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Penetration of Intact Mitochondria by Dehydroepiandrosterone and its Conjugates or Derivatives 

The  p e r m e a b i l i t y  of biological  m e m b r a n e s  is k n o w n  to  
r e p r e s e n t  a m a j o r  f ac to r  in  t he  in -v ivo  m e t a b o l i s m  of a n y  
c o m p o u n d .  P rev ious  inves t iga t ions ,  therefore ,  were con- 
ce rned  w i t h  t he  p e n e t r a t i o n  of i n t a c t  h u m a n  e r y t h r o c y t e s  
b y  s te ro id  or s t e ro id  c o n j u g a t e s  a n d  t he  s u b s e q u e n t  in- 
h i b i t i o n  of i n t r ace l lu l a r  g lucose -6 -phospha te  dehydro -  
genaseZ. I n  c o n t i n u a t i o n  of such  expe r imen t s ,  t he  pene-  
t r a t i o n  of i n t a c t  m i t o c h o n d r i a  b y  d e h y d r o e p i a n d r o s t e r o n e  
(3 /5-hydroxy-5-andros ten-17-one,  D H E A )  a n d  i ts  c o n j u -  
ga tes  or de r i va t i ve s  was s tud ied .  

L ive r  t i ssue  f rom male  guinea-pigs  ( P i r b r i g h t  white)  
was  homogen ized  in 5 ml  0.25 M sucrose pe r  g of we t  
t issue,  e m p l o y i n g  a P o t t e r - E l v e h j e m  glas homogenizer .  
Fo l lowing  a 10 ra in  c e n t r i f u g a t i o n  a t  900 g, t h e  supe rna -  
t a n t  was  r e m o v e d  and  cen t r i fuged  for 20 m i n  a t  13,000 g. 
P r e c i p i t a t e d  m i t o c h o n d r i a  were washed  twice  w i t h  0.15 M 
p h o s p h a t e  buf fe r  of p H  7.4, t he  suspens ion  be ing  cent r i -  
fuged for 20 m i n  a t  15,000 g. T he  f ina l  p r ec ip i t a t e  was  
r e suspended  in 1 ml  of 0.2 M Tris buffer  of p H  7.4 pe r  g 
of or ig inal  we igh t  of we t  t issue.  To ~ 5 ml  of th i s  suspens ion  
2.5 ml  of t he  Tris buf fe r  a n d  0.02 ml  d ioxane  w i t h  s tero id  
or s te ro id  d e r i v a t i v e  were  added.  T h e  f ina l  c o n c e n t r a t i o n  
oi s te ro ida l  c o m p o u n d s  co r re sponded  to  a 10-4 M solut ion.  
The  var ious  3H-label led s u b s t r a t e s  w i t h  44,600 to  899,000 
c p m  3H are  l i s ted  in Tab le  I. Af te r  i n c u b a t i o n  for 30 m i n  
a t  37~ u n d e r  c o n t ; n u o u s  shaking ,  t h e  m i t o c h o n d r i a  were 
s e p a r a t e d  aga in  b y  c e n t r i f u g a t i o n  for 20 m i n  a t  15,000 g 
a n d  washed  twice, us ing  3.0 m l  0.15 M p h o s p h a t e  buffer  
of p H  7.4 pe r  washing .  The  w a s h e d  m i t o c h o n d r i a  were 
suspended  in w a t e r  an d  homogen ized  in t he  U l t r a - T u r r a x  
(JANKE a n d  KUNKEL, S taufen) .  I n  t he  h o m o g e n a t e s  8H- 
label led  c o m p o u n d s  were d e t e r m i n e d  b y  s t a n d a r d  proce-  
dures  ~. 

As can  be  de r ived  f rom Tab le  I, s u b s t a n t i a l  a m o u n t s  of 
free D H E A  a n d  D H E A  su l fa t ide  h a d  en t e r ed  t he  mi to -  
chondr ia ,  whereas  l i t t l e  more  t h a n  8 % of 3H-ac t iv i ty  were 
de t ec t ed  in  m i t o c h o n d r i a  fo l lowing t he  i n c u b a t i o n  w i t h  
D H E A  sulfate.  Since in t h e  l a t t e r  e x p e r i m e n t  prac-  
t i ca l ly  al l  ~H-ac t iv i ty  was assoc ia ted  w i t h  t he  f r ac t ion  
of l ipophi le  s tero id  sulfa t ide ,  i t  m a y  be  a s s umed  
t h a t  a p a r t i a l  conve r s ion  of t he  h y d r o p h i l e  s te ro id  
su l fa te  to  t he  l ipophi le  s te ro id  su l fa t ide  3 was r e s p o n -  
s ible  for  t h e  p e n e t r a t i o n  of i n c u b a t e d  m i t o c h o n d r i a  
label led  compounds .  Such  a conc lus ion  is s u p p o r t e d  b y  
t he  fa i lure  of 2 o t h e r  wa te r - so lub le  conjugates ,  n a m e l y  
D H E A  p h o s p h a t e  a n d  D H E A  glucuronoside ,  to  p e n e t r a t e  
t he  m i t o c h o n d r i a l  m e m b r a n e .  F u r t h e r m o r e ,  a f t e r  incuba-  
t i on  of i n t a c t  h u m a n  e r y t h r o c y t e s  w i t h  a l l - label led  D H E A  
sulfate,  p h o s p h a t e  or  g lucur0nos ide  no  8H=act ivi ty  had  
been  found  in t h e  hem o l ys a t e s  z. T he  p e r m e a b i l i t y  ot 
biological  m e m b r a n e s  for  s te ro ids  or  s te ro id  con juga te s  

Table I. Penetration of intact mitochondria from guinea-pig liver by 
7~-3H-DHEA, its conjugates or derivatives 

Compound 8H-activity 
(10-4M) in mitoehondria 

(%) 

7c~-aH-DHEA 20.6 
-sulfate 8.1 
-phosphate 0.1 
-glueuronoside <0.1 
-sulfatide 53.2 
-acetate 20.1 
-caproat e 28.4 
-laurate 34.7 
-stearate 40.2 

Table II. Metabolism of 7~-3H-DHEA, 7~-3H-DHEA sulfate and 
7~-3H-DHEA sulfatide in intact mitoehondria 

Steroid nMoles/mitochondria equiv, to 
0.5 g wet tissue after incuba- 
tion in 3.0 ml of a 10-4M 
solution of 

DHEA DHEA DHEA 
sulfate sulfatide 

Dehydroepiandrosterone 43.5 17.8 110.8 
Androstenediol 6.9 2.1 17.4 
16- OH-dehydroepiandrosterone 2.4 1.2 6.0 
Androstenetriol 3.3 1.6 18.3 
Androstenedione 1.2 1 3.9 
Androsterone 1 1 1.5 
Etioeholattolone 1 1 1.8 

obv ious ly  depends  on  t he  l ipophi le  p rope r t i e s  of the  pa r t i c -  
u l a r  compound .  T h i s  m a y  be  deduced  f rom t h e  r e m a r k a b l e  
p e n e t r a t i o n  of m i t o c h o n d r i a  b y  D H E A  alkyla tes ,  t he  
p e r c e n t a g e  of 3H-ac t iv i ty  in  t h e i r  h o m o g e n a t e s  increas ing  
w i t h  t h e  cha in  l e n g t h  of t he  es te r i fy ing  a lkanoic  acid. 

Concern ing  t h e  m e t a b o l i s m  of some of t he  sub-  
s t ra tes ,  m i n o r  b u t  s ign i f ican t  a m o u n t s  of we l l -known 
m e t a b o l i t e s  were i so la ted  f rom the  h o m o g e n a t e s  of in- 
c u b a t e d  m i t o c h o n d r i a .  Andros t ened io l  (5 -andros tene-  
3/5,17/5-diol), a n d r o s t e n e t r i o l  (5-androstene-3/5,16e,  17/5- 
triol) ,  1 6 - O H - D H E A  (3/5, 16e -d ihydroxy-5 -andros t en -17-  
one) a n d  a n d r o s t e n e d i o n e  (4-andros tene-3 ,17-dione)  t u r n -  
ed ou t  to  be  the  p r e d o m i n a n t  m e t a b o l i t e s  of D H E A  a n d  
D H E A  su l fa t ide  a n d  a c c o u n t e d  for 11 .9% a n d  16.1% 
resp.  of i n t r a m i t o c h o n d r i a l ,  8H-label led s teroids.  T h e i r  
i den t i f i c a t i on  was based  u p o n  t h e  c h r o m a t o g r a p h i c  
pu r i f i ca t i on  of free c o m p o u n d s  a n d  su i t ab le  de r i va t i ve s  
to  c o n s t a n t  specific ac t iv i ty .  Of t he  va r ious  e n z y m e  
sys t ems  i nvo lved  in t h e  f o r m a t i o n  of these  m e t a b o l i t e s  so 
far  on ly  t h e  17/5-hydroxy s tero id  ox ido - reduc ta se  has  
been  d e m o n s t r a t e d  in m i t o c h o n d r i a  f rom gu inea-p ig  
l iver  4, t h e  o the r  enzymes  usua l ly  be ing  a l loca ted  to t he  
m i c r o s o m a l  f r ac t ion  5. 

Zusammen/assung. N a c h  B e b r i i t u n g  i n t a k t e r  Mito-  
c h o n d r i e n  aus  Meer schwe inchen lebe r  in  10 -4 M L d s u n g  
v o n  7~-SH-DHEA bzw. se inen  K o n j u g a t e n  oder  D e r i v a t e n  
zeigte es sich, dass  ledigl ich l ipophi le  V e r b i n d u n g e n  wie 
das  freie Steroid,  besonders  abe r  D H E A - s u l f a t i d ,  d u r c h  
die M e m b r a n  e inged rungen  u n d  m e t a b o l i s i e r t  worden  
waren .  
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