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The effect  of cocaine (an adrenerg ic  agent) on ty ros ine  hydroxylase  of the r a t  hypothalamus 
was invest igated in vivo (0.5 mg/kg)  and in vi t ro  (in concentrat ions of 10-6-10 -5 M). Cocaine 
reduces  Km for  the coenzyme 6 ,7 -d imethy l -5 ,6 ,7 ,8 - te t rahydrop te r ine  (DMPH4) without a l -  
t e r ing  the max ima l  reac t ion  velocity.  Internal  adminis t ra t ion  of cocaine leads to a d e c r e a s e  
in ty ros ine  hydroxylase  act ivi ty a f te r  10 min, espec ia l ly  of the membrane -bound  f o r m  of 
that  enzyme.  Af ter  injection of cocaine a d e c r e a s e  in Km was found fo r  DMPH 4 and a de -  
c r e a s e  in the maximal  reac t ion  velocity.  The dec rea se  in the max ima l  reac t ion  veloci ty  is 
r ega rded  as the r e su l t  of the indi rec t  action of cocaine.  
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Catecholamine synthes is  occupies  an impor tan t  place in b ra in  metabol i sm.  Of spec ia l  i n t e re s t  among 
the enzymes  of ca techolamine  synthes is  is  ty ros ine  hydroxylase ,  which l imi ts  the overa l l  veloci ty  of the p r o -  
ce s s  [6]. Activat ion of the CNS is usual ly accompanied by an i nc r ea se  in ca techolamine  synthesis ,  produced 
as a rule  by an i nc rea se  in the ty ros ine  hydroxylase  act ivi ty of bra in  t i ssue  [8]. During inhibition of ty ros ine  
hydroxylase ,  by ~ - m e t h y l - p - t y r o s i n e ,  for  example ,  some behaviora l  r e sponses  a re  inhibited [9]. Many p s y -  
chotropic drugs also modify ty ros ine  hydroxylase  act ivi ty  in var ious  bra in  s t ruc tu res .  The d i rec t ion  of these  
changes is connected with the c h a r a c t e r  of act ion of the drug [4]. 

Cocaine has  a w e l l - m a r k e d  cen t ra l  psychos t imulan t  action, and ca teeholamines  pa r t i c ipa te  in i ts  m e -  
chanism. It  was shown prev ious ly  [1] that  cocaine potent ia tes  the s t imulant  act ion of noradrena l in  on the CNS 
and inhibits the r e a s s i m i l a t i on  of noradrena l in  by ne rve  endings [7]. 

In this invest igat ion the effect  of cocaine was studied, as a r ep re sen ta t i ve  of ad renerg ic  agents of p s y -  
chos t imulant  type, on ty ros ine  hydroxylase  act ivi ty in the r a t  hypothalamus,  in which it is local ized in the 
p resynap t ic  m e m b r a n e s  of ne rve  endings. 

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 r a t s  weighing 180-200 g. Af te r  decapitat ion,  the b ra in  was 
r emoved  quickly f r o m  10 animals  and ty ros ine  hydroxylase  obtained [5] as the soluble and membrane -bound  
enzyme.  The source  of the membrane -bound  enzyme was the m e m b r a n e  f rac t ion  sedimented  at the boundary  
between 0.8 and 1 M sucrose ,  which has the g r e a t e s t  specif ic  activity.  The init ial  r eac t ion  veloci ty  was d e t e r -  
mined by a d i rec t  spec t ropho tomet r i c  method, by measur ing  the veloci ty  of oxidation of the p ter ine  coenzyme 
of ty ros ine  hydroxylase ,  namely  synthetic 6 ,7 -d imethy l -5 ,6 ,7 ,8 - te t rahydrop te r ine  (DMPH4). The i nc r ea se  in 
light absorpt ion on account of the fo rmat ion  of the oxidized f o r m  of DMPH was r eco rded  at  335 nm, at  the 
i sobes t ic  point of the oxidized f o r m s  of the coenzyme [2]. The s tandard composi t ion  of the sample  was:  T r i s -  
ma lea te  buffer  0.1 M, pH 6.15, enzyme solution 80-100 pg prote in ,  ty ros ine  0.1 mM, DMPH 4 0.03 mM. The 
volume of the sample  was 3 ml.  The c o m p a r i s o n  cel l  contained all  components  except  ty ros ine .  T e m p e r a t u r e  
26~ The enzyme was added to the cel ls  a f te r  equalizat ion of the t e m p e r a t u r e  of the buffer  solution fo r  3 min. 
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TABLE 1. Effect  of Int raper i toneal  Injection 
of Cocaine (0.5 mg/kg) on Rat Brain Tyros ine  
Hydroxylase Activity (in #moles / rag  p ro t e in /  
min; M -*- m) 
Form of [ 

enzyme Control 

Membrane ] 
-bound I 17,1-----1,7 

Soluble i 12,5 -~ 1,0 

After injection of cocaine 

10 min 

2,8-*-0,3 

6,2~0,6 

60 rain 

4,1-----0,5 

8,1~-0,9 

120 rain 

8,5• 1,5 

11,0-1,5 

TABLE 2. Effect  of Cocaine on Activity 
of Isolated Membrane-Bound Tyros ine  
Hydroxylase  (M �9 m) 

Enzyme activity, pmoles/ 
Experimental conditions mg protein/min 

Control 
Cocaine: 

IO-e.M 
IO-~M 

13,0---+1,2 

14,5---+ 1,3 
16,Ore t,4 
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Fig. 1. Velocity of tyros ine  hydroxylase  reac t ion  as 
a function of concentrat ion of coenzyme DMPH4: 1) 
control;  2) addition of cocaine in vitro;  3) injection of 
cocaine in vivo. Ordinate, 1/v (in ~moles -1. mg -1 
p ro te in ,  min-1); abscissa ,  1/[DMPH 4] (in mmoles-1).  

Recording the reac t ion  veloci ty  began I0 sec af ter  addition of the coenzyme. The initial reac t ion  veloci ty was 
calculated in pmoles  DMPH2/min/mg prote in  of the sample.  Oxidation of DMPH 4 into DMPH 2 was equimolar  
to dopa formation.  A mola r  extinction coefficient  of 4100 was used for  the calculations.  The final cocaine 
concentrat ion in the exper iments  in v i t ro  was 10-6-10 -5 M. In the exper iments  in vivo cocaine was injected 
in t raper i toneal ly  in a dose of 0.5 mg/kg. The animals were  decapitated 10, 60, and 120 min af ter  the injection. 

EXPERIMENTAL RESULTS AND DISCUSSION 

After  i0  rain cocaine caused a significant (P < 0.05) dec rease  in the initial veloci ty of the tyros ine  hy-  
droxylase  reac t ion  fo r  the membrane-bound enzyme. The enzyme activity sti l l  remained low 1-2 h af ter  in-  
ject ion of the cocaine.  Activi ty of the soluble enzyme underwent a much sm a l l e r  change af te r  adminis t ra t ion 
of cocaine,  although the dynamics of the changes was s imi la r  (Table i) .  
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The d i rec t  action of cocaine on tyros ine  hydroxylase was studied in experiments  in vitro by adding it to 
t h e  enzyme isolated f rom the brain  of intact animals. In these experiments cocaine, in a concentrat ion of 10 -6- 
10 -5 M and in the presence  of substrate,  increased the initial react ion velocity a little (Table 2). This effect 
also was observed after  the addition of cocaine to the complete sys tem during the course  of the reaction.  
However, enzyme activity was not proport ional  to the concentrat ion of cocaine. 

Cocaine thus can directly affect the velocity of the tyrosine hydroxylase react ion and can accelera te  the 
hydroxylation of tyrosine.  However, p re l iminary  contact between cocaine and the enzyme inhibited the react ion 
in the complete sys tem by 20-30%. Probably cocaine can interact  with the enzyme protein, to occupy some 
of the binding si tes intended for  the substrate,  thereby preventing the normal  course  of the reaction.  In that 
case ,  the activating effect of cocaine must  be due to its interact ion with other  sites on the enzyme molecule. 

The resul ts  of determinat ion of the velocity of the tyrosine hydroxylase react ion as a function of DMPH 4 
concentrat ion are  given in Fig. 1. Clearly both after injection of cocaine in vivo and after its addition to the 
isolated enzyme Km for  DMPH 4 was reduced: In the control  experiments  it was 0.141, after  injection of  co-  
caine in vivo it was 0.107, and after addition of cocaine in a concentration of 10 -5 M in vitro it was 0.111. This 
suggests  that the decrease  in K m for DMPH 4 was the resul t  of the d i rec t  action of cocaine. The maximal  vel -  
ocity of the tyros ine  hydroxylase react ion in the experiments  in vitro was unchanged, for  it was 0.1 #mole 
DMPH4/mg protein/ra in  just  as in the control ,  but after  injection of cocaine in vivo it fell f rom 0.1 to 0.041. 
The decrease  in the maximal  velocity may perhaps be connected with the regula tory  action of dopa, dopamine, 
or  noradrenalin,  the assimilat ion of which is inhibited by cocaine. Calculation of the ratio between the veloci-  
ties of dissociat ion of the product  [3] shows that the dissociat ion constant of the products after injection of 
cocaine was 2.4 t imes  less  than under normal  conditions. 

The observed decrease  in tyrosine hydroxylase activity under the influence of cocaine was thus the com-  
bined resul t  of its direct  and indirect  action on the enzyme. Changes in the in t racel lu lar  medium following in- 
jection of cocaine, ar is ing through inhibition of reass imi la t ion  and its action on the receptor ,  lead to changes 
in the kinetic cha rac te r i s t i c s  of the enzymes,  expressed  as an increase  in affinity for  the eoenzyme and, s i -  
multaneously, as a dec rease  in the velocity of dissociat ion of the product. 
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