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POSSIBLE MECHANISMS FOR THE BIOMOLECULAR ABSORPTION OF 

MICROWAVE RADIATION WITH ~QNCTIONAL IMPLICATIONS 

James R. Rabinowitz 

Institute of Environmental Medicine 
New York University Medical Center 

550 First Avenue 
New York, New York 10016 

Abstract 

. Theoretic~l ~nalysis of the posiible modes of molecular interaction with 
microwave radiation suggests that the absorption of a microwave photon may 
interfere with stereospecific biomolecular processes. 

Introduction 

A physical model, on the molecular level, 
of the absorption of microwave radiation, the 
structural changes that may result, and the 
relationship of these changes to biomolecu
lar function, is important for both analyzing 
the existing experimental information.and 
designing new experiments that are likely to 
be infor~ative. As a first step towards con
structing such a model, the modes of mole
cular excitation in the microwave region and 
their possible effects on biological proces
ses are considered here, using the insights 
of theoretical molecular physics. 

_Text 

At normal biological temperatures, the 
number of background photons in the micro
wave portion of the spectrum is very small, 
and in a non~irradiated system the only ex
citations in this energy range are induced 
by collision. The absorption of a microwave 
photon is then unlikely to have any direct 
functional effect on molecules or parts of 
large molecules that in normal biological 
circumstances undergo a large number of col
lisions. In the interior of large mole
cules, essentially free from collisions, 
microwave irradiation can cause excitations 
that

1
will not occur in non-irradiated sys-

tems . i 

. The excitations that can result from the 
absorption of a microwave photon with an 
energy of 10-3 to 10-6 electron volts may be 
divided into three general categories: ex-; , 
citations of 1) magnetic and electric 
nuclei-electron coupling states; 2) molecu
lar free rotational states; 3) constrained 
motional states of molecular segments (both 
rotational and vibrational, although at these 
energies rotational states are much more 
likely to be important). 

1. Magnetic and electric nuclei-electron 
coupling states are due to the interaction 
of unpaired electrons with magnetic nuclei 
in the former case and the interaction of 
nuclear quadrupole moments with the molecu
lar charge distribution in the latter case. 
Excitations of these modes do not cause 
changes in molecular structure, and if bio
molecular functions are affected the mech
anism is ,obscure. 

2. Molecular free rotational states are 
a function of the mass distribution of the 
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molecule. These excitations leave molecular 
structure unchanged but increase the rota
tional kinetic energy of the absorber. A 
large amount of the microwave radiation in
cident on a biological system is absorbed iri 
this way because water and other small bio
molecules have rotational states in the 
microwave region of the spectrum. The bio
logical importance of these excitations is 
that they allow for the absorption of large 
amounts of energy by biological systems. The 
energy is spread throughout the system by 
collision and may lead to microscopic state 
changes. The biological effects are a 
result of molecular collisions and are ~nly 
indirectly related to the absorption of a 
microwave photon. 

3. Constrained motional states are 
rotational or vibrational states of part of 
a molecule that leave covalent molecular 
structure unchanged, For vibrational motion 
the states are only in the microwave region 
when tunneling is important. The ammonia 
molecule provides the classic example of 
this type excitation2, The rotational 
states are much more important in the con
text of this paper because they are more 
generally in the microwave region. 

Parts of molecules, from the size of OH 
groups up to a number of amino-acids, are 
~ften free to rotate constrained by ~xisting 
covalent bonds. The relative'orientation of 
these molecular segments to the remainder of 
the molecule is determined by the weak elec
trostatic interaction potential between the 
segment and its- environment _ ( generally the 
remainder of the molecule). Although the 
relative depths of the minima, heights of 
the barriers and distances between minima 
are highly dependent on the segment we are 
considering and its chemical environment, 
the potentials are in general multiwell func~ 
tions arid Figure l is a characterization of 
such a potential. Depending on the mumber 
of constraints, the potential may be more 
than one dimensional. Similar potentials 
have been found for ions in solids and 
smaller chemical systems3,4. 

The absorption of a microwave photon by 
the molecular segment would increase its 
rotational energy. This increase in energy 
may have two effects that are significant. 
The segment may now be in a state that is 
localized in more than one potential well 
like states C and D and re-emission of a 

·photon may result in its rotation being 
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• ··., tial well. Or the segment may .be excited to · . . p.,i'.74, 'Joh':h Wiley and Sons, Inc., New 

> a state like B, still confined to the same' ., .. ,,, .. ,.,ycfrk•(-1961). 

·: single potential well but with enough energy 

· to greatly increase the possibility of tun-

I r neling to another well. This type of rota
i · tional tunneling has been demonstrated in a 

f number of different circumstances for ionic 

i, · . defects in crystals 5 • Both of these 

i;. effects lead to the same type of structural 

i';,: changes: covalent molecular structure remains· 

f unchanged but the .relative position of-:one·,,. 
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There are many biological processes 
that depend on steric structure. The.mole

cular absorption with the resulting change 
in non-covalent chemical structure outlined 
above provides a model for the direct inter

ference of microwave radiation with biomole
cular function where the internal three 
dimensional structure of the absorbing mole
cule is critical to its biological function. 
The effect of microwave radiation on these 
processes will depend on the details of the 

process itself. From our previous discus
sion we would expect any effect to be fre-

.. quency dependent, and if allowed a long. 
enough time,· to be reversible. Biological 
considerations, ,however, may not allow enough 

time for reversibility to become apparent. 

Conclusion 

In this paper a possible mechanism for 
the direct influence of microwave radiation 

· on biomolecular processes has been eluci
dated. Intermolecular interactions that are 
dependent on steric conformation are the 
processes one would expect to be inflyenced, 
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MICROWAVE EFFECTS ON CENTRAL NERVOUS SYSTEM ATTRIBUTED TO THERMAL FACTORS 

Eugene M. Taylor, Arthur W. Guy, Bonnie Ashleman and James C. Lin 
University of Washington 

Seattle, Washington 98195 

Abstract 

Microwave-produced changes in CNS-evoked potentials appear limited to thermal effects, as evidenced by 1) 
similar changes being elicited by equivalent non-radiation heating, and 2) reductio.n or even reversal of radia
tion effects with concurrent brain cooling. 

Summary 

Previous work, Guy, Harris and Ho [1], and Johnson 
and Guy [2], has demonstrated alterations in central 
nervous system function, as evidenced by changes in 
latency (time interval between stimulus and response) 
of late components of an evoked thala2ic response, 
with microwave illumination (>5 mW/cm) of the head 
area of ca•ts. These changes are in the nature of de
creased latency of late components of such evqked re
sponses whim absorbed powers (>5 mW/cc peak) are suf
ficient to cause temperature increases in th~ involved 
tissue. These effects are interpreted as being heat
ing effects rather than radiation effects per se, 
largely because no such effects are apparent when ra~ 
diation parameters are adjusted to preclude brain tem
perature increases. 

The present report reinforces this interpretation 
by two lines of evidence: 1) Thalamic-evoked poten
tial latency changes like those attendant.·to radiation 
heating can be shown with non-radiation heating of the 
central nervous structures involved; and 2) Nervous 

· system changes resulting from microwave illumination 
heating can be counteracted or reversed with concur
rent cooling of the fffected tissue. 

Methods 

Cats comparable in size to those used in the Guy 
studies were anesthetized, placed in a·stereotaxic in-

'strument and acutely implanted with a glass microelec
trode in the left nucleus ventralis posterolateralis 
of the thalamus and with a glass'guide for introduc
tion of a thermocouple into a homologous site in the 
contralateral brain hemisphere. The cats were further 
instrumented for the measurement of rectal temperature 
and electrocardiogram. Needle electrodes applied to 
the right forepaw provided shocks at the rate of on'! 
per second as stimuli to elicit'activity in the thala
mic recording site. The cats were tracheotomized and 
maintained by artificial respiration. To this point, 
the arrangement duplicated that used by Guy, Harris 
and Ho. However, the cats in the present study were 
then fitted with heat exchang'e· devices, · These were 
cylindrical tubes constructed of brass; for heating in 
the absence of m:l:crowave ilium:l:nation, or of pyrex for -
experiments involving simultaneous radiation and cool~ 
ing,. The two types·of exchangers were similar in con
figuration, both being 7nnn in diameter and 40mm in 
length. They were applied to the base of the skull, 
using a transpharyngeal approach with division of the 
posterior palate and retraction of the soft tissues. 
The exchangers were attached by plastic tubing to the 
outlet and return ports of a Beckman constant tempera-· 
ture fluid circulator. Those cats subjected to micro
wave illumination were radiated-with a controlled con
tinuous wave source at 918 MHz and a cavity radiator 
positioned 8cm posterior to the occiput; 

Net microwave power inputs to the radiator (lOW 
and 15W) were selected on the 'basis of prior observa
tions, for which the peak absdrbed powers of 20 mW/cc 
and 30 mW/cc have been well-defined as being sufficient 
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to produce effective temperature rise and related e
voked potential change within 15 minutes exposure (FIG. 
1). These changes were verified within the present · 
experiments. Because of animal-to-animal variation in 
the efficiency of thermal coupling between the exchange 
devices and the brain, the temperature of heating or 
cooling fluid was empirically determined for each ex
periment. 

Results 

Elevation of thalamic temperature by the circula
tion of heated fluid through an exchanger applied to 
the base of the skull resulted in evoked potential 
changes comparable to those produced by microwave heat
ing of the same magnitude', In contrast to an earlier 
observation that heating of the whole cat by·means of 
a heating pad yielded decreased latency in both early 
and late components of the evoked potential, the ex~ 
changer-heated cats showed changes only it:i late compo
nents. This is directly analogous to the microwave 
case. This demonstration supports the contention, that 
the microwave effect is a thermal phenomenon, FIGs. 2 
and 3 represent even more convincing support for this 
view. These figures show. the sequential pattern of 
brain temperature and evoked potential latency with 
successive application of radiation alone, cooling a
lone, radiation combined with cooling and during peri
ods in which the animals' own temperature compensation 
mechanisms are ·in operation (i.e., during "recovery" 
from a radiation elevation, or a coolant depression, 
of temperature). It is very evident that the evoked 
potential changes are associated with particular direc
tion and magnitude of temperature change, With appro- · 
priate titration of coolant temperature against radia
tion energy, it is even possible to reverse the change 

· that would be anticipated with radiation alone. 

Conclusion 

The present work.supports th~ contention that e
voked potential changes seen with microwave illumina~ 
tion of the central nervous system are limited to 
those that can be attributed to thermal loading. 
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EFFECT OF 2450 MHz MICROWAVE FIELDS ON PERIPHERAL NERVES 

C.K. Chou and Arthur W, Guy· 
Department of Rehabilitation Medicine 

University of Washington School of Medicine 
Seattle, Washington 98195 

Abstract 

There was no significant change in charac·teristics of nerves exposed to cw and pulsed 2450 MHz fields in a 
waveguide filled with temperature-controlled Ringer's solution. Absorbed power densities var.led from 0.003 to 
1.7 W/cc for cw and 0,3 to 30 W/cc peak for pulsed fields, 

Although 2450 MHz microwave fields have been used 
for diathermy since the mid-1940's, the full effect of 
such radiation on biological tissue remains obscure, 
The most obscure effects of the fields are those re
ported as low level effects on the CNS and peripheral 
nerves. In much of the reported work, it is difficult 
to relate the effect to the actual field in the nerve 
tissue causing the effect, Kamenskii (1) and Roth
meier (2) reported some non-thermal effects on frog 
sciatic nerves at low power levels, It is difficult 
to determine, however, what the actual temperature 
changes were in these nerves, since the nerves 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 and 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 presen_t 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 tn a lucite tank con- · 
taining Ringer's solution 6cm in depth (three times 
greater than the depth of field penetration). In each 
experiment, a frog sciatic or a cat saphenous nerve 
was pulled through the 3mm diameter holes. on the wave
guide parallel to the electric field of the TEl0 mode, 
Both ends of the nerve were immersed in minera oil
filled chambers 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 less than 3%-of the inc~dent•power, 
The temperature of the Ringer's solution was con
trolled within± 0,02°C by a constant,temperature cir
culator with 2.5 gallons/min maximum pumping.capacity. 
The temperature of the solution was monitored at the 
outlet of the waveguide with a thermocouple. Cw and 
pulsed power sources, operating at 2450 MHz with inci
dent and reflected powers measured by means 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 absorbed power densities of 3 mW/cc, 30 mW/cc, 
and 300 mW/cc in the nerve. The pulse width was 10 
µsec and the pulse recurrence frequency was 1000 
pulses per second. Continuous waves were 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 first 10 minutes and shut off for the 
final 10 minutes. Compound action potential data from 
the nerves 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 -P 

P. 4a IA R e-2ax 

where 

P: absorbed power density in th~ nerve (W/cc) 

PI: incident power (W) 

PR: reflected power (W) 

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

2 
A: cross-sectional area of the waveguide (cm) 

1/a: depth of field penetration in Ringer's solu
tion (1,78cm at 2450 MIiz) 

A study was first performed to determine the ef
fect of the controlled solution termperature on the 
compound action potential and conduction velocity of 
the isolated nerve, The results are shown in FIG, 2 
for the frog nerve and in FIG, 3 for the cat nerve. 
In each case the temperature was first decreased from 
normal to approximately 10°C below body temperature. 
The temperature was then increased 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 caused 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 animals rather than cold
blooded animals should be used to evaluate effects of 
microwaves on the nervous system for better quantitat
ive extrapolation to humans. 

Exposure of the frog and cat nerves did_~ot result 
in any amplitude, conduction velocity, or excitability 
changes during the time that the constant temperature 
circulator was on for any level of either cw or pulsed 
irradiation. Slight increases in excitability and 
conduction velocity were detected during the time that 
the circulator was off for power absorption levels of 
30 and 300 mW/cc. These effects can be attributed to 
.temperature changes according to FIG, 2. FIG, 4 shows 
that the absorption (1.7 W/cc) due to very high power 
irradiation caused a slight increase 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 
was shut off and the temperature was allowed to in
crease due to radiation, Frog action potential ampli
tude and latency were degraded at a temperature around 
35•c, This is consistent with the results shown in 
FIG. 2. After irradiation, the response either recov
ered or degraded, according to how high the .tempera
ture was, In a third series of experiments, double 
stimulation pulses 1,2 milliseconds apart were used, 
The response due to the second pulse was in the rela
tive refractory period of the first response, The 
characteristics of the second response was more sensi
tive to temperature changes, This indicates that a 
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a slight microwave-induced temperature rise in the pe
ripheral nerve could possibly alter firing patterns of 
the neurons in the central nervous system. 
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MICROWAVE INTERACTION WITH THE AUDITORY SYSTEMS OF HUMANS AND CATS 

Arthur W. Guy, Eugene M. Taylor, Bonnie Ashlemari and James C. Lin 
Department of Rehabilitation Medicine 

University of Washington School of Medicine 
Seattle, Washington 98195 

Abstract· 

Recordings from elements of the auditory system of cats in response to pulsed microwaves, as well as determi

nations of thresholds of 2audibility of humans to the pulses indicate that an auditory sensation may be elicited by 

pulse_ energies >20 µJ / cm , regardless of average or peak power. 

Summary 

Introduction 

There have been numerous reports of microwaves eli
citing an auditory sensation [1, 2, 3], although the 
neural substratum for the sensation remains obscure •. 
In this paper we wish to describe the responses of cer
tain elements of the auditory system to pulsed micro
wave radiation. The recording of cochlear microphonics, 
auditory nerve responses, and thalamic-evoked potenti~- · 
als from the cat in response to stimulation by both a
coustic energy and microwave energy indicate that the 
microwave pulses are eliciting authentic auditory acti
vity, The threshold of audibility of the microwave 
pulses to both cats and humans was determined as a 
function of pulse characteristics. 

Results 

Microwave pulses in both the UHF and microwave 
bands evoke activity in the medial geniculate nucleus 
of the cat. As is seen in the lower portion of FIG. 1, 
the radiation-evoked activity from the nucleus, which 
is involved in auditory mechanisms, is very similar to 
that evoked by a conventional click stimulus from a 
pulsed loudspeaker. The late slow wave in another 
brain area of the same cat (in the general somatosenso
ry thalamic region) is the same for both pulsed micro
wave stimulation and conventional acoustic input (FIG. 
2). That both acoustic and microwave energy are eli
citing similar responses in parts of the CNS other than 
auditory areas indicates that the microwave input is 
not merely generating an artifact in either the prepa
ration or the recording equipment. 

A high-resistance carbon electrode, transparent to 
microwaves, applied to the round window of the cochlea 
of the cat was used to record activity in response to 
both a conventional click stimulus and microwaves in 
the UHF and microwave bands (FIGs. 1, 3). Both acous
tic stimuli and microwave pulses elicit activity at the 
round wind~w that includes the cochlear microphonic and/ 
or the N1 and N2 response of the auditory nerve. There 
is a strong indication that the microwave pulse is pro
ducing N1 and N2 activity with little or no microphonic 
activity. The microphonic in the microwave case is . 
either extremely brief and lost in the microwave arti
fact, greatly attenuated, or absent. Frey [4] has dis
counted the role of the cochlea in microwave acoustic 
effects, partly on the basis of not observing a micro
phonic in either cats of guinea pigs. We think, on the 
basis of our own observations, that this question de
serves careful examination, particularly as we did ob
serve a nearly classic N1 and N2 response as supported 
by latency characteristics and oy response to anoxia as
indicated in FIG. 4. 

The round window responses suggest intriguing ques
tions regarding the mechanism of action of microwave 
radiation of the auditory system. As shown in FIG. 3, 
microwave pulses at 2450 MHz yield potentials at the 
round window which, while having the same periodicity as 

acoustically evoked signals, have components whose amp
litudes are dependent on the orientation of the radia
tion source with respect to the cat's head. Of parti
cular interest is-the observation that round-wiridow re
sponses elicited by radiation directly over the inferi
or temporal area have the same form as those elicited 
by the acoustic click stimulus. On the other hand, by 
positioning the applicator at a variety of sites re
moved from the immediate auditory area, a unique series 
of potentials with increasing amplitudes is obtained. 
As can be seen, these'potentials are produced by radi
ation in the X as well as the S band. The pulse cha
racteristics for eliciting auditory effects are given 
in parts a,.b and c of TABLE I for three different fre
quencies for-the cat. The pulsed microwaves·were also 
audible to the co-investigators with the pulse charac
teristics shown in part i of TABLE I. The data clearly 
indicate that the threshold is a function of the energy 
per pulse rather than the average or peak power. It is 
significant to note that the threshold energy for de
tection by one subject with normal hearing reflected -by 
the audio11:ram in FIG. 5 was approximately one-third to 
one-fourth that required for another subject with sen
sori-neural hearing impairment shown by the audiogram 
of Subject 2. Each individual pulse could be heard as 
a distinct click with the sound originating from some
where within and near the back of the head. Short 
pulse trains could be heard as chirps with ·tone corres
ponding to the pulse recurrence rate. When the· pulse 
generator was keyed manually, transmitted digital codes 
could be accurately interpreted by the subject. The . 
threshold for two pulses within several hundred micro-· 
seconds apart was the same as-one pulse with the same 
total energy as the pulse combination. 

. Conclusion 

While there is thus considerable evidence for the 
perception of pulsed microwave radiation as an auditory 
sensation, a number of questions regarding the mechan
ism responsible for the phenomenon remain. Further 
analysis of the mechanical, electrical, as well as the 
neural mechanisms involved is necessary, particularly 
as this phenomenon seems to represent the elusive class 

·of "non-thermal" EM radiation effects in a situation 
accessible to experimental analysis. 
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FiG. l* Peripheral and central auditory responses to 
speaker clicks and microwave pulses in the 
cat. 
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FIG. ·2 · Cross-modal CNS' responses to speaker -clicks and 
microwave ·pulses in the cat. 
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I AUDITORY RE::F'a'JSE OF CAT lD MICRONAVE PULSE 

FIG. 3 Peripheral and central auditory responses to. 
speaker clicks and microwave pulses in the cat. 
Arrow indicates cochlear microphonic. 

STIMULUS 

SPEAKE~Rc.....-___ lN_IT_I_AL_,...___ 
CLICK 
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FIG. 4 Decrement in speaker and microwave pulse-in
duced round window response resulting from 
tracheal occlusion. Microwave-induced response 
dropped out at 4.0 minutes, coincident with the 
loss of the N1 and N2 components of _the speaker-
induced response. · 

* For microwave pulses, pulse· rate = 1 pulse/sec., pulse width = 32 µsec. Energy density/pulse >47.0 µJ/cm 2 for 

S band, >28.3 µJ/cm 2 for UHF and >500 µJ/cm 2 for X band. 
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TABLE I 

Pulse characteristics at threshold of evoked auditory responses. 

THRESHOLD OF EVOKED AUDITORY RESPONSES IN CAT THRESHOLD OF EVOKED AUDITORY RESPONSES IN. CAT 

. a. 918 11Hz (ONE PULSE/SEC) BACKGROUND NOISE 64 DB b •. 2450 11Hz (ONE PULSE/SECi BACKGROUND NOISE 64 DB 

PEAK POWER AVG POWER 11AX POWER PULSE WIDTH ENERGY DENSITY 

DENS ITV DENS ITV OENSIT:J (µs) PULSE , 
(W/cm2) (µW/cm2) (µW/cm ) (µ'J/c~2) • .. 

' PEAK I NC I DENT AVG I NC I DENT PULSE WI 0TH ENERGY DENS I TY/ 

POWER (W/CM2) POWE~ (µW/CH2) (µS) PULSE (µJ/CH2) 

. 35;6 17,8 · 0.5 17 .8 

5,8 17 .4 12.3 3 17 .4 17.8 17.8 ·1 17 .8 

10 20.3 2 20. 3 

3,88 19.4 13.8 5 19.4 ·s.o 20.3 4 20.3 

2.26 22.6 16 10 22.6 
4.0 20:,3 5 20, 3 

2.2 21.6 10 21.6 

1.37 20.6 14.6 15 20.6 
1.9 28.0 15 28.0 

1.17 20.6 16.6 20 23 .4 1.7 33.0 20 33.0 

0.97 24,3 17 .2 25 24.3 
.61 15,2 25 15.2 

1.5 47 32 47 

0.80 28. 3 20 32 28. 3 

(b) 

(a) 

THRESHOLD OF EVOKED AUDITORY RESPONSES IN CAT THRESHOLD OF EVOKED AUDITORY RESPONSES IN 

c. CAT1 (ONE PULSE/SECOND, X BAND) d. HUl1AN
2 

(2450 11Hz 3 ·PULSES/SEC) BACKGROUND NOISE 45 DB 

BACKGROUND NOISE 64 OB 
PEAK I NC I DENT AVG I NC I DE~ POWER PULSE WIDTH 
POWER (W/Cl12) (µW/Cl1 ) 

APPROX I 11ATE VALUES 
40 120 

PEAK INCIDENT POWER (W/C112) 20 120 

AVG INCIDENT POWER (µW/CH2) 472 TO 1240 
13,3 120 

10 120 

PULSE WIDTH (µS) 32 8 120· 

ENERGY DENSITY/PULSE (µJ/CM2) 472 TO 1240 
4 ,120 

2.33 105 

2, 15 129 

(c) 1.8 135 

1.25 120 

(d) 

Footnotes: 

1. Application of power directly to top of exposed skull required to elicit responses. 

2. T~resholds for subject #1,in FIG. 5. 
3. • 28 with earplugs. 
4. 135 for subject #2 in FIG. S • 

..a ~-10 ,--------------------
0 
_J 0 
~ 10 
~20 
i3o 
r- 40 
~50 
~6J 
~ 70 ~...__ _ _,___ _ __._ __ .___...__ _ ___.__ _ _.;...,.____. 

125 250 500 1000 2000 4000 8000 
FREQUENCY (Hz) 

FIG. 5 Audiograms of human subjects used for determining thresh- .· 
olds of audibility to pulsed microwave. 

· ' 323 

(µS) 

l 

2 

3 

4 

5 

10 

15 

20 

25 

32 

ENERGY DENS I TY/ 
PULSE (µJ/Cl12) 

40 

40 

40 

40 

40 

40 

353 

43 

45-

40 



i ' 
.• ~--,.-1'1 ..... J..:. 

I. -,,. - ~- ., 

'; •' 
V: 

~1 •.• , 

' 

THE EFFECT OF CHRONIC, LOW-LEVEL MICROWAVE RADIATION ON THE 
TESTICLES OF MJ:.CE 

Sterling J. Haidt and Arthur H. McTighei' 
Division of Biological Effects, Bureau of Radiological 

Health, FDA,. USPHS, Rockville, Maryland 20852. 

(*Present address: Department of Pathology, Yale 
University School of Medicine,.New Haven, Connecticut) 

Abstract 

·Testicular damage has occurred in mice which were exposed to 2,45 GHz CW whole-body radiation at an average 

exposure of 6.5 ITM/crrffor a total of 230 hours over a two-month period. No post~irradiation. increase in rectal 

temperature was noted, 

Introduction 

Previous studies of the biological effects of 
whole-body microwave radiation have concentrated ori 
acute exposure situations associate·d with a post

exposure rise in rectal temperature. Studies of spe
cific orga~s, such as the testicle~ or eyes, have used 

near-field exposures directed at the organ· in question, 
A relatively untouched area of microwave bio-effects 
research has been the study of the ~hronic, low-level 

(i.e., insufficient to cause an ~ncrease in core tem
perature) effects of microwaves on experimental animals 
together with a post-irradiation pathological examina
tion of critical tissues. 

Previous authors have notedihistological changes 
in dog testicles associated with exposure to 10 cm. 
microwaves at 5 mW/cm2 • These experiments were done. 

with the microwaves directed specifically at the tes
ticles and resulted only when the testicular temperas 

ture .was increased (1). Other experimenters have ex
amined the effects of whole-body radiation on testic
ular morphology of the rat but have used high exposures 

(60 mW/cm2) associated with increased rectal tempera- · 

ture (2). 

The pr.esent study was designed to assess the effect 

of chronic, low-level microwave radiation on an inbred 

strain of mouse which is used for .studying genetic cat

aracteous effects (3) •. One ·of the.target organs ex
amined for evidence of biological damage was the 
testicles. 

Experimental Design· 

Eighteen male mice were divided into experimental 
and control groups. Sham exposures were given to the 

control group in which·conditions were identical except 
for the absence of radiation. The experimental group 

· was exposed to CW radiation of 2 .45 GHz for 18-hour 
periods.· The interval between exposures alternated 
between 30 and 90 hours. Using !this sc;hedu le, the 
mice were exposed for 230 hours (12 exposures) over a 
2-month period. During exposures, the. mice were al
lowed restricted movement i~ a styi:-ofoam cage which 
was placed in the center of a plexiglas environmental 

chamber, Environmental conditions 'were 220c, 50 per 
cent relative humidity with the air in the environ~ 
mental chamber exchanged 14 times ,a minute •. The ex
posure distribution was sampled uniformly over the 
volume which could be occupied by the mice (without 
the mice being present) using a NBS-BRR developed 
three-dimension a 1 probe. Exposures were non-uniform 
and ranged between 0.5 and 25 nM/cm2 with th~ mean of 

measurements in 54 locations being 6.5 nM/cm. Rectal 

and scrotal skin temperature remained un~hanged follow
ing irradiation. 

At 4 days post- irradiation, 14 out of the 18 mice 

were sacrificed and the testicles examined. The 
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remaining 4 mice were sacrificed at 30 days post- ·· 
irradiation, 

Results 

H·istological specimens from the ·testicles of each 

of the 18 mice were submitted for pathological exami~· 
nation in a "blind" manner. Pathological examination 

disclosed that 7 out of the 9 exp6sed testicles 
showed evidence of microwave damage while only 2 out 
of the 9 control testicular slides sh.owed similar 
pathological changes. The results are:statistically 
significant at the P': .06 level. The typical patho
logical changes consisted of scattered lesions noted 

near the surface of the testicles. Within these 
lesions (see Figure 1), various stages of tubular 
degeneration were found, Within affected tubuies; 
the vari.ous cellular layers were disorganized and the 

.nc,rmal spermatogenic ·cycle disrupted. In some cases, 
vacuole formation occurred and giant cells were· 
present. The interstitium appeared congested and 
Sertoli cells appeared prominent. Interstitial 
(Leydig) cells appeared normal. Tubules near the 
center of the testicles appeared similar to controls 
(see Figure 2), The pathological changes in the 30 
day post-irradiation testicles were similar .. to the 4 

day. post-irradiation testicles. 

Discussion 

Other microwave bio~effects researchers have 
demonstrated that the microwave energy absorbed by 
different biological structures is different for 
identical exposure rates (nM/cm 2) (4,5), Since ab
sorbed energy is responsible for the biologica 1 effect 
observed, comparisons between exposure situations are 
valid only if one knows the dose (i,e,, absorbed 
energy) effect relationship. Since dose was not de
termined in this experiment, it is impossible to es
timate to what degree extrapolation to the human sit
uation is possible, Hopefully, future experiments 
will include determinations of distributed and in
tegral absorbed dose· in the experimental animal, 

Conclusion 

Testicular damage has occurred .in mice exposed to 
a dose of low-level chronic microwave radiation in
sufficient to cause a rise in rectal temperature. 
Considering the spotty distribution of the damage, it 
is unlikely that infertility would result, However, 

additional work is needed to characterize the low
level testicular effects of microwaves and study the 

period of biological recovery, 
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Fig. 1 
Damaged Semeniferous Tubule 

Fig. 2 
Normal Semeniferous Tubule 
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MICROWAVE IRRADIATION SACRIFICE: APPLICATION IN NEUROCHEMICAL RESEARCH 

D. E. Schmidt, M. J _. ·Schmidt, G. A. Robison,·· Department of Pharmacology and 
The-Tennessee Neuropsychiatric Institute 

L.K. Wilson, Electrical Engineering Program 
Vanderbilt University, Nashville, Tennessee 37203 

Abstract 

Temperatures, inactivation rates of adenyl cyclase·, phosphodiesterase and cholinesterase, _and levels of 
acetylcholine and cyclic AMP were measured in•rat brain following microwave sacrifice. Results indicate that 
such sacrifice results in rapid and simultaneous inactivation of enzyme systems throughout the brctin. Levels of 
acetylcholine and cyclic AMP in brain compare favorably to those obtained following other means of sacrifice. 

Introduction 

Analysis of compounds such as acetylcholine (ACh), 
choline, cyclic AMP and other substances in brain re
quire rapid inactivation of enzyme systems due to the· 
rapid post-mortem changes in levels which have been 
shown to occur. Ideally such inactivation should occur 
in situ and should be rapid and simultaneous through
out the brain. In addition, pre-sacrifice and sacri
fice stress should be minimal and post-sacrifice 'dis
section of brain into discrete anatomical areas is very 
de.sirable. Microwave irradiation .sacrifice (MIS), 
first suggested by Stavinoha 1 , appears to be a prom-
ising approach in obtaining these goals. ' 

Results 

Measurement of the rate of temperature ris.e 2 in 
brain following MIS indicate a rapid increase, with 
temperatures of 70~8o0c being reached in 15-20 seconds 
in a 200-250 gm rat. Measurement of cholinesterase2 

(table 1) following MIS indicates that complete and 
simultaneous inactivation occurs throughout brain. 
Similar results were obtained for inactivation of 
phosphodiesterase and adenyl cyclase activity 3 •. Com
plete enzyme inactivation in brain corresponds to a 

·1rain.temperature of 60-750C. 

Measurement of the levels of ACh·in brain following 
MIS yielded values which are higher than those gener
ally appearing in the literature 2 (table 2). The cor
responding value for free choline (28.7 nmoles/mg whole 
brain) was significantly lower than previous literature 
values for free choline. Levels of cyclic AMP in brain 
and brain areas 3 , 4 (table 3) are comparable to those 
obtained by rapid freezing. 

Discussion 

Temperature and enzyme activity measurement in 
brain indicate that rapid and simultaneous inactivation 
of enzymatic activity occurs during MIS. Levels of 
ACh and choline following MIS yield values which are· 
interpreted as.more closely approaching true in vivo 
levels. ACh values, which'decline rapidly post
mortem, are higher than those generally found in the 
literature, indicating that post-mortem loss is re
duced. Choline. values, which rise rapidly post
mortem, are significantly lower than previous values. 
The MIS value for choline (28.7-nmoles/gm) ·closely 
approximates the estimated in vivo value for free 
choline as determined by Dross and Kewitz 5. Similarly, 
cyclic AMP values, which rise rapidly post-mortem, are 
comparable to those obtained by rapid freezing. 
However, unlike freezing, MIS permits rapid, accurate 
dissection into discrete brain areas prior to analysis. 
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MIS can be applied to animals with chronically im
planted brain cannulae without .loss of brain tissue. 
Reasonable localization of brain constituents is pre
served as indicated by injection of dyes through such 
cannulae prior to MIS. Dye distribution does not vary 
significantly in MIS animals versus control animals. 

MIS does, however, destroy fine cell structure 
thereby rendering measurement of subcellular ·distribu
tion of ACh and cyclic AMP unlikely. Thermally un
stable compounds and enzyme activities also cannot be 
assessed in MIS animals. In addition, in the present 
MIS system, some transient heat mediated enzyme acti
vation is doubtless occurring due to the low power 
density and the resultant relatively slow rate of 
inactivation. 

Table I 

TIME COURSE OF INACTIVATION OF CHOLINESTERASES IN 
VARIOUS AREAS OF RAT BRAIN 2 

Brain area 

Duration of exposure to 
microwave irradiation 

Control 5 sec 10 sec 15 sec 20 sec 

Cortex 682±39;, 722±14 557± 72 18±31 0 
Midbrain-hypothal. 506±27 581±40 484±121 34±59 0 
Hippocampus 352±10 373±62 342± 62. 36±62 .0 

,•, µMoles ACh hydrolyzed/g tissue/h. Radiation was 
applied to 230 g male rats. Each value represents the 
mean± standard deviation of 3 animals.~ 

~·: 

Table II 

DISTRIBUTION OF ACh IN DISCRETE AREAS OF 
THE RAT BRAIN 2 

Area 

Striatum 

Tissue wght 
(mg) 

126± 5;, 
Hypothalamus 45± 2 
Midbrain 169± 7 
Brain stem 172± 6 
Hippo campus 109± 3 
Cortex 650± 7 
Cerebellum 204± 3 
Whole 1474±12 

brain>'::', 

± S.E.M. 

nmoles 
ACh/g 

46.96±2.22 
34 .12±1. 67 
30.69±1.22 
27. 37±1. 22 
24.24±0.51 
18.95±0.46 

6.55±0.93 
23.54±0.79 

% Total % Total 
brain wght ACh 

8.5±0.3 18.8±1.l 
3.1±0.2 4,5±0.3 

11.5±0.5 15.0±0.6 
11. 8±0. 5 13.9±0.4 

7.4±0.2 8.0±0.4 
44.1±0.3 35.9±1.1 
13.8±0.2 4,4±0.9 

"i':<;,': Vdlue calculated as sum of the areas. 
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Table III 

AMOUNTS OF CYCLIC AMP IN BRAIN AREAS AFTER 
MICROWAVE IRRADIATION4 

Area 
Cyclic AMP 
(nmole/g) 

Cerebellum 1.86±0.06 
Brain stem 1.87±0. 06 
Hypothalamus 1. 60±0. 04 
Midbrain 1.43±0.11 
Hippocampus 0.84±0.09 
Cortex 0.74±0.06 

,.·. 

Values represent the mean and standard error of the· 
mean from six separate determinations. 

Conclusion 

MIS has been shown to be a promising method for 
sacrifice of animals prior to analysis of heat stable 
compounds in brain. This method of sacrifice yields 
values for ACh, choline and cyclic AMP which more 
accurately reflect in vivo brain levels. In addition, 
such analysis can easily be performed on discrete brain 

areas, and advantage over "whole brain" studies. MIS 

causes an apparent reducti'on in pre-sacrifice and sac
rifice stre·ss in animals when compared to decapitation 
and/or freezing. , . .Design and construction of a more 

powerful focused microwave 'system should greatly reduce 
:lnact:i v;:it :i.011 time to under one ·second and will be de
r:igned as· l;o ftrr-thcr r1oduc0 o:r 01.i.minate ,,;tress. 

Reduction or elimination of stress will.prevent physio

logically induced changes in level or turnover prior· to 

sacrifice. Inactivation in less than one second will 

allow very minimal time for ani changes to occur in ·in 

vivo levels of brain compounds during enzyme inactiva
tion. Such a system will allow the most accurate 
determination of true in vivo levels and turnover rates 

of various ,heat stable -:;-eurotransmi tters to date and 

will represen; a significant advance in the area of 
neuroscience. 

Acknowledgments 

This work was supported by grants from.NIH 

(AM14240) and NIMH (MH-11468) of the U.S. Public 
Health Service, Training Grant MH-08107 and. Health 
Science Advancement Award #5-S04-FR 06067. 

References 

1. Stavinoha, W.B., Peplke, B. and Smith, P.W. 
Pharmacologist 12, 257 (abs), 1970. 

2. Schmidt, D.E., Speth, R.C., -Welsch, F. and Schmidt; 
M;J. Brain Research~, 377, (1972). 

3. Schmidt, M.J., Hopkins, J.T., Schmidt, D.E. and 
Robison, G.A. Brain Research 42, 465, (1972). 

4. Schmidt, M.J., Schmidt, D.E. and Robison, G.A. 
Science 173, 1142, (1972). 

5. Dross, K, and Kewitz, H., Naunyn-Schmiedebergs 
Arch. Pharmakol. 274, 91, (1972). 

327 

;~ i 

('. 


