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t he  stool.  The  spine  was t h e n  severed  a t  t he  base  of the  
skull,  a n d  t he  in t e s t ine  was  r e m o v e d  as p rev ious ly  
descr ibed.  

The  exsec ted  in t e s t ine  was i m m e d i a t e l y  t r a n s f e r r e d  to  
a b e a k e r  c o n t a i n i n g  50 ml  of o x y g e n a t e d  sal ine (0.9% 
NaCt) a t  0 -4  ~ a n d  t h e  l u m e n  was  f lushed  t h r o u g h  w i t h  
t h e  same so lu t ion  de l ivered  f rom a w as h - bo t t l e  v ia  t h e  
j e j u n a l  opening.  The  m a t e r i a l  was  t h e n  eve r t ed  on a 
surgical  q u a l i t y  s ta in less  s teel  rod  (1.5 m m  d iamete r ,  
40 cm length)  a n d  4 eve r t ed  sacs were p r e p a r e d  f rom the  
f i rs t  40 cm of t h e  p r o x i m a l  j e j u n u m  a. Sacs were p laced  
a t  r a n d o m  in to  25 ml  E r l e n m e y e r  f lasks  a n d  i n c u b a t e d  
for 30 mil l  in  5.0 ml  K r e b s  p h o s p h a t e  R i n g e r  c o n t a i n i n g  
28 m M  glucose. The  f lasks were gassed c o n t i n u o u s l y  w i t h  
5% CO~ in O~ a n d  m a i n t a i n e d  a t  37~ in a s h a k i n g  in- 
c u b a t o r  r u n n i n g  a t  100 osci l la t ions  pe r  min .  To ta l  w a t e r  
t r a n s p o r t  was  assessed b y  weigh ing  t h e  sacs e m p t y  a n d  
filled, p r io r  to,  a n d  a f t e r  i ncuba t ion .  

Results. The  t o t a l  f luid t r a n s p o r t  for  each  an imal ,  
expressed  as ml  pe r  g in i t i a l  w e t  we igh t  pe r  h, was  der ived  
as t he  m e a n  va lue  for 4 sacs, t o g e t h e r  w i t h  t h e  s t a n d a r d  
e r ror  of t h e  mean .  The  va lue  for 7 an i m a l s  sacr i f iced b y  
e t h e r  a n a e s t h e s i a  was  0.37 :k 0.05 c o m p a r e d  w i t h  0.64 -4- 
0.06 for t h e  11 s t u n n e d  a n d  d e c a p i t a t e d  an i m a l s  (p < 
0.0~). 

Discussion. The  r e m o v a l  of t i ssue  f rom a n a e s t h e t i z e d  
r a t h e r  t h a n  f resh ly  ki l led an i m a l s  is usua l ly  jus t i f ied  on  
t h e  g rounds  t h a t  i t  min imizes  t h e  per iod  of a r re s t ed  

c i rcu la t ion  pr io r  to  t he  i so la t ion  of t he  t i ssue  a n d  reduces  
t h e  effects of shock  i nduced  b y  t he  t r a u m a  of sacrifice. 
I n d e e d  some workers  s t ress  t h e  i m p o r t a n c e  of per fus ing  
t h e  in t e s t ine  whi l s t  t h e  b lood  s u p p l y  is sti l l  i n t a c t  4. An  
obv ious  d i s a d v a n t a g e  of anae s the t i c s  is t h e i r  u n k n o w n  
effects  on  t h e  m e t a b o l i s m  of t h e  in tes t ine ,  a n d  t he  neces- 
s i ty  of work ing  w i t h  t i ssue  wh ich  ha s  been  exposed to  
u n k n o w n  levels  of p o t e n t i a l l y  tox ic  mater ia l s .  

I n  t h e  p r e s e n t  s t u d y  i t  h a s  been  shown  t h a t  t he  f luid 
u p t a k e  capac i t y  of t he  i so la ted  in t e s t ine  is s ign i f i can t ly  
lower  in  e the r i zed  as c o m p a r e d  to s t u n n e d  rats .  The  
reasons  for  t h i s  r e m a i n  obscure,  b u t  a r e d u c t i o n  in 
glycolysis  ha s  been  p rev ious ly  r epo r t ed  i n  eve r t ed  sacs 
p r e p a r e d  f rom an ima l s  sacrif iced w i t h  e ther ,  a n d  i t  seems 
poss ib le  t h a t  t h e  effect  is due  to  a d i rec t  tox ic  i nh ib i t i on  
of e n e r g y - d e p e n d e n t  processes in  t he  mucosa  5. 

I t  would  be  wrong  to  infer  f rom t h e  p r e sen t  resu l t s  
t h a t  s t u n n i n g  and  d e c a p i t a t i o n  is necessar i ly  t he  ideal  
m e t h o d  of a n i m a l  sacrifice, b u t  i t  is sugges ted  t h a t  
m i n o r  aspects  of t he  e x p e r i m e n t a l  t e c h n i q u e  used in th i s  
sor t  of work  m a y  h a v e  f a r - r each ing  effects  on  t he  v i ab i l i t y  
of t h e  t i ssue  u n d e r  s t u d y  a n d  t h i s  shou ld  be  b o r n e  in 
m i n d  w h e n  p l a n n i n g  new research  or c o m p a r i n g  t he  ac- 
c o u n t s  of o t h e r  au tho r s .  

8 T. H. WILSON and G. WISEMAN, J. Physiol., Loud. 123, 116 (1954). 
R. B. FISHER and D. S. PARSONS, J. Physiol., Loud. 110, 36 (1949). 
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Summary. The  super fused  r a t  c u n e a t e  nuc leus  ha s  been  used to i nves t i ga t e  t he  s ens i t i v i t y  of p r i m a r y  a f fe ren t  t e r m i n a l s  
a n d  of evoked  p r i m a r y  a f fe ren t  depo la r i za t ion  (PAD) to a l t e r a t i ons  in  ex t r ace l lu l a r  K+ and  C1- ion levels. Resu l t s  
ind ica te  t h a t  P A D  is caused b y  an  eff lux of CI- f rom p r i m a r y  a f fe ren t  t e r m i n a l s  r a t h e r  t h a n  b y  a n  increase  in ex t ra -  
cel lular  K+. 

A l t h o u g h  i t  is genera l ly  accep ted  t h a t  depo la r i za t ion  of 
p r i m a r y  a f f e ren t  t e r m i n a l s  a ccom pan i e s  p r e s y n a p t i c  
i n h i b i t i o n  in m o s t  v e r t e b r a t e  species, i t  is u n c e r t a i n  how 
th i s  depo la r i za t ion  is b r o u g h t  about .  The  or ig ina l  sug- 
ges t ion  2 t h a t  p r i m a r y  a f f e ren t  depo la r i za t ion  (PAD) is a 
s econda ry  p h e n o m e n o n  d e p e n d e n t  on  an  increase  in 
ex t race l lu la r  p o t a s s i u m  levels a r o u n d  a f fe ren t  t e r m i n a l s  
ha s  rece ived  s u p p o r t  f rom recen t  s tud ies  us ing  p o t a s s i u m -  
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Fig. 1. The effect of increasing the potassium content of the cuneate 
superfusate in stages from 0 to 10 mM on both test (T) and con- 
ditioned (C) antidromie potential height. Testing and conditioning 
stimulus strengths remained constant throughout with conditioning 
stimulus strength supramaximal and interstimnlus interval 15 reset. 

sens i t ive  microe lec t rodes  3, 4. A n o t h e r  idea, s t rong ly  
s u p p o r t e d  b y  e lec t rophys io logica l  a n d  pha rmaco log ica l  
obse rva t ions ,  is t h a t  p r e s y n a p t i c  i n h i b i t i o n  is a p r i m a r y  
s y n a p t i c  e v e n t  and  t h a t  P A D  is b r o u g h t  a b o u t  b y  t he  
d i rec t  ac t ion  on a f fe ren t  t e r m i n a l s  of t he  p r e s y n a p t i c  
i n h i b i t o r y  t r a n s m i t t e r ,  t h e  a m i n o  acid G A B A  (y-amino-  
n - b u t y r i c  acid)5, 6. Since t he  bes t  e s t ab l i shed  m e m b r a n e  
ac t ions  of G A B A  are m e d i a t e d  b y  chlor ide  ions r a t h e r  t h a n  
b y  p o t a s s i u m  7, t he  e x p e r i m e n t s  r epo r t ed  here  were 
des igned to t e s t  t he  two  h y p o t h e s e s  b y  i n v e s t i g a t i n g  t he  
s ens i t i v i t y  of p r i m a r y  a f fe ren t  t e r m i n a l s  a n d  of e v o k e d  
P A D  to  a l t e r a t i ons  in t h e  ex t r ace l lu l a r  levels of b o t h  
p o t a s s i u m  and  chlor ide  ions. 

Materials and methods. The  exposed  c u n e a t e  nuc leus  in  
ch lo ra lo se -u re thane  a n a e s t h e t i z e d  ra t s  was  super fused  
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Fig, 2. Dependence of conditioned antidromic response amplitude 
on size of test response. Graph shows increase in size of test response 
(O) as testing stimulus strength is increased from just above threshoId. 
Conditioning stimuhs strength remains constant throughout at 
supramaximal with interstimulus interval 15 msec. Conditioned 
antidromic response height (A) increases approximately in parallel 
with the test response. 

Test Cond - test 

T 

b) 

T 

I IOOHV 

tOmsecs 
Fig. 3. Sample records of test and conditioned antidromic responses 
from the superfused euneate nucleus recorded in the ipsilateral ulnar 
nerve. Variation between individual responses indicated by standard 
deviations in Figure 4. Superfusate in a) is control CSF and in b) 
low chloride CSF. Records in b) taken after 5 min low chloride 
superfusion. The small additional response evoked by the condition- 
ing stimulus in both a) and b) is a dorsal column reflex which does 
not interfere with the following antidromie response. Arrows indicate 
stimulus artefacts. Stimulus strengths remain constant as in Figure 1. 
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Fig. 4. Histogram summarizing data of Figure 3. T and C as in 
Figure 1. Bar height equals 1 standard deviation. Test response 
remains unchanged after low chloride superfusion but conditioned 
response increases by almost 200%. 

w i t h  var ious  ar t i f ic ia l  ce rebrosp ina l  f luid (CSF) so lu t ions  
r a n g i n g  f rom po tass ium-f ree  to h igh  p o t a s s i u m  (10 m M ) ,  
low chlor ide (155 m M  sod ium i s e th iona t e  rep lac ing  
sod ium chloride) and  a con t ro l  so lu t ion  s. WALL'S 9 
a n t i d r o m i c  exc i t ab i l i t y  t e s t i ng  t e c h n i q u e  was used to 
measu re  b o t h  t he  r e s t ing  exc i t ab i l i t y  of a f fe ren t  t e r m i n a l s  
a n d  evoked  P A D  in t he  super fused  cunea t e  nuc leus  as 
descr ibed  b y  DAVIDSON and  SOUTHWlCK ~ P A D  was 
evoked  b y  s u p r a m a x i m a l  cond i t i on ing  s t i m u l a t i o n  of t he  
ips i la te ra l  m e d i a n  ne rve  a n d  a n t i d r o m i c  po t en t i a l s  were 
recorded  f rom the  ips i la te ra l  u l n a r  nerve .  

Results and discussion. W h e n  t h e  p o t a s s i u m  c o n t e n t  of 
t he  c u n e a t e  supe r fusa t e  was increased  in s tages  f rom 
0 to  10 m M ,  a f fe ren t  t e r m i n a l  exc i t ab i l i t y  increased  as 
i nd ica t ed  b y  the  a u g m e n t e d  t e s t  a n t i d r o m i c  p o t e n t i a l  
he igh t .  Condi t ioned  a n t i d r o m i c  p o t e n t i a l  h e i g h t  - a 
genera l ly  accep ted  measu re  of P A D  9 - also increased  
(Figure 1), b u t  t he re  is no ind ica t ion  t h a t  v a r y i n g  t he  
p o t a s s i u m  c o n t e n t  of t he  super fusa te  above  or be low 
cont ro l  va lues  h a d  a n y  specific effect  on  evoked  PAD.  
This  conclus ion is s u p p o r t e d  b y  t he  d a t a  s h o w n  in F igure  
2. In  th i s  e x p e r i m e n t  t he  t e s t  a n t i d r o m i c  response  was 
g r adua l l y  increased  in size b y  increas ing  t he  size of t he  
t e s t  s t imulus .  The  cunea t e  nuc leus  was super fused  w i th  
con t ro l  C S F  a n d  the  cond i t i on ing  s t imulus ,  wh ich  
p receded  the  t e s t  s t imulus  b y  15 msec,  r e m a i n e d  un-  
changed  t h r o u g h o u t  a t  s n p r a m a x i m a l .  The  g r a p h  shows 
c lear ly  however ,  t h a t  t h e  cond i t ioned  a n t i d r o m i c  response  
h e i g h t  d id  no t  r e m a i n  c o n s t a n t  b u t  s t ead i ly  increased as 
t he  t e s t  a n t i d r o m i c  response  h e i g h t  increased,  in  a m a n n e r  
s imi lar  to  t h a t  seen in F igure  1, w h e n  t he  t e s t  response  
h e i g h t  was  increased  b y  ra i s ing  super fusa te  p o t a s s i u m  
levels. 

I n  con t ras t ,  super fus ion  w i t h  low chlor ide  C S F  h a d  
l i t t le  effect  on re s t ing  a f fe ren t  t e r m i n a l  exc i t ab i l i t y  b u t  
p roduced  large increases  in  evoked  PAD.  F igure  3 shows 
records  of t e s t  a n d  cond i t ioned  a n t i d r o m i c  responses  
d u r i n g  super fus ion  of t he  c u n e a t e  nuc leus  w i t h  con t ro l  
(a) and  tow chlor ide  CSF  (b). F igure  4 shows t he  d a t a  in  
h i s t o g r a m  form.  E v o k e d  P A D  increased  b y  a l m o s t  200% 
a f t e r  low chlor ide  superfus ion,  a n  effect  wh ich  c a n n o t  be  
exp la ined  b y  a n y  a l t e r a t i o n  in r e s t ing  a f fe ren t  t e r m i n a l  
exc i t ab i l i t y  du r ing  t he  expe r imen t .  

I t  is di f f icul t  to  reconcile  these  d a t a  w i t h  t he  h y p o -  
thes is  t h a t  P A D  is caused  b y  a n  e l eva t ion  in ex t r a -  
cel lular  p o t a s s i u m  levels. Because  of t he  w e l l - e s t a b l i s h e d  
GABA-ne rg i c  p h a r m a c o l o g y  of p r e s y n a p t i c  i n h i b i t i o n  5, s0 
and  t he  chlor ide  m e d i a t e d  ac t ions  of G A B A  7, i t  seems 
more  r easonab le  to  sugges t  t h a t  G A B A  could be  t h e  
p r e s y n a p t i c  i n h i b i t o r y  t r a n s m i t t e r ,  and  t h a t  P A D  is 
caused  b y  a G A B A  induced  chlor ide  eff lux f rom p r i m a r y  
a f fe ren t  t e rmina l s .  This  would  exp la in  t he  large  increase  
in evoked  P A D  obse rved  in t he  p r e sen t  e x p e r i m e n t s  
d u r i n g  low chlor ide  superfus ion.  

A l r eady  one  depo la r iz ing  ac t ion  of G A B A  - on  sym-  
p a t h e t i c  gangl ion  cells - ha s  b e e n  s h o w n  to be  chlor ide  
med ia t ed ,  sugges t ing  t h e  ex is tence  of a n  i n w a r d l y  
d i rec ted  chlor ide  p u m p  to m a i n t a i n  in t r ace l lu l a r  levels a t  
g rea te r  t h a n  equ i l ib r ium d i s t r i b u t i o n  n.  I f  t h e  p r i m a r y  
a f f e ren t  neu rone  possesses such  a p u m p  i t  m i g h t  also be  
expec t ed  to h a v e  a low res t ing  chlor ide  p e r m e a b i l i t y  to  
reduce  t he  p u m p ' s  ene rgy  expend i tu re .  Th i s  could 
exp la in  t he  lack of effect  of low chlor ide  super fus ion  on  
re s t ing  a f fe ren t  t e r m i n a l  exc i t ab i l i t y  (Figures  3 a n d  4). 
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