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The same neurons of the meseneephal ic  re t icu lar  formation can respond both to lysergie  acid 
diethylamide (LSD) and to cMorpromazine.  Complex interaction between the effects of LSD 
and chlorpromazine evidently takes place at the level of these neurons.  Chlorpromazine acts  
on both inhibitory and faci l i ta tory effects of LSD, and its action may be ei ther  antagonistic o r  
synergic.  It is concluded that an adrenergic  component is p resen t  in the mechanism of ac-  
tion of LSD on the CNS. 

There is considerable experimental  evidence to show that the psychotomimetic  effect of lysergie  
acid diethylamide (LSD) is connected with its action on certain neuromedia tor  and enzyme sys tems  of the 
brain [7, 16-19]. However, the experimental  data on the neurochemical  nature of the action of LSD on the 
CNS are contradic tory.  Some workers  consider  that LSD affects serotoninergic  brain s t ruc tu res ,  and that 
the effects of LSD and serotonin may be ei ther  antagonistic or  synergic  [13, 15]. Other workers  consider  
that a leading role in the mechanism of action of LSD is played by adrenergic  brain s t ruc tures  [2, 11], 
especial ly the adrenergic  s t ruc tures  of the mesencephal ic  re t icu la r  formation (RF) [2]. 

Few investigations of this subject have been conducted at the single-unit  level. For  instance, an in- 
vestigation of neurons of the mesencephal ic  RF by means of micro iontophores is  has shown that LSD be-  
haves antagonist ically toward the exci ta tory  effect of serotonin but has no action on its inhibitory effect or  
on the exci ta tory effect of noradrenal in  [8]. The wr i te r  showed previously  [3] that LSD acts d i rec t ly  on 
neurons of the hippocampus and mesencephal ic  RF.  

The object of the presen t  investigation was to study the neurochemical  nature  of the action of LSD on 
the neurons of the mesencephal ic  RF and the role of adrenergic  s t ruc tures  in this p rocess .  The drug used 
to act on the adrenergic  brain s t ruc tu res  was chlorpromazine ,  which has a blocking effect on them. 

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

Male albino ra ts  weighing 200-300 g were anesthetized with urethane (1.3-1.4 g/kg)  for  the acute ex- 
per iments .  The technique of ext racel lu lar  recording of unit activity was descr ibed previously  [3]. 

After the spontaneous unit activity had been recorded the animal was injected subcutaneously with 
LSD in a dose of 0.5 m g / k g .  Unitary responses  to LSD were recorded,  af ter  which the ra t  was given an 
intravenous injection of chlorpromazine  (15-30 mg/kg) ,  and unit activity was again recorded  for  30-40 min. 

The activity of 24 mesencephal ic  RF neurons was studied. 
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Fig. 1. Types  of in teract ion between effects  of LSD and c h l o r p r o m -  
azine at the single unit level  in the mesencepha l i c  RF: A) spontane-  
ous unit act ivi ty;  B,C) change in unit ac t iv i ty  under the influence of 
LSD and ch lo rp romaz ine ,  r e spec t ive ly .  1-4) Types  of in teract ion 
(explanation in text). 

EXPERIMENTAL RESULTS 

Of the 24 mesencephalic RF neurons studied, 22 responded to LSD and 21 to ehlorpromazine; 19 
neurons responded to both drugs. Four types of interaction between the effects of LSD and ehlorpromazine 
at the neuronal level were identified (Fig. i): type i) LSD inhibits unit activity and ehlorpromazine facili- 
tates it (7 neurons) ; type 2) LSD inhibits unit activity while chlorpromazine inhibits if further still (3 neur- 
ons); type 3) LSD facilitates unit activity and chlorpromazine inhibits it (5 neurons); type 4) LSD facilitates 
unit activity and chlorpromazine potentiates this facilitation (4 neurons). 

Antagonism between the effects of LSD and ehlorpromazine (types 1 and 3 of interaction) was thus ob- 
served rather more often (in 12 of 19 cases) than synergism (types 2 and 4 of interaction). Antagonistic re- 
lations are evidently more typical for these drugs. 

When different doses of chlorpromazine were used, antagonism and synergism between the effects of 
LSD and chlorpromazine were exhibited with unequal frequency. When chlorpromazine in a dose of 15 
mg/kg was given after LSD (5 experiments, for instance, antagonism was observed in 2 cases and syner- 
gism in 3). If the dose of chlorpromazine was 30 rng/kg (9 experiments), antagonism was observed in 7 
cases and synergism in 2. Consequently, with a larger dose of chlorpromazine its action was antagonistic 
to that of LSD much more often than if a smaller dose were given. 

These results show that the same meseneephalic RF neurons can respond to both LSD and ehlorprom- 
azine. The changes in RF unit activity observed under the influences of these drugs evidently indicate that 
complex interaction between the effects of LSD and ehlorpromazine take place at the level of these neurons. 
The possibility cannot be ruled out that in some cases these two drugs did not act directly on the neuron 
studied, but indirectly through other neurons from which the test neuron receives impulses. If, however, 
the test neuron can receive impulses from other neurons, it must form a single and neuroehemieally spe- 
cific system with these neurons. It can be concluded from results showing that chlorpromazine acts main- 
ly on adrenergic brain substrates [I, I0] that the RF neurons on which interaction between the effects of 
LSD and chlorpromazine was observed belong to the group of adrenergic brain structures. Consequently, 
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the mic roe l ec t rode  investigation conf i rms  the p resence  of an adrenerg ic  component  in the mechan i sm of 
action of LSD, in a g r e e m e n t  with r e su l t s  obtained by other w o r k e r s  [2, 11]. 

The va r i ed  c h a r a c t e r  of in teract ion between the effects  of LSD and ch lo rp romaz ine  at the single unit 
level  in the mesencepha l i c  RF mus t  also be emphasized .  Fo r  instance,  ch lo rp romaz ine  may  act on both 
the inhibitory and the fac f l i t a to ry  ef fec ts  of LSD, and with r e spec t  to both these  ef fec ts  it m a y  be e i ther  
antagonist ic  or  synerg ic .  

Several  w r i t e r s  have descr ibed  antagonism between LSD and ch lo rp romaz ine  in the i r  influence on the 
CNS [2, 12]. This antagonism could be deduced f rom the compar i son  of ce r ta in  r e su l t s .  F o r  ins tance,  it 
has been shown by a m i c roe l ec t rode  method that LSD does not abolish the exc i ta to ry  effect  of noradrena l in  
[8], whe rea s  ch lo rp romaz ine  inhibits this  effect  [9]. Consequently,  LSD and ch lo rp romaz ine  m a y  behave 
in d i amet r i ca l ly  opposi te  ways  toward adrenerg ic  brain  neurons;  this may  play a role  in the i r  antagonism.  

Only one invest igat ion has  shown the p re sence  of s y n e r g i s m  in the action of LSD and ch lo rp romaz ine  
on the CNS [14]. This  w o r k e r  has  shown that  the p r e l i m i n a r y  injection of smal l  doses  of ch lo rp romaz ine  
(0.15 mg/kg)  p reven t s  the action of LSD on behavior  (antagonism). Large  doses  of ch lo rp romaz ine  (1 
m g / k g ) ,  on the o ther  hand, potent iate  the effect  of LSD (synerg ism) .  In the p r e sen t  expe r imen t s ,  both an-  
tagonis t ic  and synerg ic  re la t ionsh ips  were  observed  between the effect  of ch lo rp romaz ine  and the action of 
LSD on RF unit act ivi ty ,  r e g a r d l e s s  of the dose of ch lo rpromaz ine .  With the l a r g e r  dose ,  an tagonism be-  
tween the effects  of these  drugs  was seen m o r e  often than s y n e r g i s m .  

The c h a r a c t e r  of the in teract ion between the effects  of LSD and ch lo rp romaz ine  is apparent ly  d e t e r -  
mined more  by quali tat ive d i f fe rences  between the neurons  on which this in teract ion takes  plaze than by 
the quantitat ive ra t io  between these  drugs  in the body. There  is evidence in the l i t e ra tu re  of the neu ro -  
chemical  he te rogene i ty  of the mesencepha l i c  RF [4] and of the poss ib le  action of ch lo rp romaz ine  not only 
on ad renerg ic ,  but also on chol inergic  and sero toninerg ic  brain  s t ruc tu re s ,  although to a l e s s e r  degree  
[5, 6]. The exis tence  of di f ferent  types  of in teract ion between the effects  'of LSD and ch lo rp romaz ine  at the 
single unit level  is  evidently due to the fact  that  this in teract ion can take place  on RF neurons  which differ  
in the i r  neurochemiea l  behavior .  
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