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g e n a t  das  G L U B R  in seine Spa l t p roduk te ,  u .a .  R h o d a n i d  
und  S u l p h a t  I o n e n  4. Die im E x t r a k t  e n t h a l t e n e n  Ver-  
b i n d u n g e n  w u r d e n  mi t t e l s  P a p i e r c h r o m a t o g r a p h i e  en t -  
weder  d i rekt ,  oder  n a c h  R e i n i g u n g  d u r c h  Di innsch ich t -  
c h r o m a t o g r a p h i e  auf  Sil ikagel  G s ana lys ie r t .  Die Rad io -  
akt ivi t~i t  der  Flecke  wurde  im fens ter losen  M e t h a n d u r c h -  
f lussz/ th l rohr  b e s t i m m t .  

Als L6sungsnf i t t e l  fiir den  Nachweis  des G L U B R  in 
den  E x t r a k t e n  d i en t en :  n-Butanol -Ess igs~ure-u  
(4:1 : 3) u n d  P y r i d i n - A m y l a l k o h o l - W a s s e r  (7 : 7 : 6). Ausser  
der  A k t i v i t g t  im  G L U B R - F l e c k  war  eine b e d e u t e n d e  
Ak t iv i t t t t  in  der  Zone u m  den  S t a r t  zu verze ichnen .  Hie r  
laufen  n e b e n  a n d e r e n  V e r b i n d u n g e n  die schwefe lha l t igen  
Aminos t tu ren .  Das  mi t t e l s  C h r o m a t o g r a p h i e  auf  Dt inn-  
s ch i ch t  gere in ig te  G L U B R  war  n a c h  der  E x t r a k t i o n  m i t  
Py r id in  tei lweise zerse tz t  und  en th i e l t  ausser  dem  eigent-  
l ichen G L U B R  eine wei tere  S36-haltige Verb indnng ,  die 
e inen  d e m  Askorb igen  ~hn l i chen  abe r  n iedr igeren  ]Rf-Wert 
ha t .  W i t  k o n n t e n  uns  i iberzeugen,  dass  diese V e r b i n d u n g  
d u r c h  Ze r se t zung  von  G L U B R  e n t s t e h t  u n d  zwar  einer-  
seits d u r c h  "vV~rme, vo r  a l l em jedoch  d u r c h  eine ka t a ly t i -  
sche W i r k u n g  des Silikagels. Dagegen  e n t h i e l t e n  w~ssrige 
P f l a n z e n e x t r a k t e ,  in  denen  G L U B R  d u r c h  Myros inase  
zerse tz t  war,  ausser  Ak t iv i t / i t  a m  S t a r t  (Su lpha t ionen)  
auch  noch  mark i e r t e  R h o d a n i d i o n e n ,  die in  Aufarbe i -  
t u n g e n  m i t  i n a k t i v i e r t e r  Myros inase  n i ch t  nachgewiesen  
werden  k o n n t e n .  

Unsere  Ergebn isse  iib~r den  E i n b a u  v o n  SO 2, welches 
zum e r s t e n m a l  als Schwefe l spender  fiir Glukos ino la t -  
syn these  v e r w e n d e t  wurde,  s t ehen  in 1 Jbe re in s t immung  
m i t  WETTtERS 9, sowie auch  m i t  SCIKRAUDOLFS 6 Versuchen.  

Unse re  Arbe i t  zeigt  die B e d e u t u n g  von  SO~ im Zusam-  
m e n h a n g  m i t  d e m  Geha l t  an  s t r u m i g e n e n  Stoffen in den  
P f l anzen  de r  G a t t u n g  Brass ica  hin.  G L U B R  selbst,  fiir 

welches m a n  a n n e h m e n  k a n n ,  d a s s e s  bei  b e s t i m m t e n  
P f l anzen  e inen  gewissen Schwefelspeicher  dars te l l t ,  is t  
eine Vors tu fe  der  s t r u m i g e n  w i rkenden  Rhodan id ionen .  
Die goi t rogene  W i r k u n g  de r  R h o d a n i d i o n e n  is t  zwar  
schw~icher, doch  is t  die K o n z e n t r a t i o n  ih re r  Vors tu fe  
re la t iv  hoch.  Da  SEDLAIZ 10 d u t c h  die Zufuhr  e iner  e rh6h-  
t en  Su l f a tmenge  in den B o d e n  e inen hoch  s t r u m i g e n e n  
B1Xtterkohl e r h a l t e n  ha t ,  muss  n a c h  den  h ie r  mi tge t e i l t en  
Ergebn i s sen  in I n d u s t r i e g e b i e t e n  m i t  e r h 6 h t e m  SO 2- 
G e h a l t  in  der  AtmosphS.re auch  dieser  E a k t o r  zu e iner  
E r h 6 h u n g  der  s t r u m i g e n e n  E i g e n s c h a f t e n  do r t  ange-  
p f l anz te r  Cruciferen ft ihren.  

Summary.  In  p l a n t s  of t he  Brassica oleracea species 
c o n t a m i n a t e d  w i t h  SS502, i nco rpo ra t ion  of r ad ioac t ive  
su lphur  in to  g lucos inola te  g lucobrass ic in  has  been  found.  
The  label  is p r e sen t  also ill t he  i so th iocyana t e  group of 
glucobrassic in ,  w h i c h  b y  decompos i t ion  u n d e r  the  ac t ion  
of myros inase  l ibe ra tes  label led t h iocyana t e ,  
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The Reticulo-Endothelial Localization of Hepatic 
Acetylcholinesterase 

The  local iza t ion  of hepa t i c  n o n - n e u r o n a l  chol ines te rases  
a n d  t h e i r  biological  func t ions  is obscure.  H epa t i c  non-  
n e u r o n a l  ace ty lcho l ines te rase  has  been  said to  be loca ted  
in h i s t i o c y t e s l  or on connec t ive  t issue f i b re s2  As p a r t  of 
a s t u d y  on  the  e n z y m e  h i s t o c h e m i s t r y  of l iver  m e t a b o l i s m  
ace ty lcho l ines te rase  d i s t r i b u t i o n  was i nves t i ga t ed  in 
a d u l t  male  F l emish  g i an t  r abb i t s .  

Af te r  16 h f ixa t ion  in cold 4 %  formaldehyde-sa l ine ,  
l iver  t i s sue  was sec t ioned  a t  16 # on  a c r y o s t a t  a t  --25~ 
E n z y m e  local iza t ion  was pe r fo rmed  b y  a modi f i ca t ion  a of 
t he  COUPLAND and  HOL~SS t e c h n i q u e  4, us ing  ace ty l th io -  
chol ine  iodide s u b s t r a t e  for ace ty lcho l ines te rase  (AcChE) 
and  n - b u t y r y l t h i o c h o l i n e  iodide for bu ty ry l cho l ines t e r a se  
(BuChE)  5. The  buffer  s y s t e m  used was 0 . 1 M  2-amino-2-  
( h y d r o x y - m e t h y l ) - p r o p a n e - l : 3 - d i o l / 0 . 1 N  HE1. E n z y m e  
specif ic i ty  was checked  b y  co - incuba t ion  w i t h  1 �9 10-52//I 
p h y s o s t i g m i n e  6, 1 . 1 0 - 5 M  62C47h di iodide L a n d  2 . 1 0 - 5 M  
MipafoxS. The  o p t i m u m  s u b s t r a t e  p H  va lue  and  incuba-  
t ion  t i m e  for A c C h E  were 5.5 and  4 h, and  for B u C h E  5.4 
and  6 h. I n  one g roup  of an i m a l s  t he  vascu la r  p a t t e r n  was 
ou t l ined  b y  per fus ion  w i t h  Ber l in  Blue in a 2% aqueous  
so lu t ion  s. In  a f u r t h e r  g roup  the  Kupf fe r  cells were 
v isual ized  b y  in jec t ing  I n d i a n  ink  i n t r a v e n o u s l y  30 min  
before ki l l ing the  animals .  

AcChE is loca ted  in cells l in ing t he  s inusoids  of (clas- 
sical hexagona l )  lobules  (Figure).  The  r eac t ion  is cen t r i -  

and  mid- iobu la r  in  location.  The  cen t r i Iobu la r  ve in  wail  
gives a nega t ive  r eac t ion  for AcChE.  The  s inusoidal  l in ing 
loca t ion  of the  A c C h E  pos i t ive  cells is f u r t h e r  conf i rmed  
in the  Ber l in  Blue  per fused  group  of e x p e r i m e n t a l  ani-  
mals.  Also, in an ima l s  rece iv ing  i n t r a v i t a l  I n d i a n  ink,  
AcChE ac t i v i t y  is found  closely re la ted  to the  colloidal 
par t ic les  in p h a g o c y t i c  cells, f u r t h e r  sugges t ing  t he  
Kupf fe r  cell loca l iza t ion  of AcChE.  B u C h E  is p re sen t  
w i th in  h e p a t o c y t e s  and  re la ted  to i n t r a h e p a t i c  nerves.  

A l t h o u g h  the  t r ue  biological  func t ions  of n o n - n e u r o n a l  
chol ines te rases  ( - )  are obscure,  the re  is some sugges t ion  
as to  the i r  role a t  ce r t a in  sites. These  inc lude  ionic t r ans -  
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Normal rabbit liver showing the distribution 
of acetylcholinesterase. Note : (i) the positive 
reaction in the sinusoidal lining ceils located 
in the centri- and mid-lobular position; (ii) 
the absence of acetylcholinesterase from the 
periphery of the lobule; (iii) the absence of 
acetylebolinesterase from the wall of the cen- 
trilobular vein (CV); (iv) the absence of any 
portal tract activity. (pH - 5.5; incubation 
time - 4 h; section thickness = 16#;  magni- 
fication = x 31.) 

port10,11, de tox i f i ca t ion3 ,1~  14, r e g u l a t i o n  of  t i s s u e  s ize  3, 
a n d  a s s i m i l a t i o n  of  food  1. I n  l i ve r  t h e  h e p a t o c y t e  a s soc i -  
a t e d  B u C h E  h a s  b e e n  s p e c i f i c a l l y  i m p l i c a t e d  in  t h e  
h y d r o l y s i s  of  t h e  p o t e n t i a l l y  t o x i c  e s t e r  b u t y r y l c h o l i n e  a t  
i t s  s i t e  o f  f o r m a t i o n  15, o r  in  t h e  p r o c e s s  o f  f ood  a s s i m i l a -  
t i o n  in  g e n e r a l  ~. I t  is g e n e r a l l y  a c c e p t e d  t h a t  p l a s m a  
p s e u d o c h o l i n e s t e r a s e  is of  h e p a t i c  origin1,15,1% 

I n  t h e  r a b b i t  h e p a t i c  A c C h E  is  so le ly  l o c a t e d  i n  c e r t a i n  
s i n u s o i d a l  r e t i c u l o - e n d o t h e l i a l  cells,  to  w h i c h  m a n y  f u n c -  
t i o n s  h a v e  b e e n  a s c r i b e d .  T h e s e  i n c l u d e  (i) p h a g o c y t o s i s  
o f  co l lo ida l  p a r t i c l e s  17, b a c t e r i a  ls, v i r u s e s  19-~, a n d  ef fe te ,  
d a m a g e d ,  o r  f o r e i g n  erythrocyteslT,22,23,  (ii) d e p o s i t i o n  of  
e x o g e n o u s l y  d e r i v e d  c h o l e s t e r o l  ~4-22, (iii) p r o t h r o m b i n  
s y n t h e s i s  ~ ,  (iv) u p t a k e  a n d  m e t a b o l i s m  of  b i l i r u b i n  23 30, 
a n d  (v) l ip id  m e t a b o l i s m 3 L  

I t  m i g h t  be  c o n s i d e r e d  t h a t  K u p f f e r  cell  A c C h E  w o u l d  
be  s u i t a b l y  p l a c e d  to  h y d r o l y s e  a n y  a c e t y l c h o l i n e  r e l e a s e d  
i n t o  t h e  p o r t a l  c i r c u l a t i o n .  H o w e v e r ,  t h e  p o s s i b l e  role of  
h e p a t i c  A c C h E  in  l i p id  a n d  g e n e r a l  e s t e r  m e t a b o l i s m  h a s  
a t t r a c t e d  o u r  a t t e n t i o n .  P r e v i o u s  w o r k  3,12,~4 l ed  to  t h e  
s u g g e s t i o n  t h a t  c h o l i n e s t e r a s e s  s i t u a t e d  in  m a c r o p h a g e s  
a n d  e n d o t h e l i a l  cel ls  i n  l y m p h o i d  t i s s u e  m a y  be  c o n c e r n e d  
in  t h e  i n a c t i v a t i o n  o f  a n y  p o t e n t i a l l y  t o x i c  e s t e r s  p r o -  
d u c e d  as  a r e s u l t  o f  l ip id  m e t a b o l i s m  d u r i n g  m i t o s i s .  T h a t  
c h o l i n e s t e r a s e s  a c t  o n  a w i de  s p e c t r u m  of  c h o l i n e  a n d  n o n -  
c h o l i n e  e s t e r  s u b s t r a t e s  is n o w  ve r i f i ed  32 35. T h a t  A c C h E  
in  h e p a t i c  r e t i c u l o - e n d o t h e l i a l  cel ls  c o u l d  p l a y  a role in  
l ip id  a n d  e s t e r  m e t a b o l i s m  g e n e r a l l y ,  or  in  d e t o x i f i c a t i o n  
f o l l o w i n g  p h a g o c y t o s i s ,  is in  k e e p i n g  w i t h  t h e  o b s e r v e d  
v a r i a t i o n s  in  h e p a t i c  r e t i c u l o - e n d o t h e l i a l  f u n c t i o n  i n d u c e d  
b y  s i m p l e  l i p ids  36, a n d  m o r e  s p e c i f i c a l l y  t h e  s t i m u l a t i n g  
e f f ec t  of  c h o l i n e  5~,37. 

Zusammen/assung .  Die  A c e t y l c h o l i n e s t e r a s e  w u r d e  
h i s t o c h e m i s c h  in  d e n  s i n u s o i d a l - r e t i c u l o - e n d o t h e l i a l e n  
Ze l l en  de r  K a n i n c h e n l e b e r  g e f u n d e n .  E s  w i r d  a n g e n o m -  
m e n ,  d a s s  d a s  E n z y m  a n  d e r  F e t t -  u n d  E s t e r u m w a n d l u n g  
b e t e i l i g t  is t .  

B. BALLNNTYN~ 

Department  o/ Ana tomy ,  School o / M e d i c i n e ,  Universi ty  
o / L e e d s  (England), J u l y  28, 1965. 

10 B. BALLANTYNE, Univ. Leeds med. J. 8, 50 (1959). 
11 H. J. KocH, in Recent Developments in Cell Physiology (Ed. : J. A. 

KITCHING; Butterworth Scientific Publications, London 1954), 
p. 15. 

12 B. BALLANTYNE, J. Anat.,  Lond. 98, 689 (1965). 
13 j .  W. CLITHEROW, M. MITCHARD, and N. J. HARPER, Nature 799, 

1000 (1963). 
14 B. BALLANTYNE, J. Roy. nfier. Soc. 8g, 404 (1965). 
1~ O. SVENSMARK, Acta physiol. Stand. 59, Suppl. 213 (1963). 
16 C. H. SAWYER and J. W. EVERETT, Am. J. Physiol. 148, 675 (1947). 
17 B. BENACERRAF, in The Liver (Ed.: CH. ROUILLER; Academic 

Press, New York and London 1964), vol. 2, p. 37. 
18 B. BENACERRAF and P. MIESCHER, Ann. N.Y. Aead. Sci. 88, 184 

(1960). 
19 R. KELLER and M. L. ZATZMAN, J. hnmunol .  83, 167 (1959). 
20 K. T. BRUNNER, D. HUREZ, R. T. MCCLUSKEY, and B. BENACER- 

RAF, J. Immunol.  85, 99 (1960). 
21 C. A. MIMS, Brit. J. exp. Path, 40, 533 (1959). 
22 p. MIESCHER, Rev. Hematol. 17, 248 (1956). 
22 B. N. HALPERN, G. Blozzi, B. BENACERRAF, and C. STIFFEL, Am. 

J. Physiol. 789, 320 (1957). 
24 M. FRIEDMAN, S. O. BYERS, and R. H. ROSENMAN, Am. J. Physiol. 

777, 77 (1954). 
25 L. FEIGENBAUM, S. O. BYERS, and M. FRIEDMAN, Proc. Soc. exp. 

Biol. Med. 85, 530 (1954). 
2r M. FRIEDMAN, S. O. BYERS, and J. ST. GEOROE, Am. J. Physiol. 

184, 141 (1956). 
2~ C. A. BOUVlER and P. A. MAURICE, in The Liver (Ed. CH. ROUIL- 

LER; Academic Press, New York and London 1964), vol. 2, p. 177. 
25 I. M. ARIAS, in Progress in Liver Diseases (Ed. H. POPPER and 

F. SCHAFFNER; Grune and Stratton, New York and London 1961), 
voI. 1, p. 191. 

29 M. A. SPELLBERC, Diseases o/ the Liver (J. & A. Churchill Ltd., 
London 1955), p. 5. 

50 A. E. DUMONT, S. H. STERZER, and G. H. MULHOLAND, Am. J. 
Physiol. 202, 707 (1962). 

al j .  H. HELLER, Science 118, 353 (1953). 
52 D. F. HEATH, Organophosphorus Poisons (Pergamon Press, Oxford 

1961), p. 103. 
22 L. D. MOUNTER and R. M. CHEATHAM, Enzymology 25, 215 (1963). 
a~ R. D. CHESSlCIr J. Histochem. Cytochem. 2, 258 (1954). 
35 D. NACHMANSOHN and I. B. W*ILSON, in Advances in Enzymology 

(Interscience Publishers, New York 1951), vol. 12, p. 259. 
56 A. E. STUART, G. BlOZZI, C. STIFFEL, B. N. HALPERN, and D. 

MOUTON, Brit. J. exp. Path.  4], 599 (1960). 
57 Acknowledgments: I wish to thank Mr. R. K. AORIN and Mr. R. H. 

NETTLETON for their skilled technical assistance in the preparation 
of this work. I also wish to thank the Welleome Research Labora- 
tories for the gift of the anticholinesterase 62C47h diiodide. 


