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In r a t s  with ascending te tanus  in that stage of the toxic syndrome in which genera l i zed  p a r -  
oxysmal  act ivi ty  of the musc l e s  is induced only by s t imulat ion of the r e c e p t o r s  or  ne rves  of 
the hind l imb into which the toxin was injected (the "un iversa l  depar tu re  stat ion" phenomenon) 
the focal  potent ials  (FPs) were  invest igated by a mic roe l ec t rode  technique in the lumbar  seg-  
men t s  of the spinal cord.  Stimulation of the ne rve  on the "tetanus" side was accompanied  by 
the appea rance  of s t rong tonic negative F P s  in the ven t ra l  quadrants  of the spinal cord.  In 
r e sponse  to s t imulat ion of the con t r a l a t e ra l  nerve  phasic  F P s  of low ampli tude were  recorded  
in the s ame  s t ruc tu res .  It is  postulated that the s t ruc tu r e s  genera t ing tonic pa roxysma l  ac -  
t ivity,  i r radia t ing  over  the spinal  cord  (the "depa r tu re  station" of p a r o x y s m a l  activity),  a r e  
local ized in the ven t ra l  quadrants  of the spinal cord.  

A cons iderable  increase  in the ampli tude and duration of the posi t ive  component  (the P-wave)  of the 
dorsa l  sur face  potential  (DSP) and of the slow negat ive potent ial  of the dorsa l  roots  of the poisoned segments  
of the spinal cord  is observed  [5-7, 9-11] in an imals  with ascending tetanus at  the s tage of onset  of the "uni-  
v e r s a l  depar tu re  station" phenomenon [3, 4, 13]. 

These  changes in the P -wave  of the DSP a re  due to an increase  in the components  whose p r o p e r t i e s  
differ  f r o m  those of the component  fo rming  the bas i s  of the P -wave  in the healthy ra t  [5, 9, 10]. The c h a r -  
a c t e r  of d is t r ibut ion of ampl i tudes  of P - w a v e s  evoked by s t imulat ion of a ne rve  on the side of injection of 
the te tanus  toxin ove r  the su r face  of the spinal  cord  a lso  di f fers  f r o m  the dis t r ibut ion of ampl i tudes  of the 
P -wave  evoked by s t imulat ion of a con t ra l a t e ra l  nerve  or  the d is t r ibut ion of ampl i tudes  in the healthy ani-  
m a l  [8, 10, 11]. 

It  was  decided to study the local izat ion of s t r u c t u r e s  whose inc reased  act ivi ty  led to changes in the 
c h a r a c t e r i s t i c s  of the P -wave  of the DSP in ra t s  with the "un iversa l  depar tu re  stat ion" phenomenon because  
those s t r u c t u r e s  could be g e n e r a t o r s  of the tonic p a r o x y s m a l  act ivi ty  i r rad ia t ing  widely ove r  the spinal cord  
(the "depar tu re  station" of p a r o x y s m a l  activity).  F o r  this purpose  the focal  potent ia ls  (FPs) [11] inside the 
spinal  cord  were  studied, and the r e su l t s  a re  descr ibed  below. 

EXPERIMENTAL M E T H O D  

Four teen  r a t s  with the "un ive r sa l  depa r tu re  station" phenomenon, and weighing 300-350 g, were  used. 
The method of poisoning, the opera t ive  prepara t ion ,  and the appara tus  used were  the same  as  those des -  
c r ibed  previous ly  [5, 9, 11]. 

The F P s  were  recorded  by g lass  mic rop ipe t s  filled with 2.5 M NaC1 solution. The r e s i s t ance  of the 
m i c r o e l e c t r o d e s  was  0.5-10 M~. During the exper iment  the m i c r o e l e c t r o d e s  were  fixed in a holder  mounted 
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Fig. 1. FPs  in dorsa l  horns  of gray  mat te r  of spinal cord  of ra t  with paroxysmal  syndrome 
f rom ascending tetanus. A and B) F P s  in dorsa l  horn on opposite side to injection of toxin, 
evokedby s t imulat ionofi 'ps i la teraI  (A) and eontra la tera l  (B) eutaneous nerves  at 4: t imes the 
threshold strength gT).  C and D) F P s  in dorsa l  horn of g ray  mat te r  of spinal cord  on "tetanus" 
side evoked by stimulation of ipsi lateral  (D) and eontra la tera l  (C) cutaneous nerves  in a strength 
of 4T. Numbers  denote depth (in ram) of insertion of microe lee t rode  counting f rom surface of 
spinal cord.  Calibration for  r ecords  A and B, signal 0.5 mV, time 20 msec; for  C and D, 1 mV 
and 20 msee,  respectively.  

Fig. 2. F P s  in intermediate zone and ventra l  horn of gray  mat te r  of spinal eord of a ra t  with 
paroxysmal  syndrome f rom ascending tetanus. The same experiment as in Fig. 1. Legend the 
same. Calibration: signal 0.5 mV, time 20 msee.  

on a micromanipulator. Electrical contact between the microelectrode and the holder was secured with 
silver wire, one end of which was soldered to the holder while the other (chlorided) was immersed in the 
electrolyte in the wide part of the mieroelectr0de. The reference electrode was inserted into the spinal 
muscles .  

The FPs were led into a cathode follower supplied with the UBPl-02 amplifier. The resistance of the 
microelectrodes was measured in the usual way [2]. The state of the spinal cord was judged from the char- 
acteristics of the DSP recorded simultaneously with the FP. Only those animals in which no significant dis- 
turbance of the blood flow was observed in the vessels of the spinal cord were used in the experiments. 

The pia mater was removed above the site of insertion of the microelectrode (an area of the spinal 
cord medially to the entrance of the L 6 dorsal roots) by means of two electrolytically sharpened steel needles. 
The microelectrode was inserted into the spinal cord through the area denuded of the membrane. FPs 
evoked by st imulation of the ipsi lateral  and cont ra la te ra l  cutaneous (sural) nerves  with a strength of 4 
thresholds (4T) were recorded  on insert ion of the recording microe lec t rode  on the side of injection of the 
toxin and on the opposite side. The record ings  were obtained f rom equidistant points (100-150 t~ apart).  

At the end of the experiment the portion of spinal cord containing the microe lec t rode  was removed and 
fixed in 10% formalin solution for  2-3 days. The direct ion of the t rack  was determined f rom the orientation 
of the microe lec t rode  tip in the cord  section. The position of the recording points was calculated f rom the 
readings of the micromanipula tor .  

The resul ts  of the var ious  exper iments  for  each recording point were added algebraical ly  and the mean 
amplitude of the FPs  for  the given point calculated. Amplitudes of the F P s  were calculated for  two moments  
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Fig.  3. Changes in ampl i tudes  of spinal F P s  of r a t s  with a p a r -  
oxysmal  syndrome  f r o m  ascending tetanus during inser t ion of 
record ing  mic roe l ee t rode  into spinal cord  on " te tanus"  (1) and 
opposite (2) sides:  A) fo r  t ime cor responding  to Nl-wave of DSP 
reaching i t s  m a x i m u m  (4 msec) ;  g raphs  plotted f r o m  resu l t s  of 
ten expe r imen t s  (for each side). B) For  t ime cor responding  to 
P -wave  of DSP reaching i ts  m a x i m u m  (20 msee) ;  g raphs  plotted 
f r o m  mean  r e su l t s  of nine expe r imen t s  for  " te tanus"  and 10 ex-  
pe r imen t s  for  side opposite to injection of toxin. FPs ,  changes 
in which a r e  shown in g raphs  A and B, were  evoked by s t imula -  
t ion of ips i l a t e ra l  ne rves  of " te tanus"  side and side opposite to 
injection of toxin with a s t rength  of 4T. C)The same as  B but 
F P s  on " te tanus"  side and side of spinal cord  opposite to injection 
of toxin were  evoked by  s t imulat ion of con t r a l a t e ra l  nerves ;  g raphs  
plotted f r o m  re su l t s  of eight exper imen t s  fo r  " t e t anus" s ide  and 
seven expe r imen t s  for  opposite side. Abscissa :  above - ampli tude 
of F P s  (in #V), b e l o w -  scale  of size of spinal  cord  (in ram); o r -  
dinate - depth of inser t ion of mic roe l ec t rode  (in ram). 

of time: the t ime at which the Nl-wave of the DSP r eaches  a m a x i m u m  (4 msec)  and the t ime at  which the 
P -wave  of the DSP becomes  m a x i m a l  (20 msec) .  These  mean  values  of the ampl i tudes  of the F P s  were  used  
to plot genera l  g raphs  of the change in FP  ampli tude during inser t ion of the m i c r o e l e c t r o d e  into the sp ina l  
cord.  

E X P E R I M E N T A L  RESULTS 

On inser t ion of  the m i c r o e l e c t r o d e  into the  sp ina l  cord  changes occured  in the shape, size,  and sign 
of the F P s  cor responding  in t ime to individual components  of the DSP. The Ni-wave ips i l a te ra l  to s t imu-  
lation, both on the side of injection of the te tanus toxin and on the opposite side, init ial ly inc reased  to reach  
a m a x i m u m  at a depth of 0.5-0.7 ram, a f t e r  which it d e c r e a s e d  (Fig. 1A, D and Fig. 3). Deeper  than 1.3 m m  
the Ni-wave was r eco rded  as posi t ive  (Fig. 2A, D and Fig.  3A). 

Changes in the N2-wave were  not pa ra l l e l  to changes in the Ni-wave.  It is c l ea r  f r o m  Fig. 1A that on 
the side opposite to the injection of toxin the Nl-wave was  reduced in ampli tude at a depth of 0.95 m m  and 
show ed evidence of r eve r sa l ,  while the N2-wave was changed only slightly f r o m  its appearance  in the p r e -  
vious record .  S imi la r ly  the FP  cor responding  to the N2-wave changed as  the mic roe l ec t rode  was  inser ted  
on the " te tanus"  side (see Fig. 1C and D, r eco rds  for  depths of inser t ion 0.55 and 0.85 nun). 

Compar i son  of the cu rves  in Fig. 3A shows that the c h a r a c t e r  of the change in ampli tude of F P s  co r -  
responding to the t ime of the Nl-wave  was s imi l a r  during i m m e r s i o n  of the record ing  mic roe l ec t rode  on the 
" te tanus"  side and on the side opposite to injection of the toxin. The max ima l  values  of the negative F P s  
were  r eco rded  in both cases  in the dorsa l ,  and max ima l  values  of the posi t ive  F P s  in the ven t ra l  horn of the 
g ray  m a t t e r  at  approx imate ly  the same  depths. The values  of the points at  which the sign changed a lso  co-  
incided. 

Dif ferences  in the c h a r a c t e r i s t i c s  of the F P s  on the " te tanus"  side and the side opposite to the injec-  
tion were  obtained fo r  FPs  corresponding in t ime to the P -wave  of the DSP. St imulat ion of the nerve  on the 
" te tanus"  side evoked negative F P s  in the in te rmedia te  zone and in the ven t ra l  horn  of the g ray  m a t t e r  of the 
spinal cord, which were  much g r e a t e r  in ampli tude and durat ion than F P s  evoked by s t imulat ion of the ips i -  
l a t e r a l  ne rve  in s y m m e t r i c a l  a r e a s  of the spinal cord  on the opposite side (see Fig. 2A, D and Fig. 3B). 
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At the peak of the slow negative F P s  evoked by s t imulat ion of the ips i l a te ra l  ne rve  on the " te tanus"  
side prolonged spike ac t iv i ty  was r eco rded  (Fig. 2D, r e c o r d s  of potent ia ls  at depth of 1.6 and 1.9 ram).  Ip-  
s i l a t e ra l  s t imulat ion evoked s t rong  posi t ive  F P s  in the dorsa l  horn on the " te tanus"  side (see Fig. 1D and 
Fig. 3B). 

A s i m i l a r  pa t t e rn  as  r e g a r d s  the c h a r a c t e r i s t i c s  of the F P s  evoked by s t imulat ion of ne rve s  on the 
two sides and cor responding  to the P -wave  was  obse rved  when F P s  were  r eco rded  on the con t ra l a t e ra l  side 
(see Fig. 2B, C and Fig. 3C). It will be c l ea r  f r o m  Fig. 2 that at a depth of 1.5-2 m m  F P s  evoked by s t imu-  
lat ion of the nerve on the " te tanus"  side in the g r a y  m a t t e r  of the opposite side of the cord  (Fig. 2B) a r e  
greater in amplitude and duration than FPs evoked by stimulation of the contralateral nerve on the "tetanus" 
side (see Fig. 2C). Moreover, on the opposite side of the cord FPs evoked by stimulation of the nerve on 
the "tetanus" side (see Fig. 2B) were greater in amplitude and duration than FPs evoked at the same points 
by stimulation of the ipsilateral nerve (Fig. 2A). 

Correlation between the duration of the slow FPs and the length of the period when spike activity 

could be recorded simultaneously is interesting. On the "tetanus" side of the cord at a depth of 1.9 ram, 
stimulation of the ipsilateral nerve evoked a tonic discharge of spikes, whereas stimulation of the contra- 
lateral side evoked only a single spike. On the opposite side of the cord stimt~lation of the nerve on the 
"tetanus" side also evoked a prolonged FP, at the crest of which prolonged spike activity could be seen 

(see Fig. 2B, depth of insertion of microelectrode 1.85 ram). 

D I S C U S S I O N  

The study of changes in the negative DSPs during inse r t ion  of the mic roe l ee t rode  into the spinal cord  
of a ra t  with the "un ive r sa l  depar tu re  stat ion" phenomenon showed that negative FPs ,  co r responding  to Nl- 
and Nz-waves of the DSP, a r e  r eco rded  in the do r sa l  horn; the m a x i m a l  negative FP  cor responding  to the 
Nl-wave , m o r e o v e r ,  is r ecorded  m o r e  dorsa l ly  than the max ima l  F P  cor responding  to the N2-wave, in a g r e e -  
ment  with data for  the local izat ion of  the s t ruc tu re s  genera t ing  these  components  in the cat  spinal cord  [12]. 

tn the healthy an imal  the m a x i m a l  F P  cor responding  to the P -wave  evoked by s t imulat ion of cutaneous 
ne rves  is gene ra t ed  by s t r u c t u r e s  of the dorsa l  horn [13]. Converse ly ,  the fac t s  desc r ibed  above a r e  evi -  
dence that changes in the c h a r a c t e r i s t i c s  of the P -wave  in an ima l s  with the "un ive r sa l  depar tu re  station" 
phenomenon took place on account  of an inc rease  in the ac t iv i ty  of s t r uc tu r e s  in the ven t ra l  half of the spinal  
cord.  

Data on d i f fe rences  in the locat ion of s t r u c t u r e s  generath~g the ma in  component  of the P -wave  in the 
he al thy an imal  and the component  respons ib le  for  changes  in the c h a r a c t e r i s t i c s  of the P -wave  in r a t s  with 
the "un iversa l  depar tu re  stat ion" phenomenon a r e  in good a g r e e m e n t  with the w r i t e r s '  e a r l i e r  observa t ions  
of d i f fe rences  in the functional p r o p e r t i e s  of these two components  [6, 10, 11]. 

Since slow negat ive F P s  with t em pora l  c h a r a c t e r i s t i c s  of tonic p a r o x y s m a l  act ivi ty  a r e  evoked only 
by the a r r i v a l  of the a f fe ren t  vol ley in the " te tanus"  half  of the spinal cord  and a r e  r ecorded  only in the ven-  
t r a l  pa r t  of it, it can be concluded that neurons  genera t ing the tonic p a r o x y s m a l  ac t iv i ty  i r rad ia t ing  over  
the spinal  co rd  (neurons of the "depa r tu r e  s tat ion ~) a r e  located in the ven t r a l  half of the cord  on the "tet~ 
anus" side. 

This  hypothesis  is conf i rmed  by the r e su l t s  of expe r imen t s  to study the effects  of se lec t ive  poisoning 
of spinal  cord  s t ruc tu re s .  These  showed that the typical  p ic ture  of the "un ive r sa l  depar tu re  station" phenom- 
enon and changes in the c h a r a c t e r i s t i c s  of the P -wave  of the DSP c h a r a c t e r i s t i c  of an ima l s  with th~s phenom- 
enon can be obtained if only the ven t r a l  quadrant  of one h a ~ o f  the cord  is poisoned [1, 11]. 
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