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E x p e r i m e n t a l  g r o u p s :  E ,  (n = 12) - -  c o n t r o l  an ima ls .  E 1 (n = 1) - -  
75 mM NaNO2/1 1 solution; 3 ml/kgi.p. E~ (n : 2) -- 75 mM NaNQ/ 
i 1 solution; 8 ml/kg i.p. E 3 (n = 4) -- 150 mM NaNO2/1 I solution; 
5 ml/kg i.p. Ea (n = 3) -- 150 mM NaNO~/1 1 solution; 5 ml/kg i.p. 
The animals of the groups El, E2, E a were sacrificed 40 min, those of 
the group E a 80 rain after the application on NaNO2; controls 
remained untreated. 

ve ly  unc lea r ly  defined.  Espec ia l ly  t he  s i t ua t ions  where  
h a e m o g l o b i n  as t he  m a i n  oxygen  t r a n s p o r t  s y s t e m  is 
e i the r  des t royed  or i nac t i va t ed ,  a n d  t he  hear t ,  s t r i a t ed  
a n d  s m o o t h  muscle  ceils are i nvo lved  in the  ca rd iovascu la r  
c o m p e n s a t o r y  mechan i sms ,  h a v e  to be  m a i n l y  s tudied .  
SCI~OLANDER ~ emphas i zed  in his  e x p e r i m e n t s  t he  possibi-  
l i t y  t h a t  h a e m o p r o t e i n s  m a y  h a v e  an  i m p o r t a n t  inf luence  
on t he  fac i l i t a t ion  of oxygen  d i t fus ion;  th i s  p h e n o m e n o n  
would h a v e  a g rea te r  i m p o r t a n c e  se lec t ive ly  in t he  pro-  
cesses of oxygen  t r a n s p o r t  in  t he  muscle  cell. I n  t he  
resul t s  re fer red  to, i t  could  be p r o v e d  t h a t  t he  f o r m  of 
m y o g l o b i n  and  t he  r a t e  of i n a c t i v a t i o n  of ab i l i t y  for t h e  
in t r ace l lu la r  oxygen  t r a n s p o r t  are in  a def ined re l a t ion  to 
t he  degree of i n c a t i v a t i o n  of haemoglob in .  L a s t  b u t  no t  
leas t  i t  shou ld  be  m e n t i o n e d  t h a t  all  p r o v e d  changes  of 
t he  m y o g l o b i n  molecule  can  be  d e p e n d e n t  upon  t he  
chang ing  p roper t i e s  of m y o g l o b i n  d u r i n g  t he  ontogenesis  6 ; 
especial ly  in h u m a n  pa thophys io logy ,  t he  h y p o x i a s  of t he  
m e t h a e m o g l o b i n  t y p e  occur  d u r i n g  t he  ear ly  phase  of 
life. 

Zusammenfassung. Bei  21 IZan inchen  wurde  n a c h  In -  
j ek t i on  yon  N a N O  2 die B i l d u n g  yon  MethXmoglobin ,  
M e t m y o g l o b i n  u n d  NO-Myoglob in  gemessen.  Die Met-  
m y o g l o b i n - B i l d u n g  war  a m  ger ings ten  im H e r z m u s k e l  
u n d  a m  ausgepr~g te s t en  im Uterus ,  w&hrend die Triceps-  
M u s k u l a t u r  in termedi&re YVerte ergab.  
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The Effect of A s p h y x i a  and R e - O x y g e n a t i o n  on Bi la tera l  D o r s a l  Root  P o ten t ia l s  P r o d u c e d  by S t i m -  
u lat ion  of the Cutaneous  Afferents  

A s p h y x i a  evokes  p ro found  changes  in a c t i v i t y  of t he  
sp ina l  cord. B o t h  sp ina l  ref lexes and  t he  dorsa l  roo t  
p o t e n t i a l s  (DRPs)  r ap i d l y  decrease  and  f ina l ly  d i s appea r  
du r ing  t he  f i rs t  ra in  of oxygen  d e p r i v a t i o n  1-3. I n t r a -  
cel lular  r ecord ing  f rom m o t o n e u r o n e s  d u r i n g  acu te  
a s p h y x i a  revea ls  t h a t  t he  a r res t  of ref lex  a c t i v i t y  is due  to 
t he  g radua l  decl ine of t he  e x c i t a t o r y  p o s t s y n a p t i c  
p o t e n t i a l s  ~. The  fa i lure  of t he  m o t o n e u r o n e  exc i t a t i on  is 
p r o b a b l y  r e l a t ed  to a sphyx ia l  po t en t i a l s  of t he  dorsal  
roots  wh ich  depolar ize  t he  i n t r a s p i n a l  p a r t  of t h e  p r i m a r y  
a f fe ren t  f ibres  a n d  t h u s  p roduce  t h e i r  f u n c t i o n a l  a r r e s t  5. 
The  m e c h a n i s m  of t h i s  fa i lure  v e r y  m u c h  resembles  t he  
m e c h a n i s m  of p r e s y n a p t i c  i n h i b i t i o n  s. I n  t h e  p r e s e n t  
inves t iga t ion ,  t he  effect  of acu te  a s p h y x i a  and  re- 
o x y g e n a t i o n  on  p r e s y n a p t i c  i n h i b i t i o n  evoked  b y  cu ta -  
neous  vol leys was s tudied.  Th i s  i n h i b i t i o n  was recorded  as 
t he  D R P s  p roduced  b y  long- las t ing  un i l a t e r a l  s t i m u l a t i o n  
on  b o t h  sides of t he  sp ina l  cord. I t  is k n o w n  t h a t  a f t e r  
cond i t i on ing  s t i m u l a t i o n  t he  D R P  p roduced  b y  t he  t e s t i ng  
vol ley  is depressed  du r ing  a cons iderab le  per iod  of t ime  
a n d  th i s  depress ion  depends  on  p r e s y n a p t i c  inh ib i t ion .  
In  t he  e x p e r i m e n t s  descr ibed  below, th i s  i n t e r a c t i o n  was 
also i nves t i ga t ed  b y  d e t e r m i n i n g  t he  size of t he  t e s t i ng  
D R P  p roduced  a t  f ixed i n t e rva l  a f te r  each  cond i t i on ing  
D R P .  

Methods. The  e x p e r i m e n t s  were pe r fo rmed  on 12 ca ts  
u n d e r  l igh t  Sur i t a l  anaes thes ia .  The  sp ina l  cord was 
severed  a t  t he  f i rs t  l u m b a r  segment .  The  D R P s  were led 
off f rom root le t s  of t he  r i g h t  a n d  left  L7 wh ich  en te red  t he  
cord  s t r i c t ly  a t  t he  same  level. T h e  p o t e n t i a l s  were 
p roduced  b y  r epe t i t i ve  cond i t i on ing  s t i m u l a t i o n  of 500 
msec d u r a t i o n  w i t h  f r equency  of 250 c/sec fol lowed a f t e r  
100 msec b y  Lhe single t e s t i ng  pulse.  Th i s  sequence of 
s t imu la t i ons  was app l ied  eve ry  7.5 see to t he  superf ic ia l  
pe ronea l  nerve.  A s t imulus  s t r e n g t h  of 4 t imes  t h r e s h o l d  
was used. The  sp ina l  cord was a s p h y x i a t e d  du r ing  3 ra in  
b y  d a m p i n g  t he  thorac ic  a o r t a  4. 

Results and discussion. The  effect  of acu te  a s p h y x i a t i o n  
a n d  r e -oxygena t i on  on  t h e  D R P s  are shown  in F igures  1 
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a n d  2. The  sample  records  are r ep re sen t ed  in F igure  1, 
whi le  in  F igure  2 t he  full  t i m e  course of changes  in size of 
these  p o t e n t i a l s  is shown.  

F r o m  records  of F igure  1 i t  m a y  be  seen t h a t  in  con t ro l  
cond i t ions  t h e  p ro longed  s t i m u l a t i o n  of c u t a n e o u s  
a f fe ren t s  p roduces  pe r s i s t en t  depo la r i za t ion  of t he  dorsa l  
roo t  on ly  on  t he  ips i l a te ra l  side of t he  sp ina l  cord. On t he  
c o n t r a l a t e r a l  side, t he  p o t e n t i a l  increases  to  m a x i m u m  
a n d  t h e n  i t  d rops  to  zero desp i te  c o n t i n u e d  s t i m u l a t i on .  
A t e s t i ng  D R P  p roduced  100 msec a f t e r  cond i t i on ing  
p o t e n t i a l  is depressed  to  a b o u t  49% of t he  con t ro l  va lue  
on  t he  i s p s i l a t e r a l  side a n d  to  8% on t he  c o n t r a l a t e r a l  
side of t h e  sp ina l  cord. 

A s p h y x i a t i o n  decreases  t h e  size of t he  cond i t i on ing  a n d  
t e s t i ng  D R P s  on  b o t h  sides of t he  sp ina l  cord  a n d  in 
1.3-1.8 ra in  all  p o t e n t i a l  changes  d isappear .  T he  t e s t i ng  
D R P s  are less r e s i s t a n t  to  c i r cu l a to ry  arrest .  On  t he  
ips i la te ra l  side t h e i r  su rv i r a l  t i m e  is 1.3 ra in  a n d  on  t h e  
c o n t r a l a t e r a l  side i t  a m o u n t s  to  1.0 min .  T he  cond i t i on ing  
D R P s  d i s a p p e a r  a f t e r  1.5 m i n  on  the  ips i l a te ra l  and  a f te r  
1.3 m i n  on t he  c o n t r a l a t e r a l  side. 

R e - o x y g e n a t i o n  of t he  sp ina l  cord is fol lowed b y  
p r o m p t  r ecove ry  of t h e  ips i l a te ra l  D R P s  which  a p p e a r  
2-3  ra in  a f t e r  t h e  end  of a sphyx ia t i on .  I n  58% of p r e p a r a -  
t ions  a t  t h e  b e g i n n i n g  of r ecovery  a h y p e r p o l a r i z a t i o n  of 
t he  dorsa l  roo t  is observed .  I n  t he  e x p e r i m e n t  s h o w n  
in t h e  Figures,  a s l igh t  h y p e r p o l a r i z a t i o n  p roduced  b o t h  
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Fig. 1. The effect of acute asphyxiation on bilateral dorsal root 
potentials produced by long-lasting conditioning stimulation followed 
after 100 msee by single testing volley in the same cutaneous nerve. 
Upper traces of each record show ipsilateral and lower traces eontra- 
lateral DRPs. A) and B) shows the control records. In B) the DRPs 
are evoked by testing volley. C F) records of the DRPs taken 22, 30, 
60 and 90 see after the onset of asphyxia. G-L) recovery from 
asphyxiation. Records ol the DRPs taken 1, 3, 5, 7, 9 and 11 rain 
after the end of asphyxiation. 
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Fig. 2. The effect of asphyxia and re-oxygenation on the dorsal root 
potentials recorded on ipsilateral (A) and contralateral (B) side of 
the spinal cord. Open circles represent conditioning DRPs evoked by 
prolonged tetanization, filled circles represent the testing DRPs 
produced 100 msee after conditioning potentials by single volley in 
the same cutaneous nerve. Abscissa, time in rain. Note contracted 
time scale during recovery. Ordinate, size of the DRPs in ~xV. In A) 
circles below zero line indicate hyperpolarization of the dorsal roots. 

b y  cond i t i on ing  a n d  t e s t i ng  vol leys  occurs  for a b o u t  3 ra in  
a n d  t h e n  i t  d i sappears ,  be ing  replaced  b y  t h e  nega t i ve  
D R P s .  I n  o the r  p repa ra t ions ,  t he  r e a p p e a r i n g  p o t e n t i a l  
f rom t h e  v e r y  b e g i n n i n g  ha s  a fo rm of depola r iza t ion .  The  
ips i Ia tera l  cond i t i on ing  D R P  usua l ly  appea r s  ear l ie r  and  
then ,  a f te r  a b o u t  7 ra in  of recovery,  t h e  t e s t i n g  D R P  is 
seen. The  size of t he  cond i t i on ing  D R P  increases  r a p i d l y ;  
a f te r  9 m i n  of revovery ,  i t  a t t a i n s  t he  con t ro l  level  a n d  
a f te r  a n o t h e r  2 ra in  depo la r i za t ion  is la rger  t h e n  in con t ro l  
condi t ions .  The  g rowth  of t h e  t e s t i ng  D1RP is m u c h  
slower and  up  to t he  end  of o b s e r v a t i o n  per iod  i t  does n o t  
r each  t he  in i t i a l  value.  

I n  c o n t r a s t  to  t he  ips i l a te ra l  depola r iza t ion ,  t he  
r ecovery  of t h e  c o n t r a l a t e r a l  D R P s  is de layed  a n d  v e r y  
slow. The  cond i t i on ing  D R P  wh ich  appea r s  as depolar iz-  
a t ion  is v i s ib le  7 m i n  a f te r  t he  end  of a sphyx ia t i on ,  a n d  
a t  t he  end  of o b s e r v a t i o n  per iod  i t  on ly  a t t a i n s  14.8% 
of t he  con t ro l  level.  D u r i n g  al l  t h i s  per iod,  t h e  single 
t e s t i ng  vol leys  do no t  p roduce  a n y  c o n t r a l a t e r a l  depolar i -  
zat ion.  I n  severa l  e x p e r i m e n t s  t he  effects  of a single 
t e s t i ng  vol ley  are  t o t a l l y  depressed  d u r i n g  15-20 ra in  
a f t e r  t he  end  of a s p h y x i a t i o n .  

The  changes  in size of t h e  D R P s  observed  d u r i n g  acu te  
a s p h y x i a t i o n  are  m o s t  p r o b a b l y  due  to  a s p h y x i a l  po t en -  
t ia ls  of t he  dorsa l  roots .  Since i t  is k n o w n  t h a t  depolar iza-  
t ion  decreases  t h e  p r e s y n a p t i c  i n h i b i t i o n  7, i t  m a y  be  
su rmized  t h a t  t h e  g r adua l  decrease  of t h e  D R P s  occur r ing  
w i t h i n  a few m i n  a f t e r  oxygen  d e p r i v a t i o n  depends  on  
increase  of t h e  a s p h y x i a l  po ten t i a l .  The  t o t a l  d i sappear -  
ance  of t he  D R P s  would  ind ica t e  t h e  b lock  of t r a n s -  
miss ion  of t he  a f f e r en t  impulses  gene ra t i ng  t he  p r i m a r y  
a f fe ren t  depolar iza t ion .  BIERSTEKER et  al.5 found  t h a t  
the  a sphyx ia l  p o t e n t i a l  increases  d u r i n g  t h e  en t i r e  dura-  
t ion  of t he  a sphyx ia t ion ,  whi le  t h e  D R P s  in our  exper i -  
m e n t s  d i s appea r  in  t h e  f i rs t  2 m i n  of a sphyx ia .  These  d a t a  
i nd i ca t e  t h a t  even  smal l  a s p h y x i a l  p o t e n t i a l  m a y  to t a l l y  
b lock  t r a n s m i s s i o n  of vol leys  p r o d u c i n g  t he  D R P s .  The  
recovery  of t he  D R P s  would  d e p e n d  on  decrease  of t h i s  
po ten t i a l .  I t  is i n t e r e s t i ng  to no te  t h a t  d u r i n g  r ecove ry  
t he  depress ion  of t he  t e s t i n g  D R P  on t he  ips i la te ra l  side 
is increased.  Th i s  effect  occurs  w h e n  t he  cond i t i on ing  
D R P  r e t u r n e d  to  i ts  con t ro l  value,  sugges t ing  t he  de layed  
d i f f e ren t i a t ed  ac t ion  of a s p h y x i a  on  t h e  p ro longed  D R P  
a n d  i ts  af ter-effects .  The  slow recove ry  of t h e  con t r a -  
l a t e ra l  D R P s  d e m o n s t r a t e s  t h a t  t h e  oxygen  d e p r i v a t i o n  
is a p o t e n t  fac to r  c o u n t e r a c t i n g  t h e  a p p e a r a n c e  of t h e  
p r i m a r y  a f fe ren t  depo la r i za t ion  on  t he  o the r  side of t he  
sp ina l  cord. Since t h e  s y n a p t i c  o rgan iza t i on  of t he  p a t h -  
way  p roduc ing  c o n t r a l a t e r a l  p r e s y n a p t i c  i n h i b i t i o n  is 
p r o b a b l y  more  complex  t h a n  t h e  ips i la te ra l  one, t h i s  
f ind ing  ref lects  i ts  g rea te r  v u l n e r a b i l i t y  to  oxygen  lack. 

Rdsumd. Les po ten t i e l s  c o n d i t i o n n a n t s  e t  les t e s t s  
effectu6s sur  la rac ine  dorsale  des deux  cot6s de la moel le  
m o n t r e n t  une  sensibi l i t6  diff6renci6e & l ' a sphyxie .  Aprgs  
le r 6 t ab l i s s emen t  de l ' o x y g 6 n a t i o n  la  d6press ion  du  po ten -  
t iel  ips i la t6ra l  t es t6  es t  a u g m e n t 6 e  e t  les po t en t i e l s  con t r a -  
l a t 6 r aux  n ' a p p a r a i s s e n t  qu ' ap r6s  u n  r e t a r d  prolong6.  

A, NIECHAJ 

Department o/Human Physiology, Medical School, 
Dymitrowa 11, Lublin (Poland), 
72 July 7972. 

J. c. ECCLES, R. F. SCHMIDT and W. D. WILLIS, J. Neurophysiol. 
26, 523 (1963). 


