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T h e  ef fec t  o f  S R I F  a n d  i ts  a n t a g o n i s t  c y c l o ( 7 - a m i n o h e p t a n o n y l - P h e - D - T r p - L y s - T h r l B z l l ) ( S R I F - A )  
w e r e  s t u d i e d  in s h a m - o p e r a t e d  a n d  b i l a t e r a l l y  a d r e n a l e c t o m i z e d  r a t s  b e a r i n g  A C T H -  a n d  a n -  
g i o t e n s i n  I I  ( A N G - I I ) - r e s p o n s i v e  a d r e n o c o r t i c a l  a u t o t r a n s p l a n t s .  S R I F - A  (10 -5 M) c o m p l e t e l y  a n -  
n u l l e d  S R I F  ( 1 0 - 6 M ) - i n d u c e d  i n h i b i t i o n  o f  A N G - I I  ( 1 0 - 8 M ) - e v o k e d  r i se  in a l d o s t e r o n e  ( A L D O )  
s e c r e t i o n  b y  b o t h  d i s p e r s e d  z o n a  g l o m e r u l o s a  (ZG)  cells  a n d  a u t o t r a n s p l a n t  sl ices.  A 7 - d a y  
i n t r a p e r i t o n e a l  i n f u s i o n  w i t h  S R I F  ( 0 . 3 n m o l . k g - l . m i n  -1) s i g n i f i c a n t l y  l o w e r e d  p l a s m a  A L D O  
c o n c e n t r a t i o n  ( P A C )  in b o t h  g r o u p s  o f  a n i m a l s ,  w i t h o u t  a f f ec t i ng  p l a s m a  r e n i n  a c t i v i t y  a n d  the  
p l a s m a  leve ls  o f  A C T H  a n d  c o r t i c o s t e r o n e .  T h i s  t r e a t m e n t  c a u s e d  a m a r k e d  a t r o p h y  o f  a d r e n a l  Z G  
a n d  its  p a r e n c h y m a l  cel ls  ( w i t h o u t  i n d u c i n g  a n y  s i g n i f i c a n t  c h a n g e  in the  z o n a  f a s c i c u l a t a  m o r -  
p h o l o g y ) ,  as wel l  as o f  Z G - l i k e  cei ls  o f  a u t o t r a n s p l a n t s .  I s o l a t e d  Z G  cells  a n d  a u t o t r a n s p l a n t  s l ices  
f r o m  S R I F - i n f u s e d  r a t s  e v i d e n c e d  a n o t a b l e  d e c r e a s e  in b o t h  t h e i r  b a s a l  a n d  m a x i m a l l y  A C T H -  o r  
A N G - I I - s t i m u l a t e d  A L D O  p r o d u c t i o n .  T h e  s i m u l t a n e o u s  i n f u s i o n  o f  r a t s  w i t h  S R I F - A  
(3 n m o l . k g - l . m i n  -1) c o m p l e t e l y  r e v e r s e d  all  t he se  e f fec ts  o f  S R I F .  T h e  p r o l o n g e d  i n f u s i o n  w i t h  
S R I F - A  a l o n e  c a u s e d ,  in s h a m - o p e r a t e d  r a t s ,  a m a r k e d  i n c r e a s e  in P A C  a n d  a s i g n i f i c a n t  h y p e r t r o -  
p h y  o f  Z G  a n d  Z G  cells;  b a s a l  a n d  m a x i m a l l y - s t i m u l a t e d  A L D O  s e c r e t i o n  o f  d i s p e r s e d  Z G  cel ls  was  
a lso  n o t a b l y  r a i s e d .  C o n v e r s e l y ,  S R I F - A  i n f u s i o n  d id  n o t  evoke  a n y  a p p r e c i a b l e  ef fec t  in a u t o t r a n s -  
p l a n t e d  r a t s .  T h e s e  f i nd i ngs  s u g g e s t  t h a t  e n d o g e n o u s  S R I F  is spec i f i c a l l y  i n v o l v e d  in t he  n e g a t i v e  
c o n t r o l  o f  t he  s e c r e t i o n  a n d  g r o w t h  o f  t he  r a t  a d r e n a l  ZG.  S ince  r e g e n e r a t e d  a d r e n o c o r t i c a l  
a u t o t r a n s p l a n t s ,  w h i c h  a r e  r e s p o n s i v e  to S R I F  b u t  no t  to  S R I F - A  in fus ion ,  a r e  c o m p l e t e l y  d e p r i v e d  
o f  c h r o m a f f i n  cells,  t he  h y p o t h e s i s  is a d v a n c e d  t h a t  a d r e n a l  z o n a  m e d u l l a r i s  m a y  be  the  s o u r c e  o f  
e n d o g e n o u s  S R I F  r e g u l a t i n g  Z G  f u n c t i o n .  
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INTRODUCTION 

A large body of data indicates that exogenous S R I F  
exerts a direct inhibitory effect on the secretory activity 
and growth of adrenal zona glomerulosa (ZG). S R I F  
binds to specific membrane  receptors of  Z G  cells [ 1-4], 
and probably interferes with the intracellular mechan-  
isms mediating the adrenoglomerulotropic effect of 
angiotensin I I  ( A N G - I I ) [ 5 - 9 ] .  The  hypothesis that 
endogenous S R I F  may be involved in the physiologic 
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control of  the adrenal function in rats has been recently 
suggested by the demonstrat ion that cysteamine, a 
specific depletor of S R I F  in different organs of this 
species [10], markedly enhances the growth and se- 
cretory activity of Z G  [11]. 

Some points, however, remain to be addressed before 
this hypothesis can be definitively accepted. (i) Adrenal 
Z G  undergoes a very complex multifactorial control 
(see [12, 13] for review); hence, it cannot be excluded 
that cysteamine, apart f rom inducing S R I F  depletion, 
may interfere with the mechanism of action of one or 
more other factors regulating Z G  function. (ii) Due to 
the very short half-life, the level of  circulating S R I F  of 
various origin (hypothalamic, renal and intestinal) is 
very low (see [14, 15] for review), and surely below the 
minimal concentration shown to be effective in vitro on 
Z G  cells (10 - I°/10 -9 M) [5]; thus, it would be necessary 
to admit  the existence of a local (intradrenal) source of 
endogenous SRIF.  

Here,  we report  findings indicating that the prolonged 
administration of a specific competit ive antagonist of 
SRIF ,  the cyclo(7-aminoheptanonyl-Phe-D-Trp-Ly:s  - 
Thr[Bzl]) (SRIF-A)[16]  enhances the function and 
growth of Z G  in rats under  basal conditions, and provide 
evidence that adrenal zona medullaris may be the source 
of endogenous S R I F  regulating Z G  activity. 

E X P E R I M E N T A L  

In vivo experiments 

Adult  male Wistar rats (200 + 20 g body wt) were 
purchased from Charles-River (Como, Italy). A group 
of rats was bilaterally adrenalectomized, and 6 fragments 
of the capsular tissue of their excised adrenals were 
implanted in the musculus gracilis; the animals were 
employed after 4 months of  regeneration of autotrans- 
plants [17]. Another  group of rats was sham-adrenal-  
ectomized. The  animals were kept under  a 12 : 12 h l ight-  
dark cycle (illumination onset at 8:00 a.m.) at 23 + I°C, 
and maintained on a standard diet (Rat-Mouse Chow; 
Zoofarm, Padua, Italy) and tap water ad libitum. 

Groups  (n = 8) of  sham-operated and autotrans- 
planted rats were intraperitoneally infused for 7 
days (Alzet osmotic pumps  Mod.  2001; Alza, Palo 
Alto, CA) with the following peptides purchased 
by Sigma (St Louis, MO)  and dissolved in 
0.9% NaCI: S R I F  ( 0 . 3 n m o l . k g - l . m i n - l ) ,  S R I F - A  
(3.0 n m o l . k g -  l . m i n -  1) or S R I F  plus SRIF-A.  The  
control groups were infused with the saline vehicle. The  
close of S R I F  was chosen according to Kasprzak 
et al. [11], and that of  S R I F - A  was 10-fold higher 
according to the in vitro experiment  described below. By 
considering that peritoneal absorption is very high and 
the half-life of  S R I F  in the blood is very short, and by 
assuming 10-12 ml of  blood/rat, it can be roughly calcu- 
lated that this infusion rate produces a constant concen- 
tration of circulating S R I F  about 10- ~ M. 

The  systolic blood pressure (BP) was measured by tail 
sphygmomanomet ry  (BP-Recorder;  Basile, Comerio,  
Italy) 24 h before the sacrifice. The  rats were decapitated 

between 10:00 and 11:00 a.m., their t runk blood was 
collected and frozen, and their adrenals or autotrans- 
planted adrenocortical nodules were prompt ly  removed. 

Biochemical assays. Serum Na ÷ and K ÷ concen- 
trations were measured with a flame photometer  (LKB,  
Stockholm, Sweden). Plasma renin activity (PRA) was 
assayed by R I A  of angiotensin-I  generated after incu- 
bation of plasma ( A N G - I  R I A  kit; Peninsula, 
Merseyside,  England). A C T H  was extracted from 
plasma [18], and its concentration was determined by 
R I A  ( A C T H - R I A  kit; IRE-Sor in ,  Vercelli, Italy). 
Aldosterone (ALDO)  and corticosterone (B) were ex- 
tracted and purified [19], and their plasma concen- 
trations (PAC and PBC, respectively) were measured by 
R I A  (a ldo-CTK2;  IRE-Sor in ,  and Cr tx-RIA;  Euro-  
genetix, Milan, Italy). Intra-  and interassay variations 
were: A N G - I ,  6.0 and 8.7% ; A C T H ,  5.8 and 7.5% ; 
A L D O ,  5.6 and 7.1% ; B, 7.0 and 8.9% . 

Morphology. T h e  left adrenals were fixed in Bouin's 
solution, embedded in paraffin and serially cut at 
6-7 pm.  Sliced pieces of the right glands were fixed in 
3~'o glutaraldehyde, post-fixed in 1% osmium tetroxide 
and embedded in epon. Thick  (0 .5pm)  and thin 
(60-70 nm) sections were cut with a L K B  Supernova 
Ult rotome (Reichert-Jung, Wien, Austria) at the level of  
the Z G  and zona fasciculata (ZF). Th in  sections were 
counterstained with lead-hydroxide, and examined and 
photographed in a Hitachi H-300 electron microscope. 
The  volume of Z G  and ZF,  and the number  and volume 
of their parenchymal cells, as well as the volume of 
nuclei, were determined on light micrographs of the 
paraffin and 0.5 # m  thick epon sections, using conven- 
tional morphometr ic  methods [20], as described in an 
earlier paper  [21]. On electron micrographs of Z G  cells, 
the volume of mitochondrial  and lipid-droplet compar t -  
ments,  and the surface area of mitochondrial  cristae and 
smooth endoplasmic reticulum (SER) were evaluated by 
the stereologic techniques described by Weibel [20], as 
detailed previously [21 ]. Adrenocortical autotransplants 
were sliced and processed for electron microscopy (see 
above). The  volume and stereological parameters  of 
subcapsular and juxta-septal ZG-l ike  cells [17] were 
evaluated as described above. 

In vitro experiments 

Other  4 groups of sham-operated and autotrans- 
planted rats were infused for a week as in in-vivo 
experiments.  A number  of rats was not infused (normal 
rats). The  animals were decapitated, and adrenal glands 
and regenerated adrenocortical nodules prompt ly  re 
moved. Adrenals were employed to obtain dispersed-cell 
preparations, while autotransplants were quartered [17]. 

Preparation of dispersed ZG cells. Adrenal glands were 
gently decapsulated to separate ZG.  Dispersed capsular 
(ZG) cells were obtained by collagenase/DNase I diges- 
tion and mechanical disaggregation [22]. The  viability 
of  isolated cells was checked by the t rypan-blue exclu- 
sion test and found to be higher than 90%. Inner-cell  
contamination in capsular-cell preparations,  as evalu- 
ated by phase-microscopy,  was always < 7%. Dispersed 
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cells obtained from 6 rats were pooled to obtain a single 
cell preparation, and 6 or 8 cell preparations for each 
incubation experiment were employed. 

Incubation procedures. Dispersed cells and auto- 
transplant quarters were put in Medium 199 
(DIFCO,  Detroit, MI )  and potassium-free Krebs- 
Ringer bicarbonate buffer with 0.2% glucose 
(2:1, v/v), containing 5 m g . m l  -~ human serum 
albumin. They  were incubated as follows: (i) prep- 
arations obtained from infused rats were incubated, 
in replicates of 8 each, with A N G - I I  or ACTH~_24 
(both 10 -8M)  (Sigma), or without any peptide. (ii) 
Dispersed ZG cells obtained from normal rats were 
incubated, in replicates of 6 each, with increasing 
concentrations of S R I F - A  (from 10-10 to 10-4 M), in 
the presence or absence of A N G - I I  10 8 M and A N G -  
I I  plus S R I F  10 -6M.  (iii) Autotransplant quarters 
obtained from normal rats were incubated, in replicates 
of 6 each, with increasing concentrations of S R I F  
( f r o m  10 10 to  10 4 M ) ,  in the presence or absence of 
A N G - I I  10 -8 M and S R I F - A  10-5 M. The  incubation 
was carried out in a shaking bath at 37°C for 90 min, 
in an atmosphere of 95% 02 and 5% CO2. At the end 
of the experiments, the incubation tubes were cen- 
trifuged at 4°C, and the concentration of A L D O  in the 
supernatants were determined as described above 
(intra- and interassay variations were 7.1 and 8.3%, 
respectively). 

Statistics 

The data obtained were averaged per experimental 
group, and SD or SE were calculated. The  
statistical comparison of the data was done by 
A N O V A  followed by the Multiple Range Test of 
Duncan. 
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Fig. 1. A c u t e  effect of SRIF-A on basal ([7), ANG-II (10-s M)- 
stimulated (C)) and ANG-II-stimulated SRIF (10-6 M)-inhib- 
ited (0) ALDO secretion by  d i s p e r s e d  rat  Z G  cel l s .  D a t a  are  
m e a n s  + SE (n = 6). ap < 0.01 from ANG-II-stimulated O- 
group; +P < 0.05 and *P < 0.01 from the respective O-group. 

S R I F - A  alone did evoke a 38% rise in PAC in sham- 
operated rats, but not in autotransplanted animals 
(Table 1). 

Chronic S R I F  administration caused significant de- 

R E S U L T S  

S R I F  1 0 - 6 M  provoked a marked ( - 6 0 % )  inhi- 
bition of A N G - I I  (10-8M)-evoked rise (7.2-fold) in 
A L D O  secretion by dispersed ZG cells. The  acute 
exposure to S R I F - A  did not alter either basal or 
ANG-I I - s t imula ted  A L D O  production, but it dose- 
dependently counteracted the inhibitory effect of 
SRIF:  a complete reversal was observed at a S R I F - A  
concentration 1 0 - S M  (Fig. 1). S R I F  dose-depen- 
dently decreased A N G - I I  (10 -8 M)-stimulated A L D O  
secretion by autotransplant quarters (3.3-fold), without 
affecting the basal one; the maximum effect ( -  54%) 
was obtained at a concentration of 10 -6M.  S R I F - A  
1 0 - S M  completely abolished the effect of S R I F  
(Fig. 2). 

The prolonged infusion with SRIF,  S R I F  plus 
S R I F - A  or S R I F - A  did not cause any significant 
change in BP, PRA, natremia, kalaemia, A C T H  plasma 
concentration and PBC in both sham-operated and 
autotransplanted rats (Table 1). S R I F  infusion signifi- 
cantly decreased PAC in sham-operated ( - 2 3 % )  and 
autotransplanted animals ( - 2 7 % ) ,  and S R I F - A  re- 
versed this effect (Table 1). The  administration of 
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Fig. 2. A c u t e  effect  o f  S R I F  on basa l  ( i )  a n d  ANG-II 
(10-aM) -stimulated (O) ALDO secretion by  q u a r t e r s  of 
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taneous e x p o s u r e  to SRIF-A (10-SM) (D, C)). D a t a  are  
means + SE (n = 6). +P < 0.05 and *P < 0.01 from the respect- 

ive O-group. 
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Table 1. Effects of SRIF,  S R I F  plus S R I F - A  and S R I F - A  infusions on some physical and biochemical 
parameters of sham-operated and autotransplanted rats 

Controls SRIF  SRIF plus SRIF-A SRIF-A 

Sham-operated rats 
BP (mmHg) 132 ± 13 130 ± 10 135 ± 14 128 + 11 
PRA (fmol.ml l .h 1) 5 .1+1 ,4  6 . 1+1 . 6  5 .2+1.1  5 .0±1 .0  
Natremia (mEq. 1 - t) 130.4 ± 14.6 135.5 + 15.1 129.5 ± 13.8 131.2 ± 14.9 
Kalaemia 5.0 + 0,8 5.1 + 0.7 4.9 ± 0.6 4.9 + 0.8 

A C T H  plasma concentration (pM) 20.6 + 7.0 21.5 + 6.5 22.3 + 7.2 19.8 + 5.9 
PAC (pM) 580.9 ± 182.1 438.7 ± 125.7"* 604.6 ± 196.1 792.5 ± 251.9"* 
PBC (nM) 294.7 ± 98.0 287.1 ± 96.6 309.2 + 100.3 300.4 ± 90.7 

Autotransplanted rats 
BP (mmHg) 155 ± 19" 160 + 25 150 ± 20 153 ± 18 
P R A ( f m o l . m l  l .h  l) 7 .9±2 .0*  8 .1+2 .2  7 .5+1 .9  8 . 0±2 . 4  
Natremia (mEq. 1 - 1) 135.3 ± 17.2 138.2 + 16.7 130.6 + 18.5 139.5 + 23.1 
Kalaemia (mEq.1 - a) 5.3 ± 0.9 4.9 ± 0.7 5.0 ± 1.0 5.0 ± 0.9 
A C T H  plasma concentration (pM) 32.1 + 9.1" 29.7 + 8.0 30.6 ± 9.5 34.3 + 10.2 
PAC (pM) 221.3 ± 69.7* 160.5 + 48.3** 232.4 ± 85.0 219.1 + 71.4 
PBC (nM) 152.2±45.4" 146.8±47.2 149.7+38.8 153.7+50.1 

Data are means ± SD (n = 8). *P < 0.01 from sham-operated control rats; **P < 0.05 from control group. 

creases in the volumes of Z G  ( - 1 9 % )  and Z G  cells 
( - 2 1 % ) ,  without affecting the number  of  Z G  cells and 
the volume of their nuclei (Table 2); also the average 
volume of ZG-l ike  cells of  autotransplants displayed a 
significant lowering ( -  21%) (Table 4). The  SRIF- in -  
duced Z G -  and ZG-like-cell  a t rophy was associated 
with significant decreases in the volume of mitochon-  
drial compar tment  ( - 2 7  and - 2 9 % ,  respectively), 
and in the surface areas of mitochondrial  cristae ( -  27 
and - 30%) and SER ( - 36 and - 24%). Conversely, 
the volume of the l ipid-droplet  compar tment  under-  
went a marked rise in both types of  cells (81 and 120%) 
(Tables 3 and 4). S R I F - A  completely annulled the 
S R I F  effects on the Z G  (Tables 2 and 3) and ZG-l ike  
cells (Table 4). The  chronic administration of S R I F - A  
alone evoked, in sham-operated rats, effects opposite to 
those elicited by SRIF:  increases in the volumes of Z G  
(29%), Z G  cells (26%) and mitochondrial  compar t -  
ment  (31%), and in the surface areas of mitochondrial  
cristae (32%) and SER (38%); lowering in the volume 
of the lipid-droplet compar tment  ( - 5 3 % )  (Tables 2 
and 3). Conversely, S R I F - A  infusion did not alter the 
morphology of ZG-l ike  cells of autotransplants 
(Table 4). None  of the treatments evoked appreciable 
alterations in the ZF  of sham-operated rats (Table 2). 

A N G - I I  ( 1 0 - S M )  and A C T H  ( 1 0 - S M )  acute ex- 
posure markedly raised A L D O  output  by both dis- 
persed Z G  cells (6.3- and 9.6-fold, respectively) and 
autotransplant quarters (3.4- and 4.0-fold) of saline 
infused rats (Table 5). S R I F  infusion notably reduced 
both basal ( - 22 and - 39%) and A N G - I I -  or A C T H -  
stimulated ( - 2 5 / - 2 6  and - 2 5 / - 2 1 % )  A L D O  se- 
cretion of both kinds of preparations. These  effects of 
S R I F  were annulled by the simultaneous infusion of 
S R I F - A  (Table 5). The  administration of S R I F - A  
alone increased basal and stimulated A L D O  output  by 
dispersed Z G  cells (about 30-33To), but not by auto- 
transplant quarters (Table 5). 

DISCUSSION 

According to previous investigations [5, 8], S R I F  
1 0 - 6 M  partially inhibits maximally A N G - I I - s t i m u -  
lated A L D O  secretion by rat Z G  cells. S R I F - A  dose- 
dependently counteracts S R I F  effect, being a complete 
suppression obtained at a concentration 10-fold higher 
than that of  SRIF .  

As demonstrated in earlier investigations [6, 7], the 
prolonged administration of SRIF ,  at a dose that 
presumably is able to maintain a blood concentration of 

Table 2. Effects of SRIF,  S R I F  plus S R I F - A  and S R I F - A  infusions on the morphometric parameters 
of the adrenal gland of sham-operated rats 

Controls SRIF  SRIF  plus SRIF-A SRIF-A 

ZG 
Volume of zona (mm 3) 2.952 + 0.715 2.381 + 0.601" 3.011 + 0.810 3.815 + 0.848* 
Number  of cells ( x 103) 3184.0 + 617.2 3253.8 + 710.5 3175.9 + 698.8 3263.9 + 750.6 
Volume of cells (#m 3) 741.7 + 178.9 585.4 + 148.2" 758.6 + 201.5 935.1 ± 258.7* 
Volume of nuclei (#m 3) 121.5 + 17.7 130.4 ± 19.8 125.7 ± 20.6 128.9 + 19.5 

ZF 
Volume of zona (mm 3) 16.542 ± 5.819 16.178 + 4.159 15.987 + 4.522 17.002 + 5.218 
Number  of cells ( x 103) 8143.8 + 2019.5 8095.7 _+ 2218.5 7738.5 ± 1919.8 8047.2 ± 2153.4 
Volume of cells (pm ~) 1828.1 ± 408.2 1798.5 ± 397.2 1859.3 ± 410.9 1901.5 ± 506.2 
Volume of nuclei (/tin 3) 160.4 ± 22.3 155.1 _+ 19.8 166.3 ± 20.1 159.9 ± 22.2 

Data are means + SD (n = 8). *P < 0.05 from control group. 
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Controls S R I F  S R I F  plus S R I F - A  SRIF-A  

Volume of mitochondrial  
compar tment  (pm3/cell) 130.2 + 36.2 95.6 + 29.7* 129.8 + 35.1 170.2 + 43.9* 

Surface area of 
mitochondrial  cristae 
(/tmZ/cell) 2369.6 + 619.5 1728.8 + 450.2* 2401.5 + 658.2 3114.6 + 759.2* 

Surface area of SER 
(pmZ/cell) 5398.8 + 1382.6 3469.1 + 1218.3"* 5685.3 + 1410.9 7469.3 + 2005.2** 

Volume of l ipid-droplet  
compar tment  (pm3/cell) 40.1 + 17.2 72.7 + 26.9** 35.8 + 14.7 18.7 + 8.2** 

Data are means + SD (n = 8). *P < 0.05 and **P < 0.01 from control group. 

the peptide near the maximally effective one in vitro 
(see Experimental) ,  profoundly depresses the growth 
and secretory capacity of  rat adrenal ZG,  without 
affecting ZF  and the product ion of B, the main gluco- 
corticoid secreted by inner adrenocortical layers in 
Rodentia [23]. T h e  moderate  (19%), non-significant 
rise in PRA may be interpreted as a negative feed-back 
response of the renin-angiotensin system to the low- 
ered PAC, that in turn is counteracted by the well- 
known inhibitory effect of S R I F  on kidney renin 
release [24-26]. SRIF-A,  at an infusion rate 10-times 
higher than that of  SRIF ,  completely annuls S R I F  
effects, and, when infused alone, causes a marked 
enhancement  of  the growth and steroidogenic capacity 
of  Z G  (but not of  ZF). 

The  S R I F -  and SRIF-A- induced  a t rophy and hy- 
per t rophy,  respectively, of  Z G  and its parenchymal  
cells are coupled with decreases and increases in the 
volume of the mitochondrial  compar tment  and SER. 
These  morphologic data accord well with the notable 
depression or enhancement  of basal and maximally 
agonist-st imulated A L D O  secretion by dispersed Z G  
cells obtained f rom S R I F -  and SRIF-A- in fused  rats, 
respectively. In fact, the enzymes of A L D O  synthesis 
are located in both mitochondria  and SER (see [27-29] 
for references), and the changes in the surface area per 
cell of  mitochondrial  cristae and SER tubules are 
tightly coupled with corresponding changes in the 
activity per cell of  some of these enzymes [27, 30, 31]. 
The  lowered or increased utilization of cholesterol in 

A L D O  synthesis occurring in S R I F -  and S R I F - A -  
infused rats, coupled with a presumably normal uptake 
of cholesterol f rom serum lipoproteins, may well ac- 
count for the marked increase or decrease in the volume 
of l ipid-droplet  compartment .  In fact, it is commonly  
agreed that cholesterol and its esters are stored in 
adrenocortical lipid droplets [27, 32, 33] and that lipo- 
protein uptake by adrenocortical cells is a receptor-me-  
diated process mainly (if not exclusively) controlled by 
A C T H  (see [34] for review), whose secretion is not 
affected by S R I F  or S R I F - A  treatment.  

Our findings obtained in SRIF-A- in fused  animals 
strongly suggest that, under  basal conditions, endogen- 
ous S R I F  is involved in the negative control of the 
secretion and growth of Z G  in rats. This  contention is 
supported by the fact that (i) S R I F - A  per se does not 
acutely affect either basal or A N G - I I - s t i m u l a t e d  
A L D O  secretion by isolated Z G  cells, which indicates 
that this peptide does not disrupt rat Z G  function, but 
only competes with S R I F  receptors [16]; and (ii) the 
adrenoglomerulotropic action of S R I F - A  is totally 
reversed by the simultaneous infusion with SRIF .  

As pointed out in the Introduct ion,  it seems necess- 
ary to admit  the existence of a local source of endogen- 
ous SRIF ,  since the blood level of SRIF ,  under  normal 
circumstances, is too low for this peptide to exert its 
modulatory effect on adrenals. Our  experiments with 
adrenocortical autotransplanted rats appear  to throw 
light on this topic. 

Regenerated adrenocortical nodules secrete both 

Table 4. Effects of SRIF,  S R I F  plus S R I F - A  and S R I F - A  infusions on the morphometric parameters 
of ZG-like cells of adrenocortical autotransplants 

Controls S R I F  S R I F  plus SRIF-A  S R I F - A  

Volume of cells (#m 3) 670.1 + 181.3 530.6 + 150.1" 650.1 _+ 154.8 695.7 + 201.2 

Volume of nuclei (pm 3) 92.4 _ 11.2 87.3 __+ 13.2 101.5 + 15.6 89.4 + 13.5 
Volume of mitochondrial  

compar tment  (pm3/cell) 150.6 + 40.8 106.3 _ 30.2** 148.9 + 50.1 163.2 + 48.7 
Surface area of 

mitochondrial  cristae 
(#m2/cell) 2715.1 + 681.4 1909.5 + 418.1"* 2689.4 + 701.2 2881.0 + 758.3 

Surface area of SER 

(pmZ/cell) 5108.5 + 1541.7 3858.9 + 1213.4" 4751.5 + 1421.8 5274.1 + 1617.3 
Volume of l ipid-droplet  

compar tment  (#m3/cell) 9.3 + 4.0 20.7 + 9.1"* 10.2 + 5.3 10.8 + 3.9 

Data are means + SD (n = 8). *P < 0.05 and **P < 0.01 from control group. 
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Table 5. Effects of S R I F ,  S R I F  plus S R I F - A  and S R I F - A  infusions on basal and agonist-stimulated 
A L D O  secretion of dispersed Z G  cells of sham-operated rats and adrenocortical nodules of autotrans- 

planted rats 

Controls SRIF SRIF plus SRIF-A SRIF-A 

Dispersed ZG cells 
(pmol/106 cells, h - 1) 
Basal 56.8 _+ 16.1 44.0 _+ 12.7" 60.8 _+ 18.5 75.4 __ 20.2* 
ANG-II (10 8 M) 358.4 __ 89.2 270.5 _+ 75.6* 372.5 __ 106.2 464.6 _+ 152.1" 
ACTH (10-SM) 546.3_+ 178.1 401.7_+ 141.9" 589.8___ 185 .1  719.8_+235.6" 

Autotransplanted quarters 
(pmol.mg l .h-  1) 
Basal 15.2 __ 5.0 9.3 _+ 3.0* 16.8 _+ 6.1 14.9 ___ 3.5 
ANG-II (10- 8 M) 51.4 _+ 16.8 38.7 _+ 12.1" 50.7_ 14.2 55.3 -+ 15.9 
ACTH (10 8 M) 59.6 _+ 15.3 47.0 -+ 12.9" 61.2 _+ 18.5 56.8 +_ 14.7 

Data are means + SD (n = 8). *P < 0.05 from control group. 

minera lo -  and  glucocort icoids,  and are responsive to 
A C T H  and  A N G - I I ;  their  subcapsular  and  juxta-sep-  

tal ZG- l i ke  cells are provided  with A N G - I I  recep- 
tors [17, 35]. However ,  due to the lower weight  of 
regenerated adrenocort ical  t issue in compar i son  to that  
of  adrenals  [17], P A C  and  PBC are markedly  lower 

than  in  sham-opera ted  rats, which  may explain why 
plasma A C T H  concen t ra t ion  and P R A  are relatively 
higher.  Our  present  f indings  show that  ZG- l ike  cells of 

au to t ransp lan t s  are able to respond  to S R I F  as Z G  cells 
of  adrenal  gland.  In  fact, S R I F  dose -dependen t ly  
inhib i t s  maximal ly  A N G - I I - s t i m u l a t e d  A L D O  se- 

cret ion;  again, this effect of S R I F  is completely  blocked 
by  S R I F - A  ( 1 0 - S M ) ,  that  per se does not  affect 
ZG- l ike  cell secretory activity. S R I F  infus ion  

depresses the growth  and steroidogenic capacity of 
ZG- l i ke  cells, and the s imul taneous  admin i s t r a t ion  of 
S R I F - A  annu l s  this effect of S R I F .  However ,  at vari-  
ance with sham-opera ted  rats, the in fus ion  of S R I F - A  

alone does not  exert any effect in au to t ransp lan ted  
animals.  Th i s  f inding  clearly indicates that the local 

p roduc t ion  of endogenous  S R I F  is not  operat ive in 

au to t ransp lan ted  rats. 
Au to t r ansp l an t ed  adrenocort ical  tissue obviously  lost 

its normal  vascular  supply.  K idneys  are able to syn-  
thesize S R I F ,  and  direct  vascular  connect ions  be tween  
k idney and  adrenal  have been  demons t ra t ed  in the 
rat [36]. However ,  this portal  rete, o r ig ina t ing  f rom the 
adrenal  ve in  and  t e rmina t ing  in the renal  cortex, ap- 
pears to be exclusively involved in the control  of  the 

k idney func t ion  by adrenal  released catechol- 
amines  [36]. I t  has been  previous ly  shown that  auto-  
t ransplants ,  regenerated from adrenal  capsular  
f ragments ,  are completely  depr ived of chromaffin cells. 
T h i s  con ten t ion  is based on both  morphological  (serial 
sect ioning of t ransplants)  and  biochemical  f indings 

( H P L C  evaluat ion of catecholamine conten t  of t rans-  
plants)  [17]. On  these grounds ,  it seems reasonable to 
hypothesize that  the source of endogenous  S R I F ,  ex- 
er t ing (under  basal condi t ions)  an an t i ad renog lomeru -  
lotropic effect, may be zona-medul la r i s  chromaffin 

cells. 
M a n y  lines of evidence indicate  that  adrenal  zona 

medul lar is ,  by secret ing catecholamines  and m a n y  

regulatory peptides,  exerts a paracr ine  control  of  the 
cortex func t ion  [37-45]. O ur  hypothesis  fits well with 
this con ten t ion ,  as well as with evidence ind ica t ing  that  
zona medul lar i s  of  some m a m m a l i a n  species (ox, cat 
and  h u m a n )  conta ins  S R I F  [46-50]. T h e  me c han i sm  
by  which in t r amedu l l a ry  released S R I F  may reach the 
cortex may be very simple,  at least in the rat; in fact, 
a very strict in te r lacement  be tween  cortical and 
medul l a ry  tissue is c o m m o n l y  observed in the adrenal  
glands of this species [51, 52]. 

However ,  it mus t  be recalled that,  according to 
earlier invest igat ions  the presence of S R I F  in  the rat 
chromaffin cells is ques t ionable  [4, 50]. Studies  are on 
course to ascertain whether  rat zona medul lar is ,  like 
that  of other  mammals ,  secretes sizable amount s  of 
S R I F ,  that  can produce  effective intracort ical  concen-  
t rat ions of this peptide.  
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