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The dynamics and localization of glucose-6-phosphate dehydrogenase activity in the various 
s tructures  of the brain was studied histochemically in experiments on  rats after  a single or 
repeated injection of the neuroleptic trifluoperazine and the antidepressant fluacizine. Both 
preparations were shown to modify the enzyme activity in many brain formations. 
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Glucose-6-phosphate dehydrogenase (G-6-PDH) is the key enzyme of the pentose cycle [5, 8]. Pheno- 
thiazine derivatives have a significant effect on G-6-PDH activity and the pentose cycle in brain homogen- 
ates [7, 9, 11, 12]. However, the histotopography and dynamics of these changes in the various brain s t ruc-  
tures  in relation to the dose and times of administration of the psychotropic drugs await explanation. 

This paper describes the results of a histochemical study of the effect of the neuroleptic t r i f luopera-  
zine and the new Soviet antidepressant fluacizine on G-6-PDH activity in various structures of the rat 

brain. 

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

Male albino rats (200 experimental  and 100 control) were used. The brain was removed 1, 3, and 24 
h after  a single subcutaneous injection of trifluoperazine and fluacizine in doses of 1, 5, 20, and 50 mg/kg. 
In the experiments involving prolonged subcutaneous injections (7, 15, and 30 days) effective doses of t r i -  
fluoperazine (1 mg/kg) and of fluacizine (10 mg/kg) were used. The brain was removed 3 and 24 h after  
the last injection of the preparations.  G-6-PDH activity was determined in brain sections 20g in thickness 
obtained from adjacent blocks in a cryostat  at -10~ 

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

Very slight changes in G-6-PDH activity were observed in the brain 1 and 3 h after a single injection 
oftr i f luoperazine andfluacizine in a dose of 1 mg/kg into the rats.  Trifluoperazine in a dose of 5 mg/kg 
gave a weak or  moderate decrease respectively in the activity of the enzyme after  1 and 3 h in the ros t ra l  
portions of the limbic and frontal cortex, the lateral  nuclei of the septum, the midline nuclei of the thalamus 
(nuc. reuniens, nuc. rhomboidalis, centrum medianum, parvocellular part of the medic-dorsal  nucleus), 
the medial zone of the poster ior  hypothalamus (except the mammillary bodies), layer  II of the superior  
colliculi, the central  gray matter ,  the interpeduncular nucleus, and the medial zone of the medullary re t ic-  
ular  formation including the region of the raphe (lst group of structures) .  Fluacizine in doses of 5 and 
20 mg/kg produced a less marked decrease of enzyme activity in these formations after  1 and 3 h respec-  
tively. In addition, unlike trif luoperazine,  fluacizine had a weak stimulant action of G-6-PDH in the parietal, 
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Fig. 1. Scheme of changes in glucose-6-phosphate dehydrogenase ac- 
tivity in brain structures after prolonged (15 days) administration of 
trifluoperazine in a dose of I mg/kg. Cross-hatched area represents  
sharp increase,  obliquely shaded area moderately increased, dotted area 
slightly increased enzyme activity; AL) lateral amygdalar nucleus; AM) 
antero-medial thalamic nucleus; AV) antero-ventral  thalamic nucleus; 
ABL) lateral part of basal amygdalar nucleus; ABM) medial part ef basal 
amygdalar nucleus; ACE) central amygdalar nucleus; ACO) cortical amyg- 
dalar nucleus; AME) medial amygdalar nucleus; CAU) caudate nucleus; 
CER) cerbellum; CS) superior colliculi; FD) fascia dentata; FP) posterior 
region of frontal cortex; GL) lateral geniculate body; GM) medial geniculate 
body; GP) globus pallidus; Hip) hippocampus; IP) interpeduncular nucleus; 
L) limbic cortex; LP) postero- la teral  thalamic nucleus; LS) lateral septal 
region; LT) lateral thalamic nucleus; LHA) lateral region of hypothalamus; 
MD) medio-dorsal  thalamic nucleus; NR) red nucleus; NCM) central medial 
thalamic nucleus; NRT) reticular tegmental nucleus; P) parietal cortex; PH) 
posterior  hypothalamic nucleus; Pr) piriform cortex; PT) parataenial nu- 
cleus; PV) paraventricular thalamic nucleus; PMD) premammillary dorsal 
nucleus; PMV) Premammillary ventral nucleus; POA) preoptic area; Put) 
putamen; PVG) paraventricular gray matter;  R) nucleus raphe; RE) nucleus 
reuniens; RH) nucleus rhomboidalis; R F) me sencephalic ret icular  formation; 
RGC) gigantocellular ret icular  nucleus; RT) reticular thalamic nucleus; RN) 
ventral reticular nucleus; RPC) parvocellular reticular nucleus; RPO) oral 
reticular nucleus of the pons; SM) medial septal region; SN) substantia nigra; 
T) temporal cortex; TZ) transitional zone of amygdala; VA) anterior part of 
ventral nucleus; VL) ventro-lateral  nucleus; VM) ventro-medial nucleus; VPL) 
postero-lateral  ventral nucleus; VPM) postero-medial  ventral nucleus. 
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t empora l ,  and p i r i fo rm cor tex ,  hippocampus,  gyrus dentatus,  amygdala,  s t r iopal l idum, and e e r e b e l l a r  
cor tex  (2nd group of s t ruc tu res ) .  The G-6-PDH act ivi ty in all the s t ruc tu res  l is ted above re turned  to its 
initial level  24 h af te r  the injection of t r i f luoperaz ine  and fluacizine in the above doses.  

Under the influence of higher  doses of t r i f luoperaz ine  (20 and 50 mg/kg) and fluacizine (50 mg/kg) 
d i s s imi la r  h is tochemical  changes (an increase  o r  dec rease  in enzyme activity in the s t ruc tu res  of group 
1) were observed  "in the ra t  brain.  Af ter  24 h the prepara t ions  exhibited no inhibitory action whereas  a 
weak (fluacizine) or  modera te  degree ( tr if luoperazine) of s t imulat ion was found in all the s t ruc tu res  of 
this group. In the s t ruc tu re s  of group 2 h is tochemical  changes were absent a f te r  1, 3, and 24 h. 

Prolonged adminis t ra t ion (7, 15, and 30 days) of fluacizine (10 mg/kg) and t r i f luoperaz ine  (1 mg/kg) 
increased  ( respect ively  modera te ly  and sharply) G-6-PDH activity in those par ts  of the brain (the 1st group 
of s t ruc tu res )  in which a dec rease  in enzyme activi ty was observed  a f te r  adminis t ra t ion of a single dose 
(Fig, 1). In the 2nd group of s t ruc tu re s  the effect  of the drugs consis ted of a slight increase  in G-6-PDH 
activity.  His tochemical  changes in the brain 3 and 24 h af te r  the las t  injection of the drugs were identical: 
the maximal  effect  of the drugs was observed  a f t e r  t h e i r  adminis t ra t ion  for  15 days. After  single and 
r epea t ed in j ec t i ons  of t r i f luoperaz ine  and fluacizine,  h i s tochemica l  changes were  found chiefly in the glial 
c e l l s  and the smal l  neurons .  

A single injection of t r i f luoperaz ine  and fluacizine thus gave r i se  to phasic changes in G-6-PDH ac-  
t ivi ty in the 1st group of brain s t ruc tu res ,  in re la t ive ly  smal l  doses the prepara t ions  depressed ,  but in 
l a r g e r  doses they s t imulated the act ivi ty of the enzyme.  In the course  of prolonged adminis t ra t ion the s t im-  
ulant effect  of fluaeizine and, in par t i cu la r ,  of t r i f luoperaz ine  increased .  In the 2nd group of s t ruc tu res  
the phase of enzyme act ivat ion occu r r ed  without a preceding phase of inhibition. 

Previous  investigations [1-3] showed that fluacizine and, in par t icu la r ,  t r i f luoperaz ine  cause a marked 
dec rease  in the act ivi ty of  many flavln and NAD-dependent dehydrogenases  (succinate,  i soc i t ra te ,  malate ,  
glutamate,  lactate,  NAD. H2, and NADP-H 2 dehydrogenases ,  cytoplasmic and mitochondrial  ~ -g lyce rophos -  
phate dehydrogenases)  in the 1st group of s t ruc tu re s .  These changes are  evidence of considerable  d is turb-  
ances in oxidative metabol ism (the Krebs '  cycle,  the mi tochondr ia l  r e s p i r a t o r y  chain, glycolysis ,  andother  
mechanisms) ,  which probably lead to the development  of hypoxia in the s t ruc tu res  mentioned above. Bio- 
chemica l  investigations showed that when the pr incipal  pathways of oxidative metabol ism are  inhibited, the 
functional act ivi ty of the pentose shunt and G-6-PDH inc reases  [4-6, 8]; this may lead to replenishment  
of the ene rgy  r e s e r v e s  and to the supply of NADP. H 2 and pentoses  for  building p roces ses .  Activation of 
G-6-PDH in the 1st group of brain s t ruc tu re s  can t h e r e fo r e  be regarded  as a compensa tory  p roces s .  The 
fact that the main  increase  in G-6-PDH activi ty is in the glial  cel ls  points to an increase  in the t rophic  
function of the la t t e r .  Inhibition of act ivi ty of the flavin and bIAD-dependent dehydrogenases  and the second-  
a ry  activation of G-6-PDH thus re f lec t  the depr iming effect  of t r i f luoperazine  and, to a l e s s e r  degree,  of 
fluacizine on the 1st group of s t ruc tu re s .  

In the 2nd group of s t ruc tu re s  the activity of the flavine and l~AO-dependent dehydrogenases  was un- 
changed a f te r  a single does of f luacizine,  but the i r  act ivi ty  was increased  a f te r  repeated injections [1-3]. 
A single dose of t r i f luoperaz ine  led to a slight dec rease  in act ivi ty of the flavine and NAD-dependent de-  
hydrogenases  in most  of the 2nd group of s t ruc tu re s .  After  repeated  injections of t r i f luoperazine  this e f -  
fect  d isappeared and, in a few cases ,  it was replaced by a st imulant effect ,  i .e. ,  adaptation phenomena de-  
veloped. Consequently,  the changes in G-6-PDH activi ty in the above s t ruc tu res  was unconnected with 
dis turbances  of oxidative metabol i sm.  According to the biochemical  data [4, 5], during exci tat ion of the 
brain there  is an increase  in G-6-PDH activi ty unaccompanied by dis turbances  of energy  metabol ism.  It 
can the re fo re  be concluded that the c h a r a c t e r  of G-6-PDH activat ion in the 1st and 2nd groups of brain 
s t ruc tu re s  is caused by different  mechan i sms .  
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