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Repeated administrat ion of metrazol  in a subthreshold dose to animals  has been shown to increase their  
sensitivity to an epileptogen, to enhance epileptic activity (EpA), and to cause the development of pharmacolo-  
gical kindling; administrat ion of a subthreshold dose of met razol  into such animals causes  general ized elon- 
icotonic convulsions [7]. Analysis has shown [4] that in developed metrazol  kindling the seizure threshold for 
epileptogens which are GABA antagonists is depressed.  Meanwhile, thepathogenetic  mechanisms  of this form 
of experimental  pathology of the CNS largely  remain unexplained. In par t icular ,  it is not yet c lear  whether 
epileptization has the cha rac te r  of p r i m a r y  general ized activity, spreading simultaneously to all brain s t ruc-  
tures,  or  whether a determinant  s t ructure  is f i r s t  formed [2], and subsequently leads to general izat ion of EpA. 
Data in the l i te ra ture  on the possibi l i ty of development of met razol  kindling are contradic tory  in charac te r  
[15, 16]. 

The aim of this investigation was to study changes in e lec t r ica l  activity in the cor tex and cer ta in  sub- 
cort ical  brain s t ruc tures  in ra ts  during the development of met razol  kindling. 

EXPERIMENTAL METHOD 

Experiments  were ca r r i ed  out on 48 male albino ra t s  weighing 250-350 g. The p repa ra to ry  operation 
and insertion of the e lec t rodes  were ca r r i ed  out under hexobarbital  anesthesia (100 mg/kg,  intraperitoneally).  
Multlpolar constant electodes (diameter of tip 0.1 mm) were inserted s tereotaxical ly,  taking eoordinates f rom 
the atlas [14], into the sensomotor  cor tex and various deep brain s t ruc tures  (dorsal hippocampus, amygdala, 
ros t ra l  par t  of the caudate nucleus, mesencephal ic  re t icu lar  formation,  ventrolateral  thalamic nucleus, den- 
tate nucleus of the cerebellum). The reference  electrode was fixed in the frontal bond. After the operator ,  the 
animals were kept in individual cages  with alternation of light and darkness  every  12 h. The animals were 
t r ans fe r red  one week after the operation for a period of testing into a g lass  box (3.~ • 30 • 30 cm). After p re -  
l iminary recording of the EEG, the animals received a subthreshold dose of metrazol  (25 mg/kg),  in t ramus-  
cular ly daily (between 9 a.m. and noon), and their  EEG was recorded  under unres t ra ined conditions. Animals 
of the control group were given an injection of physiological saline. Convulsions were expressed in points, on 
the following scale: 0 point) no seizure response,  1 point) myotonic twitches of the head or  trunk, 2 points) 
clonic convulsions of the forel imbs,  3 points) standing up on the hind l imbs (kangaroo posture) or  powerful 
repeated clonie convulsions, 4 points) clonicotonic convulsions with the animal falling onto its side, 5 points) 
lethal convulsions or  repeated failings onto the side. The power of EpA was determined as the product  of the 
meanf requeneyofep i lep t ie  disehargesand their  mean amplitude over  a period of 15 sec. Diazepam, in a dose 
of 0.2-1.5 mg/kg,  was injected intraperl toneal ly 30 rain before injection of metrazol .  Animals of the control 
group received an injection of dimethylsulfoxide (the solvent of diazepam) in the same volume as diazepam. 
After the end of the exper iments  the location of the e lec t rodes  was determined histologically.  

EXPERIMENTAL RESULTS 

After the f i r s t  injections of met razol  burs t s  of slow waves and spike-wave complexes were recorded  in 
all leads with a frequency of 3-5 waves / sec  for 2-6 sec, as has been descr ibed for metrazol  and penicillin 
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Fig .  1. Changes  in b r a i n  e l e c t r i c a l  a c t i v i t y  d u r i n g  d e v e l o p m e n t  of m e t r a z o l  k indl ing .  A)Spon-  
t aneous  ac t iv i t y ;  B - F )  a f t e r  1, 4, 10, 16, and 20 i n j e c t i o n s  of s u b t h r e s h o l d  d o s e s  of m e t r a z o l .  
1) S e n s o m o t o r  c o r t e x ,  2) a m y g d a l a ,  3) d o r s a l  h i p p o c a m p u s ,  4) c a uda t e  nuc leus .  T ime  m a r k e r  
1 sec .  

[9, 16] (Fig .  1B). The c h a n g e s  in e l e c t r i c a l  a c t i v i t y  o b s e r v e d  w e r e  m o r e  m a r k e d  in the  deep  b r a i n  s t r u c t u r e s  
than in the c o r t e x ,  and they  w e r e  o b s e r v e d  fo r  15-35 ra in  a f t e r  in jec t ion  of m e t r a z o l ,  a f t e r  which  they  g r a d u -  
a l l y  d e c r e a s e d  in a m p l i t u d e  and d i s a p p e a r e d .  Dur ing  t h i s  p e r i o d ,  the  a n i m a l s '  b e h a v i o r  w a s  m a r k e d  by  q u i e s -  
c ence ,  a c c o m p a n i e d  by  c o m p l e t e  l o c o m o t o r  i m m o b i l i t y .  In the p e r i o d  be tween  b u r s t s  of  s low w a v e s  the  r a t s  
sn i f fed  the f l o o r  and w a i l s  of the c h a m b e r  and s tood up on t h e i r  hind l i m b s .  On the a p p e a r a n c e  of the  a b o v e -  
m e n t i o n e d  E E G  c h a n g e s  l o c o m o t o r  a c t i v i t y  again  c e a s e d .  A f t e r  3-5  i n j e c t i o n s  of m e t r a z o l  an i n c r e a s e  in f r e -  
quency  and d u r a t i o n  of the b u r s t s  of s low waves ,  c o m b i n e d  with sp ike  and s p i k e - w a v e  p o t e n t i a l s ,  was  o b s e r v e d  
(F ig .  1C). In a l l  c a s e s  the f i r s t  sp ike  d i s c h a r g e s  a p p e a r e d  in the h i p p o c a m p u s  (Fig .  1C, zone 3). The b e -  
h a v i o r  of the r a t s  d u r i n g  t h e s e  E E G  c h a n g e s  a l so  was  c h a r a c t e r i z e d  by e p i s o d e s  of l o c o m o t o r  i m m o b i l i t y  and 
q u i e s c e n c e ,  a c c o m p a n i e d  by  weak  t r e m o r  of the head  and l o w e r  jaw,  chewing,  and twi t ch ing  of  the m u s c l e s  of  
the  mouth  and e a r s .  The d u r a t i o n  of t h e s e  b e h a v i o r a l  and EEG c h a n g e s  was  i n c r e a s e d  up to s e v e r a l  h o u r s .  
In 6 e x p e r i m e n t s  b u r s t s  of s low w a v e s  w e r e  r e c o r d e d  d u r i n g  18-24 h a f t e r  i n j ec t ion  of  m e t r a z o l .  Subsequent  
i n j e c t i o n s  of  m e t r a z o l  (8-12 in j ec t ions )  w e r e  a c c o m p a n i e d  by the a p p e a r a n c e  of  sp ike  p o t e n t i a l s  and s p i k e - w a v e  
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Fig. 2. Changes in brain e lec t r i ca l  act iv i ty  of r a t s  with developed kindling during genera l ized  
convulsion. A) Bra in  e lec t r i ca l  act ivi ty 24 h af ter  18th injection of met razo l ,  B) 4 rain a f te r  
19th injectlon of me t razo l ,  C) 1.5 rain a f te r  B. 1) Sensomotor  cor tex,  2) caudate nucleus, 3) 
dorsa l  h~ppocampus, 4) dentate nucleus of ce rebe l lum.  

complexes on the EEG (Fig. ID) and a simultaneous decrease in abundance of the bursts of slow waves, The 

rats ~ behavior was characterized by myoclonic twitches of the head and individual muscle groups and tonic 
convulsions of the trunk. As the state of predisposition to seizures progressed, changes were observed in the 
animals' behavior in the interictal periods: the rats tried to run away, they bit the lead,vires, stepped back- 
ward, attacked other animals, and performed turning movements with their fore- and hind limbs. On the ap- 
pearance of grouped high-amplitude spike or spike-wave potentials on the EEG with a frequency of 3 waves/sec 
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Fig. 3. Effect of diazepam on epileptic activity in rat  
with deveioped metrazol  kindling. A) Brain electr ical  
activity 30 min after  injection of diazepam (0.5 mg/kg), 
B) 3 min after  injection of metrazol  (25 mg/kg). 1) Sen- 
somoter  cortex,  2) amygdala, 3) dorsal  hippocampus, 
4) caudate nucleus. 

and a duration of between 8 and 25 see (Fig. 1E), the rats, behavior were marked by clonic se izures  of the fore-  
limbs. During the development of these general ized convulsions, as a rule burs ts  of slow waves were absent 
on the EEG. An increase  of f requency of high-amplitude seizure d ischarges  of the EEG to 6-10 waves / sec  
(Fig. 1F) was accompanied behavioral ly by se izures  of the forel imbs,  standing up oa the hind limbs, and loss 
of balance and failing on the side. The duration of the general ized convulsions varied in different animals 
f rom 8 to 360 sec. After the end of the episode, postictal  depress ion developed and was accompanied by 
marked inhibition of e lectr ical  activity in all brain s t ructures .  In 8 experiments  repeated convulsions were 
observed,  but as a rule they were shor ter  in duration than the previous  convulsions. Comparison of the time 
of appearance of EpA in the different brain s t ruc tures  showed that in 14 of 21 cases  the f i rs t  signs of seizure 
activity, with which the general izat ion began, were observed in the hippocampus (Fig. 1E). In the remaining 
experiments  general ized EpA was observed to a r i se  virtually simultaneously in all s t ructures ,  but the ampli- 
tude of the spike potentials was always g rea t e r  in the hippocampus. Investigation of the power of EpA (in con- 
ventional units) in different brain s t ruc tures  during the development of general ized convulsions showed that in 
the neoeortex the power was 608.4=~27.3, in the dentate nucleus of the cerebel lum 871.7~77.5, in the caudate 
nucleus 1546.6~48.8, in the amygdala 1577.8~ 54.6, in the mesencephalic  re t icu lar  formation 1822.1~105.4, in 
the ventrola tera l  thalamie nucleus 1901.3376.4, and in the dorsal  hippocampus 3056.1=~91.2. Seizure dis- 
charges  of the grea tes t  power were thus found in the hippocampus. 

Single spike potentials remained in the hippocampus of 4 ra ts  after  the end of the general ized convulsion. 
These interictal  d i scharges  in the hippocampus also were recorded during the next day (Fig. 2A). EpA was 
absent in other  brait~ s t ructures .  Injection of a subthreshold dose of met razol  into these animals caused the 
appearance of a hypersynchronous  seizure  discharge in the hippocampus and in other  brain s t ruc tures  (Fig. 
2B). Seizure potentials in the hippocampus possessed  g rea te r  power at the beginning of, and during, the con- 
vulsion. After the end of the convulsion seizure d ischarges  remained in the hippocampus (Fig. 2C). 

Prev ious  investigations on various models  of epilepsy [2, 3] showed that an epileptic focus that plays 
the role of determinant  is most  resis tant ,  and under a general  inhibitory influence it remains  at that stage, 
when all other  loci of EpA had a l ready been suppressed.  This technique was used in the present  experiments,  
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also,  to detect  a de te rminan t  s t ruc tu re .  Diazapam was  used for  this purpose  and its effect  on e lec t roen-  
cephalographic  and behaviora l  man i fes ta t ions  of se izure  r e s p o n s e s  was invest igated in an imals  with developed 
kindling. Diazepam in a dose of 0.5 m g / k g  lowered the intensi ty of convulsions f rom 3.2~0.2 to 1.8=L0.3 points.  
Pa ra l l e l  with the d e c r e a s e  in intensi ty of the behaviora l  se i zu res ,  a dec rea se  was obse rved  in the ampli tude 
and f requency of the se izure  d i s cha rges  on the EEG. In all cases ,  however,  marked  EpA was recorded  in the 
h ippocampus  (Fig. 3B). 

The invest igat ions thus showed that the f i r s t  s t ruc tu re  in which EpA is fo rmed  during me t r azo l  kindling 
is the hippocampus.  It  can be tentat ively suggested that  it p lays  the role  of pathological  determinant ,  with 
which the subsequent  fo rmat ion  of the whole pathological  epileptic  sys t em is  connected. This conclusion is 
conf i rmed  by expe r imen ta l  data (the r e s u l t s  will be published in a l a t e r  communication),  showing that p r e l i m -  
inary des t ruc t ion  of the h ippocampus  leads  to cons iderable  delay in the development  of kindling, whereas  addi- 
t ional s t imulat ion a c c e l e r a t e s  its format ion .  The p r e sen t  investigation showed that the highest  power  of EpA 
during development  of the se izure  convulsion was obse rved  in the hippocampus.  Spontaneous in ter ic ta l  se izure  
d i s cha rges  also a r o s e  init ially in the hippocampus.  These r e su l t s  a re  in ag reemen t  with data in the l i t e ra tu re  
showing that the h ippocampus  p o s s e s s e s  the lowest  threshold  of exci tabi l i ty in response  to the action of va r i -  
ous epi leptogens  of all brain s t r u c t u r e s  [6]. If kindling was induced by e lec t r i ca l  st imulation,  r e g a r d l e s s  of 
which s t ruc tu re  of the l imbic sys t em was  s t imulated,  the se izure  d i scharges  appeared initially in the hippo- 
campus ,  and at tained the i r  m ax i m a l  development  in it a f t e r  the shor tes t  t ime [1]. Spontaneous EpA during 
e l ec t r i ca l ly  induced kindling also appeared  f i r s t  in the h ippocampus  and amygdala  [10, 12]. The impor tant  
role  of the h ippocampus  in the genes i s  of epileptic  s e i z u r e s  in man is  conf i rmed by the r e su l t s  of c l i n i c a l -  
physiological  and morphologica l  invest igat ions  [5]. Conf i rmat ion that the hippocampus p lays  the role  of patho-  
logical de t e rminan t  in the development  of m e t r azo l  kindling was given by the p r e s e r v a t i o n s  of EpA in the 
h ippocampus  when suppres sed  by d iazepam in o ther  bra in  s t ruc tu res .  

The invest igat ions  also showed that two pe r iods  of behaviora l  and EEG changes can be dist inguished con- 
ventionally in the development  of m e t r a z o l  kindling. The f i r s t  per iod is cha rac t e r i zed  by the appearance  of 
b u r s t s  of slow waves  and sp ike-wave  act ivi ty with a f requency of 3-5 w a v e s / s e c  in the EEG in response  to 
subthreshold doses  of me t r azo l ,  co r respond ing  behaviora l ly  to pe r iods  of quiescence and single episodes  of 
myoclonuc.  These changes  g r ea t l y  r e s e m b l e  the p ic ture  of a minor  epileptic fit  in man, for  drily if the moto r  
and EEG mani fes ta t ions  co r r e spond  to those descr ibed  above is it poss ib le  to speak of f i ts  of the peti t  real 
type [13]. During the second per iod  h igh- f requency  polymorphic  genera l ized  se izure  d i scha rges  appear  on the 
EEG and are  accompanied  by genera l ized  clonicotonic convulsions,  hypersal ivat ion,  pos t ic ta l  depress ion ,  and 
o ther  autonomic r e s p o n s e s  which accompany  fi ts  of the grand real type. Clinical obse rva t ions  also show that 
under ce r t a in  conditions of development  of epi lepsy,  f i ts  of pet i t  real type can change ~nto fi ts  of grand real 
type [8, 11]. 

These invest igat ions  suggest  that the pathogenetic  bas i s  of the development  of increas ing  chronic  ep[lep-  
t~zat[on of the bra in  during m e t r a z o l  kindling, lus t  as  in kindling of other  types,  is the format ion  of a hyper -  
act ive de te rminan t  s t ruc tu re  in the h ippocampus  [2]. 
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To evaluate the therapeut ic  ef fec ts  of d rugs  it is n e c e s s a r y  to study the i r  mechan i sm of action on mod-  
e ls  of pathological  p r o c e s s e s  [2]. Both vascu l a r  and metabol ic  d i s tu rbances  in the myoca rd ium play ve ry  im-  
por tant  ro les  in the development  of i sochemic  hear t  d i sease  [3, 6, 7]. However,  exper imenta l  mode l s  of myo-  
card ia l  les ions  combining d i s o r d e r s  of the co rona ry  circulat ion,  hemocoagulat ion,  and metabo l i sm,  and lead-  
ing to pathological  changes  in the hea r t  musc le ,  a re  still  in an ea r ly  stage of development  and have not yet  
become widely used in pharmaco log ica l  o r  o ther  r e s e a r c h .  

The a im of this invest igat ion was  to develop exper imenta l  hea r t  les ions  cor responding  to va r ious  cl inical  
mani fes ta t ions  and suitable for  studying the therapeut ic  eff icacy of new eard io t ropic  drugs.  

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

Exper imen t s  were  c a r r i e d  out on eight dogs weighing 6-11 kg, 61 rabbi t s  weighing 2.6-3.2 kg, and 30 'a l -  
bino r a t s  of both sexes  weighing 200-240 g. The an imals  were  divided into five groups:  group I (13 r a b b i t s ) -  
myocard ia i  les ions  of m i c r o n e c r o s i s  type produced by subcutaneous injection of i sopro terenol  (5 mg/kg)  and 
theophylline (20 mg/kg)  once only, o r  twice with an interval  of 24 h between them; group 2 (15 rabbi ts )  - toxic 
myocard i t i s ,  produced by subcutaneous injection o f i sop ro te reno l  (5 mg/kg)  and caffeine (50 mg/kg) ,  once only 
and twice with an interval  of 24 h; group 3 (15 rabbi t s  and 20 ra ts )  - focal myocard ia l  dystrophy,  produced by 
subcutaneous injection of thyroxine (0.02 mg/kg)  and i sopro terenol  into rabbi t s  (5 m g / m g )  and r a t s  (75 mg/kg) ,  
once only and twice with an interval  of 24 h; group 4 {10 r a b b i t s ) -  mlc rofoca t  myocard ia l  infarction, produced 
by intravenous injection of 0.5 U/kg body weight of pi tui tr in,  followed af te r  15 min by subcutaneous injection of 
i sopro terenol  (5 mg/kg) ,  which was repeated  5-6 h ta ter ;  24 h a f te r  injection of pl tui tr in a repea ted  injection 
was given, and i sopro te renol  was injected in the same doses  and in the same order ;  group 5 (eight dogs, eight 
rabbi ts ,  and 10 albino ra ts )  - a myocard ia l  infarc t  of macro foca l  type was produced in dogs by intravenous 
injection of 0.3 U/kg of pitui tr in,  followed 20 rain l a t e r  by 3 m g / k g  of i soproterenol ;  the l a t t e r  injection was 
repea ted  in the same dose 6 h la ter ,  and 24 h a f t e r  the f i r s t  injection of pi tui tr in a second injection of 0.15 
U/kg was given intravenously,  a f te r  which i sopro te renol  was injected in the same dose and o r d e r  as  previous ly .  
Under asept ic  conditions and under  t r imepe r id ine - th iopen ta l  anes thes ia  with control led resp i ra t ion ,  24 h a f te r  
the second injection of pi tu i t r in  the an te r io r  in te rvcn t r i cu la r  branch of the left co rona ry  a r t e r y  was  l igated 
below the or igin  of the f i r s t  c o l l a t e r a l  Pi tui t r in  and i sopro te renol  were  injected into the r abb i t s  by the scheme 
in group 4, and the co rona ry  a r t e r y  was ligated without ar t i f ic ia l  r esp i ra t ion ,  by a s t r ic t ly  midl lne incision 
through the s t e rnum without injury to the p leura l  cavity.  Pi tui t r in  was  injected in t raper i tonea l ly  into the r a t s  
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