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Abstract

Evolutionary changes in microorganisms, in response to the current environment, can contribute generically to adaptations
that have harmful effects on human welfare. Antibacterial resistance is one of the results of genetic and evolutionary changes
in microorganisms. Many bacteria have developed resistance to antibiotics. Recently, most researchers have been focused on
overcoming this problem, relying on nanoparticle-based drug delivery. In this study, our aim is to synthesize silver-doped
fucoidan nanoparticle using Tridax procumbens plant leaf aqueous extract and examine their biological efficacy. We synthe-
sized silver-doped fucoidan with the aqueous extraction of Tridax procumbens using the titration method. The synthesized
nanoparticles were characterized, including UV-spectroscopy, SEM, FT-IR, EDX, and XRD. Furthermore, we assessed the
efficacy of the nanoparticles in terms of antioxidant activity using the DHHP assay, anti-inflammatory activity using the
protein degradation assay, and antibacterial activity using well diffusion method. Our result revealed that the synthesized
nanoparticles were doped with Ag>* in fucoidan using the plant extract. We observed a peak at 390 nm in the UV-spectra
analysis, indicating the presence of silver nanoparticles. Further analysis, like SEM, FT-IR, EDX, and XRD showed the
nanoparticle characterization. Moreover, these nanoparticles demonstrate good antioxidant and anti-inflammatory activity.
Additionally, the nanoparticles exhibited antimicrobial activity against antibiotic-resistance bacteria. Finally, our synthesized
silver-doped nanoparticles mediated by an aqueous extract of Tridax procumbens show potential in therapeutic aspects for
bacterial infection.

Keywords One pot synthesis - Fucoidan - Silver nanoparticles - Tridax procumbens - Antibiotic resistance bacteria -
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1 Introduction capabilities [1]. Moreover, metal ions (Ag, AU, Zn, Mn, Ti)
and their oxide nanoparticles have demonstrated excellent

Nanotechnology and its allied disciplines are expanding  mechanistic action in various fields. Conventional methods

fields of research, due to its myriad applications in engineer-
ing, medicine, and sensors technologies. The surface mor-
phology, shape, and size of the materials govern their electri-
cal, photonic, catalytic, photocatalytic, and physicochemical

P< Muthupandian Saravanan
bioinfosaran @ gmail.com

Saveetha Medical College and Hospitals, Saveetha Institute
of Medical and Technical Sciences, Chennai, India

AMR & Nanotherapeutics Lab, Department

of Pharmacology, Saveetha Dental College and Hospitals,
Saveetha Institute of Medical and Technical Sciences,
Chennai 600 077, India

for synthesizing silver nanoparticles are highly expensive
and pose risks to the both human health and the environ-
ment. Notably, the green chemistry procedure for synthe-
sizing metal and metal oxide nanoparticles was specifically
developed to minimize environmental toxicity and eliminate
pollution [2]. The plant-based synthesis of silver nanopar-
ticles is eco-friendly and demonstrates potential biological
activity [3]. The utilization of plants as bio reductants for
the green synthesis of silver nanoparticles has gained more
attention compared to other biological sources, primar-
ily due to their incorporation of bioactive compounds in
nanoparticles acting as capping agents [4]. Nanomedicine
is an application for diagnostic and therapeutic purpose, as
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nanoparticles often serve as carriers for visualization and
therapeutic compounds, enabling more targeted administra-
tion [5]. This capability expands the potential uses of these
particles in various scientific and technological domains,
such as catalysis, sensing, and medicine. In recent years,
silver nanoparticles have gained recognition for their broad
spectrum and significant biological assessments, including
anti-oxidant, anti-inflammatory, antimicrobial, and antican-
cer activities [6].

Tridax procumbens a perennial plant belonging to the
Asteraceae family, possesses multiple healing properties,
particularly in the treatment of injury wounds, owing to
its dose-dependent prohealing properties [7]. This plant is
commonly found in the tropical areas of the Americas [8].
T. procumbens is a beneficial source for making foods and
drinks that can be used to treat bacterial infections, oxidative
stress, and antihyperuricemia [9]. Abundant classified sec-
ondary metabolites present in this plant exhibit high phar-
macological activities, commonly employed in traditional
treatment [10]. The phytocompounds of the plant may pos-
sess metal reducing properties, making it suitable for syn-
thesizing silver nanoparticles to enhance biological efficacy.

Additionally, to improve the antioxidant and anti-inflam-
matory properties of silver nanoparticles, polysaccharides
are doped into them. Due to their biological features, mac-
roalgal polysaccharides such as fucoidan found in several
species of brown seaweed have garnered interest. Despite
the chemical richness and diverse range of compounds with
promising anti-oxidant, anticancer, anti-inflammatory, and
anti-microbial activities found in brown sea weed (marine
algae) [11]. Fucoidan, a polysaccharide predominantly made
up of L-fucose and sulfate groups, has potent antioxidant
activities, aiding in the neutralization of damaging free radi-
cals and protecting cells and tissues from oxidative damage
caused by oxidative stress, which has been associated with
a variety of chronic diseases [12]. Furthermore, fucoidan
has anti-inflammatory properties by hindering the genera-
tion of pro-inflammatory substances and modifying immune
cell activity, making it a promising therapeutic agent for the
treatment of inflammatory illnesses and diseases [13]. In
this work, we approach the one pot synthesis of fucoidan
doped with silver nanoparticles using a Tridax procumbens
and evaluate their antioxidant, anti-inflammatory, and anti-
bacterial assessment.

2 Materials and methods
2.1 Materials
Silver nitrate (AgNo;) and fucoidan (Fu) were purchased

from Loba Chemie Pvt. Ltd. Nutrient agar, Mueller—Hinton
agar (MHA) and diclofenac sodium was purchased from
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Hi-Media (Mumbai, India). Four bacterial cultures (methi-
cillin-resistant Staphylococcus aureus (MRSA), E. coli,
Pseudomonas aeruginosa, and Enterococcus faecalis) were
obtained from the Department of Microbiology, Saveetha
Medical College.

2.2 Sampling

Tridax procumbens leaves were collected in Poonamallee,
Chennai, Tamil Nadu, and Dr. N. Siva, Assistant Professor,
Department of Botany, Raja Doraisingam Government Arts
College Sivagangai, Tamil Nadu, authenticated the sample’s
taxonomic identification.

2.3 Extraction

The Tridax procumbens leaves were rinsed three times using
distilled water and air-dried. The dried sample was ground
to powder 10 g of Tridax procumbens powder were added
to 200 mL of distilled water and solution was boiled for 30
to 1 h. The solution was filtered using Whatman No. 1 filter
paper and the extract was stored at 4 °C for further use.

2.4 Synthesis of Ag-Fu NPs

One pot synthesis was performed by the following proce-
dure, an aqueous extract of Tridax procumbens was taken
in a conical flask, 25 mM of silver nitrate (AgNO3) was
taken in one burette and another burette was taken 25 mM
of fucoidan using the titration method. The silver nitrate
and fucoidan were added dropwise to the plant extract. The
mixture was kept in an orbital shaker for overnight incu-
bation. Color changes were observed from dark black to
brown after incubation. Further, the solution was centrifuged
at 4500 rpm for 30 min, and the pellet was separated and
washed with distilled water and centrifuged at 4500 rpm for
30 min. After centrifugation, the pellet was collected and
kept in hot air oven at 60 °C for 24 h. Finally, it was stored in
an airtight container at room temperature for further studies.

2.5 Characterization

The physicochemical properties of the nanoparticles deter-
mine their efficacy, bio-distribution and mechanism; thus,
it is important to characterize the Tridax procumbens-
mediated Ag-Fu NPs to assess the functional aspects of the
synthesized nanoparticles and utilize of various analytical
techniques, such as a UV-vis spectrophotometer (Thermo
Scientific Evolution 600), to obtain optical characteristics
nanoparticle production with 1 cm quartz cuvettes in the
200-800 nm range. A Bruker FT-IR spectrophotometer
was used to conduct a Fourier transform infrared (FTIR)
spectroscopic investigation in the range of 4000-400 cm ™!
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to examine the function of several biomolecules that act
as stabilizing agents in the production of Tridax procum-
bens—mediated Ag-Fu NPs. The abundance of diffraction
peaks resulting from the reflection of X-ray radiation on
particles represents the phytochemicals characteristics of
the crystal lattice. The analytical technique called X-ray
diffraction (XRD is utilized to qualitatively identify active
chemicals; resolve different molecules, determine isomor-
phous substitution; and assess particle size. The surface
morphology of the synthesized Tridax procumbens—medi-
ated Ag-Fu NPs was examined using scanning electron
microscopy (SEM) (JSM-7001F, JEOL, Tokyo, Japan)
operating at an accelerating voltage of 20 keV. Energy
dispersive X-ray (EDX) spectrometer (JSM-7001F, JEOL,
Tokyo, Japan) was used for the analysis of the elements
present in the silver-doped fucoidan nanoparticles.

2.6 Biological assessment
2.6.1 Agar well diffusion method

Antibacterial activity was performed by the well diffu-
sion technique and inhibitory zone of Tridax procum-
bens—mediated Ag-Fu NPs against four bacterial strains
namely, Escherichia coli, Pseudomonas aeruginosa,
methicillin-resistant Staphylococcus aureus, and Ente-
rococcus faecalis was observed. The respective bacte-
rial strains were grown in MH broth for 18 h at ambient
temperature and turbidity was adjusted to 0.5 McFarland
standard. MHA plates were prepared by dissolving media
in 300 mL of distilled water and autoclaving. Later, the
plate was swabbed with the strains. The well was punched
with the sterile tips and filled with the Tridax procum-
bens—mediated Ag-Fu NPs at various concentrations
(10-50 pg/mL) and streptomycin as a control. The plates
were incubated for 24 h, and the inhibitory zone was
measured.

2.6.2 Antioxidant activity

To analyze the antioxidant activity of Tridax procum-
bens—mediated Ag-Fu NPs using a DPPH radical scav-
enging assay. The procedure was carried out on a 96-wells
microtiter plate. Add a DPPH solution to each well. Then
each well was added with Ag-Fu NPs at (10-50 pg/mL) at
different concentrations and without nanoparticle served
as the blank. Preparation of the of standard was carried
out by using ascorbic acid (10-50 pg/mL). The plate was
incubated in a dark room for 30 min. Record the absorb-
ance at the 517-nm wavelength using a microplate reader.

2.6.3 Anti-inflammatory activity

To analyze the anti-inflammatory activity of Tridax procum-
bens—mediated Ag-Fu NPs an albumin denaturation assay
was performed on the microtiter plate. Add a 1% BSA to
each well. 10 to 50 pg/mL concentrations of Tridax procum-
bens—mediated Ag-Fu NPs were added to the well, without
nanoparticle serving as a blank. Further, another well incu-
bates the 1% BSA and diclofenac sodium serves as a stand-
ard. The solution was kept in the incubator for 15 min at
room temperature and incubated for another 20 min at 55 °C.
After complete incubation, the absorbance was measured
at 660 nm, and the percentage of inhibition was calculated.

3 Result
3.1 Synthesis of Ag-Fu NPs

The one pot synthesis of the silver nanoparticles with the
aqueous extract of Tridax procumbens. The black to brown
color changes in solution indicate the formation of Ag-Fu
nanoparticles using the Tridax procumbens shown in Fig. 1.

3.2 Characterization of Tridax procumbens-
mediated Ag-Fu NPs

3.2.1 UV-Vis spectroscopy

Using UV-Vis Spectroscopy the plasma resonance peak
level of absorbance wavelength was noted, and the highest
peak level of absorbance was noted to be 390 nm, as shown
in Fig. 2. Thus, the presence of Ag-Fu NPs was confirmed.

3.2.2 FT-IR

The functional groups of the Tridax procumbens—mediated
Ag-Fu NPs were identified using a Bruker FTIR spectro-
photometer. The analysis showed more than four functional
groups in the synthesized Tridax procumbens—mediated
Ag-Fu NPs in the wavelength range of 1000-3500 cm™".
The functional groups and the chemical bonding were
represented in the following: the most significant val-
ues are 1049.47 cm™', 1211.53 cm™, 1633.44 cm™, and
2341.86 cm™ . Functional groups like C-O—-C, C—C, (-OH),
and nitrile groups correspond to these peaks (Fig. 3).

3.2.3 X-ray diffraction analysis
X-ray diffraction technique is used to find out the crystalline
and amorphous nature of the respective nanoparticles. Syn-

thesized Tridax procumbens—mediated Ag-Fu NPs demon-
strate more crystalline (72.1%) and less amorphous (27.9%)
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Fig. 1 Overview of synthe-
sized Ag-Fu NPs from Tridax
procumbens
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characteristics as a result of our study (Fig. 4). Thus, the
crystalline structure of the Tridax procumbens—mediated
Ag-Fu NPs we generated is highly stable.

3.2.4 Scanning electron microscopy
Two different magnifications (1 pm and 100 pm) of the

SEM showed the spherical to irregular shape of the Tridax
procumbens—mediated Ag-Fu NPs, average particle size of
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the agglomerated nanoparticles was found to be 80—150 nm
(Fig. 5), which confirmed the presence of the Tridax procum-
bens—mediated Ag-Fu NPs.

3.2.5 Energy dispersive X-ray analysis
EDX analysis determined to identify the composition of

the elements present in Tridax procumbens—mediated
Ag-Fu NPs. The results of the EDX spectra for the Tridax
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Fig. 3 Fourier transformed
infrared spectra of synthesized
Tridax procumbens mediated
Ag-Fu NPs with more than four
functional groups between the
1000 and 3500 cm™ range
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procumbens—mediated Ag-Fu NPs show that Ag, O, and C
signals were observed at 58.7, 12.9 and 5.9 keV respectively.
This confirms the anchoring of Ag on the surface (Fig. 6).

3.2.6 Antibacterial efficacy of Tridax procumbens-
mediated Ag-Fu NPs

Antibacterial activity of the Tridax procumbens—mediated
Ag-Fu NPs was performed against methicillin-resistant
Staphylococcus aureus (MRSA), E. coli, Pseudomonas aer-
uginosa, and Enterococcus faecalis, and the inhibition zone
was measured, respectively (Fig. 7). The zone of inhibition
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was given in detail in Table 1. When compared with the
positive control for 80-pL. concentrations, 15 mm, 13 mm,
23 mm, and 20 mm of inhibition against methicillin-resistant
Staphylococcus aureus, E. coli, Pseudomonas aeruginosa,
and Enterococcus faecalis respectively.

3.2.7 Antioxidant activity
The graphical representation of synthesized Ag-Fu NPs

showed 97.28% of maximal antioxidant activity at 50 pg/
mL of concentrations, when compared with the standard
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Fig.5 SEM images of Tridax
procumbens—mediated Ag-Fu
NPsin 1 pm and 100 pm
magnification with spherical to
irregular shape

1um scale

100nm scale

Fig. 6 EDX analysis of Tridax procumbens—mediated Ag-Fu NPs with various elemental compositions

ascorbic acid (93.01%), 53% of moderate activity at 30 pg/
mL, and 49.6% of minimal activity at 10 pg/mL (Fig. 8).

3.2.8 Anti-inflammatory activity

The synthesized Tridax procumbens—mediated Ag-Fu NPs
exhibited 85% of anti-inflammatory activity at 50 pg/mL
concentration when compared to the standard drug (72.63%).
At a concentration of 30 pg/mL, the Ag-Fu NPs showed 50%
and minimum activity was found in 10 pg/mL with 48.39%
activity (Fig. 9).

4 Discussion
In our present study, we synthesized Ag-Fu NPs using

Tridax procumbens as reducing agent. The color changes
of nanoparticles are, due to the surface plasmon resonance

@ Springer

(SPR). Previous studies showed the change from green to
yellowish brown color, in which trisodium citrate is used
as a reducing agent and silver nitrate as the initiator for the
synthesis process [14]. Another study found, evidence that
synthesizing the silver nanoparticles using carob leaf extract
(Ceratonia siliqua) showed the color change from watery to
yellow [15]. Similarly, in our observations, we noted black to
brown color changes in Tridax procumbens—mediated Ag-Fu
nanoparticles. These changes can be attributed to phyto-
chemicals such as terpenoids, polyphenols, and peptides,
which play a significant role as capping agents in binding
silver nanoparticles. Specifically, dipeptides are involved in
the binding of silver nanoparticles and also responsible for
the various pharmacological activities [14].

In UV-Vis spectroscopy, the absorption of the nanoparti-
cles depends on the particle size and chemical surroundings
[16]. It is also having the capability to identify the qual-
ity of the nanoparticles [17]. Another similar study showed



Biomass Conversion and Biorefinery (2024) 14:9887-9896

9893

Fig.7 Antibacterial activity of
Tridax procumbens—mediated
Ag-Fu NPs against the bacterial
pathogens

Pseudomonas aeruginosa

Escherichia coli

Enterococcus faecalis

Table 1 Zone of inhibition by

. . SI. No Bacterial pathogens Concentration (pg/ml)
Tridax procumbens—mediated
Ag-Fu NPs against the 20 40 60 80 Streptomycin (10)  Dil. water
respective bacterial pathogens
1 Methicillin resistant I5Smm 16 mm 16mm 17mm 28 mm -
Staphylococcus aureus
(MRSA)
E. coli 10mm 1lmm 12mm 13mm 17 mm -
3 Pseudomonas aeruginosa 17mm 18mm 20mm 23 mm 28 mm -
Enterococcus faecalis ISmm 17mm 18mm 20mm 25 mm -
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Fig.8 Antioxidant activity of Tridax procumbens—mediated Ag-Fu
nanoparticle

Fig.9 Anti-inflammatory activity of Tridax procumbens—mediated
Ag-Fu nanoparticle
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the recorded peak absorbance value at 485 nm [18]. When
compared with our study, which showed 390 nm. However,
in comparison with the peak of absorbance confirmed the
presence of Ag-Fu NPs.

The application of FT-IR is used to investigate the sur-
face chemistry of synthesized metal nanoparticles and
observe the presence of biomolecules, and the chemical
bonding of the various functional groups in the process
of nanoparticle synthesis [19]. A similar study performed
for the synthesis of silver nanoparticles showed peaks at
2919.48 cm™', 1693.57 cm™, 1547.31 cm™', 1387.63 cm™',
and 1179.82 cm™'. The absorption peaks observed at
1002.73 cm™! in the spectrum of Ag NPs are attributes of
the stretching vibrations of aliphatic amine (C-N) bonds.
These peaks indicate the presence of Tridax procumbens,
which is responsible for the reduction and stabilization of
silver nanoparticles. Additionally, the spectrum also shows
prominent peaks at 3309.03 cm™! and 1637.3. cm™!, which
are associated with the functioning of reduction and stabili-
zation processes [20]. When compared with this study simi-
lar functional groups (C=0O) were identified. The crystalline
and amorphous nature of the nanoparticle determines the
binding and penetration of the nanoparticle on the surface of
the pathogen. This technique is primarily used for analyzing
atomic spacing and crystal structure of nanoparticles [21].
A similar study showed that XRD peaks observed in the
crystalline structures of the synthesized silver nanocrystals
specifically several Braggs peaks at 20, 38.06, 44.32, 64.58,
and 77.3 correspond to the (111), (200), (220), and (311)
planes of the face-cantered cubic structure of silver, indi-
cating the signature peaks for the biosynthesized Ag NPs
[22]. Through this overall comparison, the crystalline and
amorphous characteristics of the Ag-Fu NPs are confirmed.

The SEM is used to analyze the nanoparticle size, shape,
and distribution characteristics which confirm the presence
of the specific nanoparticle. A similar study for the green
synthesis of silver nanoparticles showed the same spherical
to irregular-shaped nanoparticles; the average diameter of
the NPs is 3.8+ 1.1 and 9.1 +2.9 nm. It also indicates that
the higher concentration of AgNO; is responsible for the
larger quantity of nanoparticles of silver [23]. Thus, com-
paring these studies, it can be concluded that the volume of
nanoparticles production indirectly depends on the initiative
material concentration. The existence of the Tridax procum-
bens—mediated Ag-Fu NPs can be confirmed by these EDX
spectra. Similar study on the synthesis of silver nanoparticles
with the natural extracts of various plants Viscum album,
Salvia officinalis, and Aegopodium podagraria showed the
peaks of elemental composition in which the presence of Ag
nanoparticles (2.62, 2.98, 3.14, 3.34, and 3.50 keV) along
with some impure compounds (Na, K, Ca, Al, Si) [24]. Thus
in our study, the Tridax procumbens—mediated Ag-Fu NPs
are present with less amount of impure components.
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In relevant to the study of bio-synthesis of silver nanoparti-
cles from leaf extracts of Cleistanthus collinus showed poten-
tial activity and exhibited zone of inhibition, 17 mm against
Staphylococcus aureus and 21 mm Pseudomonas aeruginosa
[25]. Similar study of antibacterial activity revealed that green
synthesis of Ag NPs with T. procumbens showed antibacterial
activity against both Gram-negative and Gram-positive bacte-
rial strains. and its results shows that the zone of inhibition was
found to be 8.78-10.31 mm at 50-100 pg/mL concentration
for Bacillus subtilis and Klebsiella pneumoniae, respectively
[18]. Another antibacterial study of silver nanoparticle against
E. coli showed 11 mm zone of inhibition [26]. One more simi-
lar green synthesis study of silver nanoparticles leaf extract of
Trigonila foenum-graecum showed 16.8 mm zone of inhibition
at 50 pg/mL concentration against Pseudomonas aeruginosa
[17]. Similarly, our studies revealed that Tridax procumbens
mediated Ag-Fu NPs showed significant antibacterial activ-
ity against the multidrug-resistant bacterial pathogens. Anti-
oxidant compound has the ability to decrease the quantity of
reactive oxygen species (ROS). The anti-oxidant activity of
Fucoidan is determined by the sulfate polysaccharides struc-
tural modification and over sulfation because of strong posi-
tive correlation between their sulfate content and biological
activity [27]. Similar studies have shown Ag NPs exhibited
significant radical scavenging activity and demonstrated does
dependant inhibition properties. The inhibition rate showed an
increase with higher concentration [28]. Comparing with other
similar study of F. vesiculosus with silver and gold nanopar-
ticles showed the antioxidant activity of 10+0.001 for 95 pg/
mL [29]. Another study of biosynthesized silver nanoparti-
cle showed antioxidant activity of 50.66-98.53% in a dose-
dependent manner at concentrations of 10-450 pg/mL [30].
This is in a line with our study which showed inhibition of
highest concentration 500 pg/mL of the A. tribuloides root
extract was 47% and greenly synthesis of Ag NPs was 64%
[31]. Comparison with all these, our study has significant anti-
oxidant activity of 97.28% at 50 pg/mL concentration. The
inflammatory response plays a major role in the wound healing
process [30]. When compared with the study of silver nano-
particles synthesis with A. tribuloides root extract showed 69%
at highest concentration of 500 pg/mL. Thus, when compared
with this study, our study showed significant anti-inflamma-
tory activity of 85% at 50 pg/mL concentration. Our synthe-
sized one spot synthesized silver doped with fucoidan using
Tridax procumbens has high biological efficacy.

5 Conclusion

We concluded that the eco-friendly synthesized Tridax
procumbens Ag-Fu NPs have antioxidant and anti-inflam-
matory activity. Moreover, we suggest that silver-doped
fucoidan nanoparticle mediate Tridax procumbens has
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potential to inhibit the growth of antibiotic-resistance bac-
teria, including methicillin-resistant Staphylococcus aureus,
E. coli, Pseudomonas aeruginosa, and Enterococcus fae-
calis. We need further analysis and clinical trials to bet-
ter understand the mode of action of nanoparticles against
pathogenic bacteria.
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