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IN VITRO STUDY OF MICROWAVE EFFECTS 
ON CALCIUM EFFLUX IN RAT BRAIN TISSUE 

by 

Abstract: Considerable experimental evidence has been presented iden-
, tifying adverse central nervous system response to electromagnetic 
radiations, the severity of response being a function of such variables 
as power density, frequency, exposure. duration and facilitating factors 
(e.g., drugs, stress). Despite the safety standards currently observed 
(e.g., maximum power densities of 10 mW/cm2 in the U.S. and 10 µW/cm2 
in the Soviet Union), much research remains to be performed in identi
fication_ of minimal values of these variables (or combinations of vari
ables) for which threats to biological well-being are clearly posed .. 

The research reported herein addressed the prospect of pulsed
microwave induced alteration of 45ca++..,.efflux in brain tissue at low 
values of pulse repetition frequency (PRF) and power density under 
in vitro experimental conditions, Rat cerebral samples were incubated 
for 30 minutes in 45ca++-treated medium and then transferred to fresh, 
45ca++ ... free solution (efflux medium) for a 20 minute exposure to far
field pulsed-microwave irradiation according to one of several PRF
power density schemes: 16 Hz at 0.5, 1.0, 2.0, and 15.0 mW/cm2, and 
32 Hz at 1. 0 and· 2. 0 mW/cm2• Measurements of radioactivity in the tis
sue samples and in aliquots of the efflux media at post ... irradiation 
were used to calculate a 45ca++-efflux value for each sample. Control 
samples were then processed in an identical fashion with the exception 
that power was not applied to the irradiation chamber. 

Preliminary statistical treatment of the data reveals no signifi
cant differences between irradiated and control sample efflux values. 
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~·• Introduction: Bawin, Kaczmarek and Adey (1) reported a range of fre

quencies, 6-20 Hz, whose sinusoidal modulation (80-90% modulation 
depth) of a 147-:MHz carrier could produce significant increases in 
45ca++ efflux at low power densities (around 1 mW/cm2) in neonatal 
(2-7 days in age) chick forebrains. The latter experimental subject 
was selected for its high sensitivity to small perturbations in ex
tracellular ca++ concentrations. The maximal response occurred at 
16 Hz, where 45ca++ efflux was'found to be 18.5% above controls. 
Frequencies outside this range, as well as the unmodulated carrier 
itself, were ineffective in producing any efflux changes. 

A subsequent report by Bawin and Adey (2) considered the actions 
of only the slow modulation frequencies on 45ca++ efflux, motivated by 
the apparent absence of effects on efflux in brain tissue irradiated 
with unmodulated carrier in an earlier experiment (1). Samples of cat 
cortical tissue were included in this experiment along with chick 
brains. Here, it was concluded that direct application of 6-16 Hz 
sinusoidal fields could produce a decrease in 45ca++ efflux in chick 
and cat brain tissue. However, this effect was observed only when 
signals in the "window" of neuroactive frequencies possessed ampli
tude values within another "window" ranging from 56 to 100 V/m. 
The reduction in efflux was found to be as much as 15% below that of 
controls. 

The findings reported in the two original papers (1,2) have been 
confirmed in later reports. 

In view of these reports, it was decided to extend the basic 
exposure schemes to pulsed-microwave energy experiments. 

Methods: Male albino Sprague Dawley rats, 140-200 g, were used exclu
sively in these experiments and were allowed Purina Chow and water ad 
libitum. The animals were sacrificed by means of cervical dislocation 
and the cerebral hemispheres rapidly removed. Frontal lobe samples 
were obtained with a #10 surgical blade by three cuts: a midsagittal 
cut, a horizontal cut originating at the frontal poles and extending 
to about midpoint along the longitudinal axis, and a coronal cut 
approximately 5 mm posterior to the frontal poles. Thus, two samples 
were obtained per animal. The samples were then weighed and placed in 
beakers partially immersed in ice prior to incubation while additional 
samples were obtained. Three pairs of forebrain samples were processed 
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together in a group as either experimentals or controls, Each day 
consisted of a morning and an afternoon experimentation session, In 
each session an experimental group was first processed, followed by 
a control group which subsequently occupied the same chamber apparatus 
to accomplish "sham" irradiation. Four groups (one set) of experimentals 
and four groups of controls comprised the sample population for each 
experiment. Additional details are provided in the individual experi
ment descriptions_ given in Table l. The incubation medium used in these 
experiments was that described by Cooke and Robinson (3): 124 mM NaCl, 
26 mM NaHCOj, 5 mM KCl, 12 mM KH2P04,. 1.3 mM MgS04, 0, 75 mM CaClz, 10 
mM glucose. The "loading" medium included 10 Ci/cc of 45ca*. An L..-band 
horn transmitter was positioned vertically above a plexiglass water bath 
which was centered beneath at the horn center-point. The irradiation 
was performed in the center of the 10 ft x 10 ft test center of an Emerson 
and Cunnning 10 ft x 10 ft x 24 ft tapered Eccosorb anechoic chamber, The 
samples were contained in glass beakers and arranged in two parallel rows 
of 3 beakers each by a floating styrofoam holder, the array dimensions 
being restricted to values much smaller than those of the mouth of the 
horn. The samples were maintained in the far-field region, with the k
vector normal to the array surface. Heating effects were considered 
negligible as a result of measurements made in media..-filled beakers under 
exposure conditions. Incident power densities at the sample~array plane 
wave were obtained using a Narda Electromagnetic Radiation Monitor (Model 
8361b) and Isotropic Probe (Model 8231). A gentle back-and-forth, lateral 
motion (approx. one cycle per second) was imparted to the array by a long 
plexiglass rod(½" dia.) attached to the floating styrofoam holder in the 
water bath and adapted to the shaft of a Research Specialties shaking 
water bath maintained approximately 1 yd away from the·irmnediate irradia
tion area. Water was maintained at JOOC by a Neslab heating unit outside 
the chamber and routed to and from the plexiglass reservoir in the chamber 
by tubing. Lateral displacements of the styrofoam holder were limited 
such as to keep the samples at all times underneath the horn mouth. 

Carrier 
Pwr Density Freq P.W. PRF Duty Planned II Samples 

Exp. II (mW/cm2) (GHz) (msec) (Hz) Factor Exposure Control 

I 1.0 1 20 16 0.32 24 24 

II 2.0 1 20 16 0.32 24 24 

III 0.5 1 20 16 0.32 24 24 

IV 1.0 1 10 32 0,32 24 24 

V 2.0 1 10 32 0.32 24 24 

VI 15,0 1 20 16 0.32 24 24 

Table 1. Exposure Parameters 

Results: The term "efflux value" in this study was taken to mean specifi~ 
cally 

efflux value= CPM 
CPM (:medium) 

(tissue)+ CPM (medium) 
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where CPM (medium) is the total counts-per-minute (CPM) in the efflux 
medium as determined from measurements made on the aliquots and CPM 
(tissue) is the total C):'M measured in the tissue at the end of an ex
periment. The denominator, then, represents the total CPM in the 
tissue at the outset of an experiment. 

All results were subjected to only the basic statistical analysis 
becau_se of time limitations, and "further such analysis will be performed 
shortly, though confidence in the basic findings here is expressed. 
Nonetheless, the treatments applied permitted preliminary evaluations of 
any differences between exposed and control efflux values. Extreme values 
were also scrutinized and discarded where statistical protocol allowed. 

Expt. 

I 

II 

III 

IV 

V 

VI 

A summary of all results of this study is presented in Table 2. 

Pwr Dens. Efflux Value (m±:.S .D.) Student's t-test 
mW/cm2 Exposed (n) Control (n) t 

1.0 36.8+5.6 (24) 39.5+4.2 (23) 1.9 

2.0 34.4+6.l (24) 32.3+6.9 (24) -1.1 

0.5 36.7+4.5 (24) 36.6+4.l (24) -0.1 

1.0 40.3+5.0 (24) 39.1±4.6 (24) 0.9 

2.0 39.o+5.0 (22) 39.4+4.0 (24) 0.3 

15.0 39.4+6.8 (24) 38.4+4.0 (24) -0.6 

Table 2. Summary of efflux values. Efflux values are expressed 
as mean percentages (m) and standard deviations (S.D.), and the 
number of samples (n) used in calculating each value is given in 
parentheses. 

Conclusions: Low power density, 'pulsed-microwave· energy is ineffective 
in producing significant displacements of 45ca++-efflux values from 
those determined for controls. 
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