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SUMMARY 

Chromatography of steroidal spirolactones on DEAE-Sephadex A-25 under 
selected pH conditions allowed efficient separation of these compounds from other 
steroids z&d many of the endogenous components of human urine. The spirolactones 
were -recovered in high yield, mostly over 90%. Lipophilic-gel chromatogaphy 
provided a useful method for group fractionation of mixtures of these Spiro&tones 
with high recoveries (generally-over 90 “/,), una&cted by the presence df endogenous 
materizd from normal human mine. 

INTRODUCFION 

Over the past ten years an increase in the availablity of stable isotopes coupled 
with ‘improvements in gas cbrcmatography-mass spectrometry (GC-MS) has protided 
new techniques which offer the required specificity and sensitivity for drug metabolism 
studies. -However, the large amounts of endogenous material present in crude extracts 
of biological fluids may often limit the -v&e of combining stable-isotope Iabelling 
with GC-MS. This is a particuiar problem when steroid drugs are being studied, as 
they have similar properties to etidogenous steroids present in extracts of biological 
fiGids -from kxperimental animals -and man. The accompanying materials in such 
&xtracts tiay co-chromatograph with the-drug and its me4zbolites, i&e&e&g with the 
interpretation of the resuiting mass-spectral data, and sometimes leading to excessive 
contamin.ation of- the ion source with 3 Col-Lsequent loss in sensitivity. Thus, to 
maxim& the effectiveness of appl$ing GC-MS and stabfe isotope iabe~g to studies 
of steroid drug metabok& it -is of value- to +rify and partially fractionate crude 
b;ological extracts prior to analysis. .: 

-* To Whom’conesponckke shouid be addressed 
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During a study of the metabolism of orally administered potassium canrenoate 
(SC-14266, I), successive chromatography of steroidal spirolactones on DEAE- 
Sephadex A-25 and ou a lipophilic 8el (Lipidex 5OOO) has been investigated as a 
potential general procedure for purifying and fractionating this class of steroid chugs, 
isolated from biological fluids. The resuhs of this investigation suggest that these 
techniques offer a convenient way to purify and fractionate steroidal spirolactones, 
isolated from biological fluids, prior to GC-MS analysis. 

MATERIALS AND METHODS . 

Analar-quality solvents, which were redistilled before use, and all other re- 
agents were supplied by Hopkin and Williams, Chadwell Heath, Great Britain, unless 
otherwise stated. Ethanol was obtained as absolute alcohol from James Burrough, 
London, Great Britain; dichloromethaue and tetrahydrofutan (THF) were obtained 
from BDH, Poole, Great Britain. 

Reference compounds I and Ha (see Fi,. m 1) were supplied by G. D. Searle & 
Co., Morpeth, Great Britain, compounds III and IV by the Analytical Development 
Laboratory, G. D. Searle & Co., High Wycombe, Great Britain, and compounds Hb 
and IIc were obtained from Dr. A. &rim, Department of Drug Metabolism and 
Radiochemistry, Searle Labs., Skokie, Ill. (U.S.A.). 

Synthesis of cldditional reference compounds 
Vu. 3/3-Hydroxy-3-deoxocmtrenone (3@,178_dihydroxy-I 7a-pregnw?,6-diene-2I- 

carboxylic acid y-lactone). Camenone (342 mg) and sodium borohydride (50 mg) were 
dissolved in e”thanol(25 ml)_ The mixture was allowed to stand at room temperature 
and the reaction was monitored by thin-layer chromatograp 

k 
_. (TLC). After 5 h, the 

excess of sodium borohydride was destroyed by the addition. f a few drops of acetic 
acid. The alcoholic solution was reduced in volume; water was added and the product 
was extracted with ether. After drying over anhydrous sodium sulphate, the ether 
was evaporated and the residue recrystallised from hot acetone-n-hexaue to 8ive a 
white solid (210 mg). The material was purified by lipophilic-gel chromatography on 
Lipidex 5000, m-p. 168-170” (found: C, 77.02; H, 8.86; C,H,O, requires: C, 77.15; 
H, 8;83). Elemental analysis was carried out by CHN Analysis, South Wigston, Great 
Britain. Mass spectral analysis by chemical ionisation with isobutane as the reagent 
gas showed ions at m/e 343 (MH+, 96.6%) and m/e 325 (MH+ - 18, 100%). 

The ass@nmenr of the stereochemistry of the allylic alcohols derived from 
canrenone is tentative ‘and was partly based- on their oxidation with the enzyme 
cholesterol oxidasc, whose substrate specificity for 3/?-hydroxy-steroids has been well 
established by Smith and Brooks’. To a solution of the ally& alcohol (5Opg, 1.31 
pmole) in isopropanoi (100 ~1) and phosphate buffer (3 ml) was added a solution of 
cholesterol oxidase from Brevibacterim steroiicunz (50 pg, 20342 U/g, supplied by 
Dr. T. Uwajima2) in isopropanol(50 ,@. The solution was allowed to stand overnight 
and was extracted with ethyl acetate (3 x 10 ml). The ethyl acetate layer was washed 
with water and dried over sodium sulphate. TLC and GLC analysis of the residue 
showed quantitative conversion to canrcnone. 

K&. 3$,ISa-Dihydroxy-3-deoxocanrenone (3&ISa,l7@-trihydkoxy-17u-pregna- 
4,6-d.iene:21-carboxyiic acid y-y-lactone). To 15athydroxycanrenone (1 mg) in ethanol 
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Fig. 1. Chemical structures of reference compounds. 
IIa= 

I = Potassium canrenoate (SC-14266); 
canrenone (17~-hydroxy-3-oxo-l7a-pregna4,Cdiene-2l~boxylic acid */-&tone); IIb = 

15shydroxycanrenone (15a,l7~-dihydroxy-3-oxo-l7a-pregna4,6diene-2l~boxyIic acid y-lac- 
tone) ; IIc = 2lE-hydroxycanrenone (17~,21&dihydroxy-3-oxo-17~-pregna4,6diene-2l-Earboxylic 
acid +actone); III = andrenolactone (3~,17#kIihydroxy-l7~~-pregn-S-ene-2l-carboxylic acid y- 
lactone); N = 6,7-d&&~ none (17&hydroxy-3-oxo-l7ot-pregwCene-2l-carbo~y~c acid y- 
lactone); Va = 3&hydroxy-3-deoxocanrenone (3~,17&dihy&oxy-17a-pregna4,&iiene-21~boxy- 
lit 2cid y-lactone); Vb = 3~,1%diliy&oxy-34ieox ocanrcnone (3~~15a,17~-trihydroxy-l7~-pregna- 
4,6_diene-2lcarboxylic acid- @actor@; VI = 3&hy&oxy-3-deoxo-6,7-dihydro 
dihydroxy-17cr-prl~o~~c acid y-lactone); 

canrenone (3jT,17& 
VII = 38,5aC6B,178_teErahydroxy_17a- 

ptegnane-2l-carboxylic acid y-&tone; VIII = 7-keto-andrenolactone 3fl,l7#?4liiydroxy-7-oxo-l7~- 
pregn-Sene-21-carboxylic acid y-&tone). 

(0.75 ml) was added sodium borohydride in ethanol (50~1, 10 mg/ml). The mixture 
was allowed to stand at room temperature and the reaction was monitored by TLC. 
After 6 h, the excess of reagent was destroyed with acetic acid, the alcohol volume re- 
duced, water added, the product extracted with chloroform and purged by lipophilic- 
gel chromatography on Lipidex 5OQO. Mass spectral analysis by! chemical ionisation 
with isobntane as reagent gas showed ions at m/e 359 (MB+, .13.5%), nz/e 341 
(MH* - 18, lOO%) and m/e 323, (MIS+ - 36, 86.9 “/,). 



Vi. 3$-H’dro~~-3-_deoxo_6,-dihydroconrenone (3@,I7&dihydroxy--l7a-pregn-+ 
erre-_?I-carboxylic acid y-iactone). Similarly, reduction of 6,7+iihydrocanrenone with 
sodium borohydride in methanol gave the corresponding allylic alcohol (m-p. I84- 
185”, methanol-water). 

VII. 3@,5a,6$, I7~-Tetrahydroxy--l7a-pregnane-21-carboxyZic acid y-lactone. To 
a stirred solution of andrenolactone (10 mg, 0.02 mmole) in dry dichloromethane (3 
ml) was added slowly a solution of m-chloroperbenzoic acid (10 mg, 0.05 mmole). 
The solution was stirred at room temperature for I h. TLC comparison with andreno- 
lactone showed complete conversion of starting material to the epoxide. The reaction 
mixture was then treated with a solution of sodium sulphite to decompose the excess 
of mshloroperbenzoic acid and then with a sodium bicarbonate solution_ It was 
extracted with dichloromethane (2 x 50 ml). The usual work-up gave the crude 
epoxide, which was used directly for the following transformation_ 

To a solution of andrenolactone 5a,6a-epoxide (30 mg, 0.08 mmole) in 
acetone (1.5 ml) was added with stirring a solution of periodic acid (HIO,-2H,O, 31 
mg, 0.13 mmole) in water (0.5 ml). The solution was stirred for I h. TLC showed 
complete conversion of the starting material to the desired triol. The reaction mixture 
was diluted with water and extracted with chloroform (3 x 50 ml). The combined 
chloroform layer was washed with water and dried over anhydrous sodium sulphate. 
Removal of chloroform on a rotary evaporator gave a colourless solid (26 mg). It 
was recrystallised from aqueous acetone, m-p. 110”. 

The tri-TMS ether of the trio1 was prepared by reaction of the trio1 (500,~g) 
in pyridine (1OC ~1) with a mixture of BSTFA-TSIM (3 :l) at 100” for 1 h. The reaction 
mixture was then evaporated to dryness with a stream of nitrogen at 60” and the 
residue was dissolved in heptane (100 ~1). This solution was passed through a column 
of Lipidex 5000 in heptane (4 cm, Pasteur pipette), 2-ml fractions were collected and 
analysed by GLC. The trio1 tri-TMS ether was found in the 4th and 5th fractions. GLC 
(ZZ.? 3344). The retention index corresponded to that expected for the &i-T&IS ether. 

VIII. 7-Keto-andrenolactone (3&l 7/3-dihydroxy-7-oxo-I7a-pregn-S-ene-2I-car- 
boxylic acid y-Zactone) _ 

(a) Andrenolactone acetate. To a solution of andrenolactone (34 mg) in dry 
pyridine (0.2 ml) was added acetic anhydride (1 ml); then the mixture was refluxed for 
1 h. The solution was evaporated to dryness on a rctary evaporator, diluted with 
water and extracted with ether (3 x 25 ml). The combined ether layer, afier washing 
with water, was dried over anhydrous sodium sulphate; the ether was then removed. 
TLC and GLC analysis of the residue (32 mg) showed complete conversion of 
zndrenolactone to its acetate. The crude acetate was used as such without flier 
purification for the oxidation_ 

(b) 7-Keto-andrenolactone acetate. The allylic oxidation of andrenolactone 
acetate was carried out according to Heusler and Wettstein’s method3 with modifica- 
tions. Chromium (170 1.7 mmole) in 

tert.-butyl chromate reagent prepared as above. The 
reaction mixture was then refluxed for 8 h. GLC analysis of an aliquot showed 85% 
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conversion to the peak corresponding to 7-keto-andrenolactone awtate &~?3390]. 
The solution was cooled and treated with methanol (1 ml)-to destroy any excess tert.- 
butyl chromate. me solvents were removed OII a rotary evaporator and the residue 
treated with saturated aqueous oxalic acid and extracted with ether (4 x 50 ml). 7- 
Keto-nndrenolactone acetate thus obtained after the usual work-up was purified 
through a short cohunn of Lipidex ~5CKlO (6 cm, Pasteur pipette), using toluene as 
solvent. Gc-MS analysis of the compound gave the expected ion at m/e 340 corre- 
sponding to loss of acetic acid from the molecular ion. A portion of 7-ketb-andreno- 
la&one acetate in THF was hydrolysed with saturated aqueous potassium carbonate 
at room temperature overnight. After the usual work-up it gave the free’alcohol which 
was derivatised and analyzed by GLC and GC-MS (pz$’ 33il)_ 

Thin-Layer Chromatography (TLC) 
This was carried out on commercial precoated glass plates (silica gel 60 FL_, 

20 x 20 cm, layer thickness 0.25 mm, No. 5?15, E. Merck, Darmstadt, G.F.R.). 
Chromatograms were developed over a distance of 15 cm in glass tanks, lined with 
Whatman No. 1 filter paper, The atmosphere in the developing tanks was allowed to 
equilibrate for 2 h before use. Solvent systems for the development of chromatograms 
were: (1) chloroform-methanol (9:1, v/v); (2) ethyl acetak 

Compounds were detected by viewing under W light (254nm) and by 
spraying. chromatograms with a mixture of water-ethanol-cone. sulphuric acid 
(18:l :I) by volume and heating for 7 min at 120”. 

Gas chromatography (CC) 
Samples were chromatographed using a Pye Model 104 gas chromatograph 

(Pye U&am, Cambridge, Great Britain) fitted with a flame ionisation detector. An& 
ysis was carried out in glass columns (1.5 m x 4 mm I.D., or 1 m x 2 mm I.D.) 
packed with Dexsil300 GC (1%) on 100-120 mesh Gas-Chrom Q (Phase Separations, 
Queensferry, Great Britain), or in 50-m long open tubular glass columns containing 
OV-1 as the stationary phase. Chromatography was performed at cohunn and injec- 
tion temperatures of 270 and 290” for the packed columns, and 250 and 270” for the 
open tubular columns. Nitrogen was used as the carrier gas at flow-rates of 50 ml/min 
in the packed columns and 2 to 5 ml/min in the open tubular columns. 

Trimethylsilyl (TMS) derivatives were prepared by treating the samples with 
N,Q-bis(trimethylsily~)acetamide or N,O-bis-(trimethylsilyl)trifluoroacetamide in pyr- 
idine (100 ~1, Pierce and Warriner, Chester, Great Britain). The mixtures were heated 
at 60” for 1 h, evaporated to dryness under a stream of nitrogen and t.be residues 
dissolved in a lOO+ ethanol solution of 17/I-hydroxy-3-oxo-6,6-spirocyclopropyl- 
17c-pregna-l&diene-21-carboxylic acid +actone (O-23 pg/,& SC-25951) for GC. Cal- 
ibration curves were constructed by mixing known amounts of the reference com- 
pounds or their TMS derivatives with this internal standard solution. The concentra- 
tions of the compounds in the cohrmn fractions were read from these caiibration 
graphs, to determine the efficiency of recovery_ 

GC-MS analysis of &de reference compounds was done on a capillary col- 
umn under the following conditions. Instrument, LKB 9ooO; column, OV-1; ten@, 
30 m; temperature, 270”; carrier gas, helium; flow-rate, 12 ml/mm. 



DEA E-Sephadex A-25 chromatography 
Piocedure I: based on lactone cleavage with po&z.ssium hy&oxi&. DEAE- 

Sephadex A-25 (2 g, chloride form) was stirred at room temperature in 10 % (w/v) 
ammonia solution (25 ml), filtered off, washed with water and then methanol; the 
excess solvent was removed under suction. The gel was then suspended in 50% 
aqueous methanol (20 ml) and poured into a glass chromatography tube (10 cm x 
1.8 cm I.D.). A 50% aqueous methanolic solution (IO ml) of steroidal spirolactones 
(1 mg), potassium canrenoate (1 mg) in the presence or absence of other steroids, or 
a residue (50 to 200 mg) from a urine extract was carefully adjusted to pH 6 with 
aqueous acetic acid (lo%, v/v) and passed through the column, recycling the ehrate 
from urine extracts once through the column. The column was eluted with 50% 
aqueous methanol (150 ml) and the combined eluates were evaporated to dryness. 
The residue was dissolved in methanol (10 ml), and refluxed with 0.1 N potassium 
hydroxide solution (10 ml) for 1 h. The solution was adjusted to pH 8 with aqueous 
acetic acid (lo%, v/v) and passed through a fresh column of DEAE-Sephadex A-25 
(basic form, 2 g)_ Then the column was eluted with 50 % aqueous methanol (150 ml) 
to recover the neutral steroids and/or neutral endogenous material, followed by elu- 
tion of the column with 1% acetic acid in methanol (150 ml) to yield the purified 
steroidal spirolactones. The recovery of the spirolactones using this technique was 
assessed by GC, as described above. The purity of the spirolactones recovered from 
urine samples was assessed by TLC and GC. 

Procedure 2: based on Iactone cleavage with Triton B. In this milder procedure, 
designed to reduce the exposure of metabolites to strong base, the residue obtained 
from the combined eluates from the first stage was not dissolved in methanol. Instead, 
it was treated at room temperature with methanolic Triton B (benzyltrimethylam- 
monium hydroxide, 0.1 ml of 40 ok (w/v) solution) for 15 min. This period of treat- 
ment was found most suitable to achieve opening of the spirolactone ring. The elution 
was efFected as in Procedure 1. 

In experiments designed to assess recoveries from the DEAE-Sepbadex 
procedures alone, the residues obtained from the eluates were purified by dissolv- 
ing in toluene and filtering through a short column (4 cm x 5 mm) of Lipidex 
5000. . 

Lipopirilic-gei chromatography 

. Hydroxyalkoxypropyl Sephadex, containing approximately 50 % hydroxyal- 
koxy chains, was obtained as iipidex 5000 from Packard Instruments, Caversham, 
Great Britain. Omnitit glass chromatography tubes and PTFE fittings were used 
throughout (Biolabs., Cambridge, Great Britain) and fractions were coliected using a 
LKB 7000 Ultrorac fraction collector (LKB, South Croydon, Great Britain). Gravity 
flow columns (50 x 0.65 cm I.D., 12.8 ml) were prepared according to the manu- 
facturer’s instructions. 

Reference compounds (50 to 200 pg) dissoIved in toluene (100 or 150 ~1) were 
applied to the columns, with the addition of ethanol (10 to 204) when required for 
solution. The compounds were washed onto the gel with toluene (3 x 100~1) and 
eluted with toluene at a flow-rate of 0.32 ml/min. Fractions (1 ml) were collected and 
assayed by TLC and GC. Reference compounds were also added to residues of control 
urine extracts and chromatographed in the same manner. Columns were cleaned after 
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chromatography of urine extracts by elution with toluene-isopropanol (3 : 1, v/v, 25 
ml) and re-conditioned with three column volumes of toluene. 

Extracts containing urinary metabolites of potassium canrenoate were dis- 
solved in toluene (150 pl) and ethanol (10 ,~l), applied to the Lipidex 5MlO column and 
washed onto the gel with toluene (3 x lOO& The compounds were eluted with 
toluene (100 ml) at 0.32 ml/min and then toluene-isopropanol (3: 1, v/v, 25 ml), col- 
lecting l-ml fractions. The isolated fractions were subjected to TLC and GC analysis 
as described above. 

ing to 
The standard elution volume (SW) of each compound was calculated accord- 
the method of Brooks and Keate$: 

SEV = 
measured elution volume of compound _ loo 

total column volume 

Isolation and pwifcation of potassium canrenoate metabolites present in hmmn urine 
Pre-treatment urine samples and samples containing potassium canrenoate 

metabolites were obtained from two healthy normal men, who received a single oral 
dose of potassium canrenoate (200 mg), containing an equimo!ctr mixture of the drug 
and its 20,21-tetradeutero analogue. Aliquots of the pooled O-24-h and pre-treatment 
urine sampIes were processed through Amberlite XAD-2 resin according to Bradlow’s 
methods. The methanolic eluates were evaporated to dryness, the residues dissolved 
in water which was adjusted to pH 3 with dilute hydrochloric acid and extracted with 
chloroform to isolate the “free” fraction. Subsequently the conjugated fractions were 
hydrolysed with &glucuronidase (Type H-2, 1000 Fishman units per ml of urine, 
Sigma, London, Great Britain) in acetate buffer (pH 5.0) at 37”. The released 
“aglycones” were isolated by chloroform extraction at pH 3. 

Samples of the pre-treatment urine extract, containing added known amounts 
of reference spirolactones, were used to investigate the efficiency of the DEAE- 
Sephadex A-25 and lipophilic-gel chromatography of these compounds in the pres- 
ence of endogenous material_ Samples of the “free” and “aglycone” fractions of 
urine containing potassium canrenoate and its metabolites were analysed by lipophilic- 
gel chromatography on Lipidex 5000 before and after purification by DEAE-Sephadex 
chromatography, as described above. Selected metabolite fractions collected from the 
lipophilic gel were analysed by TLC and GC to compare the purity of similar metabolite 
fractions obtained with and without prior DEAE-Sephadex A-25 chromatography. 

RESULTS 

More than 90% of the endogenous material present in the “free” or 
“aglycone” fraction isolated from control human urine was eliminated by analysis on 
DEAE-Sephadex A-25 and in most cases more than 90 % of added spirolactones were 
recovered from various mixtures of steroids and from urine extracts using this tech- 
nique, as shown by the data in Table I. These results indicated that egkient recovery 
and purification of the spirolactones-had been achieved. Further evidence of the very 
substantial elimination of endogenous material was provided by GC analysis of the 
trimethylsilylated residue from the final 1% acetic acid-methanol eluate, obtained 
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RECOVJZRY OF STEROlDALSPIROLAcToNEs FROM MIkTURES OF SIEROEAS OR 
NORMAL HUMAN URINE EXTRACl-S FOLLOWJNG DEAE-SEPHADEX CHROMATO- 
GR&%zwY 

DEXE-Sepiitiex procedure 1 
Control urine extract (6) 
Steroid mixture’ (6.8) 

DEAE-Sepfiadex procedure 2 

Control urine extract” (25) 

_ 

Potassium canrenoate I(O.82) 
Potassium canrenoate I(0.82) 
Canrenone IIa (0.050) 
Andrenolactone III (0.050) 
1 Sa-Hydro_xy~~~~ none IIb (0.050) 

Canrenone Ha (0.5) 
Andrenolactone III (0.5) 
6-Hydroxy-6,74ihydrocanrenone (0.1) 
Trio1 VII (O-1) 
Allylic alcohol Va (0.1) 
6,74ihydroxy-6,7&ihydrocanrenoue (0.1) 
Canrenone IIa (0.1) 
Andrenolactone III (0.1) 
6-Hydroxy-6,74hydrocanrenone (0.05) 

. / -< 

95 
93 
98 

-99 
100 

93 
30 
87 
93 

;: 
78 
98 
45 

* Mixture contained estrone, oestradiol, cortisone, tetrahydrocortisone, testosterone, etio- 
cholanolone, k-androstane-5@.17B_diol, 3&hydroxy-5-a17-one and 3&hydroxy-.5a- 
androstan-17-one. 

** CoprostanoI was added a~ a reference compound to correlate retention times and to al!ow 
quantitative estimation. 

from DEAE-Sephadex A-25 (Fig. 2B: sample injected was equivalent to 2.50 pg of 
original urine extract), in comparison with direct CC of 25 pg of (trimethylsilylated) 
urine extract (Fig. 2A). 

Recovery of steroidal spiroiactones from DEAE-Sephadex was also estimated 
using [I ,2-3H&canrenone as shown in Table II. The apparent loss of 50 % of radio- 
activity is attributed to enohsation of [1,2-3H&canrenone. on base treatment. To 
circumvent this, the base-treated [1,2-3HJcanrenone was worked up as usual and the 
~1JHJcanrenone thus obtained was passed through the DEAE-Sephadex procedure. 
Once again, recovery of the spirolactone was around 90% with negligible loss of the 
total radioactivity_ Likewise, -[1,2-3Hz]-3/I-hydroxy-3-deox ocanrenone, _ prepared 
from [1,2-3H,]-canrenone by sodium borohydride reduction, showed 90% recovery. 

The lipophilic-gel chromatography of the reference spirolactones on Lipidex 
5000 demonstrated the ability of this technique to separate these steroids into groups, 
as shown in Fig. 3. This group separation appeared to be controlled by the number 
of keto- and/or hydroxy-groups in the steroid molecule. The recovery and SEV of the 
reference compounds were una&cted by the presence of extracts of control urine and 
there was some resolution of the spirolactones from the endogenous components 
present in urine, Repeated use of the. same Lipidex %I00 columna over eight month 

had lithe e&ct on the SEV values or recoveries of the ~pirolactones, as shown by the 
zX%5&% irr T&k m* , 

The thin-Layer chromatograms in Fig. 4 show some-of-the results of hpophilic- 
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Fig. 2. Capillary gas chromatograms. (A) Free fraction of normal hcman urine obtained by extkction 
with chloroform at pH 3; (B) identical fraction of normal huma urine, containing added spirolzc- 
tones_ after purifkation by DEAE-Sephadex A-25 Procedure I. Hatched areas correspond to reference 
spirolactones added to urine extract. 

TABLE11 

RECOVERY OF THE STEROIDAL SPIROLACTONES [l,2-3H2]-CANRENONE AND [l,2-3HJ- 
3fl-HYDRO_=-3-l?EOXOCANRENONE FROM DEAE-SEPHADEX 

Initial Counts of eluates obtained from DEAE-Sephade-x 
counts* 

ldpml 
Methanol elunte Methanokcetic acid eluate 

ripm Inilia count (Y*) d’m . Initial counr (%I 

DEAE-Sephadex procedure I 
~1,2-3H&Cam-enone (loo0) 779913 454 0.06 348130 4.5 
Cl-%GCaenone” (4) 18Si 33 1.8 1717 91.3 

DEA E-Sephmfex procedure 2 
&2-3H&Canrenone (SO) 47140 209 0.44 21185 45 
i dosed urine extract (5000) 
[1,2-sHJ-3j3-Hyd.roxy-3- 62576 7974 13 53280 85 
deokocannznone”’ (60) 

* Philips P. W. 4510 scintillation &jser; samples were dissolved in toluene (10 ml) containing 
2,%iiphenyl_oxazole (5 g/I) 2nd 1,4-his-Z-(4-methyl-S-phenyl-oxazolyi)-ben (0.25 g/l). 

** Sample was obtained by treating [1,2-V&]&none with 0.1 Npotassium hydroxide as before 
and by usual work-up. 

*** Sample was obtained by sodium horohydride reduction of &2-3H&camenone. 



dihydmxy 

Fig. 3. Cbromtography of reference! spirolactones on Lipidex 5OOO with toluene as the &ant at a 
flow&e of 0.32 niZ,‘titi. 0 = canrenone (Ha); @ = 6,6-dihydrocznre none (Iv); a = andreno- 
lactone; x = d’*6-3&hyclroxy-3-deox ocanrenone (Va); El = lScc-hydroxycanrenone (Hb); + = 
2~-&hydroxycanrenone (11~); 8 = d~~6-3/3,1Sa+lihydroxy-3-deoxocanre none (Vb). 

gel chrotitography of “free” and “aglycone” fractions obtained from the urine of 
men who had taken a single oral dose of potassium canrenoate (200 mg). Lipophilic- 
gel chromatography alone on Lipidex 5ooo provided a fractionation of the material 
isolated from urine and revealed the presence of a number of previously unreported 

TABLE III 

DATA FOR ELUTIQN OF REFERENCE COMPOUNDS FROM LIPmEX So00 BY A 
TOLUENE SYSTEM 

Psference wmpawtd Approximate SEV Recovery (%) 

Average* Range Varue for Average’ Range Vciue for 

cohnn after column after 
8 momks use 8 month use 

Canrenone (Ha) 66.7(6) 64% 70.3 664 1044.0 (6) 92.0-l 13.7 105.4 
6.7-Dibydmcamenone (IV) 66.4 - - - - - 
Andkznolactone (HI) 112.5 (5) 105.5-117.2 105.5 116.0 (5) 110_6-126.7 97.9 
3&Hydroxy-3-deoxo- 

canrenone (Va) 107.4(2) 105.5-109.4 - - - - 
lSa-Hydroxycanrenone (ilb) 201.2 (6) 184.0-214.5 180.0 loo.1 (5) 88.6-114.0 84.3 
21&Hydroxycanrenone(IIc) 183.6 - - - - - 

‘-Figures in parentheses denote the number of experikents from which the average values were 
calcuIated. Thee xpsimeats were carried out d&g the i&&l 6 weeks following column preptition. 
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metabolites of potassiumdanrenoate in the urine extracts- However, metabolite frac- 
tions obtained from- Lipidex. 5OCXI &er pre-treatment of the urine extracts with 
DEAEkSephadeF contained very lit& endogenous material, in contrast to the same 
fractions obtained using lipophilic-gel chromatography alone. For example, TLC 
analysisof the p&r fraction of the “free” urine extract elated from Lipidex 5UUO by 
toluen&sopropanol(3:1, v/v) revealed two canrenoate metabolites at RF 0.08 and 
0.13 in the DEAE-Sepbadex treated SampIe (Fig. 4). These two metabolites could not 
be detected in the corresponding fraction obtained without DEAE-Sephadex chroma- 
tography due to the large amount of endogenous material eluted in this fraction. 

a 

A B C ,, A B C ,\ A a c , 
10-15 ml 10-15 ml 15-20 ml 

Tol- eluate Tofuene: isopmpanol eluates 

Fig. 4. Thin-layer chrosuatograms of sekcted fi-ztions from Lipidex-gel chromatography. The chro- 
matogmms compare fractions from (A) control wine extract (B) extract from urine containing 
potassium canrenoate metabolites (c) extract of urine ccntaining potassium canrenoate metabolites, 
purEed by DE@-Sephadex A-25 Pracedure I, prior to Lipidex chromatography. Hatched areas 
correspond to suspected metabolites of potaz+sium canrenoate. 

DISCUSSION 

The elficient recovery and purification of potassium canrenoate and related 
compounds from steroid mixtures and urine extracts obtained by the DEAE-Sephadex 
technique described above reflects an unique chemical property of this class of 
steroidal aidosterone antagonists. These properties are related to the presence of the 
I%-propionic acid side chain which is. characteristic of these compounds, and may 
be readily closed to the corresponding lactone under appropiate co~ciitions. At pH 6 
the l7a-p~opionic acid side chain of these compounds lactonised with the 17@-hydroxy 
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group. The resulting lactones passed through the DEAE-Sephadex column -with the 
neutral steroids or neutral and basic endogenous materials, while acidic components 
present Were retained by the basic DEAE-Sephadex. However,- following hydrolysis 
of the lactone ring, chromatography at pH 8 led to quantitative retention of the an- 
ionic form of these spirolactones of the gel, whereas the majority of the neutral and 
basic components in the urine were eluted in the aqueous methanol. Subsequent elu- 
tion of the gel with 1% acetic acid in methanol caused lactonisation of the 17a- 
propionic acid side chain with a consequent release of the spirolactones from the 
DEAE-Sephadex. 

Since the purification of steroidal spirolactones in urine extracts obtained with 
DEAE-Sephzdex is dependent on the presence and properties of the 17a-propionic 
acid side chain and 17B-hydroxy group, the method would appear to be generally ap- 
plicable to any compounds in this class of steroids. One disadvantage of the method 
described was the risk of degradation of alkali-unstable metabolites when the spiro- 
lactone ring was hydrolysed with potassium hydroxide at elevated temperatures. 
However, the effective use of Triton B in methanol as a phase-transfer catalyst for 
hydrolysis at room temperature of the spirolactone ring of canrenone (IIa) and several 
related compounds, appears to offer a rapid milC; method, less likely to degrade labile 
metabolites present in urine extracts. 

The gel chromatography of the reference spirolactones on Lipidex 5UO9 in the 
presence or absence of extracts of control human urine appeared to be an effective 
method to separate these compounds into groups, and to separate them partially 
from some of the normal urinary constituents. The group separation depended pre- 
dominantly on the numbers of keto and/or hydroxy groups in the compounds, as 
shown by co-elution of canrenone (Ha) and 6,7_dihydrocanrenone (IV), and the ef- 
fective separation of these two compounds from andrenolactone (III) and 3&hydroxy- 
3-deoxocanrenone (Va), which in turn were separated from 15rr-hydroxycanrenone 

.(IIb) and 38,15a_dihydroxy-3-deoxonrenone (Vb). The use of lipophilic-gel chro- 
matography on hydroxyalkoxypropyl Sephadex to fractionate steroids into groups 
has been reported previously by Brooks and Keates’ and by Anderson et al6 for 
naturally occurring steroids in man. These workers found a similar dependence of the 
separation on the number of keto and/or hydroxy groups in the steroids. 

The results obtained in the present study provide good evidence that lipophilic- 
gel chromatography on Lipidex 50C10 can be used to bring about group resolution of 
urinary metabclites of steroids other than those occurring naturally. This group 
resolution provided cleaner metabolite fractions suitable for GC and GC-MS anal- 
ysis: In addition, SEV of metabolite fractions may give information about the type of 
metabolites present in the fraction by comparison with the SEV of reference com- 
pounds_ The utility of the Iipophilic-gel chromatography was confirmed by the ef- 
fective group fractionation and partial purification of the urinary metabolites of 
potassium canrenoate. Some initial results of GC-MS analysis of these metabolite 
fractions has been recently reported’, and confirms the presence of a number of 
previously unknown metabolites. 

Lipophilic-gel chromatography provided some purification of the urinary 
metabolites. The combination of DEAE-Sephadex and lipophiliogel chromatography 
provided very efficient purification of the spirolactone metabolites combined with an 
et%ctive group separation, apparently based on the number of keto and/or hydroxy 
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groups in the metabolites. 1~ the present study there was some evidence that some 
stage in the DEAE-Sephadex procedure, possibly treatment with potassium hydroxide 
at 65”, caused degradation of labile canrenoate metabolites. However, these labile 
metabolites were also found to be degraded by TLC and GC analysis of fractions ob- 
tained from Lipidex 5000 without initial chromatography on DEAE-Sephadex. 

Thus, chromatography on DEAE-Sephadex A-25 provides a potentially gener- 
al method for the concentration and purilication of metabolites of steroidal spiro- 
lactones isolated from bioIogica1 fluids. When this technique is combined with 
lipophilic-gel chromatography of the purified extracts on Lipidex 5000, it constitutes 
a novel general procedure for the concentration, purification and subsequentfractiona- 
tion of metabolites of these steroid drugs. This combination of chromatographic meth- 
ods provides metabolite fractions of adequate purity for GC-MS analysis. The low 
levels of endogenous materials present in metabolite fractions should allow more ef- 
fective detection and identification of the metabolites. The previously unreported 
urinary metabolites of potassium canrenoate detected in the present study are cur- 
rently under investigation by GC-MS in an attempt to elucidate their structures. The 
results of this work will be reported elsewhere. 
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