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Abstract

There was no significant change in characteristics of nerves
waveguide filled with temperature-controlled Ringer’e solution.

1.7 W/cc for cw and 0.3 to 30 V/cc peek for pulsed fields.
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Although 2450 MHz microwave fields have been used

for diathermy since the mid-1940’s, the full effect of
such radiation on biological tiseue remains obscure.
The most obscure effects of the fields are those re-

ported ae low level effects on the CNS and peripheral
nerves. In much of the reported work, it ie difficult

to relate the effect to the actual field in the nerve
tissue causing the effect. Kemenskii [1] and Roth-
meier [2] reported some non-thermal effects on frog
sciatic nerves at low power levels. It Ie difficult

to determine, however, what the actual temperature
changea were in these nerves, since the nervee were

isolated in the air during irradiation. Under such
conditions power absorption density can be much high-
er than for the normal situation in which the nerve
is buried in other tissue end the temperature inside

the nerve can be higher than that measured at the sur-
face. The aperture source which Kamenskii used [3]
can cause hot spots in the irradiated nerve due to the
discontinuities at the edge of the aperture [4]. In
the present paper, a method is described which avoids
or minimizes the problems stated above.

A silver-plated S band WR284 waveguide was

equipped with inlet and outlet ports for circulating
fluids . The waveguide was put in a lucite tank con-
taining Ringer’s eolution 6cm in depth (three times
greater than the depth of field penetration). In each
experiment, a frog eciatic or a cat saphenoue nerve

was pulled through the 3mm diameter holes on the wave-

guide parallel to the electric field of the TE
lo

mode.

Both ende of the nerve were immersed in miners oil-
filled chembere for stimulation and recording. A
quarter guide wavelength of matching material with a
dielectric constant of 6 was used to reduce the re-
flected power to lees then 3% of the incident power.
The temperature of the Ringer’s solution was con-
trolled within f 0.02°C by a constant temperature cir-
culator with 2.5 gallonslmin maximum pumping capacity.
The temperature of the solution was monitored at the
outlet of the waveguide with a thermocouple. Gw and
pulsed power eources, operating at 2450 MHz with inci-

dent and reflected powers measured by meane of a di-
rectional coupler and a power meter were used to feed

the waveguide. In one series of experiments, the
nerve was exposed to pulsed power with calculated ave-
rage abeorbed power deneities of 3 mW/cc, 30 mW/cc,

and 300 mW/cc in the nerve. The pulee width was 10
UQ$JC and th~ PUIQS. ramiriwwa fraqueney wae 1000
puleas per eecond. Continuous wavas ware also used at
the same power levels. The total irradiation time for
each run was 20 minutes with the circulator being ope-
rated for the firat 10 minutes end shut off for the
final 10 minutee. Compound action potential data from
the nervea was recorded and reduced by a computer of

average transients. Arrangement of the apparatus is
shown schematically in FIG, 1. The absorbed power
density in the nerve can be calculated by the follow-
ing formula: --

P = 4. ~ e-2ax
A

where

P:

NERVES

exDoeed to cw and Dulsed
Absorbed power densitiee

2450 MHz fields in a
varied from 0.003 to

absorbed power deneity in the nerve (W/cc)

‘I:
incident power (W)

‘R:
reflected power (W)

x: depth of nerve below the surface of Ringer’
solution (cm)

A: cross-sectional area of the waveguide (cmz:

s

I/a: depth of field penetration in Ringer’s solu-
tion (1.78cm at 2450 MHz)

A study waa first performed to determine the ef-

fect of the controlled solution temperature on the
compound action potential and conduction velocity of

the isolated nerve. The results are ehown in FIG. 2
for the frog nerve end in FIG. 3 for the cat nerve.
In each case the temperature wss firet decreased from

normal to approximately 10”C below body temperature.
The temperature was then Increaeed to the point where

the amplitude of the compound action potential de-
creased to one-half normal value. This corresponded
to the 46-C for the cat nerve which caueed irrevers-
ible damage. The damage was evidenced by different
nerve responsiveness when the temperature was again
decreased. The temperature-sensitive characteristics

of the frog nerve were reversible, since the maximum

temperature was well below the threshold for damage
when the peak amplitude decreased by 50%. These re-
sults suggest that mammalian animsle rather than cold-
blooded animals should be used to evaluate effects of

microwaves on the nervous syetem for better quantitat-
ive extrapolation to humans.

Exposure of the frog and cat nerves did not result
in any amplitude, conduction velocity, or excitability
changee during the time that the constant temperature
circulator wae on for any level of either cw or pulsed
irradiation. Slight increasee in excitability and

conduction velocity were detected during the time that
the circulator wae off for power absorption levels of
30 and 300 mW/cc. Thase effects can be attributed to
temperature changes according to FIG. 2. FIG. 4 chews

that the absorption (1.7 W/cc) due to very high power
irradiation caueed a slight increaee of conduction ve-
locity during the circulator on phase. This was due

to the limited pumping rate of the circulator and con-
sequent temperature rise. A much greater increase in
conduction velocity was observed when the circulator
waa shut off and the temperature was allowed to in-

creaee due to radiation. Frog action potential empli-
tude and latency were degraded at a temperature around
35”C. This ie consistent with the reeults ehown in
FIG. 2. After irradiation, the response eithar recov-

ered or degraded, according to how high the tempera-
ture was. In a third seriee of experiments, double
stimulation pulses 1.2 milliseconds apart were used.
The response due to the eecond pulse wae in the rela-

tive refractory period of the first rasponse. The

characteristics of the eecond response wae more sensi-
tive to temperature changes. This indicates that a
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a slight microwave-%n~uced temperature rise in the pe-

ripheral nerve could possibly alter firing patterns of

the neurons in the central nervous system.
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FIG. 1 Apparatus for microwave radiation of isolated

nerve.
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FIG. 3 Amplitude of compound action potential and con-

duction velocity of cat saphenous nerve as a
function of temperature.
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FROG 34 ABSORBED POWER DENSITY 1,7 W/CC

SCIATIC NERVE 34V STIMULATION 0.1 ms PULSE

MICROWAVE

TIME TEMP.
CIRCULATOR

2010 23.7 “C

2016 24.7° C
—

I OOJJV

2023

2025

42.5° C2027

2033 24.0° C
—

2207 23.7°C
—-

FIG. 4 Overheating effect on nerve action potentials due to 1.7 IJ/cc cw radiation during the time that the cir-

culator was off.
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