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SUMMARY 

Spironolactone, a competitive aldosterone antagonist, has been used 
for almost 30 years in those disorders associated with primary or 
secondary hyperaldosteronism. This review is confined to its metabolism 
and biopharmaceutics in man. Spironolactone undergoes extensive 
metabolism with no unchanged drug appearing in the urine. Its 
metabolites can be divided into two main categories: those in which the 
sulfur of the parent molecule is removed and those in which the sulfur 
is retained. The dethioacetylated metabolite canrenone, belonging to 
the former category, was long considered to be the major active 
metabolite of spironolactone. For this reason pharmacokinetic studies 
have focussed on its kinetic behaviour. However, pharmacodynamic 
studies indicated that canrenone could only partly explain spironolac-
tone's action. Furthermore, with the advent of modern high-performance 
liquid chromatographic techniques to measure canrenone concentrations, 
it was shown that previously employed assay techniques were unspecific 
and consequently considerably overestimated true canrenone levels. 
Recently, it was demonstrated that after a single oral dose of 
spironolactone, 7a-thiomethylspirolactone is the main metabolite and 
that unchanged spironolactone reaches maximum serum concentrations 
which are in the same order of magnitude as canrenone. Both 
spironolactone and 7a-thiomethylspirolactone are known to possess 
anti-mineralocorticoid activity, and they may be mainly responsible for 
the activity of spironolactone. It also appears likely that endocrine side 
effects of spironolactone, such as gynecomastia, are mediated by these 
sulfur-containing compounds. The oral absorption of spironolactone is 
improved by using micronized drug or inclusion complexes of 
spironolactone with cyclodextrins. Concomitant food intake has also 
been shown to enhance the bioavailability, by increasing the absorption 
and decreasing the first-pass effect of spironolactone. 

I. INTRODUCTION 

The aldosterone antagonist spironolactone has been used clinically 
for almost three decades in a variety of disorders associated with 
hyperaldosteronism. Despite its well described therapeutic and pharma-
cologic effects, the pharmacokinetics of this drug have puzzled many 
investigators throughout the years. This is reflected in the number and 
extent of pharmacokinetic studies carried out on spironolactone, 
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possibly second only to furosemide amongst the diuretic drugs /1 /. 
Unfortunately, most of these studies were carried out in a period during 
which investigators were hampered by lack of advanced analytical 
techniques. The results of pharmacokinetic studies, obtained by 
application of HPLC techniques from the late seventies on, prompted a 
re-evaluation of prevailing knowledge on spironolactone's fate in the 
body after its administration. 

It is the aim of this review to critically evaluate the contemporary 
literature on the pharmacokinetics of spironolactone in man. 

Since large differences in the disposition and metabolism of 
spironolactone have been observed between species (including man) /2/, 
data obtained from animal studies will be presented only if they are 
relevant to the situation in man. 

II. BIOTRANSFORMATION 

Spironolactone belongs to a class of drugs which are subjected to 
very extensive metabolism. The first report on the detection and 
quantification of a dethioacetylated metabolite (SC 9376) appeared in 
1962 /3/. By means of paper chromatography and fluorescence 
analysis, the major portion of the circulating drug in plasma was found 
to be in the form of this metabolite, after oral administration of 500 
mg spironolactone to a normal subject. Later, SC 9376 received its 
names, aldadiene and the more commonly used name canrenone. The 
fluorescence properties of canrenone were used to develop a quantitative 
fluorimetric method for the determination of its concentration in 
plasma /3/. This assay became the standard method in studies on the 
pharmacokinetics of spironolactone, because the activity of spirono-
lactone was mainly attributed to canrenone /4,5/. 

The presence of metabolites other than canrenone was reported by 
other investigators in the sixties, but no attempt was made to identify 
them rigorously /6-8/. Isolation and identification of most of these 
metabolites was performed by detailed investigations in the seventies 
19-14/. From the results of these studies, the following metabolic 
pathways for spironolactone were proposed (Figure 1). The first step in 
the metabolism probably involves a hydrolysis of the thioacetate group 
of spironolactone to 7a-thiospirolactone /15/. It should be emphasized 
at this point that 7a-thiospirolactone has, until now, never been 
identified in biological fluids. Its presence is merely postulated on the 
chemical structure of identified sulfur containing successor metabolites. 
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It can also be transformed to the non-sulfur containing metabolite 
canrenone. Canrenone undergoes further transformation by three main 
pathways. One involves hydrolysis of its γ-lactone ring to form 
canrenoate, which is excreted in the urine as the glucuronic ester 
conjugate /11/. An equilibrium exists between canrenone and canrenoate 
which is probably of an enzymatic nature /16-18/. A second pathway 
involves hydroxylation. A minor urinary metabolite in man was 
identified as 15a-OH-canrenone /10/. Other hydroxylated canrenone 
metabolites were found in animals /14,19-21/, and also in the urine of 
man after oral administration of potassium canrenoate /22/. In the 
third pathway, canrenone is reduced to several di-, tetra-, and 
hexa-hydro derivatives, but so far these metabolites have been 
identified only in experimental animals /14/. 

Although canrenone is also formed after administration of potassium 
canrenoate, it remains to be established whether the metabolic pathway 
of canrenone is similar after either spironolactone or potassium 
canrenoate administration. This is of importance, because a different 
metabolic pattern may explain why potassium canrenoate has shown 
tumor inducing effects in animals, whereas no such effects have been 
observed with spironolactone, as will be discussed later. S-Methylation 
of 7a-thiospirolactone affords 7a-thiomethylspirolactone (see Figure 
1). This metabolite can be hydroxylated on the C6 position to yield 
6/3-OH-7a-thiomethylspirolactone, but it can also be oxidized to 
7a-methylsulfinyl- and 7a-methylsulfonylspirolactone. Sulfoxidation 
can also occur with 6|3-OH-7a-thiomethylspirolactone, leading to 
6j3-OH-7a-methylsulfinyl- and 6/3-OH-7a-methylsulfonylspirolactone. 
These compounds may also exist as their corresponding γ-lactone open 
ring forms and their conjugates /13/. Furthermore, other unidentified 
polar metabolites were found and it has been proposed that these are 
polyhydroxylated compounds /11,13/. 

Although 7a-thiospirolactone has not yet been definitely identified 
in biological fluids, in vitro metabolism studies with guinea pig renal, 
testicular, adrenal and hepatic microsomes /23,24/, and also with rat 
liver tissue preparations /25/, have positively identified its existence. 
From these observations, it may be hypothesized that 7a-thiospirolac-
tone undergoes rapid S-methylation in the blood circulation. This 
hypothesis is supported by the presence of the enzyme thiol methyl-
transferase in human red blood cell membranes, which is able to 
catalyze the methylation of 7a-thiospirolactone /26/. 
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III. ASSAY METHODS 

As already mentioned, the fluorimetric assay method of Gochman 
and Gantt , developed to measure canrenone concentrations /3/ , has 
been the most widely used method in studies on the pharmacokinetics 
of spironolactone. Since its introduction, several modifications have 
been made to extend its applicability to the measurement of canrenoate 
/27,28/ and the canrenoate ester glucuronide /27/ . 

However, with the advent of HPLC techniques to measure canrenone 
levels, the fluorimetric method was shown to be relatively unspecific, as 
other metabolites were measured concomitantly /29-38/. Consequently, 
true canrenone concentrations were much lower than had been 
previously assumed. From this point on, canrenone levels measured 
with fluorimetry will be referred to as "canrenone levels", or as 
fluorimetrically measured "canrenone". Gas chromatographic methods, 
which were developed to measure canrenone concentrations in plasma 
and urine /39,40/, have been criticized for their lack of specificity, due 
to thermolytic degradation of some of the spironolactone related 
products 19,33/. 

The only other analytical method which has been employed involves 
measurement of the radioactive peaks in thin layer chromatograms 
/11,13/. It will be obvious that this latter method is very time 
consuming, requires dosing of radioactive drug to subjects, does not 
allow small biological fluid specimens to be analysed, and is essentially 
of a qualitative nature. 

Summarizing, it will be clear that only HPLC assay methods are 
suitable for specific and rapid analysis of drug related material in 
biological fluids. In addition to the many HPLC methods which are 
now available for measuring canrenone, we have recently developed an 
HPLC method capable of measuring simultaneously spironolactone, 
7a-thiomethylspirolactone, 60-OH-7a-thiomethylspirolactone, and can-
renone in serum /41/. 

IV. RECOVERY OF RADIOACTIVITY AFTER 20-1^] -SPIRONOLACTONE 
ADMINISTRATION 

The elimination of radioactivity in urine and faeces from five 
healthy subjects after oral administration of 20-[3H] -spironolactone has 
been described in two important studies / I I ,13/. In the study of 
Abshagen et al /13/ , 47-57% of the radioactivity of the given dose could 
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be detected in urine within six days, whereas Karim et al / l l / only 
found 23-38% within five days. Complete collection of faeces was 
possible from only two persons in the study by Abshagen et al. The 
radioactivity excreted by this route in these volunteers was 35 and 38% 
respectively. Karim et al found a recovery ranging from 3 to 41% in 
their volunteers but they failed to obtain a complete collection in four 
out of five subjects. The total (urine + faeces) percentage of the dose 
which was recovered ranged from 40-69% / l l / and 83-95% /13/, 
respectively. The low recoveries found by Karim et al can be attributed 
to a failure of most subjects to furnish complete faecal specimens or to 
a possible exchange of the tritium from the drug molecule with water 
molecules. 

V. PHARMACOKINETICS OF SPIRONOLACTONE IN HEALTHY SUBJECTS 

Almost all pharmacokinetic studies on spironolactone have focused 
on the kinetic behaviour of canrenone. It will be clear from earlier 
arguments that those studies which have used fluorimetry as the means 
of analysis do not provide information of much value. Therefore, only 
studies in which a specific assay has been used will be discussed in this 
section. 

5.1 Blood compartment 

Single as well as multiple dose studies have been performed to 
estimate pharmacokinetic parameters for canrenone, after spironolactone 
administration. 

a) Single dose studies: Most investigators have used a 100 mg oral 
dose of spironolactone /29,31,34,38,<42/. From these studies the 
following pharmacokinetic parameters for canrenone were derived: 
time of maximum serum/plasma concentration ( t m a x ) = 2-3.2 h, 
maximum serum/plasma concentration ( C m a x ) = 92-148 ng/ml, elimin-
ation half life time (t&) = 17.8-20.1 h, and area under serum/plasma 
concentration time curve (AUC) = 1403-1541 ng/ml/h (0-24 h) and 
AUC (0-oo)= 1564-1935 ng/ml/h. 

Doses of 50 and 200 mg spironolactone led to proportionally smaller 
or higher C m a x and AUC values, whereas no difference in t m a x and ttt 
was apparent /35,37,43/, suggesting linear pharmacokinetics in the dose 
range of 50 to 200 mg spironolactone. 
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In one study, data have been obtained after a 500 mg and a 100 mg 
dose of spironolactone /31 /. It appeared that , after the 500 mg dose, 
saturation kinetics must be assumed since the AUC values did not 
increase in proportion to the 100 mg dose. This may have been due to a 
reduced absorption capacity for spironolactone at this higher dose /44/ , 
or to saturation of the metabolic pathway leading to canrenone. 

However, it should be noted that in this study a group of five 
women who received the 500 mg dose was compared with a group of 
ten males and ten females, who ingested 100 mg of spironolactone. 

Only one study has described the kinetic parameters for formation 
of canrenoate, the open lactone ring form of canrenone, after an oral 
dose of 100 mg spironolactone /38/ . Whereas t m a x , C m a x , and AUC 
(0-24 h) for canrenone in this study were found to be 3.2 h, 116 ng/ml, 
and 1403 ng/ml/h respectively, the corresponding values for canrenoate 
were 4.2 h , 85 ng/ml, and 1151 ng/ml/h. 

Until recently, studies directed to the parent drug and/or metabolites 
other than canrenone had not been very reproducible and were merely 
of a qualitative nature. They indicated the presence of the following 
substances in the blood compartment: spironolactone in two studies 
only /3 ,13/ , 6j3-OH-7a-thiomethylspirolactone, and extremely low 
levels of 15a-OH-canrenone and 60-OH-7a-methylsulfinylspirolactone 
/10,11,13/. Furthermore, an unidentified polar compound was present 
/13/ . However, neither the serum concentration time course, nor 
pharmacokinetic parameters were obtained for any of these compounds. 

In 1985, we were able to gain more insight into the fate of 
spironolactone in the serum compartment (Figure 2). By using a 
specific HPLC method we found 7a-thiomethylspirolactone to be the 
major metabolite in serum after a single oral dose of 200 mg 
spironolactone to four healthy volunteers /43 / . Surprisingly, this 
metabolite had never been described before. Furthermore, unchanged 
spironolactone was detected with C m a x of the same order of magnitude 
as canrenone and 6|3-OH-7a-thiomethylspirolactone. These findings 
were contrary to the widely accepted belief that spironolactone is 
metabolized too rapidly to be detected in serum /45-47/, and that 
canrenone is the principal metabolite of spironolactone /4,11/ . Table 1 
summarizes the pharmacokinetic data of spironolactone and its 
metabolites which were obtained from this study. 

b) Multiple dose studies: Dosage regimens of 50 mg twice a day 
137,48/, 100 mg once a day /31/ , and 100 mg twice daily /42/ have 
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Fig. 2: Mean serum concentrations of spironolactone ( * ) , 7a-thiomethylspiro-

lactone (#), 6/3-hydroxy-7a-thiomethylspirolactone ( * ) and canrenone 

( D ) , after dosing 200 mg orally spironolactone to 4 volunteers. From 

reference 43. 

TABLE 

Pharmacokinetic parameters of spironolactone and its metabolites. 
From reference /43/. 

spirono-
lactone 

7a-thio 
methyl-
spiro-
lactone 

6βΟΗ-7α-
thio-methyl-
spiro-
lactone 

canrenone 

c max ("g/"1« 
'max <h> 
tVi (h) 

AUC (0-24) 
(ng.ml-1Ji) 

185 ± 51 571 ± 74 202 ± 54 
1.0 ± 0 1.8 ± 0.5 3.1 ± 0.9 
1.3 ± 0.3 2.8 ± 0.4* 10.1 ± 2.3** 

8.9 ± 2.1** 

473 + 149 3880 ±869 2812 ±785 

231 ± 49 
2.9 ± 0.6 
11.2 ± 2.3** 

3107 ± 551 

Data are X ± SD 

* half life time of first phase of elimination. 
** these data should be interpreted with some reserve as not enough blood 

samples may have been drawn in the elimination phase to determine these 
values accurately. 
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been employed to study the pharmacokinetics of canrenone after 
several days of spironolactone treatment. In general, steady state 
concentrations of canrenone were attained after approximately three 
days of treatment. 

Twice daily dosing of 50 mg spironolactone led to maximum and 
minimum steady-state serum levels of 146-188 ng/ml and 50-70 ng/ml, 
respectively /37,48/. An oral dose of 200 mg spironolactone, followed 
by once daily dosing of 100 mg for four days, yielded peak and trough 
steady-state serum canrenone levels of 201 and 49 ng/ml, respectively 
/31/. Finally, when spironolactone was administered in a dose of 100 
mg twice daily for nine days, steady-state peak and trough levels of 
canrenone were 250 and 100 ng/ml /42/. One study found an 
accumulation factor for canrenone of 2.53 by dividing the AUC in a 
dose interval at steady-state by the corresponding AUC value after the 
first dose /37/. The t m a x at steady-state reported in these studies 
ranged from 2.5 to 3 h and the tVi from 17.8-22.6 h. 

No indication of nonlinear kinetics can be derived from these 
studies, when one compares the AUC values in a dose interval which 
were obtained with the employed dosage regimens. 

5.2 Urinary excretion data 

Unaltered spironolactone has not been detected in urine in any 
study. One group of investigators found that in the 0-24 h urine, 5.93%, 
2.73%, 2.36%, 1.04% and 0.87% of the given spironolactone dose (500 
mg), was excreted as 6/3-OH-7a-methylsulfinylspirolactone, 60-OH-7a-
methylsulfonylspirolactone, 7a-methylsulfonylspirolactone, canrenone 
and 6/3-OH-7a-thiomethylspirolactone, respectively /13/. Furthermore, 
1.4% of the dose was excreted as an unidentified metabolite. It was also 
shown that probably all of these compounds exist in the form of an 
opened γ-lactone ring, or additionally, as conjugates. Furthermore, very 
polar material with an unknown identity was present in the extractable 
fraction of urine. From its extraction and chromatographic behaviour it 
appeared to be one or more polyhydroxylated steroids. 

Another study showed that in the 0-24 h urine 4.5%, 2.9%, 1.8%, 
0.8% and 0.5% of the given spironolactone dose (200 mg) was excreted 
as canrenoate ester glucuronide, canrenone, 6/3-OH-7a-methylsulfinyl-
spirolactone, 15a-OH-canrenone, and 6ß-OH-7a-thiomethylspirolactone, 
respectively /10/. Very small quantities of probably 7a-methylsulfinyl-
spirolactone and 7a-methylsulfonylspirolactone were also identified. 
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These same investigators reported that in the 0-5 day urine 5.0%, 5.2% 
and 6.2% of a 200 mg dose of spironolactone was recovered as 
canrenone, 60-OH-7a-methylsulfinylspirolactone and canrenoate ester 
glucuronide, respectively / l l / . The fact that these latter investigators 
did not find traces of 60-OH-7a-methylsulfonylspirolactone was ex-
plained by a different work-up procedure during which this unstable 
compound was converted to canrenone /13/ . This might explain the 
higher quantities of canrenone in urine by this group /10,11/. 

The contrasting qualitative and quantitative results found by these 
groups stress even more the necessity of employing specific assays in 
pharmacokinetic studies on spironolactone. Only urinary excretion data 
obtained with HPLC appear to be valid, but unfortunately, at present 
not much information has been obtained by using this assay method. 
One such study indicated that after a 200 mg dose of spironolactone, 
0.636 mg (0.32% of dose) of canrenone was excreted in the 0-24 h 
urine /35/ , whereas another study showed that after a 100 mg dose of 
spironolactone, 0.93 mg (0.93% of dose) of canrenone and 6.24 mg 
(6.24% of dose) of canrenoate ester glucuronide could be recovered in 
the 0-24 h urine /38/. 

5.3 Faeces 

The chemical nature of spironolactone derived substances in the 
faeces has been investigated in only two studies. One study reports that 
not more than 1.8% of the given radioactive dose spironolactone was in 
the form of spironolactone and/or canrenone / l l / . Also, the presence 
of at least 6 metabolites more polar than canrenone was indicated. With 
chloroform, 65% of the radioactivity was extractable. In the other 
study, canrenone and 6/3-OH-7a-methylsulfinylspirolactone were the 
only constituents of the lipophilic fraction of the faeces /49/ . 

In conclusion, significant amounts of unaltered spironolactone could 
not be found in the faeces. The metabolites originated from the biliary 
excretion of the absorbed drug, and possibly also from the gut flora 
metabolism of unabsorhed spironolactone /49/ . 

5.4 Biliary excretion 

Biliary excretion of spironolactone has been studied in eight patients 
who had undergone choledochotomy /49/ . All the bile excreted by 
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these patients was collected by means of a special tube after oral 
administration of radioactive spironolactone. Within four days, 5.4-
32.7% of the dose was excreted in bile. Of this, 50-70% consisted of 
polar material, 10-20% of canrenone, 5-15% of 60-OH-7a-methyl-
sulfinylspirolactone, and 3-10% of 6/3-OH-7a-thiomethylspirolactone. 
Enterohepatic cycling of spironolactone metabolites was demonstrated 
by comparing the elimination half life time of the radioactivity in the 
patients with that in control subjects. There were also differences noted 
in the composition of the urinary metabolites between normal subjects 
and these patients. Thus, interruption of enterohepatic circulation had 
resulted in a shift of metabolic pathways. A significant reduction of all 
sulfoxidation reactions was observed, which indicates that these 
reactions occur in the liver or in the intestinal mucosa. 

5.5 Conclusion 

Investigators, using specific assays, have proven that the role of 
canrenone in the metabolism of spironolactone is less important than 
had previously been assumed. Recently the unaltered parent drug has 
been shown to reach a maximum serum concentration of the same 
order of magnitude as canrenone after a single oral dose, and it could 
still be detected eight hours after dosing /43/. The major metabolite in 
serum was identified as 7a-thiomethylspirolactone /43/. However, since 
the elimination half life time of the parent drug and 7a-thiomethyl-
spirolactone are shorter than that of canrenone, it appears likely that 
the relative proportion of canrenone after multiple dosing will be 
higher. 

VI. PHARMACOKINETIC STUDIES IN PATIENTS 

The present knowledge on the pharmacokinetics of spironolactone 
in patients is not very extensive. Moreover, most investigators have 
reported data obtained only by fluorimetric measurements in biological 
fluids. As has been mentioned before, only specific assays (like HPLC) 
will yield reliable information on the disposition of spironolactone. 

The elimination plasma half life time (t&) of fluorimetrically 
measured "canrenone" was 59 h (range 32-105 h) in five patients with 
chronic liver disease /46/. In comparison, the iVi in normal subjects in 
the same study was found to be 20.5 h. Despite the delayed elimination 
of "canrenone" in these patients, there was no evidence of greater 
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accumulation of "canrenone" in the plasma of those patients with a 
prolonged t'/i. Other investigators similarly found no relationship 
between the steady-state "canrenone" concentration and the severity of 
liver disease, when the bromsulphalein elimination kinetics were 
employed as a measure of liver function /50/. Possible explanations 
include decreased absorption of spironolactone, decreased "canrenone" 
formation, increased volume of distribution, or alteration in protein 
binding in disease states /46/. Again, it should also be noted that the 
fluorimetric assay was used in these studies, which overestimates the 
true canrenone concentrations. 

Another study showed that the highly complex metabolism of 
spironolactone in patients with decompensated liver disease, occurred 
in a uniform manner and was not different from that observed in 
normal test subjects /51/. One study compared patients with liver 
cirrhosis with hospitalized controls and used gas chromatography as the 
means of analysis for canrenone /52/. No significant difference in the 
urinary derived half-life of gas chromatographic determined canrenone 
was observed (10.0 and 12.8 h, respectively). However, in healthy 
volunteers without hospitalization, a considerably shorter tVi was found 
(6.0 h). Recently, we studied the multiple dose kinetics of spironolactone 
in a patient with liver cirrhosis and ascites, who was treated with 100 
mg spironolactone by mouth, once daily for 15 days /53/. A specific 
HPLC method was used to measure pre-dose serum concentrations of 
spironolactone and its metabolites throughout the therapy (Figure 3). 
Canrenone and 7a-thiomethylspirolactone accumulated, canrenone 
reaching a minimum steady-state serum concentration (Css = 116 
ng/ml) only after 14 days of spironolactone therapy, as compared with 
nine days for 7a-thiomethylspirolactone (C 8 8 = 167 ng/ml). No 
accumulation was found for the parent drug 14 ng/ml). The tVi for 
7a-thiomethylspirolactone and canrenone after termination of the 
treatment was found to be at least 62 and 111 h, respectively. 

In a study where 13 patients with congestive heart failure or hepatic 
cirrhosis were treated with 200 mg spironolactone daily for at least 
three weeks, 15 fold inter-individual differences in the minimum 
fluorimetrically measured plasma levels of "canrenone" were found 
/50/. Undoubtedly, part of this variation can be accounted for by the 
use of an unspecific assay, which measures a mixture of several 
substances, each substance contributing its own specific fluorescence. 
The same study showed a cumulation VA of 1-4 days in nine patients 
who had recovered from myocardial infarction, without congestive 
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concent ra t ion 

Fig. 3: Pre-dose serum concentration* of spironolactone (*) , 7a-th iom ethyl-
spirolactone ( · ) , 6j3-hydroxy-7a-thiomethylspirolactone (O) and can-
renone ( • ) in a 51 year old male patient with liver cirrhosis and ascites, 
who received 100 mg spironolactone orally once daily. From reference 
53. 

heart failure or cirrhosis, and were receiving spironolactone 2 χ 100 
mg/day. 

In patients with congestive heart failure, a longer half life for 
fluorimetric measured "canrenone" was found (19-48 h) than in normal 
subjects (18-23 h) /46/. From all of the forementioned information, it 
can be concluded that at present, no clear picture of the effect of 
several disease states on the pharmacokinetics of spironolactone has 
been obtained. Since specific assays are now available, it should be 
possible to clarify these inconsistencies. 

VII. PHARMACOKINETIC STUDIES IN THE ELDERLY 

The steady-state pharmacokinetics of canrenone in ten female 
elderly subjects (mean 77.2 years) have been compared with ten young 
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females (mean 20.1 years) after multiple oral dosing of once daily 100 
mg spironolactone /54,55/. Maximum as well as mean concentrations of 
canrenone in serum of the elderly subjects were approximately twice as 
high as those in the young. The half life of canrenone in the elderly was 
estimated to be 35 h, compared to 17.3 h in the young. This was 
explained by a reduced capacity of the liver for the breakdown of 
spironolactone and canrenone with increasing age. 

In another study, a group of eight elderly subjects (mean 78 years) 
was compared with eight young subjects (mean 21 years) following 
single and multiple doses of twice daily 50 mg spironolactone /56/ . 
After the initial dose on the first day, plasma levels and AUC of 
canrenone were higher in the young than in the elderly. However, these 
differences diminished after multiple dosing up to day eight, and the 
steady-state pre-dose plasma levels of canrenone were significantly 
higher in the elderly subjects. This was reflected by the finding of a 
significantly higher accumulation ratio of canrenone in the elderly, as 
compared to the young subjects (4.99 vs 2.50). In contrast to the 
former study /54,55/ , no significant difference in C m a x and AUC for 
canrenone was found between the two age groups at steady-state, 
although the AUC values were approximately 20% higher in the elderly. 

The lower plasma levels of canrenone in the elderly after the first 
dose may have been due to an impaired formation of canrenone, a 
decreased oral absorption of spironolactone, or an altered volume of 
distribution of the drug. The accumulation after long term treatment 
may have resulted from a delayed elimination in the elderly. 

VIII. BIOAVAILABILITY 

Bioavailability problems with spironolactone were encountered soon 
after its introduction. The oral administration of the drug together with 
a detergent, polysorbate 80, increased the plasma level and urinary 
excretion of "canrenone" /57 / . Further studies showed that this 
enhanced bioavailability could not be directly attributed to polysorbate 
80. A newly formulated tablet, containing no polysorbate 80 but only 
22.5 mg of the drug in a finely powdered form, was found to be 
bioequivalent to the original 100 mg commercial tablet (Aldactone) 
then available /58/ . The latter tablets were replaced by newly 
formulated bioequivalent and equipotent tablets, containing only 25 
mg of spironolactone (Aldactone-A), thoroughly dispersed in a water-
soluble matrix /59,60/. Oral absorption of spironolactone could be 
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increased also by using micronized drug in the tablets /61-64/. It was 
proposed that differences in absorption were due to differences in the 
dissolution rates of the drug /65/. Evidence for this was obtained in an 
in vitro study which showed that the dissolution rate of spironolactone 
from the newly formulated 25 mg tablets (Aldactone-A) was much 
more rapid than that of the original compression coated tablets /65/. 
The use of the drug in a slow dissolving form (as in the original 
Aldactone tablets) probably caused part of the dose to be lost in the 
faeces. Correlations between the in vitro dissolution rate and bioavail-
ability have been found /65,66/, but the relationship can be confounded 
by major changes in the excipients 166,61/, and also depends on the 
parameters chosen for bioavailability and dissolution rate /68,69/. 

The absolute bioavailability of spironolactone has not been deter-
mined in man, owing to the low aqueous solubility of the drug (2.8 
mg/100 ml at 25°C /70/), precluding the development of a suitable 
intravenous formulation. Nevertheless, some investigators have reported 
on the absolute bioavailability by comparing plasma canrenone 
concentrations attained after oral spironolactone dosing and after 
intravenous potassium canrenoate, respectively /18,44/. In evaluating 
these parameters, it was assumed that potassium canrenoate is an 
injectable form of spironolactone. From the foregoing biotransformation 
data, it will be obvious that this assumption is not valid. The extent of 
absorption must be at least approximately 73%, since 53% and 20% of 
an orally administered radioactive dose of spironolactone in an 
alcoholic solution were excreted in urine and bile respectively /13/. 

Many comparative studies on the relative bioavailability of several 
spironolactone formulations have been carried out /42,62-64,66-75/, 
especially after the U.S. Food and Drug Administration regarded it as a 
drug with problems related to bioavailability /73/. However, all these 
studies focussed on the measurement of canrenone, either by fluorimetry 
or by HPLC. Since in bioavailability testing, measurement of the 
concentration of all pharmacologically active ingredients is required, it 
may appear on first sight that the fluorimetric method is the most 
appropriate assay for such studies, because it most probably also covers 
substances other than canrenone with pharmacological activity /31/. 
However, if high concentrations of very active spironolactone derived 
substances yield only very low fluorescence values, an assay which 
measures these compounds separately is preferable. 
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8.1 Effect of food on bioavailability 

An enhancement by food of "canrenone" bioavailability from 
spironolactone was observed, when fluorimetry was used as the means 
of analysis /76/. With a specific HPLC assay, we investigated the effect 
of food in more detail by measuring serum concentrations of the 
unaltered parent drug and its metabolites /77/ in the nonfasting and 
fasting state, after a single oral dose of 200 mg spironolactone (Figure 
4). Statistically significant higher AUC (0-24 h) and C m a x values were 
seen for all compounds in the nonfasting state as compared to the 
fasting state, which indicates an increased absorption by food of 
spironolactone. Moreover, the mean increase in AUC (0-24 h) of 
spironolactone was more pronounced than the mean increase in AUC 
(0-24 h) of its metabolites: 95.4% vs 34.4%, respectively. This finding 

S TMS OH- C 
TMS 

Flg. 4: Mean (± S.E.) percent increase in A U C (0-24h) in nine volunteers after 

oral intake of 200 mg spironolactone in the fed state compared to the 

fasting state. S = spironolactone, TMS - 7a-thiomethylspirolactone, 

OH-TMS = 6ß-hydroxy-7a-thiomethylspirolactone, C = canrenone. From 

reference 77. 
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may be explained in terms of a food-induced decreased first-pass 
metabolism of spironolactone /77/. 

8.2 Influence of inclusion complexation of spironolactone with cyclo-
dextrins on bioavailability 

Recently, the formation of inclusion complexes of spironolactone 
with cyclodextrins has received attention as an approach to improve 
oral bioavailability. Inclusion complexation of the drug with |3-cyclo-
dextrin (0-CyD) /78-81/ and γ-cyclodextrin (γ-CyD) /80/, resulted in a 
markedly improved dissolution rate and solubility of spironolactone. In 
dogs, an enhanced bioavailability of spironolactone (measured as 
canrenone) was noted, when complexes of spironolactone with β- and 
γ-CyD were administered, in comparison to the administration of 
spironolactone alone /80/. The administration of an inclusion complex 
of spironolactone with 0-CyD to rats led to an increase in urinary 
volume, whereas no increase was observed when either spironolactone 
alone, or (3-CyD alone was given /79/. Until now, only one bioavailability 
study in humans has been performed with a spironolactone-cyclodextrin 
complex /82/. Significantly higher quantities of fluorimetrically meas-
ured "canrenone" were excreted in urine after oral administration of a 
spironolactone-ß-CyD complex than after oral dosing of spironolactone 
alone /82/. 

The results of these bioavailability studies with spironolactone-cyclo-
dextrin complexes suggest that it may be possible to use a lower dose of 
spironolactone in clinical practice. However, bioavailability studies 
comparing commercially available spironolactone tablets and spirono-
lactone-cyclodextrin complexes have not yet been performed. Further-
more, it has been reported that measuring urinary excretion of 
fluorimetric "canrenone" alone is not a reliable method of determining 
the bioavailability of spironolactone /70/. A very interesting feature of 
the γ-CyD complex is that it may also be applicable in practice to 
injection preparations, because of its high solubility in water /80/. 

EX. PLASMA PROTEIN BINDING 

It is generally accepted that only unbound drug is freely diffusable 
and available for distribution to sites of pharmacological activity /83/. 

The percentage plasma protein binding of spironolactone has been 
reported to be 91.1% and 98.2%, using equilibrium dialysis and 
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ultrafi ltration respectively, at a p lasma spironolactone concentrat ion o f 

5 5 0 ng/ml / l l / . In another s tudy where only equil ibrium dialysis was 

used, the spironolactone fract ions bound to 4% (w/v) a lbumin and to 

1.16% (w/v) γ-globulin were 6 6 % and 18%, respectively / 8 4 / . The 

binding o f spironolactone to a lbumin increased with increasing a lbumin 

concentrat ion, whereas this binding did not change significantly when 

the concentration of spironolactone was varied from 50 t o 1300 ng/ml . 

The percentage plasma protein binding o f the metabol i te canrenone, at 

a plasma concentration o f 7 1 0 ng/ml, was found to be 89 .9% and 

98 .3% using equilibrium dialysis and ultrafi ltration, respectively / 1 1 / . 

Plasma protein binding o f canrenone and canrenoate were compared 

in young and elderly persons by the ultrafiltration technique, at a 

plasma concentration o f 1000 ng/ml for each c o m p o u n d / 5 6 / . N o 

significant differences were found between the two age groups . The 

protein binding o f canrenone in the elderly and young group were 

reported to be 94 .0% and 9 5 . 2 % respectively, and the binding 

percentages of canrenoate were found to be 91 .6% and 9 3 . 9 % 

respectively / 5 6 / . 

T o date, no serum or plasma protein binding data o f other 

spironolactone metabol i tes have been obtained. 

X. PHARMACOLOGICAL ACTIVE PRINCIPLE 

F o r a long time, the anti-mineralocorticoid activity o f sp ironolactone 

was mainly attributed to canrenone / 4 , 5 / . Several p h a r m a c o d y n a m i c 

studies, however, indicated that substances other than canrenone must 

be mainly responsible for the renal anti-mineralocorticoid activity o f 

spironolactone / 2 9 , 4 5 , 8 5 / . F o r example , a f ter oral adminis trat ion o f 

single equimolar doses o f spironolactone and potas s ium canrenoate to 

healthy volunteers, spironolactone was significantly m o r e potent than 

potass ium canrenoate in the bioassay employed , despite the fact that 

almost equivalent f luorimetric p lasma levels o f " c a n r e n o n e " were f o u n d 

/ 4 5 / . A relative potency (potas s ium canrenoate : sp i ronolactone) o f 

approximate ly 0 . 3 0 was calculated. This meant that 70% o f the renal 

anti-mineralocorticoid activity o f a single dose o f spironolactone could 

not be explained in terms o f p lasma canrenone. Af ter mult iple doses o f 

spironolactone, the contr ibut ion o f canrenone increased to approxi-

mately 70% of the anti-mineralocorticoid activity o f sp ironolactone in 

this bioassay /5 / . 

However, these calculations were based upon the a s sumpt ion that 
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the fluorimetric assay specifically determined canrenone. This would 
apply only to the canrenone concentrations after administration of 
potassium canrenoate /29/, but not to the corresponding levels after 
administration of spironolactone, as has been previously discussed. 
These studies have indicated that the real contribution of canrenone to 
fluorimetrically determined canrenone in human serum amounts to no 
more than about 20-40% /29-38/. Combining these analytical and 
pharmacological data led to the conclusion that canrenone exerts only 
1/10 and 1/4 of the anti-mineralocorticoid activity of spironolactone, 
after single and multiple doses, respectively /31,34,86/. 

Since canrenoate plasma levels after administration of potassium 
canrenoate were much higher than after an equivalent dose of 
spironolactone /38,45/, it was concluded that canrenoate contributed 
little or no anti-mineralocorticoid activity /45/. The unavoidable 
conclusion is that other metabolites, or perhaps the unchanged drug 
itself, must be mainly responsible for the renal anti-mineralocorticoid 
activity of spironolactone /29,31,34,45,85-90/. Among the metabolites, 
the sulfur-containing metabolites are proposed as the principal pharma-
cologically active moieties /45,86,89,90/. This is of particular interest 
since the recent discovery that 7a-thiomethylspirolactone is the major 
metabolite in serum after a single dose of spironolactone to man /43/. 
All the sulfur-containing metabolites which are involved in the 
metabolic pathway of spironolactone, and also canrenone, have been 
investigated for their mineralocorticoid blocking activity after sub-
cutaneous injection in rats /91/. In decreasing order of magnitude, 
7a-thiospirolactone, 7a-thiomethylspirolactone, and canrenone ex-
hibited significant activity. The other metabolites possessed minor, if 
any, blocking activity. The oral activity of 7a-thiomethylspirolactone in 
rats and 7a-thiospirolactone in dogs was estimated to be 1.06 and 0.70 
respectively, relative to orally administered spironolactone /91/. 

In a bioassay model, developed to determine the renal anti-mineralo-
corticoid activity of orally administered spirolactones in man, 7a-thio-
spirolactone and 7a-thiomethylspirolactone were found to have an 
activity of only 0.26 and 0.33 respectively, relative to spironolactone 
/89/. However, serum concentrations of these substances were not 
determined, and an incomplete absorption or an extensive first-pass 
effect may have complicated the picture. It is possible that 7a-thio-
spirolactone and 7a-thiomethylspirolactone have high activity, but do 
not reach the target organ in sufficient quantities. In vitro studies have 
indicated that among the sulfur-containing metabolites, 7a-thiospiro-
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lactone and 7a-thiomethylspirolactone possessed a higher affinity than 
canrenone for aldosterone receptors in rat kidney slices /92/ . The 
affinity of canrenoate to these receptors was much lower than that of 
canrenone /92,93/ . It was found that the presence of a closed γ-lactone 
ring is of critical importance for binding to the aldosterone receptor 
192,93/. However, these receptor binding studies do have their 
disadvantages. They do not take into account drug absorption, 
disposition, metabolism and they do not differentiate between agonist 
and antagonist activity /92,94,95/ . 

Also, spironolactone itself is mentioned as the possible pharmaco-
logically active principle after its administration /86,89,90/ . In com-
parison to canrenone, it has a higher affinity for rat renal aldosterone 
receptors /92,93,96/ , and it showed anti-mineralocorticoid action in an 
isolated toad bladder system 194,91/. 

In conclusion, the active principles following the administration of 
spironolactone have yet to be established. Recently described HPLC 
assays, developed to measure several spironolactone derived compounds 
separately /41,98/ , will make investigations possible which can combine 
pharmacodynamic and pharmacokinetic aspects of these substances. 

XI. METABOLISM AND ENDOCRINE SIDE EFFECTS 

A group of endocrine side effects, such as gynaecomastia in men 
199-102/ and menstrual irregularities in women /101 .103/ , have been 
observed during spironolactone treatment. The most probable mechan-
ism of these side effects is an inhibition of binding of 5a-dihydrotesto-
sterone /101,104,105/ and progesterone /106/ to their respective 
receptors by spironolactone derived compounds. Several substances 
have been tested for their affinity to the 5a-dihydrotestosterone 
rcceptor of the rat prostate. Spironolactone /105 ,107/ , 7a-thiospiro-
lactone /105/ , 7a-thiomethylspirolactone /105 / , and canrenone /107/ 
were able to inhibit 5a-dihydrotestosterone binding to its receptor. The 
binding of progesterone to isolated human uterine cytosolic progesterone 
receptors was decreased in the presence of canrenone in a concentration 
dependent manner /106/ . 

Interestingly, it has been reported that in patients with hepatic 
cirrhosis and ascites, the incidence of gynaecomastia is lower when 
treated with potassium canrenoate, than with spironolactone /108 / . 
Also, spironolactone induced gynaecomastia disappeared when the drug 
was replaced by potassium canrenoate in a patient with indeterminate 
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aldosteronism /109/. Furthermore, no gynecomastia was seen in 12 
hypertensive patients treated with canrenone for six months, as 
compared with four cases of gynaecomastia in 13 hypertensive patients 
treated with spironolactone for six months /110/. When a mouse 
kidney cytosol-androgen receptor assay was used, it was found that 
plasma from mice, chronically administered spironolactone, contained 
approximately ten times higher levels of androgen receptor active 
material than plasma from mice administered potassium canrenoate or 
canrenone /111/. Since canrenone is a common metabolite of potassium 
canrenoate and spironolactone, it appears that substances other than 
canrenone and canrenoate are mainly responsible for the antiandrogenic 
action of spironolactone, resulting in gynaecomastia /53/. 

Recently, the German health authorities announced that they 
planned to restrict the therapeutic indications for spironolactone and 
potassium canrenoate containing pharmaceuticals /112/. They argued 
that potassium canrenoate is potentially carcinogenic in man, because it 
had shown tumor inducing effects in experimental animals. Their 
decision was also extended to spironolactone because "contemporary 
data on the metabolism of spironolactone and potassium canrenoate 
give no reason for a separate risk evaluation of these drugs" / I I 2 / . It 
appeared that it was still assumed that the therapeutic action and side 
effects of both drugs were mediated by the common metabolite 
canrenone. The pharmaceutical companies which were involved were 
allowed a period of four weeks during which they could argue against 
this proposal. After hearing their comments, the health authorities 
decided to restrict only the indications for use of potassium canrenoate 
/113/. This decision was based on toxicological studies carried out until 
then, which had indicated no enhanced carcinogenic risk for spirono-
lactone. Differences in the metabolism of both drugs were mentioned 
by the health authorities as a possible explanation /113/. 

NOTE ADDED AT PROOFS 

In the United Kingdom, the Department of Health has recently 
asked companies to remove the following indications from products 
containing spironolactone: treatment of essential hypertension and 
idiopathic oedema. The drug will remain available for other uses / 114/. 
This regulatory action was taken for similar reasons which had led to a 
restriction of the therapeutic indications for potassium canrenoate in 
Germany /113/. 
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It has now been clearly shown that, in contrast to potassium 
canrenoate, the major pathway of spironolactone's metabolism is not 
via canrenone or canrenoate, but through pathways that retain the 
sulfur moiety. Nevertheless, canrenone is a common metabolite of both 
drugs. The company Searle has done in vitro mutagenicity studies 
which indicated that a metabolite of canrenone (or canrenoate), but 
not canrenone itself, may be a mammalian cell mutagen, since 
metabolic activation of potassium canrenoate was necessary for a 
positive response. 

Spironolactone and its sulfur-containing metabolites have recently 
been shown to inhibit in vitro metabolism of 14C-potassium canrenoate 
by rat liver microsomes / I I 5 / . Therefore, the lack of carcinogenity 
after spironolactone administration may be explained by the absence of 
mutagenic canrenone metabolites, due to the inhibition of canrenone 
metabolism by the presence of unchanged spironolactone and its 
sulfur-containing metabolites. 

The policy of the Department of Health in the UK regarding 
spironolactone is apparently based only on data obtained with 
potassium canrenoate and is therefore, from a scientific point of view, 
questionable. 
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