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Abstract  

Fe3O4 magnetic nanoparticles exhibit significant potential for cancer detection due to their unique 

magnetic properties and versatility. This review examines their role in enhancing cancer biomarker 

detection, focusing on synthesis methods, surface modifications and diagnostic accuracy. Fe3O4 

nanoparticles serve as sensitive MRI contrast agents, facilitating early cancer diagnosis and improving 

patient prognosis. Synthesis techniques influence their properties, morphology and dimensions, which 

affect performance. Surface modifications enhance targeting and reduce immunological reactions, enabling 

precise biomarker detection and effective drug delivery to tumours, minimizing damage to healthy tissue. 

Despite these advantages, challenges remain in optimizing delivery efficiency and overcoming medication 

resistance. Further research is required to understand the pharmacokinetics and pharmacodynamics of these 

nanoparticles, including their distribution, metabolism and physiological impacts. This review provides 

insights into the potential of Fe3O4 magnetic nanoparticles as cancer detection agents, aiming to guide future 

research towards developing safer and more efficient applications in medical diagnostics and treatment. 

Keywords: Biocompatibility, Biomarker identification, Cancer detection, Drug delivery, Early diagnosis, 

Fe3O4 magnetic nanoparticles, Nanoparticle synthesis, Surface modification 

 

Introduction 

As a pathological condition marked by the unregulated proliferation of cells, cancer can invade and 

impair adjacent tissue [1]. This process commences with a genetic mutation resulting of lack control over 

their proliferation and immune response. Normal cells reproduce, divide and being apoptosis by the 

physiological demands of the organism. Concurrently, cancer cells persistently proliferate and replicate 

uncontrolled until they coalesce into a solid mass as known as tumour. Cancer varies depending on the 

specific area or cellular type it affects. It encompasses conditions like breast cancer, lung cancer, colon 

cancer, carcinoma, sarcoma, leukaemia and lymphoma. 

Cancer symptoms might vary from weight loss to exhaustionedema or nodules, and skin alterations. 

Cancer diagnosis entails a sequence of precise evaluations, such as blood tests, medical imaging and 

biopsies. Technological advancements and research have led the frequency of cancer treatment methods, 
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including surgical therapy, chemotherapy and radiotherapy according to the kind and stage of cancer. Early 

cancer detection and prevention through a healthy lifestyle and periodic evaluations play a critical role in 

improving prognosis and delivering a successful treatment. 

In line with advancements in cancer detection technologies, there are notable obstacles in terms of 

accuracy, rapidity and specificity. Detecting cancer biomarkers in low quantities can be challenging, 

therefore more advanced detection methods needed to enhance accurate diagnosis. Magnetic nanoparticles 

(MNPs) are a substance that can detect molecules and highly sensitive in the development of biosensors 

and cancer biomarker detection technology [2]. 

MNPs are exerting a significant impact in many different kind of fields. MNPs, which have a size 

smaller than 100 nm [3], can enhance properties without causing atomic structure damage [4]. An optimal 

atomic structure will yield a functional system that exhibits greater sensitivity when compared to materials 

of larger size [5]. MNPs possess superparamagnetic properties [6], enabling them to be magnetized with 

the support of an external magnet [7,8]. In addition to superparamagnetic properties, MNPs also exhibit 

distinctive physical features, excellent biocompatibility, high stability, a large surface area, unique optical 

properties and convenient application [9,10]. In medicine, nanoparticles can be precisely guided or gathered 

at specific body to enable an enhanced approach to identification and management of diseases like cancer 

[11]. 

MNPs are used in targeted magnetic therapy to treat cancer by delivering nanoparticles to the 

cancerous area. This therapy allows direct targeting of diseased cells, thereby reducing the impact on 

surrounding tissue. Additionally, MNPs can be used as medical imaging agents in Magnetic Resonance 

Imaging (MRI) which can increase the accuracy and resolution of cancer images to differentiate between 

cancer cells and normal tissue MNPs also use as magnetic biosensors to detect cancer biomarkers in blood. 

This aims to increase the effectiveness of early detection and monitoring of disease. Although the potential 

of MNPs as a cancer detector is very promising, the safety and biocompatibility of MNPs materials are 

important aspects that must be considered. The selected material can influence the biocompatibility of the 

MNPs [12]. 

MNPs consist of magnetic elements such as iron, cobalt, nickel and their alloys [13]. Materials that 

have been successfully developed and show potential for further research are iron oxide nanoparticles, such 

as magnetite (Fe3O4) or the oxidized form of maghemite (g-Fe2O3) [14]. This is due to the natural magnetic 

properties and crystal structure of magnetite. Strong magnetic materials such as cobalt and nickel are less 

desirable due to their susceptibility to oxidation and toxicity [15]. 

Fe3O4 can be found in various types of rocks, such as metamorphic and sedimentary rocks. Fe3O4 

magnetic nanoparticles can be produced by synthesizing iron sand [16,17] and iron ore [18-20]. Fe3O4 

nanoparticles are synthesized using several methods such as chemical processes [21], physical processes 

[22,23] and biological processes [24]. Each selecting methods will affect the properties of the Fe3O4 

magnetic nanoparticles. Fe3O4 magnetic nanoparticles must have unique qualities to be used as an efficient 

cancer detection agent [25]. Fe3O4 magnetic nanoparticles must have a very small or nanometer size. The 

nanoscale size helps the process of penetration into biological tissue and increases the surface area for 

interacting with cancer cells [26]. In addition, Fe3O4 magnetic nanoparticles must demonstrate 

biocompatibility, stability and resistance to agglomeration or structural changes that could affect detection 

performance. 

Fe3O4 magnetic nanoparticles have been widely applied in various fields. This field can include heat 

transfer applications [27], catalysts [28], water remediation [29], lithium-ion batteries [30], magnetic 

storage media [31] and various biomedical applications [32,33]. In the biomedical field, Fe3O4 magnetic 

nanoparticles are used as drug delivery agents by binding to antibodies [34] and chemotherapy drugs [35]. 
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Cell motility and the development of metastases can arise due to the effects of using Fe3O4 magnetic 

nanoparticles, so it is important to test the initial mechanism before using them directly [36,37]. Tests that 

have been carried out show further potential in the application of Fe3O4 magnetic nanoparticles [38]. 

This article will explore the characteristic capabilities of Fe3O4 magnetic nanoparticles. The 

discussion regarding methods that are considered effective in the synthesis of Fe3O4 magnetic nanoparticles 

will be analyzed to determine the most effective approach. In addition, this article will briefly examine the 

potential of Fe3O4 magnetic nanoparticles as a cancer biomarker detector and the challenges that will arise 

in their future use. 

 

Characteristics of Fe3O4 magnetic nanoparticles 

Magnetite, also known as Fe3O4, belongs to the group of iron oxide materials. It has the chemical 

formula (Fe2+) (Fe3+)2O4 and has a cube-like crystal structure [39]. Fe3O4 shows a dark hue and is non-toxic 

[40]. Magnetite can be found in sedimentary rocks in the form of fine grains. It has a density of 5.2 g/cm3 

and a hardness ranging from 5.5 to 6.5 on the Mohs scale [41]. The performance of Fe3O4 can be determined 

based on its physical, mechanical and chemical characteristics. 

Physically, the characteristics of Fe3O4 magnetic nanoparticles can be influenced by magnetic field 

strength, temperature and reaction time during the synthesis process. Fe3O4 magnetic nanoparticles directed 

by an external magnetic field can access hard-to-reach areas during the process of penetration into 

biological tissue [42]. The reaction rate is affected by the increase in temperature. Synthesis at higher 

temperatures will produce Fe3O4 magnetic nanoparticles with stronger magnetic properties compared to 

those synthesized at low temperatures. The reaction rate is affected by the increase in temperature. Synthesis 

at higher temperatures will produce Fe3O4 magnetic nanoparticles with stronger magnetic properties 

compared to those synthesized at low temperatures. Meanwhile, particle size can be influenced by 

increasing reaction time. Synthesis over a longer time will produce Fe3O4 magnetic nanoparticles with a 

smaller particle size compared to those synthesized in a shorter time [43]. Apart from that, temperature and 

synthesis time also influence the surface morphology of Fe3O4 nanoparticles, which under certain 

conditions can cause agglomeration [44]. 

Mechanically, Fe3O4 exhibits a very high level of hardness. The mechanical characteristics of Fe3O4 

magnetic nanoparticles can be influenced by other materials when interacting. Hardness regulation is very 

important, especially in drug delivery applications or in detection systems that require mechanical stability. 

Chemically, the characteristics of Fe3O4 magnetic nanoparticles are influenced by reactivity, chemical 

bonding and toxicity. The Fe3O4 surface can be chemically modified to improve biocompatibility, colloidal 

stability and specific reactivity toward specific targets. Table 1 shows the physical and mechanical 

characteristics of Fe3O4. 

 

Table 1 Physics and mechanics properties of Fe3O4 [41]. 

Property 
Iron Oxide 

Hematite Magnetite Maghemite 

Molecular formula α-Fe2O3 Fe3O4 γ-Fe2O3 

Density (g/cm3) 5.26 5.18 4.87 

Melting point (°C) 1350 1583 - 1597 - 

Hardness 6.5 5.5 5 
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Property 
Iron Oxide 

Hematite Magnetite Maghemite 

Type of magnetism 
Weakly ferromagnetic or 

antiferromagnetic 
Ferromagnetic Ferromagnetic 

Curie temperature (K) 956 850 820 - 986 

Ms at 300 K (A-m2/kg) 0.3 92 - 100 60 - 80 

Standard free energy of 

formation Δ𝐺௙
௢ (kJ/mol) 

–742.7 –1012.6 –711.1 

Crystallographic system 
Rhombohedral, 

hexagonal 
Cubic Cubic or tetrahedral 

Structure type Corundum Inverse spinel Defect spinel 

Space group R3c (hexagonal) Fd3m 
P4332 (cubic); P41212 

(tetragonal) 

Lattice parameter (nm) 

a = 0.5034, 

c = 1.375 (hexagonal) 

aRh = 0.5427, 

α = 55.3 ° 

(rhombohedral) 

a = 0,8396 

a = 0.83474 (cubic) 

a = 0.8347, 

c = 2.501 (tetragonal) 

 

Method of synthesis of Fe3O4 magnetic nanoparticles 

The physical and chemical characteristics of Fe3O4 magnetic nanoparticles such as particle size, 

shape, morphology, crystallinity and particle polydispersity were depending on method used [45]. The 

synthesis of Fe3O4 magnetic nanoparticles also involves physical, chemical and biological processes.  

 

Synthesis of Fe3O4 magnetic nanoparticles using physical methods 

Changing the size of Fe3O4 particles to nano-size can involve physical synthesis methods. Physical 

synthesis can be carried out using ball milling techniques. The ball milling process operates by employing 

metal or ceramic balls to crush or grind the basic material. The crushing process is conducted for a specific 

duration at a specific velocity till the particle size of the raw material transforms into nanoparticles. Ball 

milling techniques can be classified into 2 categories, namely conventional ball milling methods [46] and 

high-energy ball milling methods [47]. The ball milling technique has a simple principle, but the resulting 

product is easily contaminated [48]. Table 2 shows the characteristics of synthesizing Fe3O4 magnetic 

nanoparticles by the ball milling technique. 

The research conducted in Table 2 indicates that the high-energy ball milling approach demonstrates 

more efficient results. High-energy ball milling method takes less time than conventional ball milling 

method, but results in smaller crystal and particle sizes. Long-term use of the high energy ball milling 

process might decrease crystal size by promoting agglomeration. Additional research is required to identify 

components that can enhance other properties of Fe3O4 magnetic nanoparticles by using this method. In 

addition, physical synthesis can also be carried out using laser evaporation and wire explosion methods. 
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Table 2 Characteristics of synthesizing Fe3O4 magnetic nanoparticles by the ball milling technique. 

Synthesis 

Process 

Characteristics 

Ref. Milling 

Time (h) 

Coercivity 

(Oe) 

Crystalline 

Size (nm) 

Particle 

Size (nm) 

Ms 

(emu/g) 

Conventional 

ball milling 

90 173 NE 0.5 - 16 37.80 [49] 

40 NE 49.9 NE NE [50] 

192 NE 12 NE NE [51] 

48 NE 33.2 NE 63.68 [52] 

High-energy 

ball milling 

12 NE 11 - 14 9 65.2 [53] 

6 322.09 NE 0.1 - 1.4 46.61 [54] 

24 153 35 15 65.6 [55] 

3 455.17 NE 4 - 6 30.52 [56] 

Note: NE = Not explained. 

 

The laser evaporation technique involves the condensation of a liquid or gas phase [57]. Laser 

evaporation, also known as laser ablation, works by vaporizing particles in a material. Evaporation is carried 

out with high radiation intensity through a laser beam centre. The particles will cause condensation which 

then forms nanoparticles [58]. This method is cost-effective and does not use chemicals, so the waste 

produced is not as dangerous as other physical methods [59]. Various research conducted utilising this 

method are included in Table 3. This method is currently under development to produce features suitable 

for biological applications. 

 

Table 3 Research using laser ablation methods. 

Synthesis Process Specification of laser beam Characteristics Application Ref. 

Laser ablation - Central wavelength: 1030 

nm 

- Pulse duration: 230 fs 

- The repetition rate varies 

up to 100 kHz 

- Energy pulse: 80 μJ 

- Ms: 24.3 emu/g 

- Magnetic field: ± 20 kOe 

- Surface are: 179 m2/g 

- Pore volume: 0.341 cm3/g 

- New bands between 800 and 

1500 cm–1 

Catalytic degradation [60] 

Laser ablation - Central wavelength: 1064 

nm 

- Beat span: 9 ns 

- Redundancy recurrrence 1 

Hz 

- Various energies: 80 and 

200 mJ 

- Various removal times: 10 

and 20 min 

- The moment size conveyance 

between 60 and 135 nm 

- The moment size dispersion 

between 50 and 150 nm 

- Molecule size: 91.24 nm 

- Spherical nanocrystal 

Anti-microbial [61] 

Laser ablation - Wavelength: 1064 nm 

- Energy pulse: 180 mJ 

- Pulse length: 12 ns 

- Repetition rate: 10 Hz for 

10 min 

- Particles size: 30 nm (aceton), 

27 nm (iron oxide) 

- Spherical 

- Cubic crystal 

Biological applications [62] 
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As another method, the wire explosion is a recently developed physicochemical technique. The wire 

explosion method works by melting or vaporizing metal wire in a controlled vacuum or inert gas condition. 

This is intended to prevent contamination. Fe3O4 magnetic nanoparticles are synthesized using a high-

temperature heating process utilizing an electric current. Applying an electric current to the wire will cause 

it to melt, resulting in the formation of minute iron particles. After cooling, the particles perform a 

condensation process to create the Fe3O4 nanoparticles. This method does not require long stages and the 

waste produced does not need to be recycled. The nanoparticles formed are low in contamination and non-

monodisperse [63]. Various research conducted utilising this method are included in Table 4. 

 

Table 2 Research using wire explosion method. 

Synthesis process Specification Characteristics Ref. 

Wire explosion -  Iron wire diameter: 0.3 mm 

-  Iron wire length: 65 mm 

-  Voltage: 28.5 kV 

-  Capacitance: 1.6 μF 

- Spherical 

- Ms: 180 emu/g 

- Particle size: 65 - 81 nm 

- High stability oxidation by 

hydrochloric acid solution 

[64] 

Wire explosion - High density impulse: 104 A/mm2 

to 106 A/mm2 

- Iron wire diameter: 1 mm 

- The crystallite size: 14.6 nm 

- Particle size: 15 nm 

- Cubic phase 

- Lattice parameter (𝑎): 8.36 Å 

- Ms : 45.2 emu/g 

[65] 

Wire explosion - Various size in diameter: 0.2, 0.3, 

0.4 and 0.5 nm 

- Power supply: 80 V DC 

- Particle size: 10.3, 17.7, 26.25 

and 35.5 nm 

- Ms: 53.97, 54.27, 58.30 and 

65.01 emu/g 

[66] 

 

Synthesis of Fe3O4 magnetic nanoparticles using chemical methods 

Chemical synthesis of Fe3O4 magnetic nanoparticles can be carried out using several methods 

including co-precipitation, thermal decomposition, hydrothermal and sol-gel. Fe3O4 magnetic nanoparticles 

can be obtained using anhydrous precursors such as FeCl3.6H2O and FeCl2.4H2O. The co-precipitation 

method is the most commonly used for synthesizing Fe3O4 magnetic nanoparticles. 

The co-precipitation method is included in the type of wet chemical method with the simplest 

synthesis stages [67]. The synthesis process can be carried out at low temperatures (T < 120 °C) to produce 

large yields [68]. Anhydrous metals can be used as a source of metal ions during the synthesis process, and 

basic compounds such as NH4OH, NaOH or KOH are used as precipitating agents [69]. The characteristics 

of the Fe3O4 magnetic nanoparticles produced can be influenced by several parameters including pH, metal 

ions, concentration, salt properties and reaction temperature during the co-precipitation process [70]. Table 

5 shows the characteristics of synthesizing Fe3O4 magnetic nanoparticles by the coprecipitation method. 

The co-precipitation process consists of 3 main stages. The precursor is prepared using a metal salt 

solution in the 1st stage. Synthesis of Fe3O4 magnetic nanoparticles using iron sand requires 12 M HCl metal 

salt dissolved in iron sand at a temperature of around 70 °C. A basic alkalization procedure was used in the 

2nd stage to prepare Fe3O4 magnetic nanoparticles. The base alkalization reaction is carried out by slowly 

adding Fe solution to the precipitating solution while stirring at a temperature below 120 °C. The 3rd stage 

involves washing the Fe3O4 magnetic nanoparticle slurry and drying it in an oven at 90 °C for 4 h [71]. This 
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method is still susceptible to the size distribution of nanoparticles which often agglomerate. Research has 

been carried out to overcome the limitations of using the co-precipitation method by adding a capping agent 

[72]. 

 

Table 5 Characteristics of synthesizing Fe3O4 magnetic nanoparticles by the co-precipitation method. 

Precipitation 

agent 

Characteristics 

Ref. T 

(°C) 

Time 

(h) 

Crystallize isze 

(nm) 

Particle size 

(nm) 

Ms 

(emu/g) 

Hc 

(Oe) 
Shape 

NH4OH 

40 

50 

60 

NE 

5.6 

6.3 

6.3 

7.2 

7.8 

8.3 

41.5 

41.2 

39.7 

478 

496 

471 

Cubic [73] 

NH4OH 

NaOH 

60 

60 

2 

2 

8 

25 

10 

32 

27.35 

45.14 

32.09 

129.73 

Spherical 

Cubic 
[74] 

NH4OH 70 6 12.98 NE NE NE Spherical [75] 

NH4OH 60 1 14.35 16,51 77.26 NE Spherical [76] 

NaOH 28 NE 11 11,22 63.51 0,36 Spherical [77] 

KOH 90 NE 8.19 65 68.45 NE Spherical [78] 

Note: NE = Not explained. 

 

The thermal decomposition method uses organometallic precursors and surfactants to produce Fe3O4 

magnetic nanoparticles [79]. This method produces nanoparticles with characteristics of large crystallinity, 

controlled size and suitable shape [80]. The use of stabilizers is necessary during the synthesis process to 

slow down the nucleation of Fe3O4 magnetic nanoparticles [81]. Stabilizers that can be used include fatty 

acids, hexadecylamine and oleic acid [82]. Thermal decomposition methods are still limited in their use 

due to the production of toxic solvents that dissolve in organic substances, thus limiting their application in 

the biomedical field [83]. Table 6 shows the characteristics of synthesizing Fe3O4 magnetic nanoparticles 

by the thermal decomposition method. 

 

Table 6 Characteristics of synthesizing Fe3O4 magnetic nanoparticles by the thermal decomposition 

method. 

Synthesis 

process 

Characteristics 

Ref. 
Surfactan T (°C) 

Crystallize size 

(nm) 

Particle size 

(nm) 

Ms 

(emu/g) 

Thermal 

decomposition 

Benzyl ether 

Oleylamine 

Phenyl ether 

1-Octadecene 

220 

265 

300 

330 

NE 

NE 

NE 

NE 

4.9 

5.8 

9.4 

14.3 

46 

51 

60 

74 

[84] 

 Phenyl ether 260 12 12 NE [85] 

 Polyacrylamide 200 27.75 46.5 3.9 [86] 

Note: NE = Not explained. 
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The hydrothermal method utilizes high pressure and temperature reactions in an aqueous 

environment. The synthesis process is carried out in a sealed reactor which can withstand the high pressure 

inside [87]. The reaction that occurs involves hydrolysis and oxidation processes to produce Fe3O4 magnetic 

nanoparticles [88]. This method produces Fe3O4 magnetic nanoparticles with a high surface area and 

excellent magnetic properties at room temperature [89]. The hydrothermal method uses low-cost raw 

materials and produces little waste [90,91]. The use of high temperatures and pressure causes this method 

to require special handling and equipment [92]. 

 

Table 3 Characteristics of synthesizing Fe3O4 magnetic nanoparticles by the hydrothermal and sol-gel 

method. 

Synthesis 

Process 

Characteristics 

Ref. 
T (°C) 

Time 

(h) 

Surface area 

(m2/g) 

Particle size 

(nm) 

Ms 

(emu/g) 
Hc (Oe) 

Hydrothermal 170 18 84.756 20 129.38 NE [93] 

 214 6 4.687 220 79.4 65 [94] 

 185 18 NE 15,6 51.91 NE [95] 

 200 2 NE 20 - 30 NE NE [96] 

 100 3 NE 22 46 50 [97] 

Sol-gel 26.85 - - 3 - 20 79.7 278.6 [98] 

 150 

170 

170 

4 

2 

8 

35.27 

51.64 

36.61 

4.71 

5.81 

5.91 

21.97 

26.24 

14.77 

11.1 

26.2 

9.4 
[99] 

Note: NE = Not explained. 

 

The sol-gel method uses a mixture of active chemical compounds in a liquid phase environment. Gels 

can be produced through hydrolysis and polycondensation reactions of metal alkoxides. Sol solutions can 

be produced by dissolving metal salts until homogeneous in water or other solvents [100]. The sol-gel 

method has a complex procedure in the process. Several aspects must be considered when using this 

technique, such as hydrolysis rate, metal oxide precursor conditions, pH, synthesis temperature, stirring 

method, oxidation rate, concentration and nature of precursor anions [38]. The sol-gel method is generally 

used for the synthesis of ceramic materials and still needs further development if it is to be used in the 

synthesis of Fe3O4 magnetic nanoparticles [101]. This method has several limitations in use, including, the 

calcination process can produce a lot of alcohol, requires additional treatment at high temperatures, high 

nanoparticle permeability with weak binding power, and requires a long reaction time [102]. Table 7 shows 

the characteristics of synthesizing Fe3O4 magnetic nanoparticles by the hydrothermal and sol-gel method. 

 

Synthesis of Fe3O4 magnetic nanoparticles using biological methods 

Biological synthesis of nanoparticles is carried out using living organisms, including plants [103] and 

microbes such as fungi, viruses, bacteria and actinomycetes [104]. The use of this method is still being 

developed to increase its advantages [105]. Zhang et al. [24] have conducted research that successfully 

achieved the biological synthesis of Fe3O4 magnetic nanoparticles. These nanoparticles are then used as 

catalysts in the photocatalysis process. In addition, biological methods able to produce nanoparticles that 

have biodegradation capabilities, making them suitable for use in the biomedical field. However, because 

this method is relatively new, more research is needed to investigate the characteristics of nanoparticles 
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production [106]. Table 8 shows the characteristics of synthesizing Fe3O4 magnetic nanoparticles by the 

biological methods. 

Fe3O4 magnetic nanoparticles have been successfully synthesized using Allium sativum. Research 

shows that biological methods can provide a cost-effective, biocompatible and environmentally friendly 

approach [107]. In addition, Darmawan et al. [108] has conducted research on the production of magnetic 

nanoparticles from Moringa oleifera extract. This research shows the potential for utilizing moringa extract 

to advance magnetic hyperthermia therapy. Yusefi et al. [109] has succeeded in synthesizing Fe3O4 

magnetic nanoparticles using pomegranate peel extract. The obtained nanoparticles were then used for the 

treatment of ovarian cancer, which showed that cancer cells were reduced as the dose of Fe3O4 magnetic 

nanoparticles increased. 

 

Table 8 Characteristics of synthesizing Fe3O4 magnetic nanoparticles by the biological methods. 

Biological synthesis 

Characteristics 

Application Ref. Crystallite size 

(nm) 

Particle size 

(nm) 

Ms 

(emu/g) 
Shape 

Water hyacinth NE 13.5 67.41 Spherical Fermentative hydrogen 

production 

[110] 

Archidendron 

pauciflorum peel extract 

20.9 294 12.9 NE Methylene blue 

adsoprtion 

[111] 

Citrus Sinensis peel 

extract 

23.4 20 - 24 120 Spherical Biological activities and 

magnetic-hyperthermia 

[112] 

Silky hairs of corn 

Outer leaves of Chinese 

cabbage 

84.81 

48.91 

NE 

NE 

0.135 

23.036 

Cubic Antibacterial and 

anticandidal drugs 

[113] 

Moringa oleifera 19.9 20.8 54.2 Round Magnetic hyperthermia [108] 

 

From the previous description regarding the synthesis of Fe3O4 magnetic nanoparticles, we can 

analyze and argue that each method has its advantages and disadvantages. Physical synthesis offers precise 

control of particle size and morphology, a rapid process, and does not involve hazardous chemicals. 

However, this method requires expensive specialized equipment and may yield Fe3O4 magnetic 

nanoparticles of subpar purity if not executed with care. 

Chemical synthesis offers flexibility in controlling the characteristics of Fe3O4 magnetic 

nanoparticles, including size and composition, and can utilize readily accessible chemicals. Nevertheless, 

several chemical techniques require the utilization of dangerous substances and stringent reaction 

conditions. Biological synthesis is more environmentally friendly as they utilize natural biocatalysts like 

plants and microbes. Nevertheless, this method requires a profound comprehension of biology and may 

require more time. Contamination by biological byproducts or alterations in the characteristics of the 

nanoparticles may present challenges when using this technology. Hence, when choosing a synthesis 

process for Fe3O4 magnetic nanoparticles to be used as a cancer detector, one must consider the 

application’s requirements, the desired control over the nanoparticles’ properties, environmental 

considerations and cost. 
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Fe3O4 magnetic nanoparticles in medical imaging 

One of the most effective early cancer detection techniques in the medical field is MRI. MRI is the 

best medical imaging technique compared to other medical imaging techniques including Computed 

Tomography (CT), Positron Emission Tomography (PET), Radiological Imaging and Optical Imaging. 

MRI utilizes magnetic fields and radio waves to examine various soft tissues, including muscles, blood 

flow in blood vessels and the density of body tissues. 

Fe3O4 magnetic nanoparticles as a contrast agent in MRI technology are carried out by placing them 

inside the body. Fe3O4 nanoparticles exhibit a magnetic response and interfere with the surrounding 

magnetic field when exposed to an external magnetic field generated by an MRI device. The MRI imaging 

system then detects these responses and converts them into observable images [114]. Fe3O4 magnetic 

nanoparticles can amplify signals in certain areas of the body, which can help differentiate cancer cells 

from surrounding tissue. 

Magnetic nanoparticles can be used in MRI for early detection of atherosclerosis, MRI-guided 

photodynamic treatment, stem cell labelling and cancer diagnosis. Research by Bai et al. [114] used 

modified Bull Serum Albumin (BSA) with Fe3O4 magnetic nanoparticles as an MRI contrast agent in liver 

tumors of rabbits (Figure 1). According to this study, Fe3O4 magnetic nanoparticles offer great promise to 

improve MRI sensitivity and diagnostic accuracy. This is due to the reticuloendothelial system’s (RES) 

ability to phagocytose Fe3O4 magnetic nanoparticles and rapidly absorb them into the liver. Due to the 

enhanced T2 relaxation caused on by this absorption, the T2-weighted MRI image becomes darker. On T2-

weighted MRI images, localised liver lesions may look brighter or hyperintense due to a decreased capacity 

to absorb Fe3O4 magnetic nanoparticles. Thus, the contrast between dark normal liver tissue and light 

localised liver lesions can be increased by using Fe3O4 magnetic nanoparticles. 

 

 
 

Figure 1 Utilization of Fe3O4 magnetic nanoparticles modified with Bull Albumin Serum as an MRI 

contrast agent. Reprinted from [114], with permission from ACS Publications. 
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This conclusion is in line with the research findings reported by Zhang et al. [115], which showed 

that Fe3O4 magnetic nanoparticles have high relativity r2 and can be used effectively as a contrast agent. 

The surface of Fe3O4 magnetic nanoparticles is coated with hyaluronic acid (HA) to ensure the particles 

remain stable in a colloidal state and enhance tumor contrast in MRI imaging. Furthermore, the use of Fe3O4 

magnetic nanoparticles combined with Au-BSA showed the capacity to decrease the transverse relaxation 

time (T2) [116]. 

Fe3O4 magnetic nanoparticles used in medical imaging must have maximum saturation magnetization 

(Ms), minimum coercive field (Hc) values and high residual magnetization (Mr). The contrast enhancement 

effect in MRI can also be achieved by adjusting the nanostructure, magnetic properties of Fe3O4 magnetic 

nanoparticles and surface functionalization. Recent research on Fe3O4 magnetic nanoparticles has been 

carried out using various functional groups or micro morphologies as contrast agents. This research 

demonstrated higher-resolution images on MRI [117]. 

Research has shown that Fe3O4 magnetic nanoparticles modified with polyethylenimine (PEI) and 

polyethylene glycol (PEG) have higher imaging characteristics compared to unmodified Fe3O4 magnetic 

nanoparticles [118]. This is caused by PEI-PEG’s ability to extend proton relaxation time and increase the 

MRI signal. Research has also reported the use of noble metal ion-doped Fe3O4 magnetic nanoparticles as 

a contrast agent. This research demonstrated the potential of contrast agents for detecting tumours in acidic 

environments [119]. Noble metal compounds have local surface plasmon resonance (LSPR) capabilities. 

This significantly increases the X-ray absorption coefficient and therefore improves imaging capabilities. 

 

Biomarker detection 

Biomarkers offer important information about the presence of cancer, cancer characteristics (such as 

cancer subtype and degree of malignancy), treatment response and the risk of disease relapse. A variety of 

biological substances or features, including proteins, nucleic acids, hormones, metabolites, cells, or specific 

anatomical structures linked to specific biological processes, might serve as biomarkers. Cancer biomarkers 

include various proteins, such as prostate-specific antigen (PSA) for prostate cancer, CA-125 for ovarian 

cancer and HER2/neu for breast cancer. 

Utilization of Fe3O4 magnetic nanoparticles in detecting cancer biomarkers can use surface 

functionalization techniques. Fe3O4 magnetic nanoparticles are modified with certain chemicals or 

molecules that can interact with cancer biomarkers. The functionalization process involves the integration 

of antibodies, peptides, or other receptors that have a specific affinity for a particular cancer biomarker. 

Thus, nanoparticles have the ability to specifically identify and attach to the desired biomarker [120]. 

An external magnetic field delivers the functionalized Fe3O4 magnetic nanoparticles to cancer 

biomarkers. It also can separate magnetic Fe3O4 nanoparticles that have bound cancer biomarkers from 

other elements in biological tissue [121]. Measuring their signal allows spectroscopy to detect Fe3O4 

magnetic nanoparticles attached to cancer biomarkers. The identified signals confirm the presence and 

levels of cancer biomarkers in the samples. This interpretation can provide information regarding early 

diagnosis, monitoring and further research related to cancer [122]. 
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Figure 2 (A) The synthesis of Fe3O4 magnetic nanoparticles coated with dopamine and subsequently 

attached to Fluorescein Amidite (FAM). (B) The attraction of Fe3O4 magnetic nanoparticles coated with 

dopamine and FAM to cancer biomarkers results in the emission of light by FAM. (C) Imaging instruments 

are used to detect and measure the emitted light. Reprinted from [123], with permission from Springer. 

 

Foroozandeh et al. [124] conducted research using Fe3O4 magnetic nanoparticles as a biomarker 

detector for ovarian cancer antigen 125 (CA125). The results show that the nano biosensor shows sensitivity 

and stability in differentiating between normal samples and samples with ovarian cancer. The research 

results of Ni et al. [125] also showed the ability of Fe3O4 magnetic nanoparticles to detect the CA125 

biomarker. Based on the research that has been carried out, it can be seen the potential of Fe3O4 magnetic 

nanoparticles as a method for early detection of ovarian cancer. 

Fe3O4 magnetic nanoparticles coated with dopamine have been studied to detect the presence of the 

pancreatic cancer biomarker MUC1 (Figure 2). Determination of detection sensitivity depends on the 

amplification signal produced by the hybridization chain reaction (HCR). This approach shows excellent 

sensitivity, specificity and promise for diagnosing pancreatic cancer [123]. Fe3O4 magnetic nanoparticles 

are utilized not only for direct detection of cancer biomarkers but also through the implementation of 

aptasensors or immunosensors. Fe3O4 magnetic nanoparticles facilitate the coating, binding and enhancing 

the sensitivity of detecting cancer biomarkers in blood [126]. Further research and modifications are needed 

to utilize Fe3O4 magnetic nanoparticles to detect various cancer biomarkers. 

 

Magnetic therapy and drug delivery 

Fe3O4 magnetic nanoparticles have shown significant potential in improving medical technology, 

particularly in the fields of magnetic therapy and drug delivery applications [127]. Magnetic fields can be 

utilized to function and guide Fe3O4 magnetic nanoparticles to specific locations in the body. This allows 

the application of nanoparticles in targeted drug delivery [76], more specific destruction of cancer cells 

[128,129], antibacterial [130], tissue engineering [131], as well as biomolecule and DNA detection [132]. 

Fe3O4 magnetic nanoparticles can produce heat when exposed to a magnetic field, known as magnetic 

hyperthermia. Magnetic hyperthermia is used to kill cancer cells by increasing the local temperature in the 

cancer area. Various applications in cancer treatment using magnetic hyperthermia include biotherapy 

[133], therapeutic hyperthermia [134], photothermal therapy [135] and photodynamic therapy [136]. 
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Figure 3 illustrates the utilization of Fe3O4 magnetic nanoparticles for magnetic hyperthermia. Fe3O4 

magnetic nanoparticles have shown excellent biocompatibility, efficient targeting and the ability to alter 

the tumour immune micro environment (TIME) when used in magnetic hyperthermia therapy [137]. 

 

 
Figure 3 (a) Magnetic hyperthermia causes tumor necrosis using oscillating magnetic fields to induce heat 

generation by Fe3O4 magnetic nanoparticles, (b) photothermal therapy and (c) photodynamic therapy uses 

an external light source to activate photosensitizing chemicals attached to Fe3O4 magnetic nanoparticles. 

This activation process produces singlet oxygen species that are cytotoxic to cells. Reprinted from [138], 

with permission from Elsevier. 

 

Hyperthermia therapy using Fe3O4 was introduced in patients diagnosed with prostate cancer and 

glioblastoma [139]. This research showed the efficacy of using Fe3O4 for interstitial heating in patients 

suffering from locally recurrent prostate cancer [140]. In addition, patients suffering from recurrent 

glioblastoma multiform who underwent hyperthermia treatment had a median survival rate twice as long 

as other patients [141]. Fe3O4 magnetic nanoparticles have been used in the treatment of metastatic bone 

cancer to reduce lesions and bone formation through hyperthermia therapy [142]. 

Fe3O4 magnetic nanoparticles have fulfilled the characteristics for use in in-vivo systems, such as 

chemotherapy drugs [143]. Fe3O4 magnetic nanoparticles have the potential to improve the 

pharmacokinetic and pharmacodynamic characteristics of drugs used in cancer therapy [128,129]. The 

process involves integrating chemotherapy drugs into magnetic Fe3O4 nanoparticles, which are then 

directed to the cancer site by utilizing an external magnetic field [144]. Fe3O4 magnetic nanoparticles can 

efficiently reach the lesion site due to their nanoscale size and specific surface area [145]. 

The research conducted by Ayyanaar et al. [146] (Figure 4) utilized Fe3O4 magnetic nanoparticles 

combined with poly (l-lactic acid) (PLA) and filled with the antibiotic Ciprofloxacin (CIF) for in vitro 

research. The study showed a significant increase in cytotoxicity against HeLa-S3 cancer cells in vitro, with 

an IC50 of 0.8 ± 0.03 μg/mL. The results show that Fe3O4 magnetic nanoparticles have the potential to be 

efficient drug carriers for targeted cancer therapy that responds to multi-stimuli. Further research is required 

to determine the mechanism working and confirm the targeted drug delivery route of this method. 



Trends Sci. 2024; 21(11): 8519   14 of 30 
  

Fe3O4 magnetic nanoparticles must exhibit high biocompatibility with minimal toxicity to be used as 

medical materials in the body [147]. Additionally, they should be capable of synthesis in various shapes 

and sizes [148], exhibiting high encapsulation efficiency and the ability to accommodate hydrophilic and 

hydrophobic drugs [149]. Fe3O4 magnetic nanoparticles should be well tolerated when entering the 

capillaries of targeted cancer cells [150,151] and must have a hydrodynamic size smaller than 5 nm to be 

excreted in urine [152-153]. 

Drug delivery using magnetic materials can increase the therapeutic efficacy of drugs and minimize 

side effects due to conventional cancer treatments [154]. Drug carrier agents at the nanoscale can be 

categorized into 3 groups, including organic, inorganic and organo-inorganic hybrids [155]. Organic drug 

carriers include solid lipid nanoparticles (SLNs), polymer nanoparticles and biomimetic virus-based 

nanoparticles. SLNs exhibit a spherical morphology with sizes ranging from 50 nm to 1 μm and can be 

digested by the body include diglycerides, triglycerides, phospholipids and fatty acids. SLNs can provide 

easy delivery of active drugs to cancer cells, the ability to reduce resistance, the ability to control drug 

exposure and the synergistic effect of mixed loading [156]. SLNs exhibit stability characteristics under 

acidic conditions and enhances cancer cell cytotoxicity. 

Polymer nanoparticles can be synthesized with sizes from 10 to 1000 nm using chitosan, poly(lactide-

glycolide), poly (lactic acid), polyacrylic acid and alginate [157]. Synthesis of polymer nanoparticles is 

carried out using several methods such as solvent evaporation, salting and dialysis. Polymeric nanoparticles 

have biocompatibility, provide protection against drug degradation, are non-immunogenic, show great 

efficacy in encapsulating lipophilic drugs, and can be rapidly excreted from the body [158]. 

 

 
Figure 4 Illustrates the drug release process of Fe3O4 established with poly (l-lactic acid) (PLA) and loaded 

with the antibiotic medication CIF. Reprinted from [146], with permission from Elsevier. 

 

Inorganic drug carriers have a spherical or cylindrical shape with sizes ranging from 10 to 500 nm. 

Basic materials often used include gold, silver, silica and iron. Chemicals are used to modify the inorganic 

base material, allowing its conjugation with antibodies, ligands and other pharmaceutical compounds [159]. 
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Research shows that inorganic materials actively interact with drug solutions [160]. Additionally, 

nanoparticles show a dual response to glutathione and pH when used as drug carriers [161]. 

Fe3O4 magnetic nanoparticles used directly can cause premature damage to the drug delivery agent 

before it reaches the cancer area. This causes the amount of drug that can be delivered to be reduced, and 

it is not effective in treating cancer [162]. Research continues to be carried out to increase the efficiency of 

using Fe3O4 magnetic nanoparticles as a drug delivery vehicle. Figure 5 shows a drug delivery system 

using Fe3O4 magnetic nanoparticles. 

Andronescu et al. [163] investigated drug delivery in bone cancer using COLL/HA- Fe3O4@cisplatin 

material implanted in the bone defect. This research enables targeted delivery in specific areas using 

external controls to prevent harmful effects on the entire system. In addition, the Fe3O4@SiO2@tannic acid 

alloy can function as a pH-responsive drug carrier for the simultaneous release of the anticancer drugs 

methotrexate (MTX) and doxorubicin (DOX). This suggests that double-shell nano-drug delivery can be 

used to treat cancer [164]. 

Dai et al. [165] investigated the use of Fe3O4@SiO2 with DOX utilizing the solvothermal technique. 

Research shows that a DOX concentration of 10 μg/mL resulted in the death of 82.8 % of lung cancer cells, 

while a DOX concentration of 0.5 μg/mL during an incubation period of 15 min of NIR irradiation caused 

the death of 81.3 % of lung cancer cells. This shows the potential of photothermal effects in chemotherapy 

treatment. 

Utilization of Fe3O4 magnetic nanoparticles in drug delivery offers the advantage of being an easy-

to-use, cost-effective and recyclable separator. In addition, various research has been carried out to 

determine its potential for detecting cancer cells [166]. The utilization of Fe3O4 magnetic nanoparticles is 

hampered by their susceptibility to acid and oxidative damage. The presence of strong Van Der Waals 

forces and magnetic attraction between particles results in high agglomeration, thereby limiting the practical 

usefulness of these nanoparticles [167]. Current research is still limited in terms of its applicability to 

humans, as it can only be evaluated in small animal models [168]. 

 

 
Figure 5 Illustrates the drug delivery process using Fe3O4 magnetic nanoparticles. Medicines containing 

nanoparticles are injected into the blood capillaries. Then, an external magnetic field positions the drug at 

the cancer site. Reprinted from [104], with permission from Elsevier. 
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Surface modification of Fe3O4 magnetic nanoparticles 

Surface modification of Fe3O4 magnetic nanoparticles is very important for accurate and targeted 

cancer detection. Various chemicals or molecules can functionalize the surface of Fe3O4 magnetic 

nanoparticles. The choice of materials used must be able to interact with cancer biomarkers without causing 

major toxicity effects. One frequently performed surface modification technique involves the application 

of an external protective coating. The presence of an outer protective layer on Fe3O4 magnetic nanoparticles 

can maintain the stability of the magnetic components and prevent excessive agglomeration [169]. Table 

9 shows modification of magnetic Fe3O4 nanoparticles and medical applications. 

Applying a biocompatible coating to targeted cancer tissue can increase the specificity of Fe3O4 

nanoparticles [170]. Biocompatible coatings can provide a variety of multifunctional methods using Fe3O4 

magnetic nanoparticles [171]. Fe3O4 magnetic nanoparticles can be coated with an inorganic layer (e.g. C, 

SiO2, ZnO) or an organic layer (e.g. PEG) [123]. This protective layer is expected to provide benefits as a 

strong binding medium [172]. Inorganic protective layers on Fe3O4 magnetic nanoparticles for cancer 

therapy are still limited. The hydrophobic and chemically inert nature of most inorganic protective coatings 

can have negative effects in aqueous environments [15]. 

Organic protective layers are more promising for further use because they can cover the weaknesses 

of inorganic protective layers [173]. Fe3O4 magnetic nanoparticles coated with an organic shield enable 

hydrophilic interactions with a loading capacity comparable to that of a sponge. Additionally, organic 

shields can aid in the functionalization of antibodies for targeted delivery, ensuring biocompatibility to 

evade the immune system and the ability to deceive cancer cells as a defense mechanism [174-176]. 

Polyethylene glycol (PEG) is an organic coating that has been widely reported in various literature sources 

[177]. 

Polyethylene Glycol (PEG) is a hydrophilic polymer that is easily soluble in water, biocompatible, 

non-antigenic and resistant to proteins [167]. Tai et al. [178] conducted research showing that Fe3O4 

magnetic nanoparticles coated with PEG, showed high colloidal stability for up to 21 days. This finding 

exceeds the stability of unmodified Fe3O4 magnetic nanoparticles. However, long-term colloid stability is 

not always necessary, because cytostatic release only occurs within a few days. Therefore, additional 

investigations are needed to explore potential materials that can serve as a protective layer on Fe3O4 

magnetic nanoparticles. 

Research has been carried out to examine the toxicity of Fe3O4 magnetic nanoparticles without a 

protective layer and Fe3O4 magnetic nanoparticles with various protective layers [179]. Fe3O4 magnetic 

nanoparticles show minimal cytotoxicity when given at concentrations below the threshold of 100 µg/mL 

[180]. The surface of nanoparticles can be coated with antibodies, small molecules, peptides, aptamers and 

other components due to the unique properties of nanoparticles [181]. Fe3O4 magnetic nanoparticles can 

negatively impact cell behaviour through various mechanisms, such as disruption of the cytoskeleton, 

induction of oxidative stress, generation of free radicals, decreased mitochondrial function, DNA damage 

and changes in cell pathways [182]. Research has shown that the toxicity of Fe3O4 magnetic nanoparticles 

is influenced by their shape (e.g. spheres, rods and beads) and the mass ratio of the protective layer. These 

factors have a direct and significant impact on toxicity [183]. 

Kandasamy et al. [184] conducted research on the application of protective coatings on Fe3O4 

magnetic nanoparticles. The research was carried out using a multifunctional magnetic polymer made by 

combining ferrofluid and hydrophobic Fe3O4 magnetic nanoparticles with oleylamine as a stabilizer. The 

results showed that nanoparticles used with 2 drugs (curcumin or verapamil) could significantly improve 

stability with minimal toxicity. Additionally, research has developed polycaprolactone (PCL)-coated Fe3O4 

magnetic nanoparticles as a new therapeutic drug that exhibits improved thermo sensitivity and 
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cytocompatibility. Nanomedicines show important benefits in terms of excellent stability, effective 

dispersion, compatibility with living cells and controllable heating [185]. 

Applying citric acid and chitosan in the coating process of Fe3O4 magnetic nanoparticles enables 

curcumin transportation into cells as a drug carrier (Figure 6). The application of a coating including citric 

acid and chitosan is conducted to provide pH stability during the drug release process, hence facilitating 

the efficient cellular uptake of curcumin for its therapeutic effects. The cellular uptake of curcumin has 

been seen to have a significant inhibitory impact on the proliferation, invasion and migration of SGC-7901 

cells. Furthermore, the SGC-7901 cells exhibited oxidative damage and apoptosis via caspase and 

ferroptosis processes, while causing minimal harmful side effects on the normal GES-1 cell tissue. This 

study presents a prospective medication delivery system capable of traversing the blood-brain barrier 

(BBB) [186]. 

 

 
Figure 6 Illustration of applying citric acid and chitosan in the coating process of Fe3O4 magnetic 

nanoparticles enables curcumin transportation into cells as a drug carrier. Reprinted from [186], with 

permission from Elsevier. 

 

Table 4 Modification of magnetic Fe3O4 nanoparticles and medical applications. 

Surface modification Medical applications Principal discoveries Ref. 

PEG Magnetic hyperthermia, 

drug delivery system and 

MRI. 

Surface modification of the magnetic 

nanoparticle Fe3O4 layer caused magnetic 

saturation to decrease from 51.9 to 38.8 emu/g. 

This method can also reduce the explosive 

effect by 32 % of administering the anticancer 

drug, Tamoxifen. 

[187] 

Ag/Fe3O4@CS@PVA Multifunctional wound 

healing. 

This method exhibits an inhibitory impact on 

both Gram-positive and Gram-negative bacteria 

when used in low doses. Rapid wound healing is 

demonstrated through in vivo experimentation 

with excellent biocompatibility. 

[188] 
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Surface modification Medical applications Principal discoveries Ref. 

Polyethyleneimine 

(PEI) and Hyaluronic 

Acid (HA) 

Drug delivery, and 

targeted therapy. 

Fe3O4 nanoparticles selectively target cancer 

cells through an external magnetic field. The use 

of HA on the surface of Fe3O4 nanoparticles 

showed high stability and uniform dispersion in 

the acidic cancer environment. This method can 

deliver drugs through the ferroptosis process in 

hepatocellular carcinoma (HCC). 

[189] 

ZIF-8 Targeted drug release. Fe3O4 nanoparticles can be applied to targeted 

drug release using external magnetic fields.  

ZIF-8 administration facilitates the release of 

drugs of pH-sensitive and biocompatible 

medicines. 

[190] 

SiO2 Plasmid DNA 

purification. 

The application of SiO2 coating on Fe3O4 

magnetic nanoparticles can enhance the 

adsorption efficiency of plasmid DNA and 

encourage a high elution rate, while also 

providing resistance to acidic conditions. 

[191] 

 

 

Conclusions  

Fe3O4 magnetic nanoparticles show great potential for future cancer detection applications. Previous 

research has shown that nanoparticles offer significant potential in various and efficient diagnostic and 

therapeutic applications. Fe3O4 magnetic nanoparticles are effective as sensitive contrast agents for 

accurately detecting cancer in MRI images. Fe3O4 magnetic nanoparticles enhance early cancer diagnosis, 

leading to improved patient prognosis. Improvements are needed to enhance the research outcomes, such 

as doing comparison studies on different forms of cancer to assess the benefits and drawbacks of Fe3O4 

magnetic nanoparticles under diverse settings. 

The synthesis method of Fe3O4 magnetic nanoparticles can impact the properties, morphology and 

dimensions of the nanoparticles. Nanoparticles provide adaptable surface properties and the ability to target 

cancer biomarkers, allowing for precise and sensitive detection. The nanoscale size enables improved tissue 

penetration and serves as a contrast agent in medical imaging to enhance diagnostic accuracy. Fe3O4 

magnetic nanoparticles can target therapeutic drugs to the tumor location, minimizing damage to healthy 

tissue and enhancing treatment efficacy. Additional research is required to enhance delivery efficiency and 

address the growing issue of medication resistance. Further research on the pharmacokinetics and 

pharmacodynamics of Fe3O4 magnetic nanoparticles in drug administration could enhance comprehension 

of their distribution, metabolism and pharmacological impacts in the human body. 

The main focus of research on Fe3O4 magnetic nanoparticles remains on investigating their toxicity 

and biocompatibility. The need for a detailed evaluation of the interaction between Fe3O4 magnetic 

nanoparticles and biological systems to ensure their safe utilization in medical environments. Future study 

should concentrate on enhancing the biocompatible qualities of Fe3O4 magnetic nanoparticles. This may 

entail altering the surface of Fe3O4 magnetic nanoparticles with a coating that minimizes immunological 

reactions and biological harm. 
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Further research is required to evaluate the toxicity of Fe3O4 magnetic nanoparticles using in vitro 

and in vivo studies to comprehend their effects on human cells and organs. For understanding the removal 

and metabolism of Fe3O4 magnetic nanoparticles from the human body, it is crucial to identify the 

physiological pathways affected by these nanoparticles. This review paper aims to offer valuable insights 

to researchers regarding the possible use of Fe3O4 magnetic nanoparticles as a cancer detector. To enable 

future research on creating Fe3O4 magnetic nanoparticles for safer and more efficient use in medical 

applications. 
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