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ABSTRACT 

In the present work an attempt has been made to produce structural 

alterations in tissue from the nervous system·of bullfrogs by means of a 

high-intensity electric field. The electric field used to expose the 

tissue was composed of a train of high-intensity short-duration pulses~ 

These pulses provide a high electric-field intensity in the tissue, yet 

a low enough absorbed-energy density to cause negligible thenr.al heating. 

Exposed and control tissue prepared for light microscopic investigation 

was .stained with thionin and hematoxylin and eosin stains. No gross 

histological alterations of the large ~~tor neurons of the exposed tis

sue were found when compared with the control tissue. 
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INTRODUCTION 

Changes in the neural functions of persons working with electromagnetic 

radiation at microwave frequencies have been reported in the literature [1], 

(2]. Electroencephalographic alterations in humans exposed to microwaves 

were noted by Baranski [3), [4]. Histological modifications of neurons and 

glial cells and vasculature in the brains of animals exposed to microwave 

radiation have also been reported. Albert and DeSantis [5]. (6] described 

the appearance of vacuoles and hypochromasia of neurons in the brains of 

2 

hamsters exposed to incident time-average power densities of 25-50 mW/cm at 

2 . 

a frequency of 2450 MHz and 10-25 mW/cm at a frequency of 1700 MHzo Baranski 

[3] has reported variable staining intensities of neurons, small neurotic le

sions and the appearance of metachro~atic bodies after continuous and pulsed 

irradiation at microwave frequencies. All these operations were done on ani

mals receiving single exposures of 30-minute duration or longer or cumulative 

exposures over several days. 

There appears to be little doubt that humans and animals exposed to a 

wide range of microwave frequencies and power densities show functional and 

structural alterations. The mechanisms involved in these changes, however, 

are not clear. A possible cause of the observed alterations is local heat

ing of the tissue due to energy absorbed from the electromagnetic field. In 

previous experiments the exposures were ~~de in microwave anechoic chambers 

and the dosage was specified in terms of time-average incident power densi

ties measured in the chamber before placement of the animal. The lack of a 

specific knowledge of the electric-field intensity and time-average absorbed

power density internal to the animal has led to concern as to whether the ob

served alterations are due to thermal heating or other electric-field effects. 

In the present work an attempt has been made to correiate morphological 



alterations in tissue from the nervous system of the bullfrog vith the speci

fic local electric field in the tissue. The electric field used for the ex

posures was composed of a train of high-intensity short-duration pulses. 

These pulses provide a high electric-field intensity in the tissue accompan

ied by an absorbed-energy density low enough to cause negligible thermal 

heating. 

DESCRIPTION OF ELECTROMAGNETIC FIELD EXPOSURE 

The source of the electromagnetic field used to irradiate the tissue 

samples was a high-amplitude pulse generator. This unit produces a voltage 

pulse across a coaxial transmission line with peak amplitude of approximately 

550 V and width at half-amplitude of approximately 3 x 10-lO sec. A picture 

of the pulse V(t) was recorded using a sampling oscilloscope and is shown in 

Figo lo The pulse generator is free-running ~"'ith a pulse-repetition rate of 
! 

250 Hz. The radial electric field developed in the coaxial transmission line 

is 

V(t) 
Er(r, t ) a r in(b7a) (1) 

where a is the radius of the inner conductor, b the radius of the outer con

ductor, and r the radial distance from the center; see Fig. 3 for details. 

For the particular geometry used, a~ 0.31 cm, b = 0.71 cm, and 

(2) 

The peak electric field at a point halfway between the inner and outer con

s ductors (r ~ 0.51 cm) is then 1.3 x 10 V/m. 

'l'he output of the pulser can be switched between a matched termination 

and a· matched exposure chamber containing the tissue sample to be irradiated. 
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The matched terminations prevent reflections of the pulse at.the ends of the 

transmission lines. A diagram of the experimental equipment is shown in Fig. 

2. The switch was used to cont-rol the number of pulses that would irradiate 

the tissue. During the experiments the .switch connected the free-running 

pulser to the exposure chamber for approximately 25 ms. This gives an expos-•·-' ure of six pulses within the time period. 

A diagram and photograph of the exposure chamber are shown in Fig. 3. A 

portion of the outer conductor can be removed to insert the tissue sample in 

the chamber. The tissue is held in place wi_th the long axis parallel to the 

~adial electric field by a polyfoam supporto The support has approximately 

the same electrical properties as the air in the remainder of the transmis

sion-line system. 

The tissue samples were of the order of 2 mm in diameter by 4 mm long 

and occupied a small fraction of the cross section of the coaxial exposure 

chamber. The transverse dimensions of the cylindrical tissue samples were 

electrically small in terms of the wavelengths in the tissue (7) at the sig

nificant frequencies contained ·in the pulse. Subject to these conditions the 

electric field in the tissue sample is to a first approximation the same as 

the incident pulse, equation (1). An estimate of the temperature rise D.T of 

the tissue for a single pulse exposure can be obtained using the first law of 

thermodynamics, 

u • 6u = c D.T a i p (3) 

where u is the electromagnetic energy absorbed per unit IJass of the tissue, a 

/lui the increase in internal energy per unit mass, and cp the specific heat 

of the tissue·at constant pressure. This approach neglects the ther~41 con-
. -10 duction of heat from the tissue during the exposure period (~4 x 10 s). 
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The temperature rise at the center of the sample is then 

/J.T :a_!!_ 
C p 

p 

CIO CIO 

f [E (r,t)] 2 dt~a 5.63 x 104 
...!!,_ f v2

(t) dt 
-cio r cpp -= 

(4) 

where pis the mass density and a the electrical conductivity of the tissue. 

When the following representative values for the tissue parameters are in

serted in equation (4): 

p .!: 1.0 Kg/m3 

c ~ 4.2 x 103 Joules/kg °C p . 

a ~ LO rrmos/m 

and the integration is performed using the data in Fig. 1, a temperature rise 

t.T.;, 0.001 °C/pulse is obtained. The objective of having a high electric 

field in the tissue sample accompanied by a negligible te~perature rise is 

realized by this system. . . . 

For comparison purposes note that a plane wave in free space with a peak 

electric field equivalent to that of the pulse (1.3 x 105 V/m) has a time

average power density of 2.2 x 103 W/cm2• The United States recoc:nended safe 

. . 2 
time-average power density of 10 mW/cm for long-term human exposure corre-

sponds to a plane wave in free space with a peak electric field of 2.7 x 10
2 

V/m~ 

SPECIMEN PREPARATION 

The nerve tissue used in this experireent was freshly dissected sections 

of the spinal cord and brainstem fro~ bullfrogs. Bullfrogs were preferred 

over the smaller varieties because of the ease and speed of ~orking ~rith the 
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larger biological structures. The large motor neurons found in the spinal 
cord and brainstem were selected for histological study. 

The entire brain with a section of the spinal cord was dissected out of 
the frog and then a small section was cut from the spinal cord and medulla. 
The small cross-sectional area of the spinal cord and brainsteo was compat
ible with the size of the coaxial-line exposure chamber as discussed previ
ously. Each bullfrog was designated as a source of either control or exposed 
tissue. Tissue chosen for exposure was quickly placed in the coaxial cha~ber 
after disseGtiono The chamber was then closed and the exposure initiated. 
The exposed tis~ue was placed in a buffered formalin fixative. Sections from 

.the spinal-cord of other frogs used as controls were placed directly in the 
fixative after dissection. The entire process from the initiation of dissec-
tion to the insertior.. in fixative took less than five minutes. This rapici 
handling of tissue was required to minimize anoxia. The tissue sanples were 
held in the fixative for at least 24 hou~s. After fixation and dehydratio~ 
in graded series of ethanol, the tissue was embedded in paraffin and 10 ~n 
sections were cut and stained with either thionin or hematoxylin and ecsin. 

The investigation of the prepared tissue was limited to the observation 
of the large multipolar neurons of the frog spinal cord and medulla. Figure 
4 shows the general location of these neurons. The following observations 
regarding control and exposed tissue were made. 

Histolo&ical appearance of control tissue - The large multipolar motor 
neurons of the spinal cord and medulla contained a centrally placed nucleus 
with a prominent nucleolus. In the thionin-stained sections the Nissl c-od::.e.s 
were intensely stained and evenly distributed around the nucleus and in ~he 
dendritic processes~ The cell boundaries appeared regular and ~ere shar?ly 
defined (Fig. Sa). In hematoxylin and eosin-stained sections the cytoplas~ 

i. 
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stained evenly, the nucleus and nucleolus appeared normal (Fig. Sb). There 

were no signs of neuronal swelling or shrinkage. 

H!stolo~ical aepearance of exposed tissue - The same nuclear groups in 

sections from the spinal cord and medulla of exposed tissue were compared 

with those of the controls. There were no significant histological differ

ences between the two groups. Neurons of the exposed tissue did not show any 

signs of eccentric nuclei, vacuolation or hypochroz:iasia of the cytoplasm 

(Fig. 6). 

CONCLUSION 

An experiment was designed to produce a high electric-field intensity in 

a biological specimen while maintaining negligible thei:mal heating. Sections 

from the.spinal cord and medulla of freshly killed bullfrogs ~ere exposed to 

a pulsed electric field with maximum amplitude of approximately 1.3 x 105 V/m. 

The temperature rise produced by this field in the tissue is estirr~ted to be 

?f the order 0.001 °C/pulse or less. for co~parison purposes a plane wave in 

free space with electric-field intensity of 1.3 x 10
5 V/m has a power density 

of 2.2 x 103 W/cm2• Exposed and control tissue prepared for light microscopic 

investigation was stained with thionin and hematoxylin and eosin stains. No 

gross histological alterations of the large motor neurons of the exposed tis

sue were found when compared with the control tissue. Tnis is in contrast to 

·previously published reports where neuronal swelling, vacuolation, axonal and 

bouton degeneration, hemorrhage and edema have been reported [l]-{6]. How

ever, it should be pointed out that in all of these earlier studies, appreci

able amounts of thermal heating may have been a factor9 
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Fig. 1. 

Fig. 2. 

Fig. 3. 

LEGENDS FOR FIGURES 

Voltage V(t) developed across the coaxial transoission line for a 

single pulse. 

Diagram of experimental equipment for electromagnetic-field ex

posure~ 

a) Diagram of coaxial exposure chamber showing orientation of 

tissue sample; 

b)· Exposure chamber and pcilyfoac support for tissue. 

Fig. 4. Location of the large motor neurons in the frog cedulla. 

· Fig. 5. Motor neurons of control tissue from medulla; MN - large motor 

neurons, Nu - nucleus, Ni - Nissl bodies •. 

a) Embedded in paraffin and stained with thiouin; 

b) Embedded in paraffin and stained with heinatoxylin ar.d eosin. 

Fig. 6@ Motor neurons of exposed tissue from medulla; MN - large t:10tor 

neurons, Nu - nucleus, Ni - Nissl bodies. 

a) Embedded in paraffin and stained with thionin; 

b) Embedded in paraffin and stained with hematoxylin and eosin. 
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FIG. 2 DIAGRAM OF EXPERIMENTAL EQUIPMENT FOR ELECTROMAGNETIC. 
FIELD EXPOSURE 
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Fig~ 4. Location of the large notor neurons in the frog medulla. 



Fig. 5. Motor neurons of control tissue from medulla; MN - large 

motor neurons, Nu - nucleus, Ni - Nissl bodies. 

a) Embedded in paraffin and stained with thionin; 

b) Embedded in paraffin and stained with hematoxylin 
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Fig. 6 .. Hotor neurons of exposed tissue from medulla; MN - large 

motor.neurons, Nu - nucleus, Ni - Nissl bodies. 

a) Embedded in paraffin and stained with thionin; 

b) Embedded in paraffin and stained with he~3toxylin 

and eosin. 


