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Abstract 

The present study aimed to synthesise, characterise and evaluate in vitro a magnetic colloidal suspension (MCS) based on 

magnetic iron oxide nanoparticles (MIONPs) obtained by the combustion method and double-coated with vegetable oleic acid 

(OA), dispersed in aqueous media. Physical-chemical investigations showed that the synthesised sample (MCS_OA) has a 

hydrodynamic diameter (Dh) of 43.13 nm, a polydispersity index (PDI) of 0.524, a saturation magnetisation (Ms) of 1.06 Gs 

and an average particle size of 18.1 ± 2.1 nm with a narrow distribution of nanoparticle sizes determined by transmission 

electron microscopy (TEM). Preliminary in vitro analyses were performed after 24 hours of exposure on the Vero kidney cells. 

The results indicated that MCS_OA induces a dose-dependent decrease in cell viability, especially at a 2 μg/mL concentration, 

which was also confirmed by morphological changes in cells and by nuclear and mitochondrial dysmorphologies. Collectively, 

MCS_OA warrants additional research into its therapeutic potential, although further investigation is needed to ensure safety 

and efficacy in clinical applications. 

 

Rezumat 

Acest studiu a avut ca scop sintetizarea, caracterizarea și evaluarea in vitro a unei suspensii coloidale magnetice (MCS) pe bază 

de nanoparticule magnetice de oxid de fier (MIONP) obținute prin metoda combustiei și acoperite dublu cu acid oleic vegetal 

(OA), dispersate în mediu apos. Investigațiile fizico-chimice au arătat că proba sintetizată (MCS_OA) are un diametru 

hidrodinamic (Dh) de 43,13 nm, un indice de polidispersie (PDI) de 0,524, o magnetizare de saturație (Ms) de 1,06 Gs și o 

dimensiune medie a particulelor de 18,1 ± 2,1 nm, cu o distribuție îngustă a dimensiunilor nanoparticulelor determinată prin 

microscopie electronică de transmisie (TEM). Analizele preliminare in vitro au fost efectuate după 24 de ore de expunere pe 

celulele renale Vero. Rezultatele au indicat că MCS_OA induce o scădere dependentă de doză a viabilității celulare, în special 

începând cu o concentrație de 2 μg/mL, ceea ce a fost confirmat și de aspectele morfologice ale celulelor, precum și de 

dismorfologiile nucleare și mitocondriale care au survenit. În ansamblu, MCS_OA justifică cercetări suplimentare privind 

potențialul său terapeutic, deși sunt necesare investigații suplimentare pentru a asigura siguranța și eficacitatea în aplicațiile clinice. 
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Introduction 

Currently, there is significant interest in synthesising 

nanomaterials with controllable properties that can 

selectively interact with human cells or tissues, transport 

active molecules, or provide accurate diagnostic 

information [13, 80, 86]. This interest is primarily 

driven by the ability to adjust the physicochemical 

characteristics of nanomaterials (such as size, shape, 

surface chemistry and responsiveness to stimuli) to 

enable targeted biodistribution in the human body 

and effective delivery of potential therapeutic agents 

from their surfaces [10, 13, 79, 80, 86]. The progress 

made to date in integrating the therapeutic and diagnostic 

functions of these nanomaterials is considered a path 

toward more precise and rapid interventions, particularly 
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in oncology, but also in other complex diseases [10, 

44, 84, 86].  

Magnetic iron oxide nanoparticles (MIONPs) represent 

one of the most studied categories of nanomaterials. 

MIONPs have become well-known nanomaterials not 

only for their tailored physico-chemical properties but 

also for their abilities of increased biocompatibility 

and reduced toxicity [29, 40, 49, 50, 66, 72, 90]. 

Magnetite (Fe3O4) and its oxidised form, maghemite 

(γ-Fe2O3), are two compounds acknowledged as out-

standing candidates for biomedical applications [54]. 

It has been found that applications with magnetic nano-

particles composed of nickel, cobalt and iron have the 

potential to bring significant value to the advancement 

and development of innovative therapies based on these 

principles, including in oncology [23]. An important 

role is also played by evaluating the biosafety of 

compounds before their implementation as potential 

therapeutic agents. Moreover, the functionalised compound 

on the MIONPs surface or the surfactant (the protective 

layer) needs to be non-toxic and biocompatible to 

ensure high colloidal stability across different carriers, 

prevent MIONP aggregation, sedimentation and, 

ultimately, biodegradation [29, 40, 72]. 

One of the aggressive cancers that urgently needs 

attention in terms of finding new treatment alternatives 

is kidney cancer. Kidney cancer (KC) is a disease with 

an incidence of approximately 400,000 cases annually 

and a death rate of 175,000 per year [15]. Renal cell 

carcinoma (RCC) develops from the renal parenchyma. 

It ranks 13th worldwide among the most common types 

of cancer, accounting for 2.4% of all cancer cases, 

occurring twice as often in men as in women [70].  

Today, treatments available for patients with this 

type of cancer vary, but generally include surgery, 

radiation therapy, targeted therapy (e.g., axitinib, 

bevacizumab, cabozantinib, everolimus, sorafenib) and 

immunotherapy (e.g., avelumab, interferon, nivolumab). 

However, these treatments often lead to toxic side 

effects; therefore, new drugs are being tested in various 

clinical trials to find alternatives [89]. The anticancer 

drugs have numerous side effects that exacerbate the 

suffering of cancer patients [3], and the other types of 

therapies listed also induce complications [14, 87, 77]. 

Preclinical in vitro studies on the use of MIONPs for 

labelling, imaging, or targeting renal cells are limited, 

with most focusing on renal cancer or labelling strategies 

that may apply to healthy renal epithelium [12, 17-19, 

37, 46]. To the best of our knowledge, there are no 

clinical studies reporting the use of MIONPs in healthy 

renal epithelial cells or in renal cancer. The current 

clinical context focuses on broader uses of super-

paramagnetic iron oxide nanoparticles (SPIONs), such 

as the treatment of anaemia associated with chronic 

kidney disease [51] or concepts of hyperthermia and 

imaging, rather than targeting renal cell carcinoma 

[18, 30, 88], with no evidence of impact on healthy 

renal epithelium or applicability in renal cancer. This 

highlights gaps identified in the literature regarding 

preclinical and clinical research on the use of MIONPs 

on renal function. Therefore, in vitro toxicological and 

biosafety assessments specific to healthy renal cell 

lines prior to any assessment focused on renal cell 

carcinoma are essential [39].  

The primary objective of this research was to manufacture 

and characterise a magnetic colloidal suspension (MCS) 

based on MIONP coated with a double layer of 

vegetable oleic acid (OA) and dispersed in distilled 

H2O (MCS_OA). The secondary objective is to assess 

the toxicological profile of the MCS_OA in Vero cells, 

a continuous cell line derived from renal epithelial 

cells, frequently used for toxicological screening due 

to its availability for future studies on its anticancer 

potential, including in the case of renal cancer. 

 

Materials and Methods 

Reagents used in the synthesis process 

For the synthesis of magnetic iron oxide nanoparticles 

(MIONPs) through the combustion method, the 

(Fe(NO3)3 × 9 H2O, from Carl Roth, Germany), and 

citric acid monohydrate (C6H8O7 × H2O, from Silal 

Trading, Romania) were employed as the starting raw 

materials. For the synthesis of magnetic colloidal 

suspension (MCS), the oleic acid (OA) C18H34O2 

(from Merck, 65 - 88%) was used as surfactant, 

alongside ethanol (70%, v/v), used as magnetic nano-

particles moisturizing aqueous solution, NH4OH (25%), 

as pH regulation solution and distilled water, used as 

magnetic nanoparticles dispersion carrier media.  

Synthesis of MIONPs through the combustion method 

and the preparation of MCS  

The oxidising agent and the fuel were dissolved in 

50 mL of distilled water and subjected to combustion 

at 400°C in a heating mantle in the absence of air, as 

previously described in detail in reference [33]. The 

recipe was designed to obtain 0.03 mol of MIONPs 

using a stoichiometric metal nitrate (oxidising agent)/ 

fuel (reducing agent) molar ratios, according to the 

following reaction: 

54 Fe(NO3)3 + 46 C6H8O7 → 18 Fe3O4 + 276 CO2 + 

184 H2O + 81 N2. 

The MIONPs obtained were washed several times 

with distilled water and dried in an oven at 80°C. 

After drying, the MIONPs were coated with a double 

layer of OA, as described in the modified protocol 

by Bica et al. [5]. Briefly, the MIONPs obtained via 

combustion were left to soak for 1 day in an aqueous 

solution of ethanol (70%, v/v) and distilled water at a 

1:20 volumetric ratio. The suspension was sonicated 

for 2 h at 50% amplitude, then subjected to thermo-

magnetic stirring using a magnetic bar. When the 

temperature of the mixture reached 80 - 82°C, the 

first layer of OA was added dropwise under vigorous 

stirring (500 rpm). The MIONPs were single-coated 

with OA and washed several times with warm distilled 
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water (60 - 70°C) to remove soluble impurities and 

free oleic acid. The MIONPs, single-coated with OA, 

were redispersed in distilled water and subjected to 

the thermomagnetic stirring process again. By using 

a 25% NH4OH solution, a basic pH in the aqueous 

suspension (pH = 10.27) was ensured, and when the 

aqueous suspension reached 80 - 82°C, the MIONPs 

were coated with the OA second layer. Thus, the 

MIONPs double-coated with OA were decanted 

using a magnet and dispersed in distilled water by 

sonication (50% amplitude) for 1 h. Finally, a magnetic 

colloidal suspension of oleic acid double-layer-coated 

iron oxide magnetic nanoparticles was obtained, which 

was further characterised and analysed herein after 

as MCS_OA (Figure 1). 

 

 
Figure 1. 

Schematic protocol of stable magnetic colloidal suspension preparation 

 

Characterisation of the MIONPs and MCS_OA 

After synthesising the MCS_OA, the mass of iron 

oxide in the sample was calculated. For this, the density 

of the MCS_OA sample was first measured using a 

portable Density Meter (DMA 35) from Anton Parr 

at 25°C. Based on this density, the volume fraction 

of the MCS_OA sample was calculated, using the 

following equation: 

𝜑 =  
𝜌𝑀𝐶𝑆_𝑂𝐴− 𝜌𝐻2𝑂

5.2−𝜌𝐻2𝑂
,        Eq. (1) 

where, φ = volume fraction; 𝜌𝑀𝐶𝑆_𝑂𝐴 = the density of 

the sample; 𝜌𝐻2𝑂 = the density of the carrier medium 

(which in our case is the distilled water – 0.9465 

g/cm3); 5.2 = the theoretical density of Fe3O4.      

The MIONPs were characterised in terms of XRD 

phase composition (Rigaku Ultima IV, Tokyo, Japan), 

specific surface area (Micromeritics ASAP 2020, 

Norcross, USA), and magnetic properties using a 

VSM 880 ADE/DMS magnetometer from Massachusetts, 

USA. 

The MCS_OA sample was characterised for hydro-

dynamic diameter by dynamic light scattering (DLS) 

using a ZetaSizer NanoZS from Malvern Instruments 

(Worcestershire, UK). Using scanning (SEM) and 

transmission electron microscopy (TEM), we determined 

changes in the morphology and ultrastructure of 

aggregates with a FEI Tecnai 12 Biotwin electron 

microscope from Oregon, USA. For the SEM analysis, 

the microscope used was an FEI Quanta 250 from 

Eindhoven, The Netherlands, equipped with an ETD 

(Everhart-Thornley detector for secondary electrons). 

The elemental analysis of the chemical compounds, 

as well as their weight relative percentage (Wt%) in 

the MCS_OA sample, was investigated using EDX 

(energy-dispersive X-ray spectroscopy) on an EDAX 

Apollo X detector from Ametek, Mahwah, USA. 

Reagents and equipment used for in vitro experiments 

For the in vitro experiments, the phosphate-buffered 

saline (PBS) and the MTT (3-(4,5-dimethylthiazol-

2-yl)-2,5-diphenyltetrazolium bromide) viability kit 

were obtained from Sigma-Aldrich, Merck KGaA 

(Darmstadt, Germany). The Eagle’s Minimum Essential 

Medium (EMEM), foetal bovine serum, penicillin/ 

streptomycin mixture and trypsin-EDTA solution were 

purchased from American Type Culture Collection 

(ATCC), Manassas, VA, USA. The dimethyl sulfoxide, 

DMSO, (solvent) was procured via PAN-Biotech 

GmbH, Aidenbach, Germany. Hoechst 33342 and 

MitoTracker™ Red CMXRos were acquired from 
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Thermo Fisher Scientific (Waltham, MA, USA). The 

equipment used, Cytation 5 (plate reader) and Lion-

heart FX (automated microscope), was obtained from 

BioTek Instruments Inc. (Winooski, VT, USA). 

Cell culture protocol 

In this work, in vitro experiments were conducted on 

the Vero normal kidney cell line (CCL-81™) from the 

American Type Culture Collection (ATCC), Manassas, 

VA, USA. The cell line was cultured in the specific 

growth medium EMEM supplemented with 10% FBS 

and 1% antibiotic mixture. During the experiments, 

Vero cells were maintained in a humidified incubator 

at 37°C and 5% CO2.  

Cellular viability evaluation 

For the cell viability test, kidney Vero cells were 

grown in 96-well plates until the desired confluence 

and treated with the sample of interest (MCS_OA) at 

concentrations of 1, 2, 3, 4 and 5 μg/mL for 24 hours. 

After treatment, the culture medium was replaced with 

fresh medium, and 100 μL of MTT kit 1 was added 

using a multichannel pipette (incubated for 3 hours). 

Subsequently, 10 μL of MTT solubilising solution was 

applied for 30 minutes, during which time the plates 

were incubated at room temperature. Finally, the 

absorbance was read at 570 and 630 nm using the 

Cytation 5 instrument [56]. 

Bright-field morphological examination 

Morphological analysis of Vero cells was performed 

24 hours after treatment with MCS_OA at 1, 2, 3, 4 

and 5 μg/mL using the Lionheart FX automated 

microscope, following the instructions of Românu et 

al. [67]. 

Mitochondrial immunofluorescence staining via Mito-

Tracker™ Red CMXRos and Hoechst 33342 nuclear 

assessment  

The nuclear and mitochondrial aspects of the cells 

were evaluated using the Hoechst 33342 nuclear 

staining and MitoTracker™ Red CMXRos immuno-

fluorescence staining.   

To analyse mitochondrial morphology, Vero cells were 

cultured in 12-well plates and allowed to adhere until 

optimal confluence was reached. Subsequently, treatment 

was applied for 24 hours at concentrations of 1, 3 and 

5 μg/mL. The MitoTracker dye was initially dissolved 

in DMSO at a stock concentration of 1 mM and then 

diluted in the specific culture medium for each cell 

line to a final concentration of 300 nM. Following a 

30-minute incubation with the staining solution under 

standard culture conditions, the cells were washed 

with culture medium to remove excess dye. Then, 

after staining with MitoTracker, the cells were fixed 

with 4% paraformaldehyde for 10 minutes at room 

temperature to preserve the cell structures, followed 

by a thorough wash with PBS.  

To verify the nuclear changes induced in the cells 

under investigation by the sample of interest (MCS_OA), 

cells were stained with Hoechst 33342. After fixation, 

Hoechst 33342 solution (diluted 1:2000 in PBS) was 

added to each well and incubated for 5 - 10 minutes 

in the dark. The staining solution was then removed, 

and the wells were washed three times with PBS.  

Representative fluorescent images were acquired by 

using the Lionheart FX automated microscope at 20× 

magnification. Image analysis was performed by using 

Gen5™ Microplate Data Collection and Analysis 

software (version 3.14; BioTek Instruments Inc., 

Winooski, VT, USA).  

Statistical analysis  

The obtained results were analysed using GraphPad 

Prism software (GraphPad® Software, San Diego, 

CA, USA, www.graphpad.com), Version 9.3.1. The 

differences between the cells treated with MCS_OA 

and control were determined using One-way ANOVA 

and Dunnett’s multiple comparison tests. All statistically 

significant results were marked with “*”, as follows: 

*p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001. 

 

Results and Discussion 

Nowadays, nanotechnology is increasingly used in 

medical practice due to its ability to provide nano-

scale solutions to various complex medical problems, 

such as early diagnosis, targeted therapies and real-

time monitoring of biological processes. Among the 

factors that have led to the increased use of this field in 

medicine are advanced nanoscale material manufacturing, 

the ability to control physicochemical properties during 

production, improved biocompatibility, enhanced surface 

functionalisation capacity and easy integration with 

modern imaging techniques or therapeutic systems 

[9, 22, 53, 69, 75, 91, 93]. Magnetite (Fe₃O₄) and 

maghemite (γ-Fe₂O₃), due to their distinct magnetic 

properties, particularly the superparamagnetic behaviour 

exhibited at sizes below ~ 20 nm, are integrated into 

numerous biomedical applications. These nanomaterials 

are widely used as carriers for targeted drug delivery, 

contrast agents in magnetic resonance imaging (MRI), 

magnetic separation and cell selection, magnetofection, 

tissue repair and magnetic hyperthermia, a cancer 

treatment in which nanoparticles, subjected to an 

alternating magnetic field, generate enough heat to 

induce selective death of tumour cells [25, 47, 49, 

50, 55, 63, 66, 68, 71, 92]. 

In order to obtain magnetic iron oxide nanoparticles 

with suitable properties for biomedical applications, 

the synthesis method is particularly important; it must 

be simple, accessible and environmentally friendly. 

Various synthesis methods have been employed to 

manufacture MIONPs with tailored properties, including 

coprecipitation [27, 81, 90], hydrothermal/solvothermal 

[21, 95], microemulsion [20, 29, 60, 90], sonochemical 

[38, 58, 81, 90], thermal decomposition [32, 42, 90] 

and electrochemical [41, 90]. However, these methods 

have significant limitations in the preparation of 

magnetic nanomaterials [38, 42, 90], which justifies 

the need for new, simple and efficient approaches. 
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The combustion method is a promising alternative to 

conventional synthesis methods, as it is simple, energy-

efficient, fast, versatile, environmentally friendly and 

low-cost. This method is based on an exothermic reaction 

between an oxidising agent (metal nitrate) and a 

reducing agent (fuel). It is used to obtain metal oxides 

[4, 34, 35, 62, 76] and, increasingly frequently, for the 

manufacture of MIONPs [31, 33, 59, 74, 85], allowing 

their properties to be adjusted by varying synthesis 

conditions. 

Biocompatible surfactants (such as polyethylene glycol, 

fatty acids, Tween 80, dextran, starch, chitosan, etc.) 

are used to functionalise the surface of nanoparticles. 

Of these, vegetable oleic acid is the most widely 

used, forming a dense, protective layer that ensures 

uniform, monodisperse nanoparticles [94]. 

This study is focused on the synthesis and characterisation 

of MIONPs using the combustion method, followed 

by the preparation of a biocompatible magnetic colloidal 

suspension based on these nanoparticles coated with a 

double layer of vegetable oleic acid (sample MCS_OA). 

The MIONPs employed for the obtaining of the bio-

compatible MCS_OA, as well as their physicochemical 

characterisation, were previously published by our 

research group in reference [33]. In Table I, the 

physicochemical properties of MIONPs used to obtain 

the MCS_OA are briefly presented. 

Table I 

The physicochemical properties of MIONPs used to obtain the MCS_OA sample [33] 

Fuel Reaction condition XRD phase composition DXRD 

[nm] 

SBET 

[m2/g] 

DBET 

[nm] 

Ms 

[emu/g] 

Mr 

[emu/g] 

Hc 

[kA/m] 

citric acid absence of air Fe3O4 18 56 21 57.7 4.5 5.2 

 

One can observe that the saturation magnetisation of 

the MIONPs obtained through the combustion method 

(Ms = 57.7 emu/g) was relatively higher, considering 

that the saturation magnetisation of bulk Fe3O4 at 

room temperature ranges between 80 and 90 emu/g 

[26, 28], even higher (90 - 100 emu/g) depending on 

the study’s report measurement [65]. Moreover, the 

remanent magnetisation and the coercivity of the 

magnetic nanoparticles were close to the superpara-

magnetic behaviour.   

A high specific surface area (SBET) indicates small 

nanoparticles. Our results regarding the specific surface 

area are well correlated with the BET diameter, indicating 

that the synthesised MIONPs obtained by the combustion 

method have a narrow size distribution, with nanoparticles 

under 50 nm. The size of nanoparticles is suitable for 

intravenous administration, in addition to other bio-

medical applications that require larger nanoparticles 

(drug delivery vectors, MRI contrast agents, hyper-

thermia therapy) [7, 24].    

To obtain the magnetic colloidal suspension (MCS) and 

avoid magnetic nanoparticle agglomeration, characteristic 

of particles with a large surface-to-volume ratio, a 

vegetable oleic acid coating agent was used to isolate 

the nanoparticles, leading to monodisperse nanoparticles 

[43, 52]. A double layer of OA was used to disperse 

the MIONPs in aqueous solution; a single layer of 

OA makes the MIONPs dispersible only in organic 

solvents due to the hydrophobic tail of OA, which 

limits their biomedical applications [64]. By applying 

Eq. (1), the volume fraction of the sample was calculated 

to determine the mass of iron oxide contained in the 

MCS_OA sample. Knowing the density of the 

sample (𝜌 = 0.9956 g/cm3), the density of the carrier 

medium (distilled water;  𝜌 = 0.9465 g/cm3) and the 

theoretical density of Fe3O4 (𝜌 = 5.2 g/cm3), we were 

able to calculate the volume fraction of the sample 

(φ = 0.00998). Therefore, the mass of iron oxide 

calculated/mL of magnetic colloidal suspension, taking 

into account the theoretical density of Fe3O4, was 

0.0520 g. 

The MCS_OA double-coated was further characterised 

in terms of saturation magnetisation, DLS and TEM 

analyses. The saturation magnetisation measured with 

the VSM 880 ADE/DMS magnetometer showed a value 

of 1.06 Gs for magnetic colloidal suspension (MCS_OA). 

The particle size distribution was assessed using 

dynamic light scattering (DLS). The results recorded 

are presented in Figure 2, by the intensity of the 

particles as well as by the volume of particles. One 

can observe that the average hydrodynamic diameter 

(Dh) of the MCS_OA sample was 43.13 nm. A 

confirmation of the double-layer oleic acid on the 

surface of the MIONPs is the difference between the 

hydrodynamic diameter (43.13 nm) of the MCS_OA 

sample and the diameter determined from the XRD 

analysis (DXRD = 18 nm). Ultimately, these diameters 

cannot be compared because the first measures the 

hydrodynamic diameter of the colloid, while the 

second measures the average size of the crystallites. 

The distribution by intensity shows that the sample 

was primarily composed of a single family of 

nanoparticles: 96.1% had a Dh of 82.96 nm, and only 

3.9% had a Dh of 3075 nm. On the other hand, the 

distribution by volume shows two clear families of 

nanoparticles: 30.0% were 3.83 nm and 69.4% were 

10.71 nm. A very small percentage of 0.5% were 

found to have 4073 nm.  

The polydispersity index (PDI) was 0.524, indicating 

that the large nanoparticles in the MCS_OA sample 

are prone to flocculation and sedimentation. 

In the DLS analysis, the PDI index is a dimensionless 

parameter that quantifies the breadth of the particle-

size distribution. This index describes the degree of 

monodispersity (narrow) or polydispersity (wide) of 

a sample, being defined for a single population of 



FARMACIA, 2025, Vol. 73, 6 

 1498 

nanoparticles [1]. In our case, a magnetic colloidal 

suspension, this index denotes the uniformity of the 

magnetic nanoparticles, which, in turn, affects the 

collective magnetic behaviour of the sample, the 

heating, transport and stability of the nanoparticles 

in suspension [1]. Therefore, in DLS analysis, low 

PDI values correspond to narrow, almost monodisperse 

distributions. In contrast, high PDI values indicate 

broader size distributions, which may reflect polydispersity 

or aggregation of the magnetic nanoparticles. Furthermore, 

various literature reports PDI values around 0.57, 

indicating broad distributions typical of magnetic nano-

particles dispersed in complex media, where aggregation 

or coating heterogeneity can broaden the size distribution 

[45, 61]. Our result is consistent with these studies, 

highlighting that even magnetic colloidal suspensions 

used in biomedical contexts can exhibit moderately 

high PDI values when aggregation is present or 

when a wide range of particle sizes is stabilised in 

suspension. [45, 61]. 

Based on our results, one can affirm that the prepared 

MCS_OA sample is suitable for in vitro applications, 

as the hydrodynamic diameter falls within the range 

established for the biomedical domain (< 100 nm) 

[52, 78]. 

 

 
Figure 2. 

The size distribution of the particles contained in the MCS_OA sample – A) by intensity and B) by volume 

 

In Figure 3, TEM and SEM micrographs of the 

MCS_OA are shown, depicting the morphology and 

ultrastructure of the magnetic colloidal suspensions. 

Regarding the morphology of the colloidal nanosystem 

(Figure 3B), one can observe that the nanoparticles 

have quasi-spherical shapes, are arranged quasi-

uniformly, are slightly agglomerated, exhibit a narrow 

size distribution, and have a mean particle size of 

18.1 ± 2.1 nm. The elemental composition of the 

magnetic colloidal nanosystem, as determined by EDX 

analysis, showed that C (Wt = 78.3%), O (Wt = 7.9%) 

and Fe (Wt = 13.8%) are the only elements present in 
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the sample. The EDS mapping (used to estimate the 

relative abundance of the chemical elements present 

in the magnetic colloidal nanosystem) (Figure 3C) is 

in agreement with the EDX profile of the MCS_OA 

sample. The mapping analysis was performed to 

determine whether the elements present in the sample 

are dispersed and homogeneous, and it confirmed the 

presence of C, O and Fe atoms. Our results confirmed 

the synthesis of narrow-sized particles, in accordance 

with literature data [8, 52, 78, 83]. 

 

 
Figure 3. 

The MCS_OA sample: A) SEM image; B) TEM image; C) mapping of the magnetic colloidal suspension 

 

Nowadays, because of the limitations, treatment 

resistance, non-response and side effects of conventional 

treatments for kidney cancer, there is a need for new 

therapeutic options [14, 77]. Regarding the surgical 

procedures, the risks and complications depend on age 

and comorbidities [87]. The toxicity of new targeted 

drugs can reduce their effectiveness in advanced 

renal cancer if it is not detected promptly and treated 

appropriately. As a specific example, sorafenib, 

temsirolimus and bevacizumab cause toxicity by 

targeting healthy tissues, leading to delays or interruptions 

in drug treatment [77]. Although many of the treatments 

developed to date have achieved significant progress, 

challenges remain, particularly regarding treatment 

resistance (sunitinib frequently induces drug resistance 

within approximately six months of treatment) and 

the emergence of non-response to treatment, which 

complicates management.  Other challenges include 

the adverse effects of targeted therapies and immune 

inhibitors, which cause liver toxicity, gastrointestinal 

problems and even bone marrow suppression [14]. 

Also, before implementing a new treatment, a bio-

safety assessment is mandatory to assess how healthy 

tissues respond; one of the limitations of conventional 

cancer therapies is their toxic effects on healthy organs. 

In this sense, after the physical-chemical characterization, 

the second part of the study consisted of the preliminary 

in vitro evaluation of the magnetic colloidal suspension 

based on magnetic iron oxide nanoparticles (MIONPs), 

more exactly magnetite (Fe3O4), coated with a double 

layer of vegetable oleic acid (OA) and dispersed in 

H2O (MCS_OA) on a 2D Vero cell model. In this 

context, the following were evaluated: cell viability 

using the MTT method, morphological analysis, cell 

nuclei and mitochondrial appearance of both cell types 

after a 24-hour treatment with the MCS_OA sample 

at concentrations ranging from 1 to 5 μg/mL. Vero 

cells are normal renal epithelial cells derived from the 

Cercopithecus aethiops organism [2]. 

The first part of the toxicological profile evaluation 

of MCS_OA consisted of an MTT assay to assess 

cell viability after 24 hours of treatment. The MTT 

method is often used as a colourimetric assay to 

determine cell viability, proliferation and cytotoxicity. 

The mechanistic principle of MTT is based on the 

ability of living cells to convert the yellow MTT 

tetrazolium salt into purple formazan crystals; thus, 

this colour change from yellow to purple provides a 

visual signal for cell viability [57].  

Treatment of Vero cells (Figure 4) with the sample 

of interest, MCS_OA, resulted in a dose-dependent 

decrease in viability. Compared to the control, the 

percentages of viable cells were 76.08% at 1 μg/mL, 

75.37% at 2 μg/mL, 29.17% at 3 μg/mL and 

approximately 22% at both 4 μg/mL and 5 μg/mL. 
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Figure 4. 

Representation of cell viability percentages 24 h 

after treatment of Vero cells with various concentrations 

(1 - 5 µg/mL) of MCS_OA sample 
The results are presented as percentages (%) normalised to 

control. All data are expressed as mean values ± SD from 

three independent experiments done in triplicate. The One-

way ANOVA test was conducted to analyse differences 

between the control and treated groups, followed by 

Dunnett’s multiple-comparison post hoc test. “*” marks 

statistical significance (* p < 0.05 and **** p ≤ 0.0001) 

 

Cell viability is the proportion of living, healthy cells 

in a given population. Moreover, for the pharmaceutical 

industry, it also plays a crucial role in selecting potential 

therapeutic candidates and determining their safe dosages. 

Overall, this type of assessment aims to understand 

cellular processes and the biological effects of compounds 

[48]. Fe3O4 nanoparticles have already been found to 

induce modifications in human A375 cells and murine 

B164A5 melanoma cells [54]. Furthermore, the utility 

of magnetic nanoparticles in the biomedical domain 

has attracted growing interest due to their fundamental 

biological, chemical and magnetic properties, which 

include biocompatibility, chemical stability and high 

magnetic susceptibility [73]. In comparison with the 

current work, another study by Moacă et al. involving 

a magnetic colloidal suspension (MCS) based on citric 

acid-coated magnetic iron oxide nanoparticles reported 

that the MTT cell viability assay showed that MDA-

MB-231 and MCF-7 cells were not significantly affected 

by the 24-hour treatment [54]. Coricovac et al. investigated 

biocompatible colloidal suspensions obtained by coating 

magnetic iron oxide nanoparticles resulting from the 

combustion synthesis of the solution with a double 

layer of oleic acid. They assessed their effects on normal 

keratinocyte cells (HaCat) for 24 hours at doses of 5, 

10 and 25 μg/mL. Their in vitro data proved that 

these suspensions do not induce cytotoxicity in 

keratinocytes, according to the Alamar Blue cell viability 

assay, and, moreover, the acute dermal toxicity test 

revealed that topical applications of colloidal suspensions 

on female and male SKH-1 hairless mice did not induce 

skin alterations [16]. 

The following step in evaluating the cytotoxicity of 

MCS_OA was at the morphological level. In healthy 

Vero cells (Figure 5), treatment with 1 μg/mL MCS_OA 

produced a slight decrease in cell confluence, which 

progressively continued with treatment at a concentration 

of 2 μg/mL. Starting with treatment at a dose of 3 

µg/mL up to 5 µg/mL, the cells gradually decrease 

in confluence, exhibiting signs of cellular stress, as 

marked by dysmorphologies such as cell rounding and 

cell shrinkage. 

 

 
Figure 5. 

Representative images of the morphology of Vero cells treated with different concentrations of MCS_OA 

(1 - 5 μg/mL) for 24 h. Scale bars = 100 µm 

 

Cell morphology is a gold standard, being essential 

for identifying and analysing dynamic changes that 

occur under various cellular stress conditions. Cell 

morphological analysis has been integrated into new 

methods for biomedical applications, including the 

identification of cell morphogenesis at different stages 

of the cell cycle [11].   

The final step in assessing the cytotoxic impact of 

MCS_OA in Vero cells consisted of nuclear and 

mitochondrial assessments. The cells were treated in 

this experiment with the lowest, middle and highest 

concentrations (1, 3 and 5 μg/mL, respectively). As 

shown in Figure 6, in normal Vero cells, a 1 µg/mL 

concentration of MCS_OA caused slight nuclear and 

mitochondrial alterations, including decreased confluence 

and, in some cases, nuclear condensation. A concentration 

of 3 µg/mL caused cell nuclei to shrink and condense, 

and mitochondria appeared slightly condensed in places. 



FARMACIA, 2025, Vol. 73, 6 

 1501 

At the highest concentration (5 μg/mL), the most 

significant reduction in confluence was observed, with 

significantly shrunken and condensed nuclei compared 

to the control, and mitochondria also appeared condensed. 

 

 
Figure 6. 

Representative images of the morphology of nuclei and mitochondria of Vero cells treated with MCS_OA only 

at 1, 3 and 5 μg/mL concentration for 24 hours. Scale bars = 100 µm 

 

Dysmorphologies occurring in nuclear organisation 

can affect cellular activities. The nucleus represents 

a regulatory centre within cells that controls multiple 

aspects of cellular functions [82]. The technique used 

in this paper to evaluate nuclei, namely Hoechst, is 

extensively used in biological, pathological and molecular 

research, as it is cost-effective and non-toxic [36].  

Magnetic fluids are agents of interest, even in oncology. 

These fluids have multiple applications, including 

targeted drug delivery, diagnosis and therapy [6].  

Considering all this, future biological studies should 

expand the dose range to identify an optimal concentration 

that does not significantly affect cells, with dose 

optimisation as a priority in upcoming research. The 

sample of interest can also be tested in other experimental 

models, in 3D-reconstructed tissues and in ovo to assess 

its irritant potential. In addition, in vivo investigations 

could provide further information to help translate the 

findings into clinical practice. All these assessments 

are a priority before testing antitumour activity. 

 

Conclusions 

The synthesised magnetic colloidal suspension 

(MCS_OA) based on magnetic iron oxide nanoparticles 

(MIONPs), double-coated with oleic acid (OA) and 

dispersed in aqueous solution, exhibits suitable physico-

chemical properties, making this a promising candidate 

for further in vitro biomedical evaluation, especially 

on renal cells.  

The in vitro biological assessments demonstrated that 

the MCS_OA sample exhibits a dose-dependent cyto-

toxic effect on Vero renal cells, with higher concentrations 

resulting in a significant decrease in cell viability after 

24 hours. The results of bright-field morphological 

analysis and nuclear and mitochondrial analyses of 

renal cells were consistent with the cell viability results, 

confirming a concentration-dependent decrease after 

24 hours of treatment.  

Overall, our preliminary conclusions regarding the 

toxicity profile support further research on the formulation 

obtained, including for the treatment of renal cancer, 

although further in-depth investigations are needed, 

including the establishment of a dose window that 

avoids damage to healthy tissues or cells (given that 

exposure of renal cells to ≥ 3 µg/mL leads to pronounced 

cytotoxicity), as well as assessments of the mechanisms 

involved and in vivo studies, before clinical translation. 
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