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The dorsa l  surface  potentials and efferent  discharge (ED) were investigated in the ventral  roots  of the 
spinal cord of healthy rats ,  ra ts  with local tetanus, and rats  with ascending tetanus associa ted  with a p a r -  
oxysmal syndrome.  In rats  with ascending tetanus a considerable increase  in amplitxtde and duration of the 
posit ive dorsal  surface potential (the P wave) produced by st imulation of a nerve on the side of the tetanus 
was observed.  By using experimental  p rocedures  shortening or lengthening the ED (injection of nembutal, 
asphyxia, application of double or  repeti t ive st imulation of nerves),  the presence  of a component which 
changed under different experimental  conditions in the same way as the paroxysmal  ED (the "paroxysmal"  
component) was demonst ra ted  in the P wave of ra t s  with ascending tetanus. The suggestion is made that 
the P wave produced by st imulation of a nerve  on the "tetanus" side in ra ts  with a paroxysmal  syndrome 
associa ted  with ascending tetanus is heterogeneous and contains two components:  a component analogous 
to the P wave in the healthy animal and a "pa roxysma l "  component. 

It was shown previously [3, 4] in rats with ascending tetanus that stimulation of nerves of the limb 
into which the toxin was injected, producing generalized spasms (the phenomenon of the "universal depar- 
ture station" [2]) leads to the appearance of dorsal root potentials of increased amplitude and duration, 
and to a corresponding positive dorsal surface potential of the spinal cord (a P wave), and that the dura- 
tions of the augmented P wave and the efferent paroxysmal discharge are identical. 

Since the efferent discharge (ED) and the P wave are generated by different structures and reflect 
different central processes [5], their coincidence in time could indicate the presence of a component in the 
P wave of rats with ascending tetanus which differs in its properties from the P wave of the healthy rats. 
Data supporting this suggestion are given below. 

EXPERIMENTAL METHOD 

Exper iments  were ca r r i ed  out on albino ra ts  weighing 300-500 g. Local tetanus was produced by in- 
jection of tetanus toxin in a dose of 0.05 MLD, and ascending tetanus by injection of a dose of 6 MLD into 
the gas t rocnemius  muscle.  In the la t ter  case  spread  of the toxin f rom the blood was blocked by injection 
of tetanus an t i se rum in a dose of 0.025 antitoxin unit. MLD was determined in ra ts  weighing 200-220 g. 
Potentials  were recorded  on the 5th day af ter  injection of the toxin. The previous day the spinal cord of 
all the animals was divided at the level T 8. On the day of the experiment,  under ether  anesthesia  t r acheo-  
tomy and laminectomy (LI-S1) were pe r fo rmed  and the roots  and nerves  were dissected.  Ventral  roots 
(L4, Ls, L6, $I) were identified and divided on both sides. The sural,  peroneal,  and tibial nerves  were d is-  
sected and divided distally in both limbs, as well as all muscular  branches  of the sciat ic  nerve in the thigh. 
Curar iza t ion  (0.2-0.4 mg/kg)  and ar t i f ic ia l  r esp i ra t ion  were applied. The active e lec t rode (a thin plat i -  
num wire) used to r eco rd  the dorsal  surface  potentials was placed in the midline of the spinal cord  at the 
level L 6. The re fe rence  electrode was fixed to the spinal muscles .  The ventral  root  potentials were r e c -  
orded with bipolar  e lect rodes  by the usual method. The potentials were fed into an ac amplif ier  (time con-  
stant  about 2 sec) and photographed 2rom the sc reen  of a dual -beam CRO. The nerves were st imulated by 
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means of an ES-103 s t imulator  with radiofrequency output. 
The duration of each stimulus was 0.1 msec.  Potentials  
evoked by st imulation of nerves  at s trengths 4 and 40 t imes 
g rea t e r  than the threshold level for the appearance of a 
negative dorsal  surface potential (4T and 40T) were  studied. 

Fig. 1. Action of nembutal on dorsal  
sur face  potentials (DSPs) and efferent 
d i scharges  (EDs) in ventral  roots  of 
ra t  spinal cord.  In all curves,  DSPs 
are  shown above and EDs below. 
Strength of st imulat ion of nerves  for all 
t r aces  identical, 40T. A and B) DSPs 
and EDs of root  L 5 in a healthy rat; 
C and D) DSPs and EDs of L 5 evoked by 
st imulation of sural  nerve on "tetanus" 
side in ra t s  with ascending tetanus; 
A, C, E, G before; B, D, F af ter  injec-  
tion of nembutal in dose of 14 rag/kg,  
H after  injection of nembutal in dose of 
5 m g / k g .  Curves C, D, E, F, G, a n d H  
obtained during the same sweep of the 
beams.  Time cal ibrat ion for  t h e s e - s e e  
H. 

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

The cha rac te r i s t i c s  of the P waves evoked by s t imu-  
lation of the sural  nerve in both l imbs of healthy ra t s  and 
ra ts  with tetanus a re  given in Table 1. In healthy ra ts  no 
difference was found in the effects of st imulation of nerves  
on both sides, whereas  in ra ts  with local tetanus, a slight 
increase  in the P wave produced by stimulation of the nerve 
on the "tetanus" side was observed.  In rats  with ascending 
tetanus, st imulation of the nerve on the "tetanus" side was 
accompanied by the appearance of a P wave whose ampli -  
tude and duration were  severa l  t imes g rea te r  than those of 
the P wave evoked by stimulation of the nerve on the op- 
posite side (difference highly significant). To analyze the 
origin and composit ion of the augmented P wave in ra ts  with 
a paroxysmal  syndrome with ascending tetanus, a number of 
methods were  used which, in the healthy animal, acted in 
different ways on the charac te r i s t i c s  of the P wave and ED. 

After  injection of nembutal in a dose of 14 m g / k g  into 
healthy ra t s  and ra ts  with local tetanus, the famil iar  action 
of barbi tura tes  was o b s e r v e d - i n c r e a s e d  duration of the P 
wave because of the slowing of its decline and a decrease  in 
amplitude of ED (Fig. 1A, B, C, and D). In ra ts  with ascend-  
ing tetanus, af ter  injection of the same dose of nembutal, 
the duration of the P wave produced by stimulation of the 
nerve on the "tetanus" side was shortened, not lengthened 
(Fig. 1E and F). The paroxysmal  discharge was shortened 
even more  in the ventral  root, as a resu l t  of which the coin-  
cidence in t ime between the ED and the P wave was disturbed 
(Fig. 1F). In cont ras t  to the P wave of the healthy rat  under 
nembutal, which fell steadily f rom its peak (Fig. 1B), the 
P wave in ra t s  with ascending tetanus fell more steeply, 
and a flexure {marked by an a r row in Fig. 1F) could be seen 
in the phase of its decline, af ter  which the cha rac te r  of the 
decline became s imi lar  to that in the healthy rats  under 
nembutal. A fur ther  injection of the same dose of nembutal 
slowed the decline of the P wave af ter  the f lexure to an even 
g r ea t e r  degree, thus emphasizing it more clear ly .  After 
injection of a sma l l e r  dose of nembutal (5 mg/kg) into ra ts  
with ascending tetanus, shortening of the P wave was ob- 
served {Table 1; Fig. 1H), although no flexure could be seen 
in the phase of decline. These special  features  distinguish:- 
ing the P wave evoked by st imulation of the nerve on the 

"tetanus" side in ra ts  with a paroxysmal  syndrome associa ted with ascending tetanus can be explained on 
the assumption that the P wave consis ts  of two components:  a component analogous to the P wave in the 
healthy animal and a paroxysmal  component. It is the ~paroxysmal" component which determines  the dura-  
tion of the composite P wave in the unanesthetized rat .  

Under the influence of nembutal in a dose of 5 mg/kg ,  the "paroxysmal"  component became shor te r  
and the duration of the efferent  d ischarge was less  than that of the P wave (Fig. 1H). In moderate  doses 
(14 mg/kg)  nembutal shortened the discharge and the "paroxysmal  ~ component still further,  while lengthen- 
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Fig. 2. Action of repet i t ive st imulation (1) and asphyxia 
(II) on DSPs and EDs in ventral  roots  of spinal cord in 
ra ts  with ascending tetanus. I) Rat anesthet ized with 
nembutal (5 mg/kg) .  In curves  A, B, and C: DSPs 
shown above and EDs of root  L~ below: A) DSP and ED 
of root L 6 during stimulation of pos te r io r  tibial nerve 
on "tetanus" side at  f requency of 1 /10  sec and strength 
40T: B) the same, frequency 1 /2  sec: C) the same r e -  
turning to st imulation at 1 /10  sec: II) ra t  anesthetized 
with nembutal (14 mg/kg) .  In curves  D, E, and F: EDs 
of root  L 6 shown above, DSPs below; D) ED of root  L~ 
and DSP evoked by st imulation of sural  nerve on 
"tetanus" side before beginning of asphyxia: E) the same 
65 sec af ter  switching off resp i ra tor :  F) the same af-  
t e r  r ecove ry  f rom asphyxia. 

Fig. 3. Pa roxysmal  activity in a ra t  with ascend-  
ing tetanus.  In curves  A and B: DSPs above, EDs 
of root  L~ on "tetanus" side below. 

ing the usual component (Fig. 1B). The usual 
component was now longer in duration than the 
"paroxysmal"  so that the duration of the composi te  
P wave became equal to the duration of the P 
wave in the healthy rat  and rats  with local tetanus 
(Table 1; Fig. 1B, D, and F). Fur ther  proof  of 
the existence of a "paroxysmal"  component in the 
P wave of ra ts  with ascending tetanus was obtained 
by the use of methods increas ing the duration of 
the efferent  discharge.  When paired stimuli were  
applied the shortened P wave was lengthened to 
the same degree as the paroxysmal  discharge,  
the faci l i ta tory effect of the f i r s t  s t imulus on the 
duration of the response  to the second possibly 
last ing for  hundreds of mill iseconds.  Lengthening 
of the P wave also took place with the change 
f rom single to low-frequency repeti t ive s t imula-  

tion (Fig. 2A, B, and C). In the course  of rhythmic stimulation the duration of the P wave evoked by s t imu-  
lation of the nerve on the tetanus side in ra t s  with ascending tetanus somet imes  increased,  and then de-  
c reased  paral le l  to the analogous changes in duration of the paroxysmal  discharges  in the ventral root.  
Lengthening of the P wave and ED in ra ts  with ascending tetanus was c lear ly  visible against the background 
of asphyxia (Fig. 2E). Just  as when repeti t ive st imulation was used, the action of asphyxia was visible 
only during nembutal anesthesia.  

In some ra ts  with ascending tetanus, spontaneous prolonged surface potentials of the spinal cord and 
d ischarges  in the ventral  roots  s imi lar  to those evoked by st imulat ion of the nerve on the "tetanus" side 
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were  recorded .  Because  of the i r r e g u l a r i t y  of the i r  genera t ion  and their  i r r e g u l a r  shape, the connection 
between these  potent ia ls  and the intensi ty and durat ion of the e f fe ren t  d i scharges  could be seen pa r t i cu l a r ly  
c l e a r l y  (Fig. 3A and B). 

These  expe r imen t s  thus showed that  in r a t s  with ascending tetanus and a p a r o x y s m a l  syndrome the 
P wave evoked by s t imulat ion of a ne rve  on the " te tanus"  side is he terogeneous  and apparent ly  consis ts  of 
two components :  a component  analogous to the P wave in h e a l t h y a n i m a l s ,  and a "pa roxysma l "  component.  
In this connection it is an in te res t ing  fact  that  in poisoning with s t rychnine,  whose mechan i sm of act ion on 
the cent ra l  nervous  s y s t e m  is s i m i l a r  to that  of tetanus toxin [6], s t r y c h n i n e - r e s i s t a n t  and s t rychn ine-  
sens i t ive  components  have been dist inguished in the dorsa l  root  potent ial  [1, 7-9]. 
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