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G a s t r o i n t e s t i n a l  M o t o r  A c t i v i t y  F o l l o w i n g  E x p o s u r e  to  a H i g h - F r e q u e n c y  E l e c t r i c  F i e l d  ~ 

A q u a n t i t a t i v e  eva lua t ion  of t he  gas t ro in tes t ina l  effects  
of a h igh - in t ens i t y  high f r equency  electr ic  field is de- 
scribed.  The  s t u d y  was d iv ided  in to  two  c o m p l e m e n t a r y  
phases :  first ,  an eva lua t ion  of ace ty lchol ine  respons iveness  
of in tes t ina l  muscle  s t r ips  in  an isola ted  t i ssue  b a t h  and,  
secondly ;  a compar i son  of t he  measured  differences of 
E v a n s  Blue dye  in var ious  por t ions  of t he  gas t ro in tes t ina l  
t r a c t  a t  se lected in te rva l s  fol lowing exposure  to  the  field. 

Mater ia l s  and methods. 110 adu l t  male  Sprague-Daw-  
Icy ra t s  were used.  All an imal s  were  exposed  for 30 min  to  
a 6.0 MHz  electr ic  field be tween  a pa i r  of large condenser  
plates .  The  p la tes  measu red  1.7 m long, 0.61 m wide, and  
w i t h  an average  spac ing  of 0.32 m. This  exposure  device  
was located  in one corner  of an  e lect r ical ly-shie lded room. 
A quas i - s ta t i c  c o m p u t a t i o n  of t he  electr ic  field ex is t ing  
b e t w e e n  t h e  p la t e s  was  of t he  order  of  1500 v /m.  Q-me t e r  
m e a s u r e m e n t s  ind ica ted  t h a t  t he  electr ic  power  d i s s ipa ted  
b y  each an imal  was  less t h a n  i wa t t .  Dur ing  exposure  t he  
an imals  showed no over t  signs of d iscomfor t .  

I n  t he  mo t i l i t y  e x p e r i m e n t  the  an imals  were sacrif iced 
b y  s t u n n i n g  a:t s t a t e d  in te rva l s  fol lowing exposure .  Muscle 
s t r ips  f rom t h e  d u o d e n u m  and  j e j u n u m  were  r emoved  and  
suspended  in an o x y g e n a t e d  b a t h  of Tyrodes  solut ion a t  
37 °C. E a c h  expe r imen ta l  s t r ip  was  pa i red  w i t h  a muscle  
s t r ip  f rom a sham-exposed  an imal  in t he  s ame  vessel  so 
t h a t  di f ferences  in response  could be observed.  The force 
t r ansduce r s  to  w h i c h  t h e  s t r ips  were  connec ted  were  cali- 
b r a t e d  w i t h  t h e  s ame  we igh t  before  t h e  e x p e r i m e n t  so 
t h a t  force m e a s u r e m e n t s  would  be comparab le .  Af te r  
equi l ibra t ion  ace ty lchol ine  chlor ide was  added  d i rec t ly  to  
t he  b a t h  and  the  he igh ts  of c o n t r a c t i o n  of t he  2 s t r ips  
were  used as measures  of respons iveness .  

Propuls ive  mo t i l i t y  was  e x a m i n e d  b y  i n t u b a t i n g  ani-  
mals  w i t h  0.5 ml  of E v a n s  Blue dye  i m m e d i a t e l y  a f te r  
exposure  or s h a m  exposure .  Animals  were sacrif iced a t  in- 
t e rva l s  of 1, 2, 3 and  6 h following i n t u b a t i o n  and  the  dye  
con ten t s  of t he  s tomach ,  smal l  in tes t ine ,  a n d  colon were 
measu red  according  to  a p rev ious ly -pub l i shed  m e t h o d  ~. 

Results  and  discussion.  In  all cases muscle  s t r ips  f rom the  
smal l  in tes t ine  of exposed  an imals  showed a grea t ly  in- 
creased s t r e n g t h  of con t r ac t ion  in response  to  a t e s t  dose of 
acetylchol ine .  This  response  was  p resen t  for 5 days  follow- 
ing t h e  expe r imen ta l  t r e a t m e n t  (Figure). 2~{uscle s t r ips  

f rom the  colons of exposed  an imals  e i ther  failed to show 
increased  con t rac t i l e  force to  ace ty lchol ine  or showed a 
decreased  response  w h e n  c o m p a r e d  to  t he  controls .  

The  resul ts  of t he  d y e - t r a n s i t  s tud ies  are  shown  in t h e  
Table.  I t  was  d e t e r m i n e d  t h a t  a t  b o t h  2 h a n d  3 h a f t e r  in- 
tuba t ion ,  t he  s tomachs  of t he  exposed  r a t s  lost  signifi-  
can t ly  more  dye  on the  average  t h a n  d id  t h e  s t o m a c h s  of 
t he  s h a m  controls .  Dur ing  these  2 and  3 h per iods ,  t he  co- 
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formation Agency. The authors are indebted to Mrs. EILEEr~ MtL- 
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Average values of Evans Blue dye content (rag) in the gastrointestinal tracts of sham control and high-frequency exposed rats 

Sham group Test g_roup 
N X'-- l S~1 N X 2 S~ 

Joint statistics 
S.E.D. X1-X ~ 

1 hour 
Stomach 5 7 . 2 0  11.98 
Small intestine 5 5.52 3.17 
Colon 5 0.48 0.04 

2 hours 
Stomach 5 5.28 3.39 
Small intestine 5 7.18 6.90 
Colon 5 1.30 0.66 

3 hours 
Stomach 5 4.20 3.96 
Small intestine 5 5.02 7.16 
Colon 5 2.50 3.87 

6 hours 
Stomach 5 0.84 0.54 
Small intestine 5 3.44 16.34 
Colon 5 3.28 4.53 

5 4.66 1.62 1.65 2.54 
5 6 . 3 8  1.64 0.98 -0.86 
5 1 . 2 0  1.10 0.48 -0.72 

5 2 . 0 0  0.81 0.92 3.28* 
5 4.46 2.83 1.40 2.72 
5 3 . 4 2  3.40 0.90 -2.12 • 

5 0 . 7 8  0.80 0.98 3.42 • 
5 2 . 3 8  2.12 1.36 2.64 
5 7.24 6.5I 1.44 -4.74 m 

5 0 . 8 4  0.54 0.37 0.00 
5 1 , 1 2  0.72 1.85 2.32 
5 1 . 7 4  0.73 1.03 1.54 

ISignificant at the 0.05 level. 
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Ions of t he  exposed a n i m a l s  col lected more  dye  on  t he  
ave r age  t h a n  did  t he  colons of t h e  controls .  These  differ-  
ences  of ave rage  va lues  were  s ign i f i can t  a t  t he  5 %  level  
of conf idence  u n d e r  t he  nu l l=hypothes i s  t h a t  no  d i f ference  
of averages  would  exist .  

I n  sum, g a s t r o i n t e s t i n a l  t r a n s i t  d a t a  is in  a g r e e m e n t  
w i t h  smal l  i n t e s t i n a l  m o t i l i t y  p a t t e r n s  o b t a i n e d  f rom r a t s  
w h i c h  were  exposed  to  a h i g h  f r equency  electr ic  field. T h e  
h y p o m o t i l i t y  a n d  low respons iveness  to  ace ty l cho l ine  
which  is m a n i f e s t e d  b y  i so la ted  s t r ips  of large  i n t e s t i ne  
f rom exposed  a n i m a l s  is c o n s i s t e n t  w i t h  t h e  o b s e r v a t i o n  
t h a t  no  a n i m a l s  exposed  to t he se  genera l  r ad io - f r equency  
p a r a m e t e r s  was  eve r  o b s e r v e d  to  e x h i b i t  d i a r rhea .  I t  is 
fe l t  t h a t  these  d a t a  de f in i t e ly  c o n s t i t u t e  t he  f i r s t  d e m o n -  
s t r a b l e  ev idence  w a r r a n t i n g  t h e  in fe rence  of a poss ib le  re-  
l a t i o n s h i p  b e t w e e n  exposure  to  a h i g h - f r e q u e n c y  e lect r ic  
f ie ld a n d  g a s t r o i n t e s t i n a l  effects.  No specu la t i on  u p o n  t he  
m e c h a n i s t i c  a spec t  of t h i s  r e l a t i o n s h i p  is w a r r a n t e d  a t  th i s  
t ime .  

Zusammen/assung. Nachweis ,  dass  die E x p o s i t i o n  v o n  
mXnn l i chen  Sp rague -Dawley - lRa t t en  i m  h o c h f r e q u e n t e n  
e l ek t r i s chen  Fe ld  zu V e r ~ n d e r u n g e n  de r  ga s t ro - in t e s t i na -  
len Moti l i tAt  f i ihr t .  
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S e n s i t i v i t y  of  S o d i u m  E f f l u x  i n  B a r n a c l e  M u s c l e  F i b e r s  t o  t h e  M i c r o i n j e c t i o n  o f  C a l c i u m  C h l o r i d e  

I n  t h e  course  of a n  e n q u i r y  in to  t he  b e h a v i o r  of N a  
ef f lux in ba rnac l e  musc le  f ibers  b a t h e d  in  ar t i f ic ia l  sea  
w a t e r  i t  was  found  t h a t  t h e  e x t r u s i o n  of s o d i u m  was  
g r ea t l y  s t i m u l a t e d  b y  a n  i n j ec t i on  of CaC1 v I t  was  con-  
c l n d e d  f rom th i s  t h a t  t h e  N a  eff iux m e c h a n i s m  cons is t s  
of a c o m p o n e n t  which  is Ca~+-sensit ive.  H o w e v e r  i t  was  
unc lea r  w h e t h e r  in jec t ions  of CaCI~ would  b r i n g  a b o u t  
a s imi la r  effect  on  N a  eff lux in to  K-free  ar t i f ic ia l  sea 
water .  I n  t he  p r e s e n t  e x p e r i m e n t s ,  the re fore ,  a n  a t t e m p t  
was m a d e  to  uncoup le  t he  N a - K  t r a n s p o r t  s y s t e m  of 
these  f ibers  before  m i c r o i n j ec t i ng  a so lu t ion  of CaC1 v 

These  e x p e r i m e n t s  were done  us ing  single musc le  f ibers  
i so la ted  b y  d i ssec t ion  f rom t he  depressor  musc le  b u n d l e s  
of t h e  b a r n a c l e  Balanus nubilus (or B. aquila). T h e  f ibers  
were  c a n n u l a t e d  in t h e  s ame  w ay  as Maia f ibers  a n d  
t h e n  loaded  w i t h  ~ N a  b y  m e a n s  of a HODGKIN a n d  
KEYNES z mic ro in j ec to r  as  modi f ied  b y  CALDWELL a n d  
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Fig. 1. The behavior of Na efflux from a barnacle fiber in artificial 
sea water before and after internal application of 1 M CaCI~, plotted 
semilogarithmically. 

WALSTER 2. The  in j ec to r  d i scha rged  ca. 0.1 ~xl of t e s t  
f l u i d / c m  of m i c r o m a n i p u l a t o r .  T h e  e x p e r i m e n t s  were 
done  in ar t i f ic ia l  sea w a t e r  as t he  b a t h i n g  m e d i u m ,  t he  
compos i t i on  of wh ich  was :  (mM)  NaC1 465, KC1 10, 
MgC12 10, CaC12 10, N a H C O  a 10, p H  7.8 a n d  t he  t e m -  
p e r a t u r e  of th i s  m e d i u m  was b e t w e e n  22 a n d  23°C. 
K-f ree  ar t i f ic ia l  sea  w a t e r  so lu t ions  were p r e p a r e d  b y  
s u b s t i t u t i n g  NaC1 in e q u i m o l a r  a m o u n t .  

T h e  a c t i v i t y  of 22Na in t h e  wash ings  a n d  t h e  a c t i v i t y  
in  t h e  f iber  r e m a i n i n g  a t  t h e  end  of each  e x p e r i m e n t  
were  m e a s u r e d  us ing  t he  p rocedures  descr ibed  b y  BIT- 
TAR a a n d  BITTAR, CALDWELL a n d  LOWE 4. Z~Na (Code 
SKS .  1) was  o b t a i n e d  f rom A m e r s h a m - S e a r l e  Corpora t ion .  

The  effect  on  N a  eff lux of i n j ec t i ng  a so lu t ion  of 1 M  
CaC12 in to  b a r n a c l e  f ibers  is i l l u s t r a t ed  b y  F igures  1 a n d  2. 
I n  t h e  f i rs t  F igu re  t h e  N a  ef f lux  is s h o w n  to be  r e l a t ive ly  
insens i t ive  to  a s u d d e n  r ise in  t he  sa rcop la smic  free Ca ~+ 
concen t r a t i on .  I n  t h e  second  f igure  h o w e v e r  t h e  N a  ef f lux 
is s h o w n  to  be  g r ea t l y  s t i m u l a t e d  b y  a s u d d e n  r ise  in  t h e  
i n t e r n a l  free Ca 2+ c o n c e n t r a t i o n .  Also s h o w n  is t h a t  con-  
t r a c t i o n  (see legend) in  i tself  leads  to  a s l i gh t  increase  in  
t he  N a  eff lux.  T h i s  cou ld  b e  m e r e l y  t h e  r e s u l t  of t h e  
squeez ing  of some r a d i o s o d i u m  o u t  of t h e  T - s y s t e m .  

T h e  ef fec t  of K r e m o v a l  on  t h e  N a  eff lux a n d  of 
i n j ec t ing  1 M  CaCt 2 on  t h e  r e s idua l  eff lux is i l l u s t r a t ed  
in F igures  3 a n d  4. One  c a n  see t h a t  t h e  r e m o v a l  of K 
ions f r o m  t h e  b a t h i n g  m e d i u m  caused  a large  r e d u c t i o n  
in  t h e  loss of r ad io sod ium,  F u r t h e r m o r e ,  i n j ec t i on  of 1 M  
CaCL. is s h o w n  to  r e s n i t  i n  a r ise  in  t h e  N a  eff lux,  t h e  
m a g n i t u d e  of t h e  ef fec t  b e i n g  qu i t e  g r e a t  in  F i g u r e  4. 
Th i s  p a t t e r n  of b e h a v i o r  pa ra l l e l s  t h a t  of f ibers  i n j ec t ed  
w i t h  c o n c e n t r a t i o n s  of CaC12 as  low as 1 m M  ~. T h e  signif i-  
cance  of t h i s  c o m p a r i s o n  lies in  t h e  f ac t  t h a t  a n  in i t ia l  
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