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ABSTRACT

The spirolac tones a r" e competitive antagonists of

mineraloc or ticoids. However, it is not known what actions

contribute to the rapeutic results when spirolac tones are used

in a number of disease states with largely different

etiologies. Further, the molecular mechanisms of extra renal

and toxic effects are poorly understood.

The goal of this dissertation was to investigate the

metabolism of the spirolac tones as well as their effects on

the kinetic s of end og enous al do ster one , since both might

contribute to the effects of spirolac tones. Studies in this

dissertation include , the tissue distribution, and metabolism

of the spirolac tone , can re noate-K , affinity of can re noate-K

metabolites to the cytoplasmic receptors for aldoster one and

the effects of spiro no lac tone and can reno ate-K on production

and elimination of aldoster one.

The metabolism of spiro no lac tone is extensive in man.

The de thioacetylated can renone , appears to be a major

metabol it e. It has an in tact gamma-lac tone ring, and is

present in enzymatic equilibrium with the gamma-hydroxy

carboxylic acid can reno ate. Metabolites may account for the

clinically observed toxicity of spiro no lac tone. The rapeutic

use of can re none and can re noate would eliminate the

chemically labile and potentially toxic sulfurous metabolites

of spiro no lac tone. However , little in formation is available

about the further met abolism and tissue d is tribution of

Can re n One and can reno at e .

T issue d is tribution studies on the d is tribution of



labelled can re noate-K as well as specific fluores cence as says

for can renone and can reno ate were performed in rabbits.

Canren one was concent rated about 10-fold in tissues when

compared to plasma while no such preferential up take was

found with can reno ate . Differences between measurements of

radioactivity and fluores cence of can re none and can re noate

indicated extensive formation of met a blites and thus

ret ention in the rabbi t . There for e the further metabolism of

can re no at e-K was studied .

Two new major metabolites Of spiro no lac tone and

can re noate-K were is olated from rabbit liver and plasma. The

Structure Of On e metabolite Wa S determ in ed to be

20-hydroxy-can renone. The second metabolied contained two

oxygen atoms of unknown location and nature . Since the Se

metabolites were identified as major metabolites in the

rabbit, their contribution to the antim in eral oc or ticoid

effect of can re no a te was exam in ed. An in vitro test

measuring affinities of these metabolites to the aldoster one

cytosol "receptor" was used to assess their potential

pharmacological activity. The metabolite 20-hydroxy

can re none possessed moderate affinity in this in vitro test

system.

The spirolac tones can affect the kinetics of endog enous

aldoster one by stimulating or inhibiting production and

elimination of aldoster one , as well as effecting cytosol

receptor binding of the hormone. Conflicting results pre

viously reported on the kinetics of aldoster one in the

presence of spirolac tones, may be due in part to non-specific

analytical as say techniques used to measure aldoster one .



Concentrations of aldoster one in plasma were measured by

a radioimmunoassay method in rabbits, dogs, and in man

following single doses of spiro no lac tone and can reno at e-K.

Erratically high values of ald oster one were obtained after

can reno at e-K was administered to ad renale c tomized dogs. The

as say for al do ster one Wa S in ter ferred with by

20-hydroxy-can re none . A procedure, specific for aldoster one

in the presence of this metabolite was developed . Following

single doses of spironolac tone and can re noate-K, the con

centrations of aldoster one in plasma were unchanged in humans

and in dogs, and de creased in rabbits.

Elimination kinetics of aldoster one during treatment

with spirolac tones were measured . Preliminary results of

this pilot study indicate no changes in clearance values of

al do ster one .
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OBJECTIVES

This investigation was designed to examine the

physiological disposition of the 17-gamma spirolac tones and

to study the effect of spirolac tones on aldoster one kinetics.

This was accomplished by dividing the work into four specific

objectives :

1. To determ in e the tissue d is tribution of
tritiated can reno a te-potassium in rabbits (1)

2. To elucid at e the chemical structure of
can reno ate – potassium metabolites is olated
from rabbit liver and plasma and to det
erm in e the affin it i e s of metabolites to
the aldoster one rat kidney cytosol recep
tor in vitro (2)

3. To determine the effects of spirolac tones on
end og enous aldoster one levels and kinetics (3)

l, . To determine the effect of spirolac tones on the
elim in a ti on kinetics of al do ster one .



INTRODUCTION

ALD OSTER ONE

The vital importance of the ad renal gland has been re c

ognized since 1855 but not until some seventy years later was

the function of this organ in the regulation of mineral meta

bolism observed (l, , 5, 6, 7, 8). Evidence pointed to an adrenal

hormone, but it was not until 1953 that discovery of this

substance was finally made by Simpson and Tait (9, 10, 11, 12),

Mattox et al., (13) and one year later by Leutscher (11. ).

This substance possessed sodium retaining and kaliuretic

activity (9) and was called "electrocort in . " Chemical

structure of this compound was elucidated in 1951, and it was

found to contain an aldehyde group in the 18 position of the

steroid unlike the methyl group usually seen with most

steroid compounds ( 12, 10). The name aldoster one was adopted

for this substance in lieu of "electrocortin" (10). The

d— is omer is the naturally occur ing horm one (15).

A mineral oc or ticoid is capable of stimulating active

sodium transport across the epithelium at physiological

C On C ent rat i on S (5). Aldoster one , 11 6 , 21-dihydroxy-30, 20

dioxo pregn-l-ene-18-al lactal (16), a C21 H2805 steroid ,

possesses about 500 times the sodium retaining activity of

cort is ol and between 50 - 100 times that of 11-deoxy cort

ico ster one ( 15, 12, 17, 18, 11, 13). Al do ster one has been

isolated from many species (5, 19, 12, 13) and has also been

found in the peripheral blood of lower vertebrates (12).



Racemic aldoster one was synthesized in 1955 (20) and the

L-isomer has been shown to have less activity than the

naturally occuring D-form (12). Synthesis of pure D-aldo

ster one was accomplished by W is cher et al., in 1956 (21).

Daux and Hauptman found by x-ray analysis that aldoster one in

a monohydrated crystalline for m existed a S the

18-acetal-20-hemiketal is omer (22). Aldo ster one equilibrates

in three different forms; the 18 aldehyde, the 118, 18 oxide,

and the 18-acetal-20 hemiketal form (23, 21, , 12, 25, 10, 22) as

seen in Figure 1.

FIGURE 1

Three Forms of Aldo Ster one

* Q H

H CH H H

-: =
O

18 Aldehyde 11 8 , 18 oxide 18-acetal-20 hemiketal

The biosynthesis of aldoster one in man as well as in

most other species is accomplished by the zona glomerulosa,

the out ermost region of the adrenal cortex (12, 26). Under

some circumstances and in some species aldoster one can be

synthesized in other zones of the adrenal cortex, and by

other organs of the body ( 12, 26). Biosynthesis of aldo

ster one utilizes a variety of substrates, for example, pro

gester one , deoxycortic oster one , cholesterol, 1 18 -hydroxy

cort ic oster one etc . depending up on the species ( 19, 12).



Substrate to product conversion in different species was used

in an at tempt to work out the biosynthetic pathway for aldo

ster one (12). Reviews of this liter a ture are found in the

following references (12, 26).

Cytochrome P-l. 50 is involved in aldoster one synthesis by

adrenal cortical mitochondria (26, 27, 28), as shown by the in

volvement of a carbon monoxide comb in in g substance absorbing

light with a maximum of 1,50 mu in the 18-hydroxylation

reaction of d e oxy cort ic oster one . The route by which aldo

ster one is formed from cortic oster one may involve the C-18

methyl group of cortic oster one going to the C-18 aldehyde

group of aldoster one by way of the C-18 alcohol group of

18-hydroxy cortic oster one ( 27, 28), Figure 2. Cytochrome P-1, 50

is required for other reactions in aldoster one biosynthesis,

such as 11 8-hydroxylation (28, 29). It should be recognized

that cytochrome P-l; 50 reactions are a vital part in aldo

ster one biosynthesis, and spirolac tones represent potential

inhibitors of this enzyme.



FIGURE-2-

Biosynthetic Pathway of Aldo ster one
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A number of factors in fluence aldoster one biosynthesis

and secretion (15, 19, 26, 30, 12, 5). L is t s of some of the se

factors are provided in Tables 1 and 2. Reviews in this area

can be found in the following references (15, 19, 26, 12, 5).

Four of these many factors have been widely investigated ,

namely the re n in-angio tens in-aldoster one system , plasma pot

assium , and plasma sodium C on cent ration and adre no

cortico tropic hormone (30, 15, 19, 26, 5). The spirolac tones

also influence aldoster one biosynthesis and secretion (31).

Some of the substances listed in Table 1 are capable of both

stimulation and inhibition of ald oster one production and

secretion depending up on the species used for the experiments

and the cond it ions under which the experiments are performed .

The mechanism by which even classical stimulating substances

such as ACTH act is yet to be fully understood.



TABLE 1

Factors Affecting Aldoster one Biosynthesis and Secretion
(as determined by short-term incubation or per fusion experiments)

A. Stimulating Factors

Angio tens in I
Angio tens in II
Ren in Extra C t
Mon Oval ent Cat i on S
Bivalent Cations (Ca++, Mg+*)
A CTH
Serot on in

Prostagland in A1, A2, E2 (32, 33,5)

B. Inhibitors of Aldo ster one Biosynthesis

1. Inhibitors of Enzymes Involved in Ald oster one
Biosynthesis

Me to pyrone
SU 8000
SU 90 55
SU 10603
SU 1885
Cyanoke tone
Triparanol (Mer-29)
A mino glute thim ide

2. Inhibitors of Prote in Synthesis-Which also inhibit
Ald oster one Production

Act in omycin D
Cycloheximide
Puromycin

3. Steroid Horm on e s which inhibit Al do ster one
Biosynthesis

18-Hydroxy cortic oster one
C or t is ol
c or t is one
19 nor – t e s to ster one
19 hydroxytes to ster one
tes to ster one

l, . Other Substances which inhibit Aldo ster one
Production

Ouaba in

Spirolac tones



TABLE 2

Factors which affect al do ster one biosynthesis and
secretion (as determined by long-term experiments and disease
states)

Alte rations in so dium balance
Alterations in potassium balance
Exogenous angio tens in and re n in
Renal hyper tension
Malignant Hyper tension
Phe ochromoc y toma
Blood Loss
Bilateral nephrectomy
Hypophy sectomy and hypopituitarism
Leisons in the central nervous system
Miner a lo cort ico i ds
Gluco C or t ico id S and A CTH
Estrogens and Proges togens
He par in and He parinoids
o, p" DDD-dichloro di phenyldic hloroethane
Spirolac tones



PHARMA COKINETI CS OF ALDO STER ONE

A pharmacokinetic model for aldoster one was proposed by

Tait et al., (31 ) which consisted of an "inner pool"

(extracellular space and part of the in tra cellular space) and

an "outer pool" (the rest of the in tracellular space). This

model was derived from disappearance curves of radio labelled

aldoster one given in travenously to normal subjects (31. , 12).

With this model the calculated V1 for aldoster one was found

to be 20-30 liters, and the V 1 + W.2 about 10 liters (31. ).

The alpha half-life of aldoster one in man is about 11, minutes

while the beta half-life is a b out 33 m in utes (34, 15,35).
Other, more complex models for aldoster one have been proposed

(12,36) for the distribution and transport in the body. More

complex models may be needed (31. ) to include additional com

partments in to which aldoster one might diffuse more slowly

such as the cerebro spinal fluid.

Between 50-68% of aldoster one is bound to album in and a

small amount is rever sibly bound to trans cort in or cortico

steroid binding globulin ( 15, 12, 37, 38). Ald oster one has a

low affinity to cort ic osteroid binding globul in and that

which is bound is easily displaced by other steroids such as

cort is ol, and cortic oster one (12,37), which are bound to

about 90%.

As the concentration of biologically active hormone in

plasma is dependent up on its secretion rate , the volume of

distribution, the he patic extraction rate , the degree of pro

tein binding, and renal clearance of unbound steroid ( 15, 39),



10

the plasma concentration of aldoster one should be expected to

be altered by liver disease (15, 35, 5, 39), renal failure

(15, 5, 1,0) , pregnancy ( 1, 1) and other situations where alter

a tions in the secretion rate are affected by prote in binding

and other stimuli . ACTH has been shown to cause an in crease

in the metabolic clearance rate of aldoster one (l. 2). This

occurred along with a sharp decrease in the prote in bound

fraction of aldoster one (1,2).

The relatively low degree of aldoster one prote in binding

may account for the very high percent age of he patic ex

traction ( 15, 1, 3, 1, 2, 12, l, 1 , || 1 , 35, 5). The he patic extraction

during a single passage of ald oster one has been reported to

be almost 100% (l, 1, 31 , || || ). Extras plan chnic clearance of

aldoster one was reported by Tait et al., (l, l; , 115) to be a

significant but minor component of total metabolic clearance

in subjects with minimal and marked car diac dysfunction. The

lowered metabolic clearance rate seen in the se subjects was

at tributed to decreased he patic extraction or he patic plasma

flow or both (l, l; , 5). He patic extraction in patients with ad

vanced cong estive he art failure fell to be tween 50-75% and

plasma clearance rates of aldoster one were decreased (116).

Tait et al., (116) calculated the plasma clearance of

aldoster one to be about 1620 liters/day. The mean ad renal

formation rate, (31 , || 1 , 35, 39, l; 7, 18, 19, 50) was found to be 128

ug / day, with a range of 50-200 ug in normal subjects

(31, , 51, 12).

Ald oster one Secret i on follows circa dian rhythm

( 19, 12, 52, 53, 31, , 51. , 55), with plasma aldoster one values being



11

lowest between l; pim and midnight and the highest values at l;

am or 8 am in normals (52, 12). Alterations in posture appear

to bring about changes in aldoster one metabolite excretion

(12,53,51; ). Lying down appears to lower the amount of aldo

ster one metabolite (s) excreted into the urine.

Brodie et al., (51), using double-isotope dilution

techniques reported a value of about 7 ng/100 ml for subjects

on normal sodium in take . Slightly higher aldoster one plasma

values have been reported by radio immunoassay techniques.

Mayes et al., (56) reported values of about 11, ng/100 ml

plasma , while Bayard (57) reported values of similar

magnitude in subjects who were up right. Kowarski et al.,

(119) measured aldoster one plasma concentrations in adults,

children and infants and found by radio immunoassay that

adults had much lower plasma levels than children and that

in fants had the highest levels of all.

Metabolism of Al do ster one

Eighty five to 92% of total administered radioactive

aldoster one undergoes liver metabolism with about 5-10% being

metabolized in the kidneys and a small but significant

fraction of aldoster one being metabolized in other organs

( 12, 5, 1. l. , 36,58, 59). The renal clearance of unmetabolized

aldoster one is 5-15% of glomerular filtration rate (60).

Tetrahydro-aldoster one glucuroni de , the principal metabolite

of he patic venous blood (36, 6.1, 5), has had no appreciable

extra-he patic formation reported (36, 61,59). This metabolite
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is used for determ in a ti on of al do ster one secret i on rate if

urine is collected over a l; 8 hour interval (5). THA is

excret ed mainly as a conjugate freed mainly by be ta

glucuronidase (62, 12, 35). It is biologically in active

(35, 19). Renal tissue is capable of producing acid

hydrolyzable conjugates of aldoster one (36, 61). In renal

venous blood from 13 patients the average renal production of

acid-labile conjugate was about 58% of a labelled dose (36).

Bledsoe et al., (36, 6.1) showed that about 33-50% of this

conjugate is formed at extra-he patic sites, most likely in

the kidneys.

The 18-glucuronide metabolite of aldoster one , which has

previously be en referred to as the 3-oxo-c on jugate , as the pH

1 conjugate or as the acid labile conjugate (63), and the

tetrahydroglucuronide metabolite of aldoster one are the major

metabolites of aldoster one (61. ). A number of other meta

bolites of aldoster one have been is olated , however. Some of

them have not been fully characterized (5, 19, 61. , 63, 12).

Human urine contains tetra-hydrogenated derivatives Of

aldoster one (62). Ald oster one and its reduced metaboli tes

have been shown to exist in small amounts in the sulfate form

in human plasma and urine (61; ).

Sex differences in the met a b ol i s m of al do ster one were

demonstrated by Morris et al., in both in tact and adren al

ectomized rats (65, 66,67). In in tact rat S the rates of

clearance of ald oster one and its metabolites from the plasma

via the bile is also sex-dependent (65). This is significant

as in rats, biliary excretion of aldoster one is the major
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pathway of excretion (65). Female rats excreted 82% of an

injected dose via the bile within one hour, while male rats

excreted only 1, 9% (65).

In ad renale c tomized rats the per cent age of dichloro

methane extractable plasma radioactivity is greater in female

than in male rats from 5 m in utes to 90 minutes after an IV

injection of labelled aldoster one (66). Non-extractable polar

metabolites (NEPD) of aldoster one were higher in the plasma

of male rats and in female rats the se metabol i t e s were

rapidly cleared from the blood (66).

Morris et al., (65, 66) concluded that in both adren al

ec tomized and in tact male and female rats, sex horm on e s may

influence the metabolism of aldoster one , the plasma levels of

unmetabolized aldoster one and its metabolites (65, 66).

Steroid reductases have been located in both the soluble

fraction and the microsomal fraction of rat liver (68). The

A*-5 -reductase is found in liver micro somes , while the a *-5

reductase is found in the soluble fraction (68, 69). Diff

erences in the effective concentration of A*-reductases in

female rat livers when compared to that of male rat livers

have been found to exist for aldoster one (19,70), and a

number of other hormones, for example cortic oster one , deoxy

cortic oster one , testoster one, prog ester one and so on (19).

Three to ten f'Ol d in crease S in reduct as e enzyme

concentrations have been seen in female rat livers compared

to male rat livers ( 19, 70, 69). In young rats estrogens app

arently increase the A*-reductase content of liver while an -

drogens produce the opposite effect (19). After 75 days the
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estrogens loose their influence however, the and rogens appear

to be an important factor in older male rats (19).

Read et al., (68) postulated that the increase in aldo

ster one metabolism seen in sodium restricted rats could be

due to enzyme induction. Also, Samuels and Tompkins class

ified aldoster one itself, as an optimal inducer as judged by

its ability to induce the enzyme tyrosine amino transferase

(71).

D is tribution of Al do ster one

Aldo ster one distributes to various organs (12,72, 73, 10,

6, 7 l). Auto radiographic studies in mice showed high con

centrations of aldoster one and its metabolites in liver,

bile , kidney, duct us deferens, caput epididymidis, and

adrenal cortex (72). Sulya et al., (7 l; ), found that in the

rat higher up take of labelled ald oster one was seen in kidney,

heart, lungs than in blood. Fifteen minutes after in jection

kidney, he art, muscle, spleen, a or ta , lung, liver and duo

denum had a higher concentration than in blood (7 l. ). Only

brain and adipose tissues did not show levels of radio

activity higher than those seen in blood (71. ).

Sub cellular fraction at ion of tissues to locate the

in tra cellular sites of aldoster one led some investigators to

report presence of labelled compound mainly in the cytoplasm

(12, 1,0). In the early work however, it was not possible to

distinguish labelled aldoster one from its metabolites (12).

Edelm an et al., (268, 13 l; , 316, 263,265) found aldoster one to
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be selectively localized in the nucleus of to a d bladder

epithelial cells in in vitro studies. By auto radiography,

al do ster one has been shown to be localized in the tubular

epithelial cells of the kidney, along muscle fiber S in

skeletal and cardiac muscle, in the alveolar walls of the

lungs and in the parenchymal cells of the liver (7 l. ).

Recently, 3H-aldoster one has been found in vitro in the

cytosol fraction of adren a lectomized rat brain (115). The

subcellular localization of ald oster one be comes important in

the search for "receptors" which might play a role in the

physiological mechanism of action of aldoster one .

THE PHARMA COLOGY AND PHYSIOLOGY OF ALDOSTER ONE

A primary function of ald oster one is the regulation of

active sodium and potassium secretion and transport in a

number of tissues in the body including the kidney, sweat

glands, in testinal mucosa and salivary glands (12, 15, 5, 77,

l, , 78, 79, 80, 81, 82, 83, 81, ). In mammals, aldoster one's role in

sodium retention is met by its ability to cause a reduction

of sodium losses (77). Ald oster one can cause sodium con

centration to be decreased in the lumen of the distal parts

of the nephr on and in testine and in the lumen of the exc re

tory ducts of sweat glands (77, 81, 81, ). Aldo ster one also pro

motes the excretion of potassium, however, the antinature tic

and kal iuretic effects of this horm one appear to depend on

experimental conditions (l, , 67). Barger (l, , 78, 85) in the

adren alectomized dog and Fimog nari et al., (l, , 86) in the
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adren a lectomized rat on low potassium diets, showed that

aldoster one produced coordinate ant in at i u retic and kal i u retic

responses. On normal diets in the adren a lectomized rat, the

only effect observed was on the excretion of sodium (l, , 86).

In the ad renale c tomized dog and in the salt-loaded in tact

dog, aldoster one showed no effect on sodium excretion, but

caused potassium excretion (l, , 15, 78, 86). Morris et al.,

(67,82) demonstrated that at physiological levels aldoster one

promoted the antinati u retic and kal i u retic responses of this

hormone in ad renale c tomized rats, but only a kaliuretic

response in in tact rats. These two effects may be separable

(82). BO th Of these responses to al do ster one in

ad renale c tomized and in tact rats were greater in males than

in females (8.2, 66,65).

In the kidney the major site of action of aldoster one ,

is in the distal renal tubule (5, 15, 51, 87,88). This was

demonstrated with the use of stop-flow techniques in the dog

(5, 15, 51, 87,88). Ald oster one may stimulate the reabsorption

of sodium and chloride in the as cending limb of the loop of

Henle (5, 89), but it probably has no effect on the proximal

tubular reabsorption of sodium (5, 15, 88) as shown by stop

flow techniques.

Short term administ ration of al do ster one to human sub

jects produces different effects than long term administrat

ion on the renal handling of sodium and potassium (15,5,

51, 90). Subjects given mineral oc or ticoids retain sodium with

associated expansion of the extra cellular fluid and con

comitant weight increase. This is not seen if dietary sodium
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is restricted (5). Continued administration of aldoster one

results in the establishment of a sodium steady state with

excretion of sodium in to the urine equal ling daily salt

in take. This has been called the "escape phenomenon" ( 15, 5,

51, 90). After the "escape", stable sodium balance occurs in

normal subjects but the potassium continues to be lost

(5, 15). In the major edematous states, characterized by

chronic depletion of in travascular volume, such as congestive

heart failure, nephrotic syndrome, cirrhosis with hypo

album in emia, the "escape phenomenon" fails to occur (5, 15,

51).

The Molecular Mechanism of Action of Ald oster one

Studies on the mechanism of al do ster one action have been

numerous (75, 86, 6, 76, 77, 5, 91). Edelman et al., (75, 76) pre

sented evidence that al do ster one was located in the nucleus

of epithelial cells and acts by promoting DNA-dependent RNA

synthes is . This in turn yields an increased rate of prote in

synthesis (75,91). The current hypothesis is that aldo

ster one stimulates trans epithelial transport of sodium by

inititiating a sequence of biochemical events (6, 75, 86, 6,

76, 91).

It appears that aldoster one enters a specific target

cell, binds to a specific cytoplasmic "receptor", temperature

sensitive activation of the complex takes place, the active

complex binds to the chromat in , RNA induction leading to pro

tein synthes is takes place, and finally the induced prote in
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acts to produce the physiological expression of the horm one

(92, l; ).

Marver et al., (93) proposed a three-step sequence for

the transfer of cytoplasmic aldoster one-" receptor" complexes

to the nucleus. Using a rat kidney slice technique, Marver

et al., (93) were able to follow the time course of intra

cellular al do ster one binding . Three 3H-aldoster one receptor

complexes were found in rat kidneys by these investigators;

cytosol, tris - soluble nuclear and chromat in bound . Fund er et

al., (91. ) using kidney slic e s and parotid slices of ad

rena lectomized rats also found a three step time sequence of

specific in tracellular binding. Thus, it would seem , if this

3 step mechanism is valid, that in teractions of receptor

complexes with the chromat in should initiate the induction

phase of the physiological response to aldoster one (93). The

precise relationship if any, between the binding process and

the induction of transcription for mRNA and rRNA remains to

be seen (93, 5). The conclusive dem on Stration of in creased

RNA synthesis has yet to be shown to support this hypothesis

(5).

There have been several hypothese s reported on the mode

of action of the aldoster one-induced protein (AIP) (5, l; , 95).

The "sodium-pump" hypothesis suggests that the AIP activates

the sodium pump via the enzyme Na+–K+ activated a denos ine

triphosphatase (5, 1. ). The "permease hypothesis" suggests al

terations of cell permeability to facilitate sodium entry

from the luminal surface (5, 1; ). The effects of the AIP on

in term ediary cellular metabolism to cause an in crease in
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rate-limiting supply of energy to the sodium pump has also

been proposed (96, l. , 5). Edelman et al., (75, l; ) showed that

in the substrate depleted state , is olated toad bladder has

almost no response to aldoster one . Snart, suggested, that a

dual mechanism, a "two-stage mechanism" might be operating in

which both the ion pump and mucosal barrier are affected

(97).

Extra- Renal Effect S of Aldo ster one

Besides its renal effects aldoster one has a variety of

extra- renal effects (98, 5, 15, 99, 100). In sheep parotid

saliva, aldoster one lowered the normal Na+/K+ ratio (83).

The 3-step time sequence of specific intracellular binding

takes place in parotid from adren a lectomized rats (91. ). In

the sweat glands aldoster one appears to de crease sodium

concentration ( 15, 5). This effect is slower in on set than

renal effects (5, 101). Aldo ster one may have influence on the

sodium and potassium balance and transport across the in

testinal wall (81). Aldo ster one given by continuous in fusion

enhanced net K+ secretion by the in testine showing an in

crease in the rate at which K* entered intestinal lumen (8 l; ),

While sodium and water movements were not affected . Aldo -

ster one appears to stimulate sodium transport across the in

testinal mucosa in both directions leaving the net flux

un changed (15).

Aldo ster one elevates K* and Na+ ratios in both brain and

muscle (80). Muscular potassium decreases and muscle sodium
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in creases when al do ster one is adm in is tered to in tact an imals

(5), although this effect is not seen during sodium res

triction. Much of the in vitro work shows the reverse effect

on muscle electrolytes; a rise in potassium, and a fall in

sodium concentration (5).

Recently Anders on and Fane still (l; 5) reported the

existence of high and low affinity mineral oc or ticoid binding

"receptors" in in vitro cytosol preparations from a dren al

ec to mi zed rat brains . The se author's suggest that the pre

sence of these "receptors" might offer a possible extra-renal

mechanism of action of ald oster one in or mediated through the

central nervous system. In neurosurgical patients with brain

tumors being treated for edema with aldoster one , a positive

response to therapy was seen (102). Adrena lectomized rats

and mice show water and sodium accumulation similar to the

findings in some forms of brain edema (103). The fluid is

probably d is tributed in the extra cellular space (103).

Ald oster one apparently antagonizes the effects seen in the

CNS of adren a lectomized an im als. Schmiedek et al., ( 10 l. )

recently re-evaluated short term steroid therapy for peri

focal bra in edema. These studies confirm earlier find in g s

for the use of mineral oc or t ico i ds in the treatment of bra in

edema ( 10 l; ) . That al do ster one stimulates active sodium

transport across epithelial cells in toad bladder, frog skin

or renal tubular cells does not imply necessarily that the

same effect will be seen in non-epithelial cells such as ner

vous tissue of brain (102). Woodbury and Koch ( 102,80)

suggest that aldoster one stimulates the active pumping of
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sodium out of brain cells. Bae thmann et al., (102) confirmed

this result .

Bae thmann et al., (105) studied another extra-renal pro

perty of aldoster one , that of immunosuppressive ability.

Aldo ster one was able to pro long survival time of allogeneic

skin grafts from 10-11 days ( 105). The se author's suggest

that this a bility is independent of the glucocort icoid com

ponent of aldoster one (105).

Aldoster one possesses two circulatory effects, a peri

pheral effect on blood pressure and a cardiac effect (12).

Aldoster one can potentiate the press or effect of sympathomi

metic amines such as no repinephrine ( 15, 12). Concent rations

of aldoster one added to is o lated rat he art preparations have

been shown to cause the he art to work longer and more

efficiently than preparations without added aldoster one

( 106).
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THE SPIROL ACT ONES

The synthesis of the first steroidal spirolac tones was

reported in the late 1950's by Cella and Kagawa (107).

Development of this new class of drugs was spurred on by the

fact that prog ester one was capable of rever sing the effect of

de oxy cort ic oster one in a bio as say which measured the reversal

of the effect of deoxycortico ster one on urinary Na+/K+ ratios

of ad rena lectomized rats (107). Also, the search for agents

capable of counteracting the effects of mineraloc or ticoids

offered a promise of new approaches to the control of edema

and other effects caused by these hormones (108). The first

two steroidal spirolac tones synthesized were found to be

better mineralo corticoid antagonists than progester one and

were able to reverse the electrolyte effects of aldoster one

(107) in rats (10.9, 1 1 0, 111, 112, 113), dogs (112, 11 l; , 88, 115),

and in man (116, 109, 117, 11 l) under various experimental con

ditions. The name "spirolac tone" is derived from the spiro

configuration of the gamma – lac tone ring in position 17 of the

steroid moiety (21; ). Subsequently one of these compounds

(SC-5233) was shown to possess antihyper tensive activity in

rats (109), Figure 3. In an at tempt to find derivatives of

steroidal spirolac tones which possessed the antim in era lo

corticoid effect when given orally, spironolac tone, 3- (3-oxo

7 a -acetylthio- 17 -hydroxy-11- and rosten-17C, -yl) propanoic acid

lac tone (SC-91, 20, Figure 3) was synthesized (118).
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FIGURE 3

Structures of Some Experimentally Used Spirolac tones

SC 5233 SC 81O9

O
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Spiro no lac tone was found to be the most potent of a

series of compounds tested when administered orally (118).

Spironolac tone possessed activity orally and parent erally and

reversed the urinary electrolyte effects of aldoster one

(119). The search for aldoster one antagonists led to the

discovery of many compounds (118, 120, 121, 122, 1 12, 123, 121, , 125,

73) including SC-1 1,266 (Figure 3), a water soluble open

lac tone salt congener of spironolac tone (112). SC-1 l; 266 or

potassium 3 - (3-oxo- 17o -hydroxy-l. , 6- and rosta die n— 178 -yl) pro

panoate, is soluble in water to about 20% (112). Spiro no

lac tone is given orally and is available in 25 mg tablets in

the United States as Aldac tone" (Searle and Co.). It can

also be found in the United States in fixed combination of 25

mg with 25 mg of hydrochlor othiazide, marketed as Ald ac

tazide R (Searle and Co.). Can renoate-potassium , is not

available in the United States for clinical use , but in other

countries it is given orally. It can also be given by the IW

route due to its water solubility.

Pharmacology of Spiro no lac tones

Much evidence has been accumulated to show that the

spirolac tones produce their effects by antagonism of the

mineral oc or ticoids. The bioass a y developed by Kagawa et al.,

(110) uses ad rena lectomized rats in jected with aldoster one

and measurement of urinary Na+/K+ ratios. To te St for

mineraloc or ticoid antagonism this ratio is measured for the

compound suspected of having blocking ability. On the basis
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of results from this bioassay Gantt (126) classified diuretic

agents into three categories ; physiologic antagonists, non

competitive antagonists, and competitive antagonists. MO St

diuretics are considered to be physiologic antagonists,

having no true antimineraloc or ticoid activity (126). In

cluded in this class are thiazide diuretics, furo semide and

ethacrynic acid. Non-competitive antagonists are compounds

Such as triam te rene . Competitive antagonists increase the

urinary sodium excretion with no change or a de crease in

urinary potassium excretion. Progester one , testoster one , and

the 17-Y-spirolac tones exhibit competitive antagonism (126).

A number of studies are available supporting the idea

that spirolac tones are effective as na triuretic agents only

in the presence of sodium retaining steroids (110, 11 l; ,

1 11, 112, 113). Ross, et al., (117) developed a human bioassay

to test the antimineral oc or ticoid properties of steroidal

spirolac tones. This bio as say measures the ability of these

compounds to reverse the sodium retaining, potassium ex

creting ability of 9-0 - fluorohydrocort is one given orally or

aldoster one given by injection. Approximately 300mg of

Aldac tone R can produce complete antagonism. Gantt and

Dyne iwicz expanded on Ross' studies noting a reduction in the

urinary Na+/K+ ratio of subjects given 9a fluorocort is ol

(127). This lowered ratio returned towards control values

When subjects were given Aldac tone R or Ald actone-AR (127).

The spirolac tones produce different effects in adren al

e C to m i zed V S . no nad renale c tomized animals and man ( 15, 1 1 0,

1 11, 1 12, 113, 11 l; , 87, 128, 115, 116,60). These compounds block
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m in eral oc or t ico id renal effects in a dren a le C to m i zed an imals

and are in active as sodium-loo sing agents when given alone.

It can thus be concluded that these compounds act by anta

gonizing the effect of mineral oc or ticoids on the kidney

(113).

Extra - renal Pharm a cology of the Spirolac tones

Extra- renal effects of spirolac tones have been shown on

the he art and central nervous system. Spirolac tones also

possess anti-inflammatory activity and cata toxic properties.

The in otropic effects of spirolac tones were investigated

in patients with coronary or pulmonary heart d is ease

(129, 130, 128) and in animals ( 131, 132). Positive inotropic

effects of spirolac tones were demonstrated (130). It is

thought that can re none and can reno at e are car dioactive

metabolites of spironolac tone (130). Effects of can renoate

sodium were investigated in rat a tria and vent ricular strips

and on isolated per fused he arts (131). A dose-dependent

rever sible negative in otropic effect was seen on is olated

a tria and ventricular strips, however a small positive in o

tropic effect could be seen on per fused hearts possibly

related to a de crease in coronary resistance produced by the

drug (131).

Spirolac tones can correct cardiac arrhythmias (133).

Spiro no lac tone is reportedly the drug of choice in treating

serious cardiac insufficiency when complicated by myocardial

hyperexcitability (129).
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Bae thmann et al., (105) demonstrated immunosuppressive

properties Of spirolac tones. Spirolac tones pro longed

survival time of allogeneic skin grafts, an ability thought

related to stimulation of end og enous aldoster one production

(105).

Spirolac tones have various effects on the central

nervous system. Canren one was found in the CSF and in brain

( 13 l; ) . IP in jections of spirolac tones in to rats produced

convulsions (135), but oral administration via gastric tube

did not . Simon et al., ( 136) found that IW in jections of

can reno ate -K in dogs showed dose - dependent reproducible and

rever sible EEG changes (137, 136). In adren a lectomized dogs

the same changes were seen indicating that the mechanism for

these changes is independent of the effect of aldoster one and

is probably a direct result of the action of spirolac tones on

the CNS ( 136, 137). Also, in neuro-surgical patients

pre-treated with spirolac tones peri-focal brain edema was

reduced (138).

The spirolac tones interact with aldoster one on the renal

and on the extra – renal level. On the extra - renal level both

compounds have positive inotropic effects on the heart,

reduce peri-focal brain edema, and have immunosuppressive

properties.

Spirolac tones oppose mineral oc or ticoid effects on the

salivary glands (79), sweat glands (101), the gastro

intestinal tract (139) and muscle (100).

The spirolac tones, primarily spironolac tone, have been

shown to be cata toxic in animals against a wide variety of
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chemic als including digit ox in (197,252.25 l; , 21, 8, 255, 256,

257, 259, 260 , 26 1, 262), digoxin ( 11, 0, 132, 11, 1, 11, 2), ind ome thac in

( 11, 0, 11, 3, 11, l; , 11, 5, 1 l; 6), mercury ( 1 || 0 , 11, 7, 11.8), pen to barbital

(115), amin opyrine (1115), b is hydroxycoumarin (1115), as well

as many more toxicants differing in their chemical structure

and pharmacological actions (1 l; 7). Spironolac tone decreased

the an e s the tic effect of ster oids and barb it u rates as well as

the convulsions caused by diphenylhydan to in (11, 3, 11, 9, 11, l, ,

11, 5, 6, 150, 151).

Biochemical Pharmacology of Spirolac tones

Several the ories have been suggested as to the

biochemical mechanism of action of spirolac tones (113,38).

Aldoster one binds to a specific cytoplasmic "receptor" (152).

Spirolac tones have been shown to compete for these cyto

plasmic binding sites (153). The cytoplasmic receptor is

thought to equilibrate between an active and an in active form

(152, 15 l; , 92). Inactive complexes when formed, are assumed to

be in capable of entering the nucleus (92, 15 l; ). The complexes

are incapable of initiating the transcriptional event even if

they do attach to chromat in binding sites (1511). Alberti and

Sharp (155) identified spirolac tones as inhibitory compounds

because they bind to mineraloc or ticoid receptors, do not

stimulate sodium transport , inhibit active steroids and can

displace active steroids. SC-1 1, 266 (Figure 3) reduces renal

cytoplasmic binding of aldoster one (153, 151; ). Fane Stil

showed that SC-1 1,266 competitively inhibits al do ster one
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interaction with renal mineraloc or ticoid receptors (156).

After in jection of aldoster one in vivo to ad renale c tomized

rats up take of aldoster one by the nuclear fraction was

reduced to 35% of control (156). Also, up take in the super

natant fraction was de creased to 60% of control with simul

taneous administration of 10" fold molar excess of SC-11266.

SC-26.301 (Figure 3) also inhibited binding of 3H-aldoster one

to renal cytoplasmic and nuclear receptors (151. ).

Clinical Uses of Spirolac tone S

The spirolac tones are use ful in treating congestive

heart failure, he patic as cites, primary aldosteronism and

essential hyper tension (157, 158, 15). Spirolac tones are in

dicated in primary aldoster on is m as an aid to diagnosis and

in treatment ( 12, 159, 160, 16 1, 128, 162). Spirolac tones correct

only the metabolic abnormalities of secondary aldosteronism

and not the hyper tension (159, 163).

Patients refractory to other diuretic preparations may

respond to spirolac tones for the control of edema and as cites

(161. , 12). When spirolac tones alone fail to reduce these con

ditions, combination with thiazides or ethacrynic acid has

proven useful ( 12, 165).

Spirolac tones have been used to treat hypokal emia

( 12, 15), cardiac edema (16 l; , 12), nephrotic syndrome edema

( 15, 12, 16 l; ), and brain edema (166).

Spiro no lac tone has been used to treat ess ential hyper

tension (167, 12, 168, 163, 158, 15, 162, 169). It is especially
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effective in treating low ren in hyper tension (170, 171,

169, 167, 158, 163) where such patients rarely show excess

mirn eral oc or ticoid levels. It may be that extra cellular fluid

volume reduction is important in all eviating low ren in essen

tial hypertension (170).

Other are as where the spirolac tones have been used clin

ically are in the treatment of idiopathic edema ( 15, 12),

pregnancy (108, 163), familial periodic paralysis (23, 15),

a cut e mountain sickness (172), as diuretic therapy in

children (173), in treating lic or ice induced hypertension

( 163, 17 l; ), as an anti-androgen in men with pro static can cer

(175, 176), and as a "provocative test" for gonadotrophin

secretion in children and adoles cents (175).

Clinical Problems Associated with the use of Spirolac tones

The spirolac tones are known to cause a number of side

effects and adverse reactions (115, 177, 159, 178, 163). The

endocrine abnormalities seen with spirolac tone therapy are

estrogenic like side effect S such a S gyne coma stia

(179, 180, 18 1, 182, 183), impotence, and rogenic like side

effects including hirsuit is m, irregular menses and deepening

voice (175, 1811). Breas t can cer has been as sociated with

spirolac tone therapy (185), although evidence to the contrary

is also available (186). The mechanisms by which these

reactions are thought to occur involve changes in the normal

go nad al-hypothalamic-pituitary inter-relationships (175).

The spirolac tones affect test oster one biosynthesis. They
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destroy cytochrome P-1, 50 in micro somes of a number of

laboratory animals (187). 17-Hydroxylase and Other

cy to chrome P-1, 50 enzymes may convert spironolac tone to a

metabolite capable of destroying the heme portion of the

cy to chrome molecule and there by decrease 17 hydroxylation

(175). Spirolac tones also affect a dren al microsomal

cy to chrome P-l; 50 (188).

Can reno at e-K causes a de crease in plasma tes to ster one

and a decrease in urinary 17-ketosteroids in patients (189).

This de crease was the result of effects on testic ular

secretion rate. Canren one was shown to significantly de C

rease plasma testoster one concentration in normal males

(190 ) .

Spironolac tone can competitively inhibit interaction of

dihydrotes to ster one and its cytoplasmic receptor protein in

rat and human tissues (175), indicating that a peripheral

and rogen antagonism is part of the mechanism by which spiro

lac tones affect test oster one biosynthesis (51, 19 1, 175, 192).

HARMA COKINETICS AND B HARMA C EUTICS OF RO L A CTO NES

Bioavailability

Spironolac tone was first marketed by Searle and Co., a S

100 mg table ts. It has a low water solubility (2.8

mg/100 ml at 25°C) and bioavailability problems were noted soon

after its introduction (193, 19 l; , 158, 195, 196). Mi or on i Zat i on
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was used to increase the absorption further and the current

product on the market exhibits this characteristic in its

marin u facturing process.

Gantt (126) reported rapid conversion to the lac tone

form following administration of can renoate-K IV and orally.

Gantt was unable to find cons is tent ring opening in normal s

following administration of Aldac tone" (126). The small gut

mucosa of rats hydrolytically cleaves the lac tone ring of

can ren one in in vitro studies (197). Can re none is stable in

acid and hydrolyzes in alkali to its corresponding can renoic

acid salt (198). At 25°C can re none is soluble in water to

about 32 ug/ml (9.1 x 10-5M). The half-life of hydrolysis or

lac tonization at pH 7. l is 21 days (198).

Can re no a t e - K was quantitatively absorbed with in 20

minutes and by passed the liver practically unchanged in one

study (199). Can reno a te-K IW in man produced levels of the

hydroxy acid and can re none that were similar (200). Thus

enzymatic processes are in ferred and explain the rapid in

v. ivo e quilibrium seen between can ren one and can re noate.

Can ren one levels presented in the literature are used

for bioavailability measurements (201). Sade'e et al., (199)

reported that the oral bioavailability of Ald actone" tablets

(Boehinger-Mannheim micronized) was 96% in the same patient

relative to administration of spiro no lac tone in PEG solution,

but only 60% relative to the oral administration of can

renoate-K, when measured by the are a under the plasma concen

tration time curves of can ren one . A preparation of 100 mg

spiro no lac tone table ts was compared with the equivalent dose
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of marketed 25 mg tablets (202). The mean peak plasma meta

bo II it e level, and the peak times were similar (202). Karim

et al., (193 ) studied the bioavailability of commercial 25 mg

table ts relative to drug administered in solution (PEG 1100)

and found that the absorption rate of drug from solution was

more rapid than from the table ts. Completeness of absorption

is important for drugs like spironolac tone which is usually

administered over long periods of time (193 ) . Karim et al.,

(193) reported relative bioavailability measurements Of

table ts to solution similar to those seen by Sadee et al.

(199). Karim et al., (193) also showed statistical bio

equivalency between eight 25 mg table ts and two experimental

100 mg spironolac tone table ts in agreement with the results

of Hofmann et al., (202). In vitro and in vivo bio

availability testing of spiro no lac tone from oral dosage forms

was performed by Chao et al., (203). Spironolac tone was

combined with hydrochlor othiazide, and no effects were seen

on the availability of spiro no lac tone (203).
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TABLE 3

Comparison of Pharmacokinetic Parameters of Spirolac tones

Spiro no lac tone Can ren One Can reno a te

1. Plasm a
Elim in a ti on
Half lives

a) in man below as say ck phase = 6 phase=
detection l! – 5 hours 17 – 22 hours

( 177, 206) (199)

P phase =
17 – 22 hours
(199, 206)

b) in rats l! – 5 min (207) 2.5 hrs (207)

c) in dogs 10 m i nute S 5 hours 5 hours

2. Multiple
Dosing AC cumu- 1–7 days
lation Time

3. volume Of no t d e term in ed # not determ in ed # not
D is tribution

-determine dº

l, . Bioavailability # * # * * * *

(oral) 96% (60%) (199) 100%

5. Solubility,
in Water at 25 C 2.8 mg/100 ml 3.2 mg/100 ml > 1 g/100 ml

* difficulties in assessing W a rise from the rapid enzymatic
e quilibrium between can renofle and can reno at e .

** Spironolac tone bioavailability measured as available
can re none. 96% in table ts compared to spiro no lac tone
in PEG soln, but only 60% relative to p. o. adminis
tration of can re no at e - K.

* * * in a que ous solution (199).
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The on set of action of the spirolac tones is rather slow

( 108, 196, 2011, 205, 126). There appears to be an increasing

response over the first three days when a maximal effect is

seen ( 10.8, 196, 126). The accumulation of can ren one may

continue for as long as six days (196). Sadee et al., (2011)

reported the cumulation in patients recovering from myo

cardial in farction without congestive heart failure or cir

rhosis to be 1–1 days (2011 ), and in one patient with

congestive heart failure cumulation of can re none and can

renoate occured for 7 days. The biological half-life of

can re none from plasma concentration-time curves has been re

ported in man to be l; -5 hours (177), and 8 hours (200) in

another study. Sadée et al., (199) found that the half-lives

of can re none and can reno ate following doses of spiro no lac tone

and can renoate-K ranged from 17–22 hours in their terminal

log-linear phase of elimination. In another study can renone

levels declined in two phases with half-lives of about l;

hours and 17 hours after single oral doses of spiro no lac tone

(206). Spironolac tone has a half-life of 11–5 minutes in rats

(207), less than 10 minutes in dogs (197), and in man levels

of spironolac tone following oral doses were below the

detection limit Of available analytical procedures

(199, 208, 197).

The first pass phenomen on does not appear to play a

major role in the bioavailability of spironolac tone (197).

The high oral activity of spiro no lac tone may be explained in

part by the de thioacetylation to can renone , which is meta

bolized with a slower rate than spironolac tone and escapes



effective he patic clearance (197). Can renoate-K given orally

Was rapidly and quant it a tively absorbed from the

gastro in testinal tract and by passed the liver unchanged

(199).

Spirolac tone Pot ency

Spiro no lac tone and can re no at e-K are reportedly equally

potent in rats (209, 112) and in man ( 126, 20 l; , 199). The

question of equipotency was recently re examined by Ramsay et

al. , (157, 2 1 0 , 211). Comparisons of plasma levels of

can re none in normals with the antimineraloc or ticoid pro

perties of spironolac tone and can reno ate by a modified Ross

(117) procedure We r" e performed. Spironolac tone and

can renoa te-K were given in table t form orally, but the

bioavailability of the can reno at e-K tablet was in complete so

equipotency was not demonstrated (157). However, with the

modified bioassay, it was suggested that can renone is not the

only active metabolite of spiro no lac tone and can reno ate.

Metabolites other than can renone appear to account for the

potency of spironolac tone, as the potency of spironolac tone

was greater than measured levels of can ren one would predict.

Kagawa et al., (209) found that while spironolac tone and can

reno ate given orally to rats and dogs produced equal plasma

levels of can renone, the miner a locorticoid effects were

unequal. Thus, antimineraloc or ticoid activity of spirono

lac tone is only partly accounted for by levels of can re none.

In reviewing the Ramsay study (157), Sadee (212) pointed out
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that single doses of drugs might not reflect the situation

clinically where the drugs are given over long periods of

time. Canren one accumulates in plasma with time before

reaching steady state (20 l; ). In replying to this comment

Ramsay (213) reviewed the data obtained from testing the

renal antimineral oc or ticoid potency of spiro no lac tone and

can re no ate . The data showed that with single doses a rela

tive potency of . 31 : 1 ( can enoate-K : spironolac tone) is

observable . Unpublished observations of this ratio after

do sing till steady state showed it to be . 68 : 1 suggesting

that even at steady state can renoate-K is less potent than

spironolac tone (213). No comment was made about the bio

availability of can reno ate however. Ramsay estimated that at

steady state, 70% of spironolac tone's antimineralo corticoid

activity could be due to can re none.

Methods for Measurement of Spirolac to n e s

A fluorimetric as say for spirolac tone measurement was

introduced by Gochman and Gantt (21 l) based on the method of

Silber et al., (215), utilizing the chemical properties of

steroids to fluores c e in sulfuric acid . It is possible by

this method to measure .005 ug or more of can renone in

plasma. Sad €e et al., (216) published the mechanism by which

steroids fluoresce in sulfuric acid through the formation of

trien ones. Fluorescence can be correlated with the 11-ene

3- one system present in spirolac tone compounds. The spiro

lac tones, spironolac tone and can ren one fluoresce in a 60%
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concentration of sulfuric acid (216). This is important as

other end og enous steroids require higher sulfuric acid con

centrations to form fluores cent products and this reduces

interference. Sadee et al (21.7) published a fluorimetric

micro as say for spiro no lac tone and its metabolites in

biological fluids such as bile, plasma, gastric fluid and

urine . This method allows measurements of spironolac tone

can re none and can renoa te with high sensitivity (about 10

ng /ml in plasma) and specificity. Chamberlain described a

gas-chromatographic method to measure levels of can re none in

human plasma and urine (218). This method was reported

sensitive and specific through the use of GC-electron

capture . However, the specific it y is questionable as

spiro no lac tone is thermolytically de thioacetylated to

can re none (21.7). Williams on reported a high-speed liquid

chromatographic (HPLC) method to measure can renone in pharma

ce utical dosage forms (219). Such a procedure was necessary

be cause the trien one formed in the fluores cence reaction

could not be used to test for stability in dosage forms. GC

methods were also found unsatisfactory for this purpose.

"The rapeutic" Concentrations of Canren one in Plasma

"Plasma levels" of spirolac tones have been reported

however, data relating plasma levels with effects is minimal.

W ery few studies have measure d plasma levels of spirolac tones

after chronic dosing (196, 20 l. , 50). Sade'e et al., (204)

measured multiple dose kinetics of spironolac tone and
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can reno ate -K in card iac and he patic failure patients.

Results of these studies showed can ren one plasma con

centrations of about . 2 ug/ml at 50 mg/day for at least 3

weeks, and at l O0 mg/day for 3 weeks, levels were about 2.7

ug/ml. Differences in can re none levels between the cirrhotic

patients and the congestive heart failure patients were not

statistically significant . Steady state levels of can renone

following treatment with spironolac tone 100 mg twice daily

ranged from 3 || 0-950 ng/ml in 6 patients with myocardial in

farction (20 l; ) . Differences in the rate of spirolac tone

metabolism is suggested as a reas on for the observed inter

individual differences in steady state plasma levels of

can re none following spironolac tone treatment (20 li ). Half

lives in the 6 patients with MI following cessation of

therapy ranged from 13–21, hours. Karim et al., (50) measured

mean plasma concentrations of can re none at 1 hours and 21,

hours following 200 mg spironolac tone every day and compared

these levels to those obtained when healthy males were given

50 mg four times a day (50). From his data it can be

concluded that a twice daily regimen or once daily do sing

regimen is a reasonable alternative to the currently used

do sing intervals.

Tissue Distribution

The tissue d is tribution Of the lipophilic

gamma-lac tones, spironolac tone and can re none should be

different from that seen with can renoate, the more polar
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compound . Auto radiography in mice showed that labelled

spironolac tone was "enriche d" in liver, bile ducts, and in

the content of the small in test in e (220). 3H-can renoate-K

crosses the blood brain barrier in dogs (131. ). The tissue

d is tribution of can re no at e - K is discussed else where in this

report (Section II).

The apparent volumes Of d is tribution can not be

accurately estimated from plasma level data. Sadée et al

(208, 197) reported that plasma levels following IW admin

is tra tion of can re none and can re noate in dogs indicate that

can re none poss essed a larger volume of distribution than can

reno ate .
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Metabolism of Spirolac to nes

The metabolism of spironolac tone is extensive in man,

With the de thioacetylated can ren one being present in

enzymatic equilibrium in blood with can renoic acid. In 1962,

Gochman and Gantt (21 l) reported that what appeared to be

extra C table from plasma, after oral administration of

spironolac tone in man, was the dethioacetylated A 6-derivative,

the l; , 6 diene. 79% of a dose of spiro no lac tone w a S

metabolized to can re none as judged by measuring areas under

the curve of can re none after oral doses of spiro no lac tone and

can ren one (199), however, can re none accounts for only about

l!% of an administered dose of spironolac tone in a 0-2 ll hour

urine collection (221). Sadee et al., (207) showed in rats

that the conversion of spiro no lac tone to can re none proceeded

in 2 steps, a fast step of hydrolysis to the 70 -SH and a rate

limiting step involving the elimination of H2S to form

Can re n One . It has been suggested that spiro no lac tone may be

hydrolyzed to its open chain congener, spironoate, however,

Sadee et al., (207) were unable to detect this compound in

rat plasma due to the rapid hydrolysis of the 7-alpha thio

acetyl moiety. Karim and Brown (221) is olated and identified

from urine can ren one and a new sulfur retaining metabolite

identified as 3- (3-oxo-70 -methyl-sulfinyl-6 8, 178 - dihydroxy

l! – and rosten- 17 a -yl) pro pionic acid Y - lac tone (221). Three

other minor metabolites were also found in this urine work

up , but were labile and read ily converted to can re none.

These minor metabolites were found to be 7 o -sulfoxide

º
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spirolac tone (2 epimers) and 7 o sulf one-spirolac tone

(222, 221). Karim et al., (222) reported identification of

additional metabolites of spiro no lac tone in blood and urine

of 3 healthy men. Of an oral dose of labelled spiro no lac tone

(20-3H-spironolac tone), can re none , represented 2.9% of the

dose and the previously identified 68 hydroxy sulfoxide,

represented 1.8% of the dose. Two new metabol i t e s were

identified as 15 -hydroxy can re none (0.8% of the dose) and 6

hydroxy thiomethyl derivative (0.5% Of the dose).

Can reno at e-ester glucuronide represented l; .5% of the dose and

was the principal water soluble urinary metabolite found .

Karim et al., (206) found no unchanged spironolac tone in the

urine of 5 healthy men given oral doses of spironolac tone in

solution. The major urinary metabolites found were can renone

(5% of the dose), 68 –OH- sulfoxide (5%) and the can renoate

ester glucuronide (6.2% of the dose). Abshagen and Rennekamp

(223) recently isolated a metabolite of spironolac tone from

human urine. This metabolite is reported to be 3- (3-oxo-70

—methyl sulfonyl-6 8 , 17 8 - dihydroxy-11- and rosten-17 | < y l)

pro pionic acid gamma lac tone (223).

Can re no at e-K is reportedly metabolized to a water

soluble metabolite, the glucuronic acid ester conjugate

(200), which is found in urine. Sadee et al., (199)

suggested that a "fluori genic conjugate" such as this

glucuronide of can reno ate is rapidly cleared by the kidneys

and does not represent a major metabolite in plasma. In

dogs, this metabolite accounts for less than 1% of the dose

(197). Thus, all the known metabolites account for only a
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fraction of the metabolism of spironolac tone, andcan re none ,

can reno at e. Figure l; shows the Structures Of these

metabolites .
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E 1 imination of Spirolactones

The urinary excretion of spironolac tone and can renoate

H. a s been investigated in the rat (207), dog (197), and in man

C 2 21, , 206, 199, 200, 60). In rats with bile fistulas to tal

La r" in ary excretion after IV doses of 3H-spironolac tone and

3 H — can renoate, was shown to be less than 3% (207). The

k i dney appears to play a minor role in the excretion of

s p ironolac tone and can reno ate in the rat (207). In bile

f i stula dogs total urinary excretion was low, about 1% of an

C r" al dose of spironolac tone was excreted in 6 hours (197).

U r" in ary excretion in dogs was about 2% in an 80 hour time

P = riod (197). In man, 1.7% of a dose of 3H- can renoate-K was

** e covered in the urine with in five days in one study (200),

* rh d 32% of a radioactive dose of spironolac tone was recovered

+ ra the urine in 5 days in another study (206). Measuring

* + u orogenic metabolites, Sadée et al., (199) found that

* i thin 5 days 11, 7 of a dose of spironolac tone, 20% of a dose

c 1E- can renoate-K IV, and 21, † of a dose of can renoate-K given

** r ally were excreted in human urine samples. Ab shagen et

* + ..., (224) reported 17–57% of a given dose of spironolac tone

Sº Suld be detected in human urine within 6 days. The t 1/2 of

** r-inary excretion rate was 0.9 days.

Can re noate administered to normal men showed can re none

* enal clearance exceeded GFR by 70% (60). Hofmann et

* l., (60) presented evidence that can renone may be actively

Secreted into the proximal tubular urine. The se workers also

Suggest net tubular reabsorption of spirolac tones (60).
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Biliary excretion of spirolac tones has been studied in

v a rious species. Studies in mice with label led spiro no

I a c tone showed localization in the liver, bile ducts, and

s rm all in testine indicating biliary excretion (220). In the

r- a t excretion of IW doses of labelled spiro no lac tone and can

r- e rio ate occured primarily by biliary excretion and urinary

e -r ‘c retion of the polar conjugated metabolites (207). Th i S

w a s followed by entero he patic cycling. Sadee et al., (197)

e s timated to tal biliary excretion of about 60% of an admin

i = tered dose of labelled spiro no lac tone given IV. Ab shagen

e t al., (221) suggested entero he patic recirculation Of

l i pophilic compounds to explain the short urinary excretion

r" = t e and observed in crease in the polar fraction from the

** r * i ne in normal s given spironolac tone orally.

Spirolac tones have been measured in the feces in mass

** = lance studies. After dos e s of labelled can renoa t e IW in

* * * r mals 11-36% of the dose was found in the feces within 5

** = y s (200,224, 206). Total recovered compound from urine and

* = c e s amounted to about 90% (22 l; ) .
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CHEMICAL INTERACTIONS OF SPIROL. A CTON ES WITH ALD OSTER ONE

Spirolac tones affect a number of microsomal and mito

c rh on drial enzymes involved in aldoster one biosynthesis and

= e C retion. In vitro experiments in rats showed spiro no

I a c tone inhibition of ald oster one production by blockade in

t Ira e conversion of cort i o oster one to al do ster one (225).

E r" bler (226) found that SC-5233 and its 118 -hydroxy analogue

i rh hibited aldoster one production. The 11 8 -hydroxy compound

sh c wed a selective inhibition for the 11 -hydroxylating

e rh zyme, where as the compound without the hydroxyl group had

a rºl unselective inhibitory effect. Canren one , has been shown

t c. inhibit production Of aldoster one , cortic oster one,

T B – OH- cortic oster one and 18-OH- des oxy cortico ster one in a

* <> se-dependent manner in in V it ro experiments (227).

* = rh renone was shown to be hydroxylated in the 11 and 18

F’ “S sitions after being incubated with adrenal tissue (227).

T ** h ibition of cortic osteroid and aldoster one synthesis was

* <> und to be due to competition for mitochondrial

Fl V droxylating enzymes (227). Sundsfjord et al., (228)

** rovided evidence in support of Erbler's data by showing that

* R ironolac tone when administered in the rapeutic doses de

S** eases aldosterone secretion in vivo in man . In a case of

** r imary aldosteronism the se author's report a de crease in

* l dosterone secretion rate during spiro no lac tone treatment

Y" i th maintenance of a normal metabolic clearance rate of

* looster one (228).

Menard et al., (229) studied the effect of spirono
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1 a c tone on ad renal 21-hydroxylating enzymes in male cort is ol

a re d cortic oster one producing animals. Spiro no lac tone caused

al 70-80% decrease in the activity of this enzyme in guinea

P i g s, and dogs and thus decreased hydroxylation of pro

ge ster one (229). In male rats and rabbits (cortic oster one

P r- oducers) spiro no lac tone administration caused a significant

i ra crease or no change in 21-hydroxylase activity (229).

G r- einer et al., (230) also found a decrease in microsomal

2 T — hydroxylase in in vitro slice experiments using adren als

C. f* guinea pigs pre treated with spironolac tone (230).

H C we ver, in ad renal microsomal incubations spironolac tone

a G clition showed no effect on the rate of 21-hydroxylation

C 2 s.0).

Several mitochondrial enzymes are affected by spiro

+ = e tones (229, 227, 230, 29). Spironolac tone, can renone and

* = rh reno ate compete with the in termediates of cortico steroid

E. i-o synthesis for 11 and 18-hydroxylation (227, 29). Spironol

* <> t one and can re none are themselves hydroxylated possibly

* = u sing reduction in ald oster one production.

Choles terol side chain cleavage is the rate-limiting

S. t ep in cortic osteroid production and is a cytochrome P-450

Sº e pendent reaction of a dren al mitochondria (230, 231).

S. R ironolac tone decreases CSCC concentration or activity by

5* b. out 50% in ad renal slic e s of pre treated guinea pigs (230).

Spirolac tones affect both ad renal mitochondrial and

* icrosomal cytochrome P-450 (29, 230, 229). Guinea pig and dog

*n icrosomal cy to chrome P-1, 50 decreased following adm in

+ stration of spironolac tone (229). Spironolac tone decreased
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the content of mitochondrial cytochrome P-1, 50 in male guinea

p i gs but not male dogs (229). In spironolac tone treated

a u inea pigs adrenal microsomal and mitochondrial cytochrome

P – 1450 levels decreased (230). In contrast , bovine adrenal

rrn i to chondria and human ad renal mitochondrial preparations

= r. owed no alteration in cytochrome P-l; 50 (29) although

s p ironolac tone stimulated P-1, 50 reduction. It has been

s u g g ested that in cytochrome P-l; 50 systems spirolac tones are

c c rh verted to active metabolites which destroy the heme

p C rtion of the cytochrome P-l; 50 molecule the reby decreasing

e ra zyme activity (230, 229).



l, 9

II - F R E- RA

Ab S tract

Plasma and various organ concentrations of can renone,

c a rare noate, and to tal 3H-activity were measured following

s i ru gle IV do sing of 20 mg/kg 3H-can renoate-K to rabbits.

R a bb its were used be cause in "pilot studies" rabbits were

sh C win to have a very rapid rate of metabolism resulting in

h i & her metabolite concentration. Organs studied included

he art, lung, brain, kidney, liver, adrenal gland and spleen.

C = rare noate was shown to be in rapid equilibrium with can

r” e rh one . Both can ren one and can reno at e were eliminated from

F -■ - a sma and other tissues with a half-life of about 1 hour.

* + a sma concentrations of can renone and can renoate were equal

*El s early as 10 minutes after IW administration of the dose.

*P = n renone was found concent rated about 10 fold in organ

t + s sues when compared to plasma , while no such preferential

* F take was found with can renoate. Total 3H-activity de

S* -li in ed slowly in all tissues with a half-life of approx

+ ºn a tely 15 hours, indicating extensive metabolism and meta

*> <> lite retention in the rabbit.

Introduction

The pharmacokinetics of spironolac tone, can re none, and

Sº a nre noate have been investigated in the rat (209), the dog

C 208), and in man (199, 200). Spiro no lac tone is rapidly meta
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b o lized via a 7- alpha-thiol derivative (207) to can re none,

which exists in equilibrium with can reno ate (Figure 1. ). The

ex tensive metabolism of spiro no lac tone in man leads to

f" c, r mation of sulfurous retaining metabolites which a r" e

c rh emically labile and potentially toxic . The rape tuic use of

ce a rhren one and can reno at e-K would eliminate the se sulfurous

m e taboli tes. If can renoate-K is to be used clinically, it

rn La st be shown to produce effective levels of can re none in the

b c cly, as can re none is presumably the active metabolite of

s p iron o lac tone and can re no at e . Data on the kinetic dis

D. C. s it i on and furt her me tab ol i s m of can ren one and can re noate

a r" e s cant (207, 221).

Bioavailability measurements for spirolac tones have been

** = sed on can renone plasma levels. Large differences between

t he tissue d is tribution of the lipophilic can re none and the

Wºº ea ter soluble can reno ate can be expected. These differences

+ ra tissue distribution should be considered when interpreting

tº he levels of can re none and can renoa t e in plasma. In this

study the t issue d is tribution Of can reno at e-K Wa S

i- *R v estigated in rabbits.

Experimental

T - Materials

Pure crystall in e samples of spiro no lac tone and can

* = noate (Boehringer Mannheim G. M. b. H. ) We re used .

* H-canrenoate-K was prepared from 3H-spironolac tone (G. D

S earle and Co.) . This was a c complished by adding labelled

Spironolac tone to me thanol, water and NaOH and making sure
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the pH was 13. After heating for 10 minutes at 100°C, .5 ml

tºy a ter was added followed by extraction with dichloromethane.

- 3 ml 1 N HCl was then added and the pH adjusted to 1. This

w a = followed by dichlorome thane extraction and water wash.

T ra e dichlorome thane layer was then was he d with sodium sulfate

r-e moved and blown dry. . 1 m l eth an ol was added to the

r" e s idue which contained can re none . For at least 30 minutes

prº ior to injection , . 1 ml of . 1 N NaOH was added allowing for

t In e conversion of can ren one to can reno at e. Finally the

P reduct 3H-can renoate-K with a specific activity of 860

u C i /mg was purified by solvent extraction and thin layer

<> He romatography in dichlorome thane : methanol (8:2) on Silica

G e IL K C F 25 l; Merck plates, prior to use. All reagents were

** if spectro quality and were used without further purification.
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2 - Animal Protocols

Serial Blood Sampl in g : Female New Zealand white rabbits

weighing 2-2.5 kg were used. Each rabbit was prepared for

blood sampling by insertion of a polyethylene 50 catheter

about 1 cm into an ear vein. Doses of 5, 10 and 20 mg can

reno a te-K/kg in aqueous solution were given by venous in je c

tions into the opposite ear. Blood samples of 2 ml each were

taken at appropriate time in terval S in to he parinized

sy ringes , centrifuged and the plasma was frozen for sub

Sequent analysis.

Tissue Analysis : Doses of 20 mg 3H-can renoate-K/kg with

a specific activity of .2-.5 u Ci/mg 3H-can renoate-K were

given IW in to an ear vein. Rabbits were sacrific ed by de

capitation at the following times after administration of the

dose; 5, 10, 20, 30, 60, 90 minutes, 2, 1, , 8, 16 and 32

hours. One animal was used per time interval with the ex

ception of the two hour experiments where 3 animals were

used .

Blood was collected by exsanguination from the abdominal

a or ta. Organs removed were he art, lung, brain , kidney, liver

ad renal gland and spleen. Tissue samples were homogenized

using a tissue homogenizer (Polytron) in a five fold volume

of me thanol. After centrifugation at 2000 rpm the super

natant was removed and the tissue pellet washed with methanol

and kept at 209C for further analysis. The supernatant (.3

ml ) or . 1 ml of plasma was placed in a counting vial and 3H

counts determined by scintillation counting or measured by

fluorescence (see l; ) for can renone and can reno ate. T issue
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pellets were analyzed to measure the extraction yield by

methanol homogenation. Liquification of the methanol and

water-washed pellet was achieved by using tissue solubilizer

(NCS, Amers ham-Searle) and an aliquot of the total volume was

counted in 10 ml Aqua sol counting solution (New England

Nuclear). Pellet extractability was quantitative since all

of the counts were found in the supernatants.

A portion of the kidney from one rabbit was homogenized

using the Polytron and spun at 2000 rpm for 10 minutes. The

supernatant was then counted directly and following evaporat

ion to dryness in order determine if 3H-activity might be

accounted for by 3H2O exchange from the parent labelled

Compound .

3. nal Vtical edures

The fluorime tric determ in a tion of can ren one and can

reno ate was performed using the procedure of Sadee et al.,

(217). Th i S cons is ted briefly Of a methanol : water

extraction, add it i on Of Sodium bicarbonate, and

dichlorome than e. The organic layer was transferred to

another tube. To the aqueous layer was added 2N HCl, and

after 15 minutes at room temperature a dichloromethane

extraction was performed. To both sets of tubes, organic and

aqueous, was added . 1 N NaOH, the tubes were shaken and the

bottom layer was pipe t ted out . 2 ml of 62% sulfuric acid was

added to each tube , they were shaken for 20 minutes and then

fluorometric readings were taken at l; 78-526 mu,. A standard

curve was performed to determine the F factor used in

calculating can re none and can reno a te values. A plot of the



5 l;

standard curve for this procedure and "F" calculations are

seen in Figure 5.

* - Calculations

Data reported are the results of scintil lation counts

corrected to dis integrations per minute by the channels ratio

method, and ug/ml or gram tissue as measured by fluorescence

and corrected by the method of Sadee et al., (21.7).

a • Formulas for converting fluores cence to ug can renone

or can re noate/ml or gram tissue :

X_1 , 81, 0, 3 F = ug can re none or can renoate/ml or g
TW W T 1000 ( t issue)
TW = Tissue Wolume used from sample

WT = W t of tissue

X = Fluores cence reading

1.81 = ng (see Figure 5 ) constant

0.3 = volume used

F = Factor from previously determined conversion chart
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FIGURE 5.

Standard Curve for the Spirolac tone Fluorescence As say
( the factor "F" was calculated to be 1.8 l; )
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Results and D is cus si on

Plasm a concent ration versus time curves of can ren one and

can reno ate were obtained by serial blood sampling after

in fusion of doses of 5, 10, and 20 mg can renoate-K/kg given

over 1–5 minutes. Equilibrium between can ren one and can

reno ate was obtained as early as 10 minutes following admin

is tra tion of can reno a te. The plasma elimination half-life

was about one hour, which is much faster than that observed

in other species (207,208, 199). The elimination half-life of

the 25 mg and 50 mg doses was essentially the same , however

the 12.5 mg dose appeared to exhibit variation, possibly due

to individual variation within animals or as say error (Figure

6).

3H-activity was not accounted for to a significant

extent by 3H2O following possible 3H exchange from

3H-can renoate or its metabolites, since the 3H-activity Of

Supernatants was the same when measured directly and

following evaporation to dryness, Table l; .

TABLE ||

Counts per minute from . 1 ml, .3 ml , and .5 ml D
(Dried down under nitrogen), S (Straight from the
sample, no drying), and R (dried down and
reconstituted in aqueous solution), supernatant
from rabbit kidney homogenate.

. 1 D 505 . 1 S 773 . 1 R 7 l. 5

. 3 D 2020 . 3 S 2097 . 3 R 2016

. 5 D 3 181 . 5 S 3535 . 5 R 31| 3 ||
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FIGURE 6

Plasma Elimination Time Curves for Can re none

and Can reno ate at various
doses
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Measurements of total radioactivity from all tissues

analyzed are shown in Figure 7. Concentrations of total

radioactivity in all organs analyzed show high concentrations

and slow elimination of radioactivity with time. A rapid

d is tribution in to the tissues of can reno ate -K is indicated by

the high levels of radioactivity seen even at the earliest

time points.

Levels of total radioactivity, measured by scintillation

counting and levels of can ren one and can reno ate measured by a

specific fluorescence as say in rabbit liver tissue are seen

in Figure 8. Liver appears to show a high up take of

can re none and not can renoate, which is apparent even at the

earliest time point of 10 minutes after a dose of can

reno at e-K where can re none a c counts for most of the radio

activity. This indicates a rapid conversion and slow elimin

at ion of 3H-activity suggesting extensive metabolism .

Figure 9 shows to tal radioactivity measurements and

measurements of can re none and can reno ate in rabbit plasma.

Here a faster metabolism of these compound s is seen than was

reported in humans and a high concentration of metabolites.

The half-life of can re none and can re noate was about 1 hour

compared to about 20 hours in humans.

Figure 10 shows can re none levels in plasma and all the

tissues analyzed . Can re none gets rapidly taken up and

concentrated in tissues by a factor of 10 compared to plasma.

The large differences in can re none concentration after 10

minutes in various tissues may be attributed in part to

perfusion differences of the various organs.
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Levels of can reno ate in plasma and tissues is shown in

Figure 11, and are of similar magnitude indicating a lower

tissue affinity of can reno ate when compared to can renone.

Levels of can re none and can re noate past the 2 hour time

point, from l; hours to 32 hours were measured and found to be

approximately equal to background .

In order to examine the variability between animals, 3

animals were analyzed at the two hour time point. All other

points are represented by single animal experiments. Table 5

shows the averaged values and ranges for the 2 hour experi

ments in rabbit plasma and liver .

Table 5

Levels of Canren one and Can reno ate in plasma
and liver at 2 hours following administration
of 3H- can renoate-K to 3 rabbits.

Mean (range) in ug/ml or gram

Total 3H-activity Can re none Can reno ate

Plasm a 18 [12–25 J 1. 16 [.. 6- 1.5 ) 1.3 [. I]- 1.8 J

Liver 68 [35 – 119 J 1.0 [ l! – 16 J 1 [.6-1.2]



6 l;

(III)
eqeoueuueo

gosuo■ 4
euqueouooue■ ºaopueemis
eta:TT-TITLEJr.■

(SunO■ )■ uu■ 13G■■ Gº
…

sleuaupe•---

uòælds
º--|-

u!}}q

<---OOS
}Jee■~.Jea||

~~~~-OOG
6uni~--Kaup■ ši
v–



65

The se tissue d is tribution studies have demonstrated

that can re none is immediately formed after a dose Of

can renoate-K and is rapidly concentrated in organ tissues.

There fore can reno at e-K is an effective agent to introduce

can renone, presumably the principal active metabolite of the

spirolac tones, into the body. Sadee et al., (199) have shown

that can reno ate -K is well absorbed from the gastro intestinal

tract and other investigators have demonstrated its water

solubility.

The as says available for measurement Of

spirolac tone levels are specific for the fluori genic

compounds can re none and can re noate. Plasma concentrations of

can re none represent a larger amount of this metabolite in the

body when compared to plasma levels of can renoate. It seems

therefore justified to consider can renone as a major

metabolite up on which pharmacokinetic studies such as bio

availability should be based. This result can most likely

also be applied to species other than the rabbit.

Extentive trans formation to metabolites of unknown

structures and unknown pharmacological activity occurs , and

needs to be investigated. Therefore, a study of the further

metabolism of can renoate-K was under taken (Section III of

this work).
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III. HEMICA R E
-

AFFINITY OF CAN RENOATE= POTASSIUM METABOLITES IN RAE BITS

Ab St ract

Two new major metabolites of can reno at e-K were isolated

in sufficient quantities for structural elucidation, from

rabbit livers, in addition to the known metabolite can renone.

One metabolite (MA) contains two additional oxygen atoms of

unknown location. The second metabolite (MB) was identified

as 20-hydroxy-can re none. Canren one , and to a lesser extent

metabolite MB showed affinity to rat kidney cytosol aldo

ster one receptors. Both Of these met ab ol it es might

contribute to the pharmacological effects of can reno at e-K.

In troduction

The steroidal spirolac tones, spironolac tone,

can re noate-K and their common major metabolite can re none are

rever sible competitive antagonists of mineraloc or ticoids at

the renal and at the ad renal level. Sadee et al., (199)

reported that the plasma radioactivity half-life following an

oral dose of 3H-can renoate-K in humans exceeded 50 hours.

Half-lives of can re none and can renoate, measured by a

specific fluorescence as say, were less, about 20 hours.

Fluorescence measurements yielded about 20% of a dose of

can reno ate excreted into the urine within 5 days (199).

Thus, unknown metabolites appear to account for the long

half-life of these compounds in humans.
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The clinically observed toxicity of spironolac tone

(178, 163, 116, 115, 159, 18 l; ) may be cause d in part by

metabolites retaining sulfur groups in the C-7 position. The

side effect of gynecom as tia has prompted studies on the

effects of spirolac tones on test oster one metabolism (232, 188,

179). Spironolac tone and not can re none , was shown to cause

inhibition of testoster one production by destruction of tes

ticular cytochrome P-1, 50 in laboratory animals (187, 188).

Presumably, intermediary metabolites formed through meta

bolism of the thioacetyl moiety of spironolac tone, which is

not present in can re none are responsible for this action

(229, 230). The rapeutic use of can re none or can reno ate would

eliminate chemically labile and potentially toxic sulfur con

taining spiro no lac tone metabolites.

The tissue distribution studies (section II) have shown

extensive metabolite formation and retention in the rabbit .

It is the purpose Of this study to present the

physical - chemical characterization of two major metabolites

in rabbits of can reno a te-K, and their relative affinities for

renal cytosol aldoster one receptors using the method of

Marver et al., (93). This parameter may indicate anti

mineral oc or ticoid activity, since the spirolac tones a r" e

thought to act by competition for specific aldoster one

receptors (binding sites) in target tissues.
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Experimental

1. Chemical S and Radio chemical S

The sources and purification procedures for the

chemical S and radio chemical s used in the se studies are

mentioned in sections II and IV of this report. Compound IV,

3- (3-oxo-17 3-hydroxy- I, , 6 and rostadiene 172, -yl) propanoic acid

lac tone , was obtained from G. D. Searle and Co. , Chicago,

Ill.

2. ratus

Ultra violet spectra were taken on a Beckman UW spectro

photometer. Fluores cence was determ in ed on an Am in co- Bowman

Spec trophoto fluorometer. Sc in tillation counting was done on

a Searle Mark III counter and counts per minute were

corrected to disintegrations per minute by the channels ratio

method. Gas chromatography was performed on a Warian 27 l. 0

gas chromatograph, using a 6' x 1/1, " OD , 2 mm i. d. column

packed with 3% OV 1 on Chromos or b W. Mass Spec tra were taken

by direct insertion on a Warian CH-7 Mass Spectrometer using

70 eV electron impact, and on an AEI MS 902 high resolution

mass spectrometer using chemical ionization with is obutane.

Accurate mass measurements were performed using per fluoro

tri-butyl-amine a S st and ard. Gas Chromatography-Mass

Spectrometry (GC-MS) was done on a Warian 27 l; 0 GC coupled to

a CH-7 MS in the EI mode . The GC column was the same as that

used for GC alone. Fourier transform proton nuclear magnetic

resonance spectra were taken on a Warian XL 100-15 at 100 MHz

and on a Bruker - 360 MHz in deutero chloro form.
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3. nal w tical O c e du res

Rabbits weighing up to l, kg were in jected IV with single

doses of 20 mg 20, 21–3H-can renoate-K/kg with a specific

activity of 10 Ci/20 mg can renoate-K and sacrific ed after two

hours . The entire liver was removed and homogenized in a

five fold volume of methanol using a Waring blender, centri

fuged and the pellet then was he d with additional methanol.

The methanolic extracts were combined , concentrated in vacuo ,

diluted with water, dried over sodium sulfate and evaporated

in vacuo. To the residue 20 ml of methanol and 30 ml of 1 N

NaOH were added and the mixture was was he d with dichloro

me thane . The aqueous layer was then acid ified with 20 ml 5N

HCl, extracted with dichlorome thane, and the organic layer

was dried. This extraction procedure results in an effective

purification of spirolac tones without changing the chromato

graphic profile of metabolites (3). The extraction residue

was chromatographed on a silic a gel column using in creasing

concentrations of me than ol in dichlorome than e. Column

fractions were evaporated and chromatographed on thin layer

plates (Silica Gel KG Merck F 25 l; ) using dichloro

me thane : methan ol (95 : 5) a S Solvent system. Tritium

containing bands were scraped off the plates and the meta

bol ites eluted using me than ol.

One column chromatography fraction contained 80% of the

total radioactivity and resulted in three major radioactive

bands on thin layer chromatography, ie: MA (Rf 0.21), MB (Rf

0.18), and can renone (Rf 0.56). Following elution from thin

layer chromatography plates, MA, ME and can renone were again
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subjected to extraction at pH 1 and pH 13 with solvent on

thin layer plates using dichlorome thane : methanol (90 : 10)

eluted and purified by water – dichlorome thane solvent

extraction. The metabolites were then analyzed by tic, GC,

MS., GC-MS, NMR, UW and fluorescence techniques.

* - Aldosterone Cytosol Receptor Binding Assay

The method of Marver et al., (93) was utilized.

Adrenal ectomized rat kidney slices are incubated in the

presence of dexamet has one , buffer, radioactive aldoster one

and varying concentrations of can re none, MA, and MB . An

outline of the procedure is shown in Table 6 .
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TABLE 6
KIDNEY SLICE EXPERIMENT - Ald oster one Receptor Rat Kidney

10.

1 1 .

12.

13.

1 l; .

15.

* 3 H-aldoster one is added to all tubes (5.9 x 10"

Cytosol B inding Assay

Adren a lectomize rats-wait l; 8-72 hours, maintain on normal
sal in e.

Prior to sacrific ing animals flush kidneys out to remove
blood (this is done either by per fusion in situ or by
cutting the abdominal aorta).

Remove kidneys

De capsulate

Cut kidneys in half and place in ice-cold incubating solution
a waiting slicing ( incubating solution is a standard buffer
solution).

Slice kidneys using a tissue slice r to a thickness of
275 u M, place in a petri dish after slic in g and slices
are separated .

Decant of f buffer and separate slices in to small petri
di She S for d is tribution to in cub at i on f l a sks .

Add slices from 1-2 kidneys to 10 ml STD buffer solution
and flasks which contain controls, unlabelled d-aldoster one ,
and varying concentrations of spirolac tone metaboli tes
to be tested as well as can re none concent rations to be
tested . *

O
In cubate flasks 20 m in utes at 25 C.

At the end of the in cub at i on time remove flasks from the
bath. The contents are poured through Nytex material to
remove excess buffer and to was h the slic e s .

Homogenize slices in 2 ml 0.25M sucrose, with 0.3m M CaCl2.
Pour homogenates in to centrifuge tubes and spin first at

600 x g for 10 minutes leaving a soft pellet.

Decant off supernatant. Respin supernatant at 10,000 x g
for 10 – 15 m i nutes.

Supernatant from the second spin is used for measurement
of the cytosol recept or content. This supernatant is then
filtered through G-50 Sephad ex columns (to determine the
content of bound *H-aldoster one ).

Count a fraction of the void volume from the columns and
do a prote in determination on an additional fraction.

*M)
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Results

Following a total dose of 80 mg 3H-can renoate-K to a

rabbit weighing 1 kg, the liver was removed and extracted

and resulted in purified metabolic fractions of 57 l; ug

M
A 351 ug MB, and 180 ug can renone expressed in

3 H-can renone equivalents which represent 33% of total

methanol extractable 3H liver content.

haracter i On Of Meta

Canren one : The ultra violet spectrum (Figure 12) was

superimposable on that of authentic can renone, with a

ultra violet maximum in methanol at 28 l; nm and a

molecular extinction coefficient of 27,000, the or etical

extinction coefficient of can renone is 27,500, based on

3 H measurement of the quantity of the metabolite ,

can renone. Thus, no exchange of 3H-label occurred in

can re none during animal treatment and is olation pro

cedure. Proof of identity with authentic can renone was

obtained by comparison of identical electron impact mass

spectra .

Metabolite MA: The electron impact (EI) mass

spectrum is summarized in Table 7. MA showed a molecular

ion at m/e 372, indicating the incorporation of two

Oxygen atoms in to can re none . Loss of water from the

molecular ion, suggested the presence of one hydroxyl

function of unknown location. Loss of oxygen to give m/e

356 indicated that the second oxygen function may not be

a hydroxyl. The UV spectrum of MA (Figure 12) did not
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Table 7 :

ABLE

Electron impact mass spectra of II, IV, * and MA. Numbers1n parentheses are intensity relative to the base peak in
each spectrum.

Fragment II IV M-GC-MS MB MA

M* m/e 340 (100%) 338 (100%) 338 (100%) 356 (100%) 372 (100%)

M*-CH, m/e 325 (28%) 323 (20%) 323 (23%) 341 (17%) 357 (20%)

M*-o m/e 356 (30%)

M’-H,0 m/e 338 (65%) 354 (20%)

M’-0-CH, m/e 341 (16%)

M*-CH2-H20 m/e 307 (81%) 305 (87) 305 (10%) 323 (21%) -------
M*-C-17ring m/e 267(89%) 267 (12%) 267 (10%) 267 (87%) 267 (25%)
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Metabolite MB : The UV spectrum of MB was identical to

that of can renone (Figure 12), however with a calculated

extinction coefficient of e = 75,000 assuming a specific tritium

activity identical to that of the parent drug. Therefore

about 2/3 to 3/1 of the 3H-label of MB has been exchanged

during body passage and / or isolation. The correct amount of

MB was about 1 mg assuming that the molar extinction coe

fficient of can re none did not change as a result of meta

bolism. Since the 3H-label was randomly scrambled between

the C-20 and C-2 1 positions, these findings can best be

explained by hydroxylation at the C-20 position resulting in

loss of one 3H-label and subsequent exchange of another two

3H 's at the activated position C-21 during is olation. The

observed loss of 3H-label was less than expected [3/l, J which

could be a result of an isotope effect in the C-20 hydro

xylation. (Figure 13).
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Electron Impact mass spectrometry confirmed the presence

of one hydroxyl function which is readily lost resulting in

an M* - H20 peak at m/e 338. Chemical ionization high

resolution accurate mass measurement (<3 ppm) of m/e 357 (M +

H) * gave the correct empirical formula for MB as a hydro

xylated canren one metabolite (C22 H28 Ou). Major frag

mentation of can re none during EI involves loss of the C-17

side chain in addition to one proton which gives rise to an

abundant fragment of m/ e 267. Since this fragment is also

present in the spectrum of MB, further support is given to

the location of the hydroxyl function in the gamma lac tone

ring (Figure 11, , Table 7).

FIGUR l!

m/e 267
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Gas chromatography of MB at 250 °C resulted in one peak

with a retention time similar to that of can re none . Mass

spectral analysis of this GC peak (Table 7) indicated

thermolytic dehydration to IV (Figure 15).

FIGURE 15

O

\
º

Identity of GC-MS data with those obtained fºr Om

auth entic IW proved the hydroxyl position in the

gamma-lactone ring , while facile dehydration again supported

its position for the C-20 position.

The loss of tritium label of MB, but not can renone,

during isolation is also consistent with the C-20-hydroxyl .

Canren one, MB and IV were treated with D20 at pH 13 and pH 1

and the products analyzed by EI-MS in order to directly

demonstrate exchangeability of the C-20, 21 protons (Table 8).

TABLE 8

Table 8. Molecular ion cluster in the E.I. mass spectra of II, IV, and
MR prior to and after deuterium exchange. The normotopic
p■ rent ion is normalized to 100%.

M* M*#1 M*#2 M*#3

II 100x 24x 47 <1%
II deut. 100% 76% 277. 6%

IV . 1007 257 47. <1%
IV deut. 100% 76% 297 67.

MB 100% 277. 57. < 17
M. deut. 100% 300% 250z 100%



79

This treatment resulted in incorporation of zero to one

de uterium at Om S in to can re none and compound I W. The

deuterium was not located in the gamma-lac tone ring , since

the fragment generated by loss of this ring retained the

deuterium enrichment; two to three deuterium atoms were in

corporated in MB, two of these presumably in the C-21

position (Figure 13).

High resolution (360 MHz) proton nuclear magnetic

resonance spectra were taken of MB, can renone and IV in order

to further establish the position of the hydroxyl function

(Figure 16). The alpha and beta protons in the spectrum of

butyrolac tone are in a broad multiplet located between $1.9

and $2.75 ppm (23 l; ). Methyl substitution of the gamma

position to give methyl-butyrolac tone shifts the beta proton

signals to 61.88 and $2.25 ppm, while the alpha protons are

found at 62. 1, 1 ppm. Analogously, one can as sign the multiplet

between $1.8 and $1.95 to the C-20-H resonance in the spectrum

of can re none. The C-2 1 - H resonance should then be found

within the range of 62. 2-2.6 ppm. The signal for the C-20-H

of can renone is absent in the spectrum of IW, which supports

as signment of the C-20-H of can renone multiple t at 61.8-1.95,

and is also missing in the spectrum of MB, which is con

sistent with a C-20 position of the OH function of MB . The

C-21 protons of MB could not positively be identified within

the multiplets at $2.5-2.9 ppm.
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One can the refore as sign the Structure Of

20-hydroxy-canren one to metabolite MB., (Figure 17). to MB,

(Figure 17).

Metabolite O

MB

O

More evidence is needed to establish the configuration

at C-20. The NMR spectrum suggests that two configurations

are present in MB since the C-20 alpha and the C-20 beta

protons might be associated with the two doublets at

63.6 l; -3.76 ppm (J 7 Hz) obtained at 360 MHz Figure 16. A 100

MHz NMR spectrum of MB taken under otherwise identical

conditions gave two doublets at $3.7 and 6 3.8 ppm with a

coupling constant of J = 7 Hz, demonstrating that these two

doublets cannot be considered a quadruple t and indeed

represent two identical protons.

esults O enal t l B in d in tudies

Canren one, MA, and MB at concentrations between 100 and

1000 times the concentration of 3H-aldosterone were incubated

with ad renale c tomized rat kidney slices (93) to determine

their relative affinities to the renal aldoster one receptor.

The 50% displacement of 3H-aldoster one was obtained at a

can re none concentration 300 times that of the aldo Ster One

concentration, which is comparable to previous results (235).

The available concent rations of MA and MB We r" e in Sufficient
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to bracket the 50% displacement value. A MA concentration of

1000 times the concentration of 3H-aldosterone caused

d is placement of 10% 3H-aldoster one from the receptor. At

this displacement level, MA demonstrated less than 10% the

activity of can re none in the receptor as say. Metabolite B at

1000 times 3H-aldoster one concent ration caused l;0%

aldoster one displacement in two separate as says, making its

affinity 20% that of can renone.
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D is cussion

Metabolic hydroxylation as a minor metabolic pathway was

shown to occur in positions C-6 and C-15 (222). This report

adds hydroxylation of can re none in the C-20 position as a

major metabolic pathway in rabbits. Although a number of

metabolites of the spirolac tones have been reported, anti

mineraloc or ticoid activity has been reported for very few,

e.g., the 7 a -SH in term ediate in the dog, and the 7, -SCH3

in term ediate in the rat. These metabolites have affinity for

the aldoster one bind in g sites in in vitro experiments approx

imately l, times higher than that of can renone (211).

Chemical substitution in to various positions of the

parent spirolac tone moiety including hydroxylation Can

critically alter its antimineraloc or ticoid activity (235, 120,

122). There appears to be various structural requirements in

the spirolac tone moiety for activity ( 126, 235, 21; ). Gantt

reported that the lac tone is the active form (126). In the

rat kidney cytosol receptor binding as say, alterations in the

gamma-lac tone ring produced a reduction in the affinity for

aldoster one receptors. Canren one was shown to have ten times

greater affinity for these receptors than the water soluble

can renoate-K (235). Ring opening reduced the affinity for

binding sites in other pairs of spirolac tones tested as well.

Unsaturation in the gamma-lac tone ring and in the C 6-7

position seemed to de crease affinity for these receptors

(235).

The 20-hydroxy can re none metabolite might be expected to
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have affinity to the rat kidney cytosol mineralocorticoid

receptor due to its structural similarity to aldoster one

(Figure 1). This in vitro as say system measures the first

step in the proposed mechanism of steroid action, that of

binding to the cytosol mineraloc or ticoid receptor. It is a

measure of the affinity of a compound to the receptor and

does not strictly imply pharmacological activity. However

affinity to this recept or might indicate pharmacological

activity, either agonistic Or antagonistic . Should

substantial affinity to the cytosol receptor be shown,

further biological testing is in dicated to determine

pharmacological properties. In our studies 20-hydroxy-can

r” en On e (MB), was shown to be 20% as effective as can re none in

reducing the 3H-aldosterone binding in this as say, while the

activity of MA, a lesser metabolite of unknown structure, was

lower than 10% relative to can ren one . Since it was not

possible to bracket the 50% 3H-displacement value with the

concentrations of MA and MB used, these figures should be

considered only indications of relative receptor affinity.

The moderate activity shown by MB in this test system was not

sufficient to further pursue its potential biological

activity.

Results of recent studies (157) raise the question of

spirolac tone metabolites other than can re none contributing to

the efficacy of spironolac tone and can renoate-K. Metabolite

MB is also present in human plasma after spironolac tone

administration since it caused a measurable inter ferance with

a radioimmunoassay procedure for aldoster one as reported in
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section IV of this work. The concentrations Of this meta

bolite in human plasma is low, however, and be cause of this

it was decided that additional studies with

were not warranted at this time.

this metabolite
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III. TH FFECTS ACT ONE

RMA ET F A STER ONE

Ab St ract

The plasma aldoster one radioimmunoassay developed by Ito

et al., (236) was found to be non-specific for aldoster one

following administration of the spirolac tones, spironolac tone

and can renoate-K, in rabbits, dogs and humans. The as say

interfering principle was identified as a hydroxylated

derivative (MB) of can renone , which itself is a metabolite

common to both spiro no lac tone and can reno at e-K. The

metabolite MB, possessed a high cross-reactivity to the

21-hemisuccinyl BSA aldoster one antibody relative to other

spirolac tones. A modified procedure was developed specific

for plasma al do ster one in the presence of this metabolite.

Following single doses of spironolac tone, and can renoate-K

plasma aldoster one levels were unchanged in humans and in

dogs and decreased in rabbits.

Introduction

The aldoster one antagonists spironolac tone, can renoate-K

and their common major metabolite can re none (Figure 18) can

affect endog enous aldoster one biosynthesis and secretion in

Sew■ eral ways. Early work with these drugs showed increases

in aldoster one in vivo after treatment with spirolac tones

(53, 237, 128).
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Davidson et al., (238) showed that spirolac tone

administration in man failed to affect al do ster one secretion

rate, urinary aldoster one levels or the urinary aldoster one

metabolite level. Kittinger et al., (237) showed increases

in in vitro production of aldoster one in male and female rat

ad renals when the animals were pre-treated with spirolac tone

(SC 8 109) for 12 weeks. Friis (239) reported increased aldo

ster one production during spironolac tone treatment in

patients with severe cardiac insufficiency. Erbler has done

a number of studies showing in hibition of aldoster one pro

duction by spirolac tones (225, 226, 227, 21, 0, 21, 1,233, 21.2).

Sundsfjord et al., (228) provided evidence in support of

Erbler's data by showing that spironolac tone when admin

is tered in therapeutic doses decreases aldoster one secretion

in vivo in man. In a case of primary aldosteronism these

authors report a de crease in aldoster one secretion rate

during spiro no lac tone treatment with maintenance of a normal

metabolic clearance rate of aldoster one (228).

"Spirolac tone bodies" have been reported (227, 31, 243) in

the ad renal cortex. Davis et al (2 l; 3) described them as

"concentric lamellar formations". Davis suggested that these

bodies represent an attempt on the part of the zona glomer

ulosa cells to produce in creasing amounts of mineraloc or ti

coid. Janigan (21 l) reported "round acido philic cytoplasmic

in clusions in the zona glomerulosa of the ad renal cortices"

of patients treated with spiro no lac tone. Rohr Schneider et al.

(215) could not show "spironolac tone bodies" by light micro

scopy, however the zona glomerulosa width was increased in
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animals treated with spiro no lac tone compared with untreated

animals (215). Jenis and Hertzog, also noted "distinctive

laminated in tracy to plasmic in clusions" in the human ad renal

gland following prolonged spironolac tone therapy (216), and

suggested that these bodies may have a relationship to

al do ster one biosynthesis. Spiro no lac tone may play a direct

role in endoplasmic reticulum turn over (21.7). These "spiro

lac tone bodies" may reflect effects by spironolac tone on

endoplasmic retic ulum of ad renal zon a glomerulosa cells, the

site of aldoster one production (21.7).

The conflicting results of spirolac tone effects on

end og enous aldoster one levels reported in the literature may

be explained in part by the different methodology used to

measure al do ster one . Plasma al do ster one levels have been

measured by a number of different methods including bioassay

(12), double-isotope dilution (2 l; 8, 249,250), gas

chromatography (251, 252,253,251, , 255, 256, 257, 258), and finally

by radioimmunoassay (56, 57,259,236, 260 , 26.1, 262, 263, 26 l; , 265,

266 , 267,268, 269). Presently the radio immunoassay is

preferred for routine measurements due to its high sen

sitivity and specificity. I to , et al., (236) published in

1972 an aldoster one radioimmunoassay, using LH-20 Sephadex

column chromatography. Samples run by this method compared

with those run by double-isotope dilution and radioimmuno

as say using paper chromatography yielded results in good

aggrement. Radio immunoassays have been developed which use

simplified separation techniques (269), or more highly

specific ant is era which allows the as say to be run with out

the use of separation procedures (268, 270).
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Aldo ster one antibodies have been produced by several

methods yielding the aldoster one C–3 oxime (57,262), the

C- 18, 21 dihem is uccinate BSA antibody (236), the C-21 hemi

succinate antibody (262), and the gamma-lac tone antibody

(26 l; ).

Possible interference Of the al do ster one radio

immunoassays by administration of drugs has to be ruled out

for each individual drug. The spirolac tones deserve special

attention as a possible source of erratic aldoster one

determinations . These drugs interfer with radio immunoas says

of other drugs (27 1, 272,228, 273).

The studies of Bae thmann et al., ( 138, 102) showing that

both spirolac tones and ald oster one were useful in treating

brain edema led to a collaborative effort between Baethmann

and this laboratory on the possible mechanism of the aldo

ster one-like action of spirolac tones on the brain. This

study deals with aldoster one kinetics during spirolac tone

treatment in several species using the Ito et al., (236)

radioimmunoassay. We report interference of this aldoster one

radio immunoassay by a yet unknown spirolac tone metabolite ,

and a modified specific procedure to correct this

interference . Preliminary data indicate no increases in

aldoster one plasma levels following short term spirolac tone

treatment .

Experimental

1 - Aldosterone Plasma Radioimmunoassay

The radioimmunoassay procedure of Ito et al., (236)
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consisted ess entially of the following steps: Plasma ex

traction with dichlorome thane, column chromatography on LH-20

Sephad ex columns with dichloromethane : methanol (98: 2), as

eluent, incubation with an aldoster one 21-hem is uccinyl BSA

antibody and measurement of the bound fraction of aldoster one

by Floris il separation. From 0.5-1.5 ml of plasma could be

analyzed by this method. To the extraction vessel was added

a tracer amount of radio active ald oster one which allowed

recoveries to be calculated from the columns . This value was

used in the final calculations. Tne pre-packed , pre

calibrated LH-20 Sep had ex columns were used to separate

end og enous steroids and other compounds such as metabolites

of al do ster one from the al do ster one fraction . Pre - cali

bration of the columns was done by placing a small quantity

of labelled aldoster one on the pre-washed columns, eluting

with 98 : 2 and collecting 2 ml fractions from 50-80 ml. This

enabled the fraction containing radioactive aldoster one to be

precisely determined by sc in tillation counting. Thi S

fraction was generally represented by a 7-8 ml fraction

volume. A column calibration curve in seen in Figure 19.

When samples were run through the procedure this fraction ,

containing the aldoster one , was dried down and brought up in

2.5 ml of methanol. 0.5 ml of the 2.5 ml was prepared for

liquid scintil lation counting. The additional 2 ml were used

for the radio immunoassay. One ml was pipe t t e d in duplicate

into two labelled 13 x 100 mm test tubes which were either

stored or immediately placed through the as say procedure.
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Standard curves were run each time the radio immunoassay

was performed. An example of a standard curve is seen in

Figure 20. Following incubations, with the working solution ,

free aldoster one was separated from bound aldoster one at

l, -6°C using activated Floris il. Bound al do ster one was

counted by liquid so in tillation and calculations to determine

percentage bound were performed according to the method of

I to et al., (236). All samples were dried down and brought

up in 0.6% bovine serum album in and a cocktail prepared

consisting of PPO-POPOPR, absolute ethanol, toluene and NCSR

solubilizer.

Recoveries from the Sephad ex LH-20 columns ranged from

30-60% and the sensitivity limit was about 1-2 pg/incubation.

Aldoster one standards of 100 pg

were run through the procedure. The average amount of

aldoster one found was 101 pg with a standard deviation of 1.7%

(n = 6).

The titer of the 21-hem is uccinyl- BSA antibody was

determined prior to beginning these experiments. Serial

dilutions of concentrated antibody were made from 1 : 102 to

1 : 108. The dilution of antibody which yielded a Bound / Free

ratio of 1 was sought , Figure 21. The titler was determined

to be 50,000. The final dilution used in the as say system

was 1:250,000, which was capable of binding 3H-aldoster one (3

pg) to about 60-65%.

The working solution used in this radio immunoassay

consisted of the suitable antibody dilution, phosphate

buffer, bovine serum album in , and 3H-aldosterone.
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2. Modified Ald oster one Plasma Radio immunoas say in the
Presence of Spirolac tone Metabol ites

To 1 ml plasma, 0.2 ml of 1N NaOH was added to adjust

the pH to approximately 13, and the samples were kept at room

temperature for 10 minutes. This resulted in hydrolysis of

the gamma-lac tone ring of all steroidal spirolac tones to

yield gamma-hydroxy carboxylic acids which are not extractable

from aqueous medium into organic solvents above pH 6. After

10 minutes the pH was read justed to about 8 with the addition

of 1 ml of O. l; M pH 7. l; phosphate buffer to prevent decom

position of aldoster one . The aldoster one was then extracted

with 15 ml dichlorome thane and carried through the same

procedure as described by Ito et al., (236). Aldo ster one

standards of 100 pg were run through the procedure. The

average amount of al do ster one was found to be 91; pg with a

standard deviation of 11% (n =5).

3. dm in is tra tion o iron ol tone and n reno a te

a . In a rºl ie C ts

100 mg spironolac tone (Aldac tone") was given in tablet

form in a single dose. He parinized plasma samples were

obtained at 0, 3, 8, 21, , and l; 8 hours following

administration. Three patients received rapid in travenous

in fusions OW er 10 m in utes of 1 gram of can re noate-K

(Soldac tone")/day at 9 a.m. on three consecutive days as

part of their medical treatment prior to neurosurgery and

plasma samples were collected at 9, 12, 15 and 18 hours each

day.
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b. Dogs

Doses of 25 to 150 mg per day of can re noate-K were

in fused in travenously over 1–5 minutes. He parinized plasma

samples were obtained from 1.5 minutes prior to administration

until 100 minutes following administration in 15-30 minute

intervals. Two dogs We r" e ad renale C to m i zed and CO r" -

tic oster oid S We r" e Sub Stitute d by daily in tramuscular

in jection of 0.1 mg aldoster one and 10 mg prednisol one-21 -

hem is uccinate sodium for 3 days. A dose of 100 mg/kg

can re noate-K was given in travenously two days after termin

ation of cort ic osteroid substitution and again plasma samples

were collected as above .

Cerebro spinal fluid samples were analyzed from dogs who

had been given spirolac tones in an attempt to determine if

changes in aldoster one levels could be seen after admin

is tration of the drug. A number of samples were taken at

time points coincident with the removal of plasma samples.

c - Rabbits

l,0 mg spironolac tone/kg were given orally in aqueous

suspension and 20 mg can re noate-K/kg was given in travenously

in a que ous solution. He parinized plasma samples We r" e

obtained 21 hours prior to administration until 72 hours

following administration at appropriate intervals.

* - Administration of 3H-canrenoate-K to rabbits and
is olation of metaboli tes

20, 21-3H-Canrenoate-K with a specific activity of 860

u Ci/mg was provided by G. D. Searle and Company. 20 mg

*H-can renoate-K/kg with a tritium activity of 50 uCi was
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in jected in travenously. The rabbits were sacrific ed at 2

hours following administration, and to tal plasma was obtained

for metabolite analysis. The procedure for is olation of

large quantities of metabolites is described in section III

of this work. Radioactive band s were found to consist of the

previously discussed metabolites can renone, MA and M.B.

5. Cross-reactivity of Spirolac tones to Aldosterone Antibody

Tritiated aldoster one (3 pg) with a specific activity of

300 dpm/pg (Amers ham-Searle Corportation, Chicago) was added

to solutions of its aldoster one 21-hem is uccinyl- BSA antibody

sufficiently concent rated to bind 60-65% Of the

3H-aldoster one. Displacement of 3H-aldosterone from its

antibody was measured with concentrations of spirolac tones

ranging from 1-200 ng . The following spirolac tones were

used : spironolac tone, can re none , can reno at e-K and the two

newly identified metabolites MA and MB .

6. Fluorescence Measurements of Canren one and Canrenoate

The fluores cence procedures used were recently described

by Sadée et al., (217). The spirolac tone metabolites MA and

MB did not interfer with the as say of can renone and can

ren Oate .

7 - Apparatus.

Ultra violet spectra were taken on a Beckman UW spectro

photometer. Fluores cence was read on an Am in co - Bowman

Spec trophoto fluorome ter. Mass spectra were obtained by

direct insertion on a Warian CH-7 Mass Spectrometer using

70 eV electron impact and on an AEI MS 902 high resolution

mass spectrometer using chemical ionization with is obutane.

8. Materials



Spironolac tone : 17-hydroxy-70 acetylthio-3-oxo-and rost en

17 a -yl - pro pionic acid lac tone. Canren one : 17-hydroxy-3-oxo

l: , 6- and rostadien-17 c. -yl 6 - pro pionic acid lac tone.

Can renoate-K : Potassium 17-hydroxy-3-oxo-l. , 6- and rostadien-172.

—yl -pro pionate. The amounts of metabolites MA and MB were

calculated from the ir 3H-activity and the secific activity of

the parent 3H-can renoate-K. All chemicals were of spectro

quality (Mathes on , Coleman, Bell) and were used without

further purification. The 21-hem is uccinyl- BSA antibody was

supplied by Research Plus Laboratories, Inc., New Jersey and

was from Anti-Ald oster one Ewe Serum Batch 11, 1 - Serial No.

0 1 96-09.

Results

Following single do Se S Of spironolac tone and

can renoate-K in rabbits, dogs and man, we have found

in creased ald Oster one plasma values using the radio

immunoassay of I to et al., (236). However, high aldoster one

values after can reno at e - K administration were also observed

in ad renale c tomized dogs, which suggests that the spiro

lac tones or their metabolites interfer with the al do ster one

radio immunoassay.

Spirolac tone, it S major metabolite can renone , and

can reno ate did not contribute to this as say interference,

since can reno ate was not extractable by dichlorome thane from

aqueous medium above pH 6 and spironolac tone and can renone

were completely separated from aldoster one during Sephad ex
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LH-20 column chromatography, even in a 106 fold excess. The

erratic aldoster one values were equally not dependent up on

sulfur-retaining metabolites specific to spironolac tone,

since spironolac tone as well as can reno at e-K with out the 7

alpha-thioacetyl substituent led to equivalent in creases in

false aldoster one readings in rabbits. Figure 22 shows

results of an experiment in which rabbits were dosed with

both can reno ate and spironolac tone with the high aldoster one

readings following treatment. Thus, high al do ster one

readings were caused by yet unidentified metabolite (s) of

spironolac tone and can reno at e-K.

Spirolac tone metabolites were is o lated from rabbit

plasma and liver 2 hours following in travenous administration

of 3H-can renoate-K at which point the highest aldoster one

as say interference was observed . The spirolac tones were

separated from aldoster one and other cortic osteroids by

differential extractions at pH 13 and pH 1 and purified by

chromatography. Figure 23 shows the 3H-activity Of

3H-can renoate-K metabolites eluted from a Sephadex LH-20

column and the retention volume of ald O S ter One . One

3H-fraction consists of can renone. Two further fractions

consisted of the metabolites previously identified (section

III of this work), MA and M.B. Metabolite B had a retention

Volume similar to that of aldoster one .
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rola ne Cross - Reactivit ld oster one O

Logit-logs plots were prepared to line arize the data of

3H-aldosterone displacement from the antibody by aldoster one

and by several spirolac tones and resulted in straight lines

of varying slopes (Figure 21; ). The cross reactivity was

calculated relative to ald oster one at 50% displacement of

bound 3H-aldoster one and amounted to K 0.01% for spirono

lac tone, K0.01% for can renone , 0.01 ■ for can renoate-K, 0.03%

for MA and 0.3% for MB. Cross-reactivity of MB to this

antibody was found to be markedly higher than that of other

spirolac tones. Such a small percentage of cross-reactivity

might be negligible ; however this as say is performed at such

small aldoster one concentrations that even low cross affinity

is significant.
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Modified Specific Aldosterone Radioimmunoassay

The metabolic fraction MB, the 20-hydroxy-can renone

metabolite, can be separated from aldoster one by liquid

liquid extraction following hydrolysis at pH 13. The

modified procedure described in this section resulted in zero

blank al do ster one values in adren a lectomized dogs prior to

and following can reno at e-K administration.

Figures 25, 26, and 27 show plasma levels of aldoster one

following spirolac tone administration in rabbit, dog and

humans measured by the procedure of I to et al., (236) and by

the modified procedure described in this section. The method

of Ito et al., (236) resulted in an over-estimation of

aldoster one plasma levels of 100-500 pg/ml in patients

receiving 1 gram can renoate-K/day for three consecutive days,

which represents an extreme in the rapeutic dosage levels of

Spirolac tones . The high antibody cross-reactivity Of

metabolite MB conversely allows a rough estimation of MB

concentrations by aldoster one replacement analysis. Peak

levels of MB in rabbits were approximately 100 ng/ml and were

considerably lower in dogs and humans.

The modified as say for aldoster one in the presence of

Spirolac tones indicated no significant changes in plasma

aldoster one concentrations following single spirolac tone

administration in dogs and humans (Figures 26 and 27). In

the rabbit aldoster one levels were decreased following spiro

lac tone administration, Figure 25. Large differences in

Spirolac tone plasma levels in the three species were caused

by differences in the dose as well as by species differences
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in metabolism . The plasma half-lives of can re none and can

renoate were 1 hour, 5 hours (208) and 20 hours (199) in the

rabbit, dog and human respectively (Figures 28, 29, and 30).
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FIGURE 25.:

FIGURE 26 :

Al do ster one Plasma Levels in a
Rabbit dosed with 50 mg can re noate-K
(III) IV as measured by the I to et al.,
method and by the modified radio
immuno as say procedure

Aldoster one Plasma Levels in a
Dog dosed with 50 mg/kg can reno a te-K
(III) IW as measured by the Ito et al.,
method and by the modified radio
immunoassay procedure

Ald oster one Plasma Levels in a
Human dosed with 1, 00 mg spiro no lac tone
orally as measured by the I to et al.,
method and by the modified radio
immunoas say procedure
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Cerebro spinal Fluid Analysis

Cerebro spinal fluid samples from dogs given can renoate-K

were analyzed for aldoster one .

Dog cerebro spinal fluid samples and plasma samples taken

at the same time points showed that cerebro spinal fluid aldo

ster one concentration is lower than plasma aldoster one con

centration . This might be expected due to aldoster one pro

tein binding . Concentrations Of cerebro spinal fluid

aldoster one are approximately 50-70% those of plasma aldo

ster one .
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Discussion

This study was designed to answer the question of

effects of short term administration of spirolac tones on

endogenous aldoster one levels. Interference by a drug

metabolite was observed in the aldoster one radio immunoassay

procedure. This interference is of concern to other investi

gators using antibodies to aldoster one and samples of this

metabolite have been re quested by other laboratories to be

tested in as say systems for aldoster one. There is a need for

investigation of drug metabolism to insure specificity of

radio immunoassay methods.

Administ ration of spiro no lac tone and can reno at e-K

resulted in a hydroxylated metabolite, identified previously

as 20-hydroxy-can renone , which interfered with the plasma

aldoster one radioimmunoassay of I to et al., (236). Therefore

a modified procedure for plasma aldoster one determination was

developed which was specific in the presence of spirolac tone

metabolites .

Plasma levels of spirolac tones and aldoster one were

measured in rabbits, dogs and humans following single doses

of spironolac tone and can re noate-K. While can re none and Can

renoate plasma levels in rabbits and dogs (Figures 28 and 29)

were high enough to potentially inhibit aldoster one synthesis

at the ad renal level (227), a drop in aldoster one plasma

levels was observed only in the rabbit. Spirolac tone levels

in the dog were sufficient to displace aldoster one from un

specific binding sites, e.g., plasma or tissue proteins (38),

which could have resulted in no detectable net changes in
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aldoster one plasma concentrations in this species. In

humans, a single dose of 1100 mg of spironolac tone did not

significantly alter aldoster one plasma levels. The can renone

and can renoate levels obtained (Figures 28-30) may have been

too low to inhibit al do ster one production in v i yo. A more

detailed study is necessary to understand the relation

between single dose spirolac tone administration and aldo

ster one kinetics. Also, these results do not exclude the

possibility that aldoster one plasma levels may be elevated

during long-term treatment with spironolac tone and can

ren Oa t e - K.

Cerebro spinal fluid samples were analyzed for aldo

ster one to measure the effects of short term administration

of spirolac tones on ald oster one levels. Since both al do -

ster one and the spirolac tones, which are aldoster one

antagonists, were shown to reduce peri-focal brain edema, the

hypothes is that the spirolac tones were acting in the central

In e r" V O U S system by causing an in crease in aldoster one

production needed to be examined . Results of these Studies

merely showed the presence Of ald oster one in the

cerebro spinal fluid in dogs. The possibility that

spirolac tones act independently in the central nervous system

of aldoster one antagonism is still open to question.

Methodology may in part explain the differences in

reported effects of spirolac tones on aldoster one kinetics in

vivo. In order to clarify the effects of these drugs on

aldoster one levels, and to investigate their effects on aldo

ster one production and secretion it is necessary to measure
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aldoster one with specificity and accuracy. At tention of in

vestigators interested in these studies has been drawn to the

fact that aldoster one radio immunoassays need to be checked

for specific i ty.



117

PILOT STUDY

W. ELIMINATION_KINETICS OF AL DOSTER ONE DURING_LONG TERM AND
T TE R F

A b St ract

The elimination kinetic s of al do ster one were studied in

rats using in fusions of tritiated aldoster one in control rats

and in rats receiving spirolac tones. In short term studies,

rats received a bolus in je c ion of can reno ate -K in solution

prior to surgery which was followed by infusion of labelled

aldoster one. In long term studies, rats were pre-treated

with daily injections of 100 mg/kg of can renoate-K for 7

days. 7 days. Preliminary results showed no changes in the

elimination kinetic s Of aldoster one as determined by

clearance calculations in long term and control rats. Short

term rats had clearance values equal to one-half those of

control and long term pre-treated rats.

Introduction

Concentrations of aldoster one in plasma are the result

of aldoster one production, secretion and elimination. Spiro

lac tones affect aldoster one production and secretion in a

number of ways as reported in part IV of this thesis section.

However little is known concerning the effect of spiro

lac tones on the elimination kinetics of aldosterone. Sex

differences in the met abol i s m of aldoster one were shown in
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rats (65, 66). Differences in the effective concentration of

A*-reductases in female rat livers when compared to those of

male rat livers have been found to exist for al do ster one

(19,70). Spirolac tones might effect aldoster one elimination

kinetics, possibly by affecting enzymes which metabolize

al do ster one . These effects may also show differences with

the sex of the species studied.

As enzyme inducing agents the spirolac tones might affect

the metabolism of aldoster one . The mechanism by which spiro

lac tones produce increased resistance or cata toxic effects

against many drugs is at least in part due to this enzyme

inducing capacity (11, 9, 27 l. , 275, 11, l; , 11, 5, 6, 150, 151). Taylor et

al., (276) showed that spironolac tone is a weak enzyme

inducer in man. This may be significant be cause spiro no

lac tone is used clinically in combination with other drugs

known to undergo oxidation in the liver. However, Leber,

reported that Aldac tone R does not affect renal microsomal

enzymes. In mice, spironolac tone pretreatment was shown to

decrease the toxicity of furo semide, a drug which is excreted

unchanged into the urine thus ruling out the possibility of

enzyme induction as a mechanism (11:8).

This study was designed to investigate the effects of

the spirolac tone, can renoate-K on aldoster one elimination

kinetics in male rats. An in fusion procedure of aldoster one

was followed by calculation of total body clearance values.
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Experimental

1 - Materials

Radioactive 1,2-d-3H-aldosterone and 1*c-aldosterone

were ordered from New England Nuclear. Pure crystalline can

reno a te-K was obtained from Boehr inger Mannheim G. M. b. H. All

solvents were of spectro quality (Mathes on , Coleman, Bell) and

were used with out further purification. Columns used for the

separation of 3H-aldoster one from its metabolites are those

described in section IV of this work for use with the aldo -

ster one radioimmunoassay. Scintillation counting was done in

10 ml A quasol on a Searle Mark III counter. A Sage In

struments in fusion pump was used for in fusion studies (Model

352-syringe pump).

2. Animal Procedures

a) Male Sprague- Dawley rats were used ranging in weight

from 250-350 grams. They were stored in an animal facility

for at least 3 days prior to use. Animals were divided into

3 groups; control animals, single-injection (short-term)

animals and long term (pre-treated) animals. Long term

an imals We r" e in jected daily with doses of 100 mg/kg

can re noate-K over 7 days. Short term animals were given

bolus in jections of 100 mg/kg can reno a te-K prior to beginning

the in fusion experiments. Controls were given no drug prior

to the in fusion studies .

b) Cannulation procedure : This surgery was performed on

all groups of animals. The rats were an e s the tized with

chloral hydrate solution, (Merck Pharmaceuticals). From a
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3.6% solution the dose equalled 1% of body weight and was

in jected in tra perit one ally. A small in c is ion was made across

the area of the femoral artery and vein. The fat pad was

torn away exposing the vessels. Artery and vein were se p

a rated from the nerve and tied off. They were individually

cannulated with Polyethylene 50 tubing. The can nul as were

flushed with saline and clamped off. A small in cision was

made in the animals' back and the can nul as were run out

through this opening. Wound clips were applied to the cann

ulation site to prevent disturbance by the animal. The

animal was allowed to fully awaken prior to beginning the

in fusion .

c) Blood Sampling : 3H-aldoster one for the infusion

experiments was drawn up and placed in a syringe connected to

the pump. A series of control animals were used to establish

the time necessary to reach steady state and the preliminary

steady state levels of labelled aldoster one. These animals

had 0.5 - 1 ml of blood removed from the arterial line at

various time periods, while the in fusion proceeded via the

V enous line . All other animals had 3 blood samples with drawn

of 0.5-1 ml at 1, 1.5 and 2 hours during the in fusion to

establish steady state levels of aldoster one.

3. Preparation of Doses

500 mg of Can reno at e-K was weighed out and placed in a

beaker. Five to six ml of sterile water was added along with

1% Na bicarbonate solution dropwise until the can reno at e-K

went in to solution. The drug solution was then drawn up into

a syringe and put through a millip ore filter to insure
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sterility and forced in to an empty sterile vial for storage.

Daily in jections were given at approximately the same time

each day for long term animals and were between 0.3-. l; ml.

The animals did not seem to show any signs of infection at

the in tra peritoneal injection site.

3H-Aldoster one for the infusion experiments was dried

down under nitrogen and taken up in normal saline. A

pre-calibrated in fusion pump was used to deliver the dose

which was generally delivered in a 2 hour time period at a

rate of 1 ml/hr (.017 ml/min). Doses for control animals,

short term and chronics were 10 x 106 d pm 3H-aldosterone

(about 30 ng aldoster one), specific activity = 57 Ci/mm ole.

l! . nal ytical d

a) Specific 3H-aldosterone measurements were obtained by

chromatography and 1*C-aldosterone was used as an internal

st and a rol to check recover i e s . Known amounts of 3H-aldos

ter one counted on the tritium program were pipetted into

counting vials with known amounts of 1*C-aldosterone. A

volume of 10-15 ml of 98 : 2 (dichloromethane : methanol) was

added and the vials were dried under nitrogen. 98 : 2 was

added to allow for adjustments of any quench which might

occur in column fractions, since the column samples were run

in 98 : 2. The double-isotope ratio 3H/ 1*c was plotted vs.

d pm of 3H-aldosterone to give standard curves , (Figures 31

and 32).



122

FIGURE 31

Standard Curve for the 3H/ 1*c
Double-Isotope Assay with ~300 dpm
(25 A ) 14c added .

25X*c
Standard Curve

E55TºTEST2:555T5E55
DPNA (tritium)

—1.
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FIGURE 32

St and a r d Curve for the 3H/ "c
Double-Isotope Assay with ~ 600 dpm
(50 A ) "c added.

3 - Box"c Standard Curve

E35TEST-355TABOOTE355T.S.E
DPM 3H
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b) Extraction of 0.25-0.5 ml of plasma was performed in

test tubes with the addition of either 300 dpm or 600 dpm of

"C-aldosterone (internal standard). 5 ml Dichlorome thane

was added and the tubes shaken , dried down and reconstituted

with 1 ml of 98 : 2 (dichloromethane : methanol).

c) Column Step : Samples from (b) above were placed on

pre-calibrated , pre-washed LH-20 Sephad ex columns. A 10 - 15

ml fraction containing aldoster one was collected , dried down

under nitrogen and dissolved in in 10 ml A quas ol. Double

is otope ratios were counted on the 3H / 11, C cap in the counter

and d pm of aldoster one per sample was obtained by comparing

ratios to those on stand a rol curves .

Results and Discussion

Male and female rats in jected in travenously with doses

of aldoster one were found to have a biexponential decline of

al do ster one in fall off curves . The half-life of aldo ster one

in male and female rats is l; minutes for the first component

and 12 minutes and 16 minutes for male and female rats res

pectively for the second component (65). Figure 33 shows

3 H-aldoster one plasma level curves during in fusion indicating

that steady state levels are reached . Total body clearances

were calculated .
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Three blood samples were taken each from control rats,

short-term rats and long-term animals and the se values were

averaged to give the °pss value. Reproducibility for this

as say was very good as exemplified by 3 replicate as says of

the same sample. Walues for these were 900, 1050, and 900

with an average value of 950 d pm/ml Of al do ster one .

Measurements of total radio activity in plasma at this time

point gave 2950 dpm/ml which means that 32% of the radio

activity is ald oster one.

Total radioactivity was counted for all samples in

addition to the specific measurement of aldoster one. For

control animals steady state measurements showed that aldo

ster one accounted for between 30-60% of radioactivity. Pre

in jected short-term animals showed about l, 5% Of the

measurements were aldoster one and pre-treated animals showed

about 50% of the radioactivity counted at steady-state was

al do ster one .

Preliminarly results are shown in Table 9 . Control

animals gave a clearance value (corrected to 100 grams

weight) of 11 ml/min / 100 g. Animals pre-treated with

can renoate-K over 7 days had clearance values for aldoster one

Of 9 ml/min / 100 g. These values are not statistically

different. The indication here is that the spirolac tones do

not affect the elimination kinetics of aldoster one , however

further experiments are indicated to confirm this. In the

animals pre-treated with can renoate-K, the normal dose of

chloral hydrate used for an esthesia did not produce

sufficiently deep sleep at times to perform the surgery and
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more compound had to be given. Chloral hydrate was chosen as

an an esthetic because it is known that spirolac tone pre

treatment can reduce barbiturate sleeping time consistent

with the idea that spiro no lac tone increases the activity of

liver microsomal drug metabolizing systems (27 l. , 1119, 11, 3, 11, 8).

Can renoate-K pre treatment apparently effected chloral hydrate

sleeping time, however, this effect was not pursued further

in these studies .
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TABLE 9.

Clearance Walues normalized to 100 g body
weight. Walues reported are in ml/min / 100 g.

Rat S Pre-Tx

Control Rats Short - Term R at S For 7 days

10 - 2 l; .. 6 5. 6

- 5. 9.6
1 1 - || 7.5

9 - 0 13.2
15 - O

X = 1 1 X = 5 X = 9

In the two animals treated as short-term experiments the

clearance values for aldoster one are about 50% those of

control, 5 ml/min / 100 g.

The data for this study are not by any means complete

and further experiments are needed to confirm these results.

However, it appears that can renoate-K pre-treated rats have

al do ster one clearance values similar to those of control

animals. Further experimentation in this are a should include

pre-treated animals dosed with spiro no lac tone by stomach

tube, and female rats to test for sex differences.
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WI. Concluding Statement

In an at tempt to find more potent and less toxic

spirolac tone analogues new spirolac tones have been recently

synthesized (277,278, 27 9, 210). In 1975, potassium

pro renoate, Figure 31, , was announced and reported to possess

greater antimineral oc or ticoid activity than spironolac tone

(27 9, 221; ). Studies in dogs indicate that following oral

administration of prore noate, sodium diures is occurred within

100 minutes, peaked in 5–6 hours and the effects were

reported to last 7 hours (279).

FIGURE 34.

Z-coo-k

PRORENOATE

Side effects possibly related to prore noate in human

studies were minimal and were possibly related to fludro

cort is one employed in the bioassay tests (210).

Can reno a te-K may be indicated in various clinical

situations although it is currently unavailable in the United

States . Elsewhere it is given both orally and by in jection.

Can re noate-K appears to be a good the rapeutic agent f Or

introducing can renone , presumably the principle active

metabolite of the spirolac tones, into the body.

It is important to recognize that the search for new

steroidal antimineral oc or ticoid spirolac tones may be prompted

by the current re-evaluation of spironolac tone (280 , 28.1).
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Recently it was reported that an additional warning be placed

on labels of Aldac tone" and Ald act azideº (281). This was

prompted by rodent studies which indicate the tumor producing

ability of spironolac tone (281). The Food and Drug Administ

ration and its cardiovascular and renal advisory committee

indicated the addition of warning labels and also sought to

restrict use of these two products to "use in ess ential

hyper tension, congestive heart failure, and hypokalemia, in

patients in whom other the rapy is in a de quate or is considered

inappropriate." (281).

Future work in the a r" e a S encompassed in this

dissert at i on would include a continuation of the work on

spirolac tone metabolism, and testing of the toxicology in

order to establish safer spirolac tone preparations. Also,

the question of spirolac tone effects on aldoster one elim

in a ti on kinetics needs to be studied in more detail.
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