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T r a n s v e r s e  S t i m u l a t i o n  of  a S i n g l e  N o d e  of  R a n v i e r  by  M i d d l e - F r e q u e n c y  S i n u s o i d a l  C u r r e n t  B u r s t s  

The  s t i m u l a t i n g  ac t ion  of m i d d l e - f r e q u e n c y  c u r r e n t  
b u r s t s  does n o t  d e p e n d  on  v a r i a t i o n  of po la r i ty ,  because  
w i t h  l o n g i t u d i n a l  s t i m u l a t i o n  of nerve ,  t he  l a t e n c y  of t h e  
r e s p o n d i n g  ac t ion  c u r r e n t  r e m a i n s  t he  s ame  if t he  leads  
to  t h e  s t i m u l a t i n g  e lec t rodes  a re  i n t e r changed~ ,  ~. T h i s  
fac t  p r o v i d e s  ev idence  t h a t  a ' p r inc ip le  of c o n v e r t i b i l i t y '  
under l i e s  t h e  s t i m u l a t i n g  ac t ion  of m i d d l e - f r e q u e n c y  
c u r r e n t  bur s t s ,  a n d  p red ic t s  t he  poss ib i l i ty  of c a r r y i n g  
o u t  a m b i p o l a r  as well  as t r u e  t r a n s v e r s e  s t i m u l a t i o n  ~-4. 
I t  is obvious ,  however ,  t h a t  in t h e  case of t r a n s v e r s e  
s t i m u l a t i o n  of an  i n t a c t  n e r v e  t r u n k ,  s y m m e t r y  of t h e  
e lec t rode  t ips  in  r e l a t i o n  to  al l  t h e  i n t e r l y i n g  nodes  of 
R a n v i e r  c a n n o t  be  ach ieved .  T h e  p r e s e n t  i n v e s t i g a t i o n  
was  t he r e fo re  d e v o t e d  to  t h e  s t u d y  of t r a n s v e r s e  s t imu la -  
t ion  app l ied  to  a s ingle node  of R a n v i e r .  

Single  m o t o r  f ibres  of the  n e r v u s  i sch iad icus  of R a n a  
esc~denta were i so la ted  u n d e r  R i n g e r  so lu t ion  5 us ing  t h e  
STXMPFLI t e c h n i q u e  ~, s l igh t ly  modif ied .  E x c i t a t i o n  of t h e  
node  was con t ro l l ed  b y  o b s e r v i n g  t h e  t w i t c h  c o n t r a c t i o n  
of  t he  musc le  f ibres  of  t h e  c o r r e s p o n d i n g  m o t o r  u n i t .  

The  s t i m u l a t i n g  e lec t rodes  were  t w o  p l a t i n u m  wires  
i n su l a t ed  e x c e p t  a t  t h e  cu t  end,  t h e  c o n d u c t i n g  face of 
w h i c h  h a d  a d i a m e t e r  of 30 ~tm. T he  e lec t rodes  were  
m o v e d  b y  m e a n s  of m i c r o m a n i p u l a t o r s  a n d  t h e i r  pos i t ion  
r e l a t i ve  to  t h e  node  was o b s e r v e d  t h r o u g h  a b i n o c u l a r  
microscope  ( ×  30). T h e  m i d d l e - f r e q u e n c y  (20 kHz)  cur-  
r e n t  b u r s t s  7 h a d  a d u r a t i o n  of 0.5 msec  a n d  could  be  
increased  u p  to  300 V p e a k  to  peak .  T he  t h r e s h o l d  
i n t e n s i t y  was m e a s u r e d  o n  a n  oscil loscope over  a series 
r e s i s t ance  of 100 o h m s  i n t e r c a l a t e d  in t h e  s t i m u l a t i o n  
circui t .  The  u p p e r  l im i t  of t h e  s t i m u l u s  s t r e n g t h  was  
con t ro l l ed  b y  o b s e r v i n g  gas b u b b l e s  a r i s ing  f rom t h e  
e lect rodes .  

The  e lec t rodes  were p laced  in t h e  R i n g e r  b a t h ,  sym-  
m e t r i c a l l y  on e i the r  side of t he  node.  I n  a f i rs t  series of 
expe r imen t s ,  t h e y  were m o v e d  a w a y  f rom t h e  node  in 
r ad i a l  d i rec t ion  (along an  axis  p e r p e n d i c u l a r  to  t he  axon)  
a n d  t h r e s h o l d  s t r e n g t h  of t he  s t i m u l a t i o n  c u r r e n t  was  
d e t e r m i n e d  a t  5 d i f f e ren t  pos i t ions  20-250 ~tm d i s t a n t  
f rom t h e  node  surface.  In  a second series of expe r i m en t s ,  
t he  e lec t rodes  were sh i f t ed  in l o n g i t u d i n a l  d i r ec t ion  
(15 btm a w a y  f rom a n d  para l le l  to  t he  axon) ,  a n d  t h r e s h o l d  
s t r e n g t h  was  m e a s u r e d  a t  t h e  level  of t h e  node,  a n d  a t  
3 f u r t h e r  pos i t ions  a long  t h e  a x o n  d i s t a n t  25-75 ~ m  f rom 
t h e  first .  The  r e l a t i o n s h i p  b e t w e e n  t h r e s h o l d  s t r e n g t h  
a n d  d i s t ance  in b o t h  series of e x p e r i m e n t s  was  e s t ab l i shed  
b y  s u b t r a c t i n g  t he  v a r i a n c e  b e t w e e n  the  i n d i v i d u a l  s ingle  
n e r v e  f ibres  f rom t h e  ove ra l l  va r i ance .  T he  resu l t s  are  
p r e s e n t e d  in F igu res  1 a n d  2 (points) .  F igu re  1 shows  
t h a t  t h e  t h r e s h o l d  s t r e n g t h  in t he  f i r s t  series increases  
p rogress ive ly  w i t h  t he  d i s t ance  f rom t he  node.  F igu re  2, 
on  t h e  o t h e r  h a n d ,  shows t h a t  t he  t h r e s h o l d  rise occur r ing  
in t h e  second series is a t  f i rs t  slow, a n d  t h e n  rap id .  

I n  o rde r  to  ana lyze  these  resu l t s  be t t e r ,  m e a s u r e m e n t  
was  m a d e  of t he  e lectr ic  field p r o d u c e d  b y  t h e  t wo  
s t i m u l a t i n g  e lec t rodes .  F o r  t h i s  pu r pos e  a mode l  w as  
bu i l t  of t h e  a r r a y  x 500. T h e  s t i m u l a t i n g  e lec t rodes  were  
s u s p e n d e d  in a n  e l ec t ro ly t e  t a n k ,  t h e i r  c o n d u c t i n g  sur-  
faces face to  face. A b ipo l a r  s i lver -wire  e lec t rode  (d i s t ance  
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b e t w e e n  t ips  2 ram) was su spended  in t he  m i d p l a n e  
b e t w e e n  t h e  s t i m u l a t i n g  surfaces  in  o rder  to  measu re  t he  
electr ic  field b e t w e e n  a n d  p e r p e n d i c u l a r  to  t h e  l a t t e r .  The  
5 pos i t ions  of t he  f i rs t  series of s ingle f ibre e x p e r i m e n t s  were 
s i m u l a t e d  b y  d i sp lac ing  t h e  2 s t i m u l a t i n g  e lec t rodes  
s y m m e t r i c a l l y  a w a y  f rom to  t he  midp lane ,  t h e  4 pos i t ions  
of t he  second series b y  d i sp lac ing  t h e  r ecord ing  e lec t rode  
a long  a h o r i z o n t a l  axis  (paral lel  to  t h e  pla tes) .  T h e  t ip  
of t h e  b ipo la r  e lec t rode  the re fo re  r e p r e s e n t e d  t h e  s i te  
of t h e  node  in t h e  f ibre  e x p e r i m e n t s .  C u r r e n t  s t r e n g t h  
for  t h e  va r i ous  pos i t ions  s i m u l a t e d  was  in r e l a t i on  to  a 
g iven  v a l u e  r e p r e s e n t i n g  t he  electr ic  f ield a t  t h e  t i p  of 
t he  r eco rd ing  e lec t rode  ( 'node ' ) .  T h e  we igh ted  m e a n s  of 
t h e  c u r r e n t  s t r e n g t h s  o b t a i n e d  were  t h e n  e q u a t e d  w i t h  
those  o b t a i n e d  in  t h e  f ibre  e x p e r i m e n t s .  F igu res  1 a n d  2 
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Fig. 1. ReLation between threshold strength and distance of the 
electrodes from the node measured in radial direction. The points 
indicate average values from the single fibre experiments. Curve 
traced from experiments with the model. 
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Fig. 2. Relation between threshold strength and distance of the 
electrodes from the node measured in longitudinal direction. The 
points indicate average values from the single fibre experiments. 
Curve traced from experiments with the model. 
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show t h a t  t h e  resu l t s  o b t a i n e d  f rom t h e  model  (curves) 
give a s a t i s f ac to ry  f i t  w i t h  those  o b t a i n e d  f rom t he  f ibre  
e x p e r i m e n t s  (points) .  The  s l igh t  d e v i a t i o n  b e t w e e n  model  
a n d  f ibre  in  t h e  f i rs t  series of e x p e r i m e n t s  (Figure  1) can  
p r o b a b l y  be  a t t r i b u t e d  to  d i s to r t i on  of t he  e lectr ic  field 
caused  b y  t h e  p resence  of t he  ne rve  f ibre  in  t h e  l ive exper i -  
men t s .  T h e  r e l a t i ve ly  g r ea t e r  d e v i a t i o n  b e t w e e n  mode i  
a n d  f ibre  in  t h e  second series of e x p e r i m e n t s  (F igure  2) 
is p r o b a b l y  due  to  t h e  s ame  factor ,  a n d  to  t h e  f ac t  t h a t  
c a p a c i t a t i v e  c u r r e n t s  pas s ing  t h r o u g h  t he  i n su l a t ed  
e lec t rode  s h a f t s  modi fy  t h e  cr i t ica l  level  ( th reshold)  in  
a n  u n k n o w n  m a n n e r .  

F ina l ly ,  u s ing  t h e  d a t a  o b t a i n e d  f rom t h e  model  ( and  
t a k i n g  i n to  a c c o u n t  t h e  c o n d u c t i v i t y  of t h e  e lec t ro ly te  
in  t h e  t a n k ,  etc.), t h e  s t r e n g t h  of  t h e  e lect r ic  field a t  t h e  
node  in t h e  s ingle  n e r v e  f ibre  e x p e r i m e n t s  was  es tab l i shed .  
Calcula t ions ,  however ,  were  on ly  m a d e  for t h e  f i rs t  t y p e  
of e x p e r i m e n t  (d i s t ance  b e t w e e n  node  a n d  s t i m u l a t i n g  
e lec t rodes  in  r ad i a l  d i rec t ion) ,  s ince t h e r e  was b e t t e r  
a g r e e m e n t  b e t w e e n  l ive e x p e r i m e n t  a n d  model  in  t h e  
f i rs t  t y p e  t h a n  in t he  second (d i s tance  in l o n g i t u d i n a l  
d i rec t ion) .  The  re su l t  gave  a p e a k  to  p e a k  a m p l i t u d e  of 
50 4-16 .5  V/cm.  V a r i a n c e  ana lys i s  of t h e  v a l u e  r evea l ed  
t h a t  d i f ference b e t w e e n  t h e  i n d i v i d u a l  s ingle ne rve  f ibres  
could, however ,  no t  be  e s t ab l i shed  w i t h  c e r t a i n t y .  

On t h e  bas is  of t h e  d a t a  p re sen ted ,  i t  can  be  conc luded  
t h a t  m i d d l e - f r e q u e n c y  c u r r e n t  b u r s t s  evoke  a t r ue  t r a n s -  

verse  s t i m u l a t i o n  of a node  of 1Ranvier, a n d  t h a t  t he  
presence  of l o n g i t u d i n a l  c u r r e n t  c o m p o n e n t s  c an  be 
excluded.  

The  f ind ings  con f i rm  p rev ious  o b s e r v a t i o n s  on  t r a n s -  
verse  s t i m u l a t i o n  of whole  n e r v e  t r u n k  b y  m e a n s  of 
m i d d l e - f r e q u e n c y  c u r r e n t  b u r s t s  4. T h e y  also show t h a t  
a s t r onge r  e lec t r ic  f ield is r equ i red  to a t t a i n  t h r e s h o l d  
level w h e n  a p p l y i n g  m i d d l e - f r e q u e n c y  c u r r e n t  t h a n  is 
t he  case w h e n  us ing  c o n v e n t i o n a l  s t i m u l a t i o n ,  name ly ,  
l ong i t ud ina l l y  app l i ed  d i r ec t  c u r r e n t  or  l ow- f requency  
a l t e r n a t i n g  c u r r e n t .  

Zusammen/assung. E i n z e l n e  m a r k h a l t i g e  N e r v e n f a s e r n  
von  Rana esculenta w u r d e n  m i t  M i t t e l f f e q u e n z - I m p u l s e n  
(20 kHz) q u e r  d u r c h s t r 6 m t  (Mi t t e l f requenz-Quer re izung) ;  
Die  Lage der  R e i z e l e k t r o d e n  bezi igl ich e ines  Schn i i r r ings  
wurde  var i ie r t ,  u n d  die zugeh6r igen  Re izschwel len  w u r d e n  
b e s t i m m t .  Die S i m u l i e r u n g  de r  E x p e r i m e n t e  m i t  e inem 
Modell  zeigte, dass  wi rk l iche  Que r r e i zung  e iner  Ne rven -  
faser  im Bere ich  eines Schn i i r r ings  m6g l i ch  ist, wobei  
fiir e inen  Schwel lenre iz  e ine  Fe lds t / i rke  yon  50-4-16.5 
V / c m  (Schei te l  zu Scheitel)  n o t w e n d i g  ist. 
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Dietary Fat and Tissue Cholesterol in Female Rats 

C o r o n a r y  disease occurs  in  m e n  s ign i f i can t ly  ear l ie r  in  
life t h a n  in women .  P a t h o l o g i c a l  ev idence  ind ica t e s  t h a t  
c o r o n a r y  a therosc le ros i s  increases  in  occur rence ,  s eve r i t y  
a n d  e x t e n t  t o  age 60 in m e n  a n d  80 in  w o m e n  ~. A search 
for  a causa l  f ac to r  in  t h e  e n v i r o n m e n t  cas t  ea r ly  susp ic ion  
on  d i e t a r y  f a t  ~, a l t h o u g h  MAYER 3 feels t h a t  t h e  decreased  
phys i ca l  a c t i v i t y  of t h e  A m e r i c a n  today ,  in c o m p a r i s o n  
to  t h a t  of 50 or even  25 yea r s  ago, m a y  also p l ay  a 
s ign i f i can t  p a r t .  

I n  ear l ier  work  we /-eported t he  effects  of exercise on  
young ,  a d u l t  ma le  r a t s  fed h i g h  a n d  low fa t  d ie ts  4,s. 
The  effects  of exercise on  young,  a d u l t  f emale  r a t s  fed 
h i g h  a n d  low fa t  d i e t s  h a s  n o t  been  a d e q u a t e l y  s tud ied  
a n d  t h i s  r e p o r t  is one  a t t e m p t  t o w a r d  co r rec t ing  t h i s  
i m b a l a n c e  in  e m p h a s i s  b e t w e e n  t he  sexes. 

Materials and methods. T h e  35 r a t s  used in t h i s  s t u d y  
were female  S p r a g u e - D a w l e y  s t r a i n  o b t a i n e d  a t  100 days  
of age a n d  t h e y  were  he ld  on  a c o m m e r c i a l  s tock  d i e t  for 
1 week  p r io r  to  t h e  s t a r t  of t h e  s tudy .  5 r a t s  were t h e n  
r a n d o m l y  se lec ted  a n d  sacr i f iced  in o rde r  for  in i t i a l  
carcass  a n d  s e r u m  c o m p o s i t i o n  to  be  d e t e r m i n e d  s. 

T h e  30 e x p e r i m e n t a l  a n i m a l s  were  ass igned  in g roups  
of 15 to  one  of 2 d ie t s  as  desc r ibed  in T a b l e  I. T h e  h i g h  
f a t  d i e t  c o n t a i n e d  a r o u n d  6 0 %  of i t s  ca lor ies  as f a t  whi le  
t h e  low f a t  d i e t  c o n t a i n e d  on ly  20% f a t  calories.  Approx i -  
m a t e l y  24% of t h e  a d d e d  fa t  was  p r o v i d e d  b y  a poly-  
u n s a t u r a t e d  f a t t y  acid source  (corn oil), w h i c h  is r epresen-  
t a t i v e  of U.S.  ' m a r k e t  b a s k e t '  d ie ts .  T h e  source  of ca rbo-  
h y d r a t e  in  b o t h  d ie t s  was  a m i x t u r e  of  c a r b o h y d r a t e s  
s i m u l a t i n g  t h a t  found  in  U.S.  ' m a r k e t  b a s k e t '  d ie t s  e. 
L a c t a l b u m i n ,  m i n e r a l  a n d  v i t a m i n  c o n t e n t  of t he  h i g h  
f a t  d ie t  was  e l eva t ed  so t h a t  equica lor ic  a m o u n t s  of t he  
2 d ie t s  p r o v i d e d  a n  equa l  i n t a k e  of t he se  n u t r i e n t s .  

One  group  of 5 r a t s  on  each  d ie t  were forced to swim 
for  30 m i n  each  d a y  in 27 °C w a t e r  w i t h  a we igh t  e q u i v a l e n t  
to  2% of b o d y  w e i g h t  a t t a c h e d  to  t h e  ta i l  of each  ra t .  

A second g r o u p  o n  e a c h  d ie t  were  p laced  in wire  r e s t r a i n i n g  
cages a n d  i m m e r s e d  in 27 °C w a t e r  up  to  t h e i r  necks  for  
30 ra in  da i ly .  T h e  t h i r d  g roup  o n  each  d i e t  were  a l lowed 
to  r e m a i n  s e d e n t a r y  in t h e i r  cages.  Af te r  8 weeks  t h e  
30 a n i m a l s  were  sacr i f iced a n d  changes  in s e r u m  a n d  
carcass  c o m p o s i t i o n  d e t e r m i n e d .  

Results. A n i m a l s  fed t h e  h i g h  fa t  d i e t  ga ined  propor -  
t i o n a t e l y  m o r e  f a t  (Table  I I )  t h a n  those  fed t h e  low fa t  
d i e t  (p < 0.01). Th i s  desp i te  t he  fac t  t h a t  t h e  calorie 
i n t a k e  for r a t s  ga in ing  s imi la r  inges ta- f ree  we igh t s  on  
t h e  2 d ie t s  was  nea r ly  t h e  same.  Th i s  conf i rms  ear l ier  

"Fable I. Composition of high fat and low fat diets fed to forced- 
exercised, immersed and sedentary female rats 

High fat Low fat 
(%~ (%) 

Lactalbumin 36.70 
Corn starch 6.47 
Lactose 3.23 
Dextrin 1.62 
Sucrose 1.62 
Glucose 1.62 
Fructose 1.62 
Corn oil 9.30 
Beef tallow 29.50 
Vitamin A and D concentrate 0.07 
Cellulose 2.00 
Salt mix, JoNEs and FOSTER: 5.40 
Vitamin mix a 0.85 
Total 100.00 

Gross Calories (keallg) 6.45 

27.50 
22.70 
11.35 
5.67 
5.67 
5.67 
5.67 
2.30 
6.90 
0.05 
2.00 
4,00 
0.52 

100.00 

4.60 


