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Abstract 

Heparin and its low molecular weight are anticoagulants that prevent the formation and extension of 
blood clots. However, these anticoagulant causes bleeding that takes longer to stop. Here, we explore 
using magnetic iron oxide (Fe3O4NPs) coated with green tea (GTPs) as a safe and effective 
nontherapeutic agent for blood clotting prevention. In this work, Magnetic iron oxide coated with green 
tea (GT@Fe3O4NPs) was successfully synthesized using a simple eco-friendly green method. Green tea is 
employed as a green reducing and stabilizing agent. We employed this method as a new low-cost and 
time-consuming route. Structural, blood biocompatibility and anticoagulant properties of the 
(GT@Fe3O4NPs) were analyzed. These analyses showed that the particles were of uniform shapes and 
sizes of 25 - 36 nm with a coating of GTPs. The vibrating sample magnetometer (VSM) measurement 
demonstrated a saturation magnetization of 4.90 emu/g with negligible coercivity and retentivity, 
indicating the superparamagnetic behavior of the GT@Fe3O4NPs at room temperature. The synthesized 
magnetic nanoparticles were highly stable and well-dispersed in an aqueous medium through their 
hydrophilic coating of GTPs. Cell viability and prothrombin time (PT) showed excellent blood 
compatibility in addition to promising anticoagulant ability, respectively. The work offers a novel, safe 
nanotherapeutic agent as a substitutional for heparin. As a result, GT@Fe3O4NPs can compete with 
heparin either in hemodialysis or the treatment of thromboembolic events as it can overcome related 
bleeding problems to a great extent. 
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Introduction 

Hemodialysis treatment needs anticoagulation to stop thrombosis. Heparin or its low-molecular-
weight derivatives are usually utilized as anticoagulation. Unfortunately, during hemodialysis, these 
anticoagulants transfer to the patient’s blood and increase the bleeding risk. Nevertheless, systemic 
anticoagulation stops using heparin in patients at high risk of bleeding [1]. Zhao et al. [2] explored the 
possibility of utilizing iron oxide nanoparticles (SPIONs) with layer-by-layer self-assembled heparin as 
anticoagulants for blood clotting preventio. The Hep-SPIONs exhibit comparable anticoagulant ability 
compared to commercial heparin and have promising magnetic properties, leading to the successful 
removal of the anticoagulant through pro-haemodialysis. Considering this problem, furthermore, an 
external magnetic field can target these nanomaterials magnetically toward the desired sites. In addition, 
they can be successfully removed before flowing into the human body and thus reduce the risk of 
bleeding markedly. As a result, Fe3O4NPs can be successfully used as anticoagulants for hemodialysis. 

Magnetic nanoparticles (MNPs) pay attention because of their unique properties, such as being 
superparamagnetic [3-5]. biocompatible and biodegradable [6], and expected to be non-toxic to humans 
[7,8]. Furthermore, unlike bulk iron, SPIONs do not have remnant magnetization in the absence of the 
external magnetic field; therefore, precise remote control over their action is possible makes them also 
advantageous as a module of the advanced drug delivery systems. These properties make magnetic 
nanoparticles (MNPs) have extensive applications in the field of biomedical sciences such as catalysis [9], 
biosensors [10,11], targeted drug delivery [12], cell tracking [13], magnetic resonance imaging (MRI), 
and magnetic fluid hyperthermia [14], and many biomedical applications [15,16]. Therefore, novel and 
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environmentally friendly biogenic reduction/green synthesis methods are highly sought. Synthesizing the 
metal and metal oxide by biogenic reductin methods, which include algae [17], fungi [18], bacteria [19], 
and higher plant extracts, can be one of the best options for nanoparticles (NPs) [20]. 

Green methods are environment-friendly, cost-effective, provide good yield, and have decent 
reproducibility [21]. The provision of biogenic reductive materials in nature makes them an upcoming 
prospect for the synthesis of NPs. In addition, green tea extract contains high polyphenolic compounds. 
These biomedical applications of green tea are mainly due to its functional groups (Polyphenols/ 
Caffeine), which act as capping agents in a green single-step process besides hindering the oxidation of 
Fe2+ ions by oxygen of air in the synthesizing Fe3O4 NPs by the co-precipitation process [22]. 

Shahwan et al. [23] produced iron nanoparticles using extracts of green tea leaves (GT-Fe NPs). 
The GT-Fe NPs tend to form asymmetrical clusters and demonstrate some dispersion, with particle sizes 
ranging roughly between 40 and 60 nm. In addition, GT-Fe NPs showed higher dye removal percentages 
and faster kinetics when used as a fenton-like catalyst [23]. Hussain et al. [24] synthesized 
Superparamagnetic Fe3O4 nanoparticles coated with green tea polyphenols (GTP), i.e., Fe3O4@GTPs NPs 
by wet-chemical method with eco-friendly. These particles displayed a high adsorption capacity 
(7.25 mg/g) to remove methylene blue (MB) dye in wastewater treatment. Furthermore, the particles 
could be easily separated from the medium by magnetic separation and potentially reused in multiple 
cycles. 

Khan et al. [25] assessed the cytotoxic effects of Fe3O4 MNPs in normal IMR-90 lung fibroblasts. 
Their study exposed normal cells to various concentrations of Fe3O4 MNPs (1 - 100 μg/mL) for 24 and 48 
h Their findings showed that Fe3O4 MNPs had no cytotoxicity significance on normal IMR-90 human 
lung fibroblasts. Namvar et al. [26] evaluate the in vitro cytotoxic activity of Fe3O4 MNPs that 
synthesized the 1-step green method using brown seaweed (Sargassum muticum) aqueous extract. Their 
findings showed that Fe3O4 MNPs had no cytotoxicity in a normal Chang liver cell line, providing new 
opportunities for safe delivery of Fe3O4 MNPs and anticancer therapy applications. Here, we report 
GT@Fe3O4NPs as a promising blood compatibility-superparamagnetic-nanotherapeutic for blood 
clotting prevention and then separating them before transfusing the blood back to the body by an 
external magnetic field, thus avoiding bleeding risks to restricted content.  
 
Materials and methods 

Iron (II) chloride hydrate (FeCl2.4H2O ≥ 98 % extra pure, purchased from LOBA CHEMIE 
PVT.LTD.03486, Mumbai, India). Sodium hydroxide (Sodium hydroxide pellets AR assay 99.5 %,  
MW.40.00, SO. 55592, Egypt), trypan blue, phosphate buffer solution (PBS, Ph 7 phosphate, B-01868, 
Mumbai, India), Hanks balanced salt solution (HPSS) (1X W/ Phenol red and sodium bicarbonate, TL 
1003, India), ESR tubes contain 3.8 % buffered Lithium Citrate solution (0.129 mol/L)(INTERMEDIA, 
EGYPT). TUVAC coagulation tubes contain buffered trisodium citrate solution concentration of either 
0.109 mol/L (3.2 %); TUVAC tube internally is sprayed with 12 to 30 international units of lithium 
heparin. All the aqueous solutions are prepared using triple distilled deionized water, and all the 
chemicals are used without further purification. 

 
Synthesis of Fe NPs and application experiment 
The synthesis of magnetic iron nanoparticles using green tea extracts as described previously 

[27,28]. In this work, we prepared the green tea extract by soaking 60.0 g L−1 green tea 
(commercial Brand) overnight then the extract was vacuum-filtered. Separately, a solution of 0.10 M 
FeCl2·4H2O was prepared using 19.9 g of solid FeCl2·4H2Opurchased from (LOBA CHEMIE 
PVT.LTD.03486) 1.0 L of deionized water. Consequently, 0.10 M FeCl2·4H2O solution was titrated to 
60.0 g L−1 green tea in a 2:3 volume ratio. Following this, 1.0 M NaOH solution was added until the pH 
was 6.0, and the formation of MNPs was marked by the appearance of an intense black precipitate. The 
iron particles were then separated first by vacuum-filtered water from the iron solution and then by drying 
it overnight a room temperature. 

Furthermore, green tea reduces the usage of an inert atmosphere that is typically required to avoid 
the oxidation of Fe2+ by air. In addition, polyphenols/caffeine are the main constituent of biopolymers in 
green tea extract and be strong stabilizers enabling increased biocompatibility. However, these 
polyphenolic compounds are biodegradable, non-toxic, and water-soluble at room temperature, proving 
green tea extract as an effective reducing agent compared to other extracts. Further, they confer chemical 
functionality to nanostructures such as Fe3O4 MNPs [29]. 
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Ultraviolet-visible spectroscopy (UV-Vis) 
UV-Vis absorption was measured in the wavelength local of (200 - 900 nm) using a 

spectrophotometer (Pg instruments, T80+, UV/Vis spectrometer, China) to study the structure of 
specimens and their optical properties. It includes the spectroscopy of photons in the UV- visible and 
adjacent (near-UV and near-infrared). In this range of the electromagnetic spectrum, molecules undergo 
electronic transitions. As molecules have bonding and non-bonding electrons (n-electrons) can absorb 
energy in the form of ultraviolet or visible light to excite these electrons to higher anti-bonding molecular 
orbitals [30]. 

 
X-ray diffraction (XRD) 
X-ray diffraction measurements of MNPs are carried out using a diffractometer (Shimadzu, XRD-

6000 - Japan). The source consisted (CuKα radiation, λ = 0.15405 nm, 2 KW). It is used to determine 
crystallinity, structure imperfections, crystallite size, and texture. The x-ray diffraction (XRD) patterns 
were recorded from 4 to 100 ° in 2θ at a scanning rate of 0.02 min-1. The dried powder is mounted on a 
sample holder with smooth double-sided adhesive tape. Many different natural structures of iron oxide, 
such as Fe3O4, α-Fe2O3, γFe2O3, Fe2O3, and β-FeOOH, exhibit magnetic properties [31]. The nature of the 
prepared Fe3O4 particles determined by XRD. The crystallite size D of a particle can be estimated 
according to the Scherrer equation D = kλ/ βcos θ. Here, the x-ray wavelength λ is 0.154 nm, k is the 
structure factor, which is assigned a value of 0.89, D is the average diameter of the crystals, θ is the Bragg 
angle in degrees, and β is the full-width at half-height of the prominent peaks [32]. 

 
Fourier transform infrared (FTIR) 
FTIR spectra are analyzed with an FTIR spectrophotometer (PerkinElmer-99075, German) using 

the standard KBr pellet technique in the spectral range 4000 - 450 cm−1with a resolution accuracy of 4 
cm-1. Fourier transform infrared (FT-IR) spectroscopy is used to identify the functional groups of the 
active components responsible for synthesizing GT @Fe3O4 NPS [33]. 

 
Transmission electron microscopy (TEM) 
Transmission electron microscopy (JEOLJEM-2100, Japan) attached to CCD camera at an 

acceleration voltage of 200 kV. The samples will be diluted 10 times and negatively stained before TEM 
measurements due to the poor conductivity of organic samples. First, a copper grid will be placed on the 
wax plate. Then a drop of diluted nanosuspension prepare for TEM measurements will be added to the 
surface of the copper grid. Moreover, a drop of 2 % phosphotungstic acid solution will also be added to 
the wax plate. After drying in the air, the copper grid will be placed on the top surface of the spreading 
phosphotungstic acid dispersion to dye for 5 min before TEM measurements [34].  

 
Field emission scanning electron microscopy (FE-SEM) 
The field emission scanning electron microscopy (FE-SEM) (JEOL JSM - IT 100, Japan) technique 

gives more details about the morphology of the surface and size distribution of the synthesized magnetic 
nanomaterials. Sample glazed with a thin layer (1.5 - 3.0 nm) of gold or gold-palladium at 20 kV and 30 
μA in order to increase its conductivity [35]. 

 
Energy-dispersive x-ray (EDX) microanalysis 
The structure of Fe3O4NPs was characterized by an energy-dispersive x-ray (EDX) spectrum using 

an x-ray micro-analyzer (silicon drift detector with 129 eV resolution energy) attached to (JEOL JSM IT-
100) scanning electron microscope (SEM) to confirm the presence of iron in the particles, as well as to 
detect the other elementary compositions of the particles [36]. The GT@Fe3O4 NPs were scattered onto 
adhesive carbon tapes supported on metallic disks, and their images and elemental contents were recorded 
at different magnifications [37].  

 
Zeta potential 
The zeta potential of magnetite suspension was measured at 25 °C using zeta potential analyzer/ 

particle sizing systems (Malvern Zetasize Nano-zs 90, USA). The scattering angle was 90 °. The 
magnetic nanoparticle suspensions were diluted with deionized water before measurement. During a zeta 
potential analysis, charged colloidal dispersions are placed into a zeta cell (glass cuvette with round 
apart). Under the effect of an electric field, charged particles will display specific electrokinetic effects, 
including electrophoresis, electroosmosis, streaming potential, or sedimentation potential, which 
estimates zeta potential using the principle of electrophoresis [38].  
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Physiochemical studie 
Magnetic moment value was evaluated at room temperature (25 °C) using a Sherwood magnetic 

susceptibility (Sherwood Scientific, Cambridge, England) balance using Hg [Co(SCN)4]. The Gouy 
method is more often used to measure magnetic susceptibility, in which the sample may be presented as a 
long rod of material, a solution, or a glass tube packed with powder. One end of the sample is positioned 
in a uniform magnetic field, and the other end in a very low or 0 field. However, the force observed is 
much larger and can be measured using a modified laboratory balance [39].  

 
 Magnetic measurements 
The magnetic behavior of nanoparticle suspensions was attempted by vibrating sample 

magnetometer (VSM) option of a quantum design physical property measurement system (PPMS) equip 
(Lake Shore-7410, USA) with a superconducting 9 Tesla magnet. Hysteresis loops of sample acquired at 
selected temperatures in the range of 3 - 350 K, and magnetic fields ranged from – 8 to 8 Tesla [40]. 

 
Cytotoxicity and cell viability assay  
Preparation of mononuclear cells 
We isolated the peripheral mononuclear cells (PBMC) from whole blood using density 

centrifugation with Ficol-Paque. Hanks balanced salt solution (HPSS) centrifuged with (20 mL) of 
heparinized human blood, the resulting cell suspension transferred to a (50 mL) sterilized centrifuge tube 
(Falcon, NJ) with (10 mL) Ficol and centrifuged for 20 min at 90×g, PBMC remain in the upper fraction 
as a ring that can be isolated, and centrifuged for 10 min at 90×g, the supernatant discarded, and the 
remained pellets resuspended in PBS buffer at 10 °C [41]. We counted cells by a hemocytometer based 
on the trypan blue exclusion method. The isolated mononuclear cells were dissolved in a culture medium, 
seeded at a density of (100 µL: 60,000 per well) in a 96-well plate (Falcon) at an incubator with CO2 5 % 
and temp 37 °C. The culture medium (L - 15, 100 i.u./mL penicillin, 100 µg/mL streptomycin, 5 mM 
NaHCO3, and 0.5 % (insulin-transferrin-selenium (ITS)). After 24 h, a sample was added to a 
hemocytometer, analyzing cell viability under a microscope. The medium changed, preparing cells for the 
following experiments of NP exposure [42].  

 
Human mononuclear cell culture and treatment protocol 
Cell viability and Cytotoxicity evaluation of Magnetic GT@Fe3O4 NPs were performed by seeding 

approximately 6×104/100 μL cells (blood mononuclear cells) in flat-bottomed 96-well polystyrene coated 
plate at their exponential growth phase and incubated for 24 h at 37 °C in a 5 % CO2 incubator. Each 
time, the plate was centrifuged in a microplate centrifuge (Thermo Scientific 50140763) at 350×g for 10 
min, discarded the supernatant, and washed the cells by (PBS+FBS) followed by centrifugation again at 
350×g for 10 min then discard the supernatant. Series of dilution (20, 50, 80, 110 and 140 mg/mL) of 
magnetic NPs in the medium were added to the plate. After 30, 120 min of incubation, trypan blue was 
added to each well, and the plates were incubated for a further 10 min and placed on a shaker (Vortex-
Genie) for 30 min. Cell morphology characterization was assessed by taking photographs of living cells’ 
interaction with different NPs 30 and 120 min concentrations. 

 
Automatic coagulation analyzer 
To evaluate the activity of anticoagulant activity (extrinsic pathway factors) and plasmatic 

coagulation time of the magnetic nanoparticles, Prothrombin time (PT) levels were measured by Compact 
stago[43]. It is a fully automated, benchtop, homeostasis analyzer that uses chromogenic and 
immunological methods. We performed tests using fresh blood samples. Platelet poor plasma was 
obtained by centrifuging the tubes 10 min at 2000 - 500 g; 2 mL of plasma was added in 3 different blood 
tube tubes (plain tube, heparin tube, and Lithium Citrate tube). Different concentrations of GT@Fe3O4 
(0.03, 0.06, 0.09 gm) were incubated with the citrated tube. Prothrombin time (PT) levels were evaluated 
automatically by Compact stago by adding the corresponding reagent. Prolonged PT indicates decreasing 
factors of factors Ⅶ, V, Ⅹ, prothrombin and fibrinogen [1].  

 
Results and discussion 

Ultraviolet-visible spectroscopy (UV-Vis) 
The UV Visible spectrum of GT @Fe3O4 NPS in the aqueous GT extract is shown in Figure 1. The 

UV-visible spectrum of synthesized GT @Fe3O4 NPs showed a strong peak in the visible region around 
(422 and 242) nm that may relate to the excitation of surface P = plasmon vibrations in the Fe3O4-NPs. 
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The bandgap energy  (Eg) is calculated from absorption edge wavelength  (λae)  using Tauc’s equation 
[15]. The Tauc method is based on the assumption that the energy-dependent absorption coefficient α can 
be expressed by the following Eq. (1);  
 
(α ∙ hϑ)1 δ� = B(hϑ − Eg)                                                                                                                           (1) 

 
where h is the Planck constant, ν is the photon’s frequency, Eg is the bandgap energy, and B is a constant. 
The γ factor depends on the nature of the electron transition and is equal to 1/2 or 2 for the direct and 
indirect transition band gaps, respectively.  

The x-axis intersection point of the linear fit of the Tauc plot gives an estimate of the bandgap 
energy. The bandgap represents the minimum energy required to excite an electron up to a state in the 
conduction band to participate in conduction [44]. The bandgap of GT@Fe3O4 is 2.51 eV, referring that it 
is a semiconductor material. The electric properties of biological materials are a measure of their 
interaction with electromagnetic fields. While these biological effects may or may not be desirable, 
they should be well understood for safety regulation purposes and exploit beneficial effects to their full 
potential. (ex: Dielectric material can be polarized by an applied electric field, causing dielectric 
polarization).  
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Figure 1 Uv-visible absorption spectra of iron oxide nanoparticle. 

 
 

X-ray diffraction (XRD) 
The x-ray diffraction patterns obtained for the GT@Fe3O4 NPS synthesized using GT extract is 

shown in Figure 2 are detected at 2θ = 26.64, 37.55, 43.85, 52.26, 64.34, 75.11 and 77.34 °, which are 
assigned to the Brag reflection of (221), (222), (400), (422), (531), (622) and (444), respectively. The 
analyzed diffraction peaks are matched well with the standard magnetite XRD patterns by the joint 
committee on power diffraction standards (JCPDS file no: 00-003-0863), which declares the 
crystallographic system of cubic structure. Besides, the synthesized nanoparticles are affirmed to be 
Fe3O4 but not maghemite (γ-Fe2O3) by comparing the XRD patterns with the standard maghemite JCPDS 
file no: 88-0315 [45]. A considerable difference can be seen in that the XRD patterns of γ-Fe2O3 consist 
of many peaks, unlike Fe3O4, which only involves few peaks. The reduction in peak intensities of 
GT@Fe3O4 NPS is mainly due to the GTPs layer coated over Fe3O4 nanoparticle surfaces.  Estimation of 
the crystallite size of synthesized Fe3O4-NPs can be calculated using the Debye-Scherrer Eq. (2) [46], 
revealing a relationship between X-ray diffraction peak broadening and crystallite size. The Debye-
Scherrer equation is shown as follows; 

    
D = 0.94λ

βcosθ
                                                                                                    (2) 

 

https://pubs.acs.org/doi/10.1021/acs.jpclett.8b02892?fbclid=IwAR2dpdLCeCILPKuL6b70kp39ZsXksxDCP8qf2NYRxYPQvNx57cMl0SNHDVg%23eq1
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where D is the crystallite size of synthesized Fe3O4-NPs for (hkl) phase, k is Scherrer constant (0.9), λ is 
the X-ray wavelength of radiation for Cu Kα (0.154 nm), βhkl is the full-width at half maximum (FWHM) 
at (hkl) the peak in radian, and θ hkl is the diffraction angle for the (hkl) phase. The estimated crystallite 
size of synthesized Fe3O4-NPs is 9.02 nm, calculated from the full-width at half maximum of the Fe3O4 
the most intense peak (400) diffraction peak at 2θ = 43.85 ° [47]. Thus, the particle size is estimated to be 
9.02 nm, and this size comes within the superparamagnetic size limit of Fe3O4 NPs [48]. The smaller size 
of the coated NPS is due to the coating of the Fe3O4 with GT surface, which may inhibit the growth of the 
particles [49]. 
 

10 20 30 40 50 60 70 80

In
te

ne
si

ty
 

2θ

(222)

(400)

(531)

(221)

(422)

(444)

(622)

 
Figure 2 XRD patterns of Synthesized GT@Fe3O4 NPs. 

 
 

Fourier transform infrared (FTIR) 
FTIR spectrum of synthesized GT @Fe3O4 NPS as shown in Figure 3. The intensities of 

transmittance vary due to the interaction of metal ions with GT bio compounds, which leads to the 
reduction and stabilization of the Fe3O4 nanoparticles [50]. The synthesized GT @Fe3O4 NPS absorption 
bands around at 3748, 3268, 2395, 2270, 2179, 2040, 1608, 1413, 1016, 856, 780, 633 and 564 cm−1. The 
absorption peak at 3286 cm−1 in the GT @Fe3O4 NPS is attributed to the O - H stretching vibration. The 
absorption peaks at 2395 cm−1 attributed to the C–H stretching vibrations of the –CH2 functional group. 
The absorption peaks at 2270 cm−1 are attributed to the C = N stretching. A band at 1608 cm–1 reveals 
carbonyl groups C = C (1550 - 1650 cm–1) [51]. The presence of these functional groups confirmed that 
flavonoid and terpenoids molecules coated the surface of Fe3O4 [52]. The peaks at 1413 and 1016 cm-1 
revealed the asymmetric and symmetric stretching vibration of COO-. The absorption peak of 856 cm-1 
and 780 confirmed the presence of an aromatic C-H bending band. The absorption peaks found at 633 and 
564  cm−1 in the spect are associated with Fe-O’s stretching vibration mode [53]. The metal-oxygen band 
at 564 cm−1corresponds to intrinsic stretching vibrations of metal at the tetrahedral site related to the 
magnetite phase of magnetite nanoparticles is observed in HI Saleh [54].  
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Figure 3 FT-IR spectra of synthesized Fe3O4@GT NPs. 

 
 

Transmission electron microscopy (TEM) 
The morphology and size of the synthesized GT @Fe3O4 NPS were evaluated by TEM, as shown in 

Figure 4a. It showed that GT @Fe3O4 NPS formed in the nanoscale and spherical shape where the 
particle size average between 25 nm to 36 nm. The particle size revealed by TEM is more remarkable 
than estimated by XRD, as the particle size analyzed by TEM is for Fe3O4 coated with GTPs, but the 
particle size estimated by XRD is measured from the Fe3O4 lattice parameter. The image showed the 
agglomeration of the particles, which might be due to hydroxyl groups or the extract thickening properties 
of green tea. Besides, the tendency of agglomeration is not as unexpected as the synthesized Fe3O4@GT 
NPS has a small size and magnetic characteristic. A few tiny spherical objects can be found in the image, 
which might be due to the residue of green tea. 

The selected area electron diffraction (SAED) pattern recorded on a single particle s of the coated 
NPs is shown in Figure 4b. The electron diffraction patterns showed a set of rings of spots mainly 
originated from the crystal planes of the nanoparticles, in which rings marked as (1) - (3) can be related to 
(444), (222), and (400) planes of the randomly orientated cubic inverse spinel structured Fe3O4. The 
appearance of these distinct diffraction rings also confirmed the polycrystalline nature of the 
nanoparticles.  

 
 

 
 

Figure 4 TEM images of Magnetic Fe3O4@GT NPs. 
 
 

a b 
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Field emission scanning electron microscopy (FE-SEM) 
Typical FE-SEM images of GT@Fe3O4 showed in Figure 5. FE-SEM images revealed that the 

surface is rough. Surface roughening may be due to the deposition of polyphenolic compounds around the 
core material. In addition, particles get aggregated to the various extent that might arise from the 
interaction of magnetic dipole moment particles between the particles [42]. 

 
 

 
Figure 5 FE-SEM images of Magnetic GT@Fe3O4 NPs. 

 
 

Further, information regarding the chemical composition of the GT@Fe3O4 was obtained with the 
help of EDX spectroscopy. The presence of Fe, C, and O in the EDX survey spectra of the green tea-
coated magnetite nanoparticles confirm the existence of the green tea shell around the super magnetic 
core. In addition to these 3 distinct peaks of chloride and copper substantiated the successful 
immobilization of functionalizing groups or chemical residues.  

EDX microanalysis confirms the presence of iron, oxygen, and carbon with an atomic percentage 
of37.32, 36.49 and 21.06 %, as shown in Figure 6. In addition, a strong signal at 6.2 was found, and an 
optical absorption peak at 0.5 KeV attributed to Fe is observed that confirmed the presence of Fe3O4 NPS. 
The C group is attributed to the polyphenolic groups and other C- containing groups that proved coating 
Fe with GT.  
 
 

 
Figure 6 EDX analysis of Fe3O4@GT NPs zeta potential. 
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Figure 7 Zeta Potential analysis of GT@ Fe3O4 NPs. 
 
 

The zeta potential of Fe3O4 prepared exhibited 41.4 mV with a standard deviation of 4.91 is shown 
in Figure 7. This significant zeta potential indicates relatively high positive charge density on the surface 
of nanoparticles because of the surface coating with GT that generates repulsive forces between 
nanoparticles. Nano particles with zeta potentials more positive than +30 mV or more negative than -30 
mV usually are considered stable.  The positively charged surface of synthesized MNPs compared with 
chemically synthesized MNPs proved that our MNPs coated with GT bio compounds. Negatively charged 
surfaces can more easily initiate thrombotic events because, in physiological coagulation, platelet contact 
with an anionic surface starts the coagulation cascade [55]. 

Therefore, another critical consideration when evaluating new nanomaterials. Initially, several 
authors had shown that protein adsorption decreased after the functionalization of the nanomaterial as the 
hydrophobicity of the nanoparticle’s surface was also decreased [56]. In addition, the binding of 
nanoparticles to plasma proteins such as albumin can increase biological properties that reduce the 
complement system’s activation, increase blood circulation time and reduce toxicity [57]. 

 
 

 
 
Figure 8 DLS of GT@ Fe3O4NPs. 

 
   

The average particle sizes obtained by this technique are much larger than those by TEM, especially 
for magnetic Fe3O4 nanoparticles. As even in the absence of an external magnetic field, the magnetostatic 
(magnetic dipole-dipole) interactions between the particles can cause their agglomeration [58]. The DLS 
of magnetite nanoparticles prepared to have 1 particle size class, as shown in Figure 8. The average size 
of MNPs obtained by DLS is higher than that observed in TEM, possibly due to non-uniform size 
distribution and aggregation of MNPs in solution. 
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Magnetic measurements 
Estimation of the magnetic moment of synthesized GT@Fe3O4NPs can be calculated from the 

magnetic susceptibility using Eq. (3), which reveals a relationship between the magnetic moment and 
molar susceptibility [59]. 
 
 µ
m= (R−Ro )∗L∗C

(W−Wo)∗109
                                                                                    (3) 

 
where µm is the magnetic moment of synthesized GT@ Fe3O4 NPS, Xm is molar susceptibility, and T is 
the temperature (25 °C). Using the equation, the estimated magnetic moment of synthesized Fe3O4-NPs is 
3.82 BM. 

We study the magnetic behavior of GT@Fe3O4 NPS, magnetization measurements performed with 
vibrating sample magnetometry (VSM). As can be observed in Figure 9, the specific saturation 
magnetization value is measured to be 4.9374 emu/g for GT@ Fe3O4 NPS. The negligible coercivity Hc 
of hysteresis loop and consequently no remanence Mr indicated the superparamagnetic nature of the 
GT@ Fe3O4 NPS. The formed magnetic nanoparticles within the GT should be smaller than 25 nm, and 
they might be considered to have a single magnetic domain. However, it should be noted that despite 
reducing the Msvalues, it showed the ease of separation from the reaction mixture. 
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Figure 9 Magnetization curve of GT@Fe3O4 NPs. 

 
 

Cytotoxicity and cell viability assay   
The collected mononuclear cells, either after insulation or 24 h, are viable 100 %, as shown in 

Figures 10(a) and 10(b). The morphological microstructure (100×) is observed using an Olympus IX51 
inverted fluorescence microscope. Recording the viability for each plate at a different point, After 60 min 
as shown in Figure 11, shows the viability for the mononuclear cells after incubation with NP in the 
dilatation 20, 50, 80, 110 and 140 mg/mL. Cell viability results ensure GT @Fe3O4 NPS is blood 
biocompatibility, so it will be completely safe within few hours before any interaction with normal cells 
occurs. The blood biocompatibility of GT @Fe3O4 NPS may relate to its surface nature. As the protective 
corrosivity of Fe3O4 is more than other Fe Oxides according to Pilling-Bedworth Ratio that is 1.9 [60]. 
Pilling-Bedworth Ratio depends on the percentage of oxides on the surface responsible for the protective 
layer. 
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Figure 10 (a) The mononuclear cells after insulation 100 % viable (living) cells score, (b) The 
mononuclear cells after 24 h incubation 100 % viable (living) cells score. 
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Figure 11 The mononuclear cells after incubation with NP in the dilatation 20, 50, 80, 110 and 
140 mg/mL after 60 min. 

 
 

Automatic coagulation analyzer 
 Prothrombin time (PT) is an essay evaluating the extrinsic pathway and common coagulation 
pathway. They are used to determine the clotting tendency of blood platelet. The poor plasma produced 
from a citrated blood sample is usually tested. It is worth noting that the GT@ Fe3O4 has far greater 
anticoagulant efficiency than heparin.  Prothrombin time (PT)  values of the GT@ Fe3O4  (14.50, 15.20 s) 
are higher than those of the lithium citrate (13.80 s), respectively Figure 13. The influences of the 
assembly time and particle clustering concentration on the clotting times were also investigated. The 
assembly time of GT@ Fe3O4 was found to have a much lower influence on the clotting times Figure 14, 
proving that the current approach to designing magnetic coagulants is efficient by coating Fe3O4 with 
green tea. As expected, the increased concentration of GT@ Fe3O4 highly improves the clotting times,  As 
the clot prevention becomes more robust with increasing magnetic particle density. 

As shown in Figure 13, PT of plain tube exceeds the limit time of the detector, as the blood in it is 
free of any additives, so the level of factors decreased attributed to blood clotting. On the other hand, PT 
of (Tube 2) with Heparin additives exceeds the maximum time as it consummates most extrinsic factors.  
Fe3O4 MNPs compensated some Prothrombin common factors. This table shows the delayed coagulation 
time as assessed by PT due to the consumption of coagulation factors by MNPS. Thus, Fe3O4@GT NPS 
was developed as an effective nano-anticoagulant for hemodialysis. 

 
 
 
 
 

(a) (b) 
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Figure 13 Comparison of PT for plain tube, heparin and GT@Fe3O4NPS. 

 
 

Figure 14 PT of plain tube, heparin and GT@Fe3O4NPS. 
 
 
Conclusions  

As we showed in this study that our material GT@ Fe3O4 NPS is entirely safe in living cells and has 
no side effects, so we can use it as a safe substitutional of heparin. Sample formed mainly from iron oxide 
as UV–V absorption spectrum of iron oxide nanoparticles GT@ Fe3O4 NPs displayed a peak in the region 
of 422.00 and 242  nm. X-ray diffraction patterns of the magnetite nanoparticles revealed diffraction 
peaks at which are the characteristic peaks of the Fe3O4 with a cubic spinel structure of Fe3O4-NPs that 
had been synthesized. FT-IR analysis shows 2 absorption bands between 400 and 630 cm-1, which are the 
characteristic absorption peaks of Fe-O vibration related to Fe3O4 The presence of these functional groups 
(C–H stretching vibrations, C = N stretching, carbonyl groups C = C) confirmed that flavonoid and 
terpenoids molecules coated the surface of Fe3O4. TEM image displayed the synthesized Fe3O4-NPs 
mainly were spherical with an average size of  28 nm to 36 nm. The DLS measurements for the sample 
are performed in aqueous suspensions that displayed polydispersive behavior. The average size of MNPs 
obtained by DLS is higher than that observed in TEM, possibly due to the aggregation of MNPs in 
solution. The zeta potential for the sample is about 41.4 mV evidence greenly synthesized MNPs exhibit 
good colloidal stability due to coating with GT. Our results showed that magnetic GT@ Fe3O4 NPs could 
be a safe substitutional of heparin, overcoming side effects of heparin such as bleeding. GT@ Fe3O4 
NPs can advance anticoagulant drugs by increasing control of the anticoagulant (e.g., decreasing the dose 
and reducing side effects while maintaining efficacy and increasing circulation). The new magnetic 
anticoagulant drugs will profit patients undergoing high-risk surgical procedures and overcome 
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anticoagulant-related bleeding problems to a great extent. In this work, we had some limitations related to 
the amount of sample, so we recommend test other higher concentrations in the anticoagulant assays. 
Assay the potential to use it as an anticoagulant drug invivo in an animal model. In the future, we expect 
magnetic nanoparticles will offer a strategy to treat thromboembolic events efficiently with the aid of 
Magnetic Resonance Imaging, as can serve as a negative contrast agent. 
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