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The  b iosyn the t i c  pa t hway  of  19-nora ldos te rone  (19-noraldo)  in isolated r a t  g lomeru losa  cells (GC) 
and  f a s c i c u l a t a - r e t i cu l a r  cells (FC) was s tudied  by analyzing  [t4C] p regneno lone  m e t a b o l i s m  using 
H P L C  and  quan t i f i ca t ion  by specific RIA. In GCs, 18 ,19-d ihydroxycor t i cos te rone  was de tec ted  a f te r  
15ra in  incuba t ion  with [~4C]pregnenolone, 18 -hydroxy-19 -no rco r t i cos t e rone  was de tec ted  a f t e r  
30 ra in  and 19-noraldo was de tec t ed  a f t e r  45 ra in  be fo re  the a p p e a r a n c e  of  an a ldos te rone  peak. These  
th ree  m i n e r a l o c o r t i c o i d s  were  not  de tec ted  in FCs. The resul ts  d e m o n s t r a t e  tha t  19-noraldo is 
synthes ized  in GCs and  then  undergoes  f u r t h e r  me t abo l i sm .  
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INTRODUCTION 

19-Noraldosterone (19-noraldo) possesses potent 
mineralocorticoid activity and hypertensinogenic 
potency [ 1, 2]. 18,19-Dihydroxycorticosterone 
[18,19(OH)2-B] and 18-hydroxy-19-norcorticosterone 
(18-OH-19-nor-B), a possible precursor of 19- 
noraldo, are hypertensinogenic in rats [3, 4]. These 
mineralocorticoids were detected in human urine [5-7]. 
Synthesis of 19-noraldo was elevated in patients with 
aldosterone-producing adenomas [8]. We studied 
[14C]pregnenolone metabolism in isolated rat glomeru- 
losa cells (GC) and fasciculata-reticular cells (FC) to 
clarify the biosynthetic pathway of 19-noraldo. 

EXPERIMENTAL 

Steroids 

Commercially available unlabeled steroids were pur- 
chased from Sigma (Tokyo, Japan): [14C] pregnenolone 
was purchased from New England Nuclear (Tokyo, 
Japan). 18,19(OH)E-B, 18-OH-19-nor-B and 19- 
noraldo were obtained from the Department of 
Biotechnology (Tel Aviv University, Israel). 

Preparation of cell suspensions and incubation 

Male Wistar rats (180-200 g in weight) were pur- 
chased from Nippon Charles River Labs (Kanagawa, 
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Japan) and maintained on a normal sodium diet. They 
were killed by decapitation, the adrenals were removed 
immediately and collected in ice-cold normal saline. 
Loose connective tissue and fat clinging to the adrenals 
were removed under a dissecting microscope. The 
adrenal glands were bisected and separated into capsu- 
lar and decapsulated portions [9]. After rat GCs and 
FCs were preincubated in 2 ml Krebs-Ringer's 
solution, pH 7.4, containing 0.2% glucose and 
serum albumin (0.2%) (KRBSA) at 37°C in an atmos- 
phere of 95% oxygen and 5% carbon dioxide. After 
1 h the preincubation buffer was replaced with 
[14C]pregnenolone or with control buffer and incu- 
bation continued for 15, 30, 45, 60 or 120min. The 
medium was centrifuged for 30 rain at 300 rpm at each 
time point. 

Steroid analysis 

Radioactivity in the incubation medium containing 
[14C] pregnenolone was extracted using a Sep-pak C18 
cartridge (Waters Associates, Milford, MA) and the 
extracts were subjected to reverse-phase HPLC. 

HPLC analysis. The analytical column (C-18 Ultra- 
sphere ODS column, 5/~m, Beckman, Tokyo, Japan) 
was treated with a solvent system: water-acetonitrile- 
methanol (72:23:5, by vol) at a flow rate of 2.0 ml/min. 
Retention times of 18,19(OH)2-B, 18-OH-19-nor-B, 
19-noraldo, 18-hydroxycorticosterone (18-OH-B), 
aldosterone and pregnenolone were 11, 16, 20, 24, 28 
and 60 min, respectively. Samples of each steroid frac- 
tion were added to 5 ml of scintillation liquid and 
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Fig. 1. Time course for the fo rma t ion  and subsequent  me t ab -  
ol ism of 19-noraldo by adrenal  zona g lomerulosa  cells. The 
cells were incubated  with 20nM of  [14C]pregnenolone. (O) 
19-noraldo, ( l l )  18,19(OH)2-B, (A) 18-OH-19-nor-B, (IS]) 18- 

OH-B, (O) aldosterone.  
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Fig. 3. RIA de t e rmina t i on  of  each s teroid af ter  separa t ion by 
HPLC. 19-noraldo (O), 18,19(OH)2-B ( l l )  and 18-OH-19-nor- 
B (A) (fmol/107 cells). 18-OH-B (l~) and a ldosterone (O) 

(pmol/107 cells). 

radioactivity was counted in an Aloka L S C  3500 scin- 
tillation counter (Tokyo,  Japan). "Peak area" was 
calculated as percentage of radioactivity of  each steroid 
fraction per total count of  [~4C]pregnenolone. Samples 
of  each steroid obtained from the incubation medium 
without [~4C]pregnenolone were extracted similarly 
with a Sep-pak C18 cartridge and evaporated under  a 
stream of nitrogen gas. T h e  steroid content was 
measured by RIA specific for each steroid [7, 10]. 

All experiments were done in triplicate. The  data 
were expressed as means _+ SEM. 

RESULTS 

19-Noraldo was detected in the G C  incubation 
medium using H P L C - M S .  The  time course for form- 
ation and disappearance of 18,19(OH)2-B, 18-OH-19-  
nor-B, 19-noraldo, 18-OH-B and aldosterone in rat G C  
is illustrated in Fig. 1. 19-Noraldo was first noted at 
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Fig. 2. Time course for the fo rma t ion  and subsequent  me t ab -  
olism of 19-noraldo by adrena l  FC cells. The cells were 
incubated  with 20 nM of p4C]pregnenolone.  ( 0 )  19-noraldo, 
( l l )  18,19(OH)2-B, (A) 18-OH-19-nor-B, ([Z) t8-OH-B,  (O) 

aldosterone.  

30 min, showed a maximal peak at 45 min, and was then 
further metabolized. In FCs, there was no 19-noraldo 
peak (Fig. 2), but small peaks of  18-OH-B and aldos- 
terone, which were caused by cross-contamination be- 
tween the ceils, were observed. 19-Noraldo was not 
detectable by RIA in FCs. The  steroid content in GCs 
confirmed that 19-noraldo was only synthesized in GCs 
(Fig. 3). 

DISCUSSION 

T h e  19-nor-steroid derivatives possess potent 
mineralocorticoid and hypertensinogenic activity 
[11, 12]. Ur inary  19-noraldo, 18,19(OH)2-B and 18- 
OH-19-nor -B  excretion is increased in patients with 
pr imary aldosteronism [10]. We previously reported 
that 19-noraldo, 18,19(OH)2-B and 18-OH-19-nor-B 
were produced by both normal adrenal tissue and 
aldosterone-producing adenomas [8]. Sodium restric- 
tion increases urinary excretion of 19-noraldo and 
18,19(OH)2-B, suggesting that these mineralocorticoids 
are, in part,  controlled by the renin-angiotensin system 
[13]. The  present results show that like aldosterone, 
19-noraldo is synthesized in adrenal glomerulosa 
cells. Aldosterone has been found to be synthesized 
by cytochrome P450aldo from zona glomerulosa 
mitochondria of rat adrenal cortex [141. The  e D N A  
of cytochrome P450aldo has been cloned and 
sequenced [15]. Fur ther  study is needed to determine 
if 19-noraldo is also synthesized by cytochrome 
P450aldo. 

l g-Deoxy-19-noraldosterone is a potent antagonist 
of 19-noraldo [16] and 19-noraldo was converted to 
18-deoxy-19-noraldo in human adrenal tissue [17]. In 
the present study, the 19-noraldo peak disappeared 
after 60min  incubation with [~4C]pregnenolone, 
suggesting that 19-noraldo may be converted to 
another steroid, such as lg-deoxy-19-noraldo.  
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