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In rats  with ascending tetanus and exhibiting the "universal departure station" (UDS), phe- 
nomenon stimulation of an afferent nerve to the hind limb in which the tetanus toxin was in- 
jected evokes tonic reflexes in the lumbosacral  portion of the spinal cord: a long positive 
potential (P-wave) of the dorsal  surface potential (DSP), and also tonic negative potentials 
in the dorsal  roots and efferent discharges in the ventral  roots of both halves of the spinal 
cord. Stimulation of the afferent nerve to the opposite hind limb evoked phasic potentials of 
low amplitude in these same s t ructures .  Tonic reflexes of the spinal cord were recorded  
also when all the ,dorsal roots  were divided below the level of cordotomy and reflexes were 
evoked by stimulation of dorsal  root L 6 on the affected side of the spinal cord. It is postu-  
lated that tonic paroxysmal  activity in rats  with ascending tetanus and exhibiting the UDS 
phenomenon is generated by interneurons of the poisoned half of the spinal cord. 

In ra ts  with ascending tetanus and exhibiting the "universal  departure station" (UDS) phenomenon 
stimulation of a nerve on the side of injection of the tetanus toxin evokes the appearance of an unusually 
long positive component (P-wave) of the dorsal  surface potential (DSP), and a negative potential of the dor-  
sal roots of the spinal cord [5]. Clear  corre la t ion  is observed between the changes in this enlarged P-wave 
of the DSP and changes in the prolonged efferent paroxysmal  discharge in the ventral  roots of the spinal 
cord  [3, 5-7]. The tonic charac te r  of reflex activity is one of the most  important  manifestations of tetanus 
poisoning, and for that reason the investigation of the mechanisms of these tonic reflexes in tetanus is ex- 
t r emely  interesting. 

In this paper some aspects of the genesis of tonic reflex responses  of the spinal cord are examined 
in rats  with ascending tetanus and exhibiting the UDS phenomenon. 

E X P E R I M E N T A L  M E T H O D  

Experiments were ca r r i ed  out on 22 rats  weighing 250-350 g, in which ascending tetanus and the UDS 
phenomenon were induced by injection of tetanus toxin in a dose of 4-6 MLD into the gast rocnemius  muscle 
of one hind limb. To block the spread of the toxin in the blood s t ream,  antitetanus se rum was injected in- 
t ravenously in a dose of 0.025 a.u. 

The spinal cord was divided at the level ThT-Th 8 24 h before the beginning of the experiment under 
brief  ether anesthesia. On the day of the experiment the par t  of the spinal cord to be studied was exposed 
under ether  anesthesia,  and the roots of the cord  and per ipheral  nerves  to the hind limbs (tibial, sural ,  and 
peroneal  nerves) were dissected. The animals were immobilized by intravenous injection of D-tubocuranine 
(0.3-0.4 mg/kg).  The difference between the ability to induce the UDS phenomenon on the side of injection 
of the toxin and the opposite side was seen most  c lear ly  if weak st imuli  were applied to the afferent nerves;  
for this reason stimulation was applied in a strength of not more  than four threshold units for the given 
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Fig.  1. Long sp ina l  cord  potent ia l s  in 
r a t s  with ascending  tetanus and the 
UDS phenomenon: A, B) DSP of L 5 
evoked on s ide  opposi te  to inject ion 
of toxin by s t imula t ion  of i p s i l a t e r a l  
ne rve  (A) and nerve  on " te tanus" s ide  
(B); C) the s ame  as in A and B. Po-  
t en t ia l s  r e c o r d e d  consecut ive ly  du r -  
ing s ingle  sweep and with ampl i f i ca -  
tion. F i r s t  potent ia l  is DSP of L 5 
evoked by s t imula t ion  of i p s i l a t e r a l  
ne rve ,  second potent ia l  is DSP of L 5 
evoked by s t imula t ion  of ne rve  on 
c o n t r a l a t e r a l  ("tetanus") s ide;  D)e f -  
fe ren t  d i s cha rge  in ven t ra l  root  L 6 on 
" te tanus" s ide  and DSP in region  of 
en t rance  of do r sa l  root  L 6 into spinal  
cord.  Ca l ib ra t ion  of ampl i f ica t ion  in 
A, B, and C 50 ~V, in D 0.5 mV for 
e f ferent  d i s cha rge  and 1 mV for DSP. 
Time ca l ib ra t ion  in A and B 20 m s e c ,  
in C 200 m s e c ,  in D 100 msec .  

nerve  (4T). Detai ls  of the method of s t imula t ing  the ne rves  and 
r eco rd ing  the potent ia l s  and of the appara tus  used in the e x p e r i -  
ments  were  given p rev ious ly  [2-7]. 

E X P E R I M E N T A L  R E S U L T S  

In the expe r imen t s  of s e r i e s  I an a t tempt  was made to d i s -  
cover  whether  the inflow of addi t ional  af ferent  impulses  f rom the 
p e r i p h e r y  is an e s sen t i a l  condit ion for  the fo rmat ion  of long tonic 
r e f l exes  in an imals  with ascending  tetanus and exhibi t ing the UDS 
phenomenon, or whether  the tonic c h a r a c t e r  of the o b s e r v e d  r e -  
sponses  is de t e rmined  by i n t r a c e n t r a l  p r o c e s s e s .  F o r  this  purpose  
the na ture  of the ef ferent  d i s cha rges  and DSP of the spinal  cord 
was inves t iga ted  in r a t s  with ascending  te tanus and exhibi t ing the 
UDS phenomenon, in which all  the do r sa l  roots  of the s a c r a l ,  lum-  
b a r ,  and thorac ic  segments  of the sp ina l  cord  were  divided be fore  
the expe r imen t  began below the level  of the cordo tomy and re f l exes  
were  evoked by s ingle  e l e c t r i c a l  s t imula t ion  of d o r s a l  root  L 6. 

The r e s u l t s  of one of the eight expe r imen t s  on an imals  with 
divided d o r s a l  roots  a r e  i l l u s t r a t ed  in Fig.  1D. They show that  
even af te r  total  deaf ferenta t ion  of the d i s ta l  pa r t  of the spinal  cord  
a s ingle  e l e c t r i c a l  s t imulus  appl ied  to do r sa l  root  L 6 on the s ide  
of inject ion of the tetanus (the " te tanus" side) evokes ,  as be fo re ,  
an en la rged  P-wave  and an efferent  d i s cha rge  las t ing  s e v e r a l  
hundreds  of mi l l i s econds .  Jus t  as in the an imals  with intact  d o r -  
sa l  roo t s ,  definite coincidence was obse rved  between the dura t ions  
of the P-wave  of the DSP and the ef ferent  d i s cha rge  in the ven t r a l  
root .  

As has been  shown p rev ious ly  [2, 4, 5, 7] in an imals  with 
ascending  te tanus and the UDS phenomenon, d o r s a l  root  po ten t ia l s  
and the ef ferent  d i s cha rge  evoked by s t imula t ion  of the i p s i l a t e r a l  
ne rve  a r e  cons ide rab ly  longer  on the "tetanus" s ide  than on the 
s ide  opposi te  to that  of inject ion of the toxin. The appea rance  of 
long sp ina l  cord  potent ia l s  in an imals  with ascending  tetanus can 
be expla ined by the de- inh ib i t ing  act ion of te tanus toxin on i n t e r -  
neurons r e spons ib l e  for  the t r a n s m i s s i o n  of exc i ta t ion  to moto-  
neurons  and to p r i m a r y  a f fe ren ts .  However ,  the leading ro le  in 
the genes i s  of the tonic e f ferent  d i s c h a r g e s  on the "tetanus" s ide  
could a lso  be played by the s u p p r e s s i o n  of inhibit ion of the moto-  
neurons .  

To de t e rmine  the s i te  of fo rmat ion  of the tonic p a r o x y s m a l  ac t iv i ty ,  the c h a r a c t e r i s t i c s  of r e f l ex  r e -  
sponses  were  s tudied in the ven t ra l  and d o r s a l  roots  on the "tetanus" and opposi te  s ides  of the spinal  cord  
to s t imula t ion  of the c o n t r a l a t e r a l  ne rves .  The r e s u l t s  of m e a s u r e m e n t s  of the ampl i tudes  of the r e f l ex  r e -  
sponses  evoked by s t imula t ion  of ne rves  of both s ides  at a s t reng th  of 4T a re  given in Table  1 and s p e c i m e n  
r e c o r d s  a r e  shown in F igs .  1 and 2. It wil l  be c l ea r  f rom Table 1 that  the ampli tude of DSPs evoked on the 
opposi te  s ide  to inject ion of the toxin by s t imula t ion  of the s u r a l  ne rve  on the "tetanus" s ide  was s ign i f ican t -  
ly h igher  than the ampli tude of DSPs evoked by s t imula t ion  of the c o n t r a l a t e r a l  s u r a l  nerve  on the " te tanus" 
s ide  of the spinal  cord.  

The d i f ference  in the dura t ions  of the poten t ia l s  evoked in the roots  f rom the two s ides  of the spinal  
cord  in r e sponse  to s t imula t ion  of the nerve  on the "tetanus" s ide  and on the s ide  opposi te  to inject ion of 
the toxin were  p a r t i c u l a r l y  m a r k e d  (4-20 t imes) .  In Fig .  1 the DSP evoked in a root  on the s ide  opposi te  
to that  of inject ion of the toxin by s t imula t ion  of a nerve  on the " te tanus" s ide  (see Fig .  1B) is compared  
with the DSP evoked by an i p s i l a t e r a l  s t imulus  (Fig. 1A) equal in dura t ion to the DSP in a heal thy ra t .  As 
Fig .  1 shows,  the d i f ference  in durat ion of the poten t ia l s  evoked in the same  d o r s a l  root  by s t imula t ion  of 
the ne rves  on the " te tanus" and opposi te  s ides  was ve ry  g rea t  (Fig. 1C). 
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TABLE 1. Ampli tude of Potent ia l s  of Dorsa l  and Vent ra l  Roots of 
the Spinal Cord in Rats with Ascending  Tetanus and the UDS Phe-  
nomenon 

Amplitude of DSP L 5 Amplitude of polysynaptic reflexes 
(in ~V) in root L~ (in ~V) 

Side of side of stimulation 
recording ipsilateral eontralateral 

n TetanuU, 
Opposite 

c o a t r a t a t e r a l  

-~• I P n ] -~_+S}'- I P 

 r70+29 00 247 9  1720 175 00 69+35 
n x__+ S ~ -  P 

66_--4-22 
3 7 5 •  < 0 , 0 5  

Legend: n) number  of observa t ion ;  ~ a r i t hme t i c  mean; S T) s t an -  
dard  e r r o r ;  P) p robab i l i ty  of the null hypothesis .  
Note. Level  of s igni f icance  taken as 0.05. Difference s igni f icant  
if P <  0.05. 
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Fig.  2. Dis t inguishing fea tures  of ip-  
s i l a t e r a l  and c o n t r a l a t e r a l  efferent  d i s -  
charges  on " te tanus" and opposi te  s ides 
in an imals  with ascending tetanus and 
the UDS phenomenon. A and B) ef ferent  
d i s cha rges  in root  L~ on "tetanus" s ide  
evoked by s t imula t ion  of i p s i l a t e r a l  (A) 
and c o n t r a l a t e r a l  (B) t ib ia l  nerve  at a 
s t rength  of 4T; C and D) the same  as A 
and B, but for  e f ferent  d i s cha rges  in 
root  L 6 on c o n t r a l a t e r a l  s ide  to in jec -  
t ion of toxin. Ca l ib ra t ion  of amp l i f i c a -  
t ion 500 #V, t ime  m a r k e r  100 msec .  

the af ferent  nerve  on the s ide  opposi te  to 
Fig .  1C and B). 

It was in te res t ing  to c o m p a r e  the ampl i tudes  and d u r a -  
t ions of the efferent  d i s cha rges .  The r e s u l t s  of one of the ob-  
se rva t ions  a r e  given in Fig.  2 and mean ampl i tudes  of r e s p o n s e s  
on the "tetanus" and opposi te  s ides  a r e  given in Table 1. S t im-  
ulat ion of the i p s i l a t e r a l  t ib ia l  nerve  evoked monosynapt ic  r e -  
f lexes  approx ima te ly  equal in ampl i tude  in the ven t ra l  roots  of 
L~ on both s ides .  Polysynapt ic  r e f l exes  in the root  on the " tet-  
anus" s ide  were  app rec i ab ly  i nc r e a s e d ,  in ag reemen t  with find- 
ings obtained by other  w or ke r s  [8, 10]. 

When c r o s s e d  polysynapt ic  r e f l exes  were  compared ,  the 
ru le  d i s cove red  for  c h a r a c t e r i s t i c s  of DSPs evoked by s t imu-  
la t ion of the c o n t r a l a t e r a l  ne rves  was seen  more  c l e a r l y  s t i l l :  
r e f l ex  r e s p o n s e s  in ven t ra l  roots  on the opposi te  s ide  were  ap-  
p rec iab ly  l a r g e r  in ampl i tude  than the c r o s s e d  r e f l exes  on the 
"tetanus" side.  The durat ion of the c r o s s e d  r e f l exes  depended 
on the point of en t ry  of the afferent  vol ley  into the spinal  cord.  
St imulat ion of the afferent  nerve  on the "tetanus" s ide  
evoked tonic ac t iv i ty  in motoneurons  of both ha lves  of the 
co rd  (see Fig.  1A and D), and r e s p o n s e s  evoked in the ip-  
s i l a t e r a l  and c o n t r a l a t e r a l  ven t r a l  roots  to s t imula t ion  of 
that  of inject ion of the toxin were  of shor t  dura t ion (see 

D I S C U S S I O N  

Tonic r e f l exes  in te tanus a r i s e  at the s tage of loca l  te tanus although the tonic c h a r a c t e r  of d i scha rge  
of the ~ -mo toneu rons  at this  s tage  of poisoning is evidently brought  about by i n c r e a s e d  ac t iv i ty  of the m u s -  
cle r e c e p t o r s ,  r e f l ec t ing  i n c r e a s e d  ac t iv i ty  of y - m o t one u r ons  [11]. 

As was shown above, in an imals  with ascending tetanus and the UDS phenomenon a s ingle  e l e c t r i c a l  
s t imulus  appl ied  to the d o r s a l  root  on the "tetanus" s ide  evoked tonic sp ina l  r e f l exes  even af te r  to ta l  deaf -  
fe ren ta t ion  of the d i s t a l  pa r t  of the spinal  cord.  Consequently,  it was shown that  a c h a r a c t e r i s t i c  fea ture  of 
ef ferent  ac t iv i ty  in tetanus - the pro longed tonic vol ley  - is observed  in these  an imals  a f te r  both r e c e p t o r s  
and e f fec tors  have been excluded f rom the re f l ex  arc ;  i .e . ,  it is cen t ra l  in origin.  

Indi rec t  evidence of the pa r t  of the re f l ex  a rc  (in the motoneurons or  in terneurons)  at which the tonic 
c h a r a c t e r  of the p a r o x y s m a l  e f ferent  d i s cha rge  is f o rmed  was obtained by compar ing  the c h a r a c t e r i s t i c s  of 
d i s cha rge  of motoneurons  on the "tetanus" and opposi te  s ides  in r e sponse  to impulses  reach ing  the moto-  
neurons v ia  d i f ferent  r e f l ex  pathways.  Since s t i m u l a t i o n  of the nerve  on the "tetanus" s ide  evokes tonic ac -  
t iv i ty  in motoneurons  in both halves  of the cord while s t imula t ion  of the nerve  on the opposi te  s ide  gave a 
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b i l a t e r a l  phasic  r e sponse ,  it can be concluded that the fo rmat ion  of the tonic c h a r a c t e r  of the "tetanus" 
p a r o x y s m a l  d ischarge  takes place not in the motoneurons ,  but in the in terneurons .  

Evidence of the leading role  of in terneurons  in the genesis  of tonic re f lexes  in r a t s  with ascending 
tetanus and the UDS phenomenon is also given by the resu l t s  of pha rmaco log ica l  invest igat ions [3, 7]: sho r t -  
ening of the durat ion of the tonic re f lexes  in these  an imals  takes  place  a f te r  injection of pentobarbi ta l  in 
doses (5 mg/kg)  which a re  known to shor ten  the d ischarge  of in terneurons  cons iderably  but to have no ef-  
fect  on exitat ion of motoneurons .  

L I T E R A T U R E  C I T E D  

1. G . N .  Kryzhanovski i ,  Tetanus [in Russian],  Moscow (1966). 
2. G . N .  Kryzhanovski i  and V. K. Lutsenko, Byull. t~ksperim. Biol. i Med., No. 2, 16 (1969). 
3. G . N .  Kryzhanovski i  and V. K. Lutsenko,  Byull. Eksper im.  Biol. i Med., No. 4, 33 (1969). 
4. G . N .  Dryzhanovski i  and V. K. Lutsenko, in: Slow Elec t r i ca l  Potent ia ls  of the Nervous Sys tem [in 

Russian],  Tbi l is i  (1969), p. 75. 
5. V . K .  Lutsenko, Transac t ions  of the Insti tute of Normal  and Pathological  Physiology,  Academy of 

Medical Sciences of the USSR [in Russian],  Vol. 9, Moscow (1966), p. 104. 
6. V . K .  Lutsenko, Transac t ions  of the Institute of Normal  and Pathological  Physiology,  Academy of 

Medical Sciences of the USSR [in Russian],  Vot. 11, Moscow (1968), p. 50. 
7. V . K .  Lutsenko,  Neurophysiological  Analysis  of Mechanisms of Origin and Spread of P a r o x y s m a l  Ac-  

t ivity in Animals  with Ascending Tetanus.  Author ' s  Abs t rac t  of Candidate 's  Disser ta t ion ,  Moscow 
(1972). 

8. Yu. S. Sverdlov,  Fiziol.  Zh. SSSR, No. 8, 941 (1960). 
9. A . I .  Shapovalov, The Cel lular  Mechanisms of Synaptic T r a n s m i s s i o n  [in Russian],  Moscow (1966). 

10. V. Brooks ,  D. R. Cur t i s ,  and J. C. Ecc les ,  J. Physiol.  (London), 135, 655 (1957). 
11. M. Kano and K. Takano, Jap.  J. Physiol . ,  1 (1969). 

609 


