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At the end of phase  I of motor  excitat ion produced by v e r y  s t rong acoust ic  s t imulat ion the content of 
ammonia ,  glutamin,  and glutamic acid in the c e r e b r a l  cor tex ,  medulla ,  and ce r ebe l l um fal ls .  T rans i en t  
inhibition of motor  act ivi ty  is obse rved  at this period.  In phase II of moto r  excitat ion the concentra t ion of 
p r e f o r m e d  ammonia  in the c e r e b r a l  co r t ex  inc reases  in the mesencephalon ,  medulla ,  and ce rebe l lum,  
while the concentra t ion of glutamine and glutamic acid in these pa r t s  of the b ra in  falls  considerably .  It is 
cons idered  that  changes in the ammonia  concentra t ion in the bra in  a r e  respons ib le  for  the concept  of c lon-  
ic convulsions.  

* * * 

The re la t ionship  between ammonia  fo rmat ion  and fixation in ne rve  t i s sue  and its functional s ta te  has 
often been invest igated [1, 2, 6]. It  has been shown conclusively  that  p redominance  of excitat ion in ne rve  
t i s sue  is a ssoc ia ted  with an i nc rea se  in the concentra t ion of p r e f o r m e d  ammonia .  In the per iod of exc i t a -  
tion the r a t e  of ammonia  fo rmat ion  is much higher  than the r a t e  of its fixation. According to modern  views 
of the functional b iochemis t ry  of the bra in ,  the re fo re ,  the ammonia  level  in a pa r t i cu l a r  pa r t  of the b ra in  
indicates the s ta te  of fundamental  nervous  p r o c e s s e s  or ,  m o r e  exact ly,  the predominance  of one over  the 
other .  

Our previous  invest igat ions [5, 7] showed that  an epileptogenic d ischarge  is c h a r a c t e r i z e d  by a sha rp  
r i s e  in the f r ee  ammonia  concentra t ion.  It  has also been shown [8, 9] that  ammon ium sa l t s  can produce 
epi lep t i form convulsions in which ammonia  acts  as a toxic epileptogenic agent.  

In this invest igat ion we studied the l ibera t ion and fixation of ammonia  (by de te rmin ing  the levels  of 
p r e f o r m e d  ammonia ,  glutamic acid,  and glutamine,  and the amide ni t rogen of total  pro te ins  in var ious  
pa r t s  of the brain) in r a t s  exposed to v e r y  s t rong  epileptogenic acoust ic  s t imulat ion.  

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

Exper iments  we re  c a r r i e d  out on r a t s ,  mos t ly  ma les ,  in a spec ia l ly  fitted chamber .  

The r a t s  were  f rozen in liquid oxygen in a waking s ta te  (control) in a s ta te  of moto r  excitat ion (at 
the end of phases  I [4] and II of moto r  excitat ion before  fal l ing in toa  s tupor) ,  inthe middle of the phase of 
clonic convulsions,  and at the end of the phase of clonic convulsions before  the onset  of coma.  

The level  of f ree  (preformed)  ammonia ,  glutamic acid, and glutamine was de te rmined  in the c e r e b r a l  
cor tex ,  diencephalon, mesencephalon ,  pons, medulla ,  and ce rebe l lum,  and the contents of amide  ni t rogen 
(nitrogen of labile and f i rmly  bound amide  groups) in total  prote ins  was de te rmined  in the c e r e b r a l  cor tex ,  
b ra in  s t em,  and ce rebe l lum.  P r e f o r m e d  ammonia  was es t imated  by a microdif fus ion method [10] and 
glutamine and glutamie acids by p a p e r  chromatography;  amide groups of total  prote ins  spl i t  during acid 
hydro lys i s  for  10 rain and 2 h were  invest igated [3]. 
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T A B L E  1. C o n t e n t  of  F r e e  A m m o n i a  (M 4- m)  in  D i f f e r e n t  P a r t s  of  R a t  B r a i n  d u r i n g  C o n v u l s i o n s  C a u s e d  

b y  A c o u s t i c  S t i m u l a t i o n  R e s u l t s  of  10 E x p e r i m e n t s )  

F r e e  a m m o n i a  ( i n  m g  %) in  f r e s h  t i s s u e  

S e r i e s  of e x p e r i m e n t  c o r t e x  d i e n c e p h -  m e s e n c e p h -  
a l o n  a l o n  p o n s  m e d u l l a  c e r e b e l l u m  

Control 
End of phase I of motor 

exc itation 

End of phase II of motor 

excitation 

Clonie phase 

0 .34  :~ 0 .02  

0 .23  4- 0 .02  

P < 0 .001  

0 .41  4- 0 .05  

P < 0 . 2  

0 .63 4- 0 .04  

P < 0.001 
0.33  4- 0 .03  

P < 0 . 5  

E n d  of  t o n i c  p h a s e  

0 .51  4- 0 .08  

0 .43 4- 0 .05  

P < 0 . 5  

0 .40  * 0 .06  
P < 0 . 2  

0 .41  :~ 0 .05  

P < 0 . 5  

0.48 4- 0.0 

P > 0 . 5  

0 .66  4- 0 .02  

0 .71  * 0 .10  

P > 0 . 5  

0 .83  4- 0 .06  

P < 0 .02  

0 .56  4- 0 .03 

P < 0 .02  

0 .61  :~ 0 .11  

P > 0 . 5  

0 .53  

0 .43  

P < 

0 .54  

P > 

0 .71  

P < 

0 .59  

P > 

T A B L E  2.  C o n t e n t  of  G l u t a m i n e  (M �9 m )  in  D i f f e r e n t  

4- 0 .01  0 .72  :e 0 .06  

• 0 .07  0 .49  4- 0 .06  

0 .2  P < 0 .02  

4- 0 ,11  0 .90  :~ 0 .16  

0 .5  P < 0.5  

• 0 .12  0 .51  • 0 .06  

0 .2  P < 0 .05  

4- 0 .09  0 .67  :~ 0 .08  

0 .5  P > 0 .5  

0 .54  :e 0 .00  

0 .38  4- 0 .06  

P > 0 .02  

0 .49  4- 0 .09  

P > 0 . 5  

0 .32  • 0 ,02  

P < 0 .001  

0 .49  • 0 .10  

P > 0 . 5  

P a r t s  of R a t  B r a i n  d u r i n g  C o n v u l s i o n s  P r o d u c e d  

b y  A c o u s t i c  S t i m u l a t i o n  R e s u l t s  o f  5 E x p e r i m e n t s )  

G l u t a m i n e  ( in  m g  %) in  f r e s h  t i s s u e  

S e r i e s  of  e x p e r i m e n t  d i e n c e p h -  m e s e n c e p h -  
c o r t e x  p o n s  m e d u l l a  c e r e b e l l u m  

a l o n  a l o n  

C o n t r o l  

E n d  of  p h a s e  I of  m o t o r  

e x e i t a t i o n  

E n d  of  p h a s e  II  of  m o t o r  

e x e i t a t i o n  

C l o n i e  p h a s e  

80 .3  4- 0 .95  

55 .0  :~ 2 ,37  

P < 0 .001  

47 .3  4- 1 .94  

P < 0 .001  

78 .1  4- 0 .53  

P < O . 1  

87 4- 3 .00  

P < 0 .05  

7 3 . 9  * 1 .98  

4 6 . 8  :~ 2 .88  

P < 0 .001  

36 .6  �9 1 .64  

P < 0 .001  

4 9 . 9  �9 0 .91  

P < 0 .001  

65 .7  4- 1 .46  

P = 0 .01  

68 .0  :~ 4 . 6 6  

37 .3  4- 1 .87  

P < 0 .001  

22 .2  * 2 .71  

P < 0 .001  

4 6 . 9  ~: 2 .40  

P < 0 .01  

63 .2  4- 1 .57  

P < 0 . 5  

70 .9  a: 3 . 65  

4 2 . 9  �9 2 .71  

P < 0 .001  

26 .6  * 0 .90  

P < 0 .001  

51 .8  4- 5 .38  

P < 0 .02  

58 .7  �9 2 .37  

0 .02  < P <  

0 .05  

End of tonic phase 

107 .7  :~ 3 .97  

61 .8  :~ 2 .67  

P < 0 .001  

4 6 . 9  :~ 2 .48  

P < 0 .001  

77 .6  4- 1 .48 

P < 0 .001  

103 .0  • 1 .83 

P < 0 . 5  

93 .0  :~ 1 .17  

64.1  4- 4 . 3 6  

P < 0 .001  

48 .8  4- 1 .93 

P < 0 .001  

74 .8  :~ 1 .81 

P < 0 .001  

8 2 . 9  4- 1 .82  

P < 0 .002  

TABLE 3. Content of Glutamic Acid (M 4- m) in Different Parts of Rat Brain during Phases of Convulsion 

Produced by Acoustic Stimulation (Results of 5 Experiments) 

G l u t a m i c  a c i d  ( in  m g  %) in  f r e s h  t i s s u e  

d i e n c e p h -  m e s e n c e p h -  
S e r i e s  of  e x p e r i m e n t  c o r t e x  a l o n  a l o n  p o n s  m e d u l l a  c e r e b e l l u m  

C o n t r o l  

E n d  of  p h a s e  I o f  m o t o r  

e x c i t a t i o n  

E n d  o f  p h a s e  II  of  m o t o r  

exc  i t a t i o n  

C l o n i c  p h a s e  

E n d  of  t o n i c  p h a s e  

193.1  �9 3 .11  

171 .4  4- 2 . 6 9  

P < 0 .001  

141.3 4- 4 .70  

P < 0 .001  

15"1.6 4- 3 .00  

I P < 0 .001  

1 4 7 . 8  :~ 3 , 0 0  

P < 0 .001  

149 ,6  :~ 1 .92  

132 .3  a: 5 .74  

0 . 0 2 < P < 0 . 0 5  

127 .0  4- 5 .00  

P < 0 .01  

139 .6  :~ 5 .53  

P < 0 .25  

157 .1  :~ 2 .34  
0 . 0 2 < P < 0 . 0 5  

123 .4  ~: 6 .63 

88 .7  �9 6 .45  

P < 0 .01  

90 .7  4- 2 .53  

P < 0 . 0 0 2  

93 .0  a: 2 .21  

P < 0 .01 

98.0  4- 2 .34  

P < 0 .01  

114 .0  4- 6 .1  

64 .6  * 1 .75 

P < 0 .001  

79 .0  4- 2 .85  

P < 0 .001  

88 .1  4- 1 .86  

P < 0 .01  

95 .0  a: 1 .32  

P < 0 .02  

131 .9  :~ 9 .0  

100 .0  ~: 1 .85  

P < 0 .01  

72 .6  • 1 .38  

P < 0 .001  

78 .3  4- 3 .00  

P < 0 .001  

97 .4  4- 1 .67 

P < 0 .01  

152 .5  • 6 .86  

154 .0  4- 3 . 2 7  

P > 0 . 5  

123 .8  �9 3 .80  

P < 0 .01 

108 .0  �9 2 .91  

P < 0 .001  

99.0  4- 1 .15 
P < 0 .001  
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TABLE 4. Amide  Groups of Total  P ro t e in s  (M* m) in Different  P a r t s  of Rat  Bra in  dur ing Phase s  of 
Convulsion Produced  by Acoust ic  St imulat ion (Resul ts  of 7 Exper iments )  

Amide  groups of total  p ro te ins  (in g amide  n i t r o g e n / r a g  d ry  protein) 

labi le  f i r m l y  bound 
Se r i e s  of expe r imen t  

b ra in  b r a i n  
co r t ex  c e r e b e l l u m  c o r t e x  c e r e b e l l u m  

s t e m  s t e m  

Control  
End of phase I of motor  
exc i ta t ion 

End of phase  II of motor  
exci ta t ion 

Clonic phase 

End of tonic phase  

2.54 ~: 0.10 
1.94 ~: 0.30 
P > 0.05 
0.80 :~ 0,09 
P < 0.001 
3.00 4- 0.14 
P < 0.02 
3.93 ~: 0.37 
P < 0.01 

1.97 -~ 0.13 
1.67 ~: 0.04 
P < 0.05 
0.60 + 0.04 
P < 0.001 
2.25 :~ 0.22 
P < 0 . 5  
3.35 ~- 0.27 
P < 0.001 

3.20 �9 0.20 
1.94 ~: 0.23 
P < 0.002 
1.45 =~ 0.14 

P < 0.001 
3.94 �9 0.35 
P < 0 . 1  
6.70 :~ 0.39 
P < 0.001 

3.80 4- 0.20 
3.54 • 0.17 
P < 0 . 5  
4.20 �9 0.19 
P < 0.25 
2.74 �9 0.21 
P < 0.01 
5.34 ~- 0.65 
P < 0.05 

3.60 e: 0.12 
2.84~- 0.12 
P < 0.001 
3.80 :e 0.37 
P > 0 . 5  
3.70 :~ 0.37 
P > 0 . 5  
4.90~ 0.50 

0.02~P<0.05 

4.20 • 0.43 
3.20 �9 0.26 
P > 0.05 
2.50 �9 0.18 
P < 0.01 
3.30 �9 0.34 
P < 0.25 
6.40 =~ 0.37 
P = 0.002 

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

The r e s u l t s  showed that  at  the end of phase I of motor  exci ta t ion,  when the an imals  usual ly  l ie  s t i l l  
for  some t ime and do not r e spond  to acoust ic  s t imula t ion ,  the re  was a s t a t i s t i c a l l y  s igni f icant  d e c r e a s e  
in the ammonia  concent ra t ion  (Table 1) in the c e r e b r a l  cor tex ,  medul la ,  and c e r e b e l l u m ,  toge ther  with a 
m a r k e d  d e c r e a s e  in the concent ra t ions  of glutamine (Table 2) and glutamic  ac id  (Table  3) in a l l  pa r t s  of 
the b ra in  inves t iga ted  except  the c e r e b e l l u m ,  where  the glutamic ac id  leve l  was unchanged. No changes 
were  found at  this  t ime  in the amide  n i t rogen  of the to ta l  p ro te ins  in the cor tex ;  the leve l  of labi le  and 
f i r m l y  bound amide  groups in the b r a i n  s t e m  was lowered ,  while in the p ro te ins  of the c e r e b e l l u m  the 
concent ra t ion  of labi le  amide  groups was lowered  and that  of f i r m l y  bound amide  groups unchanged(Table4) .  

It can thus be concluded f rom the r e s u l t s  d e s c r i b e d  above that  a t  the end of phase  I of motor  exc i t a -  
tion inhibit ion is dominant  in the cen t r a l  nervous  s y s t e m  of the an ima l s ,  as a r e s u l t  of which the an imal  
does not r e spond  for  some t ime  (8-12 sec) to the continued act ion of the acous t ic  s t imulus .  

The next  phase (ID of motor  exci ta t ion is c h a r a c t e r i z e d  by e levat ion of the p r e f o r m e d  ammonia  leve l  
in the c e r e b r a l  cor tex ,  mesencephalon ,  medul la ,  and c e r e b e l l u m  and by a c o n s i d e r a b l e  d e c r e a s e  in the 
concent ra t ion  of g lutamie  ac id  and glutamine in a l l  pa r t s  of the b ra in  s tudied.  The leve l  of labi le  amide  
groups in pro te ins  of the c e r e b r a l  cor tex ,  b r a in  s t em,  and c e r e b e l l u m  fa l ls  sha rp ly ,  while a d e c r e a s e  in 
the f i rmly  bound amide  groups is obse rved  only in to ta l  p ro te ins  of the c e r e b e l l u m .  

Consequently,  the p reconvuls ive  s ta te  is c h a r a c t e r i z e d  b iochemica l l y  by  p redominance  of exci ta t ion,  
p a r t i c u l a r l y  m a r k e d  in the h igher  leve ls  of the c e n t r a l  nervous  s y s t e m ,  which a r e  evident ly  r e s p o n s i b l e  
for  the genera t ion  of clonic convuls ions .  In the elonic phase,  for  ins tance ,  a fu r the r  i n c r e a s e  in the a m -  
monia concent ra t ion  in the c e r e b r a l  co r t ex  was found (by 85.3% c o m p a r e d  with the cont ro l ,  whereas  at  
lower  levels  the concen t ra t ion  of p r e f o r m e d  ammonia  was e s sen t i a l l y  unchanged or  ac tua l ly  l o w e r e d ( m e s e n -  
cephalon,  medul la ,  ce rebe l lum) .  In this phase of the convulsion the glutamine concent ra t ion  in the b ra in  
was i nc rea sed ,  while the glutamic acid  concent ra t ion  r e m a i n e d  as be fore .  C h a r a c t e r i s t i c a l l y  in the clonic 
phase of the convulsions the g r e a t e s t  changes in amide  n i t rogen  were  obse rved  in the co r t ex ,  while in the 
b ra in  s t e m  and c e r e b e l l u m  no such changes could be detec ted .  

I t  can thus be concluded f rom these  inves t iga t ions  that  p r e f o r m e d  ammonia ,  as it  accumula tes  in the 
motor  co r t ex  as a r e s u l t  of exces s ive  motor  exci ta t ion  caused  by acoust ic  s t imula t ion ,  can produce con-  
vu ls ions .  It may be sugges ted  that  p r e f o r m e d  ammonia ,  as an epi leptogenic  agent,  p roduces  a p a r o x y s m a l  
d i s cha rge  in the motor  co r t ex  and this gives r i s e  to clonic convuls ions .  This a g r e e s  with the views ex -  
p r e s s e d  by mos t  w o r k e r s  on the genes is  of the clonic phase of ep i l ep t i fo rm and epi lept ic  convuls ions .  

In the phase of tonic convulsions the concent ra t ion  of p r e f o r m e d  ammonia  is c ons i de r a b l y  i n c r e a s e d  
in the medul la ,  and this can be a s s o c i a t e d  with epi leptogenie  d i s c ha r ge s  taking p lace  in this  reg ion ,  while 
in the mesencephalon  and diencephalon no s igni f icant  changes c o m p a r e d  with the con t ro l  a r e  observed .  At 
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the end of the tonic phase,  however ,  amidat ion of prote ins  was found in all  par t s  of the bra in  invest igated.  
It can be postulated that  the m e c h a n i s m  of fo rmat ion  of the tonic phase of an acoust ic  convulsion is ana lo-  
gous to the physiological  mechan i sms  of its fo rmat ion  in other  exper imenta l ly  produced ep i lep t i form con-  
vuls ions .  According to the r e su l t s  of b iochemica l  and e lec t rophys io logica l  invest igat ions [7, 8], the tonic 
phase  is due to epileptogenie d i scharges  in the lower  par t s  of the bra in  s t em,  and the resu l t s  of the p r e -  
sent  invest igat ion suppor t  this view. 
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