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Die H e m m u n g  von  E n z y m e n  der I n n e r e n  M i t o c h o n d r i e n m e m b r a n  durch  B e n z b r o m a r o n  

I n  der  m o d e r n e n  G i c h t t h e r a p i e  werden  D e r i v a t e  des 
Benzo fu rans  als Ur icosur ica  ve rwende t .  V on  DELTOUR 
et  al. ~ wurde  be r ich te t ,  dass  diese B e n z o f u r a n d e r i v a t e  in  
v i t ro  die X a n t h i n o x i d a s e  (E.C. 1.2.3.2) der  R a t t e n l e b e r  
h e m m e n .  Von  den  u n t e r s u c h t e n  V e r b i n d u n g e n  erwies sich 
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das  B e n z b r o m a r o n  (Formel)  als w i r k s a m s t e  V e r b i n d u n g  
(5 ~zM bewi rken  50~ H e m m u n g ) .  Die H e m m u n g  der  
X a n t h i n o x i d a s e  liess s ich a l le rd ings  in v ivo  n i c h t  nach-  
weisen -% 

Ob ausser  X a n t h i n o x i d a s e  s u c h  ande re  Meta l l f lavo-  
e n z y m e  d u r c h  Benzo f u r ane  g e h e m m t  werden,  i s t  n i c h t  
b e k a n n t .  Wi r  h a b e n  d a h e r  die W i r k u n g  yon  Bel lzbro-  
m a r o n  ( F i r m s  Labaz)  auf  ande re  F l a v o e n z y m e ,  die fest  
m i t  der  innerel l  M i t o c h o n d r i e n m e m b r a n  v e r b u n d e n  sind, 
u n t e r s u c h t :  N A D H - D e h y d r o g e n a s e  (E.C. 1.6.99.3) a, 4, 
Succ i l l a t -Dehydrogenase  (E.C. 1.3.99.1) a,~, ~-Glycero- 
p h o s p h a t - D e h y d r o g e n a s e  (E.C. 1.1.2.1)5 Cho l in -Dehydro-  
genase  (E.C. 1.5.99.1) 6, Pro l in-  u n d  Hydroxypro l i l l -  
D e h y d r o g e n a s e  (E.C. 1.5.99) 7. Z u m  Vergle ich  wurde  noch  
G l y c e r i l l a l d e h y d p h o s p h a t - D e h y d r o g e n a s e  (E.C. 1.2.1.9) 
als S H - E n z y m  u n d  P y r i d i n l l u c l e o t i d - T r a n s h y d r o g e n a s e  
(E.C. 1.6.1.1), die a n  die M i t o c h o n d r i e n m e m b r a n  gebun-  
den  ist, a b e t  ke in  F l a v i n  enth~tlt, un t e r s uch t .  

D ie  U n t e r s u c h u n g  yon  Enzy lnen ,  die n i c h t  m i t  d e m  
Pur i l l s tof fwechse l  v e r b u n d e n  sind, schien  uns  de s ha l b  yon  
In teresse ,  weft wir  an  H a n d  vorl~tufiger k l in ischer  U n t e r -  
s u c h u n g e n  Ies ts te l l ten ,  dass  u l l te r  h o h e n  Dosen  yon  
B e n z b r o m a r o n  eine Z u n a h m e  der  Tr ig lycer ide  u n d  Fre ien  
F e t t s g u r e n  im P l a s m a  a u f t r i t t  s. 

Material und Methodih. R a t t e n l e b e r m i t o c h o n d r i e l l  
w u r d e n  n a c h  WEINBACH 9 p rgpar ie r t ,  e inma l  gefroren u n d  
aufge tau t .  Dieses Pr~tparat  wurde  ftir die E r m i t t l u n g  der  
H e m m u n g  yon  E n z y m e n  der  in l leren Mi toehondr i en -  
m e m b r a n  d u t c h  B e n z b r o m a r o l l  ve rwende t .  

Prol in- ,  Hyd roxyp ro l i n - ,  Cholin-,  Succ ina t -  u n d  e-Gly-  
c e r o p h o s p h a t - D e h y d r o g e n a s e  w u r d e n  d u r c h  die als Ex -  
t i n k t i o n s a b n a h m e  bei  500 n m  gemessene  R e d u k t i o n  yon  
2 - ( p - I o d p h e n y l ) - 3 - ( p - n i t r o p h e n y l ) - 5 - p h e n y l t e t r a z o l i u m -  
chlor id  (INT) b e s t i m m t  1~ Die M i t o c h o n d r i e n p r o t e i n -  
k o n z e n t r a t i o n  wa r  0,3 mg/ml ,  die K o n z e n t r a t i o n  des 
jewei l igen S u b s t r a t e s  6,7 raM.  Die B e s t i m m u n g  der  
NADH-Dehydrogenase-Akt iv i t~Ls  erfolgte  n a c h  MINAKAMI 
et  al. 1~, die der  G l y c e r i n a l d e h y d - 3 - p h o s p h a t - D e h y d r o -  
genase n a c h  BEISENttERZ et  al.~2 u n d  die der  Py r id in -  
n u c l e o t i d - T r a n s h y d r o g e n a s e  n a c h  STEIN et  al. ~3. Glycer in-  
a ldehyd-  3 - p h o s p h a t - D e h y d r o g e n a s e  aus  K a n i n c h e n -  
muske l  wurde  yon  Boehr inge r  (Mannhe im)  bezogen.  

Verseh iedene  K o n z e n t r a t i o n e n  yon  ]3enzb romaron  
w u r d e n  als a lkohol i sche  L 6 s u n g e n  zugesetzt .  Alkohol -  
kon t ro l l en  w u r d e n  bei  sXmtl ichen Tests  mi tgef t ih r t .  
P r o t e i n  wurde  n a c h  der  B i u r e t - M e t h o d e  b e s t i m m t  ~4. 

Ergebnisse und Diskussion. Ausser  der  N A D H - D e h y d r o -  
genase  w u r d e n  d i m t l i c h e  yon  uns  u n t e r s u c h t e n  Mi tochon-  
d r i e n e n z y m e  d u t c h  B e n z b r o m a r o n  g e h e m m t .  Die 50%ige  
H e m l n u n g  der  e inze lnen  E n z y m e  t r i t t  zwischen 25 u n d  
160 ~zM 13enzbromaron auf  (Figur),  w/ ih rend  fa r  X a n t h i n -  
oxidase  5 ~2V/ ge funden  w u r d e L  1]ber den  Mechan i smus  
der  H e m m u n g  ist  an  H a n d  unse re r  E rgebn i s se  ke ine  
endgi i l t ige  E n t s c h e i d n n g  m6gl ich,  doch  d e u t e t  der  
s igmoidale  K u r v e n v e r l a u f  auf  a l los ter ische H e m m u n g  bin.  
Die M6glichkei t ,  dass  B e n z b r o m a r o n  speziell  m i t  SH- 
E n z y m e n  reagier t ,  wurde  ausgeschlossen,  da  bei  Glycer in-  
a l d e h y d p h o s p h a t - D e h y d r o g e n a s e  ke ine  H e m m n n g  ge- 
Cunden wurde.  

Vom mediz in i schen  S t a n d p u n k t  ans  sche in t  die s t a rke  
H e m m u n g  d er m e m b r a n g e b u n d e n e n  i l l t r a m i t o c h o n d r i a l e n  
e - G l y c e r o p h o s p h a t - D e h y d r o g e n a s e  u n d  der  Py r id in -  
n u c l e o t i d - T r a n s h y d r o g e n a s e  i n t e r e s san t  zu sein. 

~ - G l y c e r o p h o s p h a t - D e h y d r o g e n a s e  is t  a m  T r a n s p o r t  
des "Wasserstoffs aus  dem C y t o p l a s m a  in die M i t o c h o n d r i e n  
be te i l ig t :  E ine  H e m m u n g  der  m e m b r a n g e b u n d e n e n  e- 
G l y c e r o p h o s p h a t - D e h y d r o g e n a s e  k a n n  z u m  Ans t i eg  v o n  
NADI-I u n d  e - G l y c e r o p h o s p h a t  im C y t o p l a s m s  fi ihren.  
D a r a u s  soll te eine S te ige rung  der  T r ig lyce r idsyn these  
resul t ieren,  da  das  e x t r a m i t o c h o n d r i a l e  ~-Glycerophos-  
p h a t - N i v e a u  ein kon t ro l l i e rende r  F a k t o r  de r  Glycerid= 
syn these  is t  1~. 
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Hemmung yon Enzymen der inneren Mitochondrienlnembran durch 
Benzbromaron: TH, Pyridinnucleotid-Transbydrogenase; SDH, 
Succinat-Dehydrogenase; c~-GPDH, ~-Glycerophosphat-Dehydro- 
genase; Hypro-DH, Hydroxyprolin-Dehydrogenase; Pro-DH, Prolin- 
Dehydrogenase. 
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Es  is t  denkba r ,  dass  a u c h  die s t a rke  H e m m u n g  der  
P y r i d i n n u c l e o t i d - T r a n s h y d r o g e n a s e  eine der  U r s a c h e n  
fiir die ~_nderung der  Fe t t s~ iuresynthese  is t :  Py r id in -  
n u c l e o t i d - T r a n s h y d r o g e n a s e  is t  fiir den  verg l i chen  m i t  
N A D  h o h e n  R e d u k t i o n s g r a d  des N A D P  in gekoppe l t en  
M i t o c h o n d r i e n ~ ,  17 ve r an t w or t l i ch .  L ine  H e m m u n g  des 
E n z y m s  b e d i n g t  d a h e r  e rh6h tes  N A D H - A n g e b o t ,  was zu 
e iner  S te ige rung  der  i n t r a m i t o c h o n d r i a l e n  ( N A D H -  
abh~ingigen) de n o v o - S y n t h e s e  u n d  zur  Ket tenver l~inge-  
r u n g  yon  Fe t t s / i u ren  f i ih ren  k a n n  is. 

Tats~ichlich k o n n t e n  wir  bei  e iner  ki i rzl ich durchge-  
f i ih r t en  k l in i schen  S tud ie  fests tel len,  dass  P a t i e n t e n  bei  
e iner  e x t r e m  h o h e n  Dos ie rung  y o n  13enzbromaron 
(400-600 rag/Tag)  eine deu t l i che  V e r m e h r u n g  der  Fre ien  
Fet ts~iuren u n d  Tr ig lyeer ide  im P l a s m a  aufweisen  8 
Unse re  h ie r  b e r i c h t e t e n  in v i t ro  Versuche  b ie t eu  eine 
m6gl iche  Erkl~Lrung fiir diese k l in ische  t3eobach tung .  

Summary .  The  ur icosur ic  d rug  b e n z b r o m a r o n e  inh ib i t s  
a n u m b e r  of m e m b r a n e - b o u n d  m i t o c h o n d r i a l  enzymes.  A 

s t rong  i n h i b i t i o n  of succ ina te  dehydrogenase ,  e-glycero- 
p h o s p h a t e  d e h y d r o g e n a s e  and  py r id innuc l eo t i de  t r ans -  
hyd rogenase  was found  ( app rox ima te ly  28, 48, 45 ~ M  
b e n z b r o m a r o n e  for 50% i n h i b i t i o n  respect ively) .  Some 
possible  consequences  of these  resul t s  for t he  l ip id  m e t a b o -  
l i sm in p a t i e n t s  d u r i n g  b e n z b r o m a r o n e  are discussed.  
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The P h o s p h o r y l a s e s  S y s t e m  of the Cardiac Muscle  
2 ,4 -Din i t ropheno l  

The  g lycogenolyt ic  effect  of 2 ,4 -d in i t rophenol  (DNP)  
on  t he  ske le ta l  muscle  in  vivo,  was r ecen t ly  exp la ined  by,  
a m o n g  o the r  factors ,  t h e  increase  of t h e  a c t i v i t y  of phos-  
pho ry l a se  b kinase,  t h e  e n z y m e  t h a t  catMizes t he  conver -  
t i o n :  p h o s p h o r y l a s e  b to  a, a n d  c o n s e q u e n t l y  t h e  c o n t e n t  
of p h o s p h o r y l a s e  a is f ound  increased  1. T he  effect  of 
g lycogenolyt ic  agen t s  such  as a d r e n a l i n  a n d  o the r  
ca t echo lamines  seem to  be  m e d i a t e d  b y  increas ing  t he  
p r o d u c t i o n  of adenos ine  3', 5' p h o s p h a t e  w h i c h  increases  
t he  a c t i v i t y  of phospho ry l a se  b k inase  3. Receu t s  s tudies ,  
however ,  show t h a t  t h i s  nuc leo t ide  is n o t  increased  e i the r  
in D N P - p o i s o n e d  an i m a l s  3 or in  a n o x i a  4. I n  o rder  to  
a c c u m u l a t e  ev idence  of t h e  s imi la r i t i es  of t h e  ac t ion  of 
t he  D N P  w i t h  t h a t  of a n o x i a  on  t h e  glycogenolysis,  we 
pe r fo rmed  d e t e r m i n a t i o n s  of p h o s p h o r y l a s e  a, phospho-  
ry lase  b k inase  and  lac t ic  acid in  t he  h e a r t  of r a t s  po i soned  
w i t h  D N P .  E x p e r i m e n t s  were also m a d e  in reserp in ized  
animals .  The  c o m p a r i s o n  be t w een  t he  effect  of D N P  a n d  
those  of g lueagon  a n d  a n o x i a  is discussed.  

The  c o n t e n t  of phospho ry l a se s  in  r a t  h e a r t s  in  v ivo  was 
d e t e r m i n e d  in adu l t s  r a t s  t h a t  were in jec ted  i.p. w i t h  
2.5 mg/100  g D N P .  Af te r  i h t h e y  were  anes t he t i z ed  w i t h  

Table I. Content of phosphorylase a and total and of phosphorylase b 
kinase in hearts of rats poisoned with DNP 2.5 mg/100 g 

Determination Normal rats DNP poisoned 
rats 

Phosphorylase a (10 rats) 7.0 4- 1.7 �9 25.2 4- 3.1 
Total phosphorylase (+  AMP) 
(10 rats) 67.2 4- 7.1 85.3 4- 13.0 
Ratio Phosphorylase a/ 
Total phosphorylase • 100 10.4 4- 1.1 30.7 4- 6.5 
Phosphorylase b kinase (10rats) 1346 -6 480 3384 4- 334 

a S.E.M. The activity of phosphorylase a and total are expressed in 
units according to CORI 1~ per gram of heart. The activity of phos- 
phorylase b kinase is expressed in units of phosphorylase a formed 
from phosphorylase b in 15 min according to FISHER and t{RI~BS 
method n. 

of N o r m a l  and Reserpin ized  Rats  Poisoned with  

e the r  a n d  t he  h e a r t s  were r ap id ly  removed ,  weighed and  
g round  in  ice-cold so lu t ion  c o n t a i n i n g  0.001 M E D T A  - 
0.02 M S o d i u m  f luor ide p H  6.8 in t he  p r o p o r t i o n  of 
25 ml /g  of muscle.  Af te r  t he  t r e a t m e n t  of t h e  e x t r a c t  
w i t h  e i the r  no r i t  A or not ,  20 mg/ml ,  1.0 ml  of t he  
cen t r i fuged  e x t r a c t  were t a k e n  and  i n c u b a t e d  w i t h  
glycogen for 20 ra in  a t  30~ and  a l iquo t s  of 0.4 ml  were 
t h e n  t r e a t e d  w i t h  g lucose - l -phospha te ,  a n d  e i the r  w a t e r  
or A M P  as p rev ious ly  descr ibed 2. The  ac t i v i t y  of phospho-  
ry lase  b k inase  was d e t e r m i n e d  in ma le  r a t s  t h a t  were 
e i the r  in jec ted  or n o t  w i t h  D N P  2.5 rag/100 g. Af te r  1 h 
t h e y  were anes the t i z ed  w i t h  e the r  and  t he  b lood was  
d ra ined  f rom the  jugu la r  vein:  The  h e a r t s  were cooled 
for 30 m i n  in c rushed  ice, t h e n  weighed  a n d  g round  in 
s and  w i t h  ice-cold so lu t ion  of 0.002 M E D T A  p H  7.0 in 
p r o p o r t i o n  of 2 ml /g  hea r t .  The  h o m o g e n a t e  was t h e n  
cen t r i fuged  a t  4000 •  for 30 ra in  and  t he  s u p e r n a t a n t  
was  f i l tered t h r o u g h  glass wool and  t he  a c t i v i t y  of 
p h o s p h o r y l a s e  b k inase  was d e t e r m i n e d  immedia t e ly ,  as 
descr ibed  1. 

Tab le  I shows t h a t  t he  c o n t e n t  of phospho ry l a se  a in 
h e a r t s  of r a t s  po i soned  w i t h  D N P  is increased  w h e n  
c o m p a r e d  w i t h  n o r m a l  rats ,  b y  a b o u t  3 t imes,  a n d  also 
t h a t  t he  phospho ry l a se  a is in  h i g h  level, due t he  a c t i v i t y  
of t h e  phospho ry l a se  b kinase.  Th i s  effect  was  also found  
in ske le ta l  musc le  in  v ivo  1. B y  t h e  o the r  h a n d ,  as t he  
effect  of t he  D N P  could on ly  be  de t ec t ed  in v ivo  5, a n d  i ts  
ac t ion  on  t he  phospho ry l a se s  s y s t e m  occurs a f t e r  1 h 
f rom t h e  in jec t ion ,  i t  was  i m p o r t a n t  to  k n o w  i ts  effect  in  
per fused  hear t s ,  to  avo id  b o t h  t he  ac t ion  of t he  me tabo l i c  
p r o d u c t s  of t h e  r educ t i on  of D N P  in  l iver  and  t he  possi- 
b i l i ty  of t he  increase  of a d r e n a l i n  in  t h e  b lood c i rcula t ion .  
The  e x p e r i m e n t s  in  per fused  h e a r t s  were done  in a d u l t  
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