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Effect of Thyroid Function on Prothrombin Time Response to Warfarin in Rats. 

Treatment 

Normal 
Hyperthyroid . . . 
Normal 
Hypothyroid . . . 

Before Anticoagulant, 
Number Prothrombin 

of Animals time, s 
4- S.E. 

10 
10 
10 
10 

28-8 4- 1"O 
34"5 ~ 1"6" 
31-6 4- 1-3 
34-6 -t- 0"7 

First Day 
on Anticoagulant, 

Prothrombin 
time, s 
± S.~. 

100-0 4- 13.7 
163-1 4- 17.4. 
107-9 4- 7.2 

79.1 i 6.8* 

Second Day 
on Anticoagulant, 

Prothrombin 
time, s 
± S.E. 

190-0 ± 14-5 
251-0 4- 19-5"* 
241-1 ± 4-8 
225.0 + 7-3 

Third Day 
on Anticoagulant, 

Prothrombin 
time, s 
q- S.E. 

424'0 4- 50"0 
245'0 ± 24"6* 

* Difference between means of normal and experimental groups are ** Difference between means of normal and experimental groups 
significant at a probability level < 0-01. are significant at a probability level ~ 0"05. 

The  dec reased  r e sponse  to  t he  a n t i c o a g u l a n t  in t h e  
h y p o t h y r o i d  s t a t e  m a y  l ikewise be  due  to  an inc reased  
r a t e  of syn thes i s  or more  p r o b a b l y  a dec reased  r a t e  of 
d e g r a d a t i o n  of p r o t h r o m b i n  and  o t h e r  coagu la t ion  fac- 
tors  a t  t he  cel lular  level, whi le  t h e  inc reased  me tabo l i c  
a c t i v i t y  in  t h e  h y p e r t h y r o i d  s t a t e  would  t e n d  to  in- 
crease  t h e  e f fec t  of t he  a n t i c o a g u l a n t  b y  acce le ra t ing  
p r o t e i n  d e g r a d a t i o n .  

Recen t ly ,  MARTIUS el al. ~ have  p o s t u l a t e d  t h a t  in- 
d i rec t  a n t i c o a g u l a n t s  like d i coumaro l  m a y  ac t  in a 
m a n n e r  s imi la r  to  t h y r o x i n e .  B o t h  d i coumaro l  and  
t h y r o x i n e  decrease ,  whi le  V i t a m i n  K increases ,  ox ida t i ve  
p h o s p h o r y l a t i o n  of m i t o c h o n d r i a  in vitro. The  i n h i b i t o r y  
a c t i v i t y  of c o u m a r i n  de r iva t i ve s  was  f o u n d  to  para l le l  
a n t i c o a g u l a n t  ac t iv i ty .  D icoumaro l  has  also been  s h o w n  
to  inh ib i t  D P N H  oxidase  a c t i v i t y  s. 

These  o b s e r v a t i o n s  are di f f icul t  to  cor re la te  w i t h  t h e  
a n t i c o a g u l a n t  a c t i v i t y  of t hese  d rugs  in  t h e  i n t a c t  ani -  
mal ,  whe re  t h e i r  ac t ion  is h i g h l y  specific. Doses  w h i c h  
cause  a s ign i f ican t  decrease  of p r o t h r o m b i n  levels  fail t o  
a l te r  l iver  f unc t i ons  or change  the  levels of l iver  enzy-  
mes  ~, or cause  a n y  o t h e r  w i d e s p r e a d  phys io log ica l  
c h a n g e s  one  would  assoc ia te  w i t h  an uncoup l ing  of 
ox ida t i ve  p h o s p h o r y l a t i o n .  Hence ,  whi le  t h e  resu l t s  
d e m o n s t r a t e  a s y n e r g i s m  b e t w e e n  t h y r o i d  h o r m o n e  and  
ind i rec t  a n t i c o a g u l a n t s ,  t he i r  s i te  or m o d e  of ac t ion  a t  
t h e  cel lular  level m a y  n o t  necessa r i ly  be  ident ica l .  

J .  LOWENTHAL and  L. M. FISHER 

Department o/Physiology, University o/Saskatchewan, 
Saskatoon (Canada), January 30, 7957. 

Zusammen/assung 

Die ~ r i r k u n g  von  War fa r in ,  e inem An t i coagu l ans  der  
D icumaro lg ruppe , .  is t  e r h 6 h t  bei  h y p e r t h y r o i d e n  u n d  
v e r m i n d e r t  bei  h y p o t h y r o i d e n  R a t t e n .  

7 C. MARTIUS, Proceedings o/ the 3rd International Congress of 
Biochemistry, Brussels 1956 {Academic Press Inc., New York 1956). 

8 j .  LOWENTHAL, Bull. Soc. chim. Belg. 65, 124 (1956). 
9 j .  p. GREEN, E. SONDERGAARD, and H. DAM, Acta pharmaeol. 

et toxicol. 11, 79 (1955). 

T h e  I n f l u e n c e  o f  I n o r g a n i c  T h i o p h o s p h a t e  o n  the 

C o n v e r s i o n  o f  P a r a t h i o n  t o  P a r a o x o n  i n  R a t  

L i v e r  S l i c e s  

As was  s h o w n  b y  var ious  a u t h o r s  x pa ra th ion  is 
c o n v e r t e d  in t he  an ima l  b o d y  to  i ts  o x y g e n  analogue, 
p a r a o x o n ,  which  is a power fu l  an t i cho l ines t e r a se ;  there- 
fore, th is  me tabo l i c  conver s ion  is of p r i m a r y  importance 
in t h e  tox ic  ac t ion  of p a r a t h i o n .  

The  i d e n t i t y  of t h e  e n z y m i c  s y s t e m  invo lved  is not 
c lear ;  t he  c o r r e s p o n d i n g  d e h y d r o g e n a s e  seems to be 
D P N - l i n k e d  ~. GAGE 3 sugges t ed  t h a t  t he  s y s t e m  may be 
iden t ica l  w i th  t h a t  of BINKLEY a w h i c h  cata lyses  the 
ox ida t i on  of inorgan ic  t h i o p h o s p h a t e  to  or thophosphate  
a n d  p e r h a p s  t h i o s u l p h a t e .  I f  th i s  were  t rue ,  inorganic 
t h i o p h o s p h a t e  w h e n  p r e s e n t  in a suI f ic ien t ly  high con- 
c e n t r a t i o n  shou ld  exh ib i t  an  i n h i b i t o r y  inf luence  on the 
conve r s ion  of p a r a t h i o n  to  p a r a o x o n  w i t h  th is  system. 
E x a m p l e s  of such  c o m p e t i t i o n  of s u b s t r a t e s  are known 
even  f rom in vivo e x p e r i m e n t s ,  e.g. t h e  oxidat ion of 
m e t h y l  a lcohol  was  f o u n d  to  be r e t a r d e d  by  doses of 
e t h y l  a lcohol  5 etc.  

Therefore ,  t he  ra te  of p a r a o x o n  I o r m a t i o n  was follow- 
ed in female  r a t  l iver  slices i n c u b a t e d  w i t h  various c0n- 
c e n t r a t i o n s  of p a r a t h i o n  in t he  p resence  of various con- 
c e n t r a t i o n s  of s o d i u m t h i o p h o s p h a t e  (Na2HPS03.12 
H~O). The  c o n c e n t r a t i o n s  of t he  l a t e r  subs tance  were 
he ld  w i t h i n  t h e  r a n g e  t h a t  would  be innocuous  to the 
e x p e r i m e n t a l  a n i ma l  w h e n  i n j e c t e d  ( the intravenous 
LDs0 of t he  p r e p a r a t i o n  used was  432 m g / k g  for female 
mice  a n d  a p p r o x i m a t e l y  800 m g / k g  for female  rats). The 
i n c u b a t i o n  was  c o n t i n u e d  un t i l  a s t e a d y  s t a t e  was reach- 
ed in which  p a r a o x o n  was  f o r m e d  as r a p i d l y  as it was 
spl i t  b y  t h e  A-es te rase  p r e s e n t  s, so t h a t  i ts  concentration 
in t h e  m e d i u m  did  n o t  change .  This  s t e a d y  s ta te  con- 
cen t r a t i on ,  w h i c h  was  r e a c h e d  a f t e r  60-90 rain in the 
cond i t i ons  of t h e  e x p e r i m e n t ,  is a m e a s u r e  of t he  velocity 
of p a r a o x o n  fo rma t ion ,  if t he  r a t e  of th is  decomposition 
is s u p p o s e d  to  be c o n s t a n t  7. To be  sure  t h a t  the con- 
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cent ra t ion  of t h i o p h o s p h a t e  ins ide  t h e  t i ssue  was  c o n s t a n t  
from t h e  b e g i n n i n g  of t h e  e x p e r i m e n t ,  t h e  slices were  
p re - incuba ted  w i t h  t h i o p h o s p h a t e  before  p a r a t h i o n  was  
added to  t h e m .  Cont ro ls  w i t h  t he  slices of t h e  s ame  
animal w i t h o u t  t h i o p h o s p h a t e  were  run  s imu l t aneous ly  
and the  resu l t s  co r r ec t ed  accord ing  to  t h e m .  

In  t hese  cond i t ions ,  inorganic  t h i o p h o s p h a t e  was 
found to  h a v e  a d i s t i n c t  i n h i b i t o r y  in f luence  on  t h e  
enzymic f o r m a t i o n  of p a r a o x o n  f r o m  p a r a t h i o n .  The  
inhibit ion,  h o w e v e r ,  d id  n o t  dec rease  w i t h  r is ing con-  
cent ra t ion  o5 t h e  s u b s t r a t e ,  i.e. p a r a t h i o n ,  if t h e  con-  
cent ra t ion  of t h e  inh ib i to r ,  i.e. t h i o p h o s p h a t e ,  was  k e p t  
constant ,  as w o u l d  be e x p e c t e d  in t h e  case of t h e  
compet i t ive  inh ib i t ion .  On t h e  con t r a ry ,  t h e  i nh ib i t i on  
increased w i t h  inc reas ing  s u b s t r a t e  c o n c e n t r a t i o n ,  as 
may be seen  f r o m  t h e  fol lowing t ab l e :  

Parathion Thiophosphate Paraoxon steady 
concentration concentration 5tare concentration 

5. 9 × 10 -'s M 
5. 9 × 10 -~ M 
1-18 x 10 -~ M 
1-18 × 10 -4 M 
3.95 × 10 -4 M 
3:95 × 10 -4 M 

0 
9.44 × 10-3M 

0 
9-44 × 10 -3 M 

0 
9-44 × 10 -3 M 

6.1 × 10 -~ M 
3.0 x 10 -~ M 
8.2 x 10 -7 M 
2-2 x 10 - :  M 
2-6 × 10 - s  M 
3-1 × 10 .7 M 

Inhibi- 
tion 

in % 

0 
49 

0 
73 

0 
88 

If the  va lues  found  are p l o t t e d  in to  a d i ag ram,  i t  
appears t h a t  t he  re la t ion  of t he  rec iprocal  of t he  r e ac t i on  
velocity, s u b s t r a t e  (pa ra th ion)  c o n c e n t r a t i o n  a n d  in- 
hibitor ( t h i o p h o s p h a t e )  c o n c e n t r a t i o n  f i t  r e a s o n a b l y  well  
with t he  law of a n t i c o m p e t i t i v e  inh ib i t ion  (Fig. 1 a n d  
2) 8. I t  seems  t h a t  th i s  r e l a t ion  is n o t  t h e  r e su l t  of s o m e  
non-specific ac t ion  of t h i o p h o s p h a t e ,  e.g. t h e  suppres -  
sion of t he  genera l  m e t a b o l i s m  of t h e  cells; i t  was  found  
in accordance  w i t h  ]3INKLEY 4 t h a t  t h i o p h o s p h a t e  is 
oxidized b y  l iver  slices. I n  t h e  cond i t i ons  of t he  ex-  
periments,  20-30 % of t he  or iginal  t h i o p h o s p h a t e  p r e s e n t  
was found  to  be  ox id ized  a t  t h e  e n d  of t h e  e x p e r i m e n t .  

1 
Vi 

2 4 6 8.10 -~ M 

Thiophosphate concentration 

Fig. l.-Relation between 11Vi and [I] using 3 different concentrations 
ofparathion:A 5.9 × IO-SM, B 1.18 x 10-~M, C3"95 × 10-4M. 

The e n h a n c e m e n t  of o x y g en  c o n s u m p t i o n  c o r r e s p o n d e d  
well w i th  t h e  o x i d a t i o n  of t h e  s u l p h u r  m o i e t y  of t h e  

s D. BURK, quoted by E. R. EBERSOLE, C. GrdTTI~NTAG, and P. W. 
WiLson, Arch. Biochem. 3, 399 (1944). - J. B. SUMNER and K. MOR- 
~XCK, The Enzymes (New York 1950). 

molecule  t o  t h e  t h i o s u l p h a t e  level,  as s u p p o s e d  b y  
BINKLEY 4. 

3 1 

A 

1 2 8/2. lO-* 3f 

Reciprocal of parathion concentration 

Fig. 2.--Relation between llVi and I/[S] using four different con- 
centrations of thiophosphate: A 9.44 × 10 -a M, B 7"08 × 10 -a M, 

C4-72 × 10 - a M a n d D 0 .  

Therefore ,  i t  s eems  poss ible  t h a t  the  a b o v e  r e l a t i on  
re f lec t s  t he  i n t e r a c t i o n  of  t he  s u b s t r a t e  and  i n h i b i t o r  
w i t h  t h e  e n z y m e  respons ib le  for t he  p a r a t h i o n  to  p a r a -  
o x o n  convers ion .  The  a n t i c o m p e t i t i v e  t y p e  of inh ib i t ion ,  
w h i c h  was  found  in th i s  case a n d  which sugges ts  t h e  
r e a c t i o n  of t he  i nh ib i t o r  w i t h  the  e n z y m e - s u b s t r a t e  
c o m p l e x  does  not ,  however ,  j u s t i f y  t he  conclus ion  t h a t  
b o t h  inorgan ic  t h i o p h o s p h a t e  a n d  p a r a t h i o n  are  m e t a -  
bol ised b y  t h e  s a m e  e n z y m e  sys t em.  

J.  KUBI ~TOV.~. 

Institute of Industrial Hygiene and Occupational 
Diseases, Prague, February 71, 7957. 

Zusammen/assung 

An L e b e r s e h n i t t e n  yon  R a t t e n w e i b c h e n  wurde  fest-  
ges te l l t ,  dass  ano rgan i sches  T h i o p h o s p h a t  die O x y d a t i o n  
y o n  P a r a t h i o n  zu P a r a o x o n  h e m m t .  Dies hXngt  y o n  d e n  
v a r i i e r e n d e n  K o n z e n t r a t i o n e n  des  S u b s t r a t e s  u n d  des  
I n h i b i t o r s  gem~iss de r  a n t i k o m p e t i t i v e n  H e m m u n g  ab.  

E i n  d i u r e t i s c h  w i r k s a m e r  S t o f f  a u s  W a c h o l d e r  

(]uniperus communis L. )  

I m  R a h m c n  des  S t u d i u m s  y o n  bew~ihr ten He i lp f l an -  
zen, welches  die I so l ie rung  von  n e u e n  b io logisch  a k t i v e n  
S u b s t a n z e n  z u m  Ziele ha t ,  b e f a s s t e n  wi r  uns  m i t  d e m  
d iu re t i s chen  Pr inz ip  des W a c h o l d e r s  (Juniperus com- 
munis L.) 1. E i n z e l n e  l* rak t ionen  des Wacho ld~rbee rS le s  
w u r d e n  auf  ihre d iu re t i sche  W i r k u n g  geprf i f t .  

Die W i r k u n g  j ede r  S u b s t a n z  w u r d e  bei  s u b k u t a n e r  
V e r a b r e i c h u n g  an  m i n d e s t e n s  12 weissen  R a t t e n ,  d e n e n  
v o r h e r  2,5 ml phys io log i seher  Koehsa lzRisung  v e r a b f o l g t  
w o r d e n  war,  fes tges te l l t  u n d  m i t  de r  Diu rese  e iner  gleich 
s t a r k e n  G r u p p e  von  K o n t r o l l t i e r e n  verg l ichen .  Zur  Aus-  
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