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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 .  
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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  
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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. 
W. LEE and J. H. TURNBULL, Biochim. biophys. Acta 30, 655 (1958). 
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ac t ive  si te  of t he  enzyme.  Th i s  v iew is now s t r e n g t h e n e d  
b y  ou r  f ind ing  t h a t  p h e n o l  l i be ra t i on  f rom t he  i n h i b i t e d  
e n z y m e  occurs  in t he  region of p H  6 to 8, where  the  e n z y m e  
i tself  n o r m a l l y  func t ions .  Bea r i ng  in m i n d  t he  s t r u c t u r a l  
s imi la r i t i es  b e t w e e n  c h y m o t r y p s i n  a n d  t ryps in ,  i n h i b i t i o n  
ot b o t h  e n z y m e s  b y  DPC1P m a y  be  dep ic ted  b y  s t r u c t u r e  
I, in wh ich  t he  d i p h e n y l p h o s p h o r y l  g roup  is f i rmly  b o u n d  
to t he  ser ine  a t  the  ac t ive  site, G H  be ing  t h e  nuc leophi l i c  
g r o u p  (pK 6-7)  assoc ia ted  w i t h  n o r m a l  es te rase  ac t i v i t y .  
A l t h o u g h  t h e  e n z y m e  is i n h i b i t e d  b y  b lock ing  of t he  
ser ine (I), a t  p H  8 the  g roup  G H  is st i l l  free to  i n t e r a c t  
w i t h  t he  p h o s p h o r y l  g roup  caus ing  i n t r a m o l e c u l a r  el imi-  
n a t i o n  of 1 M of phenol .  

T h e  foregoing  process  is s ign i f i can t  in  c o n n e c t i o n  w i th  
t he  age ing  of D F P - i n h i b i t e d  pseudocho l ines t e r a se  5, w h i c h  
would  now a p p e a r  to  be due  to t he  e l i m i n a t i o n  of one mole  
of i sop ropano l  a t  t he  i n h i b i t e d  e s t e ra t i c  s i te  of t he  e n z y m e  
b y  a s imi la r  m e c h a n i s m  (II).  Th i s  e m p h a s i s e s  t he  re- 
s e m b l a n c e  b e t w e e n  t he  e s t e ra t i c  s i tes  of c h y m o t r y p s i n ,  
t r y p s i n  a n d  pseudocho l ines te rase .  
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A de ta i l ed  k ine t i c  t r e a t m e n t  of our  r eac t i ons  will be  
p u b l i s h e d  s u b s e q u e n t l y .  

t o m  

0.8 

I O.O 
• ~ o.~ 
E 

- = ff • • 

/Y DPCIP/H Chymotrypsin ...... 

Fig. 2. Effect of 1)PClPJehymotrypsin ratio on amount of phenol 
liberated by eh_vmotrypsin-1)PCll ~ reaction mixtures in O. I 31 sodimn 

phosphate, pH 8.0 after incubation for I h at ~21F C. 

Chemistry Department, 
land), Apr i l  t7, 1961. 

\V. I~E~.; 6 and  J. H. TURNI~ULL 7 

University o/ Birmingham (Eng- 

Rdsumd. Les so lu t ions  de c h y m o t r y p s i n e  e t  de t r y p s i n e  
inh ib i t6es  p a r  le d iph6ny le  p h o s p h o r o c h l o r i d a t e  61iminent  
le ph6no l  p a r  u n  processus  s to ich iom6t r ique ,  selon n n e  r6- 
a c t i o n  seconda i re  qu i  se p r o d u i t  s p o n t a n 6 m e n t  d a n s  la 
r6gion du  p H  6 8. Les a u t e u r s  6 m e t t e n t  une  p ropos i t i on  
q u a n t  aux  moda l i t6s  de ce processus  qu ' i l s  a p p l i q u e n t  au  
v ie i l l i s sement  du  D .F .P . -pseudocho l ines t6 rase .  
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X - R a y  M i c r o s c o p y  o f  I n t e s t i n a l  Vi l l i  

T h e  v a s c u l a r  p a t t e r n  of i n t e s t i n a l  villi can  be  de-  
m o n s t r a t e d  b y  p ro j ec t i on  X - r a y  microscopy .  T h e  m i n u t e  
b lood  vessels  of t he  i n t e s t i n a l  villus h a v e  h i t h e r t o  been  
s tud ied  in va r ious  l a b o r a t o r y  a n i m a l s  and  m a n  e i t h e r  
h i s to logica l ly  z or b y  i n j ec t i on  a n d  c lear ing  t e c h n i q u e s  z. 
More r e c e n t l y  t he  villus c i r cu la t ion  ha s  been  obse rved  b y  
q u a r t z  rod t r a n s i l t u m i n a t i o n  3. A l t h o u g h  t he  b lood s u p p l y  
of t he  g a s t r o - i n t e s t i n a l  t r a c t  has  been  s tud ied  rad io-  
logical ly  b y  va r ious  workers  4,5 no  s t u d y  of t he  micro-  
c i rcu la t ion  of t he  i n t e s t i n a l  villus e i the r  b y  c o n t a c t  or  
p ro j ec t i on  X - r a y  mic roscopy  h a s  been  r epor t ed .  

R e n e w e d  i n t e r e s t  in  t h e  a b s o r p t i v e  role a n d  func t i ons  
of the  i n t e s t i n a l  villi, has  a r i sen  o u t  of i nves t i ga t i ons  in to  
t he  r e l a t i onsh ip  b e t w e e n  i n t e s t i n a l  mucosa l  changes  a n d  
ce r t a i n  m a l a b s o r p t i v e  d i sorders  in t h e  h u m a n .  T he  in t ro -  
d u c t i o n  of pe ro ra l  i n t e s t i n a l  b iopsy  h a s  a l r e ady  resu l t ed  
in t h e  desc r ip t i on  of a b n o r m a l  villi a n d  a d i so rgan i sed  
cap i l l a ry  p a t t e r n  6,L 

Bas ic  knowledge  of the  s t r u c t u r e  and  func t i on  of t he  
i n t e s t i n a l  villus a n d  i ts  vessels h o w e v e r  is l imi ted ,  and  
der ives  m o s t l y  f rom t h e  e x a m i n a t i o n  of h is to logica l ly  
f ixed a n d  sec t ioned  mate r i a l ,  for s t u d y  of t he  micro-  
c i r cu la t ion  w i t h i n  t he  wal l  of the  l iv ing in t e s t ine  suffers  
t e c h n i c a l  di f f icul t ies  r e l a t ed  to i n a d e q u a t e  op t ica l  con-  
d i t ions  s. Specif ica l ly  b o t h  t he  opac i ty  of the  gu t  wall  a n d  
s h o r t  d e p t h  o f /ocus  of t h e  op t i ca l  microscope  h a v e  l imi ted  
v a s c u l a r  r e sea rch  on  t h e  i n t e s t i n a l  mucosa a n d  i ts  villi. 

X - r a y  mic roscopy  owing to i ts p e n e t r a t i o n  a n d  g rea t  
d e p t h  of field al lows a comple t e  t h r e e - d i m e n s i o n a l  view of 
t he  i n t e r n a l  v a s c u l a r  de ta i l  of the  spec imen  to be  seen a t  
one  t ime,  a t  e i t h e r  low or  h igh  magn i f i ca t ion ,  so t h a t  t he  
d i s t r i bu t i on ,  connec t ions ,  and  t e r m i n a l  fea tures  of a large 
or  smal l  va scu l a r  t e r r i t o r y  can  be read i ly  in t eg ra ted .  
Vi sua l i sa t ion  of the  v o l u m e  p a t t e r n  of the  blood vessels  
c an  be  r ecorded  s t e r eog raph i ca t l y  if so requi red ,  b y  s imple  
l a te ra l  t r a n s l a t i o n  of t he  spec imen  be tween  two X - r a y  ex-  
posures.  X - r a y  mic roscopy  moreove r  offers the  a d v a n t a g e  
t h a t  va scu l a r  research  m a y  be c o n d u c t e d  on  b o t h  f resh 
a n d  l iv ing t issue.  

The  X - r a y  m i c r o g r a p h s  of i n t e s t i na l  villi p r e s e n t e d  here  
were t a k e n  w i th  the  Coss le t t -Nixon  X - r a y  p r o j e c t i o n  
microscope  s . In  th i s  i n s t r u m e n t  two m a g n e t i c  lenses form 
a demagn i f i ed  image  of a t h e r m i o n i c  e l ec t ron  source  upon  
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