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1. Introduction 
Carbon materials such as carbon nanotubes (CNTs) are paid attention to particularly in 
the field of bio medicine. CNTs possess significant advantages in the electrical, 
mechanical, photonic and thermal properties. Magnetic CNTs have recently been 
synthesised and it is now expected that they will be utilised for the detection of 
pathological cells and the treatment  of diseases. Magnetic CNTs are classified into two 
types; (a) magnetic materials are contained inside CNTs and (b) the surface of CNTs is 
modified with magnetic materials . Those magnetic CNTs can be manipulated by 
external magnetic fields and can also be heated by the application of alternating 
magnetic fields via hysteresis loss heating. It is therefore supposed that magnetic 
CNTs can be used for cancer treatment . In the present study, iron-filling CNTs 
(Fe@CNTs) are used for the development of a thermo-therapeutic method. The thermal 
characteristics and cytotoxicity of Fe@CNTs are investigated experimentally.  
 
2. Experimental methods  
2.1 Fe@CNTs functionalised with Pluronic F-127 and 1-Pyrenebatonic acid 
succinimidyl ester (PSE) 
Pluronic F-127 was dissolved in pure water to prepare 1% Pluronic F-127 solution, 
with which Fe@CNTs were mixed under continuous stirring at 70 °C for 5 h. PSE was 
dissolved in dimethyl sulfoxide (DMSO) to prepare PSE solution, with which the 
above Fe@CNTs dispersed pluronic F-127 solution was mixed. Finally, functionalised 
CNTs were separated and collected by a magnet. 
 
2.2 Endocytosis to Fe@CNTs 
 Endocytosis of TE2 (esophageal cancer cell line)  against Fe@CNTs was investigated 
experimentally. 200 ml of a cell culture containing 1 × 10

5
 TE2 cells was introduced 

into a glass base dish and incubated for 24 h. 10 ml of PBS containing 1.5 ml of 
Fe@CNTs, which had been modified with the above anti-body was added to the glass 
base dish, followed by incubation for 4 h. Then Tyso Tracker stains were added to the 
culture and incubated for 30 min to stain the cells. The cells were observed by a 
confocal laser microscope with an excitation wavelength of 405 nm for PSE and a 
fluorescence wavelength of 375 nm for Lyso Tracker. 
 
2.3 cytotoxicity of Fe@CNTs 
Cytotoxicity of Fe@CNTs was investigated using  DLD-1 (human large intestine cancer 
cell line). 100 ml of the cell culture containing 1 × 10

3
 DLD-1 cells was introduced 

into a 96-well plate. The concentrations of Fe@CNTs, PSE and prostine were, 
respectively, 0.5, 0.25 and 0.125 mg/ml. 10 ml of the Fe@CNT solution was poured 
into a well, whereas 10 ml of PBS in the absence of Fe@CNTs was acted as the control. 
The cell culture was incubated for 72 h and the cytotoxicity was evaluated by Alamar 
Blue using a plate reader.  
 
2.4 Temperature measurement of the Fe@CNTs solution. 
1.0 ml of 5.0 mg/ml Fe@CNT solution  was poured in a 1.5 ml tube, the temperature of 
which was set at 25 °C with circulating water during the application of an external 
alternating magnetic field. The duration and strength of the magnetic field were 5 min 
and 10, 30, 50, 70 and 90 kA/m. The temperature of the solution was measured by an 
optical fibre thermometer. In addition, the specific absorption rate (SAR) of the 
Fe@CNTs solution was calculated from the temperature curve. 
 
3.5 Hyperthermia using Fe@CNTs 
DLD-1 was used to evaluate the effectiveness of the hyperthermia treatment , focusing 
on the following four cases; (A) Cancer cells + Fe@CNTs modified with the anti-body 
subjected to an alternating magnetic field; (B) Cancer cells at 43 °C ; (C) Cancer cells 
subjected to the magnetic field; (D) Cancer cells. The duration time and intensity of 
the magnetic field were 60 min and 90 kA/m. After having applied the magnetic field, 



 

 

the samples were stained by Alamar blue and the viability was measured using a plate 
reader. 
 
3. Results and discussion   
The result of endocytosis of Fe@CNTs is shown in Fig. 1. The blue fluorescence 
represents PSE immobilised on Fe@CNTs, whereas red one lysosome in a cell. Blue 
and red fluorescence images coincide with each other and therefore it is supposed that 
Fe@CNTs were internalised in a cancer cell via endosomal pathways. Cytotoxicity of 
Fe@CNTs against DLD-1 is shown Fig. 2. Cytotoxicity of pristine Fe@CNTs is 
generally speaking lower than that of surface modified Fe@CNTs.  The dependence of 
SAR of Fe@CNTs solution on the intensity of the magnetic field is shown in Fig. 3. It 
is clearly shown that SAR increased with an increase in the intensity of the magnetic 
field. The cell viability is shown in Fig. 4. It shows that approximat ely 20 % of the 
cells were killed after the hyperthermia treatment using Fe@CNTs, which means that 
the present hyperthermia did not work so efficiently. It is supposed that the 
temperature of the cells was not high enough to be killed.  
 
4. Summary 
The Fe@CNTs hybrids were successfully internalised in the cells via endosomal 
pathway. However, cytotoxicity of Fe@CNTs was quite high and the hyperthermia did 
not so efficiently performed using Fe@CNTs.  
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Fig. 1 Confocal  laser scanning microscope images of TE -2 

cells. (a) Bright field; (b) Functionalised Fe@CNTs; (c) 

Lysosome staining image.  
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Fig. 2 Cytotoxicity analysis by AlamerBlue. The  

graphs with  astarisks represent  viabil ity in the 

presence of Fe@CNTs modified with PSE and 

pluronic F-127, whereas those without  astarisks 

represent viabil ity with prestin Fe@CNTs.  

Fig. 3 Dependence of SAR on the intensity 

of the magnetic field.  
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Fig. 4 Experimental result of hyperthermia treatment.  
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