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MODIFICATION OF HEART FUNCTION WITH LOW INTENSITY 

ELECTROMAGNETIC ENERGY 
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A l l a n  I!. F rey  and Edwin S. E i c h e r t  
Randomline, I n c .  

Huntingdon V a l l e y ,  PA 19006 

ABSTRACT 

T h r e e  groups  of f r o g s  were exposed t o  pulsed modulated 
r ad io  f r e q u e n c y  e l e c t r o m a g n e t i c  (EM) e n e r g y .  Dne group was 
s u b j e c t e d  t o  a l t e r n a t i n g  ten-minute  p e r i o d s  of energy  exposure  
and sham e x p o s u r e ,  w i t h  t h e  e x p o s u r e  p u l s e s  s y n c h r o n i z e d  w i t h  
t h e  r i se  of t h e  R-wave. A second group was s u b j e c t e d  t o  
a l t e r n a t i n g  ten-minute  p e r i o d s  of e n e r g y  e x p o s u r e  and sham 
t lxposure,  w i t h  t h e  e x p o s u r e  p u l s e s  synchronized  w i t h  t h e  
T-wave. The t h i r d  group was shan-exposed c o n t r o l s .  The d a t a  
i n d i c a t e d  t h a t  rate of change of h e a t  is i n f l u e n c e d  by e x p o s u r e  
t o  E?I e n e r g y  a t  i n c i d e n t  a v e r a g e  power d e n s i t i e s  o f  3 micro- 
watts/cm2. S y n c h r o n i z a t i o n  of t h e  energy  p u l s e s  w i t h  t h e  phase 
O F  t h e  c a r d i a c  c y c l e  is of consequence .  

INTRODUCTION 

F r e y  and S e i f e r t  ( l ) ,  u s i n g  t h e  i s o l a t e d  f r o g  h e a r t ,  €ound 
t h a t  when t h e  h e a r t  was exposed t o  p u l s e s  of e l e c t r o m a g n e t i c  
(EM) e n e r g y  synchronized  t o  occur  w i t h  t h e  QRS complex,  t h e  
h e a r t  r a t e  i n c r e a s e d  and sometimes a r r h y t h m i a  o c c u r r e d .  The 
i n c r e a s e  was s t a t i s t i c a l l y  s i g n i f i c a n t  w i t h  a v e r a g e  i n c i d e n t  
power d e n s i t i e s  o f  6 p W / c m 2 .  Exposure a t  t h e  o c c u r r e n c e  of t h e  
P-wave, d u r i n g  t h e  P-Q i n t e r v a l ,  an$ sham e x p o s u r e  d i d  not  c a u s e  
similar e f f e c t s .  Other e x p e r i m e n t e r s  a l s o  have r e p o r t e d  e f f e c t s  
on t h e  h e a r t  (2-5). Thus, a complementary exper iment  w a s  under-  

201 

(‘opyright 0 1986 by Marcel Dekker, Inc. 

E
le

ct
ro

m
ag

n 
B

io
l M

ed
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

B
 G

ie
ss

en
 o

n 
10

/3
0/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



202 FREY AND EICHERT 

t a k e n  t o  d e t e r m i n e  i f  t h e  changes  s e e n  by F r e y  and S e i f e r t  i n  
t h e  i s o l a t e d  h e a r t  p r e p a r a t i o n  would o c c u r  i n  vivo. 

MATFRIALS ANE METHODS 

Leopard f r o g s  (Rana P i p i e n s )  were p i t h e d  and p laced  v e n t r a l  
s i d e  up on a p o l y s t y r e n e  s u r f a c e .  They were r e s t r a i n e d  a t  t h e  
arms and 1.egs by p l a s t i c  c l i p s .  The v e n t r a l  hody w a l l  was 
opened and e l e c t r o d e s  p l a c e d  so a s  t o  minimize  t h e  p o s s i b i l i t y  
of a r t i f a c t s .  Egg-car ry ing  f r o g s ,  t h o s e  w i t h  n o t j c e a h l e  
paras i tes ,  and t h o s e  w i t h  non-bea t ing  hear t s  were not  u s e d .  
A f t e r  p i l o t  e x p e r i m e n t a t i o n ,  24 f r o g s  were used j n  t h e  d a t a  
c o l l e c t i o n  r e p o r t e d  h e r e .  Twelve were s u h j e c t e d  t o  a l t e r n a t i n g  
10-minute p e r i o d s  of e n e r g y  e x p o s u r e  and sham e x p o s u r e ,  w i t h  t h e  
exposure  p u l s e s  s y n c h r o n i z e d  w i t h  t h e  r ise of t h e  R-wave. S i x  
were  s u h j e c t e d  t o  a l t e r n a t i n g  10-minute  p e r i o d s  of e n e r p y  
e x p o s u r e  and sham e x p o s u r e ,  w i t h  t h e  e x p o s u r e  p u l s e s  synchron-  
i z e d  w i t h  t h e  T-wave. S i x  were used as non-exposure c o n t r o l s ,  
t h r e e  i n  each  of two non-exposure c o n d i t i o n s  used.  In one 
c o n d i t i o n ,  t h e  p r e p a r a t i o n  was s h i e l d e d  from t h e  energy  w i t h  a 
p i e c e  of EM e n e r g y  a b s o r b e r  (Cccosorb  A N 7 7 ) .  I n  t h e  o t h e r ,  El” 

e n e r g y  was d e l i v e r e d  t o  a durrry load  i n s t e a d  of t o  t h e  h o r n  
a n t e n n a .  

The h e a r t  r a t e  of a t y p i c a l  p r e p a r a t i o n  d e c r e a s e d  by 2-3;; 
d u r i n g  e a c h  l O l i l i n u t e  p e r i o d ,  a s  is normal .  G e n e r a l l y ,  t h e  
h e a r t  rewained a c t i v e  f o r  t e n  t o  twelve  1 0 - m j n u t e  p e r i o d s .  To 
c o n t r o l  f o r  p o s s i h l e  non-li near  h e a r t  rate d e c r e a s e s ,  h a l f  of 
t h e  p r e p a r a t i o n s  were i n i t i a l l y  sham exposed and h a l f  were 
i n i t i a l l y  exposed  t o  s y n c h r o n i z e d  pulse-modulated e n e r g y .  

The p r e p a r a t i o n  was p o s i t i o n e d  on a p o l y s t y r e n e  s h e e t  
(which is e s s e n t i a l l y  t r a n s p a r e n t  t o  t h i s  e n e r g y )  arid p l a c e d  on 
cl t a b l e  nade of F c c o s o r b  A Y 7 7 .  The t a h l e  was i n s i d e  a n  EM 
e n e r g y  a n e c h o i c  e n c l o s u r e  c o n s t r u c t e d  frorr Cccosorb  A N 7 7 .  The 
p r e p a r a t i o n  was l o c a t e d  a p p r o x i n a t e l y  90 cir below t h e  open end 
of  a s t a n d a r d  g a i n  h o r n  a n t e n n a .  Measurements of t h e  EX f i e l d  
showed t h a t  t h e  e n e r g y  w a s  e v e n l y  d i s t r i b u t e d  a t  t h e  h e a r t ’ s  
l e v e l .  

The f r o g ’ s  e l e c t r o c a r d i o g r a m  (ECG) was m n i t o r e d  w i t h  t h e  
iuqe of  a p a i r  of e l e c t r o d e s .  Fach e l e c t r o d e  w a s  c o n s t r u c t e d  
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ELECTROMAGNETIC ENERGY AND THE HEART 203 

from a 20-gauge, 5-cm l o n g  s ta inless-s teel  tuhe  connec ted  t o  t h e  
c e n t e r  l e a d  of a 1-m l e n g t h  s u b m i n i a t u r e  c o a x i a l  c a b l e  
(RG 196) .  These two c a b l e s  were passed  through a 1 - c m  d i a m e t e r  
p o l y s t y r e n e  t u b e .  The e l e c t r o d e  assembly  was f i x e d  t o  t h e  t u b e  
by c o o l i n g  mol ten  p o l y s t y r e n e  on t h e  e l e c t r o d e  ends where t h e y  
p r o j e c t e d  from t h e  t u b e .  The s h i e l d s  were connectd  a t  t h e  
e l e c t r o d e  end of t h e  t u b e .  The p o l y s t y r e n e  tube  passed  t h r o u g h  
a h o l e  i n  t h e  Eccosorh  e n c l o s u r e  and w a s  s u p p o r t e d  by a 
m i c r o m a n i p u l a t o r  o u t s i d e  of t h e  e n c l o s u r e .  For  minimal f i e l d  
e f f e c t s ,  t h e  t u b e  was p o s i t i o n e d  p e r p e n d i c u l a r  t o  t h e  e l ec t r i c  
f i e l d  produced by t h e  h o r n  a n t e n n a .  With t h e  a i d  of a 
n i c r o m a n i p u l a t o r  and a microscope ,  t h e  t i p s  of t h e s e  
s t a i n l e s s - s t e e l  e l e c t r o d e s  were p laced  i n  c o n n e c t i v e  t i s s u e  
a p p r o x i m a t e l y  3 mm from t h e  h e a r t ,  one n e a r  t h e  t o p  of t h e  h e a r t  
and t h e  o t h e r  n e a r  t h e  apex .  

The s u b m i n i a t u r e  c o a x i a l  c a b l e s  from t h e  e l e c t r o d e s  w e r e  
a t t a c h e d  t o  a d i E f e r e n t t a l  a m p l i f i e r  i n  a d u a l - t r a c e  o s c i l l o -  
s c o p e .  The t ine  b a s e  f o r  each trace w a s  a d j u s t e d  t o  t r i g g e r  on 
t h e  P-wave of t h e  f r o g ' s  ECG. The sweep ra te  w a s  a d j u s t e d  so 
o n l y  a s i n g l e  ECG c y c l e  o c c u r r e d  d u r i n g  a sweep. The o s c i l l o -  
s c o p e  p r o v i d e d  a p u l s e  t o  a j a c k  e a c h  time a sweep was 
t r i g g e r e d .  A f t e r  s h a p i n g  by a d i o d e  clamp d i f f e r e n t i a t o r ,  t h e  
p u l s e  was a p p l i e d  s i m u l t a n e o u s l y  t o  t h e  EN e n e r g y  g e n e r a t i o n  
c i r c u i t r y  and t o  a computer .  The computer w a s  used t o  measure 
and s t o r e  t h e  p e r i o d s  of t h e  ECG ( t i w e  between P-waves). 

The EM e n e r g y  g e n e r a t i o n  c i r c u i t r y  c o n s i s t e d  of a pulse 
, "enera tor  (ATL Model 104)  which  d e l a y e d  t h e  p u l s e  b e f o r e  i t  was 
used t o  modillate an EM e n e r g y  t r a n s m i t t e r .  The t r a n s m i t t e r  was 
a d j u s t e d  t o  d e l i v e r  one 5 - n i c r o s e c o n d  p u l s e  t o  t h e  p r e p a r a t i o n  
each  time t h e  machine r e c e i v e d  a t r i g g e r  p u l s e .  The t r a n s m i t t e r  
ilso c o n c u r r e n t l y  provided  a s y n c h r o n i z a t i o n  p u l s e  t o  a jack .  
T h i s  l a t L e r  p u l s e  was a p p l i e d  t o  t h e  o s c i l l o s c o p e ' s  second i n p u t  
a m p l i f i e r  and a l lowed t h e  m o n i t o r i n g  of t r a n s m i t t e r  p u l s e s  on 
t h e  second trace of t h e  scope .  Thus, t h e  e x p e r i m e n t e r  c o u l d  
s i a u l t a n e o u s l y  m o n i t o r  t h e  ECG and t h e  a p p a r e n t  t r a n s m i t t e r  
o u t p u t .  The word a p p a r e n t  i s  used because  t h e  t r a n s m i t t e r  
m o n i t o r i n g  p u l s e  would a p p e a r  on t h e  scope  even d u r i n g  t h e  sham 
e x p o s u r e  c o n d i t i o n .  T h i s  w a s  a c o n t r o l  on the e x p e r i m e n t e r ,  who 
was not  aware of whether  t h e  e x p o s u r e  was a c t u a l  or sham. The 
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204 FREY AND EICHERT 

e x p e r i m e n t e r  a d j u s t e d  t h e  d e l a y  t i m e  of t h e  p u l s e  g e n e r a t o r  
t h r o u g h o u t  t h e  e x p e r i m e n t  to m a i n t a i n  s y n c h r o n i z a t i o n  of t h e  EM 
energy  p u l s e  w i t h  t h e  r ise of t h e  R-wave o r  t h e  rise of t h e  
T-wave, a s  r e q u i r e d  d u r i n g  a p a r t i c u l a r  run by t h e  e x p e r i m e n t a l  
d e s i g n .  A s t e p p i n g  r e l a y  w a s  c y c l e d  a u t o m a t i c a l l y  by t h e  
c o n t r o l  c i r c u i t r y .  It p r o v i d e d  a l t e r n a t i n g  lo-minute  p e r i o d s  of 
exposure  and sham e x p o s u r e .  Dur ing  sham e x p o s u r e  p e r i o d s ,  t h e  
e n e r g y  was a p p l i e d  to a dummy load  r a t h e r  t h a n  to t h e  horn 
a n t e n n a  . 

The FM e n e r g y  carrier f r e q u e n c y  of 1 . 2 5  GXz w a s  modulated 
t o  d e l i v e r  5 - m i c r o s e c o n d  p u l s e s  of e n e r g y  to  t h e  f r o g ,  i n  
synchrony w i t h  t h e  rise of t h e  R w a v e  i n  one group and a t  t h e  
r i s e  of t h e  T-wave i n  t h e  o t h e r  group.  The i n c i d e n t  power 
d e n s i t y  was measured b e f o r e  and a f t e r  each  e x p e r i m e n t a l  r u n  w i t h  
a quar te r -wave  d i p o l e  c o n n e c t e d  i n  series w i t h  a Hewle t t -Packard  
Yodel  477B t h e r m i s t e r  m u n t  and a Hewlet t -Fackard Model 430C 
power meter. With a h e a r t  rate of a p p r o x i m a t e l y  one b e a t  p e r  
s e c o n d ,  t h e  i n c i d e n t  a v e r a g e  power d u r i n g  e x p o s u r e  was 3 puW/cm2. 

F o r  d a t a  p r o c e s s i n g ,  a t r a i n  of  p u l s e s  was i n p u t t e d  t o  a 
c o n p u t e r  by a p u l s e  g e n e r a t o r .  The computer  counted  t h e  rnimber 
of p u l s e s  r e c e i v e d  and s t o r e d  t h e  count  i n  a memory l o c a t i o n .  
The p u l s e  g e n e r a t o r  was o p e r a t e d  a t  1 KHz; t h u s ,  t h e  sys tem was 
c a p a b l e  o f  r e s o l v i n g  ECG i n t e r v a l s  t o  0.001 s e c o n d .  A s  
p r e v i o u s l y  n o t e d ,  a P-wave t r i g g e r  p u l s e  was d i r e c t e d  to t h e  
computer .  Each such  t r i g g e r  p u l s e  s t e p p e d  t h e  computer  from i t s  
p r e s e n t  memory l o c a t i o n  t o  t h e  n e x t  l o c a t i o n .  

A f t e r  e a c h  10-minute  e x p o s u r e  o r  sham e x p o s u r e  p e r i o d ,  t h e  
a u t o m a t i c  c o n t r o l  c i r c u i t r y  a c t i v a t e d  a s t r i p  c h a r t  r e c o r d e r  t o  
f i r s t  r e c o r d  a c u r r e n t  10-second p o r t i o n  of t h e  f r o g ' s  ECG and 
t h e n  r e c o r d  t h e  c o n t e n t s  of t h e  computer  memory. A f t e r  s t o r i n g  
t h e  computer ' s  memory c o n t e n t s ,  t h e  c o n t r o l  c i r c u i t r y  changed 
t h e  e x p o s u r e  c o n d i t i o n s  and reset t h e  computer  f o r  t h e  next  
e x p o s u r e  p e r i o d .  The p r i n t - o u t  i n t e r v a l  w a s  a p p r o x i m a t e l y  
2 m i n u t e s .  

A l l  equipment  was p e r m i t t e d  t o  w a r m  up and s t a b i l i z e  [or 
3 honrs b e f o r e  each e x p e r i m e n t a l  run .  The a c c u r a c y  of t h e  d a t a  
c o l l e c t i o n  s y s t e m  was checked  b e f o r e  and a f t e r  each r u n  by t h e  
power company's 60-112 p o w e r l i n e  f r e q u e n c y .  The data from one 
R-wave s y n c h r o n i z e d  r u n  was d i s c a r d e d  because  t h e  equipment  d i d  
not  conform to  c a l i b r a t i o n  s t a n d a r d s  a f t e r  t h e  run. 

E
le

ct
ro

m
ag

n 
B

io
l M

ed
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

B
 G

ie
ss

en
 o

n 
10

/3
0/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



205 ELECTROMAGNETIC ENERGY AND THE HEART 

A l t e r n a t i n g  p e r i o d s  of exposure  and sham exposure were 
r epea ted  u n t i l  t h e  h e a r t b e a t  ceased. Data c o l l e c t e d  dur ing  the  
las t  recorded per iod  was r e j e c t d  i f  t n e  h e a r t b e a t  ceased d u r i n g  
t h a t  t i m e .  I f  i t  stopped dur ing  the  pr in t -out  i n t e r v a l ,  the  
d a t a  from t h e  las t  completed per iod  was r e t a i n e d .  Af t e r  each 
expe r imen ta l  run, the  s t r i p  c h a r t  r eco rds  were labe led  wi th  a 
code number and d e l i v e r e d  t o  a n o t h e r  exper imenter  f o r  b l i n d  
a n a l y s i s .  

The e v a l u a t i o n  c o n s i s t e d  of d i v i d i n g  each lO-minute 
exposure or sham exposure cond i t ion  i n t o  t en  l - m i n u t e  periods. 
The count i n  t h e  computer memory a t  t he  s t a r t  of a c o n d i t i o n  and 
a t  t he  end of each of the  t en  1-minute per iods  was obta ined .  
These e l even  d a t a  p o i n t s  a r e  r e f e r r e d  t o  as period d a t a .  I n  
a d d i t i o n  to  r eco rd ing  per iod  d a t a ,  t he  number of d i s c o n t i n u i t i e s  
g r e a t e r  t han  0.02 seconds du r ing  each  l - m i n u t e  i n t e r v a l  was a l s o  
recorded  as an  i n d i c a t o r  of a r rhythmia .  

RESULTS 

The mean times between h e a r t b e a t s  f o r  each minute of t h e  
1O-minute pe r iods ,  as w e l l  as l i n e a r  r e g r e s s i o n  l i n e s ,  a r e  
p l o t t e d  i n  F i g u r e  1. The d a t a  des igna ted  as CONTROL (non- 
exposure  Eccosorb and dummy load cond i t ions )  were combined 
because  t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  non- 
exposure  d a t a .  The average h e a r t  r a t e  i nc reased  a t  a r a t e  of 
0.1.Z per minute f o r  t h e  R-ON c o n d i t i o n .  It decreased  a t  a ra te  
of 0.6% p e r  minute f o r  R-OFF, 0.4% p e r  minute f o r  T-ON, 0.7% p e r  
minute f o r  T-OFF, and 0.4% per  minute f o r  CONTROL. The use  of t 
tests on t he  percentage  change i n  h e a r t  rate i n d i c a t e  s i g n i f i -  
c a n t  d i f f e r e n c e s  between R-ON and R-OFF ( P  < .005), between R-ON 
and CONTROL ( P  < .005),  and between T-ON and T-OFF ( P  < -05). 
The d i f f e r e n c e  between T-ON and CONTROL w a s  not s i g n i f i c a n t ,  and 
t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  i n  a r rhythmia .  

The s l o p e s  of t h e  r e g r e s s i o n  l i n e s  and t h e  c o r r e l a t i o n  
c o e f f i c i e n t s  are shown i n  Table  1. 

DISCUSSION 

The d a t a  i n d i c a t e  t h a t  t h e  h e a r t  f u n c t i o n  of an & viva 
p r e p a r a t i o n  can be in f luenced  by exposure to low- in t ens i ty  
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206 FREY AND EICHERT 

1.5 

1.3 

0 2 4 6 8 10 

T I E  AFTER START OF TREATENT (MINUTES) 

V i 7  e f F ~ i : t  o i  dtfrrrwlt coiidt t Lnris o f  electromnp1etI.c energy 
~ - s i ~ ' ~ ~ : ! i - e .  3s 3 f r inrt ton of exposurt+ t ine ,  is fllllstraterl hy a 
p:..,t of ~liniite-to-nfnllta : P C ; . ~ : ~ Q  and Linear regression 1 ines .  The 
::;.it4 are sca1.ld as obtained, in  terms of the t i m e  between 
beats.  Thi i s ,  slowing of the hcart is shown by a r t se  j n  the 
curve-  !:at4 obtained when the energy impinged a t  the F- or 
T-wave are designated R-ON and T-@I!, respectively.  Data 
t.rDt4int.d fror preparations that had no expofiure to the energy 
ere desIEnatcd CONTROL, R-OFF, and T-OFF. 
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ELECTROMAGNETIC ENERGY AND THE HEART 207 

TABLE 1 

R e g r e s s i o n  L i n e  S l o p e s  and C o r r e l a t i o n  C o e f f i c i e n t s  
f o r  Each C o n d i t i o n  

r -- - SLOPE -_ CONDITIOhT 

R-on -0.33 -. 71 

P.-of f 1 .08 .98 

T-on 0.67 .84 

T-of f 1 . 4 3  .91 

C o n t r o l  0.88 .98 

p u l s e d  EY r a d i a t i o n .  The rate of change i n  h e a t  was a f f e c t e d ,  
h u t  t h e  p r e p a r a t i o n  a p p e a r s  t o  be mre r e s i s t a n t  t o  a r r h y t h m i a  
t h a n  an i s o l a t e d  p r e p a r a t i o n .  It a l s o  a p p e a r s  t h a t  t h e  e x p o s u r e  
must be f o r  more than  one minute  f o r  a s i g n l f i c a n t  e f f e c t  to  
a p p e a r .  

T h i s  f i n d i n g  can  be r e l a t e d  t o  t h e  work of Lords e t  a l .  
( 6 ) ,  who exposed i s o l a t e d  t u r t l e  h e a r t s  t o  microwave-frequency 
f i e l d s  between c a p a c l t o r  p l a t e s .  They found t h e y  c o u l d  i n d u c e  a 
b r a d y c a r d i a  a t  an absorbed  power of  3 .3  mW. They suggeqted  t h a t  
t h e  e f f e c t  m i p h t  be due t o  s t i m u l a t i o n  of t b e  p a r a s y m p a t h e t i c  
and sympathe t  Fc n e r v e  remnants .  In a fol low-up e x p e r i n e n t ,  
Tinney e t  a1. ( 7 )  found t h a t  o v e r  a narrow pwer range  of 
a p p r o x i m a t e l y  2-10 mW/g a b s o r b e d  d o s e ,  t h e r e  was a p p a r e n t  
s t i m u l a t i o n  of s y m p a t h e t i c  and p a r a s y n p a t h e t i c  n e r v e  remnants  
which c o u l d ,  r e s p e c t i v e l y ,  i n c r e a s e  o r  decrease t h e  h e a r t  r a te .  

T i g r a n i a n  ( 2 )  a l s o  s t u d i e d  t h e  e f f e c t  of exposure  of t h e  
f r o g  h e a r t  t o  EM e n e r g y .  Re found t h a t  modulated e n e r g y  
e x p o s u r e  o c c u r r i n g  a t  t h e  time of t h e  P ,  R and T waves d i s t u r b e d  
t h e  h e a r t  r a t e .  With t h e  modulated e n e r g y ,  he found t h a t  s i n o -  
a t r i a l  b l o c k  developed .  With unmodulated f i e l d s ,  he r e p o r t e d  
t h e  e f f e c t  was smaller f o r  t h e  same i n c i d e n t  a v e r a g e  power and 
was q u a l i t a t i v e l y  d i f f e r e n t  i n  n a t u r e .  C h a l k e r  e t  a l .  ( 3 ) ,  
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208 FREY AND EICHERT 

using i s o l a t e d  f r o g  h e a r t s  arid a lieliiir neon l a s o r  sc?nsor, found 
that tlie &?nt rste of t h e  lwnt-t clinnp.cd w i t h  e x p o s u r e  t o  t h e  
cnergy .  They r e p o r t  t h a t  t h e  o n s e t  of  t h e  cl!anEe was f a s t  
conpared t o  t h e  t h e r m l  ti.me c o n s t a n t .  

Schwar tz  c t  a l .  (4) a s s e s s e d  r a l c l u m  e f f l u x  i n  t h e  ??Cart 

exposed t o  encrgy .  They found an e f f e c t  occlired only a t  a 

; ~ ~ ? ~ i l a t L o i i  of 16 I!o, n o t  with cont inuoi ia  pnergy  or t h e  o t h e r  
aoriii latinn f r e q m n c I . e s  t h a t  t h e y  a w d .  IJhen Sciiwartr and 
?iealInp, ( 5 )  u s e d  a d i f f e r e n t  ca r r l r r  f r e q u e n c y  and naly a t r i a l  
s t r i p s  OF t h e  fro!: heart ,  t h e y  foiirid r h e r c  vas no c a l c i u m  e f f l u x  
c h n p e .  T!?!s r;iiy;p?.rts e i t h e r  t h a t  the a t r i a l  s t r i p s  are no!. 
s e n s i t i v e  t o  t h e  cncrf:y, or tha t  t h e  carrier f r e q u e n c y  is of 
tnportnnct=. In SUY, a var ie tp  of e x p e r i m e n t s  have  s!iown an 
i.aF111eiice o f  F:! e n e r g y  911 t l w  h e a r t .  

Severa l .  a i i t l lo rs  have  r e p o r t e d  what t h e y  t h o u g h t  t o  be 
rnntrsdlztory rCsiilts, bit tlwrs weri? d e f e c t s  i n  the1.r 
r x p e r i n r n t s .  Jauclier et al. ( 8 )  imed a f r e q u e n c y  of 5.6 G!lz t o  
IZXiWSt? !a tar t  r a t s .  T h y  r e p o r t e d  thcp d i d  not CLnd n change  i n  

heart CRI:C a t  t h e i r  1ow;:r power d s r i s i t y .  Ilowever, one would not 
1 . s X p e c t  to i l a c !  mi e f f e c t  cn thin h e n r t  d t h  5.6 afz  f r e q u e n c y  
eoerjy.  It does n o t  p e n e t r a t e  t h e  skin and t h u s  docs not  r e a c h  
t h e  ! w a r t .  rhou r t  a ! .  (4) also r e p o r r  no e f f e c t  on t h e  h e a r t  
nf t!xpos:irr t o  1:: cnergy. liovever, t h e y  used as s u b j e c t s  o n l y  3 
r e i - b i t s  w i t h  a carrier f req i iency  a t  2 4 5 0  !!Az. A s i d e  from t h e  
f a r * t  t h a t  t h e  cilrrler f reqrrency bas pec.uliar p e n e t r a t i o n  c h a r a c -  
t s ? r i n t i c s  t h a t  maiglit linve r e s u l t e d  in l l t t l e  enc!ri:y rrachinp t h e  
I i C A r t ,  it  would he  imposs ib le  to  AIIOV a s t H t i n t L c a l l y  s l g n i f i -  
(:;tiit eF::rct using ooly 3 r a b b i t s .  I n  aCdition, r a h h i t s  have a 
w r y  l a b i l e  h e a r t  rate. Fven i f  t h e y  had used r e a s o n a b l e  s i z e  
i:rOtIi>S, i t  would have been iinli1..ely t h a t  an e f f e c t  would a p p e a r ,  
since the v a r i a n c e  1.n t h e  d a t a  b70iild Ix q u i t e  h i g h .  T!ius, t h e i r  
e x p t ? r i n e n t a l  design closed oiit t h e  p o s s i b i l i t y  of finding an 
e f f e c t  bePore  t h e y  even  s t a r t e d .  Two other p a p e r s  from t h a t  
Labora tory ,  Yet! et a l .  (ln.11) were also d e f e c t i v e  a d  p r o v i d e  
no u s a b l e  d a t a .  Clopman and  Ca1n r e p o r t  f i n d i n g  no e f f e c t  
( 1 2 ) .  They used two f r e q u e n c i e s  of microwave e n e r g y  and exposed  
the t s o l a t e d  f r o g  h e a r t  a t  t h e  P-wave, 100 msec a f t e r  t h e  
P-wave, and 200 msec a f te r  the P r a v e .  But t h e  e x p o s u r e s  to EM 
energy were o n l y  one ml.nute i n  l e n g t h  and the d a t a  we r e p o r t  
h e r e  shows t h a t  t h a t  I s  too short  a n  e x p o s u r e  to  see a n  e f f e c t .  
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ELECTROMAGNETIC ENERGY AND THE HEART 209 

Thus, t h e  d a t a  as a whole c l e a r l y  i n d i c a t e s  t h a t  t h e  h e a r t  
responds  t o  M e n e r g y ,  p a r t i c u l a r l y  i f  it i s  pulsed  and  the  
p u l s e s  i n p i n g e  a t  t h e  r i g h t  t i n e  i n  t h e  c a r d i a c  c y c l e .  The c 'a tn  

a v a i l a b 1 P  on the  h e a r t  are not s u f f i c i e n t  to  draw concl i i s ions  
a b o u t  m e d i a t o r s .  Rut a neuro-humoral mecl-anisr may he 

i w o l v e d .  The n e u r a l  syster;, i s  r e s p o n s i v e  to  t h e  energy ,  as 
Frey  and o t h e r s  have shown (13) .  
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