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Effect of Thyroxin on Heparin Inhibition of Cortisone A-Ring Reduction 

H e p a r i n  i nh ib i t s  hepa t i c  r educ t i on  of t he  4-5  doub le  
b o n d  of d4-3-ke tos te ro ids  b o t h  in vi t ro1,  "~ a n d  in v ivo  a. 
The  m e c h a n i s m  is t h o u g h t  to  invo lve  c o m p e t i t i o n  be- 
tween  h e p a r i n  a n d  N A D P H  for a t t a c h m e n t  to  t h e  s te ro id  
r educ tases  ~,5 because  excess N A D P H  ove rcomes  t he  
i n h i b i t i o n  b u t  excess s u b s t r a t e  does not .  L ineweaver -  
B u r k  p lo ts  also i nd ica t e  a c o m p e t i t i v e  r e l a t ionsh ip  be-  
tween  N A D P H  a n d  h e p a r i n  5. 

The  r a t e  of hepa t i c  r e d u c t i o n  of A4-3-ketosteroids  is 
con t ro l l ed  b y  t h e  c o n c e n t r a t i o n  of N A D P H  a n d  t he  level  
of s t e ro id  r e d u c t a s e  ac t iv i ty .  T h y r o x i n  t r e a t m e n t  of t h e  
i n t a c t  a n i m a l  ha s  a n  effect  on  b o t h  of these  m e c h a n i s m s  5. 
L i v e r  h o m o g e n a t e s  f rom ra t s  t r e a t e d  w i t h  t h y r o x i n  for 
3 days  exh ib i t ed  a n  increase  in t he  r a t e  of s te ro id  reduc-  
t i on  wh ich  could be  exp l a ined  b y  a n  increase  in ava i l ab le  
N A D P H .  T r e a t m e n t  for  16 days  resu l ted  in a large  
increase  in s te ro id  5=- reduc tase  in  l iver  microsomes.  
T h y r o x i n  h a d  no  d i rec t  effect  on  s te ro id  r educ ta se  w h e n  
i t  was  p r e i n c u b a t e d  w i t h  r a t  l iver  mic rosomes  a t  a con- 
c e n t r a t i o n  of 1.5 • 10-aM.  

If, as pos tu la t ed ,  h e p a r i n  compe tes  w i t h  N A D P H ,  
increased  a v a i l a b i l i t y  of N A D P H  p roduced  b y  acu t e  
t h y r o x i n  t r e a t m e n t  m i g h t  d i m i n i s h  h e p a r i n  i n h i b i t i o n  
of cor t i sone  reduc t ion .  Th i s  h y p o t h e s i s  was  t e s t ed  b y  
t r e a t i n g  200 g female  H o l t z m a n  r a t s  w i t h  2 ~zmoles of 
t h y r o x i n  da i ly  for  3 days  a f t e r  w h i c h  t h e  l ivers  were  
r e m o v e d  a n d  assayed  for cor t i sone  r educ ta se  ac t iv i ty .  
Accord ing  to  McGuIRE a n d  TOMKINS 5 t h i s  t r e a t m e n t  
shou ld  m a r k e d l y  increase  h e p a t i c  N A D P H  b u t  i t  would  
n o t  be  suf f ic ien t  t i m e  for  i n d u c t i o n  of cor t i sone  reductase .  

De ta i l s  of p r e p a r i n g  whole  l i v e r  h o m o g e n a t e s  a n d  of 
t h e  i n c u b a t i o n  a n d  e x t r a c t i o n  p rocedures  h a v e  been  
p u b l i s h e d  ~. No N A D P H - g e n e r a t i n g  s y s t e m  or exogenous  
N A D P H  was  a d d e d  to  t h e  incuba tes .  Cor t i sone  A- r ing  
r e d u c t i o n  was d e t e r m i n e d  b y  U V - a b s o r p t i o n  a t  240 nm.  

T h e  e x p e r i m e n t  is s u m m a r i z e d  in  t he  Table .  I t  is 
e m p h a s i z e d  t h a t  no  N A D P t t - g e n e r a t i n g  s y s t e m  was  
added  to t he  h o m o g e n a t e s  wh ich  were the re fo re  com- 
p le t e ly  d e p e n d e n t  u p o n  endogenous  cofac tors  for  ac t iv i ty .  
The  r a t e  of co r t i sone  r e d u c t i o n  b y  h o m o g e n a t e s  f rom 
cont ro l  r a t s  was  49 [zg/10 min.  This  was m u c h  less m e t a b o -  
l i sm t h a n  in s imi la r  e x p e r i m e n t s  1 which  emp loyed  a 
N A D P H - g e n e r a t i n g  s y s t e m  (254 ~g/10 min)  a n d  i t  aga in  
p o i n t s  up  t h e  f ac t  t h a t  N A D P H  is a r a t e - d e t e r m i n i n g  
f ac to r  in  t h e  reac t ion .  

The  t h y r o x i n - t r e a t e d  a n i m a l s  h a d  a s ign i f i can t ly  
g rea t e r  r a t e  of r e d u c t i o n  t h a n  t h e  con t ro l  r a t s  (73 vs  49; 
P = 0.02) a n d  a n  increase  in ava i l ab le  N A D P H  c(,ald 
a c c o u n t  for  t he  increased  ra te .  I n c r e a s i n g  c o n c e n t r a t i o n s  
of h e p a r i n  p roduced  progress ive  i n h i b i t i o n  of cor t i sone  

r e d u c t i o n  b y  h o m o g e n a t e s  f rom con t ro l  ra ts .  A t  t he  h igh  
c o n c e n t r a t i o n  of 500 un i t s  in  a f ina l  i n c u b a t i o n  v o l u m e  
of 7 ml, h e p a r i n  a l m o s t  comple t e ly  (94%) i n h i b i t e d  t h e  
reac t ion .  I n  con t ras t ,  h o m o g e n a t e s  f rom t h y r o x i n - t r e a t e d  
ra t s  were no t  s ign i f i can t ly  i n h i b i t e d  even  b y  t he  h ighes t  
c o n c e n t r a t i o n  of hepa r in .  Th i s  is a t t r i b u t e d  to  increased  
a v a i l a b i l i t y  of N A D P H  p roduced  b y  t h y r o x i n .  

Since N A D P H  is a r a t e  l i m i t i n g  fac to r  in  cor t i sone  
A-r ing  reduc t ion ,  t he  r eac t ion  r a t e  u n d e r  s t a n d a r d  con-  
d i t ions  is a ref lec t ion  of the  ef fec t ive  N A D P H  concen t r a -  
t ion .  I n  v iew of this ,  i t  is i n t e r e s t i ng  t h a t  cond i t i ons  w h i c h  
p roduced  cor t i sone  r e d u c t i o n  a t  t he  r a t e  of 73 ~zg/10 m i n  
failed to exh ib i t  h e p a r i n  i n h i b i t i o n  such  as was  seen in 
ear l ier  e x p e r i m e n t s  1 in wh ich  exogenous  N A D P H  pro-  

d u c e d  a r a t e  of 254 ~zg/10min. E n d o g e n o u s  N A D P H  
seems to  be  more  ef fec t ive  in p r e v e n t i n g  h e p a r i n  inh ib i -  
t i on  of cor t i sone  r e d u c t i o n  t h a n  is exogenous  N A D P H  
p roduced  b y  a g e n e r a t i n g  sys tem.  Th i s  m i g h t  sugges t  
t h a t  h e p a r i n  is a c t i n g  a t  t he  level  of N A D P H  re -gene ra t ion  
b y  t he  d e h y d r o g e n a s e  sys t ems  in e x p e r i m e n t s  w h i c h  
employed  a g e n e r a t i n g  sys tem.  However ,  i t  h a s  been  
d e m o n s t r a t e d  t h a t  h e p a r i n  does no t  i n h i b i t  t he  r e d u c t i o n  
of N A D P  b y  glucose-6-P d e h y d r o g e n a s e  or  i soci t r ic  de-  
h y d r o g e n a s e  5. 

I n t r a c e l l u l a r  locaI iza t ion  of endogenous  N A D P H  in  
t h y r o x i n - t r e a t e d  r a t s  could  p l a y  a role in  p r e v e n t i n g  
h e p a r i n  inh ib i t ion .  T h e  eoenzyme  m a y  be  i n t i m a t e l y  
assoc ia ted  w i t h  mic rosomes  a n d  t he  s te ro id  r educ tases  in  
a m a n n e r  t h a t  does n o t  al low h e p a r i n  to  e f fec t ive ly  
compe t e  w i t h  i t  for  a t t a c h m e n t  to  t h e  reduc tase .  

F ina l ly ,  i t  is poss ible  ' t ha t  t h y r o x i n  n o t  on ly  increases  
endogenous  N A D P H  levels b u t  also se lec t ive ly  increases  
t h e  a f f in i ty  be tween  N A D P H  a n d  i ts  r ecep to r  s i te  on  t h e  
s tero id  reduc tase .  I f  t h i s  is t he  case, t he  c o m p e t i t i o n  
be tween  h e p a r i n  a n d  N A D P H  for t h e  a t t a c h m e n t  s i te  
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Effect of heparin on reduction of the 4-5 double bond of cortisone by liver homogenates from control and thyroxin-treated rats 

Heparin added to homogenates-units 

0 25 50 100 200 300 400 500 

Controls 
Cortisone reduced 49 ~ 4.6 41 i 7.2 42 ~ 5.9 34 -b 8.4 31 d= 8.1 25 i 4.8 23 4- 3.9 3 4- 1.7 
% inhibition - 16 !4 31 37 49 53 94 

Thyroxin-treated 
Cortisone reduced 73 ~ 7.5 76 ~ 8.8 76 ~ 8.1 72 i 8.5 77 d~ 8.1 75 4- 4.7 66 4- 5.6 70 4- 9.8 
% inhibition - 0 0 1 0 0 9 4 

Cortisone reduction is expressed as [zg/10 min/200 mg liver. Initial concentration of cortisone was 300 ~zg in final volume of 7 ml. Values are 
means of 5 determinations ~ S.E. 
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migh t  be al tered in a manner  t h a t  w o u l d  favor  binding 
of N A D P H  more  than  heparin.  This  s i tuat ion would be 
analogous to t h a t  demons t ra ted  by  SOLOMON and 
SC~tROGIE 7 in which thy rox in  increased the  af f in i ty  be- 
tween warfar in  and its receptor  site and the reby  po- 
t en t i a ted  the  an t icoagulan t  response to warfar in  8. 

Hepar in  leicht  ve rh inder t  werden, n icht  aber  durch Ein-  
spr i tzen von  Thyroxin .  

R. C. T~ooP 

Division o[ Clinical Pharmacology, 
University o[ Tennessee Medical Units, 
Memphis (Tennessee 38703, USA), 74 April 7969. 

Zusammen[assung. Leberhomogena te  aus mi t  Thyrox in  
inj izier ten R a t t e n  reduzieren den R ing  A yon Kor t i son  
schneller als t t o m o g e n a t e  yon  normalen  Tieren.  Die Re-  
dukt ion  von  Kor t i son  m i t  Kont ro l lpr~para ten  konnte  mi t  

7 H. M. SOLO~IO~ and J. J. SCHROGIE, Clin. Pharmac. Ther. 8, 
797 (1967). 
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PRO EXPERIMENTIS 

A Q u a n t i t a t i v e  M e t h o d  for M e a s u r i n g  the  U p t a k e  

Out  of several  methods  avai lable  for the  s tudy  of the  
phagocyt ic  funct ion of the  re t iculoendothel ia l  sys tem in 
exper imenta l  animals,  the  one using colloidal carbon, 
in t roduced in its present  form by  HALPERN et  al.1, 2, is 
among  the  mos t  popular  a. The  main  advan tage  of this 
me thod  is t h a t  colloidal carbon can easily be de termined  
ill blood samples when  the  ra te  of clearance is s tudied 
and can also be readi ly  seen in histological  preparat ions .  
Difficulties can however  arise when quan t i t a t i ve  deter-  
minat ions  of carbon up take  by  organs or  tissues are 
required.  

The  only me thod  avai lable  for measur ing carbon up take  
by individual  organs is the  one original ly described by  
HALPERN, BlOZZI et  al.1. I t  is based on weight ing  the  d ry  
carbon residue after  digestion of organs in s trong alkali  
and repeated  ext rac t ions  and washings. This  me thod  is, 
however,  l imi ted  by  the  a m o u n t  of carbon injected into 
animals.  Thus,  wi th  a dose of 16 mg/100 g body  weight,  
which is general ly used for measur ing the  ret iculo- 
endothel ia l  phagocyt ic  act ivi ty ,  the  a m o u n t  of carbon 
l ikely to be found in organs of ind iv idual  l abora to ry  
animals  smaller  t han  rats  is below t h a t  easily detec table  
on weight  basis. 

In  the  course of studies of the  phagocyt ic  ac t iv i ty  of 
the  re t iculoendothel ia l  sys tem af ter  i r radia t ion  it  had  
become necessary to de te rmine  the  a m o u n t  of carbon 
taken  up by  organs of individual  mice. A method,  based 
on spec t rophotomet r ic  measu remen t  of carbon,  has  been 
developed which, being more sensitive, can be applied 
to small  l abora to ry  animals  and l imi ted  amount s  of 
carbon. 

A suspension of colloidal  carbon (Cll /1431a)  was 
obta ined  f rom Giinther  Wagner ,  Pe l ikan-Werke ,  H a n o v e r  
(Germany).  As the  concent ra t ion  of carbon is not  speci- 
fied for this  preparat ion,  amount s  of carbon will  be g iven  
as vo lumes  of the  original  suspension. A series of di lut ions 
of this suspension was prepared  by  di lut ing volumes  of 
20-!00 txl (measured wi th  microcaps-disposable m i c r o -  
pipettes,  D r u m m o n d  Sci. Co.) up to 100-1000 ml  distil led 
water .  The  opt ical  dens i ty  of these di lut ions was measured 
on a Unicam SP 600 spec t rophotomete r  a t  800 n m  wi th  
a 1 cm p a t h  length.  F r o m  these  readings the  s tandard  
curve  shown in Figure  I was constructed.  B y  mak ing  
use of this curve  and Table  I any a m o u n t  of original  
carbon suspension f rom as l i t t le  as 0.25-400 ~1 or more 
Call be easily determined.  

of Co l lo ida l  C a r b o n  by  M o u s e  T i s s u e s  

Male C B A / H  mice, aged 5-51/2 months  and weighing 
be tween  28 and 34 g were injected i.v. v ia  a ta i l  ve in  
wi th  0.3 ml  of carbon di lut ion conta in ing  50 txl original 
carbon suspension (1 par t  of original  carbon suspension 
plus 5 par ts  of 1% B D H  gelat in in distil led water ,  p H  7). 
When  the  same vo lume  of carbon di lut ion was di luted 
to 500 mI wi th  disti l led water  i t  gave  an OD of 0.300. 
This  a m o u n t  of carbon injected per  mouse is close to 
16 mg/100 g b o d y  weight  for a 30 g mouse 4. One group 
of the  injected mice were bled 60 min  la ter  under  sl ight 
e ther  anaesthesia  f rom the  orbi ta l  venous  plexus  and a 
10 IA blood sample was lysed ill 2 ml  of 0.2% solut ion 
of Na2CO a and used for es t imat ing  the  a m o u n t  of carbon 
in the  blood. These mice were kil led by  cervical  disloca- 
t ion immedia te ly  after  the  blood sample had  been taken  
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Fig. 1. Standard curve for dilutions of colloidal carbon Cll[i431a. 
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