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The Influence of Perathiepine and Chlorproma-  
zine on Some Enzyme Reactions in Rat Brain 

Preparations 

P e r a t h i e p i n e  [ 1 0 - ( 4 - m e t h y l p i p e r a z i n o ) - 1 0 ,  l l - d i h y d r o -  
d i b e n z o ( b , f ) t h i e p i n e ~  w a s  s y n t h e s i z e d  b y  JILEK e t  al. ~ 
a n d  w a s  s h o w n  i n  p h a r m a c o l o g i c a l  e x a m i n a t i o n  to  b e  a 
p o t e n t  t h y m o l e p t i c  d r u g  2. A l t h o u g h  t h e  e x a c t  m e c h a n i s m  
o f  a c t i o n  o f  p s y c h o t r o p i c  d r u g s  is  n o t  f u l l y  u n d e r s t o o d  
as  y e t ,  i t  m a y  be  a s s u m e d  t h a t  t h e i r  i n f l u e n c e  o n  v a r i o u s  
e n z y m e  r e a c t i o n s  o f  t h e  c e n t r a l  n e r v o u s  s y s t e m  p l a y s  a n  
i m p o r t a n t  role .  I t  w a s  t h e r e f o r e  of  i n t e r e s t  t o  s t u d y  t h e  
i n f l u e n c e  of  p e r a t h i e p i n e  u p o n  t h e  o x i d a t i o n  o f  p y r u v a t e ,  
o x o g l u t a r a t e ,  a n d  s u c e i n a t e ,  o n  2 e n z y m e s  i n v o l v e d  i n  
g l y c o l y s i s  ( h e x o k i n a s e  a n d  g l u c o s o - 6 - p h o s p h a t a s e ) ,  a n d  
f i n a l l y  o n  M g + + - a c t i v a t e d ,  D N P - a c t i v a t e d ,  a n d  M g + + N a + -  
a c t i v a t e d ,  K + - s t i m u l a t e d  a d e n o s i n e t r i p h o s p h a t a s e .  T h e  
r e s u l t s  w e r e  t h e n  c o m p a r e d  w i t h  t h e  a c t i o n  o f  a k n o w n  
t h y m o l e p t i c  c h l o r p r o m a z i n e .  

I n  al l  e x p e r i m e n t s ,  m a l e  W i s t a r  r a t s  w e i g h i n g  1 7 0 - 2 0 0  g 
w e r e  u s e d .  A f t e r  k i l l ing ,  t h e  b r a i n s  w e r e  r e m o v e d  as  s o o n  
a s  p o s s i b l e .  T h e  t i s s u e  w a s  d i s i n t e g r a t e d  i n  a n  E t v h j e m -  
P o t t e r  h o m o g e n i z e r  in  0 . 3 M  s u c r o s e  a t  2 - 4 ° C .  I n  s o m e  
e x p e r i m e n t s ,  a s  i n d i c a t e d  be low,  t h e  m i t o c h o n d r i a l  f r a c -  
t i o n  p r e p a r e d  a c c o r d i n g  t o  ALDRIDGE a o r  t h e  10 ,000  g 
s u p e r n a t a n t  w e r e  u s e d .  T h e  c o n s u m p t i o n  o f  o x y g e n  w a s  

f o l l o w e d  w i t h  t h e  c o n v e n t i o n a l  W ' a r b u r g  t e c h n i q u e  on  air. 
T h e  p r o t e i n  c o n t e n t  w a s  d e t e r m i n e d  b y  n e s s l e r i z a t i o n ,  th~ 
i n o r g a n i c  p h o s p h a t e  b y  t h e  m e t h o d  of  TAusSK'Z an 
SHORR 4, a n d  g l u c o s e  a f t e r  HtJaGETT a n d  NIXON ~. The 
c o m p o s i t i o n  o f  i n c u b a t i o n  m e d i a  is  g i v e n  i n  t h e  TableS. 

A s  m a y  b e  s e e n  in  T a b l e  I,  c h l o r p r o m a z i n e  u p  t o  the 
c o n c e n t r a t i o n  o f  1.0 m M  h a s  p r a c t i c a l l y  n o  e f f ec t  on  t2~ 
e n d o g e n o u s  r e s p i r a t i o n  a n d  o x i d a t i o n  o f  o x o g l u t a r a t e  a~ 
s u c c i n a t e .  O n  t h e  o t h e r  h a n d ,  t h e  a d d i t i o n  o f  pyruV~te 
p l u s  m a l a t e  t o  t h e  m e d i u m  c o n t a i n i n g  1.0 m 3 (  chloV 
p r o m a z i n e  o r  m o r e  d o e s  n o t  c a u s e  a n y  i n c r e a s e  in  o x y g  en 
c o n s u m p t i o n ,  i n d i c a t i n g  t h a t  t h e  o x i d a t i o n  of  t h i s  sub" 
s t r a t e  is c o m p l e t e l y  b l o c k e d .  S i m i l a r  r e s u l t s  w e r e  ob ta ined  
w h e n  p e r a t h i e p i n e  w a s  u s e d  a s  i n h i b i t o r ,  a n d  p y r u v a t ~  
p l u s  m a l a t e  a s  s u b s t r a t e s .  T h e  i n h i b i t i o n  of  o x i d a t i o n  0 
o t h e r  s u b s t r a t e s  s t a r t s  a t  l o w e r  c o n c e n t r a t i o n s ,  b u t  at 
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Table I. Influence of perathiepine and chlorpromazine on the oxidation of pyruvate,  oxoglutarate, and succinate in brain homogenateS 

Substrate % iuhibition ~ 
J 

Perathiepine Chlorpromazine 

0.2 m M  1.0 m M  2.0 m M  0.2 m M  1.0 m M  
J 

2.0 mM 

Pyruvate + malate 2 32 87 9 47 84 
Oxeglutarate 11 7 48 5 38 62 
Succinate -- 1 1 35 -- 4 8 46 
Endogenous respiration 1 6 76 - 1 29 69 

J 

Medium: 20 m M  K-phosphate buffer pH 7.2, MgSOa 8 raM, sucrose 86 mM, ATP 1 raM, DPN 1raM, nieotinamide 40 raM, KC162.5 ulM~ 
homogenate 1 ml, substrates 10 mM;  total volume 3.5 mI. Incubation 60 rain at 30~C. Average values from 2-12 experiments. 

Table II. Influence of perathiepine and ehlorpromazine on enzyme reactions 
J 

Enzyme % inhibition ~ 
J 

Perathiepine Chlorpromazine 

0.05 m M  0.1 m M  0.2 m M  0.4 m M  0.05 m M  0.1 m M  0.2 m M  0.4 l~lM 

Mg++-activated ATPase in mitochondfia b 3 27 37 43 -- 4 23 36 47 
Mg++-aetivated ATPase in I0,000 g supernatant  * 4 10 15 48 -- 4 I0 19 30 
DNP-st imulated ATPase  a 32 39 44 47 17 24 24 29 
NaKA ~ 31 48 74 87 45 54 100 100 
Hexokinase t -- 3 0 4 0 25 25 18 25 
Glucoso-6-phosphatase* 8 5 5 5 8 - -4  - -4  12 

a Average values fronl 2-4 experiments, b Medium: Tris-HC1 buffer, p t t  7.4, 40 ]~M; MgSO 4 8 ~M; KCl 90 ]~M; A' rP  0,5 i,M; sucrose 60 
~uM; mitoehondrial suspension 0.2 ml in 1.0 ml. Incubated 30 min at 30°C. o Medium: Tris-HC1 buffer, pH 7.4, 40 ]~M; MgSO 4 6 #M; 

d sucrose 270 I~M; supernatant  0.2 ml in 1.0 ml. Incubated 30 rain at 30°C. Medium: Tris-HC1 buffer, pH 7.4, 40/~M; DNP 0.1 p.M; gel  
90 # M ;  AT P 0.5/~M; sucrose 60/~M; mitochondrial suspension 0.2 ml in 1.0 ml. Incubated 30 min at 30 °C. ~ Medium A: Trls-HC1 buf fer, 
pH 7.4, 40 ]~M; MgSO 4 6/~M; NaCI 100 # M ;  KC1 20 p M ;  ATP 2/~M; sucrose 30 ~M; supernatant  0.2 ml in 1.0 ml. Medium B: medium A 
but  without NaCI, KCi, and with sucrose 270 #M.  Activity: A minus  B. Incubated 30 rain az 30°C. r Medium: Tris-HC1 buffer, pH 7 .4, 
40 ,uM; glucose 2 #M; ATP 1 # M ;  MgSOa 8 # M ;  KC1 90 I~M; sucrose 60 # M ;  homogenate 0.2 ml in 1.0 ml. Incubated 30 rain ~ 
30°C. g Medium: Citrate buffer, pH 6.5, 40 ]zM; glucoso-6-phospbate 6 / zM;  KC1 90 pM; sucrose 60 t~V/; homogenate 0.2 mI in 1.0 r~. 
Incubated 15 rnin at 30 °C. 
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2.0 ram there are only  small  differences in t he  degree of 
inhibition caused by  bo th  drugs.  

The action of pera th iep ine  and ch lorpromazine  on 
Various enzyme sys tems is summar ized  in Table  I I .  As 
an be seen, bo th  drugs h a v e  only l i t t le  effect  on the  ra t  
rain hexokinase and glucoso-6-phosphatase .  The  influ- 

ence of both  drugs on the  Mg++-act ivated adenosinetr i -  
Phosphatase in brain mi tochondr i a  and in 10,000 g super-  
natant is in general  of a s imilar  degree. In  con t ras t  to 
this, perathiepine seems to  be a more  po t en t  inh ib i to r  of 
t i le  e n z  r n e  C Y o n t a m e d  m 10,000 g superna tan t .  
. Similarly, pera th iep ine  is ev iden t ly  a s t ronger  inh ib i to r  

oI brain mi tochondr ia l  2 ,4-d in i t rophenol  s t imula ted  
adenosinetriphosphatase. Final ly,  the  influence of pera-  
t hiepine and ch lorpromazine  on the  Mg++Na+-act ivated,  
~x. .  s • t lmulated adenos ine t r iphospha tase  m 10,000 g super-  
natant (so-called 'NaKA'~-s )  was studied.  This  enzyme  
differs from o ther  adenos ine t r iphosphatases  by  its organ 
and cellular local izat ion and by  the  sens i t iv i ty  to stro- 
Phantine and var ious  cat ions ~'z°. N a K A  is an essential  
[hnstituent of the  sodium pump,  a sys tem responsible for 

e t ransport  of sodium and po tass ium across the  cell  
raerabrane against  the  concen t ra t ion  gradient ,  which has 
a decisive impor tance  for the  exc i tab i l i ty  of the  nervous  
s y s t emn  

. The ac t iv i ty  of this  enzyme  is comple te ly  inhib i ted  by  
Chlorpromazine a t  0.2 m M  and more.  The  inhib i t ion  
caUSed by perathiepine ,  a l though  also v e r y  strong, does 
not reach the  degree of the  l a t t e r  drug,  and even  a t  0.4 
ram about  10}/o of ini t ial  a c t i v i t y  is detectable .  

I t  may  be conc luded  tha t ,  regardless  of some minor  
q~:nrtitative differences, t he  act ion of bo th  drugs  upon 
~ eactions s tud ied  here is in general  of s imilar  nature .  
~ae most ou t s t and ing  fea tures  of this ac t ion  are  (1) rela-  
ire ineffectiveness towards  g lycolyt ic  enzymes,  (2) in- 

h ib i t ion  of the  ox ida t ion  of py ruva t e ,  (3) s t rong inhibi t ion  
of NaKA.  This  last  effect  m a y  be considered as mos t  im-  
p o r t a n t  for pharmacology .  

Zusammen/assung. Die W i r k u n g  des T h y m o l e p t i c u m s  
P ro th i aden  [10-(4-Methylpiperazino)- i  0 ,11-d ihydroben-  
zo(b,f ) thiepin]  auf  die O x y d a t i o n  des Py ruva t s ,  Oxo-  
g lu ta ra t s  und  Succinats  sowie auf  die Akt iv i t / i t  der  Hexo-  
kinase, Glucoso-6-phosphatase  und Mg++-akt ivier ten,  
D N P - a k t i v i e r t e n  und  Mg++Na+-akt ivier ten,  K+-s t imu-  
l ier ten  Adenos in t r iphospha tase  (NaKA) wurde  unter -  
sucht  und  mi t  der  Wi rkung  yon  Chlorpromazin  ver -  
glichen. I m  a l lgemeinen weisen beide Subs tanzen / ihn l i che  
Eigenschaf ten  auf, welche in e iner  re la t iven  Unwi rksam-  
kei t  gegeni iber  g lykoly t i schen  Enzymen ,  H e m m u n g  der  
P y r u v a t o x y d a t i o n  und s ta rker  N a K A - H e m m u n g  be- 
stehen. 
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Catalysis and Inhibition of the Oxidative Degra- 
dation of Deoxyribonucleic Acid by Catalase 
ShOWing Maximum Catalytic Effect in Pico- 

Molar Concentrations 

As is known,  cata lase  not  only  decomposes hydrogen  
Peroxide bu t  i t  can also exer t  a peroxida t ic  funct ion wi th  
Certain accepters  when  hydrogen  peroxide  is released 
Slewly~.2. I t  can fur ther  act  as a non-specific hema t in  
ataly sta, The  expe r imen ta l  results  presented  in the  fol- 

lag give evidence t h a t  the  ox ida t ive  degrada t ion  of 
e ~ Y r ! b o n u c l e i c  acid ( D N A ) i s  ca ta lysed  b y  v e r y  low 

cntrat ions  of catalase.  W h e n  the  concen t ra t ion  of 
Catalase is increased, t he  ca ta ly t i c  effect  decreases and is 
even inver ted  into  a p ro tec t ive  effect.  
~_l\he exper imenta l  condi t ions  and ana ly t i ca l  me thods  
t~. e(t have  been  described before 4. The  D N A  used con- 
~med about  0 .0 I% iron. The  solut ion of  D N A  was pre- 

i i l  a.Y ed With 10% aGueous sodium chloride conta in ing  
o33 M/1 phosp'l~ate~buffer, p H  7, and 0.002 M/I sodium 

°phosphate .  The  specific viscosi ty  of the  0.1% D N A  
h~.Uhon was 0.71. Catalase was f rom Boehr inger  (Mann- 

olin} and Ierr ichloride f rom Merck (Darmstadt ) ,  b o t h  of 
~aealytical grade The exoer iments  and the  viscosi ty  

~.Surements were carr ied out  a t  37 °C. 
t~f lgure  1 shows the  specific v iscos i ty  of the  D N A  solu- 
~ua. after 1000 h s torage under  oxygen  wi th  the  addi t ion  

" aifferent amoun t s  of catalase or  of ferrichloride.  The  

results  indicate  t h a t  there  is a m a x i m u m  decrease of the  
viscosi ty  when the  solut ion conta ins  2 • 10 -x2 M/1 of ca ta-  
lase. Surpris ingly,  the  ca ta ly t i c  effect becomes  smal ler  
not  only  wi th  decreasing bu t  also wi th  increas ing catalase  
concent ra t ions  and the  effect  a lmos t  disappears  when 
10 -° M/1 or  more of cata lase  are present.  A s imilar  t ype  of 
curve  is ob ta ined  when i ron - I i I - ch lo r ide  is added in 
place of catalase,  a l though  the  effect  is subs tan t ia l ly  
smMler. Again,  the  m a x i m u m  effect  is ob ta ined  wi th  
about  2 • 10 -x~ M/I of the  addi t ive .  
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