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Further  Studies  on the Effects of Cort icos terone  on 
A C T H - T r e a t e d  R a t s  

Severa l  l ines  of i n v e s t i g a t i o n  seem to  i nd i ca t e  t h a t  t h e  
ad renocor t i cM s te ro idogenes is  can  be  d i rec t ly  i n h i b i t e d  in  
v i t r o  b y  h i g h  doses of cor t ico id  h o r m o n e s  1 -a. Some  r ecen t  
in  v i t r o  s tud ies  h a v e  con f i rmed  these  d a t a  a n d  h a v e  sug- 
ges ted  t h a t  t h e  m e c h a n i s m  u n d e r l y i n g  t h i s  ef fec t  of s te ro id  
h o r m o n e s  m a y  cons i s t  in  t h e  i n h i b i t o n  of ad renoco r t i c a l  
p r o t e i n  syn the s i s4 -L  1~urthermore,  i n d i r e c t  ev idence  is 
a v a i l a b l e  i n d i c a t i n g  t h a t  t h e  i n h i b i t o r y  effect  on  a d r e n a l  
p r o t e i n  s y n t h e s i s  c a n  occur  in  v i t r o  w i t h  s te ro id  concen-  
t r a t i o n s  w h i c h  m a y  b e  phys io log ica l ly  o b t a i n a b l e  8-10 

Desp i t e  th is ,  i t  m u s t  be  n o t e d  t h a t  t h e r e  is no  genera l  
a g r e e m e n t  as to  t h e  d i rec t  ef fec t  of s te ro id  h o r m o n e s  on  
ad renoco r t i c a l  cells in  vivo.  I n  fact ,  SAKIZ ~1 a n d  MARTINI 
et  al. 12 were u n a b l e  to  d e m o n s t r a t e  a n y  effect  of cort isol  
on  a d r e n a l  co r t ex  of h y p o p h y s e c t o m i z e d  ra ts ,  whereas  
ear l ie r  s tud ies  f rom our  l a b o r a t o r y  h a v e  i nd i ca t ed  t h a t  
co r t i cos t e rone  m a y  h a v e  also in v ivo  a d i rec t  effect  upon  
u l t r a s t r u c t u r e  and  p ro t e i n  syn thes i s  of cells of t he  r a t  zona  
f a s c i c u l a t a ~ ,  ~.  However ,  s ince our  d a t a  h a v e  been  ob- 
t a i n e d  us ing  p h a r m a c o l o g i c a l  doses of ho rmone ,  i t  is 
d o u b t f u l  w h e t h e r  t h i s  effect  of s te ro id  h o r m o n e s  m i g h t  
h a v e  a n y  phys io logica l  s ignif icance.  Therefore ,  i t  seemed 
a d v i s a b l e  to  check  our  p rev ious  r epo r t s  us ing  p a r a p h y s i o -  
logical  doses  of cor t icos te rone .  

Mater ia l s  and  methods. 30 ma le  r a t s  (Sprague  Dawley -  
der ived)  we igh ing  a b o u t  150 g were  h y p o p h y s e c t o m i z e d  
b y  t h e  p a r a p h a r y n g e a l  a p p r o a c h  a n d  t r e a t e d  w i t h  m a i n -  
t e n a n c e  doses  of A C T H  (10 IU /kg /d i e )  u p  to  t h e  d a y  be-  
fore  t h e  sacrifice.  A t  t h e  3rd d a y  a f t e r  ope ra t ion ,  t h e  an i -  
m a l s  were  d iv ided  i n to  3 e x p e r i m e n t a l  groups .  2 g roups  
were  g iven  i.p. i n j ec t ions  of 2 a n d  4 m g / k g  of cor t i cos te r -  
one, respec t ive ly ,  for  4 consecu t ive  days .  Accord ing  to  
ZIMMERMANN et  al. x~, t he se  doses of h o r m o n e  p r oduce  a 
h igh  b u t  s t i l l  phys io log ica l  increase  in p l a s m a  cor t i cos te r -  
one  c o n c e n t r a t i o n s .  The  con t ro l  g roup  rece ived  on ly  i.p. 
in jec t ions  of n o r m a l  saline.  T he  an i m a l s  were sacr i f iced b y  
cerv ica l  d is locat ion.  T he  r a t s  a n d  t h e i r  r e spec t ive  lef t  
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on  p r i n t s  a t  a m a g n i f i c a t i o n  of 24,000 a n d  40,000, respec-  
t ive ly .  T h e  abso lu t e  a m o u n t  of organel les  in  t h e  ind iv i -  
dua l  a d r e n o c o r t i c a l  cell  was  o b t a i n e d  b y  d e t e r m i n i n g  t h e  
a v e r a g e  ce l lu lar  v o l u m e  on m i c r o p h o t o g r a p h s  a t  a m a g n i -  
f i ca t ion  of 1,250 (200 m i c r o p h o t o g r a p h s ] s t o c k )  w i t h  t h e  
s a m e  ind i r ec t  a p p r o a c h  wh ich  we h a v e  p rev ious ly  de-  
sc r ibed  is. S t u d e n t ' t - t e s t  was  used for t he  s t a t i s t i ca l  eva lua -  
t i o n  of resul ts .  

Resul ts  anddiseuss ion .  F r o m  T a b l e  I, i t  a p p e a r s  t h a t  t h e  
co r t i cos t e rone - induced  decrease  in t h e  r e l a t i ve  w e i g h t  of 
h y p o p h y s e c t o m i z e d  r a t  a d r e n a l  g l ands  is n o t  s igni f icant .  
On t h e  bas is  of ana logous  f indings ,  p r ev ious  a u t h o r s  x1,1~ 
h a v e  p o s t u l a t e d  t h a t  s te ro id  h o r m o n e s  do  no t  e x e r t  a 
d i r ec t  ac t ion  on  the  a d r e n a l  cor tex.  I n  d i s a g r e e m e n t  w i t h  
t h i s  conclusion,  we t h i n k  t h a t ,  owing  to  the  he t e rogeneous  
s t r u c t u r e  of t h e  ad r ena l  g l and  (cor tex  a n d  medul la ) ,  t h e  
g rea t  v a r i a b i l i t y  of t h e  b lood  c o n t e n t  of t he  o rgan  a n d  t h e  
genera l  ka t abo l i c  effect  of cort lcoids,  t h i s  p a r a m e t e r  is 
too  c rude  to  be  used for assessing t he  d i rec t  effect  of cor- 
t i co ids  u p o n  ad renoco r t i c a l  cells. 

T h e  m o r p h o m e t r i c  da ta ,  s h o w n  in Tab le  I I ,  c lear ly  de-  
m o n s t r a t e  t h a t  co r t i cos t e rone  d i r ec t ly  af fec ts  ad renocor -  
t ica l  ceils. I n  fact ,  t h e  v o l u m e  of cells, nuclei ,  l ip id  f r ac t ion  
a n d  t h e  v o l u m e  ( m e m b r a n e  space)  a n d  surface  of s m o o t h  
e n d o p l a s m i c  r e t i c u l u m  (SER)  decrease  s ign i f i can t ly  in  
d i r ec t  r e l a t i o n  to  t h e  doses of co r t i cos t e rone  admin i s t e r ed .  
T h e s e  resu l t s  are  in  comple t e  a g r e e m e n t  w i t h  our  p rev i -  
ous  f i nd ings  a f t e r  us ing  pha rmaco log i ca l  doses of hor -  
m o n e  x3. I n  fact ,  t h e  s l igh t  d i f ferences  b e t w e e n  t h e  con t ro l  
va lues  found  in  t h e  two  expe r imen t s ,  m a y  be  asc r ibed  to  
t h e  d i f f e ren t  d u r a t i o n  of  A C T H - t r e a t m e n t .  

I n  t h e  l igh t  of ou r  p r ev ious  c o n t r i b u t i o n s  13, is-co, t he se  
u l t r a s t r u c t u r a l  q u a n t i t a t i v e  c h a n g e s  m a y  be  cons ide red  
t h e  morpho log ica l  expres s ion  of  t h e  cor t i cos te rone- in -  
duced  i n h i b i t i o n  of ad r enoco r t i c a l  sec re t ion  a n d  p r o t e i n  
syn thes i s  ( syn thes i s  of e n z y m e s  a n d  s t r u c t u r a l  pro te ins) .  
Therefore ,  i t  m u s t  be  a s s u m e d  t h a t  t he  d e c r e m e n t  in S E R  

Table I. Changes in relative weight of hypophyseetomized rat adrenal 
glands, induced by corticosterone-treatment 

Treatment Relative adrenal Decrease Level of 
of rats weight (mg/100 g in % (-A) significance 

body wt.) (P) 

Control 14.61 -4- 0.42 
2 mglkg × 4 days 14.12 4- 0.39 

4 mg/kg x 4 days 13.91 4- 0.39 

3.5 >0.1 
(nosignificant) 

4.8 <0.1 
(no significant) 

ad rena l s  were weighed  a n d  t h e  ' r e l a t i ve  a d r e n a l  w e igh t '  
was  ca lcu la ted .  

F r a g m e n t s  of t h e  r i g h t  ad rena l s  were  f ixed  in  5 %  
g l u t a r a l d e h y d e ,  pos t f ixed  in 1% OsO4 a n d  e m b e d d e d  in 
a n  e p o x y  resin.  T h i c k  sec t ions  were m a d e  w i t h  L K B  I I I  
u l t r a m i c r o t o m e  a n d  obse rved  w i t h  t h e  l igh t  microscope  
for o r i e n t a t i o n  purposes .  T h i n  sec t ions  were cu t  a t  t h e  
level  of t h e  zona  fa sc icu la ta  a n d  obse rved  in a H i t a c h i  
H U  11 or H U  12 e lec t ron  microscope.  

300 m i c r o g r a p h s  f rom each  group,  r a n d o m l y  selected,  
were used for t h e  m o r p h o m e t r i c  assessments .  T he  pe r cen t  
of t h e  cel lular  v o l u m e  occupied  b y  va r ious  organel les  was  
e s t i m a t e d  b y  t he  m e t h o d  of ' d i f fe ren t ia l  p o i n t  c o u n t i n g '  ~s, 
a n d  t h e  ' sur face  c o n c e n t r a t i o n '  b y  t h e  'c ross ing m e t h o d '  l~ 

x M. K. BmMiNGttA.~ and E. KURLENTS, Endocrinology 62, 47 
(1958). 

2 W. C. BLACK, R. S. CRAMPTON, A. S, VERDI~SCA, R. J. NEDGELKO- 
vxc and J. G. HILTON, Am. J. Physiol. 201, 1057 (1961). 

a S. FUKUI, K. TAKEUCHI, F, WATANABE, A. KUMAGAI, S. XZANO 
and K. NISHINO, Endocr. jap. 8, 43 (1961). 

4 G. N. BURROW, P. 3. MULROW and P. K. BONNY, Endocrinology 
79, 955 (1966). 

5 j .  j .  FERGIISON, V. ~][ORITA and L. MFNDELSOttN, Endocrinology 
80, 521 (1967). 
L. B. MORROW, G. N. BURROW and P. J, MULROW, Endocrinology 
80, 883 (1967). 

7 G. N. BURROW and L. 13. MORROW, Endocrinology 83, 18 (1968). 
s K. L. YIRLDING, G. M. TOMKINS, J. S. MtmnAY and I . J .  Cow- 

LEY, J. biol. Chem. 235, 3413 (1960). 
R. V. FARESE, Endocrinology 85, 1209 (1969). 

lo 3I. CLAY~IAN, D. TSA~G and R. M. JOHNSTONE, Endocrinology 86, 
931 (1970). 

t, E. SAKIZ, C. r. Soc. Biol. Paris 153, 267 (1959). 
la L. MARTINI, A. PEC1LE attd G. GIULIANI, Mere. Soc. Endocr. 9, 

501 (1960). 
13 G. G. NUSSDORFZR and G. MAzzoccm, Z. Zell/orsch. 111,90 (1970). 
i~ G. G. NUSSDORFER and G. MAZZOCCm, Experientia 26, 1374 (1970). 
~ E. ZIMMgRMANN and V. CRITC~LOW, Neuroendocrinology 5, 183 

(1969). 
i~ E. R. WEmEL, Int. Rev. Cytol. 26, 235 (1969). 
1~ A. V. LOUD, J. Cell Biol. 15, 481 (1962). 
13 G. G. NUSSDORFER, Z. Zellforsch. ~103, 382 (1970). 
13 G. G. NUSSDORWR, Z. Zellforsch. ;'06, 143 (1970). 
~0 G. G. NUSSDORFER, G. MAZZOCCHI and L. Rr~ONATO, Z. Zellforsch. 

115, 30 (1971). 



1348 Specialia EXPERIENTIA 27/11 

Table II. Changes in nmrphometric parameters of hypophysectondzed rat adrenocortical cells, induced by corticosterone administration 

Treatment of rats Control 2 mg/kg × 4 days 4 mg/kg x 4 days 

Volume of cells [/3 1603.4 =1= 101.3 1353.7 :J= 86.3 1195.2 -4- 75,9 
-A 15.6 25.6 
P <0.05 <0.05 

Volume of nuclei [x 3 136.9 ~ 7,1 120.9 :at: 6.4 115.8 -t- 4.8 
-A 11.7 15.5 
P <0.05 <0.05 

Volume of mitoehondria [z 3 418.6 ~ 30.5 397.4 i 30.0 370.2 :t: 24.6 
-A 5.1 11.7 
P no significant no significant 

Surface of mitochondrial cristae ~ 2093.0 ~ 155.5 2026.7 ± 153.6 1925.1 + 127.9 
-A 3.2 8.1 
P no significant no significant 

Membrane space [~3 877.0 ~ 54.1 720.0 :k 44.1 619.1 + 32.9 
-A 17.9 29.5 
P <0.05 < 0.05 

Surface of set ix 2 9001.5 =[2 601.2 7344.1 ztz 497.6 6252.9 zi: 351.3 
-A 18,4 30.6 
P <0.05 <0.05 

Volume of lipids [x a 156.0 ~: 10.6 104.2 :t: 7.0 85.4 4- 5.9 
-zl 33.2 45.3 
P <0,05 <0.01 

is t he  effect  of t h e  phys io logica l  k a t a b o l i s m  of t he  cel lu lar  
m e m b r a n e s  in p resence  of a def ic i t  in  t h e  s y n t h e s i s  of new 
m e m b r a n e s .  

T h e  v o l u m e  of m i t o c h o n d r i a l  f r ac t i on  a n d  t h e  sur face  of 
m i t o c h o n d r i a l  c r i s t ae  a re  f o u n d  to  be  on ly  s l i gh t ly  de-  
c reased  a f t e r  co r t i cos t e rone  a d m i n i s t r a t i o n  (Tab le  I I ) .  T h e  
d e c r e m e n t  is n o t  s i gn i f i can t :  t h i s  is c o n s i s t e n t  w i t h  ou r  
p r ev ious  f ind ings  13, a n d  could  be  e x p l a i n e d  b y  a s s u m i n g  
t h a t  e i t h e r  1. t h e  t r o p h i s m  of t h e  m i t o c h o n d r i a l  f r ac t i on  
is exc lus ive ly  or  p r e v a l e n t l y  con t ro l l ed  b y  A C T H ,  o r / a n d  
2. t h e  c a t a b o l i c  t u r n o v e r  of ad renoco r t i c a l  m i t o c h o n d r i a l  
f r ac t i on  is m u c h  s lower  t h a n  t h a t  of S E R  m e m b r a n e s .  T h e  
f i r s t  h y p o t h e s i s  m a y  be  su s t a ined  b y  cons ide r ing  t h e  in-  
t r ins ic  d i f ferences  in  t h e  r e g u l a t i o n  of t h e  s y n t h e s i s  of 
m i t o c h o n d r i a l  a n d  mic rosomM p r o t e i n s  ~1. F u r t h e r m o r e ,  
A C T H  was  f o u n d  to  e n h a n c e  t h e  m i t o c h o n d r i a l  D N A -  
d e p e n d e n t  p r o t e i n  syn thes i s  ~,-24. However ,  some ind i r ec t  
ev idence  t e n d s  to  s u p p o r t  also t h e  second  poss ib i l i ty  2°. 
I t  m u s t  b e  p o i n t e d  o u t  t h a t  t h e  two  h y p o t h e s e s  do n o t  
necessar i ly  confl ict .  To ga in  f u r t h e r  i n s i gh t  i n to  t h i s  
p rob lem,  t h e  effects  of cor t i cos te ro ids  on  ad r enoco r t i c a l  
m i t o c h o n d r i a l  p r o t e i n  s y n t h e s i s  a re  now  b e i n g  inves t i -  
g a t e d  in our  l abo ra to r y .  

I n  conclusion,  ou r  m o r p h o m e t r i c  da ta ,  d e m o n s t r a t i n g  a 
d i r ec t  effect  of pa raphys io log ica l  doses of co r t i cos te rone  
on  ad renoco r t i c a l  cells, l end  c redence  to  t h e  v iew t h a t ,  in  
t h e  r egu la t ion  of ad renocor t i ca l  func t ion ,  t h e  p e r i p h e r a l  
c o m p o n e n t  of t h e  f eed -back  m e c h a n i s m  i n v o l v e d  ha s  a 
phys io log ica l  s igni f icance  ~s. 

Riassunto, Con m e t o d i  m o r f o m e t r i c i  ~ s t a t o  s t u d i a t o  
l ' e f fe t to  di dosi  paraf i s io logiche  di  co r t i cos te rone  sulle 
cellule co r t i cosur rena l i che  (zona fascicolata)  di  r a t t i  ipo- 
f i s ec tomizza t i  t r a t t a t i  con dosi  di m a n t e n i m e n t o  di  ACTH.  
I d a t i  o t t e n u t i  i nd i cano  che  t a l l  dosi  di o r m o n e  in ib i scono  
d i r e t t a m e n t e  la  f unz iona l i t g  delle cel lule co r t i cosu r rena -  
l iche.  Ques t i  r i su l t a t i  sugger i scono c h e l a  c o m p o n e n t e  per i -  
fer ica  de i  m e c c a n i s m i  a f eed -back  che  i n t e r v e n g o n o  ne t la  
regolaz ione  de l la  funz ione  cor t i cosur rena l i ca ,  g iochi  u n  
ruo lo  fisiologico s igni f ica t ivo.  
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Ident i f i ca t ion  and B i o s y n t h e s i s  of  S t ero id  H o r m o n e s  in  the  G o n a d s  of  Ci ona  i n t e s t i n a l i s  

Knowledge  of t h e  i den t i f i c a t i on  a n d  b i o s y n t h e s i s  of 
s t e ro id  h o r m o n e s  in  v e r t e b r a t e s  a n d  i n v e r t e b r a t e s  h a s  
b e e n  r e m a r k a b l y  en r i ched  in r e c e n t  years .  Howeve r ,  n o  
i n f o r m a t i o n  is a v a i l a b l e  as r ega rds  t h e  p r o t h o c h o r d a t e s .  

I n  o rder  to  fi l l  t h i s  gap,  a n d  to  u n d e r s t a n d  b e t t e r  t h e  
e v o l u t i o n a r y  fac to rs  w h i c h  b r o u g h t  to  l i g h t  t h e  p a t t e r n  of 
s te ro id  sec re t ion  in v e r t e b r a t e s ,  we h a v e  s t ud i ed  b o t h  t h e  
i den t i f i c a t i on  a n d  b i o s y n t h e s i s  of s te ro id  h o r m o n e s  in t h e  

g o n a d s  of t h e  u rocho rda t e ,  Ciona intestinMis. Ciona is a 
h e r m a p h r o d i t i c  an ima l ,  whose  g o n a d s  cons is t  of a s e p a r a t e  
o v a r y  a n d  tes t is .  T h e  p e a r - s h a p e d  o v a r y  lies in  t h e  in te -  
s t i na l  loop to  t h e  le f t  of t h e  s t o m a c h ;  t h e  g e r m i n a l  ep i the -  
l i u m  is l ined  i n t e r n a l l y  b y  a c i l i a ted  ep i the l ium,  whi le  
e x t e r n a l l y  i t  is s u r r o u n d e d  b y  v a s c u l a r  c o n n e c t i v e  t issue.  
T h e  tes t i s  is a diffuse s t r u c t u r e  composed  of b r a n c h i n g  
t u b u l e s  s p r e a d  ove r  t h e  i n t e s t i n e  a n d  t he  pos te r io r  p a r t  


