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Abstract-The in viva pharma~olo~~a~ acttvity of several spirotactone compounds was tested in rats 
and compared to their ability to compete for PH] aldosterone renal binding sites. Spirono~a~toue,* 
canrenoue, dihydrocanrenone and K-canrenoate were all active in viva, but 17-@methyl 5,6-dihydro- 
canrenoic acid, a derivative which cannot be lactonized, was inactive at doses up to 20 mgtk 

I experiments were performed on cytosolic renal. aldosterone sites labelled with 5 x lo- 
Competition 

M [“H] aldo- 
sterone. Spironolactone, canrenone and dihydrocanre~one were almost equally potent, whereas K- 
canrenoate and its derivatives exhibited practically no affinity for aldosterone sites, These results 
strongfy suggest that K-canrenoate is only active in Vito when converted into canrenone, a steroid 
possessing a y-Iactone ring. 

Spironolactone, canrenone and potassium canren- 
oate (Fig. 1) are competitive inhibitors of mineral- 
ocorticoids in viva in experimental animais ]I, 21 and 
their pharmacological activity in man has been dem- 
onstrated [3-51. However, recent studies in animals 
[6,7] and in men [S-lo] have shown that these drugs 
have a complex metabolism. This raises the problem 
of the pha~a~o~o~~~ activity of these drugs and 

* Sp~rono~a~tone: 3-(-3-oxo-7~-a~etyIthio-l7~-hydroxy- 
4-androsten-17cu-yl) proprionic acid y-lactone; Canren- 
one: 3-(17P-hydroxy-6,7-dehydro-3-oxo-4-androsten-l7a- 
yl) proprionic acid y-lactone; Dihydrocaurenone: 3 (17@- 
hydroxy-6P, 78 dihydro-3-oxo-4-androsen-17-cu-yl) pro- 
prionic acid y-lactone; K-canrenoate: potassium 3-(17p- 
hydroxy - 6,7 - dehydro - 3 - 0x0 - 4 - androsten - 17~ - yl) 
proprionate. 

their metabolites. For instance, spironolactone in 
vivo is rapidly dethioacethylated into camenone, 
which then reaches equilibrium with potassium can- 
renoate. The major difference between all these 
molecules is the presence of a ~ipophilic lactone ring 
in spironolactone and canrenone, and a polar 
hydroxycarboxylic acid group in K-canrenoate. Spi- 
ronolactone and K-canrenoate are equipotent in rats 
[Z] and equivalent doses of these drugs produce 
similar levels of canrenone in plasma [&I. 

This study concerns the comparison between the 
in vivo pharmacological activity and the in vitro 
potency of these drugs in competing for aldosterone 
binding sites. Antialdosterone compounds have been 
shown to act by competing with aldosterone at 
receptor level [U-13]; thus they very probably 
inhibit the act&e 
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Fig. 1. Formulas for spironolactone and its derivatives. 
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mineralocorticoids. However, it has never been 
definitively established whether or not the lactonic 
ring is essential to such activity. This is why, in 
addition, a canrenoic acid derivative which cannot 
be lactonized was synthetized and tested in the pres- 
ent work for in vivo and in vitro activity. 

MATERIALS AND METHODS 

Animals. Male Sprague-Dawley and Wistar rats 
(180/200 g) were used, respectively, for in vivo and 
in vitro assays. Animals were adrenalectomized 48 hr 
before the experiments and maintained on normal 
saline ad libitum. 

Chemicals and radio-chemicals. Spironolactone, 
canrenone and K-canrenoate came from Searle, 
aldosterone -21- acetate from Ikapharm, and aldo- 
sterone from Sigma; 5,6 dihydrocanrenone (Fig. 1) 
was from Roussel-Uclaf; [1,2-3H] aldosterone 
(52 Cilmmole) was supplied by Amersham. All other 
chemicals and solvents were of analytical grade from 
Merck. 

Chemical synthesis of 17-O-methyl 5,6 dihydro 
canrenoic acid (Fig. 2). This compound (D) was 
obtained in 4 steps from the oxirane (A) [14] 
A+B-+C+D. 

B was prepared by condensing the acetonitril carb- 
anion group on the epoxy group of A according to 
Greger [15], followed by acidic hydrolysis in 5N HCl. 
The crude product was purified by silica gel chroma- 
tography (benzene/ethylacetate, 7/3) and recrystal- 
lized from methylen chloride isopropylether 
(yield:Sl%, m.p. : 154”). 

The B keto group was then protected by ketal 
formation and the 17-OH group methylated: p-tolu- 
ene sulfonic acid monohydrate (80 mg) was added 
to a stirred suspension of B (12 mM) in a mixture 
of ethylen glycol (12ml) and ethylorthoformate 
(8 ml) heated to 50”. After l-2 min, dissolution of 
B was followed by crystallization of the ketal (Cl). 
The resulting suspension was cooled to 0” and after 
20min, diluted with water containing pyridine 

A 

(8 ml/O.25 ml). The crude ketal was collected, 
washed with water and dried under vacuum (yield: 
86%). Analytical sample was prepared by recrys- 
tallization from ethanol (m.p.: 200”). Methylation 
of the 17-OH group was performed using methyl- 
iodide in the presence of potassium t-butoxide. The 
crude 17-OCH3 derivative (C2) was recrystallized 
from chloroform-isopropylether (yield: 84%, m.p.: 
166”). For synthesis of the final compound D, a 
mixture of C2 (2 mM), KOH (0.56 g) and ethylene 
glycol(8 ml) was heated to refiux until the evolution 
of ammonia stopped (~1.5 hr). The cooled mixture 
was diluted with water, acidified with 2.5 ml of con- 
centrated HCl and extracted with ethylacetate. After 
removal of the solvent, the residue was kept for 2 hr 
at 20” in 20 ml of acetone containing 5 ml of 5 N HCl; 
after dilution with water and chloroform extraction, 
the organic layer was evaporated to dryness leaving 
the crude D which was further purified by silica gel 
chromatography (benzenelethylacetateiacetic acid, 
80/20/l) and recrystallized from ethyl ether (yield: 
SO%, m.p.: 199’). 
a$ = +54” (1% solution in ethanol on Roussel- 
Jouan electronic polarimeter). 
i.r. (cm-‘): 3500 and 1704 (COOH), 1660 and 1619 
(conjugated ketone). 
U.V. (240nm): E = 16,350. 
n.m.r. (ppm): 0.98 (s, 3H, CH318), 1.2 (s, 3H, 
CH319), 3.23 (s, 3H, OCH3), 5.78 (s, lH, H4), 6.0 
(broad, COZH). 

Melting points were determined on a Kofler-Heiz- 
bank apparatus. Infrared spectra were obtained in 
chloroform on a Spectromaster spectrometer. Ultra- 
violet spectra were measured in 95% ethanol using 
a Cary Model 14 instrument. Proton nuclear mag- 
netic resonance spectra were taken in deuterioch- 
loroform on a Varian Model A-60 spectrometer with 
TMS as an internal standard. 

In vivo experiments. In vivo determination of the 
antimineralocorticoid activity of the various spiro- 
lactones and derivatives was performed according 
to a method derived from Kagawa [l]. Adrenalec- 
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Fig. 2. Structural formulas of the intermediates A [(3-ethoxy 17,20 epoxy) 17a-methyl androst 3,5- 
diene], B [3-0x0 17-hydroxy (170) pregen 4-ene 21-carbonitrile], C [3,3-ethylenedioxy 17-hydroxy (17~~) 
pregn .5-ene 21-carbonitrile], for the synthesis of the 17-O-methyl 5,6 dihydro canrenoic acid D (17/S 

methoxy 3-0~0 androst 4-ene 17~~1) propionic acid. 



tomized rats were fasted for 17 hr before experi- 
mentation. The drugs to be tested were administered 
subcutaneously 1 hr before the animals were placed 
in metabolism cages. Just before caging they were 
given intraperitoneally an hydrosaline solution (5 ml 
NaCl 9WlOO g body wt) together with a subcuta- 
neous injection of aldosterone acetate (1 &kg in 
2.5% ethanol/water). After a 4 hr period, urine was 
collected, the bladder of each animal was emptied 
by slight pressure and the pooled fractions were 
diluted to 50 ml with distilled water. Na+ and KC 
were determined in the solution using a flame pho- 
tometer (Electra-synthese). Results are expressed 
as mEq/rat for the 4 hr experimentation period. 
Na+/K+ ratios were calculated and antimineralocor- 
ticoid activity was established as a percentage of the 
Na+/K+ ratio increase compared with the Na’lK’ 
ratio for the controls (animals injected with aldo- 
sterone only). 

In vitro experiments. In vitro competition experi- 
ments for [3H] aldosterone binding to kidney, recep- 
tor sites were performed as described in an earlier 
paper [16]. Adrenalectomized rat kidneys were hom- 
ogenized in Tris-HCl buffer (10 mM Tris HCl, 1 mM 
EDTA, 1 mM dithiothreitol, glycerol 10% v/v, pH 
7.4) and the homogenate was centrifuged at 1000 g. 
5 X 10-u[3H] aldosterone, with or without increas- 

ing concentrations of the various steroids to be 
tested, was added to the 1000 g supematant and the 
solution centrifuged at 30,OOOg for 30 min; the 
supematant was collected and kept until the end of 
a total incubation period of 2 hr 30 (steady state); 
bound and free hormone were then separated by the 
charcoal dextran method [16] and samples were 
counted for radioactivity; results were expressed as 
the percentage of the maximal binding obtained by 
incubation with [‘H] aldosterone alone. 

RESULTS 

Subcutaneously administered spironolactone, can- 
renone and K-canrenoate inhibited the mineralo- 
corticoid effects of aldosterone acetate (Fig. 3). K- 
canrenoate was less efficient than spirolactone and 
canrenone. 17-O-methyl 5,6-dihydro canrenoic acid 
was completely ineffective in blocking the antina- 
triuretic and kaliuretic effects of aldosterone acetate, 
even at doses as high as 20 mg. 

In a similar separate experiment (not shown), 
dihydrocanrenone exhibited nearly the same anti- 
mineralocorticoid activity than spironolactone (60% 
increase of the Na+/K+ ratio compared to the aldo- 
sterone treated group, at a dose of 2 mglkg). 

In vitro inhibition of aldosterone binding by the 
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Fig. 3. Antimineralocorticoid activity of spironolactone and its derivatives in vivo. Adrenalectomized 
rats were either not treated, or treated as indicated under Materials and Methods, i.e. with aldosterone 
alone or with aldosterone and the drugs to be tested. Urinary Na+ (A) K+ (B) and Na+/K’ ratio (C) 
are given for the 4-hr period of the experiments. S.D. is mentioned (8-15 animals per group) and the 
P < 0.05 (*) or P < 0.01 (**) significance of the Dunett test [ZS] is indicated. Numbers in brackets 
under panel C indicate the percentage of increase in the Na+/K* ratio compared to the aldosterone- 

treated reference group. 
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various compounds tested is shown in Fig. 4. Spi- 
ronolactone, dihydrocanrenone and canrenone 
were, respectively, about 6, 10 and 40 times less 
efficient than aldosterone as regards 50% inhibition 
of [3H] aldosterone binding to its receptor sites. K- 
Canrenoate efficiency was much lower (~200 times) 
and there was practically no competition of 17-G 
methyl 5,6_dihydrocanrenoic acid for aldosterone 
binding sites. Table 1 summarizes and compares the 
in vivo and in vitro results. 

DISCUSSION 

Spironolactone, the most common antialdosterone 
agent used in human therapy, is rapidly metabolized 
since it cannot be detected in plasma after oral 
administration [17]. Canrenone and K-canrenoate 
account for about 80% of this metabolism and sulfhy- 
dry1 compounds for 20% [9,10]. Conversely, potas- 
sium canrenoate is metabolized into canrenone after 
injection and both compounds have relatively com- 
parable plasma concentration in man [7,17]. Similar 
metabolism has been found for spironolactone in 
rats [4] and in dogs [2]. All three compounds exhibit 
biological activity, although at the dose used (10 mg), 
the potency of K-canrenoate found in this study was 
somewhat lower than that of canrenone and 
spironolactone. 

Comparison between in vivo and in vitro results 
concerning competition for aldosterone receptor 
sites makes it possible to determine the pharmaco- 
logical activity of each compound. In vitro studies 
have shown that spirolactones antagonize binding of 
aldosterone to its receptor sites [13,18, 191, which 
is believed to be the first step in the aldosterone 
mechanism of action [20]. Recent studies [19,21,22] 
showed that various spirolactones could compete for 

Table 1. Comparison of in vivo and in vitro activity of the 
various steroidal antialdosterones tested 

Steroids 

Spironolactone 

Canrenone 

Dihydrocanrenone 

K-Canrenoate 

17-O-methyl 5,6-dihydro 
canrenoic acid 

Activity 
In viva* In vitro? 

5 mg/kg 24% 
96% 

5 mg/kg 2.5% 
72% 

2 mgikg 20% 
60% 

10 mgikg 0.06% 
63% 

20 mg/kg 0% 
0% 

* Data obtained from Fig. 2. Dose and corresponding 
activity (Na+/K’ ratio increase) are indicated. 

t Activity is expressed as per cent of the competitive 
power of aldosterone taken as a reference. 100% corre- 
sponds to the concentration ratio of unlabelled to tritiated 
aldosterone needed to obtain 50% inhibition of binding 
(see Fig. 3). 

aldosterone binding sites in the kidney and that there 
was in general a good correlation between in vitro 
competition and in vivo antimineralocorticoid 
activity. Since K-canrenoate [19] and K-prorenoate 
[21,23], a new aldosterone antagonist with a similar 
structure, were poor competitors for [3H] aldoster- 
one binding sites, these authors suggested that a 
lactone ring was necessary to obtain biological 
activity. The use in this work of 17-O-methyl 5,6- 
dihydro canrenoic acid, a compound which cannot 
be lactonized, supports this hypothesis and implies 
that in all probability K-canrenoate is only active 
when converted into the lactonic form. No 

1 10 102 103 10’ 

CONCENTRATION RATIO of COMPETING STEROIDS 

Fig. 4. Competition experiments between unlabelled steroids and 5 x lo-9 M [3H] aldosterone. Results 
are expressed as per cent of total binding obtained with [3H] aldosterone alone. The figure represents 

the mean of 3 separate experiments. 
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antimineralocorticoid effect was detected for the 17- 
O-methyl derivative, nor did it compete for t3H] 
aldosterone binding sites. This observation is further 
strengthened by the fact that dihydrocanrenone 
which does not possess a double-bond in the 5,6 
position as 17-O-methyl 5,6 dihydrocanrenoic acid 
exerts a potent antimineralocorticoid activity in vivo 
and binds to the mineralocorticoid receptor. 

The restricted in vitro competitive power of K- 
canrenoate found in the competition experiments 
could be due either to its minimal conversion into 
an active metabolite or to slight displacement of 
[3H] aldosterone from glucocorticoid binding sites 
[24]. From our experiments, it appears likely that 
part of the pharmacological activity of antialdoster- 
one compounds with a lactonic ring is lost in vivo 
because of their conversion into hydroxycarboxylic 
form. 
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