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Accordingly, we can find no evidence for I&-diOHDOC having a direct effect on the kidney: 
in particular, there would appear as vet no molecular evidence for lba,lS-diOHDOC being a positive 
all&teric effector of aidoste&e. 

IN I RODUCI‘ION 

Within the diag$Inostic classification of essential hyper- 
tension there have been variously [1,2] claimed to 
be separable a group of patients with renin levels that 
are subno~al and respond sluggishly, if at all, to 
provocative stimuli. Such patients differ from those 
with Corm’s Syndrome in that their levels of circulat- 
ing aldosterone, as routinely measured, lie within nor- 
mal limits 131. In an attempt to reconcile these find- 
ings considerable attention has been focussed on the 
search for other abnormaIities of adrenal secretion: 
candidates proposed for such a role have included 
deoxycorticosterone (DOC), 18-hydroxydeoxycorti- 
costerone (18-OH DOG), 16/&hydroxydehydroepian- 
drosterone (16flOH-DHEA) and l&,18-dihydroxy- 
deoxycorticosterone (16a,184OHDOC) [4-71. 

sterone, as demonstrated in the rat bioassay for uri- 
nary etectrolyte activity. Upon the basis of the in 
viuo effect on urinary electrolytes, 16a,l%diOHDOC 
has been proposed as a “positive allosteric effector” 
of aldosterone at the receptor level, increasing the 
affinity of the renal minera~o~orti~oid receptors for 
aldosterone. A similar hypothesis has been advanced 
for the potentiation of androgen effects upon the kid- 
ney observed with low doses of certain progestational 
steroids [S]. The series of experiments to be detailed 
was made to examine, at the level of the renal cyto- 
piasmic receptor, whether or not the reported in uivtt 
effects of l&,18-diOHDOC can be explained on the 
basis of a positive cooperative effect. 

UATERIALS AND >MEl HODS 

For the first three of these steroids the proposed 
mechanism of action was as mineraIo~orticoid per se, 
with abnormally high levels (in a propo~ion of 
patients with low renin hypertension) being the cause 
of fluid and electrolyte retention outside normal feed- 
back control. l&,18-diOHDOC, on the other hand, 
has been shown [7] to have no inherent salt-retaining 
action. Its postulated role in abnormal salt retention 
is that of enhancing the antinatriuretic effect of aldo- 

Tritiatrd aldost~rone 13HA, 50 Ci/mmol), tritiated 
oestradiol f3WE,, 50 Ci/mmoi) and tritiated dexameth- 
asone t3WDM, 27Ci/mmol) were purchased from 
Amersham-Searle (UK). Tritiated 1 BCY-I S-diOHDOC 
13H 16&, 18”diOHDOC, 50 Ci/mmol), and uniabelled 
16cc,l8-diOHDOC were kindly supplied by Dr. James 
Melby, Boston, Mass. Unlabelled dexamethasone was 
the Gift of Merck, Sharp & Dohme IAust.); other un- 
labelled steroids used were ~hromato8raphy grade 
‘hnd purchased from C~~lbio~hem, Los Angeles. 

SUMMARY 
it has been recently suggested that l~,i~-d~hydroxydeoxy~rti~osterone (~~,lS-diOHDOC) may act 
as a “positive allosteric effector” of the binding of aldosterone to m~neralocorti~oid receptors. To test 
this hypothesis, a series of in vitro and in viuo studies examining the effect of 16a,l8-diOHDOC on 
tritiated aldosterone f3HA) binding to mineralocorticoid receptors was performed. Using kidney slices 
from adrenalectomized rats, in vitro incubations were made for 20’ at 37C, over a range of concen- 
trations of ‘HA pfus tenfoId dexamethasone to confine tracer binding to minerafocorticoid receptors. 
At no concentration of 3HA did l~,lS-diOHROC enhance binding; at all tracer con~ntrations a 
slight competing effect was observed. When 3HA was injected into rats in uiuo with and without 
l&,18-diOHDOC, a similar insignificant displacement of 3HA binding was seen in renal cytoplasmic 
fractions from adrenalectomized test rats. 

Additional in vitro studies were performed in an attempt to elucidate the mechanism of postulated 
action of l&,18-diOHDOC. Neither renal cytoplasmic binding of oestradiol, postulated as a secondary 
pathway for steroid influenced Na+ retention, nor the binding of dexamethasone to renal glucocorti- 
coid receptors. was altered by 16n,t8-diOHDOC. Binding of tritiated 16ff,l8-diOHDOC in renal cyto- 
piasmic fractions was shown to be non specific, in that it could not be displaced by excess unlabeiled 
~~,18-d~OH~OC. 

Finally, in a series of in viuo experiments using adrenalectomized rats, we could not show any 
effect of l&,18-diOHDOC on urinary electrolyte excretion, either alone or in combination with low 
doses of aldosterone. 
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Mature Sprague-Dawley rats of either sex ueighing 
between 120 and I80 g were maintained after bilateral 
adrenaleotomy on standard chow and 0.9% saline un- 
til used for binding experiments 3-7 days later. Those 
used in the irz tko bioassay experiments were adrena- 
lectomized the day before use. Immediately after 
adrenalectomy bioassay rats were given an intruperi- 
toneal injection of I ml/lWg of a mixture of 0.9”,, 

NaCl plus 2:‘;, ethanol containing dexamethasone 
20pg/ml. Overnight no food, but free access to 0.9”;, 
NaCI. was provided. The following morning at zero 
time the bladder was emptied by suprapubic pressure, 
each animal given 3 ml/l00 g of water by gavage, and 

the urine collected over the period 0 to 1 h. At time 
+ I h the test substances were injected in 4”{, ethanol 

in 0.9’?;, NaCl, 1 ml,0OOg i.p. At time + 2 h urine was 
expressed and discarded. and the animals given a 
further 3 ml/100 g of water by gavage. Urine was col- 

lected from t-2 to +5 h; the Na’:Cr and K+ Cr 
ratios were determined in the O-l hour and 2-5 h 
urines. Na+ and K+ values were determined using 
an IL 243 flame photometer Mith an internal Li+ 
standard. Creatinine values were determined with a 

Technicon autoan~~iyser. 
Steroid binding studies were effected either in renal 

slices (“HA, “HDM) or in preformed renal cytoplas- 

mic extracts, ( ‘H-EZ, 3H-16a,di-OHDOC). For the 
slice studies, animals were exsanguinated under pen- 
tobarbitone anaesthesia and perfused with ice-cold 

saline citr the abdominal aorta: the kidneys were 
removed. bisected and placed in ice-cold incubating 
solution (Nat133K+6C1-134H,P04-6Ca2+1 Mgzt 
0.5 Tris-HCI 5 Glucose 5 (all mM; pH 7.4)). Slices 
of 230 inn thickness were made with a Sorvall tissue 
chopper, the slices from 4-6 animals pooled For each 
experiment, and the pool divided into the appropriate 

number of aliquots. 

Slices were incubated with tritiated steroid in the 
presence or absence of unlabelled 16a,l&diOHDOC: 
in all experiments an equivalent number of incuba- 
tions were run in the presence of b500 foid unia- 
belled tracer, to determine the non-displaceable bind- 
ing. in slice experiments using “HA aldosterone as 
tracer 10 fold unlabelled DM was included in all 
flasks, to confine “HA binding to mineralocorticoid 

receptors as has been reported previously [9]. 
At the end of the period of incubation the slices 

were drained, homogenized in 0.25 M sucrose-3 mM 
Tris-HCI for three seconds with a Polytron PlO 
(speed 2), and the homogenate centrifuged at 30,~g 
for 30 min to yield a high speed supernatant (HSS) 
containing cytoplasmic steroid receptors. Aliquots of 
1 ml vol. of this HSS were passed through G-50 (fine) 
Sephadex minicolumns of bed vol. 3.6 ml to separate 
protein bound from residual free steroid. This pro- 
cedure has been extensively employed previously in 
similar studies [lOI and its validation recently docu- 
mented in detail [l I]. Aliquots of the external volume 
of the Sephadex min~co~umns were counted in a Pack- 
ard 3375 using I ml of aqueous solution with 10ml 

of counting solution (1 litre toluene, 500 ml Teric X 
10, 0.15g POPOP 2.75 g PPO). Protein concen- 
trations were determined by the method of Warburg 
and Christian[12]. 

In the studies made on renal cytoplasmic extracts. 
kidneys were chopped tine, homogenized, and the 
homogenate centrifuged for 30min at 3O.OOOy. Ali- 
quots of HSS were incubated with tritiated steroid 
+ ll~~labelied steroid for 90 min at 4 C. at the end 

of which period of incubation separation of bound 
from free steroid, and subsequent steps, were ;15 de- 

scribed above. 

RESIJI.I‘S 

Figure 1 shows the effect of 16or,l8-OHDOC. at 
a concentration of 2 x 10--M, on the cytoplasmic 
binding of 3HA. The K,, (37C) of mineralocortico~d 
receptors in rat kidney has been previously estab- 
lished to be 5 x IO-“M [S]. A range of concen- 
trations of ‘HA, spanning this half-saturating concen- 

tration, was used, plus tenfold dexamethasone to con- 
tine tracer binding to mineralocorticoid receptors. In 
the presence of 161x,18-diOHDOC in 200-800 fold 
excess, the binding of ‘HA is not potentiated: the 
steroid appears to be a weak competitor for mineralo- 

corticoid receptors. 
The lack of in vitro effect of 16c(,lSdiOHDOC does 

not preclude the possibility that the steroid, itself in- 
active, is converted to an active metabolite in I+). 
‘To examine this possibility a series of in ciao studies 
examining the effect of 16a,l%diOHDOC on “HA 
binding was made. Renal cytoplasmic binding of ‘HA 
injected subcutaneously 20 min before sacrifice is 
shown in Fig. 2. The mean values of six rats injected 
with ‘HA 5 x 10 i ’ mol is shown as lOO?;,. Con- 

Molar concentr~ti~ of 3HA 

Fig. 1. Effect of 16a,lSdiOHDOC 2 x 10 ‘?il on the 
binding of tritiated aldosterone (jHA) to mineralocorticoid 
receptors. Kidney slices from adrenalectomized rats were 
incubated for 20min at 37C with “HA plus tenfold unla- 
belled ‘dexamethasone in the presence or absence of 
16r,18-diOHDOC. An equal number of incubations were 
made in the presence of a 11500 fold excess of unlabelled 
DOC to determine non-displaceable binding, which was 
less than 10% at all concentrations of jHA used, and has 
been subtracted from the values shown in the figure. 
Values shown are the means k SEM of at least six deter- 

minations at each concentration. 
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Fig. 2. Effect of 16u,l8-diOHDOC on binding of tritiated 
~dosterone (3HA) to miner~ocorticoid receptors in Go. 
Adrenalectornized rats were injected subcut~eousiy with 
5 x 10-‘r mol of -‘HA either alone, with 5Opg DOC, or 
with 50 pg 14a,l8-diOHDOC. After twenty minutes ani- 
mals were exs~n~ui~~ed and perfused via the a~ominal 
aorta with 20 ml of ice-cold saline. Renal high speed super- 
natants were prepared and the bound ‘HA separated from 
residual free by Sephadex chromatography. Values shown 

are the means k SEM of six rats for each point. 

50. 

~om~tant injection of 50 pug DOC reduces binding of 
‘HA to 30”/, of control values. Concomitant injection 
of 5Opg l&,18-diOHDOC, as in the in uitro exper- 
iments, did not enhance 3HA binding. 

The lack of effect of 16~,18-diOHDOC on 3HDM 
binding in kidney slices is shown in Fig. 3. Similarly, 
lEKx,l&diOHDOC appears (Fig. 4) without significant 
effect upon the renal binding of ‘HE2, posited as a 
secondary pathway for steroid modu~dtion of Na+ 
excretion [133. To investigate the possibility that 
16a-l&diOHDOC acts via its ‘own’ receptors, rather 

Fig. 3. Effect of l(ja,l&diOHDOC 2 x 10-‘M on the 
binding of tritiated dexamethasone (‘HDM) to glucocorti- 
coid receptors. Kidney slices from adrenalectom~~ rats 
were incubated for 20 min at 37C with 3HDM in the pres- 
ence or absence of 16a,l8-diOHDOC. An equal number 
of incubations was done in the presence of 3 5000 fold 
excess of unlabelled DM to determine non-displaceable 
binding, which was less than 10% at all concentrations 
of ‘HDM used, and has been subtracted from the values 
shown in the figure. Values shown are the means & SEM 

of at least four determinations at each concentration. 

Competing steroid 

Fig. 4. Effect of 16zxx,18-diOHDOC on the binding of tri- 
tiated oestradiol (“HE& Cytosol prepared from the kid- 
neys of adrenalectomized rats was incubated for 3 h at 4C 
with 3HEz 2 x 10P9M either alone, with 10, 100 or lO@B 
fold unlabelled E,, or with 10 or 100 fold unlabelled 
16a,l8-diOHDOC. Values shown are the mean _+ SEM of 

duplicate determinations in three experiments. 

than influencing mineralocorticoid, glucocorticoid or 
oestrogen receptors, renal cytosol was incubated with 
‘H-l~,l8-diOHDOC 10m8M either alone or in the 
presence of a variety of unlabelled steroids. Binding 
of 3H-16qi8-diOHDOC was Low (< 2 picomol/mg 
cytosol protein) and min~ally dispIaceable either by 
unlabelled l&,18-diOHDOC or any of the other ster- 
oids used (Fig. 5). Accordingly there appears to be 
no demonstrable high affinity, limited capacity bind- 
ing of 3H-16a,18-diOHDOC to sites with character- 
istics appropriate for physiological receptors. 

In a series of irl uiuo experiments shown in Fig. 
6, the effect upon urinary K+ and Naf excretion of 
16ct, 1 S-diOHDOC was examined. Groups of ten rats 
(each 70, 33) were challenged with either vehicle 

Competing steroid 

Fig. 5. Binding of ‘H-l&,18-diOHDOC in renal cytosol 
prepared from adrenalectornized rats. Renal cytosol was 
incubated for 3 h at 4C with 10m8M 3H-16a,18-diOHDOC 
either alone, or with concentrations as indicated of com- 
peting unIabe~led steroids. Vdues shown are the mean + 

SEM of duplicate determinations in three experiments. 



P. J. FULLER. LYNNF: PRESSLEY, W. R. AIMM ;md J. W. F~+IM 

f 

I I I I I I 
Control 0.1 0.3 

I f 
Akiosterone I6 (2 18 di OH DOC 
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Fig. 6. f?z riot ,xwy fcv electrolyte activity of 
1 fir- I &diOHDOC. Adrenalectomired rats were given intra- 
perit<xxtl injections of either vehicle &me (@,, eth;mol 
in 0.9*x_ NaCl1. ~br ‘tldosterone :tnd or t6~.lS-djOHDOC 

l” 

;ct the concentr;&ions indicated. The results’ ;ire plotted ‘IS 
the urinary K+ N;I+ r,lticr in the pericld + 1 to + 4 h ,tfter 
injection divided by the urinary K’ Na+ r&o during the 
pericxd - 1 to 0 b. Values shosn xe the meam 2 SELI of 

alone, aldosterone 0.1. 0.3 or 1.0 ~~~1~ g. and 
16a,l X-diOHDOC 10 tfg i aldosteronc 0.1 pg/loO g. 
No consistent differences within the groups between 
sexes were noted. In this series of experiments 
16z,l%diOHDOC did not potentiate the effect of 
0.1 ktg aldosterone. The lack of effect shown in Fig. 
6 remains equally the case if the electrolyte effects 
are expressed in terms of sodium excretion alone. 
without taking potassium into account. 

DiSCU.SSlON 

The results ofthe seriesofexperiments detailed above 
can be summarized as foflows: First, 16r,l%diOH- 
DOC appears to have negligible affinity for renal 
mineralocorticuid, glucocorticoid or crestrogenic 
receptors in c&w. Secondly, neither in t+fro nor iri 
riro does lfxr,l%diOHDOC potentiate the binding of 
tritiated itld~~s~~r~)n~ to renal mineruloctlrticclid recep- 
tors. In addition. the steroid itself does not appear 
to have receptors in the kidney distinct from those 
for ~~~neralocortico~ds. glucocorticoids or oestrogenic 
steroids. Finally, in a limited series of irk t?ivo bioassay 
experiments, 1 hr, I X-diOHDOC did not enhance the 
salt retaining effect of a low dose of admjnister~d 
aldosterone. 

In the preli~linary experiment made by one of the 
authors (JWF) at L’Hopital Necker. Paris (quoted in 
[7]) 16r,f%diOHDOC appeared to potentiate the 
binding of tritiated afdosterone. Subsequent exper- 
iments in Paris, and those reported here done in Mel- 
bourne. showed no increased binding. 

The steroid modulation of renal electrolyte hand- 
ling is u~d~)ubtedly more complex than is commonly 
acknowledged. Examples of this complexity are the 
reported ~aradoxiea~ natriuret~~ action of ~~dosterone 
in Na’ loaded sheep [14], which action can be 
reversed by proiactin: the Nit”’ retaininp but not the 

kaliuretic effect of aldostcrone being abolished by 
~~~tinorny~in D [ I5 161; nnd the prevention of the 

kaliuretic effects of large doses of DOCA by the 
simultaneclus ‘tdministration of progesterone [17]. 
Accordingly it would be imprudent to dismiss 
l&,18-diOfiDOC ‘IS necessarily \\ithout ‘I role in 

Na” humeost~~sis. I’he bio,rsszly results reported by 
?&lby .ind Dule(7] have been confirmed by A second 
group (Xlelby, personal c<lmmunication). We have no 
ready explanation why l6~.l~-diO~DOC was with- 
out effect in the ~nct~~odolo~i~l~~ different, but we 
believe equally valid. bioassay used in our studies. 

Our ~~)nclusion \\cluld be, therefore, .L tentative 
\w: that if 1~,~8-djO~iD~C .~ffetzts Na’ h~in~~iing, 
it dcres so only under certain ~~~nditions, b\hich &ire 

%is yet undefined: ;md that this effect would not 

.Ippe;lr medi:tted via rer~i receptors frtr mineraiocorti- 
coids, glu~ocnrticoids. tsstrogens or 1 &,l%diOH- 
DOC itself. in p~~rti~ul~lr, \\e can lind no evidence 
for a positive cooperative effect on aldosteronc binding 
by renal miner;A)corticoid reuepturs. 
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