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Prepubertal unresponsiveness of androgen-dependent mierosomal enzyme activities* of rat liver towards exogenous testosterone 

Male rats Female rats 
Day of life Untreated Treated Untreated Treated 

ZP-3fl-Hydroxysteroid 15 26 i 6 42 J- 7 27 ~_ 8 45 ::L 7 
dehydrogenase 20 38 Jc 5 28 • 13 35 • 6 35 ::: 8 

25 34 ~_ 8 31 • 10 26 ~_ 8 26 ::z 8 
30 45 -~ 3 38 ]_ 6 45 ~- 6 56 _-t= 3 
75 323 i 4 6  48 • 15 

20-Ketoreductase 15 4.6 ~ 0.4 5.1 • 0.9 3.9 =l- 1.2 3.9 • t.5 
20 5.4 4.= 0.9 4.0 -~ 0.7 4.2 ~_ 0.7 3.7 J= 1.3 
25 7.8 -L 1.1 6.6 • 1.1 8.6 -c 0.6 7.1 J: 1.3 
30 8.3 =~ 0.6 6.4 • 1.4 9.1 ~ 1.3 6.7 • 1.3 
75 28.0 ~ 3.0 8.0 • 1.2 

Seminal vesicles** 30 12 ~ 4 125 :3_ 17 

*nmol • min -* g-i liver wet weight; means - :  SD; in each group liver was pooled from 8 rats, 6 determinations per pool. **Wet weight, rag. 

v a l u e s  w a s  d e t e r m i n e d  b y  S t u d e n t ' s  t - t e s t .  T h e  d e g r e e  of  
s i g n i f i c a n c e  w a s  s e t  a t  p < 0.001.  
Results  and discussion. U p  to  d a y  30 of life, t h e  a c t i v i t i e s  
of  3 4 - 3 f i - h y d r o x y s t e r o i d  d e h y d r o g e n a s e  a n d  20 -ke to -  
r e d u c t a s e  o f  t e s t o s t e r o n e - t r e a t e d  a n i m a l s  d i d  n o t  s h o w  
a n y  s u b s t a n t i a l  d e v i a t i o n  f r o m  t h e  n o r m a l  d e v e l o p m e n t a l  
c o u r s e  ( table) .  I n  c o n t r a s t ,  t h e  a c t i v i t y  of  3c~-hydro- 
x y s t e r o i d  d e h y d r o g e n a s e  r e s p o n d e d  in a b i p h a s i c  m a n n e r  
in  b o t h  s e x e s ;  w i t h i n  5 d a y s  of  a d m i n i s t r a t i o n ,  a 3fold  
i n c r e a s e  h a d  o c c u r r e d  a n d  w a s  fo l lowed  b y  a f u r t h e r  r i se  
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in  a c t i v i t y  b e t w e e n  d a y  25 a n d  30 w h e n  t h e  leveI  n o r m a l l y  
f o u n d  in  m a t u r e  m a l e  r a t s  w a s  r e a c h e d  ( f igure) .  N o  s ig-  
n i f i c a n t  d i f f e r e n c e s  in  t h e  p r o t e i n  c o n t e n t  of  t h e  m i c r o -  
s o m a l  f r a c t i o n s  were  n o t e d  for  a n y  of  t h e  g r o u p s ,  a n d  
t h u s  t h e  e x p r e s s i o n  of  t h e  e n z y m e  a c t i v i t i e s  in  t e r m s  of  
w e t  w e i g h t  r e f l e c t s  c h a n g e s  in  t h e  ' spec i f i c '  a c t i v i t i e s  of  
t h e s e  e n z y m e s .  
T h e  r e s u l t s  of  t h i s  i n v e s t i g a t i o n  i n d i c a t e  t h a t  t h e  s e x u a l  
i n d i f f e r e n c e  in  t h e  p r e p u b e r t a l  p h a s e  of  e n z y m e  a c t i v i t y  
o n t o g e n e s i s  is p a r t l y  t h e  r e s u l t  of  low a n d r o g e n  leveIs  
a n d  p a r t l y  t h e  r e s u l t  of  u n r e s p o n s i v e n e s s  t o  a n d r o g e n s .  
T h e  r e f r a c t o r i n e s s  of  p r e p u b e r t a l  l i ve r  to  s e x u a l  h o r m o n e s  
h a s  a lso  b e e n  o b s e r v e d  for  t h e  a n d r o g e n - d e p e n d e n t  s y n -  
t h e s i s  of  % , > g l o b u l i n  i~ a n d  for  t h e  o e s t r o g e n - d e p e n d e n t  
s y n t h e s i s  of  ' r e n i n  s u b s t r a t e '  ~1. I t  is p o s s i b l e  t h a t  a n d r o g e n  
u n r e s p o n s i v e n e s s  m a y  be  d u e  to  t h e  l a c k  of  a n d r o g e n  
r e c e p t o r s .  H o w e v e r ,  t h e  e x i s t e n c e  of  s u c h  r e c e p t o r s  in 
t h e  l i ve r  of  t h e  m a t u r e  r a t  r e m a i n s  c o n t r o v e r s i a l  I~,1a 

Catecholamine-sensit ive adenylate cyclase of human fat cell ghosts .  Inhibition of catecholamine 
st imulat ion by phenylephrine 
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Summary .  T h e  a l p h a - a d r e n e r g i c  a g o n i s t  p h e n y l e p h r i n e  (up  to  1 mM)  d id  n o t  a f f ec t  b a s a l  a n d  N a F - s t i m u l a t e d  a d e n y l a t e  
c y c l a s e  a c t i v i t i e s  of  h u m a n  f a t  cell  g h o s t s ,  b u t  c a u s e d  a d o s e - d e p e n d e n t  i n h i b i t i o n  of  c A M P  f o r m a t i o n  in  t h e  p r e s e n c e  
of c a t e c h o l a m i n e s .  

C a t e c h o l a m i n e s  a r e  t h o u g h t  to  a c t  v i a  a l p h a -  a n d  b e t a -  
a d r e n e r g i c  r e c e p t o r  s i t e s  I 4. I t  h a s  b e e n  s u g g e s t e d  t h a t  
b o t h  r e c e p t o r  t y p e s  a re  c o u p l e d  to  t h e  m e m b r a n e - b o u n d  
a d e n y l a t e  c y c l a s e  s y s t e m  in  a d i p o c y t e s  ~ 9. A c c o r d i n g  to  
t h i s  c o n c e p t ,  b i n d i n g  of  c a t e c h o l a m i n e s  to  t h e  b e t a -  
a d r e n e r g i e  r e c e p t o r  l e a d s  to  a n  a c t i v a t i o n  of t h e  e n z y m e  
s y s t e m ,  w h e r e a s  i n t e r a c t i o n  w i t h  a l p h a - a d r e n e r g i c  re-  
c e p t o r  s i t e s  is a s s o c i a t e d  w i t h  i n h i b i t i o n  of c A M P  for -  
m a t i o n .  W e  h a v e  p r e v i o u s l y  s h o w n  t h a t  t h e  h u m a n  f a t  
cell  a d e n y l a t e  c y c l a s e  is c o u p l e d  to  b e t a - a d r e n e r g i c  re -  
c e p t o r s  1~ I n  a n  a t t e m p t  to  c l a r i f y  t h e  role  of  a l p h a -  
a d r e n e r g i c  s t i m u l a t i o n ,  t h e  e f f ec t s  of  p h e n y l e p h r i n e  - a n  
a l p h a - a d r e n e r g i c  a g o n i s t  - on  t h e  h u m a n  f a t  cell  a d e n y l a t e  
c y c l a s e  a c t i v i t y  w e r e  t e s t e d .  
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Methods. Biopsies  of s.c. ad ipose  t issue were o b t a i n e d  f rom 
8 p a t i e n t s  u n d e r g o i n g  surgical  t r e a t m e n t .  T he  p a t i e n t s  
were o p e r a t e d  a f t e r  an  o v e r n i g h t  fast.  A n e s t h e s i a  was  in-  
duced  w i t h  a s h o r t  ac t ing  b a r b i t u r a t e  a~ld m a i n t a i n e d  
w i t h  h a l o t h a n e ,  n i t r ous  oxide and  oxygen.  T he  biopsies  
were usua l ly  o b t a i n e d  a f t e r  t he  skin incis ion a t  t h e  s t a r t  
of t he  opera t ion .  Adipose  t issues and  fa t  cell ghos ts  were 
p r e p a r e d  essent ia l ly  accord ing  to  Rodbe l l  ~1 as descr ibed  
p rev ious ly  1~ The  a d e n y l a t e  cyclase a c t i v i t y  of fa t  cell 
ghos ts  was  d e t e r m i n e d  accord ing  to Sa lomon  e t  al. 12. D a t a  
are g iven  as nmoles  of c A M P  fo rmed  pe r  m g  p r o t e in  pe r  
15 min.  S t a t i s t i ca l  ana lys i s  was  b y  t he  W i l c o x o n - t e s t  for 
pa i red  samples .  Tile p r o t e i n  c o n t e n t  of t he  samples  was 
d e t e r m i n e d  accord ing  to  L o w r y  et  al. ~3 us ing  b o v i n e  s e rum 
a l b u m i n  as s t a n d a r d .  
Materials. (e-~aP) A T P  (2-6 coun t s /mmole )  a n d  cyclic 
(~H) A M P  (27 coun t s /mmole )  were p u r c h a s e d  f rom 
R a d i o c h e m i c a l  Cent re  A m e r s h a m  Bucks,  E n g l a n d .  E p i n -  
ephr ine ,  i sopro te reno l  a n d  p h e n y l e p h r i n e  were o b t a i n e d  
f rom B o e h r i n g e r  & S6hne,  Inge lhe im a m  R h e i n  (BRD).  

<o 
a _  

o 

> . .  

._> 

~ A  
0 c ~-'~= 
(D u '~  

< K  

[-lControl 
11 ~P lus  phenylephrine 

(lmM) 

Basal Isopr0teren01 

:::::::::::3 
:.:.:.:.:.:. 

. ......... 
iiiii!ii~i~i 
iiiiiiiiiiii 

iiiiiii}iiii 
::::::::::f 

.....:..... 
i:i:i:i:i:!: 
5:::::::::: 
!ii~i~iiii!i 
iiii~!ii~iii ........... .:.:.:.:.:.: 

NaF 
Fig. 1. Effects of phenylephrine (1 inM) on basal, isoproterenol 
(0.1 mM)- and NaF (20 mM)-stimulated adenylate cyclase activities. 
1-20 ~xg of ghost protein were assayed in the absence and presence of 
phenylephrine. White columns denote controls, hatched bars show 
the effects of phenylephrine. Mean value • SEM of 6 separate ex- 
perilnents are shown. 
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Fig. 2. Effect of increasing concentrations of phenyIephrine on the 
cateeholamine-stimulated adenylate cyclase activity of human fat 
Cell ghosts. Isoproterenol concentration was 0.1 raM, phenyleprine 
concentrations were as indicated. The upper part of the diagram 
shows basal activities in the presence and absence of 1 mM phenyl- 
ephrine. 
For symbols see legend to figure 1. Mean value ~ SEM of 8 separate 
experiments are shown. 

Results. Figure  1 shows t he  effects  of 1 m M  pheny l -  
ephr ine  on  basal ,  i sopro te renol -  as well  as N a F - s t i m n l a t e d  
a d e n y l a t e  cyclase ac t iv i t i es  of h u m a n  fa t  cell ghos t s  f rom 
6 pa t i en t s .  I n  t h e  absence  of pheny l eph r ine ,  basa l  ac- 
t iv i t i es  ave raged  1.20 nmoles  of c A M P  fo rmed  pe r  m g  
p ro t e in  pe r  15 min.  I sop ro t e reno l  (0.1 mM) increased  en- 
zymic  a c t i v i t y  b y  a b o u t  350-500~o. The  m e a n  va lue  was 
4.50 nmoles  c A M P / m g  p ro t e in  15 min.  N a F  (20 mM) en- 
h a n c e d  c A M P  f o r m a t i o n  7-9 fold. The  m e a n  f igure was 
10.5 nmoles  c A M P / m g  p ro t e in  15 min.  P h e n y l e p h r i n e  
(1 mM) h a d  no s u b s t a n t i a l  effect  on basa l  (102 • 5% of 
control)  as well  as N a F - s t i m u l a t e d  (105 • 10%) adeny la t e  
cyclase act ivi t ies .  However ,  t he  i sopro te reno l  (as well  as 
adrena l ine)  a c t i v a t e d  ra tes  of c A M P  f o r m a t i o n  were de-  
creased b y  a b o u t  45%.  I n h i b i t i o n  of ca t echo lamine -  
a c t i v a t e d  a d e n y l a t e  cyclase ac t iv i t i es  b e c a m e  a p p a r e n t  
a t  0.01 m M  p h e n y l e p h r i n e  (figure 2). Inc reas ing  con- 
c e n t r a t i o n s  of th i s  a lpha -ad rene rg i c  agonis t  caused  a 
d o s e - d e p e n d e n t  i n h i b i t i o n  of i sopro te reno l  s t i m u l a t e d  
e n z y m e  ac t iv i t ies  u p  to 55~o a t  1 m M  p h e n y l e p h r i n e  in 
these  e x p e r i m e n t s  (p ~ 0.05). 
Discussion. E v i d e n c e  for a dua l  adrenerg ic  recep tor  
s y s t e m  in human adipose  t i ssue  is based  on  t he  fol lowing 
obse rva t i ons  : Adrena l ine ,  wh ich  usua l ly  increases  lipolysis 
and  t he  in t r ace l lu l a r  c A M P  c o n c e n t r a t i o n s  in  i sola ted fa t  
cells, decreased  b o t h  l ipolysis as well  as c A M P  f o r m a t i o n  
below basa l  levels w h e n  added  t o g e t h e r  w i t h  p roprano lo l  - 
a be t a - ad rene rg i c  b lock ing  agentS,% Conversely,  a l p h a  
b lockade  b y  p h e n t o l a m i n  t e n d s  to p o t e n t i a t e  t he  s t im-  
u l a t o r y  effect  of ad rena l ine  ac t ion  5, 6. These  f indings  h a v e  
been  i n t e r p r e t e d  as sugges t ing  t h a t  t h e  m i x e d  agonis t  
ad rena l ine  ha s  2 oppos ing  ac t ions :  The  s t i m u l a t o r y  ef- 
fects  are t h o u g h t  to  be m e d i a t e d  v ia  i n t e r ac t i on  wi th /3 -  
receptors .  The  oppos i te  a lpha -ad rene rg ic  effect  of th i s  ca- 
t e cho l amine  is supposed  to be  n o r m a l l y  masked ,  b u t  can  
be revea led  b y  t he  2 d i f fe ren t  classes of adrenerg ic  block-  
ing agen t s  5, 9. A t t e m p t s  to  d e m o n s t r a t e  an  a u g m e n t a t i o n  
of c a t echo l amine  ac t ion  b y  p h e n t o l a m i n  in h u m a n  fa t  
cell ghos ts  were n o t  n e a r l y  as p r o n o u n c e d  as one m i g h t  
expec t  f rom l ipolyt ic  studiesg.  However ,  our  resul t s  ob-  
t a i n e d  w i t h  p h e n y l e p h r i n e  are more  convincing .  Pheny l -  
ephr ine  is k n o w n  to  possess some / / -ac t iv i ty  14,1~ w h e n  
appl ied  to whole  cell p r e p a r a t i o n .  The  //-effect of th i s  
agonis t  is no t  a p p a r e n t  in  our  e x p e r i m e n t s  as i nd ica t ed  b y  
t he  f ind ing  t h a t  basa l  enzyme  a c t i v i t y  was no t  affected b y  
th i s  c o m p o u n d  e v e n  a t  c o n c e n t r a t i o n s  u p  to 1 mM. More- 
over,  t he  lack of inf luence  on basa l  e n z y m e  a c t i v i t y  sug- 
gests  t h a t  the  effects of p h e n y l e p h r i n e  are n o t  m e d i a t e d  
v ia  i n t e r ac t i on  w i t h  the  ca t a ly t i c  c o m p o n e n t  of the  en- 
zyme  sys tem.  This  conclus ion  is s u p p o r t e d  b y  t he  f ind ing  
t h a t  t he  ac t ion  .of N a F  which  is t h o u g h t  to  i n t e r a c t  w i th  
the  ca ta ly t i c  s u b u n i t  of the  s y s t e m  .6 is no t  inf luenced b y  
pheny leph r ine ,  too. Thus ,  t he  o b s e r v a t i o n  t h a t  pheny l -  
ephr ine  caused  a d o s e - d e p e n d e n t  i nh ib i t i on  of ca techol-  
a m i n e - i n d u c e d  e n h a n c e m e n t  of c A M P  accumula t i on  is 
sugges t ive  t h a t  a lpha-s i t es  coupled  to the  a d e n y l a t e  
cyclase sys t em are in fac t  p r e sen t  in h u m a n  ad ipocy tes  
m e m b r a n e s .  
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