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T h e  In f luence  of C h o r i o n t c  G o n a d o t r o p h i n  o n  the  
R e d u c e d  N A D P - D C P I P  O x i d o r e d u c t a s e  S y s t e m  

of Rat  T e s t i s  

I t  has  been  d e m o n s t r a t e d  t h a t  specific h y d r o x y l a t i o n s  
car r ied  ou t  b y  tes t i cu la r  mic rosomes  in v i t ro  require  
N A D P H  and  02L I n  the  r a t  tes t is  t he  specific ac t iv i t ies  
of 2 of t he  enzymes  t h a t  reduce  N A D P ,  name ly  isocitr ic 
and  g lucose-6-phospha te  dehydrogenases ,  can  be increased 
b y  in jec t ing  chor ionic  g o n a d o t r o p h i n  in to  no rma l  ra t s  ~. 

The in v i t ro  r e q u i r e m e n t  for  N A D P H  b y  s y n t h e t i c  
processes  car r ied  ou t  in the  testes~, and  the  capac i t y  of 
tes t icu lar  t i ssues  to  increase p roduc t ion  of N A D P H  
fol lowing the  in jec t ion  of chorionic  g o n a d o t r o p h i n  in 
no rma l  ra ts% induced  us to  s t u d y  t h e  so-called N A D P H -  
D C P I P  ox idoreduc tase  sys tem,  which  is t h e  f i rs t  s t ep  in 
t h e  ox ida t ion  of  N A D P H  in r a t  tes tes ,  and  the  re la t ion-  
sh ip  of th is  s y s t e m  to the  p roduc t ion  of androgens .  

P r epube ra l  rats ,  A × C inbred,  weighing  18-20 g, a n d  
a d u l t  r a t s  weighing 200 g a t  t h e  onse t  of e x p e r i m e n t s  
were ma in t a ined  in a c o n s t a n t  t e m p e r a t u r e  env i ronmen t .  
Chorionic g o n a d o t r o p h i n  was in jec ted  s.c, once dai ly  for 
5 days.  The  doses of h o r m o n e s  in jec ted  in each exper i -  
m e n t  are l is ted in t he  Tables.  The  an imals  were sacrif iced 
by  decap i ta t ion ,  and  the  capsule-free t e s t i cu la r  t issue 
was i m m e r s e d  in chil led sucrose,  0 . 2 5 M  (20 mg of 
t i ssue/ml  sucrose). 

The  t i ssue  was  homogen ized  wi th  a m o t o r - d r i v e n  
Teflon pest le ,  and  t h e n  s u b m i t t e d  to  d i f ferent ia l  cen t r i -  

fuga t ion  b y  the  follow.ing p rocedure :  A large pa r t i cu la t e  
f rac t ion  was  o b t a i n e d  a t  800 g a n d  discarded.  The  super-  
n a t a n t  was t h e n  cen t r i fuged  a t  10,000 g. The pe l le t  
ob t a ined  in th is  s t ep  was  washed  a n d  r e suspended  in  
0 . 2 5 M  sucrose.  This  f rac t ion  was  called f rac t ion  1. The  
s u p e r n a t a n t  was  called f rac t ion  2. F rac t ions  1 a n d  2 were  
n o t  ex tens ive ly  charac te r ized ,  b u t  f r ac t ion  1 co r r e sponded  
to  t he  mi tochondr i a l  f ract ion,  and  f rac t ion  2 inc luded 
microsomes  and  s u p e r n a t a n t .  I n  each  f rac t ionat ion ,  t he  
t issue f rom 1 an imal  was used. 

N A D P H - D C P I P  reduc tase  was assayed  by  the  m e t h o d  
of C o ~ o v E g  et  a l A  The assay  m e d i u m  con ta ined :  0.3 
#mole  of N A D P H ,  0.24/~mole of D C P I P ,  100 #moles  of 
0.1 M p h o s p h a t e  buffer  p H  7, and  0,2 ml  of t he  e n z y m a t i c  
p r e p a r a t i o n  (100/~g pro te in ,  app rox ima te ly ) .  As the re  is 
a non-specif ic  r educ t ion  of D C P I P  b y  t h e  t issue,  th i s  
r educ t ion  was  a l lowed to  come to  comple t ion  before  
s t a r t i n g  t h e  reac t ion  b y  t h e  f inal  add i t i on  of  t h e  r educed  
pyr id ine  nucleot ide .  F r a c t i o n  2 was  used in  th is  assay  
because  p rev ious  work  done  in our  l a b o r a t o r y  has  shown  
t h a t  t he  a c t i v i t y  of  the  e n z y me  is located  en t i re ly  in th i s  
f rac t ion  in r a t  tes t is  ~. 
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2 N.A. SCHOR, J. C^RA and A. PEREZ, Nature "lOg, 1310 (1963). 
s 2". E. CouNovEg, L. DANIELSON and L. ER~STEE, Biochim. 

biophys. Aeta 67, 254 (1963). 
4 N. A. Sc~oR and A. PEREZ, unpublished observations. 

Table I. Effects of Chorionic GonadotropMn on the Activity of the testieular NADPH-DCPIP reductase of prepuberal animals 

Experiment No. of Treatment Testes weight Seminal vesicles Enzymatic activity % of increase t test 
animals mg tissue/10 g weight mg tissue]10 g #moles DCPIP 

animal weight animal weight reduced per mg 
(4- S.D.) (4- S.D.) protein in 5 miu 

(4- S.D.) 

1 4 controls 52.2 4- 3.5 2.1 4- 0.2 43 4- 2.1 
4 0.5 IU 51.3 4- 2.9 5.8 4- 0.4 56 4- 5.8 30 0.01 

2 4 controls 52.0 4- 4.1 2.6 4- 0.3 59 4- 2.7 
4 2.5 IU 54.2 4- 4.0 7.9 4- 0,6 77 4- 3.8 30 0.001 

3 4 controls 52.7 4- 3.6 2,4 i 0.4 61.3 4- 4.1 
4 10 IU 80.5 -4- 5.2 11.2 4- 0.6 86.1 4- 8.8 40 0.001 

Equal daily doses of ehorionic gonadotrophin were injected s.c. for 5 days, The total injected doses expressed in international units (IU) are 
shown. 

Table 1I. Effects of chorionic gonadotrophin on the activity of the testicular NADPH-DCPIP reductase of adult animals 

Experiment No. of Treatment Testes weight mg Seminal vesicles 
animals tissue]10 g animal weight mg tissue[ 

weight (± S.D.) 10 g animal weight 
(4- S.D.} 

Enzymatic activity % of increase t test 
#moles DCPIP 
reduced per mg 
protein in 5 rain 
(4- S.D.) 

1 4 controls 1.270 4- 285 95 -4- 8 53 4- 3.4 
4 100 IU 1.293 4- 280 206 i 15 65 4- 4,7 22 0.02-0.01 
4 250 IU 1.390 4- 182 257 4- 27 76 4- 7.9 43 0.01-0.001 

2 4 controls 1.285 4- 230 91 :t: 7 60 4- 3.8 
4 500 IU 1.352 ± 250 258 ± 17 86 4- 8.9 43 0.1 -0.001 
4 1,000 IU 1.227 -t- 172 272 i 18 89 4- 7.3 48 0.00I 

Equal daily doses of chorionic gonadotrophin were injected s.c. for 5 days. The total injected doses expressed in international units (IU) are 
shown. 



15.7. 1967 Speeialia 553 

Results. N A D P H - D C P I P  r e d u c t a s e  : 3 d i f fe ren t  exper i -  
m e n t s  i n v o l v i n g  g o n a d o t r o p h i n  t r e a t m e n t  were  per -  
fo rmed  on  p r e p u b e r a l  ra t s ,  a n d  t h e  r e su l t s  a re  expressed  
in T a b l e  I .  I n  T a b l e  I I ,  t h e  r e su l t s  o b t a i n e d  w i t h  t h e  
a d u l t  a n i m a l s  are  l is ted,  

These  r e su l t s  show t h a t  t h e  a c t i v i t y  of  t h e  so-cal led  
N A D P H '  d i a p h o r a s e  of t h e  p o s t m i t o c h o n d r i a l  f r a c t i o n  

of r a t  tes t i s  c a n  be  modi f ied  b y  in v i v o  a d m i n i s t r a t i o n  of 
chor ionic  g o n a d o t r o p h i n .  D i c h l o r o p h e n o l i n d o p h e n o l ,  t h e  
accep to r  used  in  t h i s  s tudy ,  c an  be  r educed  b y  t h e  N A D P H  
d iaphora se  as b y  t he  N A D P H  c y t o c h r o m e  C r e d u c t a s e  s. 
B o t h  e n z y m e s  are f l avopro te ins ,  a n d  b o t h  are  loca ted  in  
microsomes.  As we h a v e  n o t  pur i f i ed  our  sYstem, we 
m u s t  say  t h a t  we h a v e  a N A D P H - D C P I P  o x i d o r e d u c t a s e  
s y s t e m  w h i c h  is u n d e r  h o r m o n a l  con t ro l  local ized in  t he  
p o s t m i t o c h o n d r i a l  f rac t ion ,  The  subce l lu la r  loca l iza t ion  
of th i s  s y s t e m  rende r s  a r e l a t i o n s h i p  b e t w e e n  i t  a n d  t he  
m i t o c h o n d r i a l  e l ec t ron  t r a n s p o r t  s y s t e m  unl ike ly .  I t  is 
k n o w n  t h a t  a n d r o g e n - h y d r o x y l a t i n g  e n z y m e s  are  loca ted  
in  mic rosomes  in  r a t  t e s t i s  I; t he r e fo re  we m a y  p r e s u m e  
t h a t  t h e  inc reased  a c t i v i t y  o b s e r v e d  is r e l a t e d  to  a n d r o g e n  
syn thes i s .  A f i a v o p r o t e i n  c o m p o n e n t  w i t h  t h e  p r o p e r t y  of 
r educ ing  D C P I P  h a s  b e e n  desc r ibed  in  t h e  e l ec t ron  t r a n s -  
po r t  s y s t e m  of a d r e n a l  mic rosomes  b y  OMURA e t  al. e. 
This  e lec t ron  t r a n s p o r t  s y s t e m  ac t s  on  t h e  h y d r o x y l a t i o n  
of s t e ro ids  in  t h e  adrena l ,  Such  a s y s t e m  has  no t  b e e n  
descr ibed  in tes t is ,  b u t  we c a n  p r e s u m e  t h a t  t h e  a c t i v i t y  
we are  concerned w i t h  is r e l a t ed  to  it.  

H i s t o c h e m i c a l  o b s e r v a t i o n s  ~ a re  aga in s t  t he  poss ib i l i ty  
of t h e  a c t i v a t i o n  of t h e  d i a p h o r a s e  s y s t e m  b y  chor ion ic  
g o n a d o t r o p h i n  in r a t  tes t is ,  b u t  q u a l i t a t i v e  o b s e r v a t i o n s  
pe r  se c a n n o t  give a m e a s u r e  of a c t i v i t y  8. 

Resumen. La a c t i v i d a d  de u n  s i s t ema  e n z i m a t i c o  que  
o x i d a  el N A D P H  n s a n d o  D C P I P  c o m e  acep to r ,  e n  h o m o -  
genados  t e  s t i cu l a re s  de  r a t a s  p r e p u b e r a l e s  y a d u l t a s  
t r a t a d a s  con  g o n a d o t r o f i n a  cor ion ica  h a  s ide  e s tud i ado .  
Los  c a m b i o s  e n c o n t r a d o s  se dis c u t e n  en  re lac i6n  con  la  
s in tes is  de  androgenos .  
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Renal and Pressor Actions of Angiotensin i n  S a l t  

L o a d e d  a n d  D e p l e t e d  R a b b i t s  

A n g i o t e n s i n  is so n a m e d  because  i t  ra ises  a r t e r i a l  
p ressure  a n d  i ts  m e t h o d  of biological  a s say  d e p e n d s  u p o n  
th i s  ac t ion .  I n  a d d i t i o n  i t  h a s  a m a r k e d  effect  on  r ena l  
sod ium exc re t i on  a n d  m a y  be  i m p o r t a n t  in t h e  con t ro l  of 
sod ium homeos tas i s .  T he  ef fec t  of in fused  a n g i o t e n s i n  on  
rena l  sod ium exc re t i on  is complex .  T h u s  i t  m a y  e i t h e r  
increase  or d i m i n i s h  s o d i u m  exc re t i on  d e p e n d i n g  on  t h e  
a m o u n t  in fused  1-3. Moreover ,  doses of a n g i o t e n s i n  wh ich  
are a n t i n a t r i u r e t i c  w h e n  infused  in to  n o r m o t e n s i v e  
sub j ec t s  on  a n o r m a l  sod ium i n t a k e  m a y  be  n a t r i u r e t i c  
w h e n  g iven  to  sa l t  dep l e t ed  s u b j e c t s  4 or  to  p a t i e n t s  w i t h  
c i r rhosis  a n d  asc i tes  s. I n  o rde r  to  c la r i fy  i t s  role in  s o d i u m  
homeos t a s i s  we h a v e  in fused  a n g i o t e n s i n  in g r a d e d  doses  
b e t w e e n  0.00005 a n d  0.5 # g / k g / m i n  i n to  consc ious  
t r a i n e d  r a b b i t s  a n d  d e t e r m i n e d  t h e  r e l a t i ve  s e n s i t i v i t y  of 
i ts  p ressor  a n d  r ena l  ac t ions  a n d  t h e  dose r a n g e  ove r  
wh ich  i t s  n a t r i u r e t i c  a n d  a n t i n a t r i u r e t i c  effects  occur.  I n  
addi t ion ,  we h a v e  infused  i t  i n to  t h e  s ame  a n i m a l s  w h e n  
sa l t  l oaded  a n d  dep le ted  to  see t he  ef fec t  of changes  in 
sod ium s t a t u s  on  t h e  r ena l  r e sponse  to  a d m i n i s t e r e d  
ho rmone .  

The  e x p e r i m e n t s  were p e r f o r m e d  on 6 r a b b i t s  we igh ing  
b e t w e e n  2 a n d  2.5 kg, t h a t  h a d  ch ron ica l ly  i m p l a n t e d  
b ladder ,  v e n o u s  a n d  a r t e r i a l  ca the t e r s .  Ove r  a pe r iod  of 
3-5  d a y s  t he  a n i m a l s  were e i t he r  s a l t  loaded  b y  in fus ing  
6 m E q  s o d i u m  a d a y  as 1/4 s t r e n g t h  H a r t m a n n ' s  so lut ion,  
or  dep le t ed  of 6 -10  m E q  of s o d i u m  b y  m e a n s  of t h e  
d iu re t i c  f ru semide  a n d  a sa l t  free die t .  Some  a n i m a l s  
were  in i t i a l ly  sa l t  l oaded  a n d  o t h e r s  dep le ted .  D u r i n g  t he  
e x p e r i m e n t  e i t h e r  1/~ s t r e n g t h  H a r t m a n n ' s  so lu t ion  in  t h e  

case  of sa l t  l oaded  an imals ,  or  2 .5% dex t ro se  in dep l e t ed  
ones  was  de l ive red  a t  0.75 m l / m i n  b y  a c o n s t a n t  in fus ion  
p u m p .  W h e n  u r ine  f low a n d  s o d i u m  e x c r e t i o n  were  con-  
s t a n t ,  s y n t h e t i c  a n g i o t e n s i n  I I  (CIBA) was a d m i n i s t e r e d ,  
d isso lved  in t h e  a p p r o p r i a t e  in fusa te .  

I n fu s ion  of a n g i o t e n s i n  in sma l l  doses b e t w e e n  0.005 
a n d  0.00005 /~g/kg/min in to  sa l t  l oaded  a n i m a l s  for  
per iods  r a n g i n g  f rom 10-90 m i n  c o n s i s t e n t l y  r educed  u r ine  
f low a n d  s o d i u m  exc re t ion  for  t h e  d u r a t i o n  of t he  infus ion.  
I n  c o n t r a s t  w h e n  g iven  to  sa l t  dep le t ed  r a b b i t s  in  doses  
of 0 .0005-0.00005 # g / k g / m i n  a n g i o t e n s i n  h a d  no  effect  
on  ur ine  flow or sod ium excre t ion ,  whi le  doses of 0.005 
/~g/kg/min caused  on ly  a n  i n c o n s t a n t  sma l l  r e d u c t i o n  in 
these  p a r a m e t e r s .  T a b l e  I c o m p a r e s  t h e  effects  of iden t i ca l  
10 ra in  in fus ions  of ang io t cns in  in  6 r a b b i t s  w h e n  s a l t  
l oaded  a n d  dep le ted .  I t  c an  b e  seen t h a t  s o d i u m  dep l e t i on  
g r ea t l y  depresses  b o t h  t h e  a n t i d i u r e t i c  a n d  a n t i n a t r i u r e t i c  
r e sponse  to  sma l l  doses  of ang io tens in .  

L a r g e r  doses  of a n g i o t e n s i n  caused  a m a r k e d  in i t i a l  
r e d u c t i o n  in  u r ine  flow a n d  s o d i u m  e x c r e t i o n  in sa l t  
loaded  an imal s .  Af te r  a n  i n t e r v a l  of 20 m i n  however ,  
p a r t i c u l a r l y  w i t h  v e r y  large  doses, u r ine  f lnw a n d  especi-  
a l ly  s o d i u m  exc re t ion  were  increased .  I n  3 an ima l s  t he  
effects  of doses  of 0.05 # g / k g / m i n  a n d  a b o v e  were  corn- 
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