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In exper imen t s  on rabbi t s  ch lo rpromaz ine ,  in a dose of 5 m g / k g ,  caused deaggregat ion of 
the po lysomes ,  dilatation of the c i s t e rns  of the endoplasmic re t icu lum,  hyper t rophy  of the 
Golgi appara tus ,  and swelling of the mi techondr ia  in m o s t  cor t ica l  neurons .  These  u l t r a -  
s t ruc tu ra l  changes were  accompanied  by inhibition of unit act ivi ty.  Tr i f luoperaz ine ,  in the 
s ame  dose,  unlike ch lo rp romaz ine  led to condensation of the mi tochondr ia l  m a t r i x  of some 
neurons ,  with a cor responding  inc rea se  in the f i r ing ra t e  of 28% of cor t ica l  cel ls .  This c o r -  
re la t ion  between changes in unit act ivi ty and neuronal  u l t r a s t r uc tu r e  is  examined in connec-  
tion with d i f fe rences  in the spec t rum of psychotropic  act ivi ty  of the two phenothiazine d e r i v -  
a t ives  with neurolept ic  p rope r t i e s .  
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Neurolept ics  of the phenothiazine s e r i e s  differ  in the spec t rum of thei r  c l inical  action. In e x p e r i -  
ments  on r a t s  the w r i t e r s  showed prev ious ly  that t r i f luoperaz ine  which, unlike ch lo rpromaz ine ,  has a wide 
act ive dose range  (1-10 m g / k g ) ,  i f  given as a single dose or repea ted ly  over  a per iod of t ime  induces he t -  
erogeneous changes in the mi techondr ia  of cor t i ca l  neurons  [3, 4]. A s im i l a r  r e sponse  of the mi tochondr ia  
was fotmd in the gigantoeel lular  nucleus of the b r a i n - s t e m  re t i cu la r  fo rmat ion  in r a t s  [2]. 

To in t e rp re t  these d i f ferences  in the u l t r a s t r uc tu r a l  changes a r i s ing  under the influence of ch lo r -  
p romaz ine  and t r i f luoperaz ine  the action of these neurolept ics  was studied on the s t ruc tu re  and function of 
cor t ica l  neurons  in rabbi t s .  

EXPERIMENTAL METHOD 

Chlorpromazine and trifluoperazine were injected intraperitoneally into male rabbits weighing 2.8- 
3.4 kg in a dose of 5 mg/kg (2.5% solution). Control animals received physiological saline. For electron- 
microscopic study 26 rabbits were decapitated 4 h after the injection. Pieces of the visual cortex were 
fixed with osmium tetroxide, dehydrated, and embedded in Araldite. Sections were cut on the LKB ultra- 
tome and studied in the JEM-6Y electron microscope. Electron micrographs of neurons from the control 
and experimental animals were classified according to features listed in Fig. i. 

For electrophysiological investigation 49 rabbits were scalped under local anesthesia 24 h before the 
experiment and the base of a microelectrode holder secured to the cranial bones. On the day of the experi- 
ment the skull was trephined and the burr-hole 3 mm in diameter was filled with agar-agar. The drugs or 
physiological saline were injected 3 h before the experiment began. 

Visual cortical unit activity was recorded by tungsten extracellular microelectrodes and assessed 
from the mean firing rate. Only those neurons whose activity was recorded not later than 5 h after injec- 
tion of the drugs or saline were analyzed. 
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Fig. 1. State of some organel les  of neu-  

rons  after  adminis t rat ion of ch lo rp rom-  
azine (B) and t r i f luoperazine (C). A) 
Control. Ordinate, percentage of neu- 
rons containing mitochondria  (1-6) with 
swollen matr ix  and with reduced (1) or 
normal  number of c r i s tae  (2), without 
condensation or swelling of the matr ix  
and with a normal  number of c r i s tae  (3), 
with condensation of the mat r ix  and in- 
tact  c r i s tae  (4), with i l l-defined cr i s tae  
and condensed matr ix  (5), with widened 
er is tae  and a sharp  increase  in density 
of the mat r ix  (6), containing a dilated en-  
doplasmic re t iculum (7), hypertrophied 
Golgi apparatus (8), or  an increased  
number  ef lysosomes  (9). Numbers on 
r ight  of columns denote level of signifi-  
cance of differences between action of 
ch lorpromazine  and tr i f luoperazine.  

TABLE i. Changes in Structure of 

Polysomes  of Cortical Neurons 

)?reatment 

Cont ro l  
T r i f l uope r .  
Chlorprom. 

No. oT~ibosomes in poly- 
some and relative per- 
centage of polysomes 

1--2 3- -4  5 - -6  7 - -8  

18,6 41,0 35,8 2,8 
33,4 46,8 17,8 1,0 
45,0 42,4 13,2 0 

Mean num- 
ber of ribo- 
somes in 
polysome 
anaerror 
of means 

3,9--0,03 
3,1~0,06 
2,9~0,11 

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 u l t ras t ruc ture  of the overwhelming major i ty  of 
neurons in the control  animals corresponded to that de-  
scr ibed previously [7]. 

Both neurolept ics  evoked s imilar  changes in the 
neurons, consist ing of dilatation of the c i s te rns  of the en- 
doplasmic ret iculum, hypert rophy of the Golgi apparatus,  
etc. (Fig. 1). Chlorpromazine led more  frequently to 
hyper t rophy of the Golgi apparatus and to an increase  in 
the number of lysosomes,  possibly as the resu l t  of its 
s t ronger  toxic effect. 

Changes in the polysomes in the cytoplasm of the 
neurons were qualitatively identical. Both drugs caused 
a relat ive increase  in the number of free r ibosomes and 
po tysome-d imers  (P < 0.01) and also a decrease  in the 
number of polysomes consist ing of five or six r ibosomes  
(Table 1). The intensity of protein synthesis is p ropor -  
tional to the number of r ibosomes  per polysome [6]. 
Ear l i e r  biochemical investigations demonstra ted the in- 
hibition of protein synthesis by chlorpromazine  [13]. De- 
aggregation of the polysomes by the action of neuroleptics  
could also be a s t ructura l  mechanism of the reduction in 
protein synthesis in the CNS. The intensity of this p ro -  
cess  was increased  by chlorpromazine.  

Differences in the spect rum of therapeutic activity 
of the two neurolept ics  focus attention on the response of 
the mitochondria.  After administrat ion of ch lo rp rom-  
azine the mitochondria  of near ly  all neurons were com-  
para t ively  round in shape, swollen, and with a c lear  m a -  
trix. Swelling of the mitochondria in more  than half of 
the ceils was accompanied by a reduction in the number 
of c r i s tae  (Figs. 1 and 2a). It is interest ing to note that 
swelling of the mi{ochondria in some neurons was ac -  
companied by a decrease  in their number.  Only very  few 
neurons had mitochondria with a condensed matr ix  and 
intact  cr is tae .  

Under the influence of t r i f luoperazine the mi te -  
chondria of a comparat ively  small  group of cells also 

were swollen and had a normal  or reduced number of cr is tae  (Fig. 1). Most neurons contained i r r egu la r ly  
shaped mitochondria  whose matr ix  was condensed to a varied degree.  Most of these neurons had mi to-  
chondria with c lear ly  outlined c r i s t ae  (Figs. 1 and 2b). Neurons with such mitochondria  also were seen in 
the control  group. In other cells  the mitochondrial  c r i s tae  were i l l-defined against  the background of the 
dense mat r ix  (Figs. 1 and 2c). Finally,  some organel les  had an ext remely  dense matr ix  and pale c r i s tae  
(Figs. 1 and 2d). 

Corre la t ion between the s t ruc ture  and function of mitechondria  has frequently been demonstrated.  
The state of their  matr ix  and er i s tae  is par t icu lar ly  important  for hmetional interpretat ion [8, 9]. Swell- 
ing of mitochondria  produced by widely different agents [5, 10, 12] is accompanied by a decrease  in their 
phosphorylat ing ac t iv i ty .  These observations have been made chiefly in vitro. With regard  to the cellular 
mechanisms  all  that can be suggested is that the a lmos t  total swelling of the mitochondria  under the influ- 
ence of ch lorpromazine  may reduce the energy supply of the neurons and thus inhibit their  function. 

The s t ruc tura l  heterogenei ty  of the mitochondria  in response to the action of t r i f luoperazine sug- 
gests  their functional heterogeneity also, for it has been shown both in vitro [9] and in situ [ii] that trans- 
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Fig. 2. Mitochondria a f te r  adminis t ra t ion  of eh lo rp romaz ine  
and t r i f iuoperazine:  a) mitochondrion with c lea r  ma t r ix  and 
reduced number  of c r i s t ae  (chlorpromazine;  15,000x); b) 
mitochondrion with reduced  density of ma t r ix  and intact  
c r i s t a e  ( t r i f luoperazine;  15,000• c) mitoehondrion with con-  
densed ma t r ix  and indist inctly outlined e r i s t ae  ( t r i f luoper -  
azine; 15,000x); d) mitochondrion with dense ma t r i x  and pale 
c r i s t a e  ( t r i f luoperazine;  12,000• 
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Fig. 3. Distr ibution of 
neurons by mean  f i r ing 
rate:  A) control;  B) ch lo r -  
promazine ;  C) t r i f iuoper -  
azine. Absc i ssa ,  f i r ing 
ra te  ( sp ikes / see) ;  o rd i -  
nate, percentage  of neu-  
rons .  

format ion  of mi tochondr ia  f rom an "orthodox" (swollen) to a "condensed" 
state of the ma t r ix  is  assoc ia ted  with induction of oxidative phosphoryl -  
ation. If mi tochondr ia  with a condensed ma t r ix  af ter  adminis t ra t ion of 
t r i f luoperaz ine  can be in te rp re ted  as organeUes synthesizing ATP, there  
is r eason  to suggest  that  some neurons may  be act ivated under the influ- 
ence of this drug. 

This  hypothesis  was tes ted  by an e lec t rophys io logica l  investigation.  

The f i r s t  feature  to be noted was that  unit act ivi ty  of the visual  c o r -  
tex of the intact  rabbi t  brain var ied  f rom 0.1 to 17.3, with a mean  value of 
3.43 • 0.41 sp ike s / s ec .  The distr ibution of the neurons by mean f ir ing 
ra te  had a mode at below 1 sp ike / s ec  and the rea f t e r  i t  diminished a lmos t  
exponentially.  

After  adminis t ra t ion  of ch lo rp romaz ine  the mean  f ir ing ra t e  fell to 
1.77 �9 0.34 s p i k e s / s e c  and no neuron d ischarged  at a f requency g r ea t e r  
than 5 s p i k e s / s e c  (Fig. 3). 

By con t ra s t  with the control  cel ls  and the neurons under the influ- 
ence of ch lorpromazine ,  which behaved like homogeneous populations, un-  
der  the influence of t r i f luoperazine  the cor t ical  neurons fo rmed two d i s -  
t inct  groups on the basis  of their  mean  f i r ing ra te  (P<0.01;  Fig. 3). Cells 
(72%) with a f ir ing ra te  of under 3 s p i k e s / s e c  (mean 0.83) fo rmed  one 
group. The other group (28%) of neurons had a f ir ing ra te  of between 6 
and 26 s p i k e s / s e c  (mean 11.13). 

Against  this background of reduced  spike d ischarge  of mos t  neurons 
under the influence of t r i f luoperazine ,  in some cel ls  the f ir ing ra te ,  on 

the cont ra ry ,  inc reased .  These observa t ions  suggest  that the inc reased  d ischarge  activi ty of some neu- 
rons  could be connected with the p re sence  of highly act ive mitoohondria  in them. 

The absence of mi techondr ia  of this type af ter  adminis t ra t ion  of ch lorpromazine  could be the factor  
de termining  the reduced unit act ivi ty obse rved  in the rabb i t  v isual  cortex.  This could account, to some 
extent  perhaps ,  for the " r e p r e s s i v e "  action of chlorprornazine in clinical  p rac t ice .  Unlike ch lorpromazine ,  
t r i f luoperaz ine  not only has higher antipsychotie act ivi ty but can also act ivate  or "energ ize"  patients  [1]. 
This clinical  feature  of t r i f luoperaz ine  may  perhaps  be connected with i ts  abil i ty to act ivate  a smal l  p r o -  
portion of neurons while depress ing  the g r ea t  major i ty .  
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