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Abstract:
An aqueous extract of Tabebuia rosea has been employed to synthesize iron

nanoparticles (FeNPs) by engaging as a reducing agent. IONPs were characterized using UV-
spectrophotometer, FTIR, SEM, and EDX Analysis. Fourier transform infrared spectroscopy
(FTIR) probed FeNPs exhibited peaks at 2854 and 2926, respectively corresponding to the
following C-H stretches, 2850 cm1 (C-H of CH3, CH2, and CH, 2150-2300 cm). A change in
color signaled the reaction or the development of dark indicated the existence of FeNPs. By
using Blue light analysis, the greatest absorption peak (max) was identified to be at 395 nm.
SEM images have been utilized to observe FeNPs with widths spanning 10 and 100 nm.
Fe203-NPs have shown significant antimicrobial activity against Gram-positive bacteria B.
subtilis, with a zone of inhibition of 30 mm, However, Gram-negative strains E. coli and P.
aeruginosa with a zone of inhibition of 30 mm and 32 mm respectively. Similarly, Fe203-
NPs showed substantial good susceptibility towards the tested fungal strain Aspergillus niger
and Aspergillus flavus with the zone of inhibition 14 mm and 20 mm respectively for Fe203-
NPs compared to 12 mm for fluconazole (p < 0:05). Antioxidant activity of various
concentrations of IONPs were used (100-500 pg/ml). At the highest concentration (500
ug/ml), IONPs showed a potent DPPH radical scavenging of 89.92%, while standard ascorbic

acid showed 91.82% antioxidant activity.

Keywords: FeNPs, Tabebuia rosea UV-Vis, FTIR, XRD, SEM- with EDAX, antimicrobial

activity, antioxidant activity.
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Introduction

The claim of nanotechnology in science and know-how to create new nanoscale
materials is a swiftly mounting field [1]. Nanotechnology is an exciting research field in this
modern science and offering has been a wide variety of products such as nanoparticles,
nanorods, and nanotubes of varying dimensions. All these nano-sized products have different
specific roles. They vary in size and shape, chemical properties, crystalline, amorphous, and
solid states [2]. Various physical science and biological science approaches is the currently
used to synthesize metal nanoparticles [3, 4]. The biological synthesis encompasses three
steps in which stabilized NPs are synthesized, including the solvent used, an environmentally
eco-friendly reducing agent, and a non-toxic capping agent [5]. It is a clear reality that the
health hazards of nanoparticle exposure are slowly being understood and need to be
addressed quickly [6]. and their production and use are virtually uncontrolled [7]. Numerous
physical, chemical, biological, and hybrid methods are now available to synthesize different
types of nanoparticles. Green nanotechnology has received a lot of attention and encompasses
a variety of processes that reduce or eliminate harmful substances and rejuvenate the
environment [8]. Plant extracts typically contain glucose, terpenoids, polyphenols, alkaloids,
phenolic acids, and proteins involved in the reduction and stabilization of metal nanoparticles
[9]. It has been confirmed that the functional groups, such as -C-O-C—, -C-O—, -C=C—, and
—C=0-, present in the phenolic compounds can assist in the formation of metallic
nanoparticles [10]. Various types of iron/iron oxides (Fe/FeO/ FeO, NPs) have been
synthesized by using abstracts from plants and other parts such as roots, leaves, fruits,
flowers, barks, stems, and seeds. [11],[12],[13]. Plants have developed an array of defense
strategies (antioxidant systems) to manage oxidative stress. In these systems, there is a wide
variety of antioxidants, which are different in their composition, mechanism, and site of
action [14].

2. Materials and methods
2.1 Plant material and preparation of the extract

Preparation of H,O extracts. The H,O extracts were prepared using TRP extract. They
were collected and washed thoroughly with distilled water to ensure they were free of
contamination. Approximately 20 g of fresh bark was weighed and ground using a mortar and
pestle. To prepare the plant extract, 20 g of TRP powder was boiled in 100 ml deionized

water for 20 min, magnetically stirred at 60 °C, and filtered through filter paper. The extract
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was stored in the refrigerator for later use. Approximately 100 g of fresh TRP was collected,
thoroughly washed with distilled water, cut into small pieces of plant parts and the TRP
extract was vacuum-dried. Dried TRP (8.3 g) was extracted with 125 ml of DD H,0 and
stirred at 60° C. for 30 minutes. The concentrate was allowed to cool before filtering. After
extraction, samples were centrifuged at 12000 rpm for 30 minutes. The supernatant was
collected, filtered, and stored at -20 °C before use [15].
2.2. Biosynthesis of Iron Nanoparticles (FeNPs).

TRP-FeNP was prepared by dissolving FeClI3 in 40 mL of deionized H,O0. A0.1
M FeCl; solution was prepared. FeNPs were synthesized by mixing a 2:1 volume ratio of 0.1
M FeCls; solution and aqueous SLE at 60 °C for 30 min with continuous magnetic stirring. A
black color appears when Fe** ions are depleted. Reaction mixtures were prepared in a 2:1
ratio and the maximum UV / visible absorption wavelengths of FeNPs were recorded. BPE-
FeNPs were prepared using a 2:1 volume ratio of 0.1 M FeCl; solution and aqueous BPE
(supernatant at ambient temperature). After that, it was shaken by hand for 1 minute and
allowed to stand at room temperature for 1 hour. After 10 minutes, the color change of the
solution from clear yellow to dark black was observed and recorded. After centrifuging the
mixture at 12000 rpm for 30 minutes, the supernatant was poured off. The black paste was
redispersed in ethanol to remove any remaining biomolecules before washing with ultrapure
water. Centrifugation and redispersion in ethanol and ultrapure water were repeated three
times to fully purify the NPs. The light black paste was then oven-dried overnight at 60° C,
packed, and stored for characterization [16]
2.3. Characterization of Biosynthesized Iron Nanoparticles
2.3.1. Characterization of FeNPs

Several methods such as ultraviolet-visible spectroscopy (UV-Vis), Fourier transform
infrared spectroscopy (FTIR), scanning electron microscopy, energy dispersive X-ray

spectroscopy, X-ray diffraction (XRD), and particle size analyzer Using FeNPs.

2.3.2. UV-Vis Analysis.
Changes in the reaction mixture were visually observed and recorded. The samples
were then examined spectrophotometrically in the UV-Vis range. The wavelength was

scanned from 200 nm to 700 nm at 1 nm intervals.[17]
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2.3.3. FTIR Analysis.

Measurements were performed using an FTIR system. Extractive functional groups
that may have played a role in the synthesis of the iron microstructure were identified using
his FTIR scan of iron NPs from TRP extract. A transmission mode range of 4004000 cm-1
was used for the FTIR analysis.[18]

2.3.4. Scanning electron microscopy (SEM-EDX)

Scanning electron microscopy (JSM-IT 500, Jeol, Boston, MA, USA), was used to
examine the nanoparticles and establish their surface shape.[19] The grain structure was
analyzed using SEM equipment (JEOL, USA). Before analysis, the nanoparticles were
extensively washed with ethanol to remove any impurities that might have been present.[20]
The powdered samples were then dispersed in ethanol using ultrasound, followed by
filtration. Samples were finally dried and coated with a (10-15) nm layer of high-purity gold
before analysis. Observation by SEM was performed at a fixed electron beam output of 30
kV and a working distance of 11 mm. EDX (energy dispersive X-ray) analysis was
performed to confirm the elemental content in the nanoparticles. The samples were analyzed
by SEM-EDX at 30 kV and the EDX spectra had an acquisition time of 100 seconds.

2.3.5. XRD Analysis.

We used an X-ray diffractometer to study crystalline metallic iron NPs. The
instrument used 45 kV Cu-Ka radiation and a monochromatic filter with a wavelength range
of 20-80 degrees. The biosynthesized FeNPs were completely dried in powder form before
stacking on the XRD apparatus cube.[21]

2.3.6. Antibacterial Potential.

The antibacterial activity of living FeNPs from trp was tested using the agar diffusion
method against two bacterial strains: Bacillus subtilis (MTTC 1133) and Escherichia coli
(MTTC 62) from the Microbial Type Culture Collection and Gene Bank ( MTCC).
Chandigarh, India, and the zone of inhibition were measured in millimeters using the agar-
well diffusion method described in [22]. Antibiotics such as chloramphenicol and gentamicin
were used as positive controls in this study.

2..7 DPPH Radical Scavenging Assay

The antioxidant assay of FeNPs from trp was used against DPPH radical and was
determined by UV spectrophotometry at 517 nm. This activity was measured according to the
method previously performed [23]. Five different concentrations (100—500 pg/ml) of plant
extracts were prepared. Ascorbic acid was used as a standard. 1 ml from each extract and 3

ml of each solvent were mixed with 0.5 ml of 1.0 mM DPPH in methanol and allowed to
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react at room temperature for 30 minutes. The same amount of solvent and DPPH to prepare
the blank solution which is a control. The sample was prepared in triplicate value for each
analysis and the mean value of the absorbance was noted. The DPPH radical scavenging was
calculated by the following formula:

DPPH inhibition percentage = [(A0-A1)/A0] x 100

Where, AO - Absorbance of the control, Al - Absorbance of the FeNP/ascorbic acid.

The inhibitory concentration (1C50) of the plant extract was reported as the number of
antioxidants required to reduce the initial DPPH concentration by 50%. A triplicate test was

performed and graphs were plotted using the average of three determinations.

3 METHODS OF MOLECULAR DOCKING
As an updated version of MIB, MIB2 offers a total of 18 types of metal ions (Ca**, Cu2**,, Fe** Mg

2+,

Mn?*, Zn*, Cd®*, Fe*, Ni**, Hg**, Co®*, Cu®, Au®*, Ba®*, Pb*, Pt**, Sm>* and Sr**), supportive of binding

site predictions. Both prediction systems use the fragment transformation method. (Lu et al., 2022)

4. Results and Discussion
4.1 UV-VIS spectral analysis

It is widely accepted that UV-Vis spectroscopy can be used to study nanoparticles of
controlled size and shape in aqueous suspension. Figure (1) shows the UV-Vis spectrum
recorded from the reaction medium after 5 hours. The UV-Vis spectrum of the reaction
mixture of FeCls solution and Trb extract showed a peak at 266 nm, indicating the presence

of FeNPs nanoparticles synthesized by Tabebuia rose bark extract shown in figure 1.

3.5
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Figure: 1 UV-VIS spectral analysis
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The peak increased due to the surface plasmon resonance effects of electrons in the
reaction mixture, and peak broadening indicated that the particles were polydisperse. The
occurrence of this peak associated with surface plasmons is well documented for a variety of
metal nanoparticles ranging in size from 2 nm to 100 nm [17]. UV Spectral Analysis of
FeNPs We examined the UV spectra of Fe nanoparticles to identify putative biomolecules
involved in the capping and efficient stabilization of Fe nanoparticles synthesized by plant
extracts. Peaks were observed for Fe nanoparticles formed by reduction with Trb extract
(Figure 4.3).

4.2 FTIR spectral analysis

The FTIR spectrum (shown Figure: 2 ) bands at 3422 cm' Bonded N-H/C-H/O-H
stretching of amines and amides (O—H stretching vibrations), 2926.27 cm® (C—H vibration of
aliphatic hydrocarbons), FT-IR spectra of Iron oxide nanoparticles and in many of them
peaks at 2854 and 2926 which corresponds to C-H stretching is coming,2850 cm' ( C-H of
CH;, CH,;, CH), 2150-2300 cm )1 are related to C=N and C ™ N bonding,
respectively.1634.23 cm-1 (C] All spectra present the characteristic bands of the acrylic C =
C vibration at 1634 cm-1 and 1555cm-1 asymmetric vibration of Si—O (1090 cm-1), 933.04
cm' C-C Bond, asymmetric vibration of Si—-OH .as well as 587cm—1 FTIR peak shows the
stretching vibrations due to tetrahedral Fe-O which is referred to Fe—O stretches of iron oxide
Comparison of the IR spectrum for Trb extract. The band at 3422 and 2966 cm-—1
corresponds to the OH bond stretching and denotes the aqueous phase, with an increase in the
absorption band, indicating the ferric chloride reduction. It is worth mentioning that the same
procedures were followed in preparing the extract and synthesized Fe203 NP samples
concerning the weight used and the sample thickness. The existing findings agree well with

the reported values in [24].
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Figure: 2 FTIR spectral analysis

4.3 Scanning Electron Microscopically (SEM) analysis of AgNPs

SEM analysis (shown Plate-1) was carried out to understand the topology and the
size of the Fe-NPs, which showed the synthesis of higher density polydispersed spherical Fe-
NPs of various sizes that ranged from 10 to 40nm as well the face-centered cubic structure of
the nanoparticles. Most of the nanoparticles aggregated and only a few of them were
scattered when observed under SEM (Plate.1). Shows capturing a high-resolution scanning
electron microscopic image of single Fe nanoparticles. This variability in size is due to the
inability of the secondary metabolites to control the size of the particles formed as compared
to chemical synthesis though phytomediated synthesis is a green approach. Since the plant
extract contains various secondary metabolites, they act as reducing and stabilizing agents

during bio-reduction reactions during the synthesis of metallic nanoparticles [25].

Plate-1 Scanning Electron Microscopically (SEM) analysis of NPs
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4.4 EDAX (Energy Dispersive X-Ray analysis)

Energy Dispersive X-Ray analysis is used to predict the elemental composition of
constituents. The peak shown from the EDAX field predicts the presence of Fe. It indicates
the reduction of fe by isolation compound. Reported that the weight composition of carbon-
59.74, Fe-17.19, Ca-4.60, K-1.67, P-0.87, CI-0.50, and Al-0.12 were 4.98% and 44.78 %
respectively (shown in Figure 3). Atomic compositions were high % is Fe and O and also

considered as impurities is carbon.

10 _<ps/eV

lc Fe A [P (¢] K [ca Fe

2]

1 0 e

o ] g P L e e e
3 4 6

Figure :3 EDAX (Energy Dispersive X-Ray analysis)
Spectrum: sample 9638

EI AN Series unn. C norm. C Atom. C Error (1 Sigma)

EI AN Series | C .norm[wt.%] | c.norms | c.atom | C.Errorw.t%
unn. [wt.%] wit% at.% [wt.%]
[at.%]

C-6 10.38 32.32 | 59.74 | 261
Fe- 26 13.89 4325 |17.19 |0.41
0-8 3.54 11.03 |15.3 1.23
Ca-20 2.67 8.3 4.6 0.12
K-19 0.94 2.94 1.67 0.07
P-15 0.39 1.21 0.87 0.05
Cl-17 0.26 0.8 0.5 0.04
Al- 13 0.05 0.15 0.12 0.03

4.5 X-Ray Diffraction for Ferrous nano particles

The XRD pattern of Fe NPs synthesized from trp bark XRD is commonly used for
determining the chemical composition and crystal structure of a material; therefore, detecting

peak. the presence of Fe nanoparticles in plant tissues can be realized by using XRD to
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observe the diffraction peaks of the plant. The X-ray diffraction pattern of using
biosynthesized FeNPs from the bark extract is shown in (Fig. 4). The crystalline nature of Fe
nanoparticles was further confirmed from X-ray diffraction (XRD) analysis showing the
XRD pattern of the dried nanoparticles obtained from colloid samples. Several Bragg
reflections with 2g values of 24.934, 37.0359, and 43.85720 indicate the (100), (200), and
(300) reflections of metallic silver indicating the cubic crystalline of bioorganic phase that
occurs on the surface of the nanoparticle. The observed peak broadening and noise were
probably due to macromolecules present in the plant extract which may be responsible for the
reduction of Fe ions. Hence XRD pattern thus clearly illustrated that the Fe nanoparticles
formed in this present synthesis are crystalline. In addition to the Bragg peaks representative
of fcc Fe nanocrystals, additional as yet unassigned peaks are also observed suggesting that
the crystallization of the bio-organic phase occurs on the surface of the ferrous nanoparticles.
The line broadening of the peaks is primarily due to small particle size. Indexing has been
done and data given by XRD.[26]
4.6 Particle Size Calculation

(Figure:4 ) From this XRD study, considering the peak at different degrees, average
particle size has been estimated by using the Debye-Scherrer formula [27-29]. with the help
of the XRD, it gives the miller indices values which indicate the shape of the atoms it may be

what type of crystal we can predict the size of the particle so it is very useful to identify.

800 &

600 ! ; 110

Intensity

206 70 3 a0 5
2 Theta(degree)

Figure:4 X-Ray Diffraction for Ferrous Nanoparticles

XRD was performed for ferrous nanoparticles, using powder X-ray diffraction shown

in Fig 44. There are three diffraction peaks for ferrous were observed 26=24°, 30°, 42°
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corresponding to (111), (111), (200) this proves the formation of crystalline FeNPs. The
pattern of XRD shows the synthesis of ferrous nanoparticles.
4.7. Antimicrobial Activity of the Synthesized Fe203-NPs.

The antimicrobial susceptibility was tested by agar diffusion method using different
concentrations of FeNPs (20 L, 40 L, 60 L, and 80 xL) The results showed in Figure 5.
Compared to the standard ampicillin, Fe203-NPs have shown significant antimicrobial
activity against Gram-positive bacteria B. subtilis, with a zone of inhibition of 30 mm,
However, Gram-negative strains E. coli and P. aeruginosa with the zone of inhibition of 30
mm and 32 mm respectively. Similarly, Fe203-NPs showed significant good susceptibility
towards the tested fungal strain Aspergillus niger and Aspergillus flavus (Figure:6) in
comparison to the standard fluconazole, and the zone of inhibition was 14 mm and 20 mm

respectively for Fe203-NPs compared to 12 mm for fluconazole (p < 0:05).

The antimicrobial activity of Fe203-NPs synthesized by the M. ornate flower sheath
has been tested activity against S. aureus and S. agalactiae [30].

FeNPs of Antibacterial activity , Antifungal activity of flower

40 28 28 303032
30 24 24 L o
22 eens
171716 197 L. 20

20 MY ... CE 1214 1
o [l ome - i
0 00 0- 0 0

20ul 40ul 60ul 80ul

Zone of inhibition (mm)
I Bacillus sp. Escherichiacoli
Pseudomonas aeroginosa I Name of the fungi
[ ] I Aspergillus niger
I Aspergillusflavus 0ttt - Linear (Bacillus sp.)

Linear (Escherichia coli)

Figure:5 Antibacterial activity of FeNPs and Antifungal activity of FeENPs

FeNPs of Antibacterial activity, Antifungal
activity

Zone of inhibition (mm)
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Bacillus sp. 17 24 28 B0
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Escherichia coli 17 (19 24 30
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Zone of the inhibition (mm)
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Aspergillus flavus 4 6 14 20

4.9 DPPH radical scavenging activity

Name of the fungi

1,1- Diphenyl-2-picrylhydrazyl radical is a commonly used method to assess
the free radical scavenging ability of various extracts and compounds. DPPH is a nitrogen-
centered radical and the changes of color from violet to yellow upon reduction are observed
by the process of hydrogen or electron donation. If the test extract could perform this
reaction antioxidant potential can be measured of the same free radical scavenging activity of
the test extract is assessed. It was observed that the free radical scavenging activities of trb

increased with increasing concentration. [31].

The ICs value was used to calculate the antioxidant activity. The 1Csy value shows
the antioxidant concentration required to reduce free radicals by 50%. The lower the ICso, the
better the scavenging activity of antioxidant samples. Figure 7 shows the antioxidant activity
of various concentrations of IONPs (100-500 ug/ml). At the highest concentration (500
ng/ml), IONPs showed a potent DPPH radical scavenging of 89.92%, while standard ascorbic
acid showed 91.82% antioxidant activity. Previous studies supported that IONPs have
excellent antioxidant activities [32] Therefore, it proposed that IONPs scavenge free radicals

by transferring hydrogen atoms or donating electrons to DPPH radicals.

% of inhibitions
Concentrations Standard
(mg/ml) | EOWET | as Ascorbic
acid
100 21.14 24.12
200 34.36 40.46
300 59.12 61.37
400 75.79 80.55
500 89.92 91.82
ICso Value 308.97 245
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DPPH radical scavenging activity of Tabebuia rosea flowers at
different concentrations
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Figure:7 DPPH radical scavenging activity
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4.10 Alpha-amylase / glucosidase Frequency of amino acid and Fe ** & Fe?* binding affinity
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A performance comparison between MIB and MIB2 MIB2 benefits from more protein structures
becoming available since the development of MIB. For each type of metal ion, the numbers of binding templates
in MIB2 range from 1.24 to 10.72 times the numbers in MIB. (31) The propensity of various protein and atom
types on binding A greater likelihood of type 2 diabetes is linked to excess iron preservation and may harm
pancreatic -cells and promote resistance to insulin via enhanced oxidative stress 22. The primary method of
storing iron in the body is ferritin, which is a crucial protein that controls iron homeostasis. (Liu et al., 2020) In
general, the molecular docking tests provided insight into the divided molecules' possible inhibiting the enzyme
alpha and potential methods for the structure-based design or enhancement of such compounds or novel
compounds. (Etsassala et al., 2022) This result is showing the many amino acids and is also given in table (
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)high binding energy is histidine Fe2+(51) lowest binding is 2, and Fe3+ binding energy is 12 (H-Histidine)
lowest binding energy 5 list H-Histidine, D-aspartic acid, E-glutamic acid, L-leucine, S-serine, R-arginine, A-
alanine, Q-glutamine, P-proline alpha amylase-en P56634(Enzymes are protein), alpha-glucosidase
Q95WY5(Enzymes are protein) this protein is more active with Fe2+ so finally we try to clinical work then
confirmed.
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Figure:7 Graphical Abstract for FeNPs
5. Conclusions

From this trp was used to magnificently synthesize iron nanoparticles. The
biomolecules in bark extracts were involved in FeNP formation and stability. UV-visible
spectroscopy, SEM, XRD, and EDX were used to characterize the size, morphology, crystal
structure, and stability. Iron nanoparticles have potent antioxidant, and cytotoxic, properties.
Overall, FeNPs exhibit considerable antibacterial potency and can be used as antibacterial
agents against pathogenic bacteria while remaining non-toxic to humans, and did antioxidant
also. Future studies are needed to identify the mechanisms involved in the synthesis of FeNPs
by trb and their biomedical applications.
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