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'ABSTRAéT
HChanges haVevbéén'found.in cé]cium—ion binding to bfaﬁn-tissﬂé‘~ '
exposed in Xj}gg.to a specific field strength (0.83 ﬁW/cmz) of 147?MHi .
radiation, amp]ifude mbdu]ated by a 16-Hz sine Wave. This report repli-
cates and extends this previous work. * |

To defihe more precisely the range of effective field stréngths,"

- two different numbersﬁbf samples were treated in a Crawford cell with

147-MHz radiation, sinusoidally modulated at 16 Hz. 1In one series, four

" brain tissues were exposed at a time; in the other series; four brain
tiésues plus six dummy loads were exposed together. While the.four-samp1e
- configuration produced a narrow field-strength window, the ten pseudo-sample -
"Eénf{éuféfibﬁ'resu]ted 56 a broader’fiéid-stféhgfh window. .Thé reasbn "
“for the sample-number dependence is unresolved, but may be due to interactions

-between samples and field distortions caused by the close spacing.. .

The ten pseudo-sample configuration was used to test for the presence
and range of a field-strength window at a sinusoidal modulation frequency
of 9 Hz. The response curve at 9 Hz was essentially identical to the

results for 16-Hz sine-wave modulation.
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INTRODUCTION
hBawin-et 51 (1975) reported that a 147 MHz carrier wave, s1nuso1da11y :
. amplitude modulated between 6 ahd 20 Hz, can enhance the efflux of
calcium fons from brain tissue exposed in vitro. We described results

(Blackman et al., 1977); consistent with Bawin's report, which revealed
| an additional and'unusuaj finding: :the enhanced efflux of ca]eium ions
occurred onTy within a narrow range of ffe]d-strengths. . At the same

time, Bawin et al. (1977) reported a similar field-strength window with

. a 450 MHz carrier wave, amplitude modulated at 16 -Hz.

We have conducted further experiments to answer two questions: (1),.
z‘does the w1dth of the f1e1d-strength w1ndow depend on the number of

- bra1n samp]es exposed s1mu]taneous]y in. our system7 and (2) does the ;;h35 -
.frequency of modulation affect the location or w1dth of this window?
These experiments used an.improved experimenta]_desighi tha@iis, }he
results of each exposure condition have a companion set of resu]ts

obtained under identical conditions, excepf exposure was to zero

field-strength radiation.



Blackman-5

MATERIALS .

Exposure System -

Samples were treated in a rectangular transmiesion line (Crawford
ee1]) exposure system which has been described in detail e]sewhere _
(Wei] 1978; B1ackmen et al. 1979) The 147-MHz radiofrequency carr1er
which was supp]1ed by a crysta] contro11ed s1gna1 generator (Wavetek _
Model 3000), was amp11tude modulated (>95%) with a sine wave at either eiti

}16 Hz or 9 Hz from a funct1on generator (Kron=H1te Model 5200)
rmodu]ated signal was then amp]1f1ed by a 9.5~ watt 11near~power amp]1f1er
(E]ectron1c Nav1gat10n Industr1es Mode] 510L) Forward ref]ected and
. transmltted powers were mon1tored w1th two 20 db b1d1rect1ona1 coup]ers f}f»
“(Hewlett-Packard Mode] 435A) in order to character1ze the d1str1but1on t
of energy within the exposure system o

A foamed po]ystyrene chamber hous1ng the transm1ss1on 11ne ma1n- ‘}'
'talned the air temperature within the chamber at 37 0.2°C_by means of
a proportxonal temperature controller (Ali, 1975). Contrb]iéamp1es were =
placed on small she]ves w1th1n the chamber adJacent to the transm1ss1on
line so that these were 1in essent1a]1y the same therma1 env1ronment as 13”‘;
the samp]es p]aced within the transm1ss1on line.

B1olog1ca] Samples

~The bra1n t1ssues were from 1- to 4~day o]d ch1cks (Ga]]us domest1cus

either Shaver or Young stra1ns) obta1ned from North Caro11na State

Un1vers1ty




Blackman-6

" 'The medjum used in this study was composed of 155 mM NaCl1;, 5.6 mM = -

Media

KC1, 2.16 mM Caciz; 2.4 nM NaHCO,, and 11.1 mM glucose. For the radio-

active labeling of tissues, this medium was supplemented with calcium-45

~at 4.6 pCi/m1 (New England Nuclear, 2.1 mCi/mmole). Al1 solutions were - :
- prepared on theléame day that they were used.  Thé pH.of thé.solutions B

was 7.6?7.8 and the temperature was 37°C, except fof the 20-min water

‘bath treatments at 32° and 41°C.
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METHODS AND PROCEDURESv:

‘Preparation of Tissues’

The chicks were killed by decapitation. The top of the skull and
then the forebrain were removed from each chick. Each forebrain_was

divided at the'midline and the twoshemispheres then piaced into a test

tube. The hemispheres: of each forebra1n were ma1nta1ned as an exposure“ o

After four brain- t1ssue pairs were prepared, one ml of caTcxum-45 '
-'labe]ed med1um was added to each samp]e tube' a11 tubes were then pTaced

in a water bath and ag1tated for 30 min at 37°C Fo]low1ng the 30- min'

o e]abe11ng per1od the radxoact1ve so]ut1on was’ asp1rated and the t1ssues ?5°‘Tw“;t :

. |
control pair throughout subsequent treatments and ana1yses B . - ) ’.';
‘rlnsed in the fo]]ow1ng manner Two m1 of un]abe1ed med1um were added
to each tube and then poured with the t1ssues into small p]ast1c sxeves-
held in a rack° The tissues were then rinsed by inmersjon in two 250-ml 3
volumes of unlabeled medium. The rinsing procedure took aporoximateTyv4.[
min. The tissues, free of any ]oose1y-associated radioactiue calcium, A
were then placed in polystyrene tubes (17 mmix 40 mm) which contained 1 :

m1 of medium.

Exposure of Tissues }"., : 2' ;h 'h.fl "-':tiff R ,e{d;v‘
Lucite racks ho]ding the tissue samp]es were‘arranged.syhmetricaiiy

" on e1ther side of the transmission line's center conductor S1m11ar

‘racks conta1n1ng the control tissues were p]aced in the foamed po1ystyrene "

chamber on shelves a]ongs1de the transm1ss10n 1ine at a pos1t10n where

the e]ectrlc field strength was more than}30 db below the field strength

inside the transmission line. | A
Four ch1ck brains were treated at once, w1th ha]f of each bra1n

being used as contro] and the other ha]f as exposed sample Another |

2
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four brains were treated as described above but without microwave radiation.

In this set, the;samples'p]aced_Within'thévtranSmiSSiOn 1ine were subjected

to a sham exposure. This combined series of eight b}ain pairs, prepared.
and treated within one hour, represented one replication df the basic
experiment. - Several replications were done for each combiﬁatioh of
frequency, power density and number of tubeé. Fof somé combinétions;
several’rep]icationsAweré done together and thén severai mofe were done
at a'1atér_time; this delay introduced a possible time yariab1e.

The tissues were éxposed to 147-MHz radiation for 20 min in a
sefies of experiments ataO- 9-, or‘16-Hi‘sinusoida1 amp]itude~mddu1ation'

power dens1t1es of - 0 11 0 55 0. 83 1 11 1 38 and 1 66 mW/cm -were

" used Elther four tubes or ten tubes were in the chamber at a t]me

The four samp]e tubes were a]ways p]aced in the same re]at1ve 1ocat1ons

.For the ten-tube exposures, six add1t1ona] tubes conta3n1ng gn]y an

equivalent amount of unlabeled medium were also placed in the racks.

Treétment.of Tissues at Different Temperatures

To evaluate the influence of temperature on the rate of calcium jon
efflux, tissues were prepared as described above. Lucite racks containing

four tissue samples were p]aced»in'water baths for 20 min at either 32°;“

37°, or 41°C; the complementary brain halves were maintained in the 37°C

water bath for that time,period.

Assay for Calcium Ion Efflux ’ - o ”;~ -_.-m;

To estimate the quantity of calcfum ions that had been fe]eased:by :
each tissue durfng the treatment'periéd, 0.2 ml é]iquots ofbbathing '
solution were added.to 5 ml of scintillation cocktai]-(Amersham/Sear]es,

ACS), and counted in a liquid scinti]]atioh counter.

LN

o



. of var1ance for a_one- way des1gn was done for each comb1nat1on In th1s

;-*analys1s add1t10na1 data could be 1nc1uded for those comb1nat1ons that'
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Analysis of Data

The relative quantity of calcium ions released by each tissue pair
was defined as the ratio of the counts per minnte in the treated and
control samples (Vt/Vc). |

For those comb1nat1ons of frequency, power dens1ty, and number of
tubes that had_a possible time variable, an analysis of variance for a

partially nested design was used to test for time and replication effects.

- For those combinations that were not done at different times, an analysis
-of variance for a two-way design was used to test for a replication

‘effect :Since no timé and feplicétion effects were found an énalysis

" had 1ncomp1ete rep]lcatlons which could not be easily 1nc1uded in the

analyseslnf variance for the paftially’nested énd tno:yay dgsfgnsgw




v’“:_f_for 9 Hz and ten tubes/chamber For each of the ‘three cond1t1ons of

‘ eonnared to the sham group (p <0.001).

| response when modulated at 16 Hz. That exposure, at 0.83 mW/cm . showed
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RESULTS
Table 1 gives the sample number (N),.meanj and standard error of
the mean (S.Efb of Vt/Vc for the sham and exposed groups for each com-

bination of frequency, power‘density, and number of tubes. The p-value

_ from the one-way analysis of variance is g1ven in the last co]umn of the

table. There was a significant (p <0. 05) increase in the mean Vt/Vc of

the exposed group as compared to the sham group for eight of the comb1-_" o

' 0.83 mW/cm for 16 Hz and four tubes/chamber; O 55, 0.83, 1 11, and 1 38

|
\
nations of frequency, power dens1ty, and number of tubes These were: "
mW/cm for 16 Hz and ten tubes/chamber- and 0. 55, 0.83, and 1.11 mW/cm

frequency or number of tubes, the same power dens1ty, 0.83 mW/cmz;

produced the greatest increase in the mean Vt/Vc of the exposed group

Table 1 also qiaplays the results of two treatment conditions that o ﬂ
were designed to detect other influences on the calcium-ion effTux., The

first such treatment condition was ‘to expose samples to unmodulated , i7 o

carrier radiation at the same field- strength that produced the greatest L B }

no difference between the exposed and the sham groups (p = 0.765).
second treatment condition was to irradiate the exposed group with zero

fie]d-sfrength, in a-manner analogous to the sham group treatment. This

~ procedure tested the effect of the order in which the eXposed and sham -

groups were alternated. Again no difference between groups was found

~(p = 0.888).
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Figures 1, 2 and 3 are bar graphs of the same data, showing the

mean Vt/Vc for 16 Hz (four tubes) and 16 Hz (ten'tubes), and 9 Hz (ten

tubes), respectively, as a function of incident power density. The

number of samh]es treated at each condition is shown at the top of the

standard error bars.
For those tissues maintained at other temperatures during the

| calcium-ion-efflux period, the results demonstrated an influence of"

temperature on the amount of efflux. The efflux for the tissue halves B

‘was 9% lower at 32°C and 15% higher at 41°C than the efflux for the

corresponding tissue halves at 37°C.

e Apmat B At % e S L deeiuan et e e T T AT e fe s e T et W n L e e
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DISCUSSION

”fhe‘results'we'preéented in an earlier'puh]fcétion'(Blackman et 51;
1979) descrlbed a narrow range of field strengths at. appropriate frequencyv
conditions, in wh1ch calcium-ion eff]ux could be a]tered Because the
'effectxve field strengths were’ too Tow to produce measurable bulk heatlng
(the estimated specific absorpt1on rate was less. than 0. 075 mW/g), we
decided to 1nvest1gate this effect using an improved exper1menta] des1gn '
‘which would provide more effective‘controllover.possib1e artifacts. |
" With thfs»design, déta was accumu]ated>for paired samples of exposed and
control tissue and for paired samples of sham-exposed and control tissue,

l 1n a]ternate tlme per1ods of 30 m1n each throughout the course of a *':f

A'¢.day? By comparing the relative eff]ux va]ues for the exposed and the f!;> .

"sham groups obtained in this manner, any changea that occurred dur1ng
| the day or’beiween days wou1d affect both groups and tend;tolcancel each
other. | | | |

| The results of a field-strength series with a1147—MHi’carrier'
frequency, sinusofda]]y amplitude modulated at 16 Hz; demonetrated that
when four.séhples were eXposed the'infehsity of the effectﬁve'fie]d v
strength and the 1imit to the effect1ve 1ntens1ty range were identical
to our 1n1t1a1 study. The discrepancy between the 0 75 mW/cm cited in
fhe earlier report'and the 0.83 mW/cm2 cited here 1s‘due to a recali-
' bration’of'theAcoup1inQ constant of thejbi-dfrectional coupler, and to a
more precise measurement of the effective cross-sectional area of the
fréhsmission line. The earlier value was in error. Thus, the initial

finding of a narrow field-strength window was replicated with the.improved‘




Blackman-13

,experimenta] design, which resulted in a significant difference between
exposed and sham groups at p < 0.001, compared to p < 0.05 in the_ear]ier
study. _ |
Pilot stud1es 1nd1cated that peak and width of the f1e1d-strength

window would change with the number of samples exposed at one time. To.
sjmp]ify‘the cnmparfson of efflux va]ues for four tubes in the exposure
chamber with a larger number, we elected to uae ten tubes in»the‘chamber;
with four containing brain tissue as invthe fqun-tube case, and sfxbn‘

. containing an euuiva]ent amount of medium. in this way the four brain
samples would.al]owvus'te apply .the same statistical test, Whi1e the six

pseudo-samp]es wou]d 1ncrease the d1e1ectr1c 1oad1ng and 1nteract1on

s PO A

exposure apparatus cause a w1den1ng of the effectlve f1e1d-strength
“'window to both higher and lower values, without a change,in}the field.

strength which produced the maximum d1fference in efflux. This broaden1ng

of ‘the window may be due to- 1nteract1ons between the 1arger number- of

tubes in the system which result in field distortions in the v1c1n1ty of
“the brain t1ssues Th1s prob]em is now befng 1nvest1gated

To determine whether the modu]at1on frequency would affect the

magnitude of the efflux or the pos1t1on of the effect1ve f1e]d~strength

w1ndow samp]es were exposed to a f1e1d-strength series at 9 Hz modu]at1on
- The ten- tube exposure s1tuat1on with its broader effective f1e1d—strength
' w1ndow, was used to enhance the poss1b111ty of detect1ngva window at

9 Hz. VThis.sthategy would have been particularly impqrtant if the »>.

window had shifted to an appreciably different intensity range.  The



| ’va]ues Us1ng zero f1e1d strength rad1at1on to treat both the exposed
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results for 9-Hz modulation were essentially the same as the correspond1ng
16-Hz data The peak of- the field-strength window occurs at the same -
intensity va]ue at the same magnitude and level of significance (p < 0. 001)
and the width of the effectlve field-strengths differs from the 16-Hz

date only at 1.38 mW/cm , where the group exposed at 9 Hz was not dif-
ferent from the sham group. Thus a comparison of results at 9 and 16 Hz
revealed no major differences in the induction of ca]ciom—ion efflux. |

Severa] control experiments were performed to def1ne more carefu]]y

' the 1mportant factors 1nvo]ved in the radiation- enhanced ca]c1um-1on

eff]ux. Expos1ng.samp1es to unmodulated 147-MHz carrier radiation at

n-the max1ma]1y effect1ve f]e]d strength produced no change 1n eff]ux ’>1¥v~~ﬂ.5

~and the sham groups demonstrated no preferential effect due to the-order

of treatment. However, the results of these experiments didpindicate
that conditions were not uniform in the exposure apparatus. The sham-
treated brain halves, inside the transnissionx1ine,lgave:higher values
for_ca]cium-ion efflux than their correspond%ng halves 1n-theocontr01'
positions. The Vt/Vc ratio was approximately 1.06. Although the reason
for this result is unresolved, temperature differences between the
exposed or sham position and the control ]ocat1on may have affected the"

amount of calcium ions released 1nto the solution. In test1ng thls

" thermal hypothesis, experiments using water baths at three-d1fferent S

temperatures showed that the efflux was 9% lower at 32°C and 15% higher
at 41°C than the efflux at 37°C. Although this resu]t is consistent

with the hypothesis, temperature measurements of the medium in tubes
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placed in thé control and treated positions indicated temperature dif-
ferences less than 1°C.__This small temperature diffetence a]oné does
not appear to.bé responsible for the 6% increase in eff1u¥~from samp]és
inside thevtrénsmission_]ine. Further work is being done to evaluate
this result. | | | | |
~In all sixteen exposure conditions conducted with modu]ated radi-

.ation,\the efflux ratios, Vt/Vc, were always greater for the exposed.
samples than for the.sham sémp]es. This unusual result may indicate

" that there 1s a range of f1e1d strengths and modulation frequencies that

can stlmu]ate ca1c1um-1on efflux, with particular f1e1d strengths w1th1n

s T _;figthat range'be1ng h1gh]y effect1ve

;~~~ These exper1ments demonstrate that | ca1c1um 1on eff]ug from bra1ﬁA "
<.tissue in vitro can begafrected by selected,modu1at1on~frequencwes and

f1e]d strengths of 147-MHz radiation. Both the mechanism of interaction

responsible for this change and the consequences of the blochem1ca]

change for the intact animal are yet to be-determ1ned,
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Table 1. Mean relative quantity of calcium fons released by

brain tissue pairs as a function of exposure to

radiofrequency radiation:
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LEGENDS
Figupe 1 Mean relative quantity of calcium ions re]eased by tissue
pairs exposed to 147-MH2 radiation, sinusoidally anp]itude
modulated at 16 Hz, as a function of calculated power density.
Four-tubes containing brain tissue were exposed at a time.
The errop bafs_represent one standard error (SE), the numbers

above each bar indicate the number of samples and *** indicates

p <0.001.
~ Figure 2 Mean relative quantity of ca]cium ions released by tissue .

»ay;pa1rs exposed to 147 MHz rad1at1on s1nuso1da11y amp]xtude

significant differences between the exposed and sham groups at ;
|
|
|

A'”*n"‘jmodulated at 16 Hz -as a funct1on of ca1cu1ated power dens1ty
:-Four tubes conta1n1ng bra1n tissue and six tubes conta1n1ng n “_- 'w
- on]y an equ1va]ent amount of med1um were exposed at a time. o ‘
The error bars represent one standard error (SE), the numbers.
above each bar indicate the number of samp]es‘and * and kx
indicate significant differences»oetween the exposed.and shams
groups at p <0 05 and p <0. 001 respect1ve1y | "
.,-Figure 3 Mean relative quant1ty of ca1c1um jons re]eased by t1ssue f~__ 4:
_ pa1rs'exposed to 147 MHz rad1at1on? s1nuso1da11y amp]1tude ’
-modoiated ap'9 Hz, as a funttion of calculated power density;
Four_tubes containing brain tissne and six tdbes‘containing‘
only an equivalent amount of medium were exposed at a time.
" The error bars represent“one standard error (SE), the numbers
~ above -each bar 1nd1cate the number of samp]es and * and *** .
indicate significant d1fferences between the exposed and sham

groups at p <0.05 and ) <0.001, respect1ve1y.



© _Table 1.

b T 1 .
’ ’ Fig,
A.M. POWER NUMBER Vit/Ve, SHAM Vt/Ve, EXPOSED
FREQ. | DENSITY, | TUBESIN -
{Hz) | {(mW/em2} | CHAMBER | N |MEAN | S.E. | N |MEAN| S.E. P

16 0.11 . 4 32 1.081 | 0.033 | 32| 1.109 | 0.046 0.619

16 0.55 4 52| 1.061 | 0.040 | 52{-1.072 | 0.028 | 0.824

16 0.83 4 634 1.000 | 0.023 {71} 1.120 ] 0.025 {<0.001

16 1.1 4 28 | 1.052 | 0.051 ] 28| 1.100 { 0.052 0.515

16 1.38 4 441 1.093 | 0.032 | 32 1.135 | 0.051 0.466

6 | 011 10 56| 1.095 { 0.034 |55 1,925 1 0.030{ 0.504 |

16 0.55 10 281 0.962 | 0.035 | 36| 1.087 | 0.034 0.021

16 0.83. 10 G4 | 1.024 {1 0.028 | 64 | 1.168 ] 0.032 | < 0.001

16 1.11 10 78 | 1.038 | 0.025 | 78 |: 1.127 | 0.034 0.028

16 | 1.38 10 64 | 1.066 | 0.027 { 64 { 1.174 | 0.036 0.017

16 1.66 10 64 { 1.080 | 0.025 | 64| 1.086 | 0.026 0.863
9 0.11 10 32| 1.076 | 0.047 | 32| 1.147 ] 0.054 0.328
9 0.55 10 63 ] 1.055 | 0.029 | 63| 1.148 [ 0.027 0.019
9 0.83 10 28 1 1.003 ] 0.026 | 32} 1.199 {0.047 < 0.001
9 111 10 321 1.018 | 0.040 | 32| 1.154 ] 0.035 {. 0.013
9 1.38 10 321 1.038 | 0.043 | 32| 1.086 | 0.041 0.427
Q 0.83 10 G4 | 1,098 | 0.037 | 64 {'1.084 } 0.030 0.765
0 0.00 10 32| 1.060 -§ 0.034 | 32 | 1.066 { 0.033 0.888 |

WHERE: Vt DENOTES THE counts per minute FOR THE TR EAT

. il
e

Lo

ED BRAIN HALF.

Vc DENOTES THE counts per minute FOR THE CONTROL BRAIN HALF.

L
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