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Glucocorticoid and Mineralocorticoid Effects in Rat 

G l u c o c o r t i c o i d  e f fec t s  on  r a t  l ive r  t y r o s i n e  a m i n o  
t r a n s f e r a s e  a n d  m i t o c h o n d r i a l  e n z y m e  a c t i v i t i e s  h a v e  
b e e n  a s s o c i a t e d  s e p a r a t e l y  w i t h  t h e  s a t u r a t i o n  of  t w o  
t y p e s  of  c o r t i c o s t e r o n e - b i n d i n g  s i tes1,  2, S i m i l a r l y  m i n -  
e r a l o c o r t i c o i d  e f fec t s  in  t o a d  b l a d d e r  s h a v e  b e e n  as-  
s o c i a t e d  w i t h  t w o  t y p e s  of  a l d o s t e r o n e - b i n d i n g  s i tes .  I t  
h a s  b e e n  s u g g e s t e d  t h a t  t h e  role  of  t w o  r e c e p t o r s  in  t h e  
m e c h a n i s m  of  s t e r o id  h o r m o n e  a c t i o n  m a y  be  to  a l low 
c o n t r o l  of p r o t e i n  s y n t h e s i s  a t  t h e  t r a n s c r i p t i o n a l  a n d  
t r a n s l a t i o n a l  level  ~. T h e  p r e s e n t  w o r k  h a s  i n v o l v e d  a 
s t u d y  of  t h e  e f fec t  o f  a c t i n o m y c i n  D on  c o r t i c o s t e r o n e -  
s t i m u l a t e d  t y r o s i n e  a m i n o  t r a n s f e r a s e  a n d  m i t o c h o n d r i a l  
e n z y m e  a c t i v i t i e s  in r a t  l ive r  a n d  k i d n e y .  M i n e r a l o c o r t i -  
co id  e f f ec t s  h a v e  b e e n  s t u d i e d  b y  m e a s u r e m e n t  of  t h e s e  
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Fig. 1. Tyrosine amino transferase activity (~zmole p-OH-phenyl- 
pyruvate/g protein per min) measured in rat liver ( - 0 - - 0 - )  and kid- 
ney ( - �9169  homogenates taken from adrenalectomized animals at 
various times after i.p. injection with 5 mg cortieosterone. Each 
point represents the mean of 2 experiments on pooled tissue (4 
animals). 

Liver and Kidney 

e n z y m e  a c t i v i t i e s  in  k i d n e y s  t a k e n  f r o m  a n i m a l s  on  h i g h  
a n d  low Na+  d ie t s .  

Materials and methods. 6 a d u l t  m a l e  W i s t a r  r a t s  were  
a d r e n a l e c t o m i z e d  a n d  a f t e r  4 d a y s  2 p a i r s  were  i .p.  
i n j e c t e d  w i t h  5 m g  c o r t i c o s t e r o n e .  1 p a i r  of t h e s e  a n i m a l s  
w a s  also i n j ec t ed ,  a f t e r  3 h,  w i t h  0.5 m g  a c t i n o m y c i n  D 
a n d  all 6 a n i m a l s  k i t led  5 h a f t e r  t h e  h o r m o n e  i n j ec t i on .  
S u c c i n a t e  d e h y d r o g e n a s e  and  t y r o s i n e  a m i n o  t r a n s f e r a s e  
a c t i v i t i e s  were  m e a s u r e d ,  as d e s c r i b e d  p r e v i o u s l y  2, in 
h o m o g e n a t e s  ( p H  7.4) of  p o o l e d  l ive r  o r  k i d n e y  t i s sue  
t a k e n  f r o m  e a c h  p a i r  of  an i ma l s .  C i t r a t e  s y n t h a s e  was  
m e a s u r e d S  a f t e r  i so l a t i on  of  m i t o c h o n d r i a  b y  c e n t r i f u -  
g a t i o n  of  t i s sue  h o m o g e n a t e s  a t  10,000 r p m  in a n  M S E  18 
c e n t r i f u g e .  T h e  m i t o c h o n d r i a  w e r e  t w i c e  w a s h e d  a n d  
r e s u s p e n d e d  in  50 m M  p h o s p h a t e  b u f f e r  ( p H  7.4) t h e n  
s u b j e c t e d ,  a t  0~ to  a 30 sec  b u r s t  in  an  M S E  100 w a t t  
u l t r a s o n i c  d i s i n t e g r a t o r ,  a.t m a x i m u m  s t r e n g t h .  S a m p l e s  
were  a s s a y e d  for  c i t r a t e  s y n t h a s e  a c t i v i t y  a n d  p r o t e i n  
c o n c e n t r a t i o n  us ing  s t a n d a r d  t e c h n i q u e s .  T h i s  expe r i -  
m e n t  h a s  b e e n  r e p e a t e d  6 t i m e s .  

I n  o r d e r  t o  d i s t i n g u i s h  m i n e r a l o c o r t i c o i d  a n d  glu-  
c o c o r t i c o i d  e f fec t s  in t h e  k i d n e y  t h e  e n z y m e  a c t i v i t i e s  
were  m e a s u r e d  in  k i d n e y s  t a k e n  f r o m  a g r o u p  of  u n t r e a t e d  
a n i m a l s  or  f r o m  a n i m a l s  k e p t  on  h i g h  or  low Na+  d i e t s  

Succinate dehydrogenase, SDH (E,.~0/mg protein per h), tyrosine 
amino transferase, TAT (b~mole p-OH-phenylpyruvate/g protein per 
rain) and citrate synthase, CE (b~mole citrate/g protein per rain) 
activities assayed at t = 5 h in tissue taken from adrenalectomised 
rats (control group 1) injected i.p. with corticosterone (5 rag) at time 
zero (groups 2 and 3) and with actinomycin D (0.5 rag) at t = 3 h 
(group 3) 

SDH TAT CE 

Liver 1. 10.7 (12) 4.5 (12) 104 {12) 
2. 16.1 (12) 24.5 (12) 105 (12) 
3. 13.0 (12) 26.8 (12) 100 (12) 

Kidney 1. 14.4 (8) 1.4 (8) 166 (10) 
2. 18.2 (8) 3.6 (8) 234 (10) 
3. 14.5 (8) 1.9 (8) 191 (10) 

I gene ~ TAT gene 

% -~---Actinomycin 

~ mRNA 

TAT 
Fig. 2. The role of 2 receptors in the hormonal control of protein 
synthesis at the transcriptional and translational levels. 

Enzymes assayed in tissue obtained from normal rats (group 1), 
from rats on a low Na + diet (group 2) and from rats on a high Na + 
diet (group 3) injected i.p. with aldosterone 5 h before assay (group 4) 

SDH TAT CE 

Kidney 1. 7.9 (8) 1.4 (8) 161 (8) 
2. 9.0 (8) 2.4 (8) 235 (8) 
3. 9.8 (8) 0.7 (8) 170 (8) 
4. 7.8 (8) 1.1 (8) 176 (8) 

The results represent the mean value of our results obtained as 
described in text on 8-12 animals for each experiment. 
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for 10 weeks. This  e x p e r i m e n t  has  been  car r ied  ou t  
us ing  pooled t i ssue  f rom pa i red  an ima l s  and  has  been  
r epea t ed  5 t imes.  

The  t ime  course  for co r t i cos t e rone - s t imu la t i on  of 
ty ros ine  a m i n o  t r ans fe r a se  a c t i v i t y  in  r a t  l ive r  a n d  
k i d n e y  has  been  m e a s u r e d  in t i ssue  o b t a i n e d  f rom pa i r s  
of ad rena l ec tomised  rats ,  k i l led a t  va r ious  t h n e s  d u r i n g  
a 6-h per iod  fol lowing a 5 mg cor t i cos te rone  in ject ion.  
This  e x p e r i m e n t  has  been  repea ted .  

Results a~d discussion. The  t i m e  course for cort ico-  
s t e rone - s t imu la t ed  ty ros ine  a m i n o  t r ans fe rase  a c t i v i t y  
(Figure 1) conf i rms  a m a x i m u m  a c t i v a t i o n  of the  e n z y m e  
du r ing  t he  4 -5 -h  per iod  fol lowing h o r m o n e  t r e a t m e n t t  
There  was no h o r m o n e  effect  on c i t r a t e  s y n t h a s e  a c t i v i t y  
in  r a t  l iver  (Table) b u t  a cha rac te r i s t i c  glucocort icoid-  
s t i m u l a t i o n  of succ ina te  dehyd rogenase  a n d  ty ros ine  
a m i n o  t r ans fe ra se  ac t iv i ty .  

The  a p p a r e n t  succ ina te  dehyd rogenase  a c t i v a t i o n  2 b y  
cor t i eos te rone  is be l ieved to  ref lect  a n  increased  redox  
s t a t e  in  the  mi tochondr i a ,  wh ich  in l iver  m a y  be associa ted  
w i t h  increased fa t  ox ida t ion .  The  fa i lure  of a c t i n o m y c i n  
D to super induce  th i s  e n z y m e  a c t i v i t y  is in  c o n t r a s t  to  
t he  super induc ib le  t y ros ine  a m i n o  t r ans fe r a se  ac t iv i ty .  
Th i s  resu l t  is t a k e n  to  s u p p o r t  t he  sugges t ion  ~ t h a t  t he  
h ighes t  a f f in i ty  b i n d i n g  s i tes  for cor t i cos te rone  in r a t  
l iver  m a y  be respons ib le  for all t r a n s c r i p t i o n a l  even t s  
associa ted  w i th  t he  h o r m o n e  ac t ion  (Figure  2), whereas  
t he  basic  cor t i cos te rone- recep tors  m a y  be assoc ia ted  
w i t h  t he  t r a n s l a t i o n a l  con t ro l  of key  gluconeogenic  
enzymes,  ac t ing  as repressors  of pos t  t r a n s c r i p t i o n a l  
i nh ib i to r s  6. Inc reased  fa t  ox ida t ion  in t he  l iver  m a y  h a v e  
a pe rmiss ive  role in  t h e  g h c o n e o g e n i c  effect  of cort ico- 
s terone,  g iv ing  rise to  key  i n t e r m e d i a t e s  t h a t  exe r t  
s econda ry  con t ro l  of g luconeogenic  p a t h w a y s .  

In  r a t  k i d n e y  the re  is ev idence  of cor t i cos te rone-  
a c t i v a t i o n  of all  3 enzymes  s tud ied  which  are sens i t ive  to  
a c t i n o m y c i n  D inh ib i t ion .  These  e n z y m e  ac t iv i t i e s  
compa re  w i t h  those  m e a s u r e d  in k idneys  t a k e n  f rom 
an ima l s  on  a low Na+ diet .  I n  p a r t i c u l a r  t he  c i t r a t e  
s y n t h a s e  a c t i v i t y  cor responds  w i t h  a ldos te rone  s t imu-  
la ted  levelsL As the re  was no  s t i m u l a t i o n  of th i s  e n z y m e  
in l iver  i t  is p r o b a b l e  t h a t  th i s  effect  of h i g h  c o n c e n t r a t i o n s  
of cor t i cos te rone  in k i d n e y  is minera locor t ico id .  

The  obse rved  loss of a mine ra locor t i co id  response  in 
k idneys  t a k e n  f rom an ima l s  on  a h i g h  Na  + d ie t  m a y  be  
u n d e r s t o o d  in t e r m s  of t he  'escape p h e n o m e n o n ' .  The  
cause  of th i s  effect  is no t  u n d e r s t o o d  b u t  i t  is of i n t e r e s t  
to  no te  t h a t  in r ecen t  works  a n o r m a l  h o r m o n e  response  
has  been  re -es tab l i shed  fol lowing t r e a t m e n t  w i t h  p ro lac t in  
or oxytoc in .  

Zusammen/assung. Die b iochemischen  W i r k u n g e n  yon  
Aldos te ron  in der  R a t t e n n i e r e  u n d  Cor t icos teron  in der  
R a t t e n l e b e r  w u r d e n  u n t e r s u c h t  u n d  de r  M e c h a n i s m u s  
der  H o r m o n w i r k u n g  d iskut ie r t .  
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Protein Biosynthesis and Hyperpolarization of Cells 

The  m a i n  idea of th i s  r epo r t  is to  show t h a t  one of the  
mos t  i m p o r t a n t  m e c h a n i s m s  r egu la t i ng  b o t h  the  
m e m b r a n e  p o t e n t i a l  level  of cell and  t he  d e v e l o p m e n t  of 
h y p e r p o l a r i z a t i o n  is connec t ed  w i t h  p r o t e i n  b iosyn thes i s .  
In  t h i s  respect ,  2 groups  of facts  dea l t  w i t h  in  t h i s  r epo r t  
will  be r e l e v a n t :  a) a c t i v a t i o n  of p ro t e in  b iosyn thes i s  
leads to  the  d e v e l o p m e n t  of cell m e m b r a n e  hype rpo la r i -  
za t ion ;  b) i nh ib i to r s  of p r o t e i n  b io syn thes i s  p r e v e n t  t he  
d e v e l o p m e n t  of hype rpo la r i za t i on .  

Methods. The  e x p e r i m e n t s  were car r ied  ou t  on 120 
whi t e  r a t s  aged 8-10 m on t hs .  The  narcosis ,  u r e t h a n e  
0.1 g/100 g b o d y  weight ,  was used. T he  m e m b r a n e  
p o t e n t i a l  of l iver  cells and  muscle  f ibres  (m. gas t rocne-  
rufus, m. gracilis) was d e t e r m i n e d  b y  m e t h o d  of in t race l -  
lu lar  m e a s u r e m e n t  us ing  a glass 1 ~zm t i p  d i a m e t e r  
microe lec t rode  1. The  R N A  c o n t e n t  was  d e t e r m i n e d  b y  
t he  orcinol  or s p e c t r o p h o t o m e t r i c  m e t h o d  2. I n  order  
to  s t u d y  t he  R N A  synthes is ,  t he  so lu t ion  of C1~-adenine 
30 ~Ci per  100 g body  weight ,  or Na2HPa~Oa 30 ~zCi/100 g, 
were i.p. in jec ted  to  an ima l s  i h before  kil l ing.  Rad io-  
a c t i v i t y  was expressed in i m p / m i n / m g  RNA.  P r o t e i n  
was e s t i m a t e d  accord ing  to m e t h o d  of LOWRY et  al. a. 
Fo r  e lec t ron  microscopic  s tudies ,  l iver  samples  were 
t r e a t e d  b y  g l u t a r a l d e h y d e  a n d  OsO4 in  cold a n d  t h e n  
e m b e d d e d  in to  epon  812. T he  JEM-100  e lec t ron  micro-  
scope wikh magn i f i ca t ion  40,000 was employed.  

Resulls and discussion. A c t i v a t i o n  of p r o t e i n  syn thes i s  
in  l iver  ceils and  single muscle  f ibres  was  ach ieved  in 
d i f fe rent  way~. I t  was  shown  s h a r p  a c t i v a t i o n  of p r o t e in  
syn thes i s  in  l iver  ceils occur red  fol lowing t he  b lood-  

le t t ing.  F u r t h e r m o r e ,  i t  enab led  t he  r e s to ra t i on  of se rum 
p ro t e in  con ten t .  As i nd i ca t ed  in F igure  1, a l r eady  12 h 
a f t e r  b l o o d l e t t i n g  (2 -3% of t h e  body  wt.) one could 
observe  a r ise in  m e m b r a n e  p o t e n t i a l  tevel of l iver  cells 
as well  as in  R N A  and  p ro t e in  con ten t s .  A rise was also 
observed  in t he  R N A  syn thes i s  in t ens i ty .  Thus,  if before  
b loodle t t ing ,  the  R N A  r e n o v a t i o n  r a t e  was 928 4- 84 
i m p / m i n / m g  RNA,  24 h a f te r  b lood l e t t i ng  i t  equal led  
1730 ~ 104 i m p / m i n / m g  RNA.  

The  d e v e l o p m e n t  of cell m e m b r a n e  h y p e r p o l a r i z a t i o n  
a n d  a c t i v a t i o n  of p ro t e in  b io syn thes i s  coincide w i t h  
obv ious  s t r u c t u r a l  changes  revea led  e lec t ron-microsco-  
pically.  Inc reased  in l iver  cells were found  t he  n u m b e r s  
of m e m b r a n e s  of e n d o p l a s m a t i c  net ,  of r ibosomes  as well  
as those  of nucle i  per  cell (Figure  2). 

Ana logous  f ind ings  were o b t a i n e d  a t  a c t i v a t i o n  of 
p ro t e in  b iosyn thes i s  in  l iver  cells occur r ing  d u r i n g  t he i r  
r egenera t ion .  I t  was  found  t h a t  t he  e x t i r p a t i o n  of 2/5 
of l iver  leads to  t he  increase  in m e m b r a n e  p o t e n t i a l  and  
R N A  r e n o v a t i o n  (Figure 3). ~ 

Then ,  a n u m b e r  of hormones ,  as genet ic  inductors ,  can  
m a r k e d l y  effect  t he  processes  of p ro t e in  b io syn thes i s  4,5. 
As is seen in F igure  4A, r a t s  in j ec ted  b y  insu l in  (0.16 
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