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A Radioauto~raphic Study on the Mechanisms by which Adrenal Glucocorticoids Play their 
Permissive Role in the Biological  Activity of Cyclic AMP in the Liver Cell 

G l u c o c o r t i c o i d  h o r m o n e s  h a v e  b e e n  r e p o r t e d  to  a m p l i f y  
t h e  e f f ec t s  of  a d e n o s i n e  3', 5 ' - cyc l i c  m o n o p h o s p h a t e  ( cAMP)  
o n  g l y c o g e n  m e t a b o l i s m  ~-a, g l u c o n e o g e n e s i s  1, a n d  e n z y m e  
i n d u c t i o n  i n  l i ve r  t i s s u e  a n d  h e p a t o m a  cel ls  in  v i v o  a n d  
in  v i t ro~-S .  T h e  o p e r a t i v e  m e c h a n i s m s  of  s u c h  a ' p e r m i s -  
s i v e '  ro le  of  g l u c o c o r t i c o i d s  r e m a i n  as  y e t  r a t h e r  o b s c u r e  ~. 
W e  a i m e d ,  t h e r e f o r e ,  a t  f u r t h e r  e l u c i d a t i n g  t h e m  b y  
i n v e s t i g a t i n g  t h e  m u t u a l  e f f e c t s  of  a p r i o r  e x p o s u r e  t o  
e i t h e r  a g l u c o c o r t i c o i d  h o r m o n e  or  c A M P  o n  t h e  m a c r o -  
m o l e c u l a r  b i n d i n g  of, r e s p e c t i v e l y ,  c A M P - H  a or  co r t i so l -  
H a b y  r a t  p r i m a r y  h e p a t i c  cel ls  in  c u l t u r e .  

Materials and methods. T h e  l ivers ,  a s e p t i c a l l y  d r a w n  
f r o m  1 0 - 1 6  W i s t a r  S M  a l b i n o  r a t s  a g e d  6 d a y s  b e l o n g i n g  
t o  t h e  s a m e  l i t t e r m a t e ,  w e r e  p o o l e d  a n d  c u l t u r e d  as  
p r e v i o u s l y  c o m m u n i c a t e d  ~~ e x c e p t  for  t h e  a d d i t i o n  to  
t h e  t l a n k s ' - B S S - t r y p s i n  s o l u t i o n  ( 0 . 2 5 %  w/ v )  of  h y a l -  
u r o n i d a s e  t y p e  I I  a n d  c o l l a g e n a s e  t y p e  I ( b o t h  a t  0.02% 

W/V, S i g m a ) .  T h i s  m o d i f i c a t i o n  a l l o w e d  t h e  s i m u l t a n e o u s  
c u l t i v a t i o n  of h e p a t o c y t e s  b o t h  as  s i ng l e  d i s p e r s e d  cel ls  
a n d  as  m o r e  o r  l ess  w ide ,  o n e - c e l l - t h i c k ,  s h e e t s  ( F i g u r e  1). 
I n  t h i s  w o r k ,  2 g r o u p s  of 32 s e p a r a t e s  w e r e  u s e d .  O n  t h e  
4 t h  d a y  in  v i t r o  16 s p e c i m e n s  of  e a c h  s e t  we re  t r e a t e d  
a f t e r  e i t h e r  of  t h e  f o l l o w i n g  s c h e d u l e s :  A) e x p o s u r e  for  
24 h t o  A~-cor t i so l  a c e t a t e  (10 tzg/ml :  2 . 5 2 X 1 0  -5 M, 
S c h e r i n g )  f o l l o w e d  b y  p u l s e  (1 h)  l a b e l l i n g  a t  35 ~ w i t h  
c A M P - H  a (G) a m m o n i u m  s a l t  (1.0 a C i / m l ;  spec i f i c  a c t i v i t y  
20 C i / m M ;  N E N  C h e m i c a l s  G m b H )  a n d  t h e n  b y  a t h o r o u g h  
w a s h i n g  in  P B S  (Oxoid)  a n d  s u b s e q u e n t  f i x a t i o n  in  
m e t h a n o l - a c e t i c  m i x t u r e  (9/1 v / v )  for  10 m i n . ;  B) t r e a t -  
m e n t  for  24 h w i t h  c A M P  (50 v g / m l :  1 . 5 1 x 1 0  -~ M ,  
S i g m a )  e n s u e d  b y  1 h i n c u b a t i o n  a t  35~  w i t h  h y d r o -  
c o r t i s o n e - i ,  2, 6, 7 -Ha(N)  (1.0 ~ C i / m l ;  spec i f i c  a c t i v i t y  
80 Ci/mM; N E N  C h e m i c a l s  G m b H )  d i s s o l v e d  in  t h e  
g r o w t h  m e d i u m  in  t h e  p r e s e n c e  of 40 ~ g / m l  N N - d i m e t h y l -  
f o r m a m i d e .  T h e  s p e c i m e n s  w e r e  a f t e r w a r d s  f i x e d  in  1 0 %  
n e u t r a l  f o r m a l i n  ~ .  T h e  r e m a i n i n g  16 s e p a r a t e s  of  e a c h  
s t o c k  s e r v e d  as  p a r a l l e l  c o n t r o l s  a n d  w e r e  l a b e l l e d  as  t h e  
t r e a t e d  ones .  B o t h  c o n t r o l  a n d  t r e a t e d  p r e p a r a t i o n s  w e r e  
p r o c e s s e d  for  r a d i o a u t o g r a p h y  in  a s i ng l e  b a t c h  as  a l r e a d y  
repor ted lY.  N o n - l a b e l l e d  c u l t u r e s  we re  c o a t e d  in  p a r a l l e l  
to  e s t i m a t e  t h e  l eve l  of  b a c k g r o u n d ,  w h i c h  w a s  a l w a y s  
f o u n d  to  be  less  t h a n  1 s i l v e r  g r a i n / 1 0 0  g m  2 ( f r o m  0.2 to  
0.6). D e v e l o p e d  p r e p a r a t i o n s  w e r e  s t a i n e d  w i t h  h a e m a -  
t o x y l i n - e o s i n  a n d  o b s e r v e d  u n d e r  a L e i t z  O r t h o p l a n  | 
m i c r o s c o p e .  P o s i t i v e  a n d  n e g a t i v e  c h e m o g r a p h i c  p h e n o -  
m e n a ,  w h i c h  w e r e  l o o k e d  for,  w e r e  p r a c t i c a l l y  a b s e n t .  T h e  

Fig. 1. Monolayer of rat primary hepatic cells in culture on the 4th 
day in vitro. Ceils attached to the polyethylene disc were fixed in 
glutaraldehyde (2.5 % w/v in Sorensen's phosphate buffer) for 30 min 
at 0 ~ washed in the same buffer, dehydrated and stained with ura- 
nyl acetate (saturated solution in absolute alcohol) for 1 h at 0 ~ then 
washed again in alcohol, left 1 h in phosphotungstic acid (1% w/v in 
absolute alcohol) at 0 ~ washed in alcohol, clarified in xylene and 
mounted with DPX. Observation was carried out under phase con- 
trast  at • 1,200. The richness in subeellular structures of the hepa- 
tocyte cytoplasm is well maintained in vitro. 
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Table I. Effect of cAMP (50 ~zg/ml/24 h) on the uptake of cortisol-l,2,6,7-H ~ by rat primary liver cells 

Cell type Treatment  No. of Nucleolus Nucleoplasm Total nucleus Cytoplasm Total cell 
cells counted 

Hepatocyte C 50 3.58 4- 0.21 9.04 :~ 0.41 12.62 ~ 0.46 26.80 4- 1.15 39.42 4- 1.37 

cAMP 50 4.90 4- 0.26 9.04 4- 0.43 13.94 i 0.58 23.66 4- 0.88 37.60 ~= 1.14 
A % + 36.87 c 0.00 ~ + 10.45 b --  11.72 b --4.62 �9 

Fibroblast-like cells C 50 2.86 4- 0.19 7.54 4- 0.36 10.40 _~ 0.38 18.38 4- 0.77 28.78 -t= 0.93 
cAl~iP 50 3.00 -t= 0.22 7.26 • 0.31 10.26 4- 0.40 16.94 4- 0.68 27.20 4- 0.95 
& % +4.89 ~ --3.72 ~ --1.35 �9 --7.84 ~ --5.49 ~ 

The figures express mean grain counts • S.E. & % : % change in grain count with respect to control values. Level of significance : ~ P not signi- 
ficant; b p  < 0.01; c p  < 0.001. C, controls. 
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Table II. Effect of Al-cortisol (10 [zg/ml/24 h) on the uptake of cAMP-H a by rat primary liver ceils 

231 

Cell type Treatment No. of Nucleolus Nucleoplasm Total nucleus Cytoplasm Total cell 
cells counted 

Hepatoeyte C 50 5.04 tic 0 .42  13.46 4- 0.86 18.50 ~ 1.22 21.52 ~ 1.00 40.02 J= 1.58 
Al-cort. 51 4.31 4- 0.31 10.19 ~ 0.56 14.50 2k 0 .72 27.90 4- 1.52 42.40 ~ 1.97 
A % -- 14.49 b --24.30 a --21.63 o +29.64 a + 5.94 

Fibroblast-like cells C 50 4.26 ~ 0.31 10.90 4- 0.48 15.16 4- 0.63 16.86 • 0 .72 32.02 4- 1.16 
Al-eort. 50 2.42 4- 0.25 8.30 4- 0.50 10.72 4- 0.58 17.54 ~= 1.12 28.26 4- 1.38 
A % --43.20 a 23.86 a --29.290 +4.03 ~ --11.75 ~ 

The figures express mean grain counts • S.E. A % : % change in grain count with respect to control values. Level of significance : "P not signif- 
icant; ~P < 0.02; ~P < 0.01; ap < 0.001. C, controls. 

specif ic i ty  of the  labell ing could be shown by  paral lel  
expe r imen t s  in which  cul tured  ra t  l iver ceils were i ncuba ted  
wi th :  1. cAMP-H a (1.0 fxCi/ml) plus 'cold '  cAMP (1 mg/ml)  ; 
2. cor t isol-H a (1.0 ~zCi/ml) plus 'cold '  cortisol (400 >g/ml). 
In  bo th  ins tances  a reduc t ion  up to  90% of the  labelling, 
wi th  respect  to expe r imen t s  w i thou t  carriers, could be 
detec ted .  Since c A M P - H  a and cor t isol-H a were incorpo- 
r a t ed  by  all cell types , -s ingle  ceils were r a n d o m l y  photo-  
g raphed  at  • 1200 and  si lver grains per  cell counted.  The 

Fig. 2. Rat primary hepatocytes of control cultures labelled with 
cAMP-H a. Haematoxylin-eosin. • 1000. 

means  were compared  by  the  S t u d e n t ' s  / - test  (P  was 
considered as s ignif icant  only if < 0.05). 

Results and discussion. We repor ted  previous ly  t h a t  
p r i m a r y  ra t  l iver ceils re ta in  specific u l t r a s t ruc tu ra l  
fea tures  la and  respond  to  the  enzyme- induc ing  ac t ion  of 
phenoba rb i t a l  in a way  similar  to in vivo l iver cells 14. 
Studies  by  immunof luorescen t  me t h o d s  have  shown t h a t  
cu l tured  hepa tocy te s  ac t ive ly  synthes ize  a n u m b e r  of ra t  
se rum pro te ins  for up to 25 days  in v i t ro  15. As the  da t a  of 
Table  I demons t ra t e ,  the  p r e t r e a t m e n t  w i th  cAMP 
a u g m e n t e d  in p r i m a r y  hepa tocy t e s  the  nucleolar  labell ing 
by  cortisol-Ha; nucleoplasmic  labell ing was unchanged,  
whereas  cy top lasmic  b ind ing  was s l ight ly  bu t  s ignif icant ly  
reduced.  Total  cor t isol-H a up take  did no t  differ f rom 
t h a t  of control  ceils. No change  was de tec ted  in the  
labell ing of f ibroblast - l ike  ceils. These f indings suggest  
t h a t  cAMP exer ts  l imi ted  effects on the  up take  and  
int racel lular  disposal  of p ro t e in -bound  cor t isol-H 3 by  
p r i m a r y  ra t  hepa tocy tes ,  since N N - d i m e t h y l - f o r m a m i d e  
should have  ex t r ac t ed  f rom the  ceils the  u n b o u n d  cortisol  
(and/or  metabolites)15. In t race l lu lar  d is locat ion of the  
macromolecu le -bound  s teroid  should have  been p reven t ed  
by  the  f ixa t ion  n le thod  employed,  which  causes a min imal  
loss (1%) of cor t i sol -H a f rom liver t issue 11. The t r a n s p o r t  
of p ro t e in -bound  cortisol  into the  nucleus, followed by  
b ind ing  of the  complex  to  specific si tes of ch roma t in  is 
bel ieved to precede  the  t r ansc r ip t ive  effects of the  
ho rmone  ~a. Our resul ts  suppor t  the  v iew cAMP m a y  
faci l i ta te  t he  known  ~ enhanc ing  effect  of cortisol  on the  
nucleolar  R N A  po lymerase  act iv i ty .  The d a t a  repor ted  
in Table  I I  show t h a t  a previous  exposure  to  d l -cor t i so l  
decreased the  labell ing by  cA MP-H  a over  nucleoli  and  
ka ryop la sm of ra t  hepa tocy t e s  in culture,  whi l s t  t he  
cy top lasmic  labell ing was s ignif icant ly  i nc r emen ted  
(Figures 2 and 3). However ,  to ta l  cA MP-H  a up take  did 
no t  s ignif icant ly  differ f rom t h a t  of control  cells. Nuclear  
up take  of cA MP-H  a was decreased by  A~-cortisol also in 
f ibroblas t - l ike  cells, bu t  cy top lasmic  labell ing was no t  
af fec ted;  to ta l  up t ake  in these  cells was s l ight ly  d imin-  

Fig. 3. All islet of rat hepatocytes labelled with cAMP-H a after a pre- 
vious 24 h incubation with ZIl-cortisol (10 txg/ml). Nuclear, but not 
cytoplasmic labelling is reduced. A couple of macrophages (M) are 
seen in the upper part of the field. Haematoxylin-eosin. • 1000. 
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ished. Our f indings would suggest  t h a t  A~-cortisol m a y  
impair  the  in t ranuc lear  t r a n s p o r t  of macromolecu le -bound  
cAMP-H * and t h e r e b y  lessen, bu t  no t  suppress ,  the  
t r ansc r ip t ive  effects of the  cyclic nucleot ide  on ra t  l iver 
ch roma t in~ , , s ,~ , .  On the  o ther  hand,  i t  appears  reason- 
able to  a d m i t  t h a t  cor t icoster iods  m a y  act  also by  inhibi t -  
ing in p a r t  (at the  level of t r ansc r ip t ion  ?) t he  syn thes i s  
of nuclear  macromolecular  acceptors  of cAMP-H a, and 
by  s imul taneous ly  enhanc ing  the  syn thes i s  of a n u m b e r  of 
cy toplasmic  phosphokinases  which  are ac t iva ted  by  the  
b inding  of cAMP to the i r  regula tory  subuni t s  ~~ Such a 
d i f fe rent  regula t ion by  cor t icosteroids  of the  synthes is  of 
nuclear  and  cy top lasmic  cAMP acceptors  is suppor t ed :  
1. by  the  f inding t h a t  in hepa tocy t e s  the  cy toplasmic  
inc remen t  of specific cAMP b ind ing  macromolecular  
sites is pe rcen tua l ly  grea ter  t h a n  the i r  in t ranuc lear  
s imul taneous  decrease;  2. by  the  behaviour  of f ibroblast -  
like cells, in which  only the  nuclear  up take  is decreased. 
A repor t  s t a t ing  t h a t  glucocort icoids  do no t  al ter  the  
up take  of cA M P -H a by  H4-11E h e p a t o m a  cells in t issue 
cul ture  6 does no t  con t ras t  w i th  our f indings,  since 
h e p a t o m a  cells are metabol ica l ly  d i f ferent  f rom normal  
l iver cells ~. The relief of a pos t - t r ansc r ip t iona l  role of 
cAMP has  been  s t ressed in several  repor t s  L CAMP has  
been shown to enhance  the  phosphory la t ion  of r ibosome 
pro te ins  2~, and to inf luence po lypep t ide  syn thes i s  ~, 
assembly  ~ and release ~a, ~ a t  the  level of th is  organelle. 
Moreover,  cAMP has  been  pos tu la t ed  to modula te ,  a t  the  
level of m R N A  t rans la t ion ,  adrenal  ~, adenohypophysea l  ~* 
and thy ro id  ~ pro te in  syn the t i c  processes.  A microsomal  
protein ,  s t rongly  b ind ing  cAMP, has been indica ted  as an 
essent ial  fac tor  in the  induct ion  by  cAMP of the  release 
of enzymes  f rom ra t  l iver polysomes as. i n  th is  frame, our 
results  suggest  t h a t  glucocort icoid hormones  increase in 
the  h e p a t o c y t e  the  cy top lasmic  ut i l iza t ion (and the reby  
metabol ic  effects ~-s, ~) of cAMP. 

Riassunto. I meccan i smi  che operano  alla base  dell 'ef-  
fe t to  <@ermissivo~) dei  cor t icosteroidi  sulle azioni me ta -  
boliche del l ' adenosin-monofosfa to-3 ' ,5 ' -c ic l ico  (cAMP) 
sono s taff  indaga t i  in col ture pr imar ie  di legato di 
Ra t to .  I r i sul ta t i  o t t en u t i  indicano c h e i  glucocorticoidi ,  
men t r e  d iminuiscono l 'u t i l izzazione del cAMP nel nucleo 
degli epatoci t i ,  la a u m e n t a n o  a livello del c i toplasma.  
Viene av an za t a  l ' ipotes i  che gli s teroidi  inibiscano la 
s intesi  delle chinasi  pro te iche  nucleari  cAMP-d ipenden t i  
e/o il loro t r a s fe r imen to  nel nucleo e, c o n t e m p o r a n e a m e n t e ,  
s t imol ino la s intes i  delle chinasi  c i toplasmat iche .  Per  
converso,  si 6 appura to ,  in parallelo,  che il cAMP ha effe t t i  
a lquanto  l imi ta t i  sul dest ino del cortisolo (e metabol i t i )  
legato a pro te ine  nella cellula epatica.  
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On the Activity of Cathepsin C in Human Embryonic  Kidney Cell Cultures Infected with 
Herpesvirus hominis (Herpes simplex) 

One of t he  possible  results  of the  viral  infect ion of 
suscept ible  cells in t issue cul ture are cy topa th i c  effects 
(CPE), morphologica l  and physiological  chaI!ges which  
resul t  f rom a changed  me tabo l i sm and an in t e r rup t ion  
of t he  s t imula t ion  for t he  cellular repl icat ion.  

The impor tance  of lysosomal  enzymes  ior the  ma jo r i t y  
of biological processes was obvious  soon af ter  t he  
d iscovery  of these  subcel lnlar  s tructures1,  =. The damage  
of the  lysosomes and  the  release of the i r  enzymes  can in 
cer ta in  diseased condi t ions  and  af ter  death cause the  
lysis of the  cell. 

Al ready  ALLISON and  MALLIJCCla, 4 es tab l i shed  t h a t  
release of lysosomal  enzymes  into the  cy top la sm makes  
an i m p o r t a n t  con t r ibu t ion  to cy topa th i c  effects.  FIX, E 
et  al. ~ r epor ted  t h a t  cells infected wi th  Herpes simplex 
virus  undergo  di f ferent  lysosomal  and  cy topa th i c  changes,  
wh ich  could be corre la ted  wi th  increased accumula t ion  
of acid phospha t a se  and infect ious virus in t he  extracel-  
lular fluid. LA PLACA et al. ~ found t h a t  acid phospha t a se  
and  fl-glucuronidase are released f rom the  ceils af ter  
infect ion wi th  some toga- and enteroviruses.  Lact ic  
dehydrogenase  and fl-glucuronidase were de tec ted  in the  
t issue cul ture fluid and  in the  cellular lysates  f rom cell 
cul tures infected wi th  rabies  v i rusL The ac t iva t ion  of 
lysosomal  enzymes  was de tec ted  f rom the  day  4 of 
infect ion on w i thou t  any  indica t ion  of CPE. REEVZS and 
CHANG s inves t iga ted  acid phospha t a se  in t he  cell infected 

wi th  vaccinia,  fowl plague virus, poliovirus t y p e  2 and  
adenovi rus  t y p e  4. The increase of enzyme ac t iv i ty  
accompanied  the  f irs t  de tec tab le  CPE.  

I t  seemed therefore  of some in te res t  to t e s t  t he  hypo-  
thes is  t h a t  ca theps ins  as lysosomal  c o m p o n e n t s  are an 
i m p o r t a n t  factor  con t r ibu t ing  to t he  des t ruc t ion  of ceils 
infected wi th  viruses.  The effect  of these  hydro ly t i c  
enzymes  was a l ready inves t iga ted  in organisms af ter  
ionizing i r rad ia t ion  9, ~0. 
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