesized SNPs.
The zeta potential values of nanoparticles greater than +25mV or greater than -25mv
typically have high degrees of stability. Generally, the normal range of zeta potential
stability is -20 to 30 mV. Similar results were obtained from C. antennina Ag
nanoparticles with a -31.4 mV zeta potential value [49]. This indicates the high stability of
SNPs; it may be due to the more repulsive and attractive force that arises between
nanoparticles [52]. A similar observation has also been reported for green synthesized
SNPs of Gracillaria cortica with a zeta potential value of -26.2 mV [53].

Zeta Potential Distribution
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Fig. 7. Zeta potential of C. antennina SNPs.
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Table 1. Summary of Zeta potential analysisof C. antennina SNPs.

Record Countrate Z-Potential Mean Area  St.Dev Z- Deviation Conductivity
No. (kcps) (mV) (mV) (%) (mV) (mV) (mS/cm)

1 270.9 -27.4 -27.4 100.0 175 17.5 0.349

3.7. Effect of Chaetomorpha antennina SNPs on seed germination potential

The SNPs obtained from C. antennina at different concentrations (25, 50, 75, 100 %) were
used to study the seed germination potentials of Vigna unguiculata (L). Walp, Vigna
radiata (L). R, Wilczek and Cicer arietinum L. A significant enhancement in germination
percentage was noticed in all SNP concentrations against control for V. unguiculata. Here
the percentage increase over control was +50.0, +33.33, +66.66 and +33.33 against 25, 50,
75 and 100 % SNPs concentration respectively. For V. radiata the highest germination
percentage (100 %) was observed at 50 % SNP concentration against control (80 %). The
increase in percentage over control was +25. The other SNPs concentrations (25%,
100%), also increased the seed germination percentage over control (+12.5, +12.5).
However, there is no increase in seed germination percentage at 75 % SNP concentration
compared to control (Table 2 and Fig. 8). The highest germination rate for Cicer
arietinum seeds was 80 % observed with exposure to 100 % SNP concentration with an
increase over control +60 %. The second best germination rate was observed at 75 % SNP
concentration with 70 % germination and +40 % increases over control (Table 2 and Fig.
8). The control germination rate was 50 %. In previous studies, it had been reported that
Sargassum cinctum seaweed-mediated SNPs had a positive and friendly effect and
enhanced the growth of seedlings as well as seed germination percentage of Abelmoschus
esculantus [48]. In the present study also C. antennina SNPs exhibited a positive effect on
V. unguiculata, V. radiate, and Cicer arietinum seed germination. In comparison to water,
biosynthesized SNPs showed a better effect on seed germination, which may be due to the
availability of biochemical components, minerals, and antioxidants in the algal extract
used to synthesize SNPs [48]. The SNPs synthesized from Amphiroa anceps also
increased the seed germination percentage 75 % and 80 % in Abelmoschus esculentus and
Raphanus sativus seeds, respectively [54]. The enhanced seed germination might be due
to the efficient water, and nutrient uptake by the SNPs treated seeds, as the SNPs can
penetrate the seed coat and may activate the embryo. The penetration of SNPs causes
many new pores that remain helpful in absorbing nutrients efficiently and leads to fast
germination [55,56]. This agrees with the study of Kingslin and Ravikumar [57] in Padina
tetrastromatica SNPs role on seed germination.



A. Kingslin et al., J. Sci. Res. 14 (1), 343-362 (2022) 355

Table 2. Seed germination assay of C. antennina SNPs.

Algae name Plant name  Concentration  Germination Increase/Decrease over control
(%)
control 60
e BE e
A (0} +33.
unguiculata 75 0% 100 +66.66
100 % 80 +33.33
control 80
C Vigna 25 % 90 +12.5
aﬁtennina radiata 50 % 100 +25
SNPs 75 % 80 0
100 % 90 +12.5
control 50
25 % 60 +20
Cicer 50 % 50 0
arietinum 75 % 70 +40
100 % 80 +60
control 60

Sced Germination Assay - ligna radiate

SroEE———

Sced Germination Assay - Vigna unguiculata

Fig. 8. Seed germination assayof C. antennina SNPs.
3.8. Embryonic axis study

The results obtained from the different concentrations (25, 50, 75 and 100 %) of C.
antennina SNPs affect Vigna unguiculata, V. radiata, and Cicer arietinum EAL studies
were displayed in Table 3. The parameters like embryonic axis length (EAL), mean
percentage, increase or decrease of EAL over control, fresh weight (FWt) mean, dry
weight (DWt) mean, water content means. Percentage increase or decrease of DWt over
the control was tested and tabulated. The obtained results of Vigna unguiculata shows that
the EAL increased up to +12.57 % in the 50 % SNP concentration compared to control. In
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contrast, all other concentrations (25, 75 and 100 %) exhibited a decrease in the
percentage of EAL (-1.142, -13.14, and -26.85 %) over the control. The sample's DWt
expresses that the 50 % and 100 % SNP concentration only increases and 25 % and 75 %
decrease in DWt over the control. In Vigna radiata, EAL results explained that all the
concentrations did not increase the EAL over the control. The DW1 results indicate that
only 25% concentration increases (+31, +42 %), and all other concentrations did not show
any positive results over the control. For Cicer arietinum, the results showed all the SNPs
concentration enhanced EAL as well as DWt. The data of EAL increase was +49.47,
37.89, 38.94, and 37.89 and DWt +12.30, +19.84, +24.20 and +22.61 over the control
against 25, 50, 75 and 100 % SNP concentration respectively (Table 3). EAL study of
Vigna unguiculata and V. radiate exhibited a decrease in the EAL percentage over the
control against C. antennina SNPs up to -26.85 and -29.72 % respectively. It clearly
shows that SNPs have a toxic effect on embryonic axis development. This is in agreement
with the earlier study of SNPs on maize plants [58]. Whereas, in Cicer arietinum,
embryonic axis length increased against C. antennina SNPs up to +24.20 %. Regarding
DWt and FWt of the embryonic axis, a significant increase in the DWt over the control
was noted in Vigna unguiculata, Cicer arietinum, and 25 % SNP concentration. A
decrease in the higher concentration of SNPs against DWt and FWt of embryonic axis in
V. radiate may be due to the toxic effect of SNPs on embryonic axis length. Previous
studies on the biological effects of AgNPs revealed higher toxicity [59]. High
concentrations of silver ions can cause phytotoxic effects in several plants [60-62]. It is
known that the physicochemical properties of particles viz shape, size, surface coating,
and experimental conditions like concentration, time, method of exposure, and plant
spaces are the major factors that influence AgNPs toxicity and uptake in plants [60,63,64].
The effect of C. antennina SNPs on embryonic axis growth appeared to be not related to
the seed germination effect. Generally, the increase in seed germination percentage EAL
also increased.

But in some cases, the seed germination percentage is not related to EAL and DWt.
Similar results were obtained from the root length of corn, watermelon, and Zucchini
plants, inhibiting corn root length and positive results for watermelon and Zucchini plants
by SNPs [65]. Increased EAL with increased DWt over control agreed with a study in
Vicia faba [66] and Eruca sativa [67] root length. Similar results were obtained on the
Pennisetum glaucum plant, with higher seed germination in response to AgNPs, while
seeding root elongation was inhibited [68]. The increase in dry weight and fresh weight of
EAL in the present study was similar to that of corn, watermelon, and Zucchini plants
seedling fresh weight and dry weight [65].
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Table 3. Embryonic axis study of C. antennina SNPs

Algal Conc.of EAL % Increase/ FWt DWt  Water % Increase/

sample Plant name SNPs/ cm decrease of ¢ g g decrease of
mean mean EAL overC mean mean mean DWtoverC
control 3.5 0.150 0.062 0.088
Vigna 25 % 3.46 -1.142 0.169 0.063 0.106 -1.612
unguiculata 50 % 3.94 +12.57 0.197 0.068 0.129 +9.67
75 % 3.04 -13.14 0.152 0.062 0.09 0
100% 256 -26.85 0.172 0.067 0.105 +8.06
control  2.96 0.175 0.035 0.14
C. Vigna 25% 2.04 -31.08 0.140 0.046 0.094 +31.42
antennina radiata 50 % 2.06 -30,40 0.133 0.034 0.099 -2.85
SNPs 5% 224 -24.32 0.152 0.032 0.12 -8.57
100 % 2.08 -29.72 0.118 0.032 0.086 -8.57
control 1.9 0.585 0.252 0.333
Cicer 25% 2.84  +49.47 0.664 0.283 0.381 +12.30
arietinum 50 % 2.62 +37.89 0.627 0.302 0.325 +19.84
75 % 2.64 +38.94 0.706 0.313 0.393 +24.20
100 % 2.62 +37.89 0.656 0.309 0.347 +22.61

3.9. Antioxidant activity

The antioxidant activity of aqueous extracts of C. antennina algal SNPs and algal extracts
was evaluated using DPPH scavenging activity. The result of the DPPH assay and
graphical representation of SNPs and algal extract samples were presented (Table 4). In
both algal extract and SNPs samples, the DPPH values were increased in a dose-
dependent manner. The DPPH values of C. antennina algal SNPs and algal extract was
40.6, 45.0, 49.2, 51.5, 52.0 and 45.5, 45.7, 46. 8, 47.2, 50 % against the concentrations
100, 200, 300, 400 and 500 pg/mL respectively. The lowest 1C50 value was observed in
algal SNP extract 584.13 ug/mL, compared to algal extract alone (611.0 pg/mL ) (Table
4). The antioxidant activity of the nanoparticles is mainly due to the presence of organic
biomolecules, which act as a chelating agent during the synthesis of nanoparticles [69].

Moreover, studies revealed that the reasons for the free radical scavenging activity of
biosynthesized nanoparticles are the high surface-to-volume ratio [70,71]. It is believed
that the synthesized nanoparticle from natural compounds have much antioxidant activity,
and it is linked with the reduction of toxicity of the cells more efficiently. Further, these
flavonoids exist as glycosides, contain many phenolic hydroxyl groups [72]. Generally,
the Chaetomorpha sp. are have more amount of polyphenolic compounds [73,74]. The
presence of phlorotannins, bipolar hydrophilic polyphenolic compounds, which function
as a major antioxidant, helps the algae repel oxidative stress [75]. The antioxidant
potential of Chaetomorpha is mainly due to the presence of phenols and flavonoids [76].
The DPPH assay revealed the antioxidant activity 1C50 value 611.0 pg/mL in aqueous
crude extracts and 384.13 pg/mL for SNPs. These results were supported by the previous
studies that found higher antioxidant properties in external extracts [75-77]. Jebamalar and
Judia Harriet Sumathy [30] also confirmed the antioxidant activities of C. antennina
methanol extract and its polysaccharides.
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Table 4. DPPH radicalscavenging activity of C. antennina SNPs.

Algae Name ~ Components Concentration (ug/mL) / OD value

100 200 300 400 500 IC50
AgNPs 1274 1180 1090  1.039  1.029
anteﬁhina % 406 450 492 516 520 28413
e Extract 1170 1165 1141 1132 1074 .o
% 455 457 468 472 500 :
Control 2.148

3.10. Toxicology study of ten macro algal SNPs on Lampito mauritii (earthworm)

The Petridish filter papers study of C. antennina algal SNPs acute toxicity to earthworms
was conducted using four different concentrations of SNPs (25, 50, 75, and 100 %). There
was no death in the Petridish filter papers study of L. mauritii earthworms in control
maximum up to 120 min. However, the deaths occurred within 3 min of exposure to C.
antennina SNPs in the lower concentrations 25 % (Fig. 9). In this increase in
concentrations of SNPs decrease the death time of earthworms was observed. The death
time of solvent control methanol, sprit, ethanol, and AgNO; were 1.39, 2.05, 2.25, and 3
min, respectively.

The earthworm death time was noticed in the 25, 50, 75, and 100 % SNPs
concentration. Among these concentrations, earthworm death occurred within 3 min of
exposure at 25 % concentration, whereas in control, no death has occurred up to 120 min.
Furthermore, the dose-dependent death time was noticed, i.e., an increase in the
concentration decrease in the death time of earthworms. Previous report results also
explained the adverse effects of AgNP on the growth and proliferation of earthworms
[78]. But SNPs obtained from Mentha arvensis showed that lower concentrations did not
affect the growth and proliferation of earthworms [79]. Significant toxic effects of
earthworm in Petridish filter paper test and deaths occurred at all the tested heavy metal
concentrations [80]. In the present study, the death of earthworm occurred within 3 min of
incubation at a lower concentration. This might be due to the higher SNP concentration
(25, 50, 75, and 100 %). At the same time, the solvent control death time was 1.39, 2.05,
2.25, and 3 min against methanol, sprit, ethanol, and AgNOs, respectively. So, the present
result is equal to the Ag NO; death time of earthworms.

Fig. 9. Toxicology study of C. antennina SNPs.
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5. Conclusion

This study demonstrated the noteworthy recombination of AgNPs utilizing macroalgae
Chaetomorpha antennina aqueous extract. This AgNP production relied heavily on the
bioactive compounds found in the algae. Silver nanoparticles were confirmed by UV,
FTIR, XRD, FESEM, EDX, Zeta potential. The silver nanoparticles created this way do
not contain toxic reagents, making them a potential candidate for biomedical applications.
The synthesized silver nanoparticles by using C. antennina bioreagent is an eco-friendly
and cost-effective procedure with antioxidant activity.
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