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Effect of D i c u m a r o l  on Rat Liver  S l i ce  G l y c o p r o t e i n  

Al though  the  coumar in  an t icoagulan t s  uncouple  oxi- 
da t ive  phosphory la t ion  in v i t ro  and  inhib i t  p ro te in  syn- 
thesis  in l iver slices, it  has  no t  been  possible  to  demon-  
s t ra te  e i ther  act ion in vivo ~. Nor has  i t  been possible  to  
corre la te  t he  coumar in  an t i coagu lan t  in v i t ro  effects  to  
the i r  t he rapeu t i c  act ion of inh ib i t ing  p r o t h r o m b i n  syn- 
thes is  ~. Since p r o t h r o m b i n  is a glycoprotein,  t he  thera -  
peut ic  ac t ion  of t he  coumar in  an t icoagulan t s  migh t  be as- 
sociated wi th  an inh ib i t ion  of the  incorpora t ion  of t he  
po lysacchar ide  side chain. In  order  to  t e s t  the  hypo thes i s  
t h a t  an t icoagulan t s  in ter fere  w i t h  t he  g lycosyla t ion  of 
prote ins ,  we inves t iga ted  the  incorpora t ion  of g lucosamine 
into g lycoprote ins  of r a t  l iver slices. Fu r the rmore ,  we are 
repor t ing  o ther  f indings on the  effect  of an t icoagulan ts  on 
glucosamine metabo l i t e s  and glycolipids in ra t  l iver slices. 

Mc~te~,icds and methods. Male Wis t a r  rats,  fed ad l ib i tum,  
were sacrif iced b y  cervical  dis locat ion af ter  which the i r  
l ivers were excised and  r insed in cold sMine. The livers 
were t t len sliced wi th  Mcl lwain  t issue chopper  a t  a se t t ing  
of 0.260 ram.  The slices were r insed in oxygena t ed  Krebs-  
Ringer  p h o s p h a t e  solut ion (pH 7.4) conta in ing  50 rag/ 
100 ml  glucose b lo t t ed  and  weighed.  Pooled slices (100- 
150 mg) were incuba ted  in 3 ml  of IKrebs-Rinber p h o s p h a t e  
solut ion gassed wi th  95% O2-5 % CO 2 a t  37~ in a Dub-  
noff  metabol ic  incuba tor  wi th  shaking at  120 per  min.  The 

S y n t h e s i s  

slices were incuba ted  wi th  n-glucosamine- l - l~C (10,1 mCi/  
raM, purchased  f rom New E n g l an d  Nuclear) in the  ab- 
sence and  presence  of an t icoagulan t .  The react ions  were 
s topped  by  the  add i t ion  of 0.5 ml  of 2 N  perchlor ic  acid 
(PCA)-10% p h o s p h o t u n g s t i c  acid (PTA). The P C A - P T A  
prec ip i ta tes  were washed  tho rough ly  and  sequent ia l ly  w i th  
P C A - P T A  (5 t imes),  ho t  e thanol ,  cold e thanol  and  acetone.  
The residues were dissolved in Nuclear  Chicago Solubilizer, 
d i lu ted  wi th  a to luene  scint i l la t ion s y s t em and  coun ted  in 
a Pack a rd  l iquid sc int i l la t ion counter .  

The  incorpora t ion  of g lucosamine in to  glycol ipids  was 
de t e rmined  in expe r imen t s  similar  to  those  descr ibed above 
wi th  the  following modi f ica t ions  to  recover  the  glycol ipid 
fraction.  The P C A - P T A  washed  prec ip i ta tes  were ex- 
t r ac t ed  twice  wi th  chloroform:  m e t h a n o l  (2:1). The chlo- 
r o f o r m : m e t h a n o l  ex t rac t s  were  combined ,  concen t r a t ed  
under  ni t rogen,  added  to  a l iquid scint i l la t ion vial  and  
fu r the r  concen t r a t ed  unt i l  all the  chloroform and  me t h an o l  
had  been  removed.  The resul t ing  oil was coun ted  in a 
0.4% PPO- to luene  scint i l la t ion sys tem.  

1 I). COURI and W. D. WOSILAIT, Bioehem. Pharmac. 15, 1349 (1966). 
2 j .  G. POOL and J. ROBINSOn, Am. J. Physiol. 196, 423 (1959). 
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Fig. 1. Dose dependent inhibition of 6.7 • 10-~M D-glucosamine-14C 
(0.2 [zCi) incorporation into glycoproteins of rat liver slices by 
warfarin, top and dicumarol, bottom. Rat liver slices (ca. 100 mg) 
were incubated for 21/9 h at 37 ~ in Krebs-Ringer phosphate solution 
(500 mg/100 ml glucose, pH 7.4). Results are expressed as per cent 
inhibition of solvent controls and are the averages of tripUcate 
experiments. 
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Fig. 2. Effect of 2 • 10-SM dicumarol on the incorporation of 6.7 • 
10-aM D-glucosamine-laC (0.2 ~Ci) into glycoproteins and glycolipids 
of rat liver slices as a function of incubation time. Top, glycoproteins. 
Bottom, glyeolipids. Incubation conditions were as in Figure 1. 
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Fig. 3. Effect of 2 • 10-~M dicumarol 
on the incorporation of glucosamine- 
14C into labeled metabolites. Top, time 
course of incorporation into total la- 
beled metabolites. Bottom, chromato- 
graphy of metabolites from 21/2 h incu- 
bation. Incubation conditions were as 
in Figure 1 and metabolites were 
handled as described in the text. 

The  sugar  nuc leo t ides  of r ad io labe led  g lucosamine  pre-  
sen t  in t h e  e x t r a c t s  f rom t h e  slice e x p e r i m e n t s  were ad-  
sorbed  on to  cha rcoa l  3 (Nor i t  A), washed  w i t h  non- labe led  
g lucosamine  a n d  e lu ted  w i t h  5% pyr id ine .  Al iquo t s  of 0.2 
ml  of t he  py r id ine  e lua tes  were coun t ed  in B r a y ' s  solu- 
t i on  4. 

Results and discussion. D i c u m a r o l  a n d  war f a r i n  exh ib i t -  
ed c o n c e n t r a t i o n  d e p e n d e n t  i n h i b i t i o n  of t he  incorpora -  
t i on  of 6.7 • 10-5M g lucosamine  (0.2 tzCi) in to  glycopro-  
t e ins  in r a t  l iver  slices (Figure  1). D i c u m a r o l  a n d  war f a r i n  
caused  a 50% i n h i b i t i o n  a t  2 • 10-~M a n d  5 • 10-4M, re- 
spect ively .  The  effect  of d i cumaro l  on  t he  t i m e  course of 
6.7 • 10-~M g lucosamine  (0.2 ~Ci) i n c o r p o r a t i o n  in to  gly- 
copro te ins  was s tud ied  as shown  in F igure  2, top.  T he  in- 
co rpo ra t i on  of g lucosamine  in to  g lycopro te ins  c o n t i n u e d  
t h r o u g h o u t  t he  21/2 h per iod  s tudied ,  w i t h  2 • 10-5M Di- 
cumaro l  caus ing  a m a r k e d  d i m i n u t i o n .  The  i n c o r p o r a t i o n  
of 6.7 • 10-5M g lucosamine  (0.2 ~zCi) in to  g lycol ip ids  was 
s imi la r ly  i n h i b i t e d  b y  2 • 10-5M D i c u m a r o l  (Figure  2, 
b o t t o m ) .  The  g lycopro te in  res idues  of t he  ch lo ro fo rm :me- 
t h a n o l  e x t r a c t i o n s  e x h i b i t e d  t he  same  r a t e  of g lucosamine  
i n c o r p o r a t i o n  as t he  e t h a n o l - a c e t o n e  res idues  dep ic ted  b y  
F igu re  2, top.  D i c u m a r o l  (2 • 10-5M) caused  a 66% de- 
crease in t he  e x t e n t  of g lucosamine  i n c o r p o r a t e d  in to  t he  
c h l o r o f o r m : m e t h a n o l  res idues  (glycoprote ins)  b y  21/2 h. 

Since d i cumaro l  m a r k e d l y  i n h i b i t e d  t he  i n c o r p o r a t i o n  
of g lucosamine  in to  g lycopro te ins  a n d  glycol ipids  in l iver  
slices, we decided to d e t e r m i n e  w h e t h e r  t h i s  was  s econda ry  
to  a r e d u c t i o n  of g lucosamine  u p t a k e  and  m e t a b o l i s m  to  
P C A - P T A  soluble  m e t a b o l i t e s  i nc lud ing  c a r b o h y d r a t e  
nucleot ides .  D i c u m a r o l  (2 • 10-SM) h a d  no effect  on  t he  
a m o u n t  of glucosamine-l~C m e t a b o l i t e s  p r e s en t  in t he  
p y r i d i n e  e lua tes  (from charcoal) ,  c o n t a i n i n g  t h e  c a r b o h y d -  
r a t e  nuc leo t ides  t h r o u g h o u t  t he  21/2 h s t u d y  (Figure  3, 
top) .  C h r o m a t o g r a m s  on  ~vVhatman No. 1 p a p e r  deve loped  
w i t h  i M a m m o n i u m  a c e t a t e - e t h a n o l  (40:60 w/v, p H  7.5) 
of t he  p y r i d i n e  e lua tes  d e m o n s t r a t e d  t h a t  m o s t  of t he  ra-  
d i o a c t i v i t y  p r e s e n t  in  t he  py r id ine  e lua tes  f rom con t ro l  
a n d  d i c u m a r o l  t r e a t e d  slices was c o n t a i n e d  in  t he  same  
m a j o r  m e t a b o l i t e s  (Figure  3, b o t t o m ) .  U p o n  acid  h y d r o -  
lysis t he re  was a loss of t h e  m e t a b o l i t e  co r r e spond ing  to  su- 

gar  nuc leo t ide  m i g r a t i o n  w i t h  t he  a p p e a r a n c e  of a n  in-  
crease in r a d i o a c t i v i t y  cons i s t en t  w i t h  free g lucosamine  
(Figure  3, bo t t om) .  Thus ,  t he  d a t a  of F igure  3 i nd i ca t e  
t h a t  g lucosamine  u p t a k e  a n d  m e t a b o l i s m  is u n a l t e r e d  b y  
D i c u m a r o l  w h e n  c o m p a r e d  to controls .  

I n  th i s  r e p o r t  d i cumaro l  has  been  shown to i n h i b i t  t he  
i n c o r p o r a t i o n  of g lucosamine  in to  g lycopro te ins  and  gly- 
col ipids in  r a t  l iver  slices. This  i n h i b i t i o n  ha s  been  shown  
to occur  l a te r  t h a n  t h e  u p t a k e  a n d  m e t a b o l i s m  of glucos- 
amine .  These  f ind ings  are cons i s t en t  w i t h  our  ear l ier  s tu-  
dies on  t he  effect  of d i cumaro l  on  c a r b o h y d r a t e  incorpora -  
t i on  in to  g lycopro te ins  a n d  p r o t h r o m b i n  in v ivo  w h i c h  
d e m o n s t r a t e d  a n  i n h i b i t i o n  of t he  r a t e  of i n c o r p o r a t i o n  of 
g lucosamine  in to  p r o t h r o m b i n  ~, ~. 

Rdsumd. Dans  les t r a n c h e s  de foie, le d i c u m a r o l  e t  la 
war fa r ine  e m p S c h e n t  la g lycosamine  1~C de s ' i ncorpore r  
a u x  glycoprot6ines .  Cet te  i n h i b i t i o n  d @ e n d  de la dose 
employee .  L a  glucosamine-14C a 6t6 incorpor6e  p a r  des 
g lycoprot~ines  et  des glycol ipides  e t  elle se p rodu i s i t  au 
cours  d ' exp6r iences  d ' u n e  dur6e de 21/2 h. L ' i n h i b i t i o n  p a r  
le D i c u m a r o l  de l ' i n c o r p o r a t i o n  de la g lucosamine  p a r  les 
g lycopro t6 ines  et  les glycol ipides  d a n s  des t r a n c h e s  de 
foie n ' a  pas  pu  8tre  expl iqu6e p a r  u n  effet  de l ' an t i coagu-  
l a n t  sur  le m 6 t a b o l i s m e  de la g lucosamine  en  compos6s  so- 
lubles  dans  les acides et  adsorb6s  p a r  le c h a r b o n  de bois.  
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