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A new mechanism of cell damage by alternating mag­
netic field with hematoporphyrin is described. C6 gli­
oblastoma cell suspensions were exposed to an alternat­
ing magnetic field with frequency 180 kHz up to 60 min 
in the presence of hematoporphyrin in H20  and in D 20 . 
The results presented suggest that an alternating mag­
netic field is able to activate hematoporphyrin, and this 
method may be a basis for cancer treatment.

the much longer penetrance length of ultrasound 
in body tissues as compared to light. Another 
method proposed to overcome the difficulties of 
PDT is usage of short electric pulses for HP activa­
tion (Ward et al., 1996).

In this report a new method of HP activation is 
described, which uses an alternating magnetic 
field.

Material and methods
For this investigation we have modified an ex­

perimental setup (Fig. 1) used previously in the 
study of liposomes (Babincovä, 1993; Babincovä, 
1994; Babincovä, 1995; Babincovä and Babinec,
1997). The magnetic induction with the amplitude
5.8 mT and frequency 180 kHz was produced in­
side a water-cooled cooper induction coil with ra­
dius r = 17 cm (n =10 turns, with turn to turn dis­
tance z -  0.7 cm). The induction B of the magnetic 
field at the coil center was calculated using the 
equation (Jordan et al., 1993
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Introduction

Photodynamic therapy (PDT) has been shown 
as a promising means of cancer treatment (D ou­
gherty et al., 1998; Popovic et al., 1996) is based on 
injection of photosensitizing and in tumor-localiz­
ing dyes (e.g. hematoporphyrin (HP) and its deriv­
atives) followed by exposure of the tumor to in­
tensive light source (with wavelength about 
650 nm), usually from a laser. This therapy gener­
ates highly cytotoxic singlet oxygen ( {0 2) which 
cause irreversible damage of tumor tissue. Unfor­
tunately PDT is efficient only in cases where the 
entire tumor can be reached by light. Therefore 
tumors thicker than 4 -5  mm are not completely 
eradicated by PDT.

Recently has been found that similar effects of 
( l0 2) production exist upon ultrasonic irradiation 
of hematoporphyrin (Yumita et al., 1989) and this 
method was applied to the treatment of rat sar­
coma 180 (Yumita et al., 1990). The advantage of 
this approach (termed sonodynamic therapy) is

where I is the current through the coil and [i0 is the 
absolute magnetic permeability (4jt x  10”7 A m 2).

C6 glioblastoma cells, cloned originally from rat 
glioma (Benda et al., 1968) and obtained from the 
American Type Culture Collection (Rockville, MD, 
USA), were maintained in a monolayer culture in 
Dulbecco’s modified Eagle’s medium containing

Fig. 1. Scheme of the experimental set-up for the irradia­
tion of cancer cell suspension with an alternating mag­
netic field.
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10% (v/v) horse serum and 2.5% (v/v) fetal-calf se­
rum in 100 mm Petri dishes. They were maintained 
at 37 °C in humidified air with 5% C 0 2. Before the 
experiments the growth medium was replaced by a 
medium containing 0.1 mg/ml of hematoporhyrin di­
chloride (Sigma, St. Louis, MO, USA). A cell sus­
pension (108 cells/ml) in a plastic vial was placed at 
the centre of the coil (the temperature increase in 
the cell suspension during irradiation was lower 
than 1 °C).

Results and Discussion

After irradiation cells were suspended in normal 
growth medium and the cell survival fraction was 
estimated by staining the cells with Trypan Blue 
dye. The integrity of the cells was determined by

Irradiation time [s]

Fig. 2. Dependence of glioblastoma cell survival fraction 
on AC magnetic field treatment time. Each point repre­
sents the mean ± standard deviation from five indepen­
dent experiments.

counting the number of unstained cells under the 
optical microscope. Dependence of cell survival 
fraction on the AC magnetic field treatment time 
is shown in Fig. 2. Without HP there was no effect 
of the magnetic field on glioblastoma cells. With 
HP present a 60-min treatment resulted in a dam­
age of 80% of neoplastic cells.

The mechanism of HP activation is probably 
analogous to that of light, sono, or electro-activ­
ations, namely the production of strongly toxic sin­
glet oxygen. It seems that exposure of HP to al­
ternating magnetic field influences electron 
mobility, electron redistribution and subsequently 
produces singlet oxygen ' 0 2. We have monitored 
direct infrared emission of singlet oxygen at 
1270 nm during the irradiation of HP solution 
(work in progress).

Since the life-time of x0 2 in D 20  (60 |is) is sub­
stantially longer than in H zO (4 p,s) (Rogers, 
1983), we have also investigated the influence of 
D 20  instead of H 20 . Cell suspension was centri­
fuged down at 1000xg for 10 min and the pellet 
was resuspended in D 20 . This procedure was re­
peated three times. The results in Fig. 2 clearly de­
monstrate a more pronounced cytotoxic effect of 
HP, which supports the assumed mechanism of cell 
damage mediated by singlet oxygen.

In conclusion it is interesting to note that vari­
ous variants of a free-radical mechanism were pro­
posed to explain the influence of extremely weak 
electromagnetic fields on living organisms (Kaiser
1996). In the light of these studies it is not surpris­
ing that intense electromagnetic fields are also ca­
pable to produce free-radicals upon irradiation of 
some compounds, but now with the beneficial ef­
fects a destroying neoplastic cells. There are sev­
eral parameters that may be optimized for this 
method, e.g. intensity and frequency of electro­
magnetic field, exposure time, and also the nature 
of chemical compounds used for activation. We 
hope that the proposed method after elaboration 
would be useful for the cancer treatment.



N otes 995

Babineovä M. (1993), Microwave induced leakage of 
magnetoliposomes: Possible clinical implications. Bio- 
lectrochem. Bioenerg. 32, 187-190.

Babineovä M. (1994), Correlation between microwave 
induced lipid peroxidation and liposome leakage. Z. 
Naturforsch. 49c, 139-140.

Babineovä M. (1995), Microwave-controlled drug re­
lease from magnetoliposomes. Pharmazie 50, 7 0 2 -  
704.

Babineovä M. and Babinec P. (1997), Controlled drug 
delivery using magnetoliposomes. Cell. Mol. Biol. 
Letters 2, 2 -7 .

Benda P., Lightbody J., Sato G., Levine L. and Sweet 
W. (1968), Differentiated rat glial cell strain in tissue 
culture. Science 161, 370-372.

Dougherty T. J., Gomer C. J., Henderson B. W., Jori G., 
Kessel D., Korbelik M., Joan J. and Peng Q. (1998), 
Photodynamic therapy J. Natl. Cancer Inst. 90, 8 8 9 -  
905.

Jordan A., Wust P., Fähling H., John W., Hinz A. and 
Felix R. (1993), Inductive heating of ferrimagnetic 
particles and magnetic fluids: physical evaluation of 
their potential for hyperthermia. Int. J. Hyperthermia, 
9 ,5 1 -6 8 .

Kaiser F. (1996), External signals and internal oscillation 
dynamics: biophysical aspects. Bioelectrochem. Bi­
oenerg. 41, 3 -1 6 .

Popovic E. A., Kaye A. H. and Hill J. S. (1996), Photody­
namic therapy of brain tumors. J. Clin. Laser Med. 
Surg. 14, 251-261.

Rogers M. A. J. (1983), Solvent-induced deactivation of 
singlet oxygen: additivity relationship in nonaromatic 
solvents. J. Am. Chem. Soc. 105, 6201 -6205.

Yumita N., Nishigaki R., Umemura K. and Umemura S. 
(1990), Synergetic effect of ultrasound and hemato- 
porphyrin on sarcoma 180. Jpn. J. Cancer Res. 81, 
304-308.

Ward T„ Rollan A., Flynn G. and McHale A. P. (1996), 
The effects of electric fields on photosensitized eryth­
rocytes: possible enhancement of photodynamic acti­
vation. Cancer Lett. 106, 69-74 .

Yumita N., Nishigaki R., Umemura K. and Umemura S. 
(1989), Hematoporphyrin as a sensitizer of cell-dam- 
aging effect of ultrasound. Jpn. J. Cancer Res. 80, 
219-222.


