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Abstract

The Parthenium hysterophorus Linnaeus is one of the anti-inflammatory and antidiabetic ethnomedicine.
Therefore the formulation of this plant as nanoparticles will be fruitful anti-inflammatory and
antidiabetic as compared to conventional extract. In the current study, the aqueous kernel extract
from Parthenium hysterophorus Linnaeus was subjected to synthesize iron oxide nanoparticles
(IONPs) and explored their anti-inflammatory and anti-diabetic potentials. The results indicate that
the aqueous kernel extract effectively produced IONPs, which were verified using standard analytical
methods. UV-visible spectrophotometer analysis was used to check the formation of IONPs. The
Fourier-transform infrared spectroscopy (FTIR) was used to check numerous functional groups from the
valuable phytochemicals present in the extract. These functional groups play crucial roles as reducing,
capping, and stabilizing agents during the synthesis of IONPs. Additionally, scanning electron microscopy
(SEM) were utilized to investigate the surface characteristics of the nanoparticles. Notably, the IONPs
fabricated from the extract demonstrated promising anti-inflammatory activity, inhibiting Human
RBC by 79% and Heat Induced Hemolysis by 72%, as well as showing anti-diabetic potential with 60%
inhibition of yeast glucose uptake and 72% inhibition of a-amylase activity, all at a concentration of
100 pug mL™. These effects were partly comparable to standard drugs with anti-inflammatory activity of
85% inhibition of Human RBC and 78% inhibition of Heat Induced Hemolysis, and anti-diabetic activity

of 67% inhibition of yeast glucose uptake and 78% inhibition of alpha amylase.

Keywords: IONPs, Green Synthesis, Parthenium hysterophorus, Antidiabetic Assays, Anti-inflammatory Assays

INTRODUCTION

Nanoscience is the fast emerging
developing field, focuses on the manipulation
of matter at the nanoscale, which is (10° m).%?
At this scale, materials exhibit unique and
enhanced properties compared to their bulk
counterparts. Nanotechnology involves the
production and utilization of nanoparticles, which
are structures with dimensions in the range of a
few nanometers to several hundred nanometers.?
The main objective of nanotechnology is to
fabricate nanoparticles with controlled chemical
compositions, sizes, and shapes, enabling them
to be utilized for diverse applications.*° However,
traditional methods of nanoparticle synthesis
often require harsh conditions and hazardous
chemicals, leading to environmental pollution and
high production costs.*

To address these challenges, green
synthesis has emerged as an eco-friendly and cost-
effective approach to nanoparticle production.™*
Biogenic synthesis involves using biological
sources.'>!®* The plant extract have varieties
of secondary metabolites having biological
activities which made this method therapeutically
important and offers several advantages, including
biocompatibility and less toxicity.***®

Iron nanoparticles (FeNPs) have garnered
significant interest due to their remarkable
properties and potential applications in various
fields.' The nanosize of Fe NPs results in a high
surface-to-volume ratio, providing more active
sites for adsorption, catalysis, and biomedical
interactions. Moreover, iron is biocompatible and
abundant, making IONPs attractive for biomedical
applications, including drug delivery and imaging.?

Parthenium hysterophorus L. a member
of the Asteraceae (Compositae) family, is a
widely distributed weed known for its diverse
pharmacological activities.?* This plant contains
numerous bioactive constituents, including
a-methylene-y-lactone moiety, which has been
associated with anti-inflammatory, antioxidant,
antimicrobial, and anticancer properties.??
As such, Parthenium hysterophorus L. offers a
promising source for green synthesis of IONPs with
potential therapeutic applications.

In this study, we aimed to synthesize iron
nanoparticles using the plant extract of Parthenium
hysterophorus through a green synthesis approach.
The obtained NPs were characterized for their size,
shape, and stability. Subsequently, we investigated
the in vitro antidiabetic and anti-inflammatory
activities of these green-synthesized IONPs.
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MATERIALS AND METHODS

Collection of plant and extraction

Parthenium hysterophorus L. were
collected from the local region of Peshawar
Pakistan. They were washed and cleaned with
deionized water and dried in shadow for 15 days.
Crushed and grounded and, added to 10 mL of
sterile deionized water, and heated for an hour at
a moderate temperature. Whatman No. 1 filter
paper was then used to filter the extract. By using
a conventional sterilized filtration procedure, the
filtrate stored for further use.

Synthesis of IONPs

The plant extract and iron salt were
combined in a 6:1 ratio for IONPs synthesis. 5 mL
of 0.001 M aqueous FeCl3 solution and 5 mL of
plant extract were combined in a beaker while
being constantly stirred at 50°C to 60°C. Within
a respect to time, transformation in color change
from light green to black color was obtained which
indicate the successful synthesis of nanoparticles.

Instrumental characterizations UV-Vis spectra
analysis

To comprehensively assess the size
and morphology of the synthesized Iron oxide
NPs, various characterization techniques were
employed. UV spectroscopy was conducted for
absorbance spectrum of the IONPs, utilizing a
UV-Vis spectrophotometer. FTIR using the KBr
pellet method was employed for functional groups
present in the plant extract and their potential role
in stabilizing and reducing the Iron oxide NPs. SEM
was utilized to investigate the morphology and
texture of the NPs. By employing these techniques,
a comprehensive understanding of the synthesized
NPs' characteristics and properties was achieved.

In vitro Studies
Glucose uptake by Yeast cells assay

Yeast cells are chosen as a model for
diabetes because of their natural attraction
to glucose uptake. The glucose returns to the
bloodstream when the insulin is unable to connect
with cells. Consequently, the same technique
was applied in this test.>> The amount of glucose
uptake was determined spectrophotometrically.
Baker’s yeast available in market and was washed

by repeated centrifugation via distilled water.
Centrifugation was maintained until a transparent
supernatant fluid became visible. Then, in distilled
water 10% (v/v) colloidal suspension from the
pellet was obtained. Various concentrations
of were supplemented with 1 mL of solution
possessing glucose (5 mM). They were all
incubated at 37°C for ten minutes. The reaction
began when yeast suspension was added. They
underwent vortexing and an additional hour of
incubation at 37°C. The sample tubes were spun
in a centrifuge for 5 minutes at 3800 rpm, after
which the amount of remaining glucose in the
precipitate was determined. Using the formula,
the percent rise up in glucose uptake in yeast cells
was calculated. Each test was run three times, and
the average of the three results was calculated.

a-amylase inhibition assay

This assay aimed to assess the potential
of samples as a-amylase inhibitor. Inhibiting
a-amylase in the pancreas is crucial for managing
postprandial hyperglycemia. The well-known
3,5-dinitrosalicylic acid (DNSA) method was used
for a-amylase inhibition assays.? The sample was
dissolved in dimethyl sulfoxide and buffers of
various concentrations (Na,HPO,, NaCl at pH 6.9).
a-amylase solution was mixed with the NPs and
incubated for 10 minutes at 30°C. Starch solution
was added to each test tube and incubated for
3 minutes. Then, DNSA reagent was added and
boiled for 10 minutes. After cooling down and
dilution, absorbance was measured using a
UV-visible spectrophotometer at 540 nm. Blank
solutions were prepared to determine 100%
enzyme activity. Acarbose served as a positive
control. All experiments were performed in
triplicate to ensure reproducibility.

Anti-inflammatory activities

For assessing the anti-inflammatory
activities in vitro, HRBC assay was performed.?”
Chemicals used included fresh human blood, PBS
(pH 7.4), NaCl, deionized water, and diclofenac
sodium. The principle of the assay relied on
stabilizing or inhibiting lysosomal membranes,
as inflammation often involves the release of
lysosomal enzymes. Since the HRBC membrane's
composition is similar to lysosomes, its stability
was evaluated as an indicator of anti-inflammatory
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potential. Fresh blood was taken from and treated
with EDTA as an anticoagulant. After centrifugation
and washing, a 10% HRBC suspension was
prepared. The reaction mixtures were set up for
control, standard, and test samples with varying
concentrations of diclofenac sodium or test
sample. Incubation at 37°C for 30 minutes was
followed by centrifugation, and the supernatants
were examined using a spectrophotometer at
560 nm. The percentage inhibition of hemoglobin
denaturation was calculated using a specific
formula. All tests were conducted in triplicate,
and the results provide insights into the anti-
inflammatory activity of the test samples.

RESULTS

Synthesis of Iron Oxide nanoparticles

Iron Oxide Nanoparticles was synthesized
using Parthenium hysterophorus Linnaeus aqueous
extract. The process involved the reduction of
Fe** ions present in a FeCl, solution by mixing it
with the plant extract in a 6:1 ratio. Notably, the
addition of the plant extract to the aqueous FeCl,
solution immediately induced a striking color
change from light green to black. Additionally,
there was a noticeable decrease in the pH of the
solution following the mixing process. It is worth
mentioning that pure ferric chloride typically

exhibits a bright yellowish color when dissolved
in distilled water; however, the observed change
in color and pH after combining it with the
plant extract served as strong evidence of iron
nanoparticle formation. The reduction of Fe*?
ions into Fe nanoparticles was a crucial step in
the synthesis process, and this transformation
was effectively achieved using the Parthenium
hysterophorus Linnaeus extract as a natural
reducing and stabilizing agent. The obtained iron
nanoparticles exhibited the characteristic black
color, confirming their successful formation.

Characterizations
UV-Vis spectroscopy

UV spectroscopy is an essential tool for
the characterization of nanoparticles, providing
valuable insights into their electronic and optical
properties. In this study, UV spectroscopy was
employed to analyze the synthesized IONPs. The
UV spectra obtained from the Iron oxide NPs
revealed a distinct peak at 300 nm, indicative
of the nanoparticles' lambda maximum (Amax)
as shown in Figure 1. The appearance of the
Amax at 300 nm is a significant confirmation of
the successful synthesis of Iron oxide NPs. The
characteristic peak at this wavelength suggests the
presence of specific electronic transitions within
the nanoparticles, which is a typical feature of Iron
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Figure 1. UV-Vis spectra of the synthesized Iron oxide NPs
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oxide NPs. This observation aligns with previous
studies that have reported Amax values around
300 nm for Iron oxide NPs.%2°

FTIR spectroscopy

FTIR spectroscopy is a fundamental
technique used to investigate functional groups
present in a given sample based on their unique
vibrational frequencies. In this study, both
Parthenium Extract and Iron Oxide Nanoparticles
were investigated using FTIR spectroscopy to
gain insights into the different functional groups
presentin them. The FTIR spectrum of Parthenium
Extract exhibited distinctive peaks at various
wavenumbers, indicating the presence of specific
functional groups. A broad peak at 3387 cm!
was attributed to the stretching vibrations of C-H
bonds, suggesting the presence of hydrocarbon
groups. Peaks at 2918.30 cm™ and 2843.86 cm™!

were associated with C-H bonds in alkanes,
while peaks at 1714.72 cm™ and 1633.71 cm™
indicated the presence of carbonyl groups. The
bands observed at 1338.60 cm™, 1255.66 cm?,
and 1242.16 cm™ were related to the stretching
vibrations of C-O bonds and C-N bonds. Moreover,
the band at 989.48 cm™ confirmed the presence
of C=C bonds, and the peaks at 719.45 cm™ and
642.30 cm™ suggested the presence of C-H bonds
in alkenes with bonding vibrations, along with C-H
bonds in alkene having SP, hybridization at 567.07
cm™. In the case of Iron Oxide Nanoparticles, the
FTIR spectrum exhibited distinct peaks at different
wavenumbers, indicative of specific functional
groups. The presence of OH stretching and NH,
stretching was confirmed by the bands observed
at 3311.78 cm™, 3261.63 cm?, and 3242.34
cm™. Additionally, the bands at 1635.64 cm™ and
1627.92 cm™ suggested the presence of amide
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Figure 2. FTIR spectra of Parthenium hysterophorus Linnaeus (a) and Iron oxide NPs (b)
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and amine linkages. The bands at 675.09 cm™
and 623.01 cm™* indicated the presence of para-
disubstituted aromatic groups or C-H stretchingin
alkyne. The FTIR spectra of the plant extract and
IONPs is given in Figure 2.

SEM
SEM is an effective method for examining

the size and surface morphology of synthesized

0000
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NPs. It offers crucial insights into the physical
characteristics of NPs and offers useful information
about the texture and overall structure of NPs.
In this study, we used SEM to investigate the
properties of the created NPs. We were able to
analyze the surface features of the NPs in great
detail because the SEM images were taken at
various resolutions. The NPs' uniform and spherical
shape, which was revealed by the SEM analysis,
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x11,000 1pm

SED 20.0kV WD14mmP.C.60 HV
NCEG-UOP

Figure 3. SEM images of the synthesized NPs at low resolution (a) and high resolution (b).
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Figure 5. Anti-inflammatory studies by HRBC membrane stabilization (a) and Heat induce Hemolysis assays (b).
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suggested that the synthesis process had been
successful. Additionally, the SEM images were
used to estimate the size of the NPs. According to
the analysis, the NPs had an average size of about
0.255 m (micrometres). It'simportant to note that
applications for nanotechnology frequently use
these micro-scale sizes. The measured NP sizes
are 255 nm, 18 nm, and 727 nm. The SEM images
are given in the inset of Figure 3.

In-vitro screening
Anti-diabetic assays
Glucose uptake by Yeast cells

A dose-dependent increment in
glucose uptake was observed in the Parthenium
hysterophorus Linnaeus Iron oxide NPs-exposed
yeast cells, according to the results of the
glucose uptake assay. Various concentrations of
NPs (10-100 mg) were incubated. Parthenium
hysterophorus Linnaeus nanoparticles has
increased the uptake from 8-60% in the yeast
cell at 10 and 100 mg concentration respectively.
Increase in uptake seems dose dependent. The
reference drug, Metronidazole, also significantly
influences glucose uptake by the yeast cells (Figure
4a).

a-amylase Inhibition

The a-amylase enzyme was significantly
inhibited by Parthenium hysterophorus Linnaeus
nanoparticles in the a-amylase inhibition
assay. Various concentrations of Parthenium
hysterophorus Linnaeus nanoparticles were used
thatare 10, 20, 40, 80 and 100 pg which showed the
inhibition of 21.11, 29.65,47.12, 58.98 and 72.09%
respectively. As referenced and standard drug,
diclofenac sodium was employed as 10, 20, 40, 80,
and 100 pg/mL which revealed 27.09, 38.11, 46.76,
66.69 and 78.98% of inhibition, respectively. The
lowest inhibition rate of Parthenium hysterophorus
Linnaeus nanoparticles at 10 pg which was 21.76.
While the highest was at 100 pg that was 78% and
that of Acarbose was at 10 ug 27% and 100 pg/mL
78.98 (Figure 4b).

Anti-inflammatory assays
HRBC-membrane stabilizing assay

The HRBC-membrane stabilizing assay
revealed the dose-dependent inhibition of
HRBC membrane destabilization by Parthenium

hysterophorus Linnaeus nanoparticles. Various
concentrations of Parthenium hysterophorus
Linnaeus nanoparticles were used that are 10,
20, 40, 60, 80 and 100 pg which exhibit 15.87,
31.43, 43.22,57.11, 66.33 and 79.02% inhibition
respectively. As a standard group, the diclofenac
sodium was used as 10, 20, 40, 60, 80, and 100
pg/mL which revealed 26.66, 44.23, 56.76, 70.03,
80.95, and 85.71% of inhibition, respectively. The
lowest and highest inhibition rate of Parthenium
hysterophorus Linnaeus nanoparticles was at
10 pg and 100 pg was 15% and 79%, respectively
(Figure 5a).

Effect on heat-induced hemolysis

The Parthenium hysterophorus Linnaeus
nanoparticles' capacity to prevent RBC membrane
lysis under high temperatures was demonstrated
by the heat-induced hemolysis assay. Various
concentrations of Extract were used at 10, 20,
40, 60, 80 and 100 pg/mL which showed 14.96,
25.70,43.16, 55.05, 66.41, and 78.82% inhibition,
respectively. The diclofenac sodium as standard
was used at 10, 20, 40, 60, 80 and 100 pg/mL
which showed 32.66, 64.23, 77.38, 78.57, 80.95,
and 85.71% of inhibition, respectively. The lowest
rate inhibition of sample was at 10 pug/mL which
was 14.96%. The highest level of inhibition was
observed at a concentration of 100 pg/mL,
resulting in a 78.82% inhibition rate (Figure 5b).

DISCUSSION

Nanoparticle synthesis, a cornerstone
of modern materials science, which involves the
controlled creation of nanoscale particles with
unique characteristics. One intriguing avenue
within this field is the biogenic synthesis of
nanoparticles by employing plant extracts as
reducing and stabilizing agents. This approach
offers an ecofriendly and sustainable alternative
to conventional chemical methods which
often required hazards chemicals. A notable
example is the synthesis of Iron Oxide NPs
utilizing plant extracts, in this case, Parthenium
hysterophorus Linnaeus extract. In this process,
the phytochemicals inside the plant extract work
as reducing agents, facilitating the formation
of NPs by the reduction of metal ions. This
"green" approach not only provides a cost-
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effective means of nanoparticle production
but also harnesses the inherent properties of
plant compounds which is responsible for their
pharmacological activities. In this study, the
successful synthesis of IONPs using Parthenium
hysterophorus Linnaeus extract was supported
by comprehensive characterization techniques.
The characterization of these nanoparticles via
UV-Vis spectroscopy, FTIR spectroscopy, and
SEM provided insights into their properties and
elemental composition. The in vitro screening
assays demonstrated significant anti-diabetic and
anti-inflammatory activities, suggesting promising
applications in various biomedical fields. The
UV-Vis spectroscopy analysis revealed a distinct
peak at 300 nm in the spectra of Iron oxide NPs,
showing the successful synthesis of IONPs. This
peak aligns with previous studies, validating the
consistency of the synthesis method and the
presence of characteristic electronic transitions
in Iron oxide NPs.?%3° The FTIR spectroscopy
investigation of both Parthenium Extract and
IONPs unveiled significant functional groups,
validating interactions between the extract's
components and iron ions. These interactions likely
play a crucial role in NPs synthesis by stabilizing
and reducing the metal ions, contributing to their
successful formation. The observed changes
in the intensities and shifts in various peaks
between the Parthenium Extract and IONPs. FTIR
spectra indicate the involvement of functional
groups of the plant extract responsible for the
synthesis of IONPs. These changes in the spectra
suggest possible interactions between the plant
extract's functional groups and the iron ions
during the nanoparticle synthesis process, leading
to the successful reduction and stabilization of
IONPs. The SEM images of the synthesized NPs
provided a clear depiction of their uniform and
spherical shape. The analysis at various resolutions
demonstrated the nanoparticles' consistency in
size and shape, reinforcing the effectiveness of
the synthesis technique. The nanometer-scale
size of the NPs is particularly noteworthy, as it
aligns well with the requirements for numerous
applications in nanotechnology, catalysis, and
biomedical research. The in vitro screening assays
revealed the promising anti-diabetic potential of
the Iron oxide NPs. The dose-dependent increase
in glucose uptake by yeast cells suggests that the

nanoparticles may enhance cellular glucose uptake
and utilization. This effect could be attributed to
bioactive compounds in the nanoparticles that
stimulate glucose transport systems. The similarity
in trends between Iron oxide NPs and the standard
drug Metronidazole underscores the potential
of these nanoparticles for further exploration
in anti-diabetic research. The anti-inflammatory
assays demonstrated the ability of Iron oxide NPs
to inhibit HRBC membrane destabilization and
heat-induced hemolysis in a dose-dependent
manner. This finding indicates the nanoparticles'
potential to stabilize cell membranes and protect
against inflammation-induced damage. The
similarity in inhibition trends between the
nanoparticles and the standard drug diclofenac
sodium strengthens the case for Parthenium
hysterophorus Linnaeus nanoparticles as potential
natural anti-inflammatory agents. These findings
open avenues for further research and exploration
of Iron oxide NPs for diverse applications in
biomedicine, catalysis, and environmental
remediation.

CONCLUSION

The aqueous kernel extract effectively
synthesized IONPs, confirmed through standard
analytical techniques. These IONPs demonstrated
promising anti-inflammatory and anti-diabetic
activities at a concentration of 100 ug mL?,
comparable to standard drugs. The findings
suggest that the aqueous kernel extract holds
promise as a potential pharmaceutical agent,
warranting further in vivo studies to explore its
practical applications in the medical field.
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