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The s p i n o , b u l b o - s p i n a l  r e s p o n s e  at  the leve l  of the 5th and 6th segments  of the lumbar  en l a rgemen t  
of unanes thet ized,  uns t rychn in ized  r a t s  has a la tent  per iod  of 11-21 msee ,  a dura t ion  of 3-12 msec ,  and a 
max ima l  ampl i tude  of 17-224 pV. 

During r e c e n t  y e a r s  in the cou r se  of an inves t iga t ion  of m e c ha n i s m s  of r e f l e x e s  between the l imbs  of 
d e c e r e b r a t e  ca t s  immobi l i zed  with f laxedi l  and main ta ined  on a r t i f i c i a l  r e s p i r a t i o n  af te r  in t ravenous  in j ec -  
tion of s t rychnine  in subte tanic  doses ,  a late  or  de layed  r e s p o n s e  has been obtained [8]. Subsequent ly  a s i m -  
i l a r  la te  component  of the r e s p o n s e  was obtained a l so  by means  of s t rychn in iza t ion  and inves t iga ted  in ca t s ,  
and named the bu lbo - sp ina l  r e s p o n s e  [9]. To judge f rom the mos t  competent  monographs  [4-7], and a lso  
f rom the two a r t i c l e s  ment ioned above, no such r e s p o n s e s  have been found in r a t s .  

We have a t t empted  to obtain bu lbo - sp ina l  r e s p o n s e s  in r a t s  e x p e r i m e n t a l l y  without the use  of r e l a x a n t s  
or  s t rychn ine .  

EXPERIMENTAL METHOD 

E x p e r i m e n t s  were  c a r r i e d  out on 56 W i s t a r  and noninbred r a t s .  The d o r s a l  and ve n t r a l  roo t s  of t h e  
l umbar  en l a rgemen t  we re  d i s s e c t e d  under  e ther  anes thes ia .  The d o r s a l  roo t s  were  s t imula ted  with square  
pu lses  of a descending c u r r e n t  through A g - A g C 1  e l e c t r ode s  0.5-0.6 mm in d i a m e t e r ,  2 mm apar t ,  the e l e c -  
t rode  n e a r e r  to the b ra in  lying app rox ima te ly  1 cm f rom the point where  the root  en te red  the sp ina l  cord .  
The e l e c t r o d e s  with the roo t s  t h e m s e l v e s  were  kept  in a bath of m i n e r a l  oil  at 36 ~ During r e c o r d i n g  of the 
roo t  potent ia l s  the r a t  r e m a i n e d  awake, r e c e i v e d  no drugs ,  and was ca r e fu l l y  f ixed to a f r a m e .  The root  po- 
t en t i a l s  we re  fed through a type UBT-5 amp l i f i e r  into the input of a 2KO-1 osc i l log raph .  T i m e - l a p s e  photo- 
g raph ic  r e c o r d i n g  of s ingle  evoked r e s p o n s e s  was c a r r i e d  out s e v e r a l  tens of t imes  at  i n t e rva l s  of 5 sec .  

EXPERIMENTAL RESULTS 

Multicomponent evoked potentials in response to single stimuli in 5 rats are shown in Fig. i. The vari- 
ability of the spino-bulbo-spinal response (identical in shape to that of cats) is clearly visible, being depen- 
dent both on the conditions of recording and the intercentral relationships. Transection of the spinal cord 
in the region of the upper thoracic segments in 21 rats and local cooling of the medulla and spinal cord in 13 
rats demonstrated in 36 experiments the bulbar origin of the late component of the root response in the lum- 
bar region of the spinal cord (Fig. 2). In four rats a spino-bulbo-spinal component was obtained which was 
isolated from the remaining components of the evoked response (Fig. 3). This phenomenon was obtained in 
response to stimulation of the 5th dorsal root of the lumbar enlargement of the spinal cord of near-threshold 
strength for a monosynaptie reflex. From the facts described above, it can be postulated that the spino- 
bulbo-spinal reflex pathway is more sensitive to stimulation than the propriospinal pathway. 

The principal statistics describing the spino-bulbo-spinal response in 18 rats are given in Table i. 
The distribution of frequencies of the latent period, duration, and maximal amplitude of the spino-bulbo- 
spinal response in individual animals obeys the G:~ussian law of normal distribution. Special calculation 
showed that during normal recording of the evoked potentials, no statistically significant changes took place 
in these three parameters of the spino-bulbo-spinal response to indicate exhaustion or fatigue of this par- 
ticular reflex arc. 
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Fig. 1 Fig. 2 

Fig. 1. Spino-bulbo-spinal  response  in unanesthetized ra ts .  F r a m e s  1- 
5 (rat no. 127: st imulation Of right dorsa l  root  of 5th lumbar  segment  
(DDLs; 1 V, 6 #see),  record ing  f rom right ventral  root  of 5th lumbar  
segment  (DVL5), cal ibrat ion 1000/~V, 1000 cps; f r ames  6-10 (rat no. 
128): st imulation of left dorsa l  root  with cu r ren t  of 2 V (frames 7-9, 
duration of impulse 6 #see; f r ame  6, duration of impulse 48/~sec; 
f rame 10, 300 #sec),  recording  f rom SVLs, cal ibrat ion 100 #V, 500 cps; 
f r ames  11-15 (rat no. 33): st imulation of DDL 5 (1V, 30 #sec),  r e c o r d -  
ing f rom DVLs, cal ibrat ion 100 #V, 10 msec;  f r ames  16-20 (rat no. 26): 
st imulation of SDL 5 (1V, 6 #sec),  record ing  f rom SVLs, cal ibrat ion 
100 #V, 10 msee;  f r ames  21-25 (rat no. 124): s t imulat ion of SDL 6 (1V, 
30 msec),  record ing  f rom SVL6, cal ibrat ion 100 /~V, 1000 cps. Ar rows  
denote spino-bulbo-spinal  response .  

Fig. 2. Effect of t ransec t ion  or  cooling of spinal cord  on spino-bulbo- 
spinal response .  F r a m e s  1-5 (rat no. 126): before surgica l  t r a n s e c -  
tion of spinal cord in region of middle thoracic  segments ,  s t imulat ion 
of SDL 5 (1 V, 6 /~see), record ing  f rom SVLs, cal ibrat ion 100 #V, 
1000 cps; f r ames  6-10 (after t ransect ion),  cal ibrat ion 100 #V, 1000 cps; 
f r ames  11-20 (the same experiment  as in f r ames  1-10, but with much 
g rea t e r  amplif icat ion of potentials); f r ames  21-25 (evoked potentials 
af ter  t ransect ion but with much s t ronger  st imulation (1 V, 300 ~sec), 
cal ibrat ion on f r ames  11-25 the same, namely 100 #V, 1000 cps. Rat 
no. 116. Exper iment  with repeated cooling and heating of medulla by 
means of a minera l  oil bath: f r ame  26 before cooling, f r ame  27 at 
4 ~ , f rame 28 at 38 ~ f rame 39 at 6 ~ , f r ame  30 at 38 ~ , f r ame  31 at 12 ~ . 
Stimulation of SDL~ (7 V, 6 #sec),  recording  of SVL 5, cal ibrat ion 
100 #V, 1000 eps. 

According to data in the l i te ra ture  [8,9] this component of the evoked potential was r eco rded  ips i l a te r -  
ally and cont ra la te ra l ly  in the eat, and it varied to a g rea t e r  degree than the segmental  monosynaptie and 
polysynaptic components.  After division of the spinal cord at the level of the f i r s t  ce rv ica l  segment  it d is -  
appeared. The grea t  var iabi l i ty  and long latent period of this component demonstra ted,  in the opinion of 
these workers ,  that the pathways of this reflex are longer and more  complex than those of mono-  and poly- 
synaptic ref lexes.  The experimental  data confirmed the hypothesis that besides a propr iospinal  sys tem of 
movement  coordination, there  is also a spino-bulbo-spinal  sys tem,  through which the bulbar r e t i cu la r  fo r -  
mation par t ic ipates  in the integrative activity of the spinal cord.  
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TABLE 1. Stat ist ics Relating to Spino-Bulbo-Spinal Res )onse* 

5th 

Rat no. 

26 

33 

105 

116 

120 

125 

126 

127 

128 

136 

138 

140 

144 

Latent period 

13,6-+ 0,18 (33) 
8 -  + 0,9 

17,2• (108) 
7• 0,5 

12,0-+0,13 (101) 
11• 

17,7- + 0,22 (37) 
8• 0,9 

13,1+0,11 (I05) 
9__.0,6 

14,7• 0,34 (33) 
13• 1,7 

13,2• (163) 
9_+0,5 

17,8-+0,28 (39) 
lO-+ 1,1 

21,0-+0,31 (24) 
7----- 1,0 

17,64-0,22 (68) 
10-+0,9 

13,5_+0,19 (102) 
14• 1,0 

15,0• 0,10 (119) 
7+- 0,5 

12,4 + _ 0,08 (I 19) 
74- 0,5 

Duration 

6.8-+ 0,29 (33) 
25-+ 3,0 

7,4~ 0,13 (108) 
18• 1,2 

10,8-+0,20 (I01) 
18• 1.3 

3,5• 0,34 (33) 
56• 7,0 

6,9_ 0,12 (163) 
22• 1,2 

11,5• 0,29 (39) 
16-+ 1,8 

10,7___ 0,36 (24) 
16+2,4 

5,1+--0,18 (102) 
36+_ 2,5 

2.8-+0.08 (119) 
31• 

Maximal 
amplitude 

90• 2,4 (33) 
16• 1,9 

114-+3,4 008) 
31• 

224• (I01) 
21-+ 1,5 

L-- 

17• 0,7 (33) 
24• 3,0 
42• 1,1 (163) 
34• 1,9 
64• 2,2 (39) 
21+2,4 
72• 4,1 (24) 
28__+ 4,0 

34• ~ (1o2) 
38-+ 2,6 

76_+ 4~ (119) 
67• 4,3 

Response 
present, 
percent 

100 (33) 

99 (109) 

100 (101) 

IO0 (37) 

98 (107) 

85 (39) 

lo9 (163) 

100 (82) 

lO0 (24) 

90 (76) 

97 (105) 

97 (123) 

96 (125) 

6th 28 

121 

122 

124 

143 

13,2---0,17 (62) 
10• 0,9 

11,1-+ 0.09 (155) 
10• 

14,1• 0,12 (147) 
10• 

12,2- + 0,07 (142) 
7• 0,4 

11,9+ 0,16 (79) 
12-+ 0,9 

3,6_+ 0,16 (62) 
35--.3,2 

5,3• 0.09 055) 
21• 1,2 

6.3• 0,10 (147) 
19• l,l 

5,6• 0,12 (142) 
26• 1,5 

5,2--+ 0,22 (79) 
37-+3,0 

84 • 4,8 (62) 
45-+4,1 
73-- + 1,8 (155) 
30• 1,7 

I00• 2,2 047) 
38• 2,3 
86• (142) 
30_+ 1.8 
69• 2,5 (79) 
32• 2,5 

98 (63) 

99 (156) 

I00 (147) 

99 044) 

97 (82) 

* T h e  l a t e n t  p e r i o d  and  d u r a t i o n  of  t he  s p i n o - b u l b o - s p i n a l  r e s p o n s e  

w e r e  m e a s u r e d  in m s e c  and t h e  m a x i m a l  a m p l i t u d e  in /zV. T h e  f i r s t  

l i n e  g i v e s  the  a r i t h m e t i c  m e a n  and  i t s  e r r o r ,  t h e  s e c o n d  l i n e  t he  c o -  

e f f i c i e n t  of v a r i a t i o n  and  i t s  e r r o r  ( in  p e r c e n t ) ;  t h e  n u m b e r  of t e s t s  
i s  g i v e n  in p a r e n t h e s e s .  

F i g .  3. S p i n o - b u l b o - s p i n a l  r e s p o n s e  to  n e a r -  

t h r e s h o l d  s t i m u l a t i o n .  R a t  No. 57. S t i m u l a t i o n  

of  S D L  5, r e c o r d i n g  f r o m  S V L  5. F r a m e s  1 -10  

( s t i m u l a t i o n  0.3 V, 6 ~ s e c ,  c a l i b r a t i o n  1000 ~V,  

10 m s e c ) ;  f r a m e s  11-15)  s t i m u l a t i o n  0 .25  V, 

6 p s e c .  F r a m e s  16-25)  s t i m u l a t i o n  0 . 2 V ,  6 p s e c .  

C a l i b r a t i o n  f o r  f r a m e s  1 1 - 2 5  and 1 -5  the  s a m e .  

T h e  m o r e  u n i f o r m  p r o p r i o s p i n a l  r e s p o n s e , a s  a 

r u l e  of t h r e e  c o m p o n e n t s  ( f r a m e s  1 -3 ,  11, 12, 

25),  t h e  m o r e  v a r i a b l e  l a t e  s p i n o - b u l b o - s p i n a l  

r e s p o n s e ,  no t  s p l i t  up in to  c o m p o n e n t s  ( f r a m e s  9, 

16, 17, 20 -23 ) ,  and  the  s i m u l t a n e o u s  a p p e a r a n c e  

of m o n o s y n a p t i c  and s p i n o - b u l b o - s p i n a t  c o m p o -  

n e n t s  ( f r a m e s  4, 6 - 8 ,  10, 14, 18, 19) c a n  be  s e e n .  

F r a m e s  5, 15, and 24 s h o w  tha t  t h e  s t i m u l i  w e r e  

in  f a c t  n e a r  t h r e s h o l d .  
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Work in this field is interesting in many respects. First, it extends our knowledge of the pathways 
terminatir]g on the spinal motoneurons [4-6], second, it confirms the hypothesis of the multistage structure 
of the reflex are [I, 2], and third, by revealing the existence of reflex ares, acting in parallel, with the same 
outlet through the ventral root of the spinal cord, it reveals possible pathways and mechanisms of compen- 
sation in case of injury to one or several reflex arcs [1-3]. 

Hence, a spino-bulbo-spinal response, differing from that obtained in the strychninized cat, can be ob- 
tained experimentally in unanesthetized rats. 
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