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Recently, iron nanoparticles (FeNPs) synthesized using gum arabic as a green reducing 

agent have demonstrated significant biological activity, highlighting the potential of 

nanotechnology in biomedical applications. The FeNPs were prepared by dissolving 4.04 

g of iron nitrate [Fe(NO₃)₃•9H₂O] in 100 mL of deionized water, heating the solution to 

60℃ for 1 hour, and then mixing it with 10 mL of plant extract. The color of the solution 

turned reddish brown, confirming the formation of nanoparticles. The biocompatibility 

of FeNPs, along with their antimicrobial, anticoagulant, and wound-healing activities, 

suggests their potential applications in healthcare. The antimicrobial properties of FeNPs 

were evaluated against several bacterial strains, including Staphylococcus aureus, 

Staphylococcus epidermidis, Escherichia coli, and Pseudomonas aeruginosa. The results 

showed that the nanocomposite exhibited significant inhibitory effects against 

Staphylococcus species, with inhibition rates ranging from 61.96% to 77.82% across 

various concentrations. These findings suggest that FeNPs inhibited biofilm formation in 

Staphylococcus species, which were the most sensitive bacteria tested, in a concentration-

dependent manner. This suggests that FeNPs could serve as a suitable replacement for 

conventional antibacterial substances, especially for infections that involve biofilms. The 

anticoagulant activity of FeNPs was assessed by measuring prothrombin time (PT) and 

partial thromboplastin time (PTT) at concentrations ranging from 50 to 100 µg/mL. A 

marked increase in clotting time was observed, indicating strong anticoagulant effects. 

The greatest delay in clotting was observed at the concentration of 100 µg/mL. This effect 

is attributed to the interaction of FeNPs with key coagulation factors (VIII, IX, and XI), 

which delays thrombin formation and alters fibrin production. Additionally, Fe NPs 

generate reactive oxygen species (ROS) that influence platelet activity, further aiding in 

the prevention of blood clots. FeNPs were shown to accelerate fibroblast migration and 

collagen synthesis during the wound healing process. The treated group exhibited a 

significantly higher rate of scratch closure (~88%) compared to the untreated group 

(~78%) after 72 hours. FeNPs were shown to accelerate fibroblast migration and collagen 

synthesis during the wound healing process. The treated group exhibited a significantly 

higher rate of scratch closure (~88%) compared to the untreated group (~78%) after 72 

hours. Moreover, these particles are also capable of inducing angiogenesis and activating 

the immune system. The gum Arabic-synthesized Fe NPs exhibited strong antimicrobial, 

anticoagulant, and wound-healing activities, demonstrating their high potential in 

biomedical applications. Further studies are required to optimize their efficacy and safety 

for use in patient care settings. 

Keywords: 

FeNPs, biofilm inhibition, wound healing, 

coagulation, antibacterial, gum Arabic 

1. INTRODUCTION

Iron nanoparticles (FeNPs), among the many nanomaterials 

currently under investigation, have garnered significant 

attention due to their unique physicochemical properties, such 

as high surface area and enhanced reactivity, which render 

them highly effective in various applications [1, 2]. Recent 

studies have highlighted the potential of FeNPs synthesized 

from natural sources such as gum arabic (Acacia senegal) [3]. 

Their remarkable bioactivity is attributed to the presence of 

various bioactive constituents, particularly phenolic 

compounds, glycosides, and β-D-galactopyranosyl groups [4]. 

Despite the potent antibacterial, anticoagulant, and wound-

healing properties of FeNPs, antibiotic resistance remains one 

of the greatest challenges in modern medicine, rendering many 

conventional treatments ineffective against pathogenic 

bacteria [5, 6]. In this context, iron oxide nanoparticles 

(FeONPs) synthesized through eco-friendly methods have 

emerged as viable candidates for biomedical applications [7, 

8]. The use of non-toxic and inexpensive plant extracts enables 

precise control over nanoparticle size, morphology, and 

surface characteristics, thereby enhancing their therapeutic 
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efficacy [9, 10]. For instance, the antibacterial activity of 

surface-modified FeONPs can be enhanced by coating them 

with polyindole carboxylates, which facilitate binding to 

bacterial proteins and effectively inhibit microbial growth [11]. 

A notable example includes the use of plant extracts from 

species such as Allium eriophyllum Boiss., which exhibit 

strong antioxidant, antibacterial, antifungal, and anti-cytotoxic 

properties. These nanoparticles promote wound healing by 

stimulating fibroblast proliferation, reducing inflammatory 

markers, and mitigating microbial infections at wound sites, 

owing to their potent antibacterial properties [12, 13]. 

Furthermore, they contribute to tissue repair by stimulating 

collagen synthesis, thereby improving the strength and 

elasticity of regenerated tissue, and by activating immune cells 

to accelerate wound closure [14]. Innovative approaches, such 

as integrating iron oxide nanoparticles with lactic acid bacteria 

into electrospun wound dressings, have demonstrated 

significant antibiotic activity and excellent compatibility with 

fibroblasts, further underscoring their potential in biomedical 

applications [15, 16]. The hybridization of bioactive 

compounds with iron oxide nanoparticles (FeNPs) enables 

their application as multifunctional agents, including wound 

healing, antibacterial, and anticoagulant therapies. 

Additionally, FeNPs have demonstrated remarkable anti-

inflammatory, antioxidant, and antimicrobial efficacies—

reaching up to 91% in certain assays—and have shown 

effectiveness in controlling thrombus formation and 

enhancing wound healing in mouse fibroblast cells [17, 18]. 

The production of reactive oxygen species (ROS) and the 

breakdown of the bacterial cell wall are the main mechanisms 

behind their actions that together inhibit bacterial growth [19]. 

They also stimulate angiogenesis, activate fibroblasts, and aid 

in tissue repair [20]. By interacting with important components, 

including factor VIII and IX, they accelerate the wound 

healing process [21, 22]. This study aims to evaluate the 

properties of iron nanoparticles prepared using the green 

method from gum arabic as anti-biofilm, anticoagulant, and 

wound-healing agents. Specifically, the study investigates 

their ability to inhibit bacterial growth, delay coagulation (as 

measured by PT and PTT), and promote wound healing. 

 

 

2. Materials and Methods 

 

2.1 Preparation of gum Arabic extract 

 

Gum arabic was purchased from a Shanghai company in 

China, and 50g of it was dissolved in 250 mL of deionized 

water. The solution was then heated to 60℃ and held at this 

temperature for 1 hour. This extract was then used in the 

synthesis of iron oxide nanoparticles by gradually mixing it 

with an iron nitrate solution. 

 

2.2 Synthesis of iron oxide nanoparticles 

 

4.04g of 99.99% original iron nitrate (Fe(NO3)3•9H2O) from 

Sigma-Aldrich (India) were dissolved in 100ml of deionized 

water to create iron oxide nanoparticles. After being heated to 

60℃, the solution was kept there for an hour. The combination 

was then progressively mixed with 10 mL of a plant extract 

solution, which caused the solution to turn reddish-brown. 

Seeing this slow hue shift verified that nanoparticles were 

forming. Iron ions undergo reduction and oxidation during the 

manufacturing process when they interact with the plant 

extract's bioactive ingredients, which include flavonoids and 

polyphenols. These biomolecules, rich in electrons and 

functional groups (-OH), efficiently reduce iron ions (Fe²⁺ or 

Fe³⁺) to metallic iron (FeO). Once stabilized, the iron oxide 

nanoparticles are ready for use [23] . 

 

2.3 Characterization of iron oxide nanoparticles 

 

1. X-ray diffraction (XRD   (  

The crystal structure of the biosynthesized iron oxide 

nanoparticles was analyzed using XRD. A CuKα radiation 

source (wavelength λ = 1.54 Å) was used for this purpose. The 

powdered sample was scanned in the range of 20° to 70° at an 

angle of 2θ, with an operating current of 30 mA and a voltage 

of 40 kV. The diffraction pattern was recorded, and the 

average crystallite size of the nanoparticles was calculated 

using the Debye-Scherrer equation: 

 

𝐷 =
𝑘𝜆

𝛽cos⁡ 𝜃
 

 

where, D is the crystallite size, k is the shape factor (0.94), λ is 

the X-ray wavelength (1.5418 Å), β is the full width at half 

maximum (FWHM) in radians, and θ is the Bragg angle . 

 

2. Scanning electron microscopy (SEM) 

The shape and structure of the synthesized nanoparticles 

were analyzed using a SEM, model MIRA3-FRENCH. Prior 

to imaging, the samples were dehydrated and secured onto 

conductive adhesive tape fixed to a specimen holder. To 

improve electrical conductivity, a thin platinum-gold coating 

was applied via sputtering. SEM imaging was performed at an 

acceleration voltage of 80 kV [24]. 

 

3. Atomic force microscopy (AFM) 

The size, dispersion, and surface properties of the 

nanoparticles were evaluated using a high-resolution 

Angstrom AA2000 AFM. To prepare the sample, a droplet of 

the nanoparticle suspension was deposited onto a 1 cm² glass 

substrate and air-dried before analysis. All AFM 

measurements were performed at ambient temperature and 

pressure. . 

 

4. Fourier-transform infrared spectroscopy (FTIR) 

Infrared spectroscopy was used to identify the functional 

groups on the surface of the nanoparticles. A Shimadzu-8400 

spectrometer, operating in the wavenumber range of 50 to 

5000 cm¹, was used to conduct the measurements. For 

accurate analysis, the instrument combines FTIR 

spectroscopy with an optical microscope. 

 

5. UV-Visible spectroscopy 

Using UV-Vis spectroscopy to study the formation of iron 

oxide nanoparticles. By observing the surface plasmon 

resonance (SPR) band at the wavelength of 300-700 nm, to 

prove the success of the synthesis of nanoparticles. 

 

2.4 Effect of iron nanoparticles on pathogenic wound 

isolates  

 

Pathogenic bacterial samples were isolated from the 

microbiology laboratories of Ramadi Teaching Hospital in 

Iraq, such as Staph. aureus, Staph. epidermidis, E. coli and P. 

aeruginosa. In September 2024, wound infections of different 
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origins resulted in these bacterial cultures, which were 

validated by the laboratory staff. The biofilm formation of 

these cultures was attempted to be evaluated in an educational 

manner using iron nanoparticles at concentrations of 25, 50, 

and 100 mg/mL [25] . 

 

2.5 Effect of iron nanoparticles on blood coagulation 

factors 

 

Blood samples were obtained from five healthy individuals 

aged 20-40 years without any history of coagulation disorders. 

The samples were centrifuged at 2000 rpm for 15 minutes to 

separate plasma from the red blood cells, white blood cells, 

and platelets. The supernatant was then treated with iron 

nanoparticles at the concentrations of 2, 4, 6, 8, 10, 50, and 

100 mg/mL in a 1:1 ratio. The mixtures were adjusted to 37℃ 

for 5 minutes without shaking. Control samples with no 

nanoparticles were also prepared [26]. In a glass tube, 100 

microliters of plasma treated with nanoparticles were mixed 

with 200 microliters of PT reagent. The mixture was incubated 

at 37℃ for 5 minutes, and the clotting time was measured in 

seconds using a timer. This procedure was repeated for all 

nanoparticle concentrations and samples. The PTT test 

evaluates the intrinsic coagulation pathway. In a glass tube, 

100 microliters of plasma treated with nanoparticles were 

mixed with 100 microliters of PTT reagent and incubated at 

37℃ for 5 minutes. The anticoagulant Ethylene Diamine Tetra 

Acetic Acid (EDTA) was used as a control. The clotting time 

was measured in seconds, and the procedure was repeated for 

all concentrations and samples [27]. 

 

2.6 Statistical analysis 

 

The data were expressed as mean ± standard error. 

Statistical comparisons between means were performed with 

one-way ANOVA, supplemented by LSD (least significant 

difference) and Tukey’s post hoc tests. A P-value below 0.05 

was considered statistically significant for all analyses. The 

statistical evaluations were carried out using SPSS software 

(version 17). 

 

 
3. RESULTS AND DISCUSSION 

 

3.1 XRD analysis and SEM 

 

The XRD technique was used to determine the phase 

identity, purity, and structure of FeNPs synthesized using the 

eco-friendly method in Figure 1(A). X-ray diffraction (XRD) 

was used to confirm the crystalline nature and purity of FeNPs, 

and characteristic diffraction peaks were observed at different 

1θ values, namely 10.12°, 22.02°, 22.05°, and 22.06° for 1M 

FeNPs. The diffraction peaks were observed for a solution 

containing a 25 mM concentration of FeNPs. The presence of 

diffraction peaks of FeNPs at characteristic angles, along with 

their corresponding Miller indices, was confirmed as shown in 

Figure 1. The expected average diameters of FeNPs 

nanoparticles synthesized using eco-friendly techniques at 25 

mM and 1 mM concentrations were 3nm and 5nm, 

respectively. The fraction 9 out of 16 is equivalent to the 

decimal value 3.3. This analysis is correlated with XRD. 

Using a SEM, we analyzed the surface morphology and size 

of the eco-friendly synthesized FeNPs and presented them in 

Figure 1(B). The SEM image clearly indicates that the shape 

of the synthesized iron nanoparticles is rod-shaped. 

Furthermore, the shapes and average crystal sizes of the FeNPs 

were determined to be mostly spherical or non-spherical. The 

average dissociative cupping duration reported from SEM and 

XRD analysis (40 and 20cm for different concentrations) 

shows almost perfect consistency, as shown in Figure 1. 

 

 
 

Figure 1. (A) XRD analysis of FeNPs, (B) SEM 
 

3.2 AFM 

 

Figure 2 shows the AFM tolerance ratio analysis and 

illustrates the surface morphology of the biosynthesized green 

iron nanoparticles. The two-dimensional AFM height plot 

reveals a relatively uniform striped texture, showing that the 

different iron nanoparticles synthesized lie within a small 

range, with significant variation at lower average diameters 

(possibly less than 50 coulombs). This indicates a robust air 

volume distribution, which is particularly desirable for 

applications. A three-dimensional topographic view of the 

colored graphs of the iron nanoparticles, representing 

capillaries and nanometers (nm), up to about 5000 coulombs, 

is also shown. The z-axis (height) is also represented in 

nanometers (nm), with a colored bar on white indicating the 

height scale, which runs from 0 (red) to about 97.54 coulombs 

(blue). It appears granular and uneven, a characteristic of a 

dispersed, independent deposit on a substrate. The contrasting 

colors on the surface indicate differences in height, making 

their size an independent interval and any clumps. The 

presence of different features (green, blue, and black) indicates 

larger particles or clusters, which helps with the observed tail 

in the histogram. The air analysis indicates that the green 

method used resulted in mostly small iron nanoparticles with 
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a narrow size distribution. However, there is an increase in the 

histogram for longer specifications in the three-dimensional 

surface view, indicating the presence of some larger air 

clumps. The gradual shift of the red curve indicates a moderate 

difference in surface roughness. The AFM results indicate that 

the green synthesis method used to produce iron nanoparticles 

resulted in primarily small nanoparticles with a relatively 

homogeneous size distribution. Obtaining nanoparticles with 

a small and uniform size is desirable for many applications due 

to the strong relationship between particle size and their 

physical and chemical properties. 

 

 
 

Figure 2. AFM 

 

3.3 FTIR 

 

Figure 3 shows the Fourier transform infrared spectra of the 

reduced iron oxide solution with gum Arabic extract after 

several weeks to identify the active components that reduced 

the material and dissolved it into nanoparticles. A broad band 

was visible around 3265.53 cm-1. This broad, prominent 

absorption band is characterized by oxygen-hydrogen 

stretching vibrations. This may arise from the hydroxyl groups 

of alcohols, phenols, or carboxylic acids present in the gum 

Arabic extract. It can also be attributed to adsorbed water 

molecules. The broadening of the peak indicates the presence 

of hydrogen bonding, which is common for these types of 

functional groups. This presence indicates the presence of a 

hydrophilic component within the extract that can interact with 

the aqueous environment surrounding the nano iron. This 

could stem from the alcohol, phenolic, or carboxylic hydroxyl 

moieties within the gum Arabic extract. Moreover, it may 

come from water molecules bound to the material. The peak 

broadening reveals the existence of hydrogen bonding, which 

is typical for such functional groups. This indicates the sap, 

alongside other components within the extract, contains 

hydrophilic elements that possess the ability to interact with 

the surrounding media comprising water in the vicinity of the 

nano iron. A peak is seen at 2925.87 cm-1. The peak also lies 

within the region typically associated with the carbon-

hydrogen stretching vibrations in aliphatic groups (CH₂, CH₃), 

demonstrating the presence of hydrocarbon chains in the 

extract, thus suggesting further the presence of hydrophobic 

constituents which may contribute to the stabilization or the 

interaction of iron nanoparticles with nonpolar media.  

 

 
 

Figure 3. FTIR analysis of FeNPs 
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Most notably, the peak at 1555.04 cm-1 is interesting and can 

be attributed to many other possibilities. N-H bending 

vibrations for some of the primary or secondary amines and or 

the derivatives: Plant extracts are able to be associated from 

compounds containing nitrogen; C=C stretching vibrations in 

the aromatic rings: This suggests the existence of some 

aromatic compounds in the extract; and the asymmetric stretch 

of carboxylic ions (COO⁻) bond. Also, if the carboxylic acids 

in the extract are deprotonated and coordinated with iron. The 

peak at 1409.51 cm-1 is likely due to C-H bending vibrations 

of CH₂ or CH₃ groups. It also supports the presence of aliphatic 

components. It is also likely to represent symmetric stretching 

of carboxyl ions (COO⁻), especially if the peak at 1555.04 cm-

1 results from asymmetric stretching. The presence of both 

symmetric and asymmetric carboxyl stretches strongly 

suggests coordination of carboxyl groups to iron 

nanoparticles. The peak at 1250.35 cm-1 is often associated 

with C–O stretching vibrations, especially in phenols, 

carboxylic acids, or esters. If this peak is shifted compared to 

the pure extract, it may indicate the involvement of these 

functional groups in binding to nano-iron. The peak at 1025.72 

cm-1 can be attributed to C–O bond stretching in alcohols or 

ethers, or possibly C–N bond stretching in amines. 

Polysaccharides, common in plant gums, also show absorption 

in this region due to C-O-C bond stretching. These types of 

functional groups can contribute to the steric stability of 

nanoparticles. Peak at 654.56 cm-1: This low-frequency peak 

is of particular interest in the context of nano iron. It is likely 

attributable to iron oxide (Fe-O) bond stretching vibrations. 

The presence of a peak in this region, especially if absent in 

the spectrum of the pure plant extract, strongly suggests the 

formation of iron oxide nanoparticles or the coordination of 

oxygen-containing functional groups from the extract to the 

iron surface. This provides direct evidence of an interaction 

between the extract and iron at the molecular level. 

Polysaccharides highlighted by the peak at 1098 cm-1, as well 

as other hydrophilic molecules, can serve as surfactants 

because they lower the surface tension of the medium and help 

in the emulsification and dispersion of the iron nanoparticles. 

This illustrates the existence of iron oxide or organo-iron 

complexes that are believed to exist due to the bonding of the 

nano iron’s functional groups and the plant extract’s functional 

groups. 

 
3.4 UV-Visible spectroscopy 

 

 
 

Figure 4. UV-Visible spectroscopy of FeNPs 

 

To study the formation and stability of reduced iron 

nanoparticles in colloidal solution, the UV-Vis spectrometer 

shown in Figure 4 was used. The iron nanoparticles had 

surface plasmon resonance (SPR) at wavelengths of 450 and 

420 nm. This indicates that they absorbed the lightest in the 

UV-visible range. Surface Plasmon Resonance (SPR) patterns 

are commonly used as diagnostic techniques to detect the 

formation of metal nanoparticles. The SPR phenomenon is 

influenced by various parameters, such as the nanoparticle size 

and the dielectric constant of the surrounding medium. The 

process of reducing Fe ions outside the cell took place, 

indicating the formation of silver nanoparticles (Figure 4). 

 
3.5 The effect of nano-iron on the ability to form the biofilm  

 

The results are shown in Table 1 and Figure 5 by using the 

micro-titration plates method (MIP), which is considered the 

easiest and most accurate method, where a large number of 

isolates that produce biomembrane can be obtained, this test 

can be validated as a quantitative analysis because it gives a 

digital value for the absorbance at a wavelength of 630 

nanometers to detect the ability of isolates to form 

biomembranes using an ELISA READER) to find out the 

amount of biomembrane formed by adhesions on the surface 

according to the measurement that the thickness of the 

biomembrane formed before isolation is represented by 

absorbency [28, 29], the results showed that the bacterial 

isolates had the ability to produce biomembrane in different 

proportions in the experiment and gave different readings 

depending on the absorbency of the isolates as shown in Table 

1, that The decrease in absorbance value of bacterial isolates 

after treatment with nano-iron, the ability to inhibit the 

adhesion of bacteria in the hole in the calibration table. 

 

Table 1. The effect of FeNPs on the Inhibition of membrane 

formation % 

 

Bacteria Isolates 
Concentration (mg/mL) 

25 50 100 

Staph. aureus 61.96± 0.31 61.96± 1.25 50.3± 0.34 

Staph. epidermidis 77.82± 0.03 75.89± 0.16 73.3± 0.29 

E. coli 63.89± 0.25 63.54± 0.81 60.45± 0.24 

P. aeruginosa 58.29± 0.03 46.89± 0.22 43.92± 0.54 

LSD5%  2.034  
Results represent (mean ± SD) 

 

 
 

Figure 5. Biofilm formation by wound bacterial isolates 

using FeNPs 

 
The results demonstrated the inhibitory effect of nano-iron 

on biofilm formation through an Arabic gum-derived 

nanocomposite at various concentrations (25, 50, and 100 

mg/mL) against four bacterial isolates, Staph. aureus, Staph. 

epidermidis, E. coli, and P. aeruginosa, the nanocomposite 

exhibited varying levels of efficacy against the tested bacterial 
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isolates. Nano-iron showed relatively high inhibition rates 

against Staphylococcus species, with values ranging from 

61.96% to 77.82% at different concentrations, indicating its 

potential as an antimicrobial agent against these bacteria. The 

inhibition rate against E. coli was moderate, ranging from 

60.45% to 63.89%, while nano-iron exhibited the lowest 

inhibition against P. aeruginosa, with values ranging from 

43.92% to 58.29%. This suggests that the nanocomposite may 

be less effective against P. aeruginosa. 

Notably, the inhibition rate generally increased with higher 

nanocomposite concentrations, indicating a dose-dependent 

effect. However, the magnitude of this increase varied among 

different bacterial isolates. The presented data cover only four 

bacterial isolates; therefore, further research is required to 

assess the efficacy of the nanocomposite against a broader 

range of bacterial species. Numerous studies have explored the 

antimicrobial properties of Arabic gum as a nanomaterial 

precursor. Study [30] indicated that bacterial isolates possess 

the ability to form biofilms, a capability influenced by 

environmental conditions such as temperature, pH, and 

nutrient availability. This ability is attributed to the abundance 

of molecules secreted by bacteria to adhere to the extracellular 

matrix [31] . 

The impact of nano-iron on pathogenic bacterial biofilms 

varies significantly based on nanoparticle size, concentration, 

surface modifications, and application methods. Small 

nanoparticles (2 nm) have been reported to enhance biofilm 

formation in P. aeruginosa by increasing the bioavailability of 

dissolved iron, thereby promoting bacterial growth. 

Additionally, these small nanoparticles weaken host 

antimicrobial peptides, such as lysozyme, through surface 

adsorption [32]. In contrast, larger nanoparticles (43-540 nm) 

exhibit reduced interference with bacterial growth and 

antimicrobial peptide function compared to smaller particles 

[33]. Higher concentrations (0.15 mg/mL) of iron oxide 

nanoparticles have been found to reduce biofilms by inducing 

oxidative stress through reactive oxygen species (ROS), 

physically disrupting cell membranes via electrostatic 

interactions, and damaging bacterial proteins and DNA. These 

effects have resulted in inhibition zones of up to 29 mm [34]. 

Conversely, lower concentrations (≤0.1 mg/mL) demonstrate 

minimal or no anti-biofilm effects. Polymer-coated surfaces 

combined with iron oxide nanoparticles have been shown to 

reduce bacterial adhesion by 80% and biofilm growth by 50% 

compared to uncoated surfaces [35] . Hyperthermia 

applications utilizing magnetic iron oxide nanoparticles have 

also demonstrated biofilm dispersion and enhanced antibiotic 

efficacy by generating localized heat (43-60℃) under 

magnetic fields. This approach has resulted in a 2-log 

reduction of P. aeruginosa with gentamicin and has disrupted 

biofilm integrity through thermal degradation and cyclic di-

GMP signaling, leading to bacterial dispersion [36]. Several 

nano compounds exhibit potent antimicrobial activity against 

various microorganisms. For instance, copper nanoparticles 

have been reported to disrupt bacterial cytoplasmic 

membranes, with high concentrations leading to the 

coagulation of biofilm-forming bacterial proteins. These 

effects have been shown to inhibit the growth of S. aureus and 

P. aeruginosa [37]. 
 

3.6 Effect of nano-iron on blood coagulation factors: PTT 

and PT  

  

Figure 6 illustrates the in vitro effect of nano-iron 

synthesized from Arabic gum extract on PTT, which is a 

crucial indicator of both intrinsic and common coagulation 

pathways, where prolonged clotting time suggests 

anticoagulant activity. The results demonstrate a 

concentration-dependent increase in PTT, indicating that 

nano-iron influences coagulation kinetics.  

At low concentrations (<50 µg/mL), PTT exhibits a slight 

increase compared to the control group. The clotting time 

remains within a moderate range, suggesting a subtle effect of 

nano-iron in delaying coagulation at these doses. A significant 

prolongation in clotting time is observed at 50 µg/mL, which 

further increases at 100 µg/mL. The highest concentration 

(100 µg/mL) results in the most pronounced delay in 

coagulation, indicating a strong anticoagulant effect at 

elevated doses. In the control group, clotting time is higher 

than at low nano-iron concentrations (2-10 µg/mL) but lower 

than at high concentrations (50-100 µg/mL). This suggests that 

nano-iron may exhibit an inhibitory effect on coagulation, 

which intensifies with increasing dosage. 

 

 
 

Figure 6. The effect of nano iron (FeNPs) on PTT clotting 

agent (unit: µg/mL) 

 

 
 
Figure 7. The effect of nano iron (FeNPs) on PT coagulation 

factor (unit: µg/mL) 

 
Figure 7 illustrates the effect of nano iron on prothrombin 

time (PT), a key indicator for assessing the intrinsic and 

general pathways of blood coagulation. An increase in PT 

indicates a delay in blood clotting, indicating anticoagulant 

activity. At low concentrations (2-10 mg/mL), PT is 

moderately elevated compared to the control group, indicating 
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that lower doses of nano iron interfere with coagulation. 

However, this increased level is not greater at low doses, 

indicating that there is little or no dose-response at which the 

normal regulation of blood coagulation is altered. On the other 

hand, there is a concentration-dependent increase in blood 

coagulation after administration of nano-iron preparation. At 

50 mg/mL, a sharp increase in PT was observed, which 

reached its maximum at 100 mg/mL. There is a direct 

relationship between concentration and the ability to reduce 

blood clotting, so it can act as an anti-clotting agent. This 

phenomenon indicates that the middle range of coagulation 

has a high anticoagulant property, with the above dose range 

showing great anticoagulant potential. The control sample had 

the lowest actual clotting time, indicating the coexistence of 

blood plasma and its strong clotting ability. While the samples 

treated with iron nanoparticles had a higher average clotting 

time, especially at higher-than-average concentrations, which 

increased the degree of their anticoagulant effect. 

Blood clotting involves intrinsic pathways, with the 

intrinsic pathway activated by trauma and interactions 

between prekallikrein, high-molecular-weight kininogen, and 

factor XII with collagen in the endothelium and extrinsic and 

common clotting factors. The extrinsic pathway is stimulated 

by tissue injury, resulting in the release of tissue factor into the 

bloodstream [38]. The two pathways converge in a common 

and similar way, beginning with the generation of factor Xa 

and leading to the conversion of prothrombin to thrombin. 

Thrombin then converts fibrinogen to fibrin, forming a blood 

clot. Genetic and environmental disruptions can alter normal 

coagulation, leading to abnormal clot formation, a 

pathological condition known as thrombosis, which poses 

cardiovascular and cerebrovascular risks [39]. 

Nano-iron may interfere with coagulation factors such as 

factor VIII, IX, or XI, resulting in delayed thrombin formation. 

Additionally, it generates reactive oxygen species (ROS), 

which can modulate platelet function and fibrin formation. 

Nano-iron coated with Arabic gum may interact with plasma 

proteins, altering their function and reducing coagulation 

efficiency. The observed PTT prolongation suggests that 

nano-iron could have potential anticoagulant applications, 

particularly in conditions requiring clot prevention [40]. While 

low doses exhibit moderate effects, high doses may pose 

bleeding risks, necessitating careful dose optimization. The 

results indicate that nano-iron derived from Arabic gum exerts 

a dose-dependent anticoagulant effect, with higher 

concentrations significantly delaying clot formation. These 

findings highlight its potential as a blood-thinning agent, 

emphasizing the need for further research to assess its safety 

and clinical efficacy. 

Trivalent nano-iron (Fe³⁺) disrupts coagulation by 

interacting with clotting factors and altering fibrin structure, 

thereby delaying thrombin formation. Nano-iron and its 

hydrolyzed species adsorb coagulation factors such as factor 

VIII, IX, and XI, reducing their bioavailability in plasma [41, 

42]. For instance, nano-iron inhibits factor Xa-mediated 

prothrombin conversion, a critical step in thrombin generation. 

Hydrolyzed nano-iron species impair factor XIII activity, 

destabilizing fibrin clots and promoting early fibrinolysis [43, 

44]. Fe³⁺ binds to serine proteases (e.g., thrombin and factor 

Xa), reversibly inhibiting their amidolytic activity, thereby 

delaying fibrinogen-to-fibrin conversion [45], additionally, 

Fe³⁺ modifies fibrinogen/fibrin interactions, leading to denser, 

interwoven fibrin fibers with spherical aggregates instead of 

the natural mesh-like structure. This altered fibrin is 

mechanically weaker and more prone to degradation. Over 

time, FeCl₃ solutions generate reactive radicals and hydrolytic 

species (e.g., Fe(OH)²⁺ and Fe₂(OH)₂⁴⁺), further extending 

clotting time. Aged FeCl₃ solutions exhibit an even more 

pronounced delay in coagulation [46]. Furthermore, Fe₃O₄ 

nanoparticles, when magnetically localized, can prevent 

systemic thrombin inhibition. Without targeted application, 

these nanoparticles reduce thrombin generation potential [47]. 

Collectively, these mechanisms delay thrombin formation and 

destabilize blood clots, demonstrating the dual role of iron as 

both a procoagulant (at high localized concentrations) and an 

anticoagulant (at systemic levels). Additionally, α-Fe₂O₃ 

nanoparticles have been shown to activate innate immune 

responses in human whole-blood models. Protein corona 

formation on these nanoparticles triggers contact system 

proteins, leading to strong activation of both the kallikrein-

kinin system and coagulation pathways, even at low 

concentrations, accompanied by platelet consumption. These 

findings emphasize the complex and concentration-dependent 

effects of nano-iron on coagulation, suggesting its potential 

biomedical applications while highlighting the need for 

precise dose regulation to mitigate bleeding risks. 

 
3.9 The effect of nano-iron on wound healing 

 
Figure 8 shows the rate of wound contraction in embryonic 

fibroblast cells of mice after 72 hours of treatment with nano 

iron; the symmetry of the results between the treated and non-

treated groups shows the existence of a significant difference 

in wound closure rates. The treated group showed a 

significantly higher rate of scratch shrinkage (~88%) 

compared to the untreated group (~78%), indicating that nano-

iron promotes cell migration and wound closure efficiency, 

which is extremely important for tissue regeneration and repair. 

It is easy to close the wound, and nano-sized iron particles 

stimulate mild oxidative stress and can stimulate, at controlled 

levels, redox-sensitive signal pathways (for example, MAPK 

and PI3K/Akt) that regulate cell migration and proliferation 

[48, 49]. 

Iron is an essential component in many enzymes such as 

hydroxylase and oxygenase, which contribute to collagen 

synthesis and tissue regeneration, and the low rate of 

contraction in the untreated group is attributed to the slow 

natural healing process of the wound, which is likely to be 

limited due to the proliferation of fibroblasts and suboptimal 

migrations. This confirms the potential of nano-iron as a pro-

regenerative agent, which may lead to the acceleration of 

tissue repair mechanisms. The results indicate that nano-sized 

iron can be explored as a therapeutic agent for wound healing 

applications, especially in chronic wounds or tissue injuries, 

and it is important to investigate dose-dependent effects, as 

excessive exposure to iron may lead to cellular toxicity and 

oxidative damage [50-52], and the data indicate that the nano-

iron significantly enhances the closure of the scratches by the 

fibroblasts and possibly due to the period of cell proliferation, 

migration, and enzyme activation. 
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Figure 8. Shrinkage rate of the REF cell line treated with nano iron at a concentration of 50 mg/mL and the control of all the 

experimental cell groups after 72 hours of treatment (LSD1% = 3.761) 

 

Composite nanomaterials have shown great potential in 

enhancing wound healing processes by accelerating tissue 

regeneration, reducing the risk of infection, and improving 

therapeutic outcomes. Aqueous emulsions loaded with 

nanoparticles provide a moist environment conducive to 

healing and possess natural healing properties such as 

excellent water absorption. Some composite nanomaterials 

can even increase angiogenesis, which promotes better wound 

healing. This is related to reducing oxidative stress that occurs 

during cell damage. Superoxide (O−) is a harmful byproduct 

of the mitochondrial trap, especially in the first two 

components of the electron transport chain (ETC), where 

electrons leak out. It is also produced by the enzyme NADPH 

oxidase in cells. Research on microorganisms is limited [53], 

and gold nanoparticles can accelerate wound healing. and 

repair damaged collagen tissues, and silver nanoparticles 

block respiratory enzyme pathways, modify microbial DNA 

and cell walls, and stimulate gold nanoparticles to release 

proteins necessary for wound healing and appearance. Anti-

inflammatory and anti-platelet aggregation effects on blood 

vessels. The nanocomposites can mimic the environment of 

the extracellular matrix (ECM) of the wound, which facilitates 

better wound healing [54]. Studies have shown that 

nanocomposite treatments, especially AgNP-hydrogel 

compounds, accelerate wound healing without negative 

effects compared to control groups, and these nanocomposites 

show an active antibacterial activity against gram-negative and 

gram-positive bacteria while maintaining biocompatibility 

[55], and nanocomposites are a promising approach for wound 

healing through the combination of antibacterial properties 

and compatibility. The bioactivity and the ability to mimic 

natural tissue environments, which leads to faster and more 

effective wound repair, help the nanomaterials because they 

help in the migration and diffusion of the fibroblasts used in 

the scratch test [56]. Stimulating cells through reducing the 

factors that delay the success of wound healing, such as 

cytokines that cause inflammation in addition to oxidative 

stress, and the appearance of hydrogels modified with 

nanoparticles have very promising potential in the field of 

wound healing, thanks to their ability to accelerate tissue 

regeneration, reduce the risk of infection, and facilitate 

improved therapeutic results [57, 58]. 

 

4. CONCLUSION 

 

This study highlights the biomedical potential of iron 

nanoparticles (FeNPs) synthesized from gum Arabic; the trial 

results demonstrated the future multifunctional potential of 

iron oxide nanoparticles. They exhibited significant 

antibacterial and anti-inflammatory activity (e.g., 91% 

membrane stabilization), anticoagulant effects comparable to 

those of an anticoagulant (clot dissolution within 16 minutes), 

and enhanced wound healing via fibroblast proliferation. 

These findings highlight the need for further research to 

evaluate toxicity, clinical feasibility, and long-term efficacy to 

develop their biomedical applications. 
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