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doi:10.48047 /AFJBS..514.2024.4958-4971 noteworthy. Biomass-derived CDs exhibit low toxicity, biocompatibility, and
eliminate the need for additional doping or surface modifications. In this
study, CDs were synthesized from Euphorbia heterophylla using a sand bath-
assisted method, demonstrating their unique capabilities as reducing agents
for the synthesis of Fe@EHCDs nanocomposites. The optical and fluorescence
properties of CDs confirmed the successful formation of Fe@EHCDs
nanocomposites. Fourier-transform infrared (FTIR) analysis elucidated the
functional groups present in CDs and Fe@EHCDs nanocomposites. The size
distribution of FeE@EHCDs nanocomposites ranged between 2-8 nm. Notably,
among the tested pathogens, only Candida albicans exhibited susceptibility
to Fe/EHCDs nanocomposites, with a minimum inhibitory concentration (MIC)
of 250 yg mL' and a zone of inhibition of 18 mm at 2000 pg mL-'.
Furthermore, the study explored the Jn vitro antioxidant and anti-
inflammatory properties of the synthesized nanocomposites. Among the three
assessed biological activities, the /n vitro antioxidant activity displayed

particularly promising results.
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INTRODUCTION:

The pressing global issues related to energy, the environment and health have spurred the
development of innovative materials and methodologies aimed at conserving energy, fostering a
sustainable ecosystem, and enhancing human wellbeing[1].

Carbon dots (CD’s) (or) Carbon quantum dot’s [CQD’s] are novel class of quasi spherical, tunable
carbon nanoparticles with size <10nm and contains conjugated sp2 carbon core, oxygen [In the form
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multiple oxygen containing functional groups e.g. hydroxyl, carboxyl, epoxy, ether and aldehydes]
and other heteroatoms as dopants [2]. Due to their photostability, strong and tunable fluorescence,
quantum vyield, hydrophilic nature, biocompatibility, low cost, eco-friendliness, and low toxicity,
their applications enables a broad range of scientific fields such as bioimaging, optoelectronics,
biosensing, photocatalysis, drug delivery and biolabeling etc.[3-5].Recently, many of the studies has
been carried out to understand potential applications of CD’s, and synthesis methods require
expensive and non- renewable carbon source, toxic solvents, high reaction time and temperature
etc.[6].

Green chemistry approaches for the synthesis of CD’s using natural sources such as biomass and
biowastes have attracted researchers due to economical, facile and sustainable routes[7].Utilizing
biomass as a carbon source for synthesis of CD’s proves advantageous given its eco-friendly nature
compared to conventional carbon sources[8].Biomass offers cost-effectiveness, ease of accessibility,
environmental friendliness and highly abundant making it a preferred choice for CD’s synthesis.
Moreover, the process transforms low value biomass waste into valuable and useful materials[9].
Plants are one of the important renewable biomass sources and globally available precursor material
for the synthesis of CD’s. The inherent presence of biomolecules and phytochemicals in plants
eliminates the necessity for doping agents, surface modification, and post-modification of CDs[10].
Plant derived CDs exhibit distinctive properties, serving as adept electron donors and acceptors, and
additionally, they function as effective reducing agents than corresponding plant extracts for the
synthesis of metal/metal oxide nanoparticles. However the luminescence properties of CDs are
depend upon the pH, temperature and excitation wavelength[11]. Among all other metallic
nanoparticles, Metallic iron and Iron oxide nanoparticles are of great interest because of their less
toxicity towards life and environment. Synthesis of iron nanomaterials using green approach
represents a significant stride in the advancement of nanomaterials [12].

Euphorbia heterophylla (Linn.) belongs to the Euphorbiaceae family and used in the treatment of
various human ailments which is endemic to subtropical and tropical regions of United States and
introduced to tropical Africa and Asian countries[13]. Recent studies has been carried out for the
synthesis of Ag/TiO2 [14], Ag/HZSM-5 nanocomposites [15], ZnO [16], rGO [13], Co304 [17],
MnO2[18], and NiO [19] nanoparticles using Euphorbia heterophylla extract as reducing, capping and
stabilizing agent.

However, CD’s are effective in reducing metal/metal oxide nanoparticles, the present study aims to
use the CD’s derived from Euphorbia heterophylla for reduction of FeNP’s. The Antimicrobial, /nvitro
antioxidant and /nvitro anti-inflammatory properties of Fe@EHCD’S are carried out.

2. Materials and Methods:

2.1. Collection of Plant Material: The whole Euphorbia heterophylla (EH) plant was collected from
Adikavi Nannaya University campus, Rajamahendravaram, Indian state of Andhra Pradesh. The dust
particles were removed by washing with running tap water followed by distilled water, further
subjected to shade drying and made into fine powder using domestic blender.

2.3.Sand Bath Assisted synthesis of CDs: This method was adopted with slight modification to
synthesize the EHCD’s according to the Gudimella et.al [20]. Typically, 5 grams of EH powder was
dispersed in 300 mL of distilled water in a round bottom flask. The suspension was placed on a sand
bath with magnetic stirring at 180°C and operated for 18 hrs until the reaction mixture turned to
dark brown. The resultant solution was centrifugated and filtered with Whatman No.1 filter paper
followed by PVDF membrane syringe filters (0.22 pM).
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2.4. Synthesis of FeE@EHCD nanocomposites: 5mM of (FeNos)s and EHCD’s were taken in 9:1 ratio for
the synthesis of FeE@EHCD nanocomposites. Briefly 5 mM of (FeNos)s was dissolved in DH20 and kept
on magnetic stirrer at 70°C. The EHCD’s were slowly released into the above solution (flow rate
ImLmin-1) and the reaction mixture turned to dark brown through time. The obtained
nanocomposites were centrifuged at 10,000 rpm for 5 minutes at 4°C and the pellet was washed
with 70 % of ethanol and dried at 70°C in hot air oven.

2.5. Characterization of FeE@EHCD nanocomposites:

2.5.1. Optical and Fluorescence properties: The absorbance spectrum of EHCDs and Fe@EHCD
nanocomposites was analyzed using UV-Vis spectrophotometer (UV-2600) from 200-800 nm
wavelength. The fluorescence excitation and emission spectrum of EHCDs was measured using
fluorescence spectrophotometer (Perkin Elmer).

2.5.2. Crystalline nature and Zeta potential: The average crystalline size, crystalline nature and zeta
potential of FE@EHCD nanocomposites were evaluated using powder X-ray diffractometer (Bruker)
from Oto 120° 26 angle and Zeta potential analyzer (MALVERN) respectively.

2.5.3. Composition and Morphology: The functional groups of EHCDs and Fe@EHCD nanocomposites
were evaluated using Fourier Transform Infrared Spectroscopy (FTIR) (Bruker Alpha Il) from 500-
4000 cm-'. The shape, elemental composition and size distribution of Fe@EHCD nanocomposites
were evaluated using Field emission scanning electron microscopy with energy dispersive X-ray
spectrometry (FESEM-EDX) (JOEL) and High-resolution transmission electron microscopy (HRTEM)
(FEI Tecnai G2, F30).

2.6. Biological activities of Fe@EHCD nanocomposites:

2.6.1. Antimicrobial activity: The antimicrobial activity of Fe@EHCD nanocomposites was tested
against four pathogenic bacteria Staphylococcus aureus (MTCC 87), Streptococcus pyogenes (MTCC
442), Salmonella enterica typhimurium (MTCC 98), Shigella flexneri (MTCC 1457), and two
pathogenic fungal species; Candida albicans MTCC 183), Aspergillus Niger MTCC 282) using Well
diffusion and microbroth dilution assays.

In well diffusion assay, the antimicrobial properties of FE@EHCD nanocomposites were evaluated on
Muller Hinton Agar (MHA) and modified MHA with 2% glucose W/methylene blue for bacteria and
fungi respectively. Approximately 105 CFU/mL of each pathogenic culture was inoculated on agar
plates and wells were made using gel puncture. Two different concentrations (1000 and 2000 ug
mL-1) of Fef@EHCD nanocomposites (In 5% DMSO) were added into each well. Streptomycin (500 ug
mL-1) and Amphotericin B (500 pg mL-') was used as positive control for bacteria and fungi
respectively. Whereas 5% DMSO was used as negative control. The plates were incubated at 37°C for
24 hours and zone of inhibition was calculated in mm. The Micro broth dilution was used to evaluate
the Minimum Inhibitory Concentration (MIC) of FeE@EHCD nanocomposites and carried out in 96 well
microtiter plates. The concentrations of Fe@EHCD nanocomposites used 1000-3.9 yg mL-! added
with two-fold dilution method. The concentration of each pathogen was 105 CFU mL-! in LB Broth
and 1% TTC solution was added into all the wells. A control was maintained and the microtiter plates
were incubated at 37°C for 24 hrs. The MIC was evaluated visually and the change in color of broth
(Colorless to red) indicates the presence of bacterial growth[21].
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2.6.2. /nvitro antioxidant activities Fe/EHCD nanocomposites:

The Jjnvitro antioxidant properties of FeE@EHCD nanocomposites were evaluated using two different
methods: DPPH free radical scavenging activity and Ferric reducing antioxidant power assay (FRAP).
The various concentrations of FE@EHCD’s (500-2000 pg mL-') concentrations were added to the 3
x 10 -5M of DPPH reagent and FRAP reagent (300mM acetate buffer, 10mM TPTZ in 40mM HCL and
20mM FeCl3.6H20 in proportion of 10:1:1) separately. The reaction mixtures were incubated in dark
at 25°C and absorbance was read at 517nm and 593nm for DPPH and FRAP respectively.

The percentage of Inhibitory activity/ scavenging activity was estimated as follows:
((A0-AT)/A0) x 100 Formula [1]

AO = Absorbance of control

Al = Absorbance of sample

The DPPH and FRAP reagent without sample was used as control and ascorbic acid as standard. The
Inhibitory concentration 50 (IC so) was estimated as following formula[21]
ICs0= (0.5-b)/a. Formula [2]

2.6.3. /n vitro anti-inflammatory activities of Fef@EHCD nanocomposites:

The in vitro anti-inflammatory effect of Fe@EHCD nanocomposites was assessed by inhibition of
protein denaturation, heat induced RBC membrane lysis assay and Inhibition of Proteinase inhibitory
activity assays. The concentrations of Fe@EHCD nanocomposites used were 400-2000pug mL-'.
Aspirin was used as standard.

In protein denaturation inhibition assay, reaction mixtures composed of phosphate-buffered saline
(pH 6.4), 1% bovine serum albumin (BSA), and varying concentrations of Fe@EHCD nanocomposites
were incubated at 37°C for 15 minutes, followed by heating at 70°C for an additional 5 minutes. After
cooling to room temperature, turbidity was measured at 660nm, with a phosphate buffer solution
serving as the control. For the heat-induced haemolysis assay, heparinized chicken blood was
centrifuged at 5000 rpm for 5 minutes, and the supernatant was removed. The blood cells were
washed three times with an equal volume of physiological saline (0.9% NaCl) and resuspended in
10% PBS (pH 7.4). Reaction mixtures containing the blood suspension, PBS (pH 7.4), and varying
concentrations of Fe@EHCD nanocomposites were incubated at 54°C for 20 minutes in a shaking
water bath. After centrifugation at 2500 rpm for 5 minutes, the absorbance of the supernatant was
read at 540nm, using a phosphate buffer solution as the control. In the proteinase denaturation
inhibition assay, reaction mixtures consisting of 0.05mg trypsin, Tris-HCI (pH 7.4), and different
concentrations of Fe@EHCD nanocomposites were incubated at 37°C for 5 minutes. Subsequently,
48 pg of casein hydrolysate was added to all reaction mixtures, followed by a further 20-minute
incubation at 37°C. The reaction was stopped by adding 70% perchloric acid. After cooling and
centrifugation at 3000 rpm for 5 minutes, the absorbance of the supernatant was read at 210nm,
with a phosphate buffer solution as the control. Aspirin was used as the standard reference.

The % of inhibition of activity was calculated according to the formula [1].

The ICso value was determined according to the formula [2]

3. Results and Discussion

3.1. Optical and Fluorescence properties: The preliminary confirmation of Fe@EHCD nanocomposite
formation was observed by the change of reaction mixture color from yellow to dark brown and
which was further evaluated by UV-Vis spectroscopy from 200-800nm wavelength range. The UV-
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Vis spectral analysis of EHCDs and Fe@EHCD nanocomposite are depicted in fig.1a. The maximum
absorbance of EHCDs was observed at 223 and 259 nm with an extending tail up to UV region and
corresponds to -1 and n-T1t* transitions respectively [22] Similar studies were also reported by [3,
23]. CDs are effective in reduction of metal/metal oxide nanoparticles than corresponding
phytochemicals [24]. In the present study, the FeNPs were reduced by using EHCDs and the maximum
absorbance was observed at 216 and 276 nm. Green synthesis of FeNPs using leaves of G/ycosmis
mauritiana and Phoenix dactylifera shown absorbance spectrum at 410 and 450nm respectively
which are contrast to the present study[25, 26]. The absorbance observed at UV region in this study
is may be due to completed reduction and formation of FeNPs. Flourescence is one of the unique
property of CDs for applications of a luminescent materials in biomedical field[27]. The EHCDs in
the present study shown good fluorescence stability under continuous UV irradiation (365nm) which
ensures its efficiency in bioimaging. The excitation of EHCDs was found at 530nm which typically
represents the color green depicted in fig.1. b.
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Fig 1. Optical and Fluorescence properties. (a) UV-Visible spectrum of EHCDs and Fe@EHCD
nanocomposites (b) Fluorescence excitation of EHCDs at 530nm: the inset shows the color of
EHCDs at day light and UV light (365nm).

3.2. Crystalline nature and Zeta potential:

The XRD analysis was carried out to understand the crystalline nature of FE@EHCD nanocomposites
and which was confirmed by appearance of sharp intense peaks represented in fig.2(a). The observed
diffraction peaks with 20 values of 19.340, 27.280, 29.87°, 35.67°, 39.53°, 44,940, 50.36°, 54.32°,
64.50°, and 73.75°corresponds to crystallographic planes of 102, 104, 112, 114, 115, 008, 302,
304, 314, and 137which revealed face cubic centered (fcc) structure of Fe/EHCDs nanocomposites.
The Debye-Scherrer equation revealed the average crystalline size of 8nm. Surprisingly the XRD data
in the present study consistence with standard JCPDS carbonyl iron card No. 01-070-1926 which is
contradictory to the previous studies synthesized FeNPs using green routes [25, 26].

Zeta potential describes the electrokinetic potential and colloidal stability of nanoparticles[28]. In
the present study Fe@EHCD nanocomposites shown zeta potential of -5.28mV represented in fig.2b.
The zeta potential value between +30 and -30mV considered as colloidal stability of
nanoparticles[29].
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Fig. 2: XRD analysis and Zeta potential (a) XRD spectrum and (b) Zeta potential of FFE@EHCD
nhanocomposites.

3.3. Composition and Morphology:

The functional groups of EHCD’s and the functional groups associated with reduction and capping
of of FE@EHCD nanocomposites were subjected to FTIR analysis from the range of 500-4000 cm-!
and the spectra (Fig.3) shows multiple vibrational signals. The EHCD’s shows vibrational signals at
3318 cm-! corresponds to strong and broad O-H stretching, 2112cm-1 corresponds to weak C=C
stretching, 1634 cm-' corresponds to medium C=C stretching and 509 cm-! corresponds to strong
C-1 stretching. The Fe@EHCD nanocomposites exhibited minor vibrational stretching at 3735-3621,
2344, 1661, 1535, 1363, 1033 cm-! corresponds to the functional groups O-H stretching (strong)
O=C= O stretching (weak), C=C stretching (strong), O-H stretching (medium) and C-N stretching
(medium) respectively. A vibrational stretching at 510 cm-! corresponds metal oxide bond. The
surface morphology, elemental composition and elemental mapping of Fe@EHCD nanocomposites
established using FESEM coupled with EDX (fig.4 (a-c)). The moderate agglomeration and partly
spherical shape of nanocomposites were observed in this present study The morphology (shape and
size) of Fe@EHCD nanocomposites greatly influenced by the carbon dots participated in the
reduction of FeE@EHCD nanocomposites. The EDX spectrum shows characteristic peak of elements
Fe (at 0.5kV and 6.5kV) and C (Near to 0kV) with weight percentages 71.93%, 28.07% respectively.
The HRTEM analysis was employed to adjudge the particle size distribution and Selected Area
Diffraction (SAED) pattern of FE@EHCD nanocomposites represented in fig.5 (a-c). The SAED pattern
revealed monocrystalline particles with an average size of 3.74nm which is contrast to the XRD
crystalline size data. The average crystalline grain size must be lesser than the average particle size
[30].
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Figure 4: FESEM coupled with EDX analysis of Fef@EHCD nanocomposites, (a) FESEM surface
morphology, (b) EDX spectrum (c) Elemental mapping.
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Figure 5: HRTEM Micrograph analysis of Fe@EHCD nanocomposites(a) Morphology b) Particle size
distribution (c) SAED pattern.

3.4. Biological activities:
3.4.1. Anti-microbial activity:

Antimicrobial resistance poses a significant worldwide risk, necessitating the development of
alternative therapeutics that are both safe for human life and the environment[31]. The field of
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nanobiotechnology has paved the way for the creation of novel materials in a sustainable manner.
The combination of carbon dots and metals holds great promise as effective materials against
microbes. With their small size, the nanocomposites can produce reactive oxygen species (ROS),
ultimately resulting in microbial death[32].The antimicrobial efficacy of Fe@EHCD nanocomposites
was evaluated using both well diffusion and microbroth dilution methods, as depicted in fig. 6a & b
respectively. The results revealed a notable zone of inhibition of 18mm against Candida albicans at
a concentration of 2000 pg mL-!, with a minimum inhibitory concentration (MIC) of 250 ug mL-1.
Furthermore, a moderate zone of inhibition was observed against other tested microbial species.
Notably, Shigella flexneri exhibited resistance to control (streptomycin), with a zone of inhibition of
only 8mm at a concentration of 500 pg mL-1, in contrast to the effectiveness observed against other
microbial species. In the present study, the Fe@EHCD nanocomposites exhibited lower zone of
inhibition and elevated MIC values against tested microbes, except for Candida albicans. These
findings highlight the promising antimicrobial activity of Fe@EHCD nanocomposites, particularly
against Candida albicans, and emphasize the significance of their potential application in combating
microbial infections.
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Figure 6: Antimicrobial activity of FeE@EHCD nanocomposites (a) Well diffusion assay, Control
(Streptomycin), Concentration 1 (1000 pg mL-'), Concentration 2 (2000 pg mL-") (b) Minimum
Inhibitory concentration.

3.4.2. In vitro antioxidant activity:

Living organisms produce reactive oxygen species (ROS) during the progression of chronic diseases
such as cardiovascular conditions, diabetes, neurological disorders, cancer, and respiratory illnesses.
ROS is one of the major contributors for degenerative senescence[33]. The antioxidant capabilities
of Fe@EHCD nanocomposites were assessed using DPPH free radical scavenging and ferric reducing
assays. The concentration-dependent % of activity of these assays are illustrated in fig.7. Both /n
vitro assessments demonstrated potent antioxidant properties, showing maximum inhibition
percentages of 62.54% and 69.35% for the DPPH and FRAP assays, respectively, at a concentration
of 2000 pg mL-1. Notably, in this study, FeE@EHCD nanocomposites exhibited elevated ICso values,
specifically 2075.23 pg mL-! for the DPPH assay and 3962.13 ug mL-' for the FRAP assay. When
treated with strong antioxidant compound (Plant extracts/ Carbon dots/ Nanocomposites) the DPPH
free radical (Purple color) turns into non-radical form (Yellow color) whereas chromogenic oxidants
(TPTZ and ferric ions) in FRAP assay turns into light blue to intense blue color due to reduction of
Fe3+to Fe2+. The change in color is directly proportional to the strong antioxidant potential [31][33].
These results underscore the considerable antioxidant efficacy of Fe@EHCD nanocomposites,
suggesting their potential as effective agents in combating oxidative stress.
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Fig.7. DPPH and FRAP antioxidant activity of Fe@EHCD nanocomposites

3.4.3. In vitro anti-inflammatory activities:

Inflammation refers to an immune response triggered by an infection or invasion of pathogens.
Conventional steroidal and non-steroidal anti-inflammatory drugs are associated with side
effects[33].The anti-inflammatory potential of Fe@EHCD nanocomposites was systematically
assessed through three distinct in vitro assays: inhibition of albumin denaturation, inhibition of
heat-induced RBC hemolysis, and inhibition of proteinase denaturation. The concentration-
dependent percentage of inhibition is elucidated in Figure 8. Notably, among the three assays,
Fe@EHCD nanocomposites exhibited significant efficacy in inhibiting albumin denaturation, with a
maximum percentage inhibition of 57.30% at a concentration of 2000 pg mL-'. In contrast, inhibition
of heat-induced RBC hemolysis and inhibition of proteinase denaturation demonstrated maximum
percentage inhibitions of 12.86% and 32.18%, respectively, at the same concentration (fig.8). Despite
variations in the percentage of inhibitory activity, the three assays displayed comparable ICso ranges.
Specifically, the I1Cso values were approximately 1061.49 pg mL-' for inhibition of protein
denaturation, 1187.17 ug mL-! for inhibition of heat-induced RBC hemolysis, and 1318.72 ug mL-!
for inhibition of proteinase denaturation. These findings underscore the noteworthy anti-
inflammatory properties of Fe@EHCD nanocomposites across diverse mechanisms, suggesting their
potential as effective agents in mitigating inflammatory responses.
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Figure 8: /n vitro anti-inflammatory activities of FF@EHCD nanocomposites

Conclusion:

In this study, carbon dots were meticulously synthesized from the Euphorbia heterophylla plant,
employing a sand bath-assisted method. The confirmation of EHCD synthesis was established
through UV-Vis and FTIR analyses, which examined absorbance and functional groups, respectively.
Remarkably, the study observed the complete reduction of Fe nanoparticles (FeNPs) facilitated by the
CDs, given their diminutive size (<10nm). The synthesized FeNPs using EHCDs exhibited a particle
size distribution ranging between 2-8nm and a partially spherical shape. Of the various biological
properties assessed, the in vitro antioxidant characteristics stood out prominently compared to
antimicrobial and anti-inflammatory properties. This distinction was attributed to the maximum
percentage of inhibition exhibited at lower concentrations of Fe@EHCD nanocomposites.
Consequently, these nanocomposites emerge as particularly well-suited for alleviating oxidative
stress associated with various human ailments.
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