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Mass spectrum of permethylated acetyl derivative of (I). 

a ce ty l a t ed  and  t h e n  p e r m e t h y l a t e d  b y  t h e  m e t h o d  of 
HAKOMORI 4 to conve r t  in to  t he  p e r m e t h y l a t e d  ace ty l -  
pep t ide ,  wh ich  was t h e n  sub jec ted  to mass  spec t rome t ry .  
The  d e r i v a t i v e  u n d e r w e n t  t he  n o r m a l  f r a g m e n t a t i o n  of 
a m i n o  acid t y p e  g iving a molecu la r  ion (m/e 498) as well  as 
a set  of sequence ions a t  m/e 98, 126, 296 a n d  324 which  are 
a t t r i b u t a b l e  to  t he  t r i p e p d d e  d e r i v a t i v e  NIePyr-M%Lys-  
(Ac)-MeSer(Ac)-OMe (Figure).  Besides  these,  t he  s p e c t r u m  
also e x h i b i t e d  in t ense  ions a t  role 407 a n d  438, wh ich  are 
due to  t he  cha rac t e r i s t i c  loss of acet ic  acid f rom O-acetyl  
ser ine con ta in ing  f ragments .  The  presence  of N - t e r m i n a l  
p y r o g l u t a m i c  acid was c lear ly  i nd i ca t ed  b y  t he  in tense  
m/e 98 (N-me thy l  py r ro l idone  ion) and  126 peaks  (N- 
m e t h y l  py r ro l idone  c a r b o n y l  ion). T he  resu l t s  of t he  accu-  
r a t e  mass  m e a s u r e m e n t s  of the  p r inc ipa l  peaks  were also 
in full accord  wi th  the  above  i n t e r p r e t a t i o n  5. F r o m  these  
resu l t s  and  t he  amino  acid composi t ion ,  t he  s t r u c t u r e  of 
(I) was deduced  to  be Pyr -Lys-Ser .  

The  ass igned s t r u c t u r e  was also a sce r t a ined  b y  chemica l  
syn thes i s  as follows6: BOC-Lys(Z)-Ser-OMe,  p r e p a r e d  
f rom BOC-Lys (Z) -OTCP a n d  H-Ser-OMe,  was sub jec t ed  
to sapon i f i ca t ion  fol lowed b y  acidolysis  w i t h  t r i f luoro-  
acet ic  acid a n d  t he  resu l t ing  H - L ys ( Z ) - Se r - O H was 
coupled  w i t h  Z - P y r - O S u  to give Z-Pyr -Lys (Z) -Se r -OH.  
Z-groups  f rom t h e  p r o t e c t e d  t r i p e p t i d e  were r e m o v e d  b y  
ca ta ly t i c  h y d r o g e n a t i o n  to give t he  desired t r i p e p t i d e  (I) 
(mp 154-7 ~ [~]~-30.3 ~ (c = 1, H~O)), wh ich  was homo-  
geneous on TLC ( n - B n O H : A c O H : H 2 0  = 5:1:5 ,  v /v) ,  
p a p e r  c h r o m a t o g r a p h y  ( n - B u O H  : py r id ine  : A c O H  : H20  
15:10:  3:12, v /v)  a n d  p a p e r  e lec t rophores is  (pH 3.7, a t  
28 v / c m  for 3 h), an d  was shown  to be  iden t ica l  w i t h  t he  
n a t u r a l  (I) in  Rf  va lues  on  t h e  c h r o m a t o g r a m s  and  
e lec t rophore t i c  mobi l i ty .  

The  new pep t ide  (I), as well  as 2 ana logous  pep t ides  
(Py r -Asn -Trp  a n d  Pyr -Gln -Trp ) ,  p rev ious ly  i so la ted  f rom 
severa l  k inds  of snake  v e n o m s  b y  KATO et  al. 7, is s t i l l  

obscure  in i ts  biological  s ignif icance in t he  s u b m a x i l l a r y  
g land  of t h e  po isonous  snake.  I t  is t e m p t i n g  to  a s sume  t h a t  
i t  o r ig ina tes  f rom enzymes ,  biological  ac t ive  pep t ides  or 
t he i r  precursors ,  wh ich  are p r e s e n t  in  t he  v e n o m s  of 
snakes  of severa l  species, d u r i n g  a c t i v a t i n g  or me tabo l i c  
processes s. 

Zusammen/assung. Es wird  fiber die S t r u k t u r k l 5 r u n g  
eines neuen  py rog lu t amins&ureha l t i gen  Pep t i d s  aus  dem 
Gif t  yon  Agkistrodon halys blomho/fii ber i ch te t .  
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The spectrum (Figure showed prominent peaks at role 453, 481 
and 512, The sequence of Pyr-Lys-Thr, in which the C-terminal 
serine of (I) is replaced by threonine, seemed to account for these 
peaks; the acid hydrolysate of (I) gave about 0.07 residue of 
threonine. These observations may suggest that the preparation 
of (I) was contaminated by an analogous peptide Pyr-Lys-Thr 
which was not separated from (I) on paper electrophoresis and 
paper chromatography. 
The abbreviations used are: Pyr, pyroglutamyl; BOC, tert.- 
butyloxyearhonyl; Z, benzyloxycarbonyl; OSu, N-hydroxy- 
succinimide ester; OTCP, 2,4, 5-triehlorophenyl ester, Satisfactory 
elementary analyses and chromatographic data were obtained for 
all the compounds described. 
H. KATo, S. IWA.~AGA and T. S~zuKI, Experientia 22, 49 (1966). 
Acknowledgment. We wish to thank Professor T. SIJzuKI of Osaka 
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Effect of S o d i u m  C h l o r o p h e n o x y i s o b u t y r a t e  on the B ind ing  of V i t a m i n  K 
A n t a g o n i s t s  to h u m a n  A l b u m i n  in v i tro  ~, 2 

i t  h a s  r ecen t ly  been  observed  t h a t ,  in  v i t ro ,  pheny l -  
b u t a z o n e  p a r t l y  i nh ib i t s  t h e  b i nd i ng  of coumar in ic  drugs  
to h u m a n  a l b u m i n  b u t  has  no  effect  on  t he  b i n d i n g  of 
p h e n i n d i o n e  de r iva t e s  a. W e  w a n t e d  to  k n o w  w h e t h e r  
sod ium e h l o r o p h e n o x y i s o b u t y r a t e  (CPIB),  t he  ac t ive  fo rm 
of c lof ibrate ,  ha s  t he  same effect, s ince i t  is b o u n d  to 

h u m a n  a l b u m i n  ~ on  t he  same si tes  as p h e n y l b u t a z o n e  5 
a n d  s ince i t  can  also induce  h a e m o r r h a g i e  acc iden t s  in  
p a t i e n t s  t r e a t e d  w i t h  v i t a m i n  K a n t a g o n i s t s  6-s. 

The  b i n d i n g  pe rcen tages  of v i t a m i n  K a n t a g o n i s t s  h a v e  
been  d e t e r m i n e d  a t  4~ w i t h  h u m a n  a l b u m i n  (Sigma),  
us ing  t he  m e t h o d  of equ i l i b r ium dialysis  as descr ibed  b y  



15.5. 1974 Spccialia 

Effect of sodium chlorphenoxyisobutyrate on the binding of vitamin K antagonists to human albumin at 4 ~ 

461 

Drug Concentration Binding percentage 
(~g/ml) 

Alone With sodium chlorophenoxyisobutyrate 

Warfarin 3.0 78.8 ~ 2.9 68.2 Jc 3.7 ~ 

Ethylbiscoumaeetate 3.2 88.2 ~ 5.0 67.8 :}- 15.6 b 

Acenocoumarin 1.2 81.0 ~: 3.5 63.5 ~ 8.0 b 

Phenindione 20.0 77.7 2~ 2.4 71.6 ~ 4.3 

Fluorophenindione 20.0 87.3 -t: 1.7 88.5 ~ 1.0 

Each result is the mean (~ SD) of 5 determinations. The concentration of CPIB is 100 g.g/ml; its binding percentage remains constant, 
21.6 i 6.9 in all determinations; �9 and b indicate significant changes: ~ P < 0.001; b p < 0.01. 

SELLERS a n d  I{OcH-WESER 9. The amoun t s  of drugs were 
measured  by  isotopic d i lu t ion using labelled compounds :  
warfar in  14C (7,1 Ci/M,  Amersham) ,  acenocoumar in  14C 
(3,5 Ci/M,  Ciba-Geigy laboratories)  and  sod ium chloro- 
p h e n o x y i s o b u t y r a t e  1'C (2,0 Ci /M,  ICI laboratories)  and  
by  s p e c t r o p h o t o m e t r y  for e thy lb i scoumace ta t e  ~~ and  
phen ind ione  der iva tes  ~. The b ind ing  percen tage  was 
de t e rmined  wi th  each an t i coagu lan t  drug, w i th  CPIB,  
and then  wi th  each an t i coagu lan t  drug associa ted wi th  
CPIB.  

The resul ts  are shown in the  Table.  C P I B  inhib i t s  the  
b ind ing  of coumarinic  drugs bu t  does no t  al ter  the  b ind ing  
of phen ind ione  der ivates .  Similarly,  the  la t t e r  do no t  
change  the  b ind ing  of C P I B :  it therefore  seems t h a t  
C P I B  and phen ind ione  der iva tes  are bound  to d i f ferent  
si tes of t he  a lbumin  molecule.  

Bu t  it  has  been p roved  t h a t  CPIB,  pheny lbu tazone ,  
coumarinic  der ivates ,  free f a t t y  acids and  l ikely bil irubin,  
are bound  to the  same sites of h u m a n  a lbumin  ~, 5, s, ~2. I t  
can be t h o u g h t  tha t '  nex t  to  t h a t  f i rs t  t ype  of sites,  there  
is ano the r  one t h a t  b inds  only phen ind ione  der ivates .  This 
hypo thes i s  res ts  on the  fact  t h a t  pheny lbu tazone ,  like 
CPIB,  inhib i t s  the  b ind ing  of coumar in ic  drugs bu t  does 
no t  a l ter  t he  b ind ing  of phen ind ione  der iva tes  a 

If  these  two types  of si tes seem different ,  t h e y  do no t  
seem to ta l ly  independen t .  In  fact,  phen ind ione  and  
f luorophenindione  inh ib i t  the  b ind ing  of war fa r in  ~, 
according to a non -compe t i t i ve  mechan i sm.  The lack of 
compet i t ive  p h e n o m e n o n  favours  the  hypo thes i s  of the  
exis tence of two types  of b ind ing  si tes of v i t ami n  K 
antagonis ts ,  bu t  suggests  t h a t  t he  b ind ing  to  t he  second 
t y p e  of s i tes  can  al ter  t he  b ind ing  of o the r  drugs  to  t he  
f i rs t  t ype  of sites. 

F u r t h e r  expe r imen t s  will be necessary  to  expla in  th is  
in teract ion.  The admin i s t r a t i on  of C P I B  can induce 
haemor rhag ic  acc idents  b o t h  in pa t i en t s  t r ea t ed  wi th  
warfar in  or w i th  phen ind ione  8. In  the  f i rs t  case, these  
accidents  can be expla ined  b y  a p l a sma  d i sp lacemen t  of 
warfar in ,  The mechan i sm is t h e n  ident ica l  to  t he  one 
descr ibed for the  associat ion p h e n y l b u t a z o n e -  warfa-  
tinS, 8, 1~. However ,  i t  is less powerful  w i th  clof ibrate  in 
v i t ro  as well as in vivo, since i t  does no t  induce a not ice-  
able increase in the  p lasma  concen t ra t ion  of free warfar in  ~ 
while th is  one occurs w i th  p h e n y l b u t a z o n e  ~a. 

The resul ts  ob ta ined  show t h a t  th is  mechan i sm does 
no t  app ly  to phen ind ione  der ivates .  However ,  since haem-  
orrhagic accidents  can occur when  phen ind ione  and  clo- 
f ibra te  are associated,  one m u s t  a d m i t  t h a t  these  are due  
to  o ther  phenomena ,  pa r t i cu la r ly  to t he  effects  of C P I B  
on the  coagula t ion  factors.  O'REILLY et ol. ~* have,  in 
fact,  shown t h a t  the  admin i s t r a t i on  of C P I B  to m a n  

induces  a fas ter  decrease of factors  I I  and X and a de- 
crease of t h r o m b o c y t e s  adhes iv i ty .  

The results  ob ta ined  show t h a t  on h u m a n  albumin,  
coumarinic  der iva tes  are bound  to  sites d i f ferent  f rom 
those  of phen ind ione  der ivates .  C P I B  inhib i t s  the  b ind ing  
of the  f i rs t  ones, bu t  is w i t h o u t  effect  on the  b ind ing  of 
the  second ones. Haemor rhag ic  accidents  observed when  
a v i t amin  K an tagon i s t  and clof ibrate  are associa ted can 
be expla ined  by a p lasma  d i sp lacement  of the  bound form 
of the  an t icoagulan t  when it is a coumarinic  der ivate .  But  
th is  mechan i sm canno t  be appl ied to phen ind ione  deri- 
vates.  

Rdsumd. In  vitro,  le ch lo roph6noxy i sobu ty ra te  de so- 
d ium (CPIB) s 'oppose  ~ la f ixat ion sur l ' a lbumine  humaine  
des d6riv6s de la coumar ine  mats  ne modif ie  pas  celle des 
ph6nindiones .  Lea races accidents  h6morragiques  obser- 
ves lots de l ' emploi  s imul tan6 de C P I B  et d ' u n  d6riv6 de 
la ph6nindione  ne p eu v en t  s ' exp l iquer  pa r  une d6fixa- 
t ion,  due au CPIB,  de l ' an t i coagu lan t  fix6 sur l ' a lbumine  
p lamat ique .  
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