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The effect  of var ious  neurolept ics  with different  chemical  s t ruc tu re  on tyros ine  hydroxylase  
isolated f r o m  synap tosomes  of the r a t  hypothalamus was studied. A d i rec t  spec t ropho tome t -  
t i c  method was used to de te rmine  the act ivi ty  of the enzyme,  based  on m e a s u r e m e n t  of ab-  
sorp t ion  at 335 nm,  at the i sobest ic  point of oxidized fo rms  of 6 ,7 -d ime thy l -5 ,6 ,7 ,8 - t e t r a -  
hydropter ine .  In the p r e s e n c e  of 0.15 mM tyros ine ,  the initial veloci ty  of the t y r o s i n e - h y -  
droxylase  reac t ion  was inc reased  by haloper idol ,  haloanisone,  and fluphenazine,  but reduced  
by t r ipe r ido l ,  droper idol ,  and carbidine.  All the neurolept ics  studied abolished the phenom-  
enon of subs t r a t e  inhibition of the enzyme no rma l ly  a r i s ing  when the ty ros ine  concentrat ion 
is i nc reased  to 0.3 mM. The value of K m for  ty ros ine  (0.04 mmole)  was unchanged by the 
action of the neurolept ics .  The effect  of the neurolept ics  is cons idered  to be a l los te r i c  in 
nature .  
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Neurolept ics  a c c e l e r a t e  the circulat ion of dopamine in the b ra in ,  and one way in which they do this 
may  be by blocking cent ra l  dopaminerg ic  pa thways ,  with consequent act ivat ion of dopamine synthes is  by a 
feedback m e c h a n i s m  [2, 3]. In the light of these  obse rva t ions ,  it is in teres t ing  to s tudy the effect  of neu ro -  
lept ics  on ty ros ine  hydroxylase  (EC 1.14.16.3) f r o m  the bra in ,  a key enzyme in ca techolamine synthesis  [4]. 

The object  of this invest igat ion was to s tudy the d i rec t  effect  of neurolept ics  of different types o n t y r o -  
sine hydroxylase  i so la ted  f r o m  synap tosomes  on the r a t  hypothalamus.  

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

Male albino r a t s  weighing 180-200 g were  used. After  decapitat ion the bra in  was quickly r e m o v e d a n d  
the hypothalamus isola ted on ice. For  one isolat ion of the enzyme,  the brains  of 20 animals  were  usually 
used. The enzyme was isola ted by the methodof  Kuczenski  and Mandell [5]. A weighed sample  of t i s sue  
was homogenized in 10 volumes of 0.32 M suc rose ,  centr i fuged at 1000 g for  10 rain, and then washed with 
half a volume of the or iginal  suc rose  solution; the f rac t ion  was then obtained f r o m  the pooled superna tants  
by centr i fugat ion at 100,000 g for  1 h. Synaptosomes of this f rac t ion  were  lysed  by a hypotonic solution of 
K-phosphate  buffer ,  pH 6.9-7.0,  and centr ifuged for 1 h at 100,000 g. The res idue  was layered  on a 0.6 
M - 0 . 8  M - 1  M suc ros e  gradient  in the r a t io  of 1 : 1 : 1 and centr i fuged at 80,000 g for  2 h. The m e m b r a n e  
f rac t ion  was taken at the 0.8 M - 1  M suc rose  boundary.  This f rac t ion  p o s s e s s e s  the highest spec i f ic  ac t iv -  
ity of the enzyme [5]. The res idue  was suspended in 2 M K-phosphate  buffer ,  pH 6.9, and kept for  7 days at 
0-4~ 
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TABLE 1. Effect of Neuroleptics on Activity 
of Membrane-Bound Tyros the Hydroxylase 
with Substrate Present  in Optimal and Inhibit- 
ing Concentrations (M + m) 

Activity of enzy~me (in 
nmoms DM~r~2/mg 

Substance (10 -s raM) protein/rain) 
tyrosine tyrosine 
0.15 mM 0.3 ram 

Control 10_ + 0,5 4+- 0,2 

Haloperidol 
Haloanisone 
Triperidol 
Droperidol 
Fluphenazine 
Carbidine 

34 +_ 2,0 
19+ 1,0 
5+-0,3 
6+-0,5 

13+0,8 
0 

10+- 0,4 
11+_0,7 
10+_0,7 
8+_0,5 

10+_0,5 
8+_ 0,5 

Legend. 1) Concentration of DMPH 4 0.18 raM. 
2) Data given f rom nine measurements ,  with 
tr iple isolation of enzyme. 

The velocity of the tyrosine hydroxylase react ion was determined spect rophotometr ica l ly  at 26~ by 
the wr i t e r s '  own method, using the Aminco-Chance DW-2 spect rophotometer ,  based on oxidation of t h e p t e r -  
idine coenzyme of tyros ine hydroxylase,  for which a synthetic 6 ,7-dimethyl-5 ,6 ,7 ,8- te t rahydropter ine  
(DMPH2), dissolved in 5 mM HC1, was used. The increase  in absorption at 335 nm was recorded.  The com-  
par ison cell contained all the components but tyrosine.  The composition of the sample was: 2.9 ml t r i s -  
maleate buffer (0.1 M) pH 6.15, 0.02 ml of the enzyme prepara t ion  (50-90 pg), 0.1 ml tyrosine solution, and 
0.005 ml of DMPH 4 solution (10 raM). The react ion was s ta r ted  by addition of the coenxyme. The neuro-  
leptics in a final concentration of 10 -~ mM were added (0.005 ml) after the substra te .  The final concentra-  
tion of tyrosine was 0.15 raM (optimal concentration) or 0.3 raM, at which inhibition of the enzyme was ob- 
served.  Before addition of the enzyme,  the buffer was kept for 3 rain in the cell to equalize the t empera -  
ture.  Recording of the react ion velocity began 10 sec after addition of the coenzyme and continued without 
interruption for 5-10 min. The react ion velocity was calculated f rom the formation of DMPH 2 (in nano- 
moles) per  minute per mi l l ig ram protein of the sample.  Oxidation of DMPH 4 to DMPH 2 is equimolar to the 
formation of 3,4-dihydroxyphenylalanine (dopa). For  the calculations the extinction coefficient at 335 nm 
was taken to be 4100. 

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 resul ts  of the experiments  in vi tro with neuroleptics of different chemical s t ruc ture  are given in 
Table 1, f rom which it can be seen that with the subst ra te  in an optimal concentration of 0.15 mM the neuro-  
leptics affected the velocity of the tyrosine hydroxylase react ion differently. Haloperidol and haloanisone, 
in a concentration of 10 -5 raM, caused a marked increase  in enzyme activity, and fluphenazine increased 
the velocity of the enzyme react ion by 30%. The other neuroleptics in the same concentration had the op- 
posite action. Triperidol  and droperidol inhibited the activity of the enzyme by 50% and 40%, respect ively.  
A special place among the neuroleptics was occupied by earbidine* [1], which in these experiments com-  
pletely s uppres sed tyros  ine hydroxylase activity. 

As Table 1 shows, in the presence  of 0.3 mM tyrosine the velocity of the tyrosine hydroxylase r e a c -  
tion was reduced to 40% of its initial level. Substrate inhibition for tyrosine hydroxylase is descr ibed in 
the l i tera ture  [5]. Under these experimental  conditions the neuroleptics shared the common proper ty  of 
abolishing substrate  inhibition of the enzyme. As Table 1 shows, haloperidol,  haloanisone, t r [peridol ,  and 
fluphenazine completely abolished subst ra te  inhibition of the enzyme. In the presence  of droperidol and 
carbidine, activity of the enzyme was r e s to red  to 80% of its initial level. Substrate inhibition also was abol- 
abolished when the neuroleptics were added to the complete sy s t em during the react ion,  usually 3 min after 
its beginning. Abolition of inhibition by haloperidol developed in the course  of t ime under these conditions 
and the curve was sigmoid in shape (Fig. 1). 

* 3,6-Dimethyl-  1 ,2 ,3 ,4 ,4a ,9a-hexahydro-y-carbol ine  di-hydrocbloride - Transla tor .  
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Fig. 1. Abolition of subs t ra t e  inhibition of ty ros ine  hy- 
droxylase by haloperidol. 1, 2) Velocity of tyrosine hy- 
droxylase reaction in the presence of substrate in con- 
centrations of 0.15 and 0.3 mM, respectively; 3) the same 
after addition (time indicated by arrow) of haloperidol 
(10 -5 raM). Absc i s sa ,  t ime  (in rain); ordinate ,  absorpt ion  
of DMPH 2 at 335 nm. 

Fig. 2. Effect  of haloperidol  on veloci ty  of ty ros ine  hy-  
droxylase  reac t ion .  1) Control;  2) haloperidol  (10 -5 mM). 
Absc i s sa ,  r e c ip roca l  of tyros  ine concentrat ion;  ordinate ,  
r e c i p r o c a l  of initial r eac t ion  velocity.  

The Michaelis constant  for ty ros ine  in these  expe r imen t s  was 0.04 mmole ,  in ag reemen t  with the 
value desc r ibed  in the l i t e r a tu re  [5]. In the p r e s e n c e  of neurolept ics  the value of K m was unchanged, a lso  
in ag reemen t  with observa t ions  by other  worke r s  [6]. The L i n e w e a v e r - B u r k  plot of reac t ion  veloci ty  as 
a function of tyros  ine concentrat ion in the control  and in the p r e s e n c e  of 10 -5 mM haloperidol ,  shown in Fig. 
2, demons t ra t e s  act ivat ion of ty ros ine  hydroxylase  under these conditions in the absence  of any change in 
the value of Kin. 

These  exper imen t s  thus showed that  neurolept ics  can d i rec t ly  influence the veloci ty of the ty ros ine  
hydroxylase  reac t ion  and abolish subs t ra t e  inhibition. Considering the absence of any change in the value 
of K m for  ty ros ine  and a lso  the aboli t ion of subs t ra t e  inhibition obse rved  even if the neurolept ics  a re  added 
to the complete  s y s t e m  during the reac t ion ,  when the act ive s i te  of the enzyme is a l ready  fo rmed ,  it must  
be a s sumed  that the abolit ion of subs t ra t e  inhibition effect  is due to the action of the neurolept ics  on the a l -  
l o s t e r i c  region of the enzyme molecule .  In the case  act ivat ion of the enzyme of haloperidol  and the other 
neurolept ics  mus t  a lso  be a l los t e r i c  in nature .  Inhibition of act iv i ty  of the enzyme by t r iper ido l ,  d r o p e r -  
idol, and carbine is evidently due to other causes ,  such as nonspecif ic  interact ion with the enzyme prote in ,  
which may  m a s k  the a l los te r i c  type of enzyme act ivat ion c h a r a c t e r i s t i c  of the neurolept ics .  

The p r o p e r t y  of neurolept ies  to influence the a l los t e r i c  region of the enzyme molecule  and to abolish 
subs t r a t e  inhibition of ty ros ine  hydroxylase  r evea l ed  by these exper iments  may ,  it can be suggested,  p lay 
an impor tant  ro le  in the psychot rop ic  effect  of these  drugs.  

1. 

2. 
3. 
4. 
5. 
6. 

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

N. K. Barkov,  Fa rmako] .  Toksikol . ,  No. 2, 154 (1973). 
N. E. Anden, H. Corrodi ,  and K. Fuxe, J. Pharm.  Pha rmaco l . ,  2_.44, 177 (1972). 
A. Cheramy,  M. J.  Besson,  and J,  GlowinsM, Europ. J.  P h a r m a c o l . ,  10, 206 (1970). 
W. Dai rman ,  J. G. Chris tenson,  and S. Udenfriend, Pha rmaco l .  Rev. ,  2._44, 269 (1972). 
R. T. Kuczenski  and A. J. Mandell, J. Biol. Chem.,  2._447, 3114 (1972). 
B. Zivkovic and A. Guidotti,  Brain  Res . ,  7__99, 505 (1974), 

535 


