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to m u s c l e  in  t h e  f i rs t  m i n u t e s  of f l igh t  is one  t h a t  c a n  be  
oxid ized  a n a e r o b i c a l l y  s u c h  as  glucose.  L a t e r ,  a fuel  s u c h  
as t h e  U F A ,  w h i c h  m u s t  be oxid ized  aerobical ly ,  w h i c h  is 
of h i g h  calorif ic  va lue ,  a n d  w h i c h  is ava i l ab le  in r e l a t i ve ly  
u n l i m i t e d  q u a n t i t y ,  c o m e s  in to  i ts  o w n  w h e n  t h e  resp i -  
r a t o r y  a n d  c i r c u l a t o r y  s y s t e m s  are  de l ive r ing  m o r e  o x y g e n  
to t h e  t i s sues .  

c h a r g e  s y m p a t h i q u e  c a u s e  i m m 6 d i a t e m e n t  u n e  i m p o r t a n t e  
616cation d u  glucose  s a n g u i n  alors  qu ' i l  n ' y  a t o u t  a u  p lus  
q u ' u n e  16gbre a u g m e n t a t i o n  des  ac ides  g ras  non-es t6r i f i6s  
d u  p l a s m a .  U n e  a u g m e n t a t i o n  p lus  d u r a b l e  de  ces ac ides  
g ras  non-es t6r i f i~s  s u i t  le r e t o u r  h la  n o r m a l e  du  g lucose  
s a n g u i n .  
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I n h i b i t i o n  of  P e n t o b a r b i t a l  and  M e p r o b a m a t e  
M e t a b o l i s m  by s o m e  ' I n d u c e r s '  o f  D r u g - M e t a -  

b o l i z i n l ~  E n z y m e s  

R e c e n t l y ,  a v a r i e t y  of ' p ro long ing  a g e n t s ' ,  w h i c h  en-  
h a n c e  d r u g  ac t ion  b y  v i r t u e  of t h e i r  ab i l i t y  to  i nh ib i t  d r u g  
b i o t r a n s f o r m a t i o n ,  h a v e  been  repor ted .  

F o r  example ,  S K F  535 A (2 -d i e thy l aminoe thy l -d ipheny l -  
p ropy l - ace t a t e )  Li l ly  18 947, (N, N - d i e t h y l - N - 2 - p h e n y l - 4 ,  6- 
d i c h l o r o p h e n o x y - e t h y l a m i n e )  ip ron iaz id  a n d  N - e t h y l - 3 -  
p i p e r i d y l d i p h e n y l a c e t a t e ,  owe t h e i r  p r o l o n g i n g  a c t i o n  to 
nonspec i f i c  i nh ib i t i on  of s o m e  m i c r o s o m a l  d r u g - m e t a b o l -  
iz ing e n z y m e s  ~,e. 

O n  t h e  o t h e r  h a n d ,  d rugs ,  s u c h  as  p h e n o b a r b i t a l ,  
p h e n a g l y c o d o l ,  g l u t e t h i m i d e ,  ch lorcyc l iz ine ,  p h e n y l b u t a -  
zone,  a m i n o p y r i n e ,  z o x a z o l a m i n e ,  m e p r o b a m a t e ,  ch lor -  
p r o m a z i n e ,  n i k e t h a m i d e ,  ch to re tone ,  if i n j e c t e d  1 2 - 2 4  h 
in  a d v a n c e ,  i n d u c e  a n  inc rease  a c t i v i t y  of  s o m e  mic ro-  
s o m a l  d r u g - m e t a b o l i z i n g  e n z y m e s  ~ -n .  

T h e  h y p o t h e s i s  a r i s e s  t h a t  s o m e  of  t h e  a b o v e  m e n -  
t i o n e d  d r u g s  i n d u c i n g  a l a t e  i n c r e a s e  of  a c t i v i t y  o f  
d r u g - m e t a b o l i z i n g  e n z y m e s ,  h a v e  a n  i m m e d i a t e  b l o c k -  
i n g  a c t i o n  o n  t h e  s a m e  e n z y m e  s y s t e m s .  

Male r a t s  of  t h e  S p r a g u e - D a w l e y  s t r a in ,  we igh ing  a b o u t  
60 g were  used .  

T h e  e n z y m e  ac t iv i t i e s  were d e t e r m i n e d  b y  m e a s u r i n g  
t h e  a m o u n t  of m e t a b o l i z e d  d r u g s  d u r i n g  a n  i n c u b a t i o n  of 
1 h w i t h  l iver  m i c r o s o m e - c o n t a i n i n g  s u p e r n a t a n t  as de- 
scr ibed  p rev ious ly .  

C o n c e n t r a t i o n s  of p e n t o b a r b i t a l  a n d  m e p r o b a m a t e  
were  d e t e r m i n e d  acco rd ing  to  t h e  m e t h o d s  of BRODIE et  
al., a n d  HOFFMANN a n d  LUDWIG, r e spec t ive ly  ~,x~. 

I n  e v e r y  case,  t h e  poss ib i l i t y  of a n  in te r fe rence  in t h e  
d e t e r m i n a t i o n s  of p e n t o b a r b i t a l  a n d  m e p r o b a m a t e  con-  
c e n t r a t i o n s  b y  t h e  i n h i b i t o r s  a n d  t h e i r  m e t a b o l i t e s  w as  
e x c l u d e d .  

T h e  c o n c e n t r a t i o n s  of i n h i b i t o r s  w h i c h  p r o d u c e  50?/0 
i n h i b i t i o n  of p e n t o b a r b i t M  a n d  m e p r o b a m a t e  m e t a b o l i s m  
is  s h o w n  in  t h e  T a b l e .  

C o n c e n t r a t i o n  of S K F  525 A ~ a n d  Lil ly  1 8 9 4 7 ~ p r o  - 
d n c i n g  50?/0 i nh ib i t i on  were  also g iven ,  b e c a u s e  t h e y  c a n  
i n d u c e  t h e  m i c r o s o m a l  d r u g - m e t a b o l i z i n g  e n z y m e s  ~. 

Chlorcyc l iz ine  h a d  t h e  m o s t  p o t e n t  i n h i b i t o r y  a c t i o n  
w h i c h  is a l m o s t  of the  s a m e  p o t e n c y  a s  t h a t  of S K F  525 A 
a n d  a b o u t  2 t i m e s  m o r e  p o t e n t  t h a n  t h a t  of  Li l ly  18 947. 

G l u t e t h i m i d e  was  p o t e n t  n o t  on ly  in t h e  m e t a b o l i s m  of 
p e n t o b a r b i t a l ,  b u t  also in  t h e  m e p r o b a m a t e  m e t a b o l i s m .  
T h e s e  f ac t s  s u g g e s t  t h a t  g l u t e t h i m i d e  inh ib i t s  p e n t o -  
b a r b i t a l  m e t a b o l i s m  n o t  on ly  b y  v i r t u e  of t h e  s i m i l a r i t y  of  
i t s  c h e m i c a l  s t r u c t u r e  t o  p e n t o b a r b i t a l .  

P h e n o b a r b i t a l  w h i c h  h a s  t h e  m o s t  p o t e n t  i n d u c i n g  
ac t ion  of t h e  m i c r o s o m a l  d r u g - m e t a b o l i z i n g  e n z y m e s ,  
s h o w s  h o w e v e r ,  a w e a k  i n h i b i t o r y  ac t ion  on  t h e  m e -  

Inhibition of pentobarbital and meprobamate metabolism by some 
inducing-drugs of the microsomal drug-metabolizing enzymes 

Inhibitors Concentrations producing 50% 
inhibition (Mol) 
Metabolism Metabolism 
of pentobarbital of meprobamate 

1 Chlorcyclizine ~.0 × 10 -8 1.4 x 10 -4 
2 Glutethimide 8,3 x 10 -~ 6.5 x 10 -a 
3 Phenaglycodol 1.~ x 10 -4 9.3 x 10 -~ 
4 Phenobarbital - -  4.2 x 10 -4 
5 Chlorpromazine 1.6 x 10 -~ 2.3 x 10 -4 
6 Zoxazolmnine 1.8 x 10 -4 2.3 x l0 -~ 
7 Chloretone 1.9 x 10 -4 2.2 x 10 -~ 
8 Phenylbutazone - -  3.9 x 10 -~ 
9 Nikethamide 5.~ x 10 -~ 7.8 x 10 "~ 

10 Aminopyrine 9.6 x l0 -~ 7.~ x 10 -a 
11 SKF 525 A 1.7 x 10 -s  1.5 x 10 - s  
1~ Lilly 18947 4.4 x 10 -~ 5.2 x 10 - s  

The incubation mixture (5.(I ml) contained 2 ml of the mierosome- 
containing supernatant (obtained by ccntrifugation at 8500 g for 
15 min), 0.1 ml of 20 lxmole glueose-6-phosphate, 0.4 ~tmole TPN 
50 t~mole nicotinamide and 75 lxmote MgCI 2 and 1 M KC1, and more 
2.3 ml of 0.1M sodium phosphate buffer pH 7.,1 and 0.2 m! of the 
substrates (final concentration were ~ x 10 -4 Mol x) and 0.1 ml of 
inhibitors. Phenobarbital and phenylbutazonc interfered with deter- 
mination of pentobarbital concentration. 
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probamate metabolism. On the other hand, S K F  525 A 
and Lilly 18947 have a weak inducing action as recently 
reported by us, though they have a potent  inhibitory 
action*~. 

These results suggest that  most of the inducing drugs 
have an inhibitory action on the drug metabolism, but  
t h a t  there is no direct re la t ion be tween  the  level  of 
the immedia te  inhibi t ion and tha t  of the  late  induct ion  
of increased ac t iv i ty  of the drug-metabolizing enzymes. 

These results also suggest tha t  the inducing and inhibi- 
tory drugs have some similar affinities to the liver micro- 
somes and this inhibitory action of the inducing drugs 
might be the factor responsible for producing an increase 
of de novo biosynthesis of the microsomat drug-metaboliz- 
ing enzymes. But  further studies on the relationship be- 
tween the inducing action and inhibitory action of 
numerous compounds are necessary to clear up the 
mechanism of the induction. 

These results are also of practical importance in the case 
of an evaluation of combined effects of two drugs. For  ex- 
ample,  chlorcyclizine, glutethimide, and phenaglycocol 
et al. prolong pentobarbital  action not only due to syner- 

gisms by their action, but  also by in vivo inhibition of 
pentobarbital  metabolism ~*. 

Riassunto. Gli au tor i  hanno d imos t ra to  che alcuni  far- 
maci  (p.e. la clorciclizina, la g lu te t imide ,  il fenaglicodolo, 
il fenobarbi ta l ,  la c lorpromazina ,  il c lore tone  ed altri), 
che posseggono una t a rd iv a  a t t iv i t~  ~inducente), di 
s t imolo  su enzimi microsomici  epatici ,  a t t i v i  nel meta-  
bolismo di svar ia t i  f a r m a c i ,  de t e rminano  invece una 
inibizione degli enzimi stessi quando  vengano  Ia t t i  agire 
d i re t t amente .  
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Heart  Institute, National Institute of Health, Bethesda (Md., 
U.S.A.); to whom requires concerning this paper should be ad- 
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Zur Pathogenese  des Ur~imiesyndromsL 
Brenztraubensfiure, Acetoin und 2 ,3 -Buty len-  
glykol in Blut yon Patienten mit  Nieren-  und 

Leberkrankheiten ~ 

Blut-Brenztraubens~urewerte werden bei hepatischen 
Bewusstseinsst6rungen h~iufig, bei ur~mischen Bewusst- 
seinsst6rungen gelegentlich erh6ht gefunden ~,~. Vermut- 
lich besteht bei diesen Patienten eine St6rung des oxyda- 
riven Brenztraubens~ureabbaus zu akfiver  Essigs~ture. 
Es interessierte uns deshalb, ob Brenztraubens~ure (BTS) 
bei Patienten mi t  ur~mischen und hepatisehen Bewusst,  
seinsst6rungen vermehrt  in Acetoin (Acetylmethyl- 
carbinol: AMC) und 2, 3-Butylenglykol (Butandiol-(2,3) : 
BD) umgewandelt  wird. Beide Substanzen wirken am 
Tier narkotisch. Es wgre deshalb m6glich, dass AMC und 
BE) in der Pathogenese ur~mischer und hepatiseher Be- 
wusstseinsst6rungen eine RoUe spielen. 

In der vorliegenden Arbeit  wird fiber die Bestimmung 
yon BTS, AMC und /AD im Blut von Gesunden und von 
Nieren- bzw. Leberpatienten mit  und ohne 13ewusstseins- 

st6rung berichtet. Die Untersuchungen wurden an 65 
gesunden Kontrollen, 90 Nieren- und 39 Leberkranken 
durchgefiihrt. BTS wurde 218mal, AMC 297mal und tAD 
287mal bestimmt. Ausserdem wurden bei 28 Patienten 
mit  Nieren-, Leber- und andern Affektionen BTS, AMC 
und BD gteiehzeitig in Blur und Liquor gemessen und mit- 
einander verglichen. BTS wurde nach FRIEDEMANN und 
HAUaEN, AMC und BD nach einer Modifikation der Me- 
thoden von WESTERFELD und yon HAPPOLD u n d  SPENCER 
bestimmt. Der Bewusstseinszustand der Pat ienten wurde 

1 Mit Unterstiitzung des ~Sehweizerischen Nationalfonds* und der 
Firma F. Hoffmann-La Roche & Co., AG, Basel. 
5. Mitteilung. - "I. Mitt.: H. TH6LEte, F. BmLER und H. STAVB, 
Path. Microbiol. 24, 262 (1961).- 2. Mitt. : F. BIGLER, H. TH6LEN 
und H. S~AVB, Heir. physiol. Acta 19, Cll (1961). - 3. Mitt.: 
H. TH6LES, F. BIGLER und H. STAUB, Exper. 17, 359 (t961). - 
4. Mitt.: F. BmLER, It. TH6LE~ und H. STAUB, Schweiz. reed. 
Wsehr. 9l, 1259 (1961). 

3 D. S. AMXTUZm und S. NESmT% J. clin. Invest. 29, 1486 (1950). 
4 G. BISERTE und B. DASSONVILL~, Clin. chim. Acta 1, 49 (1956). 

Tab. I. Brenztraubens/iure, Aectoin und 2,3-Butylenglykol im Blut von Gesunden; Nieren- und Leberpatienten mit und ohne Bewusstseins- 
stbrungen. (N): Anzahl tier Bestimmungcn. R1-R4, HI -H4:  Stadium des Bewusstseins 

Brenztraubens~ure Acetoin 2, 3-Butylenglykol 
rag% (N) Signifikanz y% (N) Signifikanz T% (N) Signifikanz 
Mittel- C R1 Mittel- C R1 Mittel- C RI 
wert wert wert 

Gesunde Kontrollcn (C) 1,1t (51) 
Nierenpatienten (R) (117) 
R1 1,01 (76) 
R~ 1,1s (3~) 
Ra 1,09 (3) 
R4 1,94 (6) 

p<~O,10 - -  
p<0,50 p<~0,05 
p<~0,95 p<0,70 
.-- p<o,oo: 

Signifikanz 
C I t l  

Leberpatienten (H) (50) 
HI 1,25 (29) p<Z0,10 - -  17 
H2 2,06 (8) p<~0,001 p*<0,0O5 21 
H3 9,64 (10} p<~0,0Ol p<~0,OOl 130 
H4 2,49 (3) - -  - -  t40 

10 (75) 
(156) 

12 (92) 
16 (47) 
31 i l l )  
22 (6) 

::7 (73) 
(151) 

p<o,o5 --  228 (89) p<o,oo: - -  
p<~0,001 p<0,005 394 (46) p.~0,001 p<~0,001 
p ~ 0 , 0 0 1  p ~ o , 0 0 1  335 (10) p ~ 0 , 0 0 1  p ~ 0 , 0 5  

- -  35: ( 6 )  - -  - -  

Signifikanz Signifikanz 
C HI C I l l  

(66) (63) 
(37) p<z0,01 - -  300 (36) p<~0,001 - -  

(8) p<~0,001 p~0,60 266 (8) p~0,001 p-Q0,80 
(11) p~o,001 p<~0,01 2500 (11) p~0 ,00 t  p<20,00I 
(10) - -  - -  3240 (8) - -  - -  


