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The effects of external electric fields (EEF) on brain

activity in anesthetized rats were studied. The field

strengths used, 9 kV/m and 5 kV/m, both D.C. and A.C.

(60Hz) were in the range of those measured beneath current

overhead transmission lines. Brain activity was monitored

from surface electrodes and from electrodes stereotaxically

implanted in the posterior-lateral portion of the

hypothalamus. It was found that 9 kV/m and 5 kV/m EEF's

both D.C. and A.C. brought about statistically significant

changes in hypothalamic activity, however, the effects were

bi-directional, (i.e. increases and decreases). Only seven

of the 60 animals exposed showed changes in the EEG

recorded with surface electrodes. The data clearly

indicate that (1) anesthetized animals do respond to a

change in the external electric field around them, (2) the

hypothalamus may contain special electro-receptors that, in

turn, may alter various other physiological processes, and

(3) the data indicates the need for further research to

help government agencies to establish more adequate safety

guidelines.
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CHAPTER I

INTRODUCTION

Extensive reviews of the effects of external electric

fields (EEF) on biological systems by government agencies

are well documented (5, 6, 9, 15). Included in these

publications are many experimental techniques, organisms,

and variability. The experiments were performed on

organisms ranging from the simplest such as bacteria to

plants, animals and even humans. The plant experiments

performed concerned the possible effects of EEF on plant

growth, water uptake, crop yield, corona effects, and

morphology, while others involved plant regeneration (3).

Animal and human experiments have an even greater range of

experimental parameters (13, 17). Some dealt with changes

in electrocardiograms (ECG's) while others involved

piezoelectric effects (36), bone formation and repair from

bioelectric stimulation (29, 30, 33, 34). Over the past

decade, and more so in the last few years, research efforts

on the bioeffects of EEF's produced by high voltage power

lines (HVPL) have increased greatly in scope and depth in

the United States and Europe. A variety of contradicting

reports makes it difficult to establish any conclusions

(5, 6, 9, 15, 19, 22, 35).
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Hilton has shown that rats exposed to 60Hz. electric

fields at 80 or 100 kV/m exhibited no significant

differences in heart rates, blood pressures or ECG patterns

(14). Yet Fisher whose rats were exposed to 50Hz electric

fields at 15 kV/m fields showed highly significant drops in

heart rates (10). Kaufman in his experiments using 15,

25, and 100 kV/m fields claimed that the results reported

by other workers were probably due to artifacts, improper

statistical analysis or differences in experimental design

(e.g. cage design). He further stated that there are no

biological effects following chronic exposure to 15-100

kV/m fields (16).

Several workers have calculated the fields under a 765

kV transmission line and have found it to be about 10,000

V/m (8, 23, 25). In Russian studies involving workers

around 500-700 kV/m substations, it was reported that a

majority of the workers began to complain of headaches,

malaise, abnormal fatigue, and sleepiness. Several young

men complained of reduced sexual potency. The severity of

these effects seemed to depend on the length of stay in the

fields (19).

As a result of these findings, the Russian government

formulated a set of rules for exposure in the substations

and guidelines for the Soviet public and those people

farming the area under the power lines. They have also

established a zone of about 110 meters on either side of

the center line where only certain authorized uses and
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personnel are allowed (22).

Although interest in this problem is relatively new,

some earlier work indicated biological effects of EEF's.

Shua, in 1954, found that golden hamsters moved their

litters from underneath a charged electrode within 36 hrs

after exposure to the EEF (31). Later Knickerbocker found

that the size of male offspring of mice exposed to strong

electric fields was significantly reduced (18).

A comprehensive review of the literature on the

effects of external and magnetic fields was published in

1977 by Sheppard and Eisenbud, and funded by the American

Electrical Power Company. In their summarizing chapters,

the authors make the statement:

The one firm conclusion that emerges from a
review of the exisiting literature is that
relatively weak electric and magnetic fields
are capable of evoking neurophysiological or
behavioral effects. This is suggested by the
behavioral experiments on monkeys, biotissues,
the experience of soviet substation workers
exposed to electric fields, by inference, by
the preliminary evidence for both electric
effects on the steroid hormones in animals.
The serum triglyceride increase could be fit
into this pattern since the lipid metabolism
is known to be under hormonal regulation which
in turn is regulated by the central nervous
system (32).

Marino and Becker, in 1975, found that rats exposed to

a 60Hz electric field for one month exhibited hormone and

biochemical changes similar to those caused by stress. The

field used approximated that found under a 765 kV overhead

power line at ground level. The results implied that the

electric field affects the central nervous system and
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activates the mechanism that is related to stress-response

(4). Gann, in 1977, found that anesthetized dogs exposed

to a 15 kV/m field showed changes in certain involuntary

responses that are thought to be controlled by the nervous

system. In short, he exposed these dogs for a period of

five hours to an EEF. The exposed dogs as well as the

control group were subjected to a small hemorrhage in order

to test the response of the nervous system. He found that

the arterial pressure fell 0.9 mmHg in the control dogs

however, it fell 10.9 mmHg in the exposed animals.

Moreover, the heart rate decreased an average of 9.3

beats/min in the control and increased 57.5 beats/min in

the exposed (11).

In conclusion, the data in the preceeding review of the

literature concerning external electric fields on

biological systems are indeed fragmentary and inadequate.

The general aim of the work presented here was to

provide more data on the controversy revolving around the

bioimpact of the overhead high power lines that are now

operating in relatively large numbers over the United

States.

The specific aims of this paper were four-fold: (1)

to measure changes in the electrical activity of the brain

before, during, and following exposure to an EEF at

voltages similar to those found under 750 kV high power

lines; (2) to measure and compare the differences in

electrical activity obtained from surface cranial
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electrodes with that recorded from electrodes implanted

inside the brain in the hypothalamus; (3) to ascertain

whether an animal comprehends when the electric field

around it is changed as indicated by changes in its brain

activity; (4) to establish the role of the hypothalamus as

a specific receptor site for detecting changes in external

electric fields.



CHAPTER II

MATERIALS AND METHODS

A total of 93 Sprague-Dawley rats with an average

weight of 180 gms were used in this study. In this weight

range (170-190 gms) the size of the rats brain does not

vary. This number does not include those used in

developing the experimental technique or those who died,

anesthesia became light and movement occured, or those in

which the electrodes were incorrectly implanted.

Rats with electrodes implanted stereotaxically into

the posterior-lateral hypothalamus and animals with needle

electrodes placed under the scalp were used to record brain

activity. Other physiological parameters monitered were

respiration rate, rectal temperature, room temperature,

relative humidity, and barometric pressure. The following

apparatus was used in this study: an integrator, several

recording devices, a D.C. power supply, and an A.C. power

supply.

I. The Recording Devices:

A. Physiograph, Desk model type DMP-4A (E&M

Instrument Co., Inc., Houston, Texas)

B. Model 23 EEG Integrator (Coldspring

Instrument Corp., Huntington, New York)

6
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C. Digital Data Recorder (Coldspring

Instrument Corp., Huntington, New York)

II. D.C. Power Supply

A. Field Generator, Continuous (Electrofields

Inc., Miami, Florida)

III. A.C. Power Supply

A. Function Generator

B. Tiger B Amplifier (Southwest Technical

Products Inc., Dallas, Texas)

C. Amplifiers (engineered by David Denke,

North Texas State University)

All voltages were monitored by a Simpson Voltmeter,

Model 260, Series 5.

The experimental apparatus is diagrammed in Figs. 1,

2, 3, & 4. As shown in Fig. 1, a continuous EEF either

A.C. or D.C. was supplied to the suspended electrode (7)

above the animal lying on an acrylic platform (10). The

purpose of the Faraday cage was to negate as much as

possible any or all stray electric fields produced in the

room. Figures two and three depict the general assembly of

the experimental set-up including the various recording and

integrating devices. Figure four depicts a schematic of

the entire experimental set-up and how the individual units

are connected to one another. The preparation of the

electrodes for implantation into the hypothalamus was

carried out in the following manner. Insect pins

(Stainless Steel #00, Clay Adams Co., New York) were



LEGEND

1. COPPER SCREEN MESH

2. WOOD FRAME MEMBERS (3.81CM X 8.89CM

3. WOOD FRAME MEMBERS (3.81CM X 3.811CM

4. ACRYLIC LINING MATERIAL .5CM THICK

5, WIRE STAPLES TREATED WITH SILICONE

AS STOPS FOR ACRYLIC PLATES

6. SUSPENDED ACRYLIC TOP PLATE

7. ELECTRODE PLATE (44CM X 7.5CM X 2CM

8. COTTON THREAD USED TO SUSPEND

TOP PLATE AND ELECTRODE

9. ACRYLIC FLOOR PLATE (30CM X 323CM X

10. ACRYLIC PLATFORM (15CM X 7CM X 2CM)

PLAN OF NEGATIVE ELECTROOE

S 1LA IILATIONO P OF P00SII6 ELECT
TO CAGE AMC PLATFORM.

10

5 0 3 10 1550 52A

SECIONTHU CGE MCELECTRODE

)8

.5CM) --

- or
11.

>if

O10

ISOMETRIC

FARADAY CAGE

FIG. 1 EXPERIMENTAL APPARATUS

8

I

S 10 v a 20



9

090

4P-.

IT2



10

0-4

-,A& a
11

e eJ4

die

ON I 110 1 I IN I I M I IN I IN I I Igo oil



C.D)
I..4-
a)

4-0

0-

r..
0N

ISe

al

60

-a)

LI ~

r I

0e
9 4-0

U-

* *.0

a)

4.Ja

a)

11

.C

w
w 0

LL I-.
U. I'N

rf

H

C-)
-

C-,

4* 4-0

m oCL CL

E m E 8

.0
a) 0

U)

E

a , 1, '4 AW4W NOWA-1 :--

14"

- O.
O E

I



12

insulated with a liquid insulator (Epoxylite Corp., El

Monte California). The electrodes were dipped into the

insulator and drawn out slowly against the wall of a

capillary tube filled with insulator material. This method

described by McCain was found to coat the electrode evenly

and eliminate air bubbles (24). After one hour, the

procedure was repeated. Following this, the electrodes were

allowed to dry overnight in an oven at a temperature of

about 70 degrees Celsius. The diameter of the electrode at

this point was about 0.4mm. Prior to each implantation,

the electrode was checked for uniformity and the distal end

was scraped so as to expose 0.5mm of the tip. The

electrode was made bacteriocidal by soaking it in Zephrin

solution diluted 1:750 for at least one hour prior to

implantation.

B. Electrode Implantation

The operative procedure for implantation of the

electrodes follows closely the procedure as that described

by Agnew (1) and McCain (24). The only exception to their

procedure was that the reference scalp electrode was

attached to the dorsal neck of the animal.

Anesthetization of the animal was accomplished by

intraperitoneal injection of sodium pentobarbital,

30mg/cc/kg body weight. The animal was placed in a

stereotaxic apparatus (Model SMA 1 Baltimore Instrument
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Co., Baltimore, Maryland) and positioned so that the animal

could not move its head. A midline inscision on the

superior surface of the skull was made. Fascia and

connective tissue were removed which left the skull

exposed.

The coordinates found in the Stereotaxic Atlas of the

Rat Brain by Pellagrino and Cushman (27), was used in

determining the desired position of the electrode.

Coordinate system B was used. In this system, the rostral-

caudal zero reference point is the bregma. Using this

point as reference zero, it was assumed that any variation

that might occur because of brain size might be nil. Using

this system, the coordinates were as follows: rostral-

caudal (-1.0) i.e. 1mm posterior to the bregma; medial-

lateral, 0.6mm from the midline; and dorsal-ventral, 8.5mm

ventral from the surface of the dura. These coordinates

were used to position the tip of the stainless steel

electrode into the posterior-lateral portion of the

hypothalamus. The precise location of the electrode was

later confirmed at autopsy by histological examination.

The stereotaxic apparatus with the electrode in place

was positioned over the bregma and then moved to the

coordinates as previously described. The position of the

skull was marked and a small hole was drilled through the

skull without piercing the dura. Another hole was drilled

to accomodate a small screw. The electrode was then

implanted and the skull was covered with a dental acrylic.
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The small screw was used to maintain the rigidity of the

electrode and the acrylic cap. After the implantation of

the hypothalamic electrodes, the rat was allowed to recover

7-10 days prior to the experimentation.

In those experiments involving brain surface recordings,

the electrodes were placed under the scalp at the temporal

regions of the skull. If an implanted animal was used the

reference electrode was attached to the neck dorsally. In

all instances the electrodes were not allowed to touch each

other. Small alligator clips were attached to the surface

or to the implanted electrodes and the reference electrode.

The alligator clip was then attached to recording wires to

the EEG preamplifier.

Depending on the experiment, a continuous recording of

the brain surface activity (EEG) taken from surface

electrodes or the hypothalamic activity taken by the

implanted electrodes were made before, during and following

exposure to the EEF. The electrical data obtained was fed

into a polygraph, so that the resulting tracing could be

visually studied, and simultaneously into the integrating

computer attached to the data recorder. These latter

devices were capable of integrating the areas under the

electrical tracings over a given period of time and convert

this activity into a numerical printout every 60 seconds

throughtout the experiment. Mean values were then obtained

from these printouts and plotted accordingly.

Moreover, during each experiment the respiratory rate
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was measured by a temperature sensor placed under the

nostrils of the animals and recorded on the polygraph along

with the brain activities. Finally, the rectal temperature

was recorded with a rectal probe attached to a

telethermometer.

In general, the experiments were divided into the

following series:

1. Sham-exposed rats, surface electrodes.

2. Sham-exposed rats, implanted electrodes

(hypothalamus)

3. Rats exposed to a continuous 9 kV/m D.C.

field, surface electrodes.

4. Rats exposed to a continuous 9 kV/m A.C.

field, surface electrodes.

5. Rats exposed to a continuous 9 kV/m D.C.

field, implanted electrodes (hypothalamus)

6. Rats exposed to a continuous 9 kV/m A.C

(60Hz) field, implanted electrodes

(hypothalamus)

7. Rats exposed to a continuous 5 kV/m D.C.

field, implanted electrodes (hypothalamus)

8. Rats exposed to a continuous 5 kV/m A.C.

(60Hz) field, implanted electrodes

(hypothalamus)

9. Dead rats exposed to a 9 kV/m A.C. (60Hz)

and D.C. fields, surface electrodes.

10. Dead rats exposed to a 9 kV/m A.C. (60Hz)

11 0- - I-WW" 1" ON, -- ,4m
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and D.C. fields, implanted electrodes

(hypothalamus).

The experiments were 150 minutes in length and were

divided into three periods; a 30 minute control period, a

90 minute test period, and a 30 minute post-test or

recovery period. Prior to the recording, an equilibration

period was used to allow the instruments to stablize and to

check for grounding in the Faraday cage.

All the experiments were carried out under relatively

constant conditions (i.e. lighting, sound, and

temperature). Constant light was maintained in the room and

the room temperature ranged between 21 and 24 degrees

Celsius. During any experiment, however, the temperature

did not vary more than two degrees. The noise level in the

room was kept as minimal and constant as possible to

minimize auditory "cues". When the animal showed no

corneal reflex following the injection of the anesthetic,

it was assumed that the anesthesia was complete.

The electric field produced in the experimental

chamber was determined from the charge put on the electrode

by the field generator and the distance to the acrylic

plate supporting the animals. Calculation of the field was

as follows: V = V1/d

V = voltage needed from amplifiers
V1= field voltage induced
d = distance from electrode to cage floor



CHAPTER III

RESULTS

The data reported here are the results from 80

experiments. This does not include the data from

experiments terminated prematurely, e.g. when animals

regained consciousness too soon, or in those implanted

experiments in which it was found at autopsy, that the

electrodes were not in the hypothalamus.

The data in figures 5-12 were obtained from 1 min.

printouts from each experiment. Each circle represents the

total energy for five minutes. Figure five shows the

brain activity (EEG) in ten sham-exposed rats with surface

electrodes. From the graph one can see that the EEG

pattern was relatively constant over a period of 150 min.

Figure six shows the effects of rats exposed to 9

kV/m D.C. fields with surface electrodes. Changes in EEG's

were noted in six of the ten animals and only in the

recovery period indicating some type of delayed effects.

Figure seven shows the EEG effects in rats exposed to 9

kV/m A.C. (60Hz) fields recorded from surface electrodes.

Only three of the animals exhibited significant changes in

their EEG during the test period (Exps. 5, 9, and 10).

Figure eight depicts changes in the EEG (surface

17
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FIGURE 5

Electrical activity (EEG) in sham-exposed animals

recorded by surface electrodes (temporal lobes). (Each

circle represents the total integrated brain activity for

five minutes).
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FIGURE 6

The effects of 9 kV/m D.C. on surface brain activity

in rats. (Each circle represents the total integrated

brain activity for five minutes).
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FIGURE 7

Effects of 9 kV/m A.C. ( 6 0Hz) on surface brain

activity in rats. (Each circle represents the total

integrated brain activity for five minutes.)
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FIGURE 8

Effects of 5 kV/m A.C. (60Hz) electric fields on

surface activity in rats. (Each circle represents the

total integrated brain activity for five minutes.)
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electrodes) in those animals exposed to 5 kV/m A.C.

(60Hz) electric fields. Only three of the ten rats showed

noticable changes in their EEG during the test period

(Exps. 6, 7, and 10).

Figure nine shows the hypothalamic activity in ten

sham-exposed rats with implanted electrodes. Each circle

represents the total brain wave energy for five minute

intervals during the control, test, and recovery periods.

Again these data show that the hypothalamic activity

remained relatively constant over a period of 150 minutes

except in one case (exp. six) where an increase was noted

during the recovery period. This was probably due to the

animal recovering from the anesthesia. Figure ten shows

the hypothalamic effects in rats exposed to a 9 kV/m

D.C. electric field. It is apparent that there were

changes in hypothalamic activity in eight of the ten

animals during the test period and in seven of the ten

animals during the recovery. Figure eleven shows the

effects on hypothalamic activity in rats exposed to 9

kV/m A.C. (60Hz) electric fields. Seven of these animals

showed noticeable changes in their hypothalamic activity

during the test period and three in particular (exps. 1, 6,

and 7). The curves in Figure 12 indicate that exposure to

a 5 kV/m A.C. (60Hz) electric field only slighly altered

the hypothalamic activity in three animals (exps. 1, 5, and

10).

The foregoing data were summarized in Tables 1, 2, and
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FIGURE 9

Hypothalamic activity in sham-exposed animals

recorded by implanted electrodes. (Each circle represents

the total integrated brain activity for five minutes.)
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FIGURE 10

Effects of 9 kV/m D.C. electric field on hypothalamic

activity in rats. (Each circle represents the total

integrated brain activity for five minutes.)
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FIGURE 11

Effects of 9 kV/m A.C. (60Hz) electric field on

hypothalamic activity in rats. (Each circle represents the

total integrated brain activity for five minutes).
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FIGURE 12

Effects of 5 kV/m A.C. (60Hz) electric field on

hypothalamic brain activity in rats. (Each circle

represents the total integrated brain activity for five

minutes).
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TABLE I

EFFECTS OF EXTERNAL ELECTRIC FIELDS ON
BRAIN ACTIVITY IN RATS

(EXPOSURE TIME: 90 min.;

A. 9 kV/m A.C. (60Hz) SURFACE

EXP. CONTROL S.D. TEST

1
2
3
4
5
6
7
8
9
10

229.3
236.0
272.5
274.8
226.7
255.5
280.5
217.3
236.7
218.2

1.2
2.2
9.4
1.6
2.7
4.4
4.3
0.8
7.6
7.3

229.9
236.4
275.2
275.6
235.8
248.7
276.2
214.5
241.3
233.0

STUDENT'S T TEST USED)

S.D. % SIG.

1.5
1.2
4.4
1.3
5.7
3.4
2.4
3.7

12.5
4.8

0.3
0.2
1.0
0.3
4.0
2.7
1.5
1.3
1.9
2.2

+

B. 9 kV/m D.C.

EXP. CONTROL

1
2
3
4
5
6
7
8
9

10

244.8
224.2
254.5
264.8
261.7
290.0
268.0
274.3
248.7
236.7

SURFACE

S.D. TEST

1.9
2.3
8.4
6.8
.52
3.7
2.2
3.6
1.8
6.2

242.1
219.9
253.2
262.8
256.2
281.3
268.7
277.8
249.3
230.9

S. % TSG

3.1
3.1
6.3
6.8
3.3
2.3
2.5
2.5
1.6
1.7

1.1
1.9
0.5
0.8
2.1
3.0
0.3
1.3
0.2
2.5

+ = p<.01 * = p< .005

-1

- . VL- .-- -

6 Mik. - , '. ,,, , -1, - , - -

%=C-T/C X 100
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3 following statistical analysis using a one-tailed

Student's T test.

The data in Table 1, A and B indicate that exposure to

either 9 kV/m A.C. (60Hz) or 9 kV/m D.C. electric fields on

animals with surface electrodes brought about statistically

significant changes in the EEG in only two animals of both

groups. Moreover, the changes were mixed (i.e. an increase

in activity in two animals and a decrease in two others).

The data in Table 2, A and B indicate statistically

significant alterations in hypothalamic activity in those

animals exposed to either 9 kV/m D.C. and 9 kV/m A.C.

(60Hz) electric fields. In the former group all but two

animals exhibited significant changes. Again, the changes

noted in both groups were mixed (i.e. increases and

decreases in hypothalamic activity).

Table 3, A depicts a summary of the effects of a 5

kV/m A.C. (60Hz) electric field on the EEG in rats with

surface electrodes whereas, Table 3B shows a summary of the

effects of a 5 kV/m A.C. electric field on hypothalamic

activity. Three out of the ten animals exposed to the 5

kV/m A.C. field with surface electrodes showed

statistically significant changes whereas, seven out of the

ten animals exposed to the 5 kV/m A.C. field exhibited

changes in their hypothalamic activity. Again the changes

observed were mixed in the direction of change.

The average change in rectal temperature during all of

the experimental groups was 3.0 degrees Celsius downward.

-."gem
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TABLE II

EFFECTS OF EXTERNAL ELECTRIC FIELDS ON
BRAIN ACTIVITY IN RATS

(EXPOSURE TIME: 90 min.; STUDENT'S T TEST USED)

A. 9 kV/m D.C. HYPOTHALAMUS

EXP. CONTROL S.D. TEST

1
2
3
4
5
6
7
8
9

10

266.2
221.2
249.8
261.0
219.3
226.2
270.8
281.5
224.3
232.3

13.7
2.1
5.7
4.2
2.3
2.5
3.5
2.4
4.8
2.8

269.8
227.8
256.0
250.1
227.1
229.4
270.7
289.2
209.3
227.1

S.D. % 51G

5.8
5.4
4.0
4.9
12.7

1.7
7.2
8.8
5.2
1.1

1.4
14.0

2.5
4.2
3.6
1.4
.04
2.7
6.7
2.2

$

&

+

B. 9 kV/m A.C. (60Hz)

EXP. CONTROL

1
2
3
4
5
6
7
8
9

10

234.8
193.7
265.0
231.7
216.0
243.8
208.0
245.7
244.0
279.0

HYPOTHALAMUS

.
" .

. Illi i -

10.7
9.9
6.8
6.7
9.2
16.9
15.7
1.9

19.7
5.9

185.2
190.5
246.2
235.8
208.2
244.6
228.1
247.7
237.6
284.4

12.1
8.8

12.8
6.1
6.0
24.9
18.0
7.6

10.8
6.2

= C-T/C X 100 + = p< .003 $ = p< .008

* = p< .01 = p< .025

#= p< .0001

& = p< .001

+

21.0
1.7
7.1
1.8
3.6
0.3
9.7
0.8
2.6
1.9

S.D. % I G.

S. .D. TEST S~ T 
%CSI
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TABLE III

EFFECTS OF EXTERNAL ELECTRIC FIELDS ON
BRAIN ACTIVITY IN RATS

(EXPOSURE TIME: 90 min.; STUDENT'S T TEST USED)

A. 5 kV/m A.C. (6 OHz) SURFACE

EXP. CONTROL S.D. TEST S.D. % SIG.

1
2
3
4
5
6
7
8
9

10

230.8
221.2
247.5
268.0
261.5
212.2
244.5
267.0
245.8
284.7

7.5
1.5
1.4
4.2

21.8
4.3
4.3
3.5
3.3

11.0

230.3
236.4
255.6
264.7
242.4
213.2
245.0
266.4
243.7
285.1

1.1
2.8
4.5
2.1
2.8
3.4
4.6
4.2
4.6
7.5

0.2
0.3
3.3
1.2
7.3
0.5
0.2
0.2
0.8
0.1

&
+

$

B. 5 kV/m A.C. (60Hz) HYPOTHALAMUS

EXP. CONTROL S.D. TEST S.D. % SIG.

1
2
3
4
5
6
7
8
9

10

220.5
244.0
245.3
263.0
279.2
211.5
282.5
234.8
254.0
252.5

14.7
3.0
3.7
4.6
7.0
2.2
1.0
4.0
9.3
3.0

233.9
253.9
225.9
250.6
282.9
217.7
283.2
252.7
257.1
233.6

9.1
5.0
5.8
2.9
5.7
2.7
1.7
3.0
5.4
5.8

6.1
4.0
7.9
4.7
1.4
2.9
.25
7.6
1.2
7.5

&
&
&

+
&

&

= C-T/C X 100 + = p< .02 * = p< .01 $ = p< .001

& = p< .0001
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The temperature ranged between 36 degrees and 27.7 degrees

Celsius. The average change in respirations during all the

experiments was 12.8 respirations per minute downward. The

respirations rates per se ranged from 58 to 38 respirations

per minute.

WNW, fA -- ",- -



CHAPTER IV

DISCUSSION

During this study, several problems concerning

methodology arose. One such problem involved grounding of

the various electronic devices. Proper grounding was

essential so as not to form ground loops that would result

in interference and feedback which would alter accurate

monitoring of the animal. Moreover, the electronic

monitoring equipment had to be subjected to maximum

sensitivity therefore, the slightest touch or jar of the

equipment produced artifacts and often demolished the

recordings for a period of time, usually several seconds.

Anesthesia was another problem in a few of the animals.

Some of them would recover 30 minutes to one hour into the

experiments causing that experiment to be aborted.

Moreover, recovery time following the test periods was

shorter in some animals than others. We found that an

animal would remain anesthetized for the entire length of

the experiment if it showed no eye reflex or no response to

sharp sound 10-15 minutes post-injection of the anesthetic.

Another problem concerned electrode implantation,

particularly in the initial experiments. Some of the

electrodes would bend slightly upon entry and therefore the

40
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data from that experiment would have to be discarded since

the electrode at autopsy was not found to be in the desired

hypothalamic area. Marking of the tip was done via

electric lesioning as described by Agnew (1).

Another problem that arose while formulating the

experimental design was how to position the animal in the

Faraday cage, (i.e. whether to allow the animal to be part

of the ground or let it "float" on a non-conductive acrylic

plate during the experiment). We chose the latter procedure

based on a review by Poznanick (28) who reported that in

some experiments by other workers, a free-moving animal was

allowed to stand on the copper mesh floor (ground) and

therefore when it reached for a drink of water from a cup

attached to the copper walls, it received a "mini-shock"

between the positive electrode and ground.

A final problem involved the application of an

alternating current (A.C.) to the electrode at relatively

high voltages used. With the help of the departmental

electronics technician, Mr. Hal Ferguson, the problem was

solved with a series of amplifiers.

The data reported clearly indicate that external

electric fields do affect the brain activity in rats

particularly in the hypothalamus. These effects, however,

were not observed in all the animals and they were bi-

directional in nature, (i.e. the activity was increased in

some and decreased in others). This observation may have

been simply due to animal individuality or sensitivity.
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These findings were in agreement with those reported by

Lott and McCain (21) using similar D.C. voltages and with

those of Muller (26) who reported that a stimulation of the

posterior hypothalamus attenuated amygdaloid activity.

Lambert et al (20) also observed a lowered brain arousal in

rats exposed to high concentrations of positive air ions.

In attempting to explain the foregoing observations,

several possible external causative factors were

considered.

First, did the electric field produced in the animal

chamber induce an electric current in the electrodes

attached to the animal? To check this out, electrodes were

attached to dead animals who were then exposed to the EEF.

No changes in activity were observed.

Secondly, did the external electric field bring about

pilo-erection in the anesthetized animal thereby giving it

a tactile "cue" of some kind? Some workers have reported

pilo-erection in unanesthetized animals but only in

extremely high EEF's (40-50 kV/m) (7). It was felt that

such tactile cues were absent in this study since the

animals were anesthetized.

A third factor concerns a possible auditory cue brought

about by the EEF. It has been shown that some animals can

actually "hear" microwaves. Also it has been shown that

pigeons can detect 60Hz fields (7). Human subjects claim

they can "hear" the electric currents while standing

underneath overhead high-voltage transmission lines. It
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was felt however, that such an auditory cue was not an

important factor in this study since one of the criteria

used to test complete anesthesia was the lack of measurable

response (as indicated in the EEG) in the animal to a sharp

sound prior to the test period. Moreover, visual cues were

ruled out since no measurable eye reflex was observed in

the animal prior to the test period.

The findings that the hypothalamic area respond to the

EEF indicated that the area may act as some kind of

electroreceptor site. It has been shown that the

hypothalamus is also sensitive to relatively low levels of

ionizing radiation (12). Once stimulated, this area could

easily initiate other responses in the body to the EEF.

Bawin et al(2) conceives of a calcium mediated

mechanism in operation during exposure to an EEF. He

suggests that an EEF can induce the release of calcium

which in turn alters the permeability and activity of

conductile membranes within the brain tissues. Such

changes could then bring about alterations in the

electrical activity of the cells.

The lack of response in the surface electrodes was not

surprising since the EEG is thought to be the net activity

of the brain in toto. Therefore, any change that might

have been brought about by the EEF could have been masked

in the complex electrical circuitry in the brain.

The findings reported here do not indicate a

detrimental effect of the EEF's used on the animals,
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although the report of Marino and Becker (23) contain

evidence that the adreno-pituitary response may be

triggered by an EEF.

Summarily, the data in this study indicates that (1)

both an A.C. and a D.C. external electric field can bring

about statistically significant changes in the electrical

activity in rat brains, (2) this effect is more pronounced

in the hypothalamic area and (3) further work on the matter

of EEF's and the nervous system seems most feasible in

order to help the government to establish safety guidelines

for personnel working in high voltage electrical

environments.
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