
15. VIII. 1961 Brevi comunicazioni - Brief Reports 359 

n i t r o samine ,  d ioxane  or w a t e r  a l o n e  (1 x 10 -2 v = 0.82, 
1.13, a n d  0.86 respec t ive ly) .  On  t h e  o t h e r  h a n d ,  no  such  
increase  is obse rved  in  m i x t u r e s  of d i m e t h y l n i t r o s a m i n e  
a n d  benzene ,  or  d i m e t h y l n i t r o s a m i n e  a n d  d i oxane  because  
of t h e  absence  of a h y d r o g e n  donor .  

D i m e t h y l h y d r a z i n e  (1 x 10 -z v = 0.69), w h i c h  is a re- 
duced  d e r i v a t i v e  oi d i m e t h y l n i t r o s a m i n e ,  also fo rms  
h y d r o g e n  b o n d s  as i n d i c a t e d  b y  a cons ide rab le  inc rease  
of v i scos i ty  of w a t e r  so lu t ions  (1 x 10 -z Vmax = 5.90), b u t  
does  n o t  b r i n g  a b o u t  p r e c i p i t a t i o n  of o v a l b u m i n  (Table) .  
Th i s  c o m p o u n d ,  however ,  is a s t r o n g  r educ ing  agen t ,  a n d  
t h u s  i t  was  n o t  u n e x p e c t e d  w h e n  i t  was  found  t h a t  0.1 M 
d i m e t h y l h y d r a z i n e  b o t h  i nh ib i t s  a n d  reverses  t h e  pre-  
c i p i t a t i o n  of o v a l b u m i n  b y  1.5 M d i m e t h y l n i t r o s a m i n e .  

A full  a c c o u n t  of these  a n d  r e l a t ed  i n v e s t i g a t i o n s  will be  
g iven  elsewhere.  

Rdsumd. Les a u t e u r s  m o r t / r e n t  que  les composds  canc6-  
rog6nes  hydroso lub les ,  l ' ac ide  t a n n i q u e ,  le ph6nol ,  la di-  
6 thyl -  e t  d i m 6 t h y l n i t r o s a m i n e ,  la  t h i o a c 6 t a m i d e ,  le c u r b s -  

m a t e  d ' 6 t h y l  et  la th iour6e  son t  des agen t s  p u i s s a n t s  de 
d 4 n a t u r a t i o n  de prot6 ines .  L a  p r6c ip i t a t i on  p r o d u i t e  p a r  
ces a g e n t s  p e u t  6tre  inhib6e,  invers6e  ou acc rue  p a r  d ivers  
r6act i fs  de g roupes  su l fhydry les .  Ces r e c o u p e m e n t s ,  a ins i  
que  d ' a u t r e s  exp6r iences  sur  l ' e f fe t  de l 'u r6e  sur  la pr6- 
c i p i t a t i o n  p a r  la d i m 6 t h y l n i t r o s a m i n e ,  i n d i q u e n t  que  le 
m 6 c a n i s m e  de  la  f o r m a t i o n  des  aggr6ga t s  mol6cula i res  
cons is te  d a n s  l ' 6 t a b l i s s e m e n t  de p o n t s  - S - S -  in t e rmol6-  
culaires ,  p r o b a b l e m e n t  renforc6s  p a r  des  l ia isons  in te r -  
mol6cula i res  d ' h y d r o g 6 n e .  
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Pathogenesis of the U r e m i c  S y n d r o m e 1 .  

P h a r m a c o l o g i c a l  S t u d i e s  o n  A c e t o i n  a n d  2 , 3 -  
B u t y l e n e  G l y c o l  s 

Most  of t h e  u remic  m a n i f e s t a t i o n s  a re  as ye t  unex -  
p la ined .  N u m e r o u s  a t t e m p t s  to  re la te  t h e  s y m p t o m s  of 
t he  u remic  s y n d r o m e  to  a c c u m u l a t i o n  of a s ingle  tox ic  
s u b s t a n c e  h a v e  fa i led  to  receive  cl inical  or  e x p e r i m e n t a l  
s u b s t a n t i a t i o n .  The  m e c h a n i s m s  of K u s s m a u l ' s  r e sp i ra t ion ,  
of h y p e r k a l i e m i c  ca rd iac  a r r e s t  a n d  of h y p o k a l i e m i c  
i n t e s t i n a l  a n d  m u s c u l a r  pares is  show t h a t  t h e  p a t h o g e n e s i s  
of t h e  u remic  s y n d r o m e  is v e r y  compl i ca t ed .  T he  u remic  
d i s t u r b a n c e s  of consc iousness  are  of p a r t i c u l a r  in t e res t .  
T h e y  c a n n o t  be  d i f f e r en t i a t ed  f rom t he  h e p a t i c  coma.  I n  
m o s t  cases w i t h  u remic  d i s t u r b a n c e s  of consciousness ,  
r e s idua l -n i t rogen  in s e r u m  is increased .  E l e c t r o l y t e  im-  
ba lance ,  w a t e r  i n tox ica t ion ,  a m m o n i a ,  u r e a  a n d  p h e n o l  
c o m p o u n d s  are n o t  co r re l a t ed  to  t h e  d i s t u r b a n c e s  of con-  
sciousness  in  u r e m i a  3-5. 

I n  t he  b lood  of p a t i e n t s  w i t h  u r e m i a  or  h e p a t i c  coma,  
p y r u v i c  acid is ra ised  6,7. I n  m a m m a l s  p y r u v i c  acid is de-  
c a r b o x y l a t e d  to  ac t ive  a c e t a l d e h y d e  8.9. A c t i v e  ace ta l -  
d e h y d e  is m a i n l y  c o n v e r t e d  to  a ce t y l - coenzym e  A or  m a y  
r e a c t  w i t h  a c e t a l d e h y d e  to  give acetoinS,L Ace to in  m a y  
be  r educed  to  2, 3 -bu ty l ene  glycol.  T h e  increase  in  b lood  
p y r u v i c  ac id  c o n c e n t r a t i o n  a b o v e  t h e  n o r m a l  r a n g e  in  
p a t i e n t s  w i t h  u r e m i a  a n d  h e p a t i c  c o m a  is p r o b a b l y  due  to  
r educed  f o r m a t i o n  of a ce t y l - coenzym e  A. I t  m i g h t  be  ex- 
pec t ed  t h a t ,  as a c o m p e n s a t o r y  m e c h a n i s m ,  f o r m a t i o n  of 
ace to in  a n d  2 , 3 - b u t y l e n e  glycol  is e n h a n c e d  (F igure  1). 
Glycols  p roduce  narcosis ,  i n f l a m m a t i o n ,  hemolys i s  a n d  
i m p a i r e d  pe rmeab i l i t y .  Th i s  p a p e r  p r e sen t s  o b s e r v a t i o n s  
on  t h e  p h a r m a c o l o g y  of ace to in  a n d  2, 3 -bu ty l ene  glycol.  

Methods. Narco t i c  effects  on  mice  a f t e r  i n t r a p e r i t o n e a l  
i n j ec t i on  of ace to in  or  2, 3 -bu ty lene  glycol.  P o t e n t i a t i o n  
of narcos i s  b y  ace to in  or 2, 3 - b u t y l e n e  glycol  on  mice. 
B lood  p ressu re :  c a n u l a t i o n  of a l t ~ r i a  ca ro t i s  of wh i t e  r a t s ;  
k y m o g r a p h i c  r e g i s t r a t i o n ;  i n t r a v e n o u s  i n j ec t i on  of 
ace/Gin or  2, 3-bu ty lene  glycol.  R a t e  of r e sp i r a t i on  of an-  
e s the t i zed  w h i t e  r a t s ;  i n t r a v e n o u s  in j ec t ion  of ace to in  or  
2 , 3 - b u t y l e n e  glycol.  Ef fec t s  of 2 , 3 - bu t y l ene  glycol on  
cap i l l a ry  vessels  of t h e  f rog 's  web.  

Results. I n  mice  ace to in  a n d  2, 3 -bu ty lene  glycol p roduce  
a na r co t i c  effect.  Before  narcosis ,  m u s c u l a r  t w i t c h i n g  m a y  
be  obse rved .  Ace/Gin is a b o u t  four  t imes  more  ac t ive  in 

p r o d u c i n g  narcos is  t h a n  2, 3 - b u t y l e n e  glycol.  Af t e r  r ap id  
i n t r a v e n o u s  in j ec t ion  of ace to in  or  2, 3 -bu ty lene  glycol  in  
ra ts ,  b lood pressure  (Figure  2), pulse r a t e  (F igure  3) a n d  
r a t e  of r e s p i r a t i o n  decrease  (Bezo ld - Ja r i s ch  reflex). 2, 3- 
b u t y l e n e  glycol d i l a t a t e s  t he  cap i l l a ry  vessels  of t he  f rog 's  
web.  

Discussion. I n  p a t i e n t s  w i t h  u r e m i a  or  h e p a t i c  coma,  
b lood  p y r u v i c  ac id  is e l eva ted .  I n  m e n  p y r u v i c  ac id  is 
c o n v e r t e d  to a c e t y l - c o e n z y m e  A, or  to  ace to in  a n d  2, 3- 
b u t y l e n e  glycol. I n  p a t i e n t s  w i t h  r ena l  a n d  h e p a t i c  
disease,  t h e  conve r s ion  of p y r u v i c  acid to  a c e t y l - c o e n z y m e  
A m i g h t  be  m a r k e d l y  r educed  a n d  t he  f o r m a t i o n  of ace to in  
f rom p y r u v i c  acid increased .  I n c r e a s e d  ace to in  a n d  2, 3- 
b u t y l e n e  g lyco l in  b lood  could  be  d e m o n s t r a t e d  in p a t i e n t s  
w i t h  r ena l  or  h e p a t i c  d isease  10,tt. 
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Fig. 1. Metabolism of pyruvic acid in men and mammals. 

x The study was aided by grants from 'Schweizerischer National- 
fonds' and from F. Hoffmann-La Roche & Co. AG, Basel. 
3rd Communication. 2nd Commun. see: F. BIGLER, H. THI~LEN, 
and H. STAUB, Helv. physiol, pharmacol. Acta 19, C 11 (1961). 

a H. THSLEN and R. BOSSHARDT, Klin. Wschr. 86, 481 (1958). 
4 H. TttSLEU and R. BOSSHARVT, Kiln. Wschr. 36, 574 (1958). 
6 H. TH~LEN and R. BOSSHARDT, Sehweiz. Med. Wschr. 89, 955 

(1959), 
6 D. S. AMATUZIO and S. NESBITT, J. clin. Invest. ¢9, 1486 (1950). 
7 G. BmERTE and B. DASSONVXLLE, Clin. chim. Acta 1, 49 (1956). 
S j .  J£RNEFELT, Ann. Aead. Sei. fennieae ser. A, V, 57, 1 (1955). 
g H. HOLZEX and K. BEAUCAMP, Biochim. biophys. Acta 46, 225 

(1961). 
lo H. THSLEN, F. BmLER, and H. STAVa, in publication. 
it For the determination of acetoin and 2,3-butylene glycol in blood, 

we used a modification of the method of WESTERFELD and of the 
method of HAPPOLD and SPENCER. 



360 Br~ves communications - Kurze Mitteilungen EXPERIENTIA XVII/8 

I n  t h i s  p a p e r  i t  is po in t ed  o u t  t h a t  ace to in  a n d  2, 3- 
b u t y l e n e  glycol  p roduce  na rco t i c  effects  on  mice  a n d  t h a t  
ace to in  is more  ac t ive  t h a n  2 , 3 - b u t y l e n e  glycol. These  
d a t a  sugges t  t h a t  t h e  two  s u b s t a n c e s  m i g h t  be  respons ib le  
for  t h e  d i s t u r b a n c e s  of consc iousness  in p a t i e n t s  w i t h  
u r e m i a  or  h e p a t i c  coma.  I n  ce reb ra l  t i ssues  of m a m m a l s ,  
ace to in  a n d  2 ,3 -bu ty lene  glycol a re  p roduced  f rom p y r u v i c  
acid ~. P r o b a b l y  a n  i m p a i r e d  m e t a b o l i s m  in r ena l  a n d  
h e p a t i c  fa i lure  m a y  e n h a n c e  t h e  ce reb ra l  syn thes i s  of 
ace to in .  I t  is ou r  impress ion  t h a t  t h e  a m o u n t s  of a ce to i n  
a n d  2, 3 -bu ty l ene  glycol fo rmed  in b r a i n  co r re l a t e  w i t h  t h e  
a p p e a r a n c e  of narcos is  in  u remic  s y n d r o m e .  Blood ana l -  
yses of these  s u b s t a n c e s  h a r d l y  a l low conclus ions  as to  
t h e i r  na rco t i c  effects. The  a c c u m u l a t i o n  of ace to in  a n d  
2, 3 -bu ty lene  glycol in  l iquor  ce rebrosp ina l i s  m i g h t  para l le l  
changes  of these  m e t a b o l i t e s  in  b ra in .  I n  two  p a t i e n t s  w i t h  
u remic  coma,  ace to in  a n d  2, 3 -bu ty lene  glycol were m a r k -  
ed ly  inc reased  in l iquor  cerebrospina l i s .  One  p a t i e n t  
showed  inc reas ing  l iquor  va lues  d u r i n g  d e t e r i o r a t i o n  of 
consciousness .  W e  be l ieve  t h a t  t he  e t iological  p r o b l e m  
c a n n o t  be  so lved  b y  ana lys i s  of ace to in  a n d  2, 3 -bu ty lene  
glycol in  l iquor  cerebrospina l i s .  Ana lys i s  of ace to in  a n d  
2, 3 -bu ty l ene  glycol  in  va r i ous  p a r t s  of b r a i n  of p a t i e n t s  
w i t h  u remic  a n d  h e p a t i c  c o m a  will  be  necessa ry  for  f u r t h e r  
inves t iga t ions .  

Zusammenfassung. Ace to in  u n d  2, 3 -Bu ty l eng lyko l  en t -  
s t e h e n  bei  M e n s c h e n  u n d T i e r e n  aus  B r e n z t r a u b e n s ~ u r e .  
Be ide  S u b s t a n z e n  b e w i r k e n  bei  M~usen  Narkose .  Bei  
R a t t e n  t r i t t  d e r  B e z o l d - J a r i s c h - R e f l e x  auf.  Die  Rol le  v o n  

Fig. 2. Registration of blood pressure in white rat (4~0 g) after 
6 : 150 mg acetoin; 7 : 150 mg 2, 3-butylene glycol; 8 : 100 mg acetoin; 

9:75 nag acetoin; 10:150 mg 2,3-butytene glycol. 
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Fig. 3. Electrocardiogramm; white rat (420 g); i.v. injection of 
200 mg 2,3-butylene glycol in the moment of voltage calibration. 

Ace to in  u n d  2, 3 -Bu t y l en g l y k o l  bei  u rXmischen  u n d  hepa -  
t i s chen  B e w u s s t s e i n s s t 6 r u n g e n  wird  d i sku t i e r t .  

H.  TH~SLEN, F. BIGLER, a n d  H.  STAUB 

Medizinische Klinih der Universitiit Basel, Apri l  11, 7961. 

An Age ing  Effect in Inhibited Esterases:  E l imina-  
t ion of Phenol  f r o m  DPCIP-Inhibi ted  C h y m o -  

t r y p s i n  and Trypsin  

Ageing  effects  in i n h i b i t e d  es te rases  are  of i n t e r e s t  in  
r e l a t i on  to  t h e  p r o b l e m  of r e a c t i v a t i o n .  

W e  h a v e  s t ud i ed  t h e  b e h a v i o u r  of c h y m o t r y p s i n  a n d  
t r y p s i n  a f t e r  i n h i b i t i o n  w i t h  DPC1P 1,2. Us ing  a sens i t ive  
co lo r imet r i c  m e t h o d  8, we h a v e  s h o w n  t h a t  so lu t ions  of 
these  e n z y m e s  i n h i b i t e d  in t h i s  w a y  l ibe ra te  p h e n o l  
s t o i ch iome t r i ca l l y  a t  p H  8. These  resu l t s  i nd i ca t e  t h a t  in-  
h i b i t e d  es terases ,  in  some  c i r cums tances ,  c a n  u n d e r g o  
age ing  b y  a s e c o n d a r y  r eac t i on  a t  t h e  s i te  of n o r m a l  
e s t e ra t i c  ac t iv i ty .  

C h y m o t r y p s i n  in s o d i u m  p h o s p h a t e  buf fe r  a t  p H  8, was  
t r e a t e d  w i t h  DPC1P. I n h i b i t i o n  of t h e  e n z y m e  r ap id ly  
occurred .  E s t i m a t i o n  of p h e n o l  in  s amp le s  of t h e  so lu t ion ,  
us ing  d iazo t i sed  p -n i t roan i l i ne ,  s h o w e d  t h a t  p h e n o l  was  
g r a d u a l l y  l ibe ra ted .  T h e  r a t e  of p h e n o l  p r o d u c t i o n  (Fig- 
ure  1) was  found  to  a p p r o a c h  a l imi t ing  va lue  of 1 M / M  of 
i n h i b i t e d  e n z y m e  over  a pe r iod  of 60 min .  E x p e r i m e n t s  in  
w h i c h  t he  r a t io  of i n h i b i t o r  to  e n z y m e  was  inc reased  
(F igure  2) showed  t h a t  t h e  a m o u n t  of p h e n o l  l i b e r a t e d  pe r  
~ I  of e n z y m e  was  i n d e p e n d e n t  of t h e  c o n c e n t r a t i o n  of 
(excess) i nh ib i t o r .  S imi la r  r e su l t s  were  o b t a i n e d  w i th  
t r yps in .  So lu t ions  of c h y m o t r y p s i n o g e n  a n d  t r yps inogen ,  
on  t he  o t h e r  h a n d ,  l i be r a t ed  no p h e n o l  in  t h e  p resence  of 
inh ib i to r .  

These  r e su l t s  i m p l y  t h a t  two  r eac t ions  are  invo lved .  
R e a c t i o n  (1) co r r e sponds  to  n o r m a l  ( rapid)  i n h i b i t i o n  of 

t he  e n z y m e  (EH2), b y  DPC1P. R e a c t i o n  (2) r e p r e s e n t s  a 
s e c o n d a r y  s t ep  in wh ich  p h e n o l  is e l i m i n a t e d  f rom the  in- 
h i b i t e d  enzyme.  

W e  h a v e  sugges ted  ear l ie r  ~,4 t h a t  p h e n o l  release f rom 
DPC1P- inh ib i t ed  c h y m o t r y p s i n  is due  to  nuc leoph i l i c  
a c t i v a t i o n  of a p h e n y l  p h o s p h a t e  g r o u p  a t t a c h e d  to t h e  

0 0 
I1 i; 

(1) ('PhO)2P-CI + EHz---'-"'-(PnO)2P-[H + HC[ 
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Fig. 1. Rate of liberation of phenol from a 50 ml reaction mixture 
containing c(-chymotrypsin (0.033 g of a salt-free preparation from 
Armour Ltd.) and DPC1P (0.1 ml of freshly prepared 2% solution in 
dry dioxan) in 0.1 M sodium phosphate buffer, pH 8.0 at 20°C. 

1 DPC1P = Diphenylphosphorochloridate. 
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