ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/225721786

Experimental study and mechanism analysis on bioeffects by
nanosecond electromagnetic pulses

Article in Science in China Series C Life Sciences - June 1997

DOI: 10.1007/BF02879091

CITATIONS READS

10 21

8 authors, including:

n Changjun Liu Fangdong Zou
. Sichuan University Sichuan University
196 PUBLICATIONS 2,503 CITATIONS 104 PUBLICATIONS 1,109 CITATIONS
SEE PROFILE SEE PROFILE

All content following this page was uploaded by Changjun Liu on 13 October 2022.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/225721786_Experimental_study_and_mechanism_analysis_on_bioeffects_by_nanosecond_electromagnetic_pulses?enrichId=rgreq-6c7d5bee751877cf0e21ca17edd26e5a-XXX&enrichSource=Y292ZXJQYWdlOzIyNTcyMTc4NjtBUzoxMTQzMTI4MTA4OTYzNTc0MkAxNjY1NjQ2OTI4NDQz&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/225721786_Experimental_study_and_mechanism_analysis_on_bioeffects_by_nanosecond_electromagnetic_pulses?enrichId=rgreq-6c7d5bee751877cf0e21ca17edd26e5a-XXX&enrichSource=Y292ZXJQYWdlOzIyNTcyMTc4NjtBUzoxMTQzMTI4MTA4OTYzNTc0MkAxNjY1NjQ2OTI4NDQz&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-6c7d5bee751877cf0e21ca17edd26e5a-XXX&enrichSource=Y292ZXJQYWdlOzIyNTcyMTc4NjtBUzoxMTQzMTI4MTA4OTYzNTc0MkAxNjY1NjQ2OTI4NDQz&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Changjun-Liu?enrichId=rgreq-6c7d5bee751877cf0e21ca17edd26e5a-XXX&enrichSource=Y292ZXJQYWdlOzIyNTcyMTc4NjtBUzoxMTQzMTI4MTA4OTYzNTc0MkAxNjY1NjQ2OTI4NDQz&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Changjun-Liu?enrichId=rgreq-6c7d5bee751877cf0e21ca17edd26e5a-XXX&enrichSource=Y292ZXJQYWdlOzIyNTcyMTc4NjtBUzoxMTQzMTI4MTA4OTYzNTc0MkAxNjY1NjQ2OTI4NDQz&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Sichuan-University?enrichId=rgreq-6c7d5bee751877cf0e21ca17edd26e5a-XXX&enrichSource=Y292ZXJQYWdlOzIyNTcyMTc4NjtBUzoxMTQzMTI4MTA4OTYzNTc0MkAxNjY1NjQ2OTI4NDQz&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Changjun-Liu?enrichId=rgreq-6c7d5bee751877cf0e21ca17edd26e5a-XXX&enrichSource=Y292ZXJQYWdlOzIyNTcyMTc4NjtBUzoxMTQzMTI4MTA4OTYzNTc0MkAxNjY1NjQ2OTI4NDQz&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Fangdong-Zou-3?enrichId=rgreq-6c7d5bee751877cf0e21ca17edd26e5a-XXX&enrichSource=Y292ZXJQYWdlOzIyNTcyMTc4NjtBUzoxMTQzMTI4MTA4OTYzNTc0MkAxNjY1NjQ2OTI4NDQz&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Fangdong-Zou-3?enrichId=rgreq-6c7d5bee751877cf0e21ca17edd26e5a-XXX&enrichSource=Y292ZXJQYWdlOzIyNTcyMTc4NjtBUzoxMTQzMTI4MTA4OTYzNTc0MkAxNjY1NjQ2OTI4NDQz&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Sichuan-University?enrichId=rgreq-6c7d5bee751877cf0e21ca17edd26e5a-XXX&enrichSource=Y292ZXJQYWdlOzIyNTcyMTc4NjtBUzoxMTQzMTI4MTA4OTYzNTc0MkAxNjY1NjQ2OTI4NDQz&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Fangdong-Zou-3?enrichId=rgreq-6c7d5bee751877cf0e21ca17edd26e5a-XXX&enrichSource=Y292ZXJQYWdlOzIyNTcyMTc4NjtBUzoxMTQzMTI4MTA4OTYzNTc0MkAxNjY1NjQ2OTI4NDQz&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Changjun-Liu?enrichId=rgreq-6c7d5bee751877cf0e21ca17edd26e5a-XXX&enrichSource=Y292ZXJQYWdlOzIyNTcyMTc4NjtBUzoxMTQzMTI4MTA4OTYzNTc0MkAxNjY1NjQ2OTI4NDQz&el=1_x_10&_esc=publicationCoverPdf

Vol. 40 No. 3 SCIENCE IN CHINA (Series C) June 1997

Experimental study and mechanism analysis on bioeffects by
nanosecond electromagnetic pulses”

WANG Baoyi ( 4% X)), YANG Jiebin (375), GUO Qinggong (¥8IK3),

XU Runmin (#¥8E ), LIU Changjun (X} %), ZHANG Hong (3% 3A),
(Department of Radio-electronics, Sichuan Union University, Chengdu 610064, China)

ZOU Fangdong (487 %) and WANG Zishu ( EFi#)

(Biology Department, Sichuan Union University, Chengdu 610064, China)

Received August 15, 1996; revised September 30, 1996

Abstract The athermal biceffects caused by nanosecond electromagnetic pulses with body cells was studied by
using a broad band transverse EM-wave cell (BTEM CELL). The experimental system and preliminary mechanism
analysis were presented.
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1 Introduction of biological effect on transient electromagnetic pulses (TEMP)

The biceffects of the TEMP on biological bodies are very different from that of continuous
wave, which is a newborn subject in bicelectromagnetism. The thermal and athermal biological
effects on interaction of continuous wave with biont were widely studied during the past half cen-
tury, while the interaction of transient electromagnetic field to biological bodies was seldom re-

ported'! ™). The reasons are as follows.

For continuous wave, biological features in bionts are relative to frequency, average power
density and interactive time of incident wave. When incident EM field is a transient narrow
pulse, the average power density becomes meaningless and almost zero. The biological effects are
only relative to TEMP waveform, amplitude and duration of pulses. Their dosage standards are
much different.

For TEMP incidence, the interaction process of pulses with bionts is instable and nonlinear.
The duration of transiently induced current in bionts is much shorter than that of continuous
wave. The experiment requires an ultra wide band-width measurement system. Because TEMP
possesses a very wide spectrum (the frequency component extends almost from direct current to

giga hertz), continuous wave experimental system of single frequency cannot be used'®’ .

To determine the effects on the cell membrane potential produced by an impulse field
(TEMP) we consider the ANSI C95.1 1974 standard!”!. The power density is limited to be 100
W / m?, and the time interval is set to be 6 min . According to this limitation , an impulsive EM
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field with a total energy density of 36 000 J/m? is admissible.

We have found that the above-mentioned standard does not involve the athermal biceffects of
the impulsive EM field on cell membrane of a biont. The transmembrane potential produced by
TEMP would be two orders of magnitude greater than that by continuous wave. Owing to the ex-
istence of athermal biceffects, one cannot only calculate the thermal effects.

The athermal bioeffects of the TEMP on biological bodies usually occur on cell membrane.

For TEMP incidence, the cell membrane will generate a new potential on the basis of the
original normal transmembrane potential. The new potential will affect the structures and func-
tions of cells in biont.

According to our experimental results, the TEMP will strongly destroy the body’s cell com-
pared with continuous wave. So it is very important to study the interaction mechanism.

2 Methods and results

The experiments were conducted in the BTEM CELL. Fig.1 shows the experimental sys-
tem.

Sampling
oscilloscope

Source of BTEM
TEMP CELL N\
g Matched load

Fig. 1

A homogeneous field of quasi-plane wave was established in the BTEM CELL. The parame-
ters of the BTEM CELL are as follows: range of frequency DC was 17.0 GHz; transmission con-
stant T >0.9; standing wave ratio p<2.0; the bandwidth of sampling oscilloscope SQ-27 was
1000 MHz. The biological samples included foetus’ s umbilical blood, sheep red cell and Hela
cell. The parameters of TEMP source of Gaussian type were: rising time of pulse 1.2 ns, dura-
tion time 2.4 ns, and amplitude 80—100 V.

We put the samples at different positions in the BTEM CELL. There were different intensi-

ties of field at different points. The samples were radiated for 1, 1.5, 2 and 3 h, respectively
(table 1, figure 2).
Table 1 The effects of TEMP on body’s lymph cell (%)

Time of Number of Ratio of Ratio of Ratio of Ratio of
radiation/ h nucleus mini cell ¢ mini nucleus ! broken nucleus ¢ dyskaryosis

0 3000 0.33 0.33 0.00 2.67

1.0 3000 0.33 0 1.33 0.776 0.67 0.819 23,39 4.075

1.5 3000 0.33 0.581 2.33 1.222 2.00 1.415 24.7% 4.24

2.0 3000 3.00 1.464 4,33 1.855 1.67 1.293 35.09 5.318

3.0 3000 1.33 0.776 3.67 1.672 2.33 1.527  39.7% 5.75

a)P<0.01. Noticeable symbol. ¢-test.
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Fig. 2. (a)Minicell; (b) broken nucleus; (c) dyskaryosis.

The ability of forming rosette of T-lymph cells was decreased very much. The longer the ra-
diation time, the less the rosette, indicating that the immunity ability of cells had been destroyed

(table 2).

Table 2 Percentage of the E-rosette

Normal 1.0h 1.5h 2.0h 3.0h
Total number 135 135 135 135 135
Number of E-rosette 97 73 50 30 18
Percentage (%) 72 54 37 22 13

t 3.029 5.714 8.176 9.72

P <0.01 <0.01 <0.01 <0.01

The ability of anti-hypoosmosis of cells declined, especially when the concentration of normal saline was 0.35%—0.55% .
3 Discussion

(1) Using a ball model, the thickness of a cell membrane of lipid bilayer is about the order of
10 nm. To hold on the normal physiological function, the cell membrane has an electrostatic
transmembrane potential of about 70 mV, with inner field intensity of 10° V/cm. Under the ra-
diation of continuous wave, at power density 10 mW/cm?, the additional membrane potential of
several mV/cm is generated. In the case of TEMP incidence with the outer field strength of 10°
V/cm, a new transmembrane potential of 100 mV will be generated and the inner field strength
in the cell membrane will be 10’ V/cm. The interaction of TEMP to cells is much stronger than

that of continuous wave!® !,

(2) For the TEMP incidence, the cell membrane functions as a power collector. It makes
the inner field intensity of the cell two orders of magnitude higher than that of the outer field. At
such a high field intensity, irreversible change of configuration happens to some large molecules in
the cell membrane.

(3) The interaction mechanism of the new transmembrane potential induced by TEMP,
which generates the athermal bioeffects on a biont, is the effect of “ electroporation”! 1% 11 Under
radiation of electric field pulses, many pores will be formed on lipid membrane, resulting in rapid
changes in membrane potential and exposure of the cytoplasm to the extracellular medium. The
electrostatic conductance of lipid bilayers is due to very small pores spontaneously formed and de-
stroyed. Application of pulsed fields at high intensity provides energy for enlarging these natural
pores and may result in formation of electroporation. The opening or closing of many protein
channels with electroporation formation is dependent on transmembrane potential. The gating po-
tentials of these channels are in the range of 50 mV, which is considerably smaller than the dielec-
tric strength of a lipid bilayer. Many voltage-sensitive protein channels will open before the trans-
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membrane potential reaches the breakdown potential of the lipid bilayer. However, opening of
these channels may not be sufficient to prevent a continuous increase of transmembrane potential
from reaching the breakdown potential of the lipid bilayer. Protein channels once opened may ex-
perience a much larger current. As a result these channels may be irreversibly denatured by Joule
heating or electric modification of their functional groups.

The athermal bioeffects mechanism of TEMP in biological cells is not clear yet. Much work
has to be done.

4 Conclusion

The effects of transient electromagnetic pulses on biological cells are much stronger than that
of continuous wave. The cell membrane plays an important role in gathering energy. A high field
intensity inside cell can generate irreversible breakdown to cell membrane and nucleus. The ANSI

C 95.1 1974 standard should be modified.
References

1 Stuchly, M, A., Electromagnetism in biology and medicine, Radio Science, 1995, 30(1):471.
Zolin, V. F., Bioelectromagnetics in Russia, Radio Science, 1995, 30(1):255.
3 Wang,B.Y., Tang,].X., Jang, H.B. et al., Applications of EM-field in Biology and Medicine (in Chinese), Beijing:
Defense Industry Press, 1990.
4 Li,J.X., Niu,Z.Q., Bioelectromagnetics, Xi’an: University of Electronic Science and Technology of Xi’an Press, 1990.
5 Huang, K.M. ez al., Interference of electromagnetic waves in dynamic metabolism, Science in China, Ser.B, 1995, 38(1):
1355.
6 Wang,B. Y., Shi, Z. D., Applications of EM-field in Target Discrimination (in Chinese), Beijing: Electron Industry
Press, 1995. :
7 Bernardi, P., Dinzeo,G., A nonlinear analysis of the effects of transient EM fields on excitable membranes, IEEE Trans.,
1984, MTT 32(7):670.
8 Aldrich, T.E., Easterly, C.E., Gailey,P.C. et al., Bioelectromagnetic effects of EMP, Preliminary Findings, Oak Ridge
National Laboratory Report, 1988, ORNL/TM:1084.
9 Gailey, P.C., Easterly, C.E., Cell membrane potentials induced during exposure to EM fields, Electro and Magnetbiology,
1994, 13(2):159.
10 Tsong, T.Y., Electroporation of cell membranes, Biophysical Journal, 1991, 60:297.
11 Weaver,J.C., Electroporation in cells and tissues: A biophysical phenomenon due to electromagnetic fields, Radio Science,
1995, 30(1):205.


https://www.researchgate.net/publication/225721786

