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The u l t r a s t r u c t u r e  of neurons  of  the r e t i cu l a r  fo rmat ion  of the r a t  medul la  was invest igated 
at  var ious t imes  af ter  admInis t ra t ion  of t r i f luoperaz ine  in doses of 1, 5, and 10 mg/kg .  The 
e a r l i e s t  changes were  found in the mi tochondr ia .  La te r  these  were  joined by marked  hyper -  
p l a s i a  of m e m b r a n e s  of the smooth endoplasmie  re t i cu lum and Golgi appara tus ,  accompanied  
by mic roves icu la t ion .  

Despite  the wide use  of neurolept ics  in the t r e a t m e n t  of many  menta l  d i seases ,  the i r  effect  on the 
u l t r a s t r u c t u r e  of the bra in  neurons  has rece ived  l i t t le  attention. One of the m o s t  ac t ive  neurolept ies  of the 
phenothiazine s e r i e s ,  t r i f luoperaz ine ,  has been studied f rom this standpoint  only by optical  m i c r o s c o p y  [3, 
10, 121. 

In the p r e s e n t  invest igat ion the u l t r a s t r u c t u r e  of neurons in the gigantocel lular  region of the r e t i cu la r  
fo rmat ion  was invest igated during the action of t r i f luoperaz ine .  The bulbar  r e t i c u l a r  format ion  was chosen 
for study because  it  is an impor tan t  point of applicat ion of neurolept ics  [1, 13]. 

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

Exper iments  were  c a r r i e d  out on male  albino ra t s  weighing 180-200 g. Tr i f luoperaz ine  was injected 
in t raper i tonea l ly  in doses  of 1, 5, and 10 mg /kg  body weight. The bra in  was fixed a f te r  3, 8, and 24 h by 
per fus ion  with g lu ta ra ldehyde  followed by t r e a t m e n t  with o smium tetroxide,  and was then embedded in a r a l -  
dite. Sections were  cut on the LKB u l t ra tome,  shadow-cas t  with uranyl  ace ta te  and lead c i t ra te ,  andstudied 
in the UI~Mu165 e lec t ron  m i c r o s c o p e .  The t e r m  gigantocel lu lar  region of the r e t i cu l a r  format ion  is 
taken to mean  the nuclei r e t i cu l a r i s  g igantocel lu lar i s  et r e t i cu l a r i s  pontis caudalis  [2]. 

EXPERIMENTAL RESULTS 

Analysis of the e lec t ron  mic rog raphs  showed that 3, 8, and 24 h a f te r  admin is t ra t ion  of t r i f luoperaz ine  
ce r ta in  r eac t i ve  changes were  vis ible  in the membranous  s t r u c t u r e s  of the neurons:  the mitochondria ,  Golgi 
a p p a r a ~ s ,  g ranu la r  and agranu la r  endoplasmic re t icu lum,  and other  fo rmat ions .  During the f i r s t  few hours  
af ter  injection of the neurolept ic  in a dose of 1 mg /kg  these  changes were  less  m a r k e d  and, as a rule ,  a f -  
fected only individual s t r u c t u r e s  of s ingle cel ls ,  but with an i nc rea se  in the durat ion of action and in the dose 
of the drug, they appeared  m o r e  c lea r ly .  Changes a r i s ing  a f te r  injection of t r i f luoperaz ine  in doses of 5 
and 10 m g / k g  di f fered  only ve ry  sl ightly.  The nucleus of the neuron showed no vis ible  changes during the 
f i r s t  few hours  af ter  injection of the neurolept ic .  A ve ry  sl ight  i nc r ea se  in t r ans lucency  of the nuclear  con- 
tents ,  and accumulat ion of ch romat in  in the f o r m  of c lose ly  packed l a rge  and sma l l  granules  were  observed  
only in a few neurons  in the l a t e r  pe r iods .  The nuc lear  m e m b r a n e  fo rmed invaginations,  frequently at 
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Fig. 1. Submicroscopic changes in neurons of re t icu lar  formation 
after injection of t r i f luoperazine:  a) Mitochondria after injection 
of tr if luoperazine.  Organelles are  visible but their  c r i s t ae  can no 
longer be seen.  In some mitochondria  the i n t e r c r i s t a l spaces  a re  
widened. Mitochondrion with enlarged c ross  sectionvisible in cen-  
ter ,  40,000x. b) Mitochondrion with septum in center,  38,000x. 
c, d) Different shapes of buds f rom mitochondria:  c) 38,000x; d) 
45,000x. 

severa l  places at once. Ribosomes and, less frequently, mitochondria,  lysosomes,  or vacuoles,  were visi-  
ble in the invaginated cytoplasm. 

In some cases  the space between the layers  of the nuclear  membrane  was somewhat  widened, the out- 
line of the inner layer  was wavy in charac ter ,  and the number of pores  in the nuclear  membrane  was in- 
c reased .  

The ear l ies t  react ive  changes were found in the mitochondria.  For  example, 3 h after  injection of the 
neuroleptic in a dose of 5 mg/kg,  besides mitochondria c lear ly  outlined with a double membrane ,  with well-  
defined er is tae ,  and with a finely granular  matrix,  other organelles with swollen inner and outer membranes ,  
with i r r egu la r ly  a r ranged  c r i s t ae  or,  in some cases ,  with no visible cr is tae ,  were observed more  frequently 
than in the control .  Their  inner s t ruc ture  consisted of a centra l  homogeneous osmiophilic mass  bounded by 
a double membrane  (Fig. la) .  In some mitochondria with intact er is tae,  the spaces between the c r i s tae  
were widened. After 8 and 24 h, these changes showed vir tually no progress ion ,  but the mitochondria  had 
become more  heterogeneous : the t r ansve r se  diameter  of the sections through the organelles in many cases  
was g rea te r  than normal ,  and some large mitochondria  with numerous c r i s t ae  had appeared.  After 8 and 
24 h, many sections through the organelles were oval or  c i rcu la r  in shape {Fig. 2a), whereas in intact ani-  
mals elongated mitochondria were more  common.  

Mitochondria with various forms of hour -g lass  constr ict ions could be seen, and somet imes  one mito-  
chondria was apparently dividing into two daughter s t ruc tures  containing a common double membrane ,  but 
also surrounded by their  own membrane  {Fig. 1B). In some cases  daughter mitochondria can evidently be 
formed by budding f rom the side {Fig. lc,  d). These mitochondria are  very s imi la r  in appearance to dividing 
organelles .  "Degenerative fo rms"  of mitochondria were also found, with the appearance of dense osmiophi-  
lic bodies in which indistinct c r i s t ae  were somet imes  present .  

A par t icu lar ly  charac te r i s t i c  feature of neurons of the gigantocellular  region was the considerable 
development of the membranes  of the granular  endoplasmic ret iculum. The agranulur  endoplasmic ret ioulum 
in the intact neurons was less well developed and consisted of separa te  closed cavit ies in the membranes  

36 



Fig. 2. Hyperplasia of Golgi apparatus (a) and increase in num- 
ber of lysosomes (b) after injectionoftrifluoperazine: M) mito- 
chondria, P) polysomes, GER) granular endoplasmie reticulum. 
In a: MC) microcorpuscle; V) vacuole; MV)microvesicles; GC) 
Golgi complex; remainder of legend as in Fig. 1. 40,000x. In b: 
L) lysosomes; remainder of legend the same. 45,000x. 

with the appearance of cisterns, vesicles, and tubules. Changes in the granular endoplasmic reticulum by 
the action of trifluoperazine were ill defined, and appeared after 8 and 24 h as a slight narrowing of the 
zones of Nissl's substance and in some cases disorganization of the parallel rows of membranes and some 
decrease in the number of polysomes. By this time hyperplasia of the membranes of the smooth reticulum, 
accompanied by the appearance of flat cisterns, tubules, and larger and smaller vacuoles, was visible. 
These vacuoles were close to the elements of the Golgi apparatus or in contact with them. The Golgi appa- 
ratus also was hyperplastic, and in some fields of vision up to eight or i0 Golgi complexes could be seen in 
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the cytoplasm,  com pa red  with two or  th ree  in intact  animals  (Fig. 2a). Frequent ly  the Golgi complexes  
were  a r r anged  in a ho r seshoe .  The i r  component  e lements  inc reased  in length and were  sur rounded by 
numerous  ves ic les  and c i s t e rn s .  Somet imes  the mic roves ieu la t ion  p r o c e s s  was well  defined and sma l l  
ves ic les  occupied l a rge  a r ea s  of the sec t ions .  Frequent ly  ly sosomes  were  p r e s e n t  nea r  them, and their  
number  was also i nc rea sed  (Fig. 2b). Individual l y sosomes  contained loci of translucency~ located eccen-  
t r i ca l ly .  In some  cases  s t r u c t u r e s  s i m i l a r  t o l y s o s o m e s ,  but without a c l ea r  boundary m e m b r a n e ,  and 
cal led "loci of degenera t ion"  [4], were  found. In the cy top lasm of the cel ls ,  m i c r o c o r p u s c l e s  (Fig. 2a) and 
also s t r u c t u r e s  r e sembl ing  ves ic les ,  about 1000 A in d iamete r ,  could be seen.  Osmiophi l ic  granules ,  s i m i -  
l a r  to r i bosomes ,  were  at tached to the outer  su r face  of these  s t r u c t u r e s .  Such ves ic les  have been descr ibed  
in n e r v e  cel ls  [4, 15]. Frequent ly  s t r u c t u r e s  consis t ing of smooth m e m b r a n e s ,  and r e sembl ing  t r a n s v e r s e l y  
divided medul la ted f ibers ,  appeared  in the cytoplasm.  

Hence, among the submic roscop ic  changes taking p lace  a f te r  injection of t r i f iuoperaz ine ,  the mos t  
p rominen t  was the marked  sens i t iv i ty  of the mi tochondr ia l  appara tus  of the cell ,  which responded rap id lyby  
a change in the in ternal  s t r u c t u r e  of some  organel les  and also by a change in the shape of the mi tochondr ia  
(with the appearance  of m o r e  c i r c u l a r  and, s o m e t i m e s ,  of hyper t rophied  fo rms ,  and with an inc rease  in the 
d i ame te r  of c ro s s  sec t ion  of the organel les) .  S imi lar  changes in the internal  s t r u c t u r e  of the mi tochondr ia  
of neurons have been desc r ibed  by the action of ch lo rp romaz ine  [8]. 

In many cases  the mi tochondr ia  a re  r eac t ive  s t ruc tu r e s  [6, 9], and a change in the i r  s t r u c t u r e  may  be 
accompanied by d i s tu rbances  of r e s p i r a t o r y ,  phosphorylat ing,  and other  hmctions [5]. It can accordingly be 
postula ted that the action of t r i f luoperaz ine  is accompanied  by a change in some  mitochondr ia l  functions. 
This is in a g r e e m e n t  with publ ished r epo r t s  of the effect  of phenothiazine der iva t ives  on the activity of r e s -  
p i r a t o r y  enzymes  [7, 11, 14]. The hyperp las i a  of the m e m b r a n e s  of the smooth endoplasmic re t i cu lum and 
Golgi appara tus  obse rved  in the l a t e r  s tages ,  accompanied  by mieroves icu la t ion ,  an Inc rea se  in the number  
of  l y sosomes ,  and the appearance  of loci of degenerat ion may  also indicate a cons iderab le  degree  of modif i -  
cation of metabol ic  p r o c e s s e s  in the ne rve  cei ls  under the influence of the neurolept ic .  
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