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The ef fec t  of t r i f luoperaz ine  on the ac t iv i ty  of g l u t a m a t e - a s p a r t a t e  a m i n o t r a n s f e r a s e  and of 
pyruvate  and ~-ketoglutara te  dehydrogenases  in subce l lu la r  f rac t ions  of the rabbi t  h ippocam-  
pus was studied. Whereas  m o r e  than half  of the a m i n o t r a n s f e r a s e  act ivi ty  was concent ra ted  
in f rac t ions  of the synapt ic  complex ,  the max imal  dehydrogenase  act ivi ty  was found in the 
mi tochondr ia .  Tr i f luoperaz ine  lowered the ac t iv i ty  of all  the enzymes  studied. The changes 
were  m o s t  m a rked  in g l u t a m a t e - a s p a r t a t e  a m i n o t r a n s f e r a s e  act ivi ty  local ized in the syn- 
apto so me s �9 

It has  been  concluded f r o m  the r e s u l t s  of e lec t rophys io logica l  invest igat ions that  the h ippocampus has 
an impor tan t  role  in the mani fes ta t ion  of the pharmaco log ica l  role  of neurolept ics .  It  has been shown, in 
pa r t i cu la r ,  that  t r i f luoperaz ine  a f fec ts  synapt ic  t r a n s m i s s i o n  in the h ippocampus [3]. 

I t  was accordingly  decided to invest igate the effect  of t r i f luoperaz ine  on me tabo l i sm  in the h ippocam- 
pus. Consider ing the m anne r  in which neurot ropic  drugs  ac t  on synapses  [1], metabol ic  p r o c e s s e s  were  in- 
ves t iga ted  in isolated synapt ic  s t r u c t u r e s .  Activity of g l u t a m a t e - a s p a r t a t e  a m i n o t r a n s f e r a s e  (GAA) and of 
pyruva te  and ~-ke toglu ta ra te  dehydrogenases ,  enzymes  catalyzing the mos t  impor tan t  r eac t ions  of g lu tamate  
m e t a b o l i s m  and of the Krebs  cyc le ,  was  de te rmined  in f rac t ions  i so la ted  f r o m  hippocampal  t i ssue .  

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

Tr i f luoperaz ine  was injected in t ravenously  into adult rabbi ts  in a dose of 5 mg/kg.  The choice of this 
dose was based  on e lec t rophys io log ica l  obse rva t ions .  The animals  were  decapi ta ted 1 h l a te r  and all  s u b -  
sequent  manipulat ions of the b r a in  were  c a r r i e d  out in a cold r o o m  at  2-4~ The hippocampus was quickly 
r e m o v e d ,  homogenized in 0.25 M suc rose  solution with 0.01 M tris-HC1, pH 7.4, and "crude"  mi tochondr ia  
we re  obtained by centr i fugat ion a t  12,000 g. The suspens ion  of mi tochondr ia  was l ayered  on a continuous 
0.8-1.4 M suc ros e  gradient  and f rac t ionat ion was then c a r r i e d  out by De R o b e r t i s '  method [6]. As a r e su l t  
five f rac t ions  were  obtained f r o m  the or iginal  f rac t ion  ("crude"  mitochondria) :  myel in  f r agmen t s ,  light 
synap tosomes ,  heavy synap tosomes ,  and "pure"  mi tochondr ia .  The synaptosome f rac t ions ,  which cons is t  
mainly  of f ree  p resynap t ic  ne rve  endings, p r e s e r v i n g  the i r  fine s t ruc tu re  under  these conditions and con- 
taining med ia to r s  [9], were  espec ia l ly  impor tan t  for this pa r t i cu la r  invest igat ion.  The puri ty  of the f r ac -  
tions was tes ted  b iochemica l ly  by de te rmin ing  the act ivi ty of succinate dehydrogenase  (SDH) [4], an enzyme 
with a s t r i c t ly  mi tochondr ia l  local izat ion.  GAA act ivi ty  was de te rmined  by the method of Rei tman and 
Franke l  [7], by measu r ing  the inc rease  in the quantity of oxaloacet ic  acid or ,  more  exact ly ,  of pyruvic  acid 
fo rmed  f rom it during incubation for  1 h. A mixture  of ~-ketoglutar ic  and L - a s p a r t i c  acids was used as  
the subs t r a t e .  Activi ty of pyruvate  and c~-ketoglutarate dehydrogenases  was de te rmined  by the method of 
Sever in  et  al .  [5]. The act ivi ty  of these  enzymes  was calculated per  m i l l i g r a m s  prote in ,  the content of 
which was de te rmined  by L o w r y ' s  method.  The r e su l t s  were  subjected to s ta t i s t i ca l  ana lys i s .  Mean values 
( f rom 7-8 exper iments )  and s tandard  e r r o r s  a re  given in Table 1. 
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TABLE 1. Local izat ion of Enzymes in Subcellular Fract ions  of the 
Rabbit Hippocampus (M • m) 

ldehydr~ e'Succinate I~l a-ketoglu- GAA (in gg/ 
nasegin con-] eyruvate 

Subcellular fractions vennona l  |dehvdroae- tarate de- mg protein/ 
units, AE in | J ~ I hydrogenase h 1 mg~pro? |nase 

I Ltem/omm ! 

"Crude" mitochondria (original 
fraction . . . . . .  i . . . I u0,3• 8,41-----2,64 8,10• 62,0• 

Myelin fragments - . . . . .  I 0,25• 2,21".-0,51 1,63• 110,0• 
Synaptic membranes - " �9 �9 I 0,154.0.07 1,23-.-0,36 1,47-.-0,51 72,8+--10,4 
Light synaptosomes . . . . .  I 0,10-.-0,03 1,09-----0,53 0,97• 101,8-----16,1 
Heavy synaptosomes . . . . .  I 16,04.2,07 0,904.0,53 0,854.0,51 57,9--6,1 

9,70-----2,48 9,91-.-2,31 86,8----3,0 64,0• Pure fniiocliondria . . . . . .  I 

% 
/gg Control 

50 

~0 

20 

CM M SM LS HS PM 

Fig. 1. Effect of t r i f luoper-  
azine on GAA activity in 
subeel lular  fract ions of the 
hippocampus (in % of the 
control):  CM) crude mi to -  
ehondria; M) myelin f rag-  
ments;  SM) synaptic mem-  
branes ;  LS) light synapto-  
somes;  HS) heavy synapto-  
somes;  PM) pure mitochon- 
dria .  

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  

The distribution of the enzymes investigated in the subcellular  f rac-  
tions of hhe hippocampus is given in Table 1. The charac te r  of the dis-  
tr ibution of SDH shows that the fract ions isolated were sufficiently pure. 
Highest activity was found (79.5%) in the pure mitochondria,  while act iv-  
ity was re la t ively  low (18.8%) in the heavy synaptosomes,  and the remain-  
ing fract ions contained no SDH activity.  Other workers  [8] have obtained 
s imi la r  resul ts  for the content of the marke r  enzyme. 

The yield of protein af ter  fractionation was about the same in the 
control and experimental  samples  (73.3 and 72.4%, respectively,  of its 
content in the original  mitochondrial  fraction). About 50% of the protein 
was accounted for by pure mitochondria,  15% by the fract ion of myelin 
f ragments ,  and the r e s t  was uniformly divided among the fract ions of the 
synaptic s t ruc tu res  (synaptic membranes ,  light and heavy synaptosomes) .  

The GAA activity was high in all f ract ions:  more  than half (54.2%) 
of it was concentrated in the synaptic fract ions,  20.2% in the pure mi to -  
chondria,  and 25.5% in the myelin fract ion.  The total enzyme activity 
af ter  fract ionation was higher than its activity in the original  fraction,  as 
other invest igators  also have observed,  evidently as a resu l t  of l iberation 
of a latent form of the enzyme [8]. 

The distr ibution of the dehydrogenases  was different in principle.  The pure mitochondria possessed  
the highest  dehydrogenase activi ty (64%). The myelin fraction and the fract ions of the synaptic complex 
were much less able to oxidize pyruvic and c~ketoglutaric acids.  Their  activity was 14.5 and 21.5%, re -  
spect ively,  of the total enzyme activity.  By cont ras t  with GAA, the dehydrogenases  tested were thus mainly 
mitochondrial  in their  localization. 

The resul ts  of these exper iments  showed that t r i f luoperazine decreases  the activity of the enzymes 
investigated in the hippocampal t i ssues .  The localization of its act ion differs ,  however,  for GAA and for 
the dehydrogenases .  

It will be c lear  f rom Fig. 1 that GAA activity was reduced by 45.5% in the synaptosomal f ract ion 
(heavy synaptosomes) .  In the other f ract ions ,  including the mitochondria,  this enzyme was res i s t an t  to the 
act ion of the drug.  This effect  of t r i f luoperazine is evidence of marked inhibition of the t ransaminat ion r e -  
action, in which glutamic and aspar t ic  acids,  which play an important  role in the metabol ism of hhe CNS 
and, in par t icu lar ,  in its media tor  function, are  part icipants  [9]. The prec ise  localization of this change in 
the synaptosomes indicates that t r i f luoperazine may act  on the biochemical  components of synaptic t r ans -  
miss ion.  

As regards  the dehydrogenases ,  the exper iments  showed that the act ion of t r i f luoperazine is aimed 
mainly at the mitochondrial  enzymes .  The decrease  in the activity of pyruvate and ~-ketoglutarate dehy- 
drogenases  in the fract ions of crude and pure mitochondria was about the same (30-35%). This resu l t  is in 
a measure  of ag reement  with the moderate  inhibitory act ion of t r i f luoperazine on other NAD-dependent  
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dehydrogenases  in the r a t  h ippocampus r evea led  by h i s tochemica l  methods [2]. In the p re sen t  inves t iga-  
t ion a ve ry  low content of dehydrogenases  was found in the synap tosomes ,  so that it is imposs ib le  to draw 
any re l i ab le  conclusions regard ing  the act ion of t r i f luoperaz ine  on them in these  s t ruc tu re s .  Pyruva te  and 
~-ketoglutara te  dehydrogenases  play an impor tan t  ro le  in energy format ion ,  and for  that  r e a s o n  the de-  
c r e a s e  in the i r  act iv i ty  in the mi tochondr ia  under  the influence of t r i f luoperaz ine  may be the cause of c e r -  
tain d is turbances  in the ene rgy  m e t a b o l i s m  of the b ra in  t i s sue  and, in pa r t i cu la r ,  in ATP format ion.  

F r o m  the analys is  of these r e su l t s  and the i r  c o m p a r i s o n  with the r e su l t s  of e lec t rophys io logica l  in- 
ves t iga t ions  it can be postulated that  the obse rved  effects  of t r i f luoperaz ine  in the region of the h ippocam- 
pus and, in pa r t i cu la r ,  its effect  on synaptic  t r a n s m i s s i o n  may be due, to a ce r t a in  extent,  to metabol ic  
changes in this pa r t  of the bra in .  

L I T E R A T U R E  C I T E D  

1. V . V .  Zakusov,  Vestn.  Akad. Med. Nauk SSSR, No. 7, 43 (1968). 
2. V . A .  Markin,  in: Modern Psychot rop ic  Drugs [in Russian],  No. 3, Moscow (1970), p. 126. 
3. R . U .  Os t rovskaya ,  G. N. Kro leve t s ,  and V. V. Markovich,  in: Modern  Psychot rop ic  Drugs [in Rus-  

sian],  No. 3, Moscow (1970), p. 137. 
4. A . A .  Pokrovski i ,  A. I. Archakov,  and A. M. G e r a s i m o v ,  in: Modern Methods in B iochemis t ry  [in 

Russian],  No. 2, Moscow (1968), p. 51. 
5. S . E .  Sever in  and A. A. Glemzha,  Biokhimiya,  29__, 1170 (1964). 
6. E. de Rober t i s ,  A. de Yrald,  et  al . ,  J. Neurochem. ,  9 ,  23 (1962). 
7. S. Rei tman and S. Franke l ,  Am. J .  Clin. t~ th . ,  28___, 56 (1957). 
8. L. Salganicoff and E. de Rober t i s ,  J .  Neuroehem. ,  12___, 287 (1965). 
9. V. White taker ,  P roc .  Nat. Acad. Sci. (Washington), 60_._, 1081 (1968). 

296 


