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Blood  pressure  was recorded  on  a s m o k e d  r o t a t i n g  d r u m  
t h r o u g h  a m e r c u r y  m a n o m e t e r  f rom t he  lef t  ca ro t id  
a r te ry .  Drugs  were in jec ted  in a c o n s t a n t  v o l u m e  of 0.2 ml,  
t h r o u g h  a f emora l  vein.  I n  all  e x p e r i m e n t s  a t r o p i n e  
su lpha t e  was in jec ted  a t  a dose of 1 m g / k g  i .m. 45 ra in  
before  a d m i n i s t r a t i o n  of oxo t remor ine .  A t  leas t  6 experi-  
m e n t s  were pe r fo rmed  in each  set. 

Results. A d m i n i s t r a t i o n  of o x o t r e m o r i n e  s e s q u i f u m a r a t e  
(Aldrich) a t  doses b e t w e e n  0.5 to  2 vg/kg  i.v. r esu l ted  in 
i n s t a n t a n e o u s  a n d  t r a n s i e n t  fall  of b lood  pressure  (Figure  a). 
The  vasodepresso r  effect  of o x o t r e m o r i n e  was abo l i shed  
a f t e r  a t r o p i n e  (Figure a). However ,  a 100-fold increase  in 
dose of o x o t r e m o r i n e  (50 to 200 i~g/kg, i.v.) in  a t rop in i zed  
ra t s  r e su l t ed  in a fas t  increase  of b lood  pressure  (Figure a ) .  
The  vasopressor  effect  in  a t r op i n i zed  r a t s  l a s ted  for  20 to 
35 ra in  fol lowed b y  no  s u b s e q u e n t  vasodepress ion .  The  
ave rage  pe rcen t age  of pressor  response  of o x o t r e m o r i n e  
a f t e r  a dose of 100 ~g/kg i.v. was  found  to  be  104 ~ 12.4 
(S.E.).  R e p e a t e d  a d m i n i s t r a t i o n  of a vasopressor  dose of 
o x o t r e m o r i n e  resu l ted  in comple t e  t r a c h y p h y l a x i s .  

T h e  vasopresso r  effect  of o x o t r e m o r i n e  in a t r op i n i zed  
r a t s  was  abo l i shed  w h e n  r epea t ed  1 h a f te r  d ibenzy l ine  
(1 mg/kg,  i.m.) a d m i n i s t r a t i o n .  The  pressor  response  to  
o x o t r e m o r i n e  a f t e r  a d m i n i s t r a t i o n  of a t rop ine  was a b s e n t  
in reserp in ized  (1 mg /kg /24  h, i .m. for  48 h) r a t s  (Figu- 
re b). Rese rp in i za t i on  was ensured  b y  abo l i t i on  or m a r k -  
ed r e d u c t i o n  of i.v. a d m i n i s t e r e d  t y r a m i n e  (0.5 mg/kg) .  

T e t r a e t h y l a m m o n i u m  b r o m i d e  (50 mg/kg ,  i.v.) s imi la r ly  
r educed  t he  vasopresso r  response  to  oxo t r emor ine .  
B i l a t e ra l  a d r e n a l e c t o m y  e i the r  m a r k e d l y  r educed  or 
abol i shed  t he  pressor  response  to  o x o t r e m o r i n e  in a t ro -  
p in ized  ra t s  (Figure  c). 

I n  order  to  de tec t  a n y  cen t r a l  c o m p o n e n t  in  t h e  pressor  
ac t ion  of oxo t r emor ine ,  i ts  effect  was  i n v e s t i g a t e d  in 
p i t h e d  r a t s  before  a n d  a f t e r  a t rop ine .  The  pressor  effect  to  
o x o t r e m o r i n e  a f t e r  a t rop ine  could n o t  be  d e m o n s t r a t e d  in 
p i t h e d  ra ts .  However ,  t he  vasodepres so r  effect  of low 
doses of o x o t r e m o r i n e  before a t r o p i n e  r e m a i n e d  u n a l t e r e d  
in p i t h e d  r a t s  (Figure  d). 

Discussion. The  resu l t s  o b t a i n e d  sugges t  t h a t  t he  pressor  
response  to o x o t r e m o r i n e  a f te r  chol inergic  b lockade  b y  
a t rop ine  is due  to  gangl ionic  s t i m u l a t i o n  and  s u b s e q u e n t  
l i be ra t ion  of c a t e c h o l a m i n e  f rom the  s u p r a r e n a l  medul la .  
Abo l i t i on  of pressor  responses  to  o x o t r e m o r i n e  b y  a) t h e  
ad reno ly t i c  a g e n t  d ibenzy l ine ;  b) t h e  gangl ion  b lock ing  
a g e n t  t e t r a e t h y l a m m o n i u m ;  c) b i l a t e ra l  a d r e n a l e c t o m y  
a n d  d) rese rp in iza t ion ,  p rov ide  v a l i d i t y  for  such  con- 
clusion.  Pressor  effect  to  oxo t r emor ine  could n o t  be  
d e m o n s t r a t e d  in p i t h e d  a t rop in i zed  r a t s  wh ich  ind ica tes  
t h a t  o x o t r e m o r i n e  has  no  effect  a t  p e r i p h e r a l  n ico t in ic  
s i te  l ike ace ty lchol ine .  However ,  t he  pe r iphe ra l  musca r in i c  
ac t ion  of o x o t r e m o r i n e  r e m a i n e d  una l t e r ed  in p i t h e d  rats .  
Absence  of vasopresso r  response  in a t rop in i zed  p i t h e d  r a t  
suggests  t h a t  l i be ra t i on  of c a t e c h o l a m i n e  f rom s u p r a r e n a l  
medu l l a  is en t i r e ly  cen t r a l  y med ia t ed .  Nico t ine  has  been  
s h o w n  to  cause  l i be ra t i on  of c a t e c h o l a m i n e  f rom ad rena l  
medu l l a  t h r o u g h  a cen t r a l  m e c h a n i s m  ~. We, therefore ,  
p ropose  to  qua l i fy  t h e  pressor  response  to  oxo t r emor ine  
in a t rop in i zed  r a t s  as cen t r a l  n ico t in ic  effect  of t he  drug.  
A s t i m u l a n t  ac t ion  on t h e  super ior  cerv ica l  gang l ion  ha s  
been  r epo r t ed  fol lowing close a r t e r i a l  i n j ec t ion  of oxo- 
t r e m o r i n e  ~ b u t  t h i s  m a y  be  b locked  b y  a t rop ine  a n d  
appea r s  to  be  ana logous  to  t he  specific effects of o the r  
musca r in i c  agen ts  on  a u t o n o m i c  gangl ia  7. 

Zusammenfassung.  Eine  zentrale ,  n i k o t i n a r t i g e  W i r k u n g  
yon  O x o t r e m o r i n  wi rd  a m  B l u t d r u c k  der  R a t t e  beschre i -  
ben.  
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Effects of Tybamate  and Pentylenetetrazol  on Spinal Interneurons 

I t  h a s  r ecen t ly  been  shown  t h a t  t he  cen t r a l  musc le  
r e l a x a n t  t y b a m a t e  (Solacen) ac ts  p r i m a r i l y  b y  depress ing  
sp ina l  p o l y s y n a p t i c  reflexes1,2. Th i s  effect  can  be  ade-  
q u a t e l y  exp l a ined  as a d e p r e s s a n t  ac t ion  on  sp ina l  
i n t e r n u n c i a l  n e u r o n a l  a c t i v i t y  a. S imi la r  s tud ies  w i t h  t he  
ana l ep t i c  p e n t y l e n e t e t r a z o l  (Metrazol)  i nd i ca t e  oppos i te  
resul ts ,  t h a t  is, a n  e n h a n c e m e n t  of p o l y s y n a p t i c  a c t i v i t y  
w i t h  a depress ion  of t h e  e lect r ica l ly  evoked  m o n o s y n a p t i c  
response3,  ~. L a t e r  repor ts ,  a t t e m p t i n g  to  exp la in  these  
effects b y  record ing  t he  a c t i v i t y  of single R e n s h a w  cells 
fol lowing p e n t y l e n e t e t r a z o l  a d m i n i s t r a t i o n ,  were nega-  
t i ve  5. Also, i t  appea r s  t h a t  p e n t y l e n e t e t r a z o l  does n o t  
d i r ec t ly  a f fec t  m o t o n e u r o n  exc i t ab i l i ty% W i t h  t h i s  in  
mind ,  t h e  p r e sen t  s t u d y  was des igned  to d e t e r m i n e  whe-  
t h e r  p e n t y l e n e t e t r a z o l  a f fec ted  s p i n a l i n t e r n u n c i a l  n e u r o n a l  
a c t i v i t y  a n d  also if p e n t y l e n e t e t r a z o l  a n t a g o n i z e d  t h e  
d e p r e s s a n t  effects  of t y b a m a t e .  

Materials and methods. T he  e x p e r i m e n t a l  p rocedures  
emp loyed  in th i s  i n v e s t i g a t i o n  h a v e  been  p rev ious ly  
described1,  2. Brief ly,  midco l l i cu la r  dece reb ra t e  ca t s  were 
p r e p a r e d  u n d e r  e the r  anes thes ia .  Ar t e r i a l  b lood  pressure  
was m e a s u r e d  f rom th e  lef t  c o m m o n  ca ro t id  a r t e r y  a n d  
d rug  i n j ec t i on  was v ia  t he  r ad i a l  vein.  T he  c o n t r a l a t e r a l  
p o l y s y n a p t i c  ex tensor  ref lex was e l ic i ted b y  s t i m u l a t i n g  

t he  cen t r a l  end  of t he  cu t  lef t  sciat ic  n e r v e  and  record ing  
c o n t r a c t i o n s  of t h e  c o n t r a l a t e r a l  quadr i ceps  femoris .  Fo r  
t he  sp ina l  i n t e r n e n r o n  studies ,  d e c e r e b r a t i o n  was fol lowed 
b y  l a m i n e c t o m y  a t  LI_ 2 a n d  t r a n s e c t i o n  of t he  sp ina l  cord. 
The  an ima l s  were a r t i f ic ia l ly  v e n t i l a t e d  w i t h  room air. 
The  dorsa l  and  v e n t r a l  roots  of L 7 were d issected  free, 
sec t ioned  a n d  m o u n t e d  on  P a l m e r  b ipo la r  e lec t rodes  for  
o r t h o d r o m i c  and  a n t i d r o m i c  s t imu la t i on ,  respect ive ly .  
E x t r a c e l l u l a r  u n i t  a c t i v i t y  was r ecorded  f rom single sp ina l  
i n t e r n e u r o n s  w i t h  t h e  e lec t rode  pos i t ioned  med ia l  to  or on 
t he  l ine of L 7 dorsa l  roo t  e n t r y  a n d  1.5 to  3.5 m m  below 
t h e  cord  surface.  The  exposed a rea  of t h e  cord  was 
b a t h e d  in  m i n e r a l  oil a n d  m a i n t a i n e d  a t  36-37 ~ 
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Fig. 1. Effects of tybamate and pentylenetetrazol on contralateral extensor reflex responses in midcollicular cat. A) graded doses of 
tybamate produce a stepwise reduction in response. B) 20 min following A) - pentylenetetrazol produces some recovery of response. C) 10 min 
following B) - further administration of pentylenetetrazol results in a reflex response similar to control. 

Results and discussion. As shown in Figure 1, A, admini-  
s t ra t ion  of t y b a m a t e  reduces the  cont ra la te ra l  ex tensor  
response in a s tepwise manner .  Following depress ion of the  
cont ra la te ra l  ex tensor  response  by  t y b a m a t e ,  pen ty lene-  
te t razol  (5 mg/kg) p roduced  only a t r ans i en t  increase in 
the  reflex. F u r t h e r  admin i s t r a t i on  of pen ty lene te t r azo l  to  
a cumula t ive  dose of 35 mg/kg resul ted  in a s tepwise  
r e tu rn  of the  reflex to contro l  levels (Figure 1, B, C). This 
depress ion of t he  cont ra la te ra l  ex tensor  reflex wi th  
t y b a m a t e  and  res tora t ion  wi th  pen ty lene te t r azo l  could be 
r epea ted  several  t imes  in a single animal.  

Subsequen t  to  the  above exper imen t s  on po lysynap t i e  
reflexes we s tudied  the  an t agon i sm of these  drugs on 
spinal  in te rnuncia l  neurons.  Figure  2 shows the  effects of 
t y b a m a t e  and pen ty lene te t r azo l  on a non-spon taneous  
fir ing spinal  in terneuron.  This neuron exhib i ted  repe t i t ive  
fir ing in response to  dorsal  root  s t imula t ion .  T y b a m a t e  
(5 mg/kg) abol ished the  evoked in te rneurona l  ac t iv i ty .  
Two succeeding doses of pen ty l ene t e t r azo l  (30 mg/kg  
total)  res tored  ac t iv i ty  to  s l ight ly  above control  levels. 
F u r t h e r  admin i s t r a t ion  of t y b a m a t e  (5 mg/kg) depressed 
ac t iv i ty  a second t ime  wi th  recovery  following an ade- 
qua te  dose of pen ty lene te t razo l .  W h e n  given alone, 
pen ty lene te t r azo l  (5-10 mg/kg) cons i s ten t ly  p roduced  an 
increase in fir ing level. 

The above exper imen t s  indica te  an exc i t a to ry  effect  of 
pa ren te ra l ly  admin is te red  pen ty lene te t r azo l  on spinal  
in te rneurona l  ac t iv i ty .  This exc i t a to ry  effect  of pen ty lene-  
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Fig. 2. Effect of tybamate and pentyIenetetrazol on a non-spontane- 
ous firing spinal interneuron in an acute high lumbar spinal cat. Po- 
tentials were evoked by L 7 dorsal root stimulation. 3 successive re- 
ponses are shown (arrows) at a rate of i per sec. In this experiments 
interneuron activity was depressed by tybamate, restored by penty- 
lenetetrazol, depressed a second time with tybamate and restored 
with pentylenetetrazol. 

te t razol  may  explain  its effect  on the  po lysynap t i c  reflex 
as repor ted  by  others  3,4. Previous  observa t ions  m a d e  
by  CURTIS et  al. ~, using e lec t rophoret ica l ly  admin i s t e red  
pen ty lene te t razo l ,  indica te  a weak depress ion of spinal  
in te rneurona l  ac t iv i ty  r a the r  t h a n  s t imula t ion  as repor ted  
here. Their  approach,  however ,  is diss imilar  in t h a t  the  
act ion of pen ty lene te t r azo l  appl ied e lec t rophore t ica l ly  
m a y  no t  be the  same as when  admin is te red  parentera l ly .  
Other  agents,  no t ab ly  a m p h e t a m i n e  s and  D-lysergic acid 
d ie thy lamide  9,10, have  also been  repor ted  to  produce  
opposi te  effects when  e lec t rophore t ic  appl ica t ion  is com- 
pared  wi th  pa ren te ra l  admin is t ra t ion .  

S t imula t ion  of in te rneurons  by  pen ty l ene t e t r azo l  is 
p roduced  by  ap p ro x i ma t e l y  the  same dose which  con- 
s i s ten t ly  excites bra in  s t em neurons  11,12. Depress ion  of 
neurona l  ac t iv i ty  by  pen ty lene te t razo l ,  observed  wi th  
10% of t he  neurons  s tudied  a t  the  level of the  bra in  
s t em n was no t  observed in th is  s tudy.  Fur the rmore ,  
depress ion of in te rneuron  fir ing ra te  by  the  muscle  
r e l axan t  t y b a m a t e  was effect ively an tagonized  by  pen ty l -  
ene te t razo l  on b o t h  the  con t ra la te ra l  ex tensor  reflex and  
single spinal  in te rneurons  13. 

Zusammenfassung. Das Muskelre laxans  T y b a m a t  ruf t  
eine H e m m u n g  der  Aktivi tXt  spinaler  In t e rneu rone  
hervor,  die yon einer Blockade des spinalen po lysynap-  
t i schen  Reflexes begle i te t  ist. Pen ty l ene t e t r azo l  h ingegen 
h e b t  die be iden  durch  T y b a m a t  erzeugten  Ef fek te  auf, 
s te iger t  zudem die in te rneurona le  AktivitS.t, eine Eigen-  
schaft ,  die die Vers tg rkung  des po lysynap t i s chen  Re-  
flexes erkl/~ren k6nnte .  
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