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Effect  of S p e r m i n e  o n  the  K i n e t i c s  of E s t r a d i o l  H y d r o x y l a t i o n  b y  Rat  L i v e r  M i c r o s o m e s  

I t  has  been  shown  p rev ious ly  1 t h a t  l iver  mic rosomes  
der ived  f rom male  r a t s  c o n v e r t  a h igher  p r o p o r t i o n  of 
es t rad io l  to  i ts  2 -hydroxy  d e r i v a t i v e  and  to wate r - so lub le  
p r o d u c t s  t h a n  s imi la r  p r e p a r a t i o n s  f rom female  rats .  I t  is 
also k n o w n  2 t h a t  t he  po lyamines ,  spe rmine  a n d  spermi-  
d ine  p roduce  a m a r k e d  increase  in  t h e  conve r s ion  of 
es t rad io l  to  wate r - so lub le  m e t abo l i t e s  w h e n  added  in v i t ro  
to  r a t  l iver  mic rosomal  p repa ra t ions .  I t  was  the re fo re  
cons idered  of i n t e r e s t  to  c o m p a r e  t he  k ine t ics  of t he  
r eac t ion  in these  two  sys tems  to o b t a i n  more  i n f o r m a t i o n  
a b o u t  the  fac tors  wh ich  con t ro l  t h e  i n a c t i v a t i o n  of 
es t rogens  b y  r a t  l iver  t. 

[4-1~C]estradiol ( 51 .4mC/mmole )  was  o b t a i n e d  f rom 
Amersham-Sea r l e ,  Toronto ,  and  was shown  b y  c h r o m a t o -  
g r a p h y  and  a u t o r a d i o g r a p h y  ~ to  be  free of r a d i o a c t i v e  
impur i t ies .  I t  was s to red  as a s tock  so lu t ion  in e t h a n o l  
(1 mg/ml) .  60-90-day-o ld  t t o l t z m a n  rats ,  w i t h  free access 
to  food a n d  w a t e r  were used. An  8000 g s u p e r n a t a n t  was  
p r e p a r e d  f rom t h e  l iver  h o m o g e n a t e  (50 mg/ml)  as 
descr ibed  p rev ious ly  ~ and  th i s  f r ac t ion  c o n t a i n i n g  t he  
mic rosomes  was i n c u b a t e d  a t  37~ in O 2 w i t h  [4-14C] - 
es t radiol ,  N A D P  (0.3 raM)  a n d  g lucose -6 -phospha te  
(3 m M )  in 50 m M  tris-HC1 (pH 7.4) in t h e  p resence  a n d  
absence  of spe rmine  (0.25 m M ) .  I n c u b a t i o n s  were usua l ly  
carr ied o u t  for 4, 7, 10 a n d  15 ra in  a t  [14C]estradiol con- 
c en t r a t i ons  of 0.625, 1.25, 2.5 a n d  5 [~g/3.5 ml.  

The  reac t ion  was s topped  b y  t he  add i t i on  of 1 M  HC1 
(1 ml) a n d  t h e  i n c u b a t i o n  m i x t u r e  was e x t r a c t e d  3 t imes  
w i t h  equa l  vo lumes  of peroxide-f ree  e ther .  T he  radio-  
a c t i v i t y  in each  f r ac t ion  was d e t e r m i n e d  as before  b y  
l iquid  sc in t i l l a t ion  c o u n t i n g  2. T he  ve loc i ty  of t he  r eac t ion  
in t h e  double - rec iproca l  p lo ts  is expressed  as nmoles  of 
es t rad io l  conve r t ed  to wate r - so lub le  p r o d u c t s  per  g we t  wt.  
of t i ssue  pe r  rain.  

The  resul t s  (Figure) are m e a n  va lues  f rom 11 experi-  
men t s .  T h e y  show t h a t  spe rmine  added  to  mic rosomes  
f rom female  r a t  l iver  a l te rs  t he  Michael is  c o n s t a n t  (Kin) 
for t h e  o x i d a t i v e  m e t a b o l i s m  of es t rad io l  t o w a r d s  t h e  
va lues  obse rved  w i t h  ma le  r a t  l iver  microsomes.  The  
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DoubIe-reciproeal plots for the conversion of estradiol to water- 
soluble metabolites by rat liver mierosomes. The velocity (v) is 
expressed as nmoles of estradioI converted to water-soluble products 
per g wet wt. of tissue per rain and the subsfrate concentration IS] 
as [xmoles [4-14C]estradiol/3.5 ml of incubation mixture. For male 
rats: V , ~ =  17.8 nmoles/g/min, K., 1.4 [xM; for female rats: 
V,,~ = 12.5 nmoles/g/min, Km= 7.1 ~M; for female rats + spermine 
(0.25 mM) : V~,~ = 12.5 nmoles/g/min, K~ = 2.6 [xM. 

m a x i m u m  ve loc i ty  ( m ~ )  of t he  r eac t ion  was una f fec t ed  
however ,  and  t he  curves  o b t a i n e d  for female  r a t s  in  
t he  double - rec iproca l  p lo ts  are t yp i ca l  of c o m p e t i t i v e  
i n h i b i t i o n  a n d  could be  i n t e r p r e t e d  as t he  r emova l  of a n  
i nh ib i t o r  b y  spermine .  

The  r a t e  of f o r m a t i o n  of the  biological ly  i nac t ive  wa te r -  
soluble  me t abo l i t e s  of e s t rad io l  has  been  shown  to be  
p r o p o r t i o n a l  to  t he  r a t e  of f o r m a t i o n  of 2 -hydroxy-  
es t rad io l  2, 3 and  a l t h o u g h  i t  would  h a v e  been  des i rab le  
to  use a more  pur i f ied  hydroxylaf i ing  sys tem,  these  
ox ida t ive  enzymes  h a v e  so far  res is ted  so lub i l iza t ion  a n d  
pur i f i ca t ion .  

T h e  ef fec t  of spe rmine  c a n n o t  be  exp la ined  b y  sex- 
differences  in  t he  c o n c e n t r a t i o n  of th i s  p o l y a m i n e  which  
is p re sen t  in  a p p r o x i m a t e l y  t h e  same  a m o u n t s  in  ma le  
a n d  female  r a t  l iver  4. I t  is more  l ike ly  t h a t  spe rmine  is 
ac t ing  b y  s tab i l i z ing  t h e  m e m b r a n e s  of t he  endop lasmic  
r e t i c n l u m  con ta in ing  t he  m i x e d - f u n c t i o n  oxidases  i nvo lved  
in  t h e  reac t ion .  Th i s  is s u p p o r t e d  b y  t h e  o b s e r v a t i o n  t h a t  
p o l y a m i n e s  h a v e  l i t t le  effect  on  t he  h y d r o x y l a t i o n  of 
es t rogens  b y  i n t a c t  cells in  wh ich  t he  mic rosomes  are in  
a more  n a t u r a l  and  s t ab le  s tate2.  

P o l y a m i n e s  are k n o w n  to i n t e r a c t  w i t h  R N A  in t he  
rough  m e m b r a n o u s  endop lasmic  r e t i c u l u m  ~ a n d  i t  is 
the re fo re  poss ible  t h a t  t h e  in  v i t ro  a c t i v a t i o n  of t h e  
es t rogen  h y d r o x y l a t i n g  s y s t e m  b y  spe rmine  is b r o u g h t  
a b o u t  b y  r e m o v a l  of a n  i n h i b i t o r  of th i s  type .  However ,  
i n t e r ac t i on  of spe rmine  w i t h  phospho l ip ids  or o the r  nega-  
t i ve ly  cha rged  c o m p o n e n t s  of t he  m e m b r a n e s  c a n n o t  be  
excluded and  i t  is also possible  t h a t  po lyamines  are  
a c t i v a t i n g  t h e  h y d r o x y l a t i n g  s y s t e m  e i the r  d i r ec t ly  or 
b y  i n h i b i t i n g  l ip id  p e r o x i d a t i o n  in a l inked  s y s t e m  ~. 

A ful ler  u n d e r s t a n d i n g  of the  m e c h a n i s m  of ac t ion  of 
spe rmine  m a y  the re fore  p rov ide  i n f o r m a t i o n  a b o u t  t he  
fac tors  wh ich  con t ro l  t he  a c t i v i t y  of enzymes  assoc ia ted  
w i t h  m e m b r a n e s  7. 

Rdsumd. L ' a d d i t i o n  de spe rmine  an  mic rosomes  du  
Ioie de r a t s  femelles modi f ie  le Km du sys t6me enzyma-  
t ique  qui  t r a n s f o r m e  l ' e s t r ad io l  en  2 -hydroxyes t r ad io l  e t  
aussi  en  des p rodu i t s  aqueux .  La  nouvel le  vMenr  resemble  

celle q u ' o n t  t r o u v e  avec  des r a t s  males,  ma t s  le Vm~ 
de  la  r6ac t ion  res te  inchang6.  L ' a c t i o n  de ]a spe rmine  
dans  ce sys t6me es t  discut6e.  
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