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Changes in the combined e l ec t r i ca l  act ivi ty  of the r e t i cu l a r  nucleus of the tha lamus  and of the caudate 
nucleus dur ing f luoroace ta te  poisoning take p lace  in th ree  s tages .  In the f i r s t  stage the combined e lec t r i ca l  
act ivi ty  d e c r e a s e s  on account of weakening of the slow waves.  In the second stage the  d e c r e a s e  stops and 
fas t  waves  a r e  s t rengthened.  In the th i rd  stage all  f o r m s  of act ivi ty  a r e  reduced.  

During invest igat ion of pathophysiological  changes in albino r a t s  poisoned with sodium f luoroaceta te  
(FA) and a number  of re la ted  compounds,  a d e c r e a s e  in the total  oxygen consumption (TOC) lowering of the 
body t e m p e r a t u r e ,  and a d e c r e a s e  in the t i s sue  r e sp i r a t i on  of va r ious  organs ,  notably the skele ta l  m u s c l e s ,  
and d i s tu rbances  of ca rd iac  act ivi ty  were  obse rved  [1, 3]. Compar i son  of these  changes in the course  of 
poisoning with changes in e l ec t r i ca l  act ivi ty  of the skele ta l  musc l e s  [5] suggested that  the main  role  in the 
change f rom one phase  of FA poisoning to the next is p layed by p redominance  of the effect  of the poison 
e i ther  on p e r i p h e r a l  o rgans  (especial ly  the skele ta l  musc les )  o r  on the cen t ra l  nervous  sys tem (CNS). Ef -  
fec ts  on the CNS were  conf i rmed in specia l  expe r imen t s  in which FA was injected d i rec t ly  into var ious  CNS 
s t r u c t u r e s  [4]. 

In the course  of poisoning,  a s tage of t e m p o r a r y  delay in the lowering of body t e m p e r a t u r e  and TOC 
was dist inquished,  and this was r ega rded  as  the resu l t  of compensa to ry  reac t ions  of the body developing 
under the influence of the CNS. An express ion  of the compensa to ry  reac t ion  was an i nc rea se  in e l ec t r i ca l  
act iv i ty  of the ske le ta l  m u s c l e s  [5]. The suggest ion was made that this compensa to ry  reac t ion  developed 
under  the influence of a f fe ren t  impu l ses  evoked by the hypothermia ,  and that  i t  was  exp re s sed  as  " t h e r m o -  
regu la to ry  impu l ses"  of the CNS. 

When invest igat ing the combined e l ec t r i ca l  act ivi ty  (CEA) of ce r ta in  bra in  s t ruc tu r e s  it was impor tan t  
to de te rmine  whether  s tages  exis t  in this p a r a m e t e r  in the course  of poisoning and whether  they can be 
connected with the s tages  desc r ibed  p rev ious ly  [5]. 

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

Expe r imen t s  were  ca r r i ed  out on male  albino r a t s  weighing 200-220 g. E lec t r i ca l  act ivi ty was r e -  
corded in the r e t i c u l a r  nucleus of the tha lamus  (R), highly sensi t ive  to the act ion of FA, and in the caudate 
nucleus (Cd), with low sensi t ivi ty  to FA. The CEA was r eco rded  with b ipolar  e l ec t rodes  (nichrome wire  
50 ~ in d i ame te r ,  insulated with a double l aye r  of va rn i sh ,  and covered  in addition with a l aye r  of p lexiglas) ,  
a d is tance of 2 m m  apa r t  in a ve r t i ca l  plane. The posi t ion of the e lec t rodes  was de te rmined  by a s t e r e o -  
taxic  appara tus  using a method desc r ibed  p rev ious ly  [4]. The an ima l s  were  used in the expe r imen t s  24 h 
a f t e r  the opera t ion to implant  the e lec t rodes .  Before  injection of the FA (which was given in t raper i tonea l ly  
in a dose of 5 m g / k g  body weight, equal to 1 MID) ,  the CEA of the se lec ted  bra in  s t ruc tu r e s  was recorded .  

The potent ia ls  were  fed into a type UBPI-02  ampl i f i e r  ( t ransmiss ion  band 1-1000 Hz), and then sum-  
mated  by a specia l  in t eg ra to r ,  enabling data for  re la t ive  changes in the CEA to be obtained. The potent ia ls  
were  r eco rded  by means  of a type N-102 loop osci l lograph,  usual ly eve ry  20 min.  Readings of the in t eg ra to r  
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were taken for 5 min every 15 rain. The integrator 
readings for each channel were used to plot dia- 
grams of relative changes in CEA in a given brain 
s t ruc tu re .  

The expe r imen t s  were  c a r r i e d  oat without 
anes thes ia .  The posi t ion of the e lec t rode  tip was 
es tab l i shed  by subsequent  morphologica l  examin-  
nation. The obse rva t ions  were  made f rom Sep tem-  
be r  to March at room t e m p e r a t u r e  (18-20~ 

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

A N D  D I S C U S S I O N  

Fig. I. Changes in character of CEA in reticular 
nucleus of thalamus (top curve in each frame) and 
in caudate nucleus (bottom curve) during develop- 
ment of poisoning of a rat with FA in a dose of 5 
mg/mg given intraperitoneally, a) CEA before 
poisoning of animal: top curve shows waves at 
4-6/sec; b) early stage of poisoning (I h after in- 
jection of poison; disappearance of slow waves at 
4-6/sec and appearance of waves at 12-15/see; 
c-e) next stage of poisoning: 1 h 20 min after 
poisoning fast and frequent waves appear; d)period 
of paroxysm in R; e) after 3 h, depression of fast 
waves; f) late stage of weakening of all types of 
wave s, 

To de t e rmine  the effect  of the exper imenta l  
conditions t h e m s e l v e s  and the s tate  of an an imal  
not poisoned with FA but fixed to a f r a m e ,  the CEA 
of such an an imal  was inves t igated for  6 h. During 
this t ime  no significant changes in CEA took place .  
A c h a r a c t e r i s t i c  fea ture  of the nonpoisoned an imal  
was slow waves  (4-6 /sec)  observed  main ly  in R and 
appear ing  throughout the cour se  of the control  
exper iment .  

In the initial  per iod of poisoning the c h a r a c t e r  
of the CEA showed li t t le change: slow waves  at 
4 - 6 / s e c  were  r ecorded ,  with waves  at 12 -15 / sec  
superposed  upon them (Fig. la ) .  The reading of tile 
in t eg ra to r  r emained  as  before  (Fig. 2a). Toward 
the end of the f i r s t  hour and dur ing the per iod 
immed ia t e ly  a f te r ,  changes were  observed  in the 
c h a r a c t e r  of the CEA: waves  of the s lowest  f r e -  
quency d i sappeared  and those with a f requency of 
12 -15 / sec  became  m o r e  obvious (Fig. lb).  The 
in t eg ra to r  readings  fell at this t ime  (Fig. 2a). 

La te r ,  fas t  waves  appeared  and the i r  f r e -  
quency continued to i nc rea se ,  as  also did the i r  
ampli tude (Fig. l c ) ,  reading  60-80 #V. According 
to some data ,  waves  of this type,  although admi t -  
tedly without any marked  i nc r ea se  in ampli tude,  
a r e  c h a r a c t e r i s t i c  of the ac t ivat ion reac t ion  of 
subcor t icaI  s t r u c t u r e s  a r i s ing  under the influence 
of adrenal in ,  amphe tamine ,  p ip radro l ,  and o ther  
agents  [2] when given in doses  not producing con-  

vulsions. At this stage the integrator readings again fell, especially rapidly in Cd, i.e., in the structure in 
which the fast waves were less pronounced. At the same time, a marked decrease in the body temperature 
took place (Fig. 2a). 

Later, with the onset of the phase of poisoning, characterized by a temporary delay in the lowering of 
body temperature and TOC (Fig. 2a), a further increase was observed in the frequency and amplitude of the 
fas t  waves ,  p a r t i c u l a r l y  pronounced in the per iod  of p a r o x y s m s  (Fig.  ld) ,  but a lso  before  and a f t e r  them~ 
S imi la r  phenomena  in va r ious  cor t i ca l  s t r u c t u r e s  of the cat  poisoned with FA (although these  an imals  were  
given re l axan t s  and mainta ined on a r t i f i c ia l  r esp i ra t ion)  were  observed  by Ward [9]. The per iod  of po ison-  
ing now being desc r ibed  dif fered in that the d e c r e a s e  in CEA reco rded  by the in tegra to r ,  which had begun 
p rev ious ly ,  a lso  was delayed until the 3rd and 4th hour  a f t e r  poisoning,  and was s o m e t i m e s  ac tual ly  r e -  
p laced by a smal l  i n c r e a s e .  I t  is  impor t an t t o  note that the e l ec t r i ca l  act iv i ty  of skele ta l  m u s c l e s  is in-  
c r e a s e d  in this per iod  [5]. 
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Fig. 2. Changes of CEA m e a s u r e d  by in t eg ra to r  and including 
slow and fas t  waves  in R (unshaded column) and in Cd (shaded 
column), a: mean  r e su l t s  of 8 exper iments ;  a b s c i s s a ,  t ime  (in 
h); ord ina te ,  on the l e f t - C E A  in re la t ive  values  (initial a c t i v -  
ity taken as  100%); continuous c u r v e - m e a n  change in body t e m -  
p e r a t u r e  dur ing poisoning in the same  an ima l s  ( t empera tu re  
sca le  along ord ina te  on the right).  A r r o w  on a b s c i s s a  indicates  
t ime  of inject ion of FA; b) f luctuat ions of CEA in the  s ame  s t r u c -  
t u r e s  in control  exper iment .  
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Fig. 3. Scheme showing CEA, slow 

waves  (SEA), and fas t  waves  (FEA) 
in b ra in  s t r u c t u r e s  of r a t s  poisoned 
with FA. Scheme r e f l ec t s  hypothes is  
that CEA is  connected with pa thophys-  
iological  phenomena,  one of the ul t i -  
ma te  exp res s ions  of which is a l ower -  
ing of body t e m p e r a t u r e .  I - I I I )  s t ages  
of poisoning.  
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In the 3rd stage of poisoning the CEA fell  again,  this  t ime  
i r r e v e r s i b l y .  The beginning of this p r o c e s s ,  consis t ing p r i -  
m a r i l y  of a d e c r e a s e  in ampli tude of the fas t  waves ,  can be 
seen in Fig.  1, e. La te r  the p r o c e s s  continued in the s ame  
di rec t ion,  the ampl i tudes  of all  types  of waves  decreas ing .  
The in tegra to r  readings  in this per iod fell ,  and were  not m o r e  
than 10-25% of the initial  va lues .  

The re la t ionship  between the e l ec t r i ca l  act iv i ty  of the 
s t r u c t u r e s  inves t igated (R and Cd) a t  d i f ferent  s tages  of po i son-  
ing were  r ep re sen t ed  by a composi te  d i ag ram based on the 
mean  r e su l t s  of 8 expe r imen t s  (Fig. 3). I t  was plotted on the 
a s sumpt ion  that the slow e lec t r i ca l  waves  and the fas t  waves  
underwent di f ferent  changes during the development  of po i son-  
ing. To dist inquish the s tages  m o r e  c lea r ly ,  a typical  graph of 
changes  in body t e m p e r a t u r e  was a lso  drawn on the d iagram.  
The initial  d e c r e a s e  in CEA was apparent ly  due to weakening 
of the slow waves.  By the end of the f i r s t  and, in pa r t i cu l a r ,  
dur ing the second stage the i nc r ea se  in f requency and ampli tude 
of the fas t  waves ,  together  with continuing weakening of the 
slow waves ,  led to delay in the lowering of the CEA. Select ive 
sepa ra t e  counts of the slow and fas t  waves  conf i rmed this  in-  
t e rp re t a t ion  of the cour se  of the d e c r e a s e  in CEA in the f i r s t  
two s tages .  The third s tage led to a p r o g r e s s i v e  d e c r e a s e  in 
ampli tude of the fas t  waves .  

The explanation put fo rward  p rev ious ly  of the pa thophysi -  
ological  p r o c e s s e s  taking place  in d i f ferent  s tages  of F A p o i s o n -  

408 



ing can now be supplemented and r e p r e s e n t e d  as  follows. In the f i r s t  s tage a d is turbance  of the oxidative 
m e t a b o l i s m  of va r ious  organs ,  including skele ta l  m u s c l e s ,  takes  p lace  [7, 8]. The ul t imate  express ion  of 
this p r o c e s s ,  which p e r s i s t s  even longer ,  is a lowering of the body t e m p e r a t u r e  and TOC. The following 
can now be added: work in our  l abo ra to ry  has  shown that 30 min a f t e r  poisoning a cons iderable  accumula t ion  
of c i t ra te  takes  p lace  in the blood s t r e a m ,  indicating d is turbance  of the Krebs  cycle in s eve ra l  o rgans ,  and 
a lso  a d i s turbance  of me tabo l i sm  of the blood i tse l f ,  as  a resu l t  of which anoxia may  develop. 

Meanwhile,  the hypothermia  c l ea r ly  ma rked  by the end of the f i r s t  s tage,  and the p r o g r e s s i v e l y  deep-  
ening anoxia cause  an i nc r ea s e  in act ivi ty  of the bra in  s t r u c t u r e s  and involvement  of neu ro -ho rmona l  r egu-  
l a to ry  m e c h a n i s m s  [6] on which the i nc rea se  in oxidative p r o c e s s e s  in the va r ious  organs  depends.  In this 
way a group of compensa to ry  r eac t ions  is fo rmed ,  leading d i rec t ly  or  indirect ly  to an i nc r ea se  in act ivi ty  
of the ske le ta l  m u s c l e s  and to delay in the d e c r e a s e  in oxidative p r o c e s s e s  in them. These  a r e  the main  
events  taking p lace  in the second or Neompensatory"  s tage of poisoning. The deepening act ion of the poison 
on the bra in  s t r u c t u r e s  and the s t rengthening of the a f fe ren t  flow of impu l ses  per iod ica l ly  give r i s e  to p a r -  
oxysmal  act ivi ty .  

The weakening of the CEA of the bra in  s t r u c t u r e s  studied in the third s tage of poisoning is  evidence 
of profound d i s tu rbances  in the CNS i tself ,  which can no longer  mainta in  the compensa to ry  p r o c e s s e s .  P e -  
r i phe ra l  o rgans ,  now without p ro tec t ion  by the CNS, lower  oxidative me tabo l i sm still  m o r e  rapidly.  

Hence,  cor responding  to the th ree  pr inc ipa l  s tages  of poisoning es tabl i shed in prev ious  invest igat ions  
on the bas i s  of changes in body t e m p e r a t u r e ,  TOC, and e lec t r i ca l  act iv i ty  of the skele ta l  m u s c l e s ,  the fol low- 
ing changes  have been found in the CEA of both bra in  s t ruc tu res :  in the f i r s t  s tage,  a d e c r e a s e  in CEAi in 
the second s tage,  s tabi l izat ion;  and in the third s tage,  a continued d e c r e a s e  in CEA, 

It is postula ted that the changes  in CEA a r e  connected with d i sappearance  of slow waves at  4 - ~ / s e c  
and weakening of waves  at 1 2 - 1 5 / s e c  toward the end of the f i r s t  s tage.  The second stage is ma rked  by a 
cons iderab le  i n c r e a s e  in fas t  waves ,  whose ampli tude is reduced in the third stage of poisoning. Arguments  
a r e  p re sen ted  to show that the i nc r ea s e  in CEA in the second stage r e f l ec t s  par t ic ipa t ion  of the CNS in 
compensa to ry  p r o c e s s e s  evoked by the deepening hypothermia  and anoxia,  leading to t e m p o r a r y  delay in the 
lower ing of the body t e m p e r a t u r e  and TOC. 
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