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agnetic iron oxide nanoparticles (MNP) show great potential as the contrast 

agent for magnetic resonance imaging (MRI).  

Purpose. To evaluate the efficiency and safety of the contrast agent based on 

HSA-coated MNP on the model of the C6 glioma.  

Materials and methods. Extensive preclinical research of specific activity has been 

performed. Studies were conducted on the model of the orthotopic C6 glioma.  

Results. In the preclinical studies, it was demonstrated that HSA-coated magnetic 

iron oxide nanoparticles (MNP-HSA) accumulate in the tumor and its large vessels.  

Conclusion. Magnetic resonance imaging with contrast agent allows visualization of 

the tumor tissue and its vascularization. 
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ДОКЛИНИЧЕСКИЕ ИССЛЕДОВАНИЯ ЭФФЕКТИВНОСТИ И БЕЗОПАСНОСТИ 

НАНОЧАСТИЦ ОКИСИ ЖЕЛЕЗА ДЛЯ ДИАГНОСТИКИ ОПУХОЛЕЙ НА  

ОСНОВАНИИ ДАННЫХ МРТ С ВНУТРИВЕННЫМ КОНТРАСТИРОВАНИЕМ 

 

Абакумов М.А.1,2, Преловская А.О.2, Терновой С.К.3,4, Демихов Е.И.5,  

Мажуга А.Г.2,6,7, Чехонин В.П.1 
 

агнитные наночастицы оксида железа (MNP) имеют большой потенциал в 

качестве контрастного вещества для магнитно-резонансной томографии 

(МРТ).  

Цель. Оценить эффективность и безопасность контрастного препарата, 

основанного на магнитных наночастицах оксида железа на модели ортотопической 

глиомы С6.   

Материалы и методы. Нами проведено обширное доклиническое исследование 

эффективности такого контрастного вещества. Исследования проводились на модели 

ортотопической глиомы С6.  

Результаты. В доклинических исследованиях было показано, что покрытые ЧСА 

магнитные наночастицы оксида железа (MNP-HSA) накапливаются в опухоли и ее круп-

ных сосудах.  

Выводы. Полученные данные показывают, что применение наночастиц оксида 

железа для контрастирования при МРТ дает хорошую визуализацию опухоли и сосудов.  

 

 Ключевые слова: магнитно-резонансная томография, магнитные наночастицы, 

опухоль, рак. 
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ntroduction. According to the data, malig-

nant tumors of the brain and central nerv-

ous system accounted for 256,000 new cas-

es and 189,000 deaths in 2012 (1.8% of new 

cancers; 2.3% of cancer deaths) [1]. Thus, 

the development of progressive methods for the 

diagnosis of cancer is required. MRI is one of the 

most advanced and effective diagnostic methods 

in clinical practice [2]. Currently, contrast agents 

based on gadolinium are most often used in clini-

cal practice of MRI, but they can cause complica-

tions, such as neurogenic systemic fibrosis and 

contraindicated in patients with impaired renal 

function [3]. Magnetic  iron oxide nanoparticles in 

particular Fe3O4 have a number of advantages: 

general availability, simplicity and controllability 

of technology, high level of mutagenic safety and 

low toxicity for the human body, as well as unique 

magnetic properties, which provide to reduce the 

time of longitudinal (T1) and transverse relaxation 

(T2) [4]. However, having an induced magnetic 

moment in an external field, unstabilized super-

paramagnetic iron oxide nanoparticles, when ex-

posed to a strong magnetic field, can directionally 

move and form aggregates [5]. Minimization of tox-

icity, agregation and prolongation of circulation of 

contrast agents based on superparamagnetic iron 

oxide nanoparticles usually involves postsynthetic 

modification of the nanoparticles by materials re-

ducing their opsonization [6], so in the coating of 

nanoparticles was introduced HSA, because hu-

man and bovine serum albumins are the main 

available albumins widely used in the biomedical 

and pharmaceutical applications [7]. Also, albu-

min-based nanoparticles have received many at-

tentions because of their biological origin, biodeg-

radability, nontoxicity, non-immunogenicity, wa-

ter solubility and easy availability [8]. Here we 

evaluate the efficiency and safety of the contrast 

agent based on HSA-coated MNP on the model of 

the C6 glioma. 

Materials and methods.  

Modeling of experimental glioma C6.  

Glioma C6 line (ATCC No. CCL107), rat glioma 

induced in vivo by N nitrosomethylurea, is a mon-

oclonal cell line with fibroblastlike morphology 

(gift from IstitutoNazionale per la RicercasulCan-

cro). Aliquots of 4×105 cells were prepared before 

implantation and stored in 15 μl DMEM with an-

tibiotics at 4oC prior to injection into the brain. 

Intracranial tumor was induced in Wistar rats 

(190± 10 g) by intracerebral stereotaxic implanta-

tion of glioma C6 cells. The animals were narco-

tized by intraperitoneal injection of ketamine (50 

mg/kg) and seduxen (5 mg/kg); 2-3 min later at-

ropine (0.1 ml) was injected subcutaneously. 

MRI visualization of experimental glioma C6.  

 Based on the period after the implantation 

of the tumor and its size, the animals were as-

signed to one of the groups. For each group of tu-

mors, diagnostics was carried out with magnetic 

nanoparticles at a dose of 1.5 and 10 mg/kg by 

weight of the animal. Contrast agent was injected 

intravenously into the tail vein of the animal. 

 MRI visualization of glioblastomas was per-

formed using a 7T MRI scanner (ClinScan, 

Bruker). To obtain T2-weighted images in the cor-

onary plane, frequency fat suppression was used 

with the following Turbo Spin Echo (TSE) se-

quence parameters: TR/TE = 4000/43 ms, slice 

thickness 0.5 mm, matrix 288x320, FOV = 40 

mm. To obtain T2-weighted images in the trans-

versal plane: TR/TE = 5110/57 ms, slice thick-

ness 0.5 mm, matrix 288x320, FOV = 40 mm. 

To obtain T2* weighted images, the SWI mode was 

used with the following parameters: TE/TR = 

19/50 ms, slice thickness 0.5 mm, FOV = 30 mm, 

resolution 256/176.  

 For each animal, a series of images in T2 

weighted and SWI modes were obtained before in-

travenous administration of magnetic nanoparti-

cles, 5 minutes after intravenous administration, 

2 and 24 hours after intravenous administration.  

Results and Discussion. 

Study of the specific activity. 

 In all rats subjected to the study, the pres-

ence of implanted tumors was verified. The rats 

were divided into 3 groups according to the size 

and term of the development of the tumor process 

on days 5-10 when the tumor is only under devel-

opment (low severity) and on day 10-15 when the 

tumor is well established (moderate severity). 

Comparison MRI scans before and after contrast 

administration provides information about MNP 

accumulation and hence, efficiency of visualiza-

tion of the pathological structures. Results of MRI 

of rats with low severity level of glioblastoma who 

received the contrast agent at a dose of 1 mg/kg, 

5 mg/kg and 10 mg/kg showed that the contrast 

agent at a dose of 5 and 10 mg/kg successfully  

I 
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Fig. 1 а  (Рис. 1 а) 
Fig. 1 b  (Рис. 1 б) 

 

Fig. 1с  (Рис. 1 в) 

 

Fig. 1 d (Рис. 1 г) 

 

Fig. 1 e  (Рис. 1 д) 

 

Fig. 1 f  (Рис. 1 е) 

 

Fig. 1 g (Рис. 1 ж) 

 

Fig. 1 h (Рис. 1 з) 
 Fig. 1 i  (Рис. 1 и) 

Fig. 1.   MRI. 

Representative MRI in SWI sequence of rats bearing experimental C6 glioma 5-10 days after implantation. Left 
row- before injection, middle row - 5 minutes after injection, right row – 24h after injection.  

a, b, c – 1 mg/kg dose,   

d, e, f – 5 mg/kg dose,  

g, h, i, - 10 mg/kg dose. 

Рис. 1.  МРТ. 

МРТ крыс с экспериментальной глиомой С6 в последовательности SWI через 5-10 дней после имплантации. 
Левый ряд – до инъекции, средний ряд – через 5 минут после инъекции, правый ряд – через 24 часа после 
инъекции.  

а, б, в – доза 1 мг/кг;  

г, д, е – доза 5 мг/кг,  

ж, з, и – доза 10 мг/кг. 
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Fig. 2 а  (Рис. 2 а) 

 

Fig. 2 b  (Рис. 2 б) 

 

Fig. 2 с  (Рис. 2 в) 

 

Fig. 2 d (Рис. 2 г) 

 

Fig. 2 e  (Рис. 2 д) 

 

Fig. 2 f  (Рис. 2 е) 

 

Fig. 2 g (Рис. 2 ж) 

 

Fig. 2 h (Рис. 2 з) 

 

Fig. 2 i  (Рис. 2 и) 

Fig. 2.   MRI. 

Representative MRI in SWI sequence of rats bearing experimental C6 glioma 10-15 days after implantation. Left 

row- before injection, middle row- 5 minutes after injection, right row – 24h after injection.  

a, b, c – 1 mg/kg dose,   

d, e, f – 5 mg/kg dose,  

g, h, i, - 10 mg/kg dose. 

Рис. 2.  МРТ. 

МРТ крыс с экспериментальной глиомой С6 в последовательности SWI через 10-15 дней после имплантации. 
Левый ряд – до инъекции, средний ряд – через 5 минут после инъекции, правый ряд – через 24 часа после 
инъекции.  

а, б, в – доза 1 мг/кг;  

г, д, е – доза 5 мг/кг,  

ж, з, и – доза 10 мг/кг. 
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penetrates into the brain vessels and provides 

them contrasting (fig. 1 E, H). But, despite the fact 

that it is possible to detect the contrast agent in 

the tumor, in the vessels of the brain, it is impos-

sible to speak of a reliable diagnosis of the tumor 

process. This may be due to the fact that in the 

early stages of the tumor process the formation of 

the tumor body and the vascular bed has not yet 

taken place, and therefore the contrast agent can’t 

penetrate in tumor. The dose of 1 and 5 mg/kg is 

insufficient for confident diagnosis of the tumor 

(fig. 1 B, E). In the case of the injection of the con-

trast agent in the dose of 10 mg/kg, there is a 

massive darkening of areas of the brain associated 

with a high concentration of magnetic nanoparti-

cles in the bloodstream (fig. 1 H).  In this case the 

drug longer circulates in the blood, keeping the 

signal intensity low. 

At 10-15 days after tumor implantation, in 

rats, the development of a tumor focus was ob-

served sufficient for reliable detection. Results of 

MRI of rats with medium severity levels of glio-

blastoma who received the contrast agent at a 

dose of 1 mg/kg, 5 mg/kg and 10 mg/kg showed 

that the contrast agent at a dose of 5 mg/kg ac-

cumulates in the vessels of the brain, and espe-

cially in the tumor focus (fig. 2 E). Under these 

conditions, a significant decrease in intensity is 

observed in the region of the corresponding tumor 

site), and, in determining the real boundaries of 

the tumor, the area of the reliably detected focus 

increases almost two fold than before the injection 

of the contrast agent. Another interesting effect is 

the detection of the contrast agent in the brain 

after 24 hours (fig. 2 F, I). When conducting ex-

periments on rats with tumors earlier, none of the 

animals showed this effect. This phenomenon can 

be explained by the enhanced permeability and 

retention effect (EPR) described for a large number 

of tumors in relation to preparations of the na-

noscale range [9]. 

With the injection of the contrast agent at 

the dose of 10 mg/kg, a strong signal decrease 

was observed 5 minutes after injection, and even 

in healthy vessels a high concentration of the con-

trast agent was observed, which led to their visual 

broadening and reducing the diagnostic value of 

the image (fig. 2 H). This effect introduces uncer-

tainty in the interpretation of MRI images, what 

casts doubt on the need to use such a high con-

centration of the contrast agent in further experi-

ments, provided that at the concentration of 5 

mg/kg a reliable visualization of the tumor focus 

is also observed.  

Conclusions.   

Overall represented data shows that newly 

developed contrast agent is highly effective in vis-

ualization of tumor boundaries by MRI in T2* 

weighted sequences. Intensity of the contrast ef-

fectiveness shows clear dose-dependent manner in 

a range of doses from 1 to 10 mg/kg. The most 

effective for visualization depends lies in the inter-

val form 1 to 10 mg/kg, however smallest doses 

are not able to provide sufficient effectiveness, 

whereas highest dose shows very strong drop of 

signal in both healthy and malignant tissues, thus 

making hard to differentiate them. 
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