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Trif luoperazine (stelazine), in doses of 1-20 mg/kg,  when given as a single intraperi toneal  
injection causes marked inhibition o f  activity of various r e sp i r a to ry  enzymes and changes 
in neuronal u l t ras t ruc ture  in the region of the medullary re t icu lar  formation (RF) while 
leaving the mesencephal ic  RF relat ively intact. The resul ts  demonstrate  reduced func-  
tional activi ty of the caudal divisions of the b ra in-s tem RF and possible activation of its 
meseneephalic  part  under the influence of the drug.  

The role of the b ra in - s t em re t icular  formation and, i npa r t i cu l a r ,  of its var ious regions in the 
mechanism of action of neuroleptics  have not yet been explained. 

In this investigation an attempt was made to demonstrate  effects of t r if luoperazine,  a specific neuro-  
leptic, on various levels of the re t icu lar  formation (RF)o 

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

Experiments  were car r ied  out on 150 male albino ra ts  weighing 180-220 go The animals '  bra ins  were 
studied 1, 3, 8, and 24 h af ter  a single intraperi toneal  injection of tr if luoperazine in doses of 1, 5, 10, and 
20 mg/kgo ']?he ra ts  were killed by decapitation~ In histochemical  experiments  the corresponding par ts  of 
the brain f rom experimental  and control animals were mounted in the same block~ Sections were cut to a 
thickness of 20 p in a cryosta t  at -10~ Activity of the following enzymes was studied: succinate de-  
hydrogenase (SDH) by the method of Nachlas et alo [11]~ NADo H 2 and NADP. H2-dehydrogenases by the 
m~thod of Scarpelli et al. [13], mitochondrial  c~-glycerophosphate dehydrogenase (a-GDPH) by the method 
of Nachlas et alo in Kul ' tas '  modification [1], glutamate (GDH), isoci t rate  (IDH), malate (MDH), and 
lactate (LDH) dehydrogenases by the method of Hess et al. [10] in P e a r s e ' s  modification [12]o 

For  e lectron microscopy the brain was fixed by perfusion with glutaraldehyde followed by posffixation 
with osmium tetroxide, and embedded in Aralditeo Sections were cut in the LKB ultratome, shadowed with 
uranyl acetate and lead citrate,  and studied in the U~MV-100 B microscope .  

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

Under the influence of tr if luoperazine a marked decrease  in the activity of flavin and NAD-dependent 
dehydrogenases took place in the medullary RF and was more clear ly observed after  injection of the drug 
in doses of 5, 10, and 20 m g / k g  (Table 1). Within this range of doses the inhibitory effect of t r i f luo-  
perazine was exhibited to vir tual ly an equal degree.  As Table 1 shows, flavin enzymes (SDH, ~-GPDH, 
NAD'H z and NADP~ z dehydrogenases) were more  sensitive to the effect of tr if luoperazine than the NAD- 
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TABLE 1. Changes in Activity of Flavin and NAD-dependent 
Hydrogenases in Medullary Reticular  Formation of Rats After 
a Single Injection of Trif luoperazine 

Enzymes 

SDH, c~-GDPH, NAD �9 H~ 
and NADP �9 H 2 dehydro- 
genases 

GDH, IDH, MDH, LDH 

Trifluoperazine 
, mg/kg 5, 1o, 20 mg/kg 

lh 3h 

+ 

( : )  

24h 

+ §  

§ 

i h 3h 24h 

Legend. + + + +  very  high degree of enzyme activi ty;  +++ 
high degree ;  ++ moderate  degree,  + weak enzyme activi ty;  
(+) tendency toward decrease  in enzyme activity 

Fig~ 1. Changes in NAD.H 2 
dehydrogenase activi ty in 
medullary RF of ra ts  af ter  
injection of t r i f luoperazine 
in a dose of 5 mg/kg:  a) con- 
t ro l ;  b) 3 h, c) 24 h af ter  
injection of drug, 420 x o 

dependent dehydrogenases,  possibly due to the chemical affinity of the 
prosthet ic  group of the flavin enzymes for the phenothiazine r ing of 
tr if luoperazine [14]. The histochemical  changes revealed in the medul-  
l a ry  RF were chiefly located in small and medium-s ized  neurons,  as 
well as in their  p rocesses  (Fig. 1). Large and giant neurons were 
res is tant  to the drug. It is in teres t ing to note that the deposition of 
d i formazan in the dendrites and axons was reduced in the direct ion 
from the per iphery  toward the center,  whereas in the bodies of the 
neurons the process  took place in the opposite direction:  from the 
nucleus toward the outer membrane .  It should also be noted that 
dehydrogenase activity was inhibited predominantly in the medial 
zone of the medul lary  EF and, in par t icular ,  in the region of the 
raphe~ The enzymic changes p rogressed  with time, so that their 
intensity was higher 24 h af ter  injection than 3 h after  injection of 
trifluoperazineo Conversely,  in the mesencephal ic  RF the dehydro-  
genase activity was vir tually indistinguishable f rom the control af ter  
administrat ion of tr if luoperazine,  except for an ext remely  slight de-  
c rease  in activi ty of the flavin dehydrogenases af ter  injection of the 
drug  in a dose of 20 mg/kg.  

Investigation of the u l t ras t ruc ture  of the medullary RF 3 h af ter  
injection of t r i f luoperazine showed changes in the mitochondria con- 
s is t ing of swelling of the mitochondrial  membranes ,  disorganizat ion 
of c r i s tae  and, in some cases,  their total disappearance.  Such mi to-  
chondria had a homogeneous osmiophilic matrix,  but they were s u r -  
rounded by a c lear ly  defined double membrane.  Side by side with 
al tered mitochondria,  some organelles were completely intact. After 
8 and 24 h, besides the changes a l ready described,  some neurons 
showed narrowing of the zones of the granular  ret iculum and polysomes,  
disorganizat ion of the ser ies  of parallel  membranes ,  and an increase  
in the number  of lysosomes  (Fig. 2)~ In addition, hyperplasia  of the 
membranes  of the smooth ret iculum and Golgi complex was observed 
and was accempanied by the formation of vesic les  and vacuoles.  Ul t ra -  
s t ructura l  changes were more  c lear ly  visible after  an increase  in the 
dose of the drug, although no direct  dependence of this effect could be 

detected.  In the mesencephal ic  RF, on the other hand, the neuronal s t ruc tures  remained intact after  in- 
jection of t r i f luoperazine.  In fact, in the large cells there was actually some increase  in the number of 
mitochondria  together with widening of the zones of polysomes and granular  endoplasmic ret iculum. In the 
la ter  stages,  these changes were accompanied by modera te ly  severe  hyperplasia of the elements of the 
Golgi apparatus .  
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Fig. 2~ Ul t r a s t ruc tu re  of medul la ry  neurons  of r a t s  8 h a f t e r  
injection of t r i f luoperazine  in a dose of 5 mg/kg:  N) nucleus;  
M) mi tochondr ia ;  GER) granular  endoplasmic  re t i cu lum;  
P) po lysomes ;  GC)Golgi  complex;  L ) l y s o s o m e s ;  35,000 x~ 

The his tochemical  and u l t r a s t r u c t u r a l  changes thus demons t ra t e  the se lec t ive  action of t r i f luoperaz ine  
on the medul la ry  r e t i cu l a r  fo rmat ion  compared  with the mesencepha l ie  RF.  The dec r ea se  in act ivi ty  of 
ce r ta in  r e s p i r a t o r y  enzymes  and the obse rved  changes in the fine s t ruc tu re  of the neurons ,  espec ia l ly  of 
the mitochondria ,  which contain the g r ea t e r  pa r t  of the dehydrogenases  studied, "reflect inhibition of energy,  
and, possibly,  o ther  types of me tabo l i sm.  This sugges ts  that the functional act iv i ty  of caudal regions  of 
the b r a i n - s t e m  RF is dep re s sed  by tr i f luoperazineo Meanwhile the function of the mesencepha l ic  par t  of 
the RF r ema ins  evidently at its previous  level ,  or  is actual ly  inc reased  to a smal l  extent,  for  the r e s p i r a -  
tory  enzymes  and cell u l t r a s t ruc tu re  in this par t  show no significant changes,  and in some neurons the 
number  of mitochondria  is inc reased  and the zones of the granular  re t icu lum and po lysomes  a re  widened~ 
This hypothesis  is in ag reemen t  with e lec t rophys io logica l  [4, 6] and b iochemical  [5, 7] findings to the effect  
that s tel lazine i n c r e a s e s  the re f lex  ac t iv i ty  of single neurons  and s t imula tes  oxidative phosphorylat ion and 
resp i ra t ion  in the region of the mesencepha l ic  RF.  The caudal par t  of the b r a i n - s t e m  BF thus has an in-  
h ibi tory function re la t ive  to the sensomotor  cor tex  [8, 9], and the depress ion  or  r emova l  of the inhibi tory 
effects  by t r i f luoperaz ine  is probably  accompanied  by act ivat ion or ~Iiberat ion" of this pa r t  of the cor tex  
which, in turn,  may  exer t  a descending inhibi tory effect  on the medu l l a ry  RF.  This  could explain the fact  
that the h is tochemical  and u l t r a s t ruc tu ra l  changes observed  in the medu l l a ry  RF a r e  potentiated in t ime,  
whereas  in other  pa r t s  of the bra in  dehydrogenase act ivi ty  ~s a lmos t  comple te ly  r e s t o r e d  24 h a f te r  in jec-  
tion of t r i f luoperaz ine  [2, 3]~ 

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

1. K . N .  Kul ' tas ,  Tsi tologiya,  No. 6, 452 (1964). 
2. Vo A. Markin and V. So Mitrofanov, Fa rmako l .  i Toksikol . ,  No. 5, 527 (1970)o 
3. V~ A. Markin and Vo So Mitrofanov, F a r m a k o l . i  Toksikol . ,  No. 6, 671 (1970). 
4. T. So Mel 'nikova,  Trudy Moskovsk, Nauchn . - I s s l ed .  Insto Ps ikhia t r i i ,  49, 424 (1967). 
5. S . A .  Sarkisov,  M. N. Belaya et alo, Zh. Nevropato i Psikhiato,  No. 8, 1169 (1966)o 
6. ]~. S. To lmasskaya  and T. S. Mel 'nikova,  Byull. E k s p e r i m .  Biol. i Medo, No. 3, 46 (1969). 
7. A . I .  Chukhrova and Z. D. P igareva ,  Byull. l~ksperim. Biolo i Medo, No. 2, 61 (1968). 
8. R. Baumgar ten ,  A. Mollica, and Go Moruzzi,  Electroencepho Clin. Neurophys io l . ,  5, Suppl. III, 

68 (1953). 
9. H. Magoun and R. Bhines,  J .  Neurophys io l . ,  9, 165 (1946). 

10. R. Hess ,  D. Scarpell i ,  and Ao Go Eo Pea r se ,  J .  Biophys. Biochem~ Cytol . ,  4_., 753 (1958)~ 
11. M. Nachlas,  K. Tsou, Eo Souza, et a l . ,  J .  His tochem.  Cytochem. ,  5, 420 (1957)o 

416 



12o A. G. Eo Pearse,  Histochemistry: Theoretical and Applied, Little (1966)o 
13. D. Scarpelli, I~. Hess, and A. G. E. Pearse ,  J. Biophys. Biochem. Cytolo, 4, 747 (1958). 
14. Ko Jagi, T. Nagatsu, and T. Ozawa, Nature, 177, 891 (1956)o 

417 


