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Snmmary--The A6 cell line of the toad kidney is well known to form an Na ÷ transporting 
tight epithelium in culture and is often used as an experimental model for Na + transport 
systems. Although it has been shown that A6 cells can convert aldosterone to polar 
metabolites, these metabolites have not been identified. Therefore, in this study, we tried to 
identify the metabolites of aldosterone formed by A6 cells in culture. A6 cells at confluence 
were incubated with serum-free culture media containing [3H]aldosterone. When radioactive 
compounds in incubation media were separated by reversed phase high-pressure liquid 
chromatography (HPLC), four fractions (fractions A-D) were obtained. Fraction A, a mixture 
of two components, comprised the majority of metabolites formed. The more polar material 
(fraction A-I) and the less polar material (fraction A-2) of fraction A contained 47-71 and 
9-19% of total radioactivity, respectively. When incubated in cell-free media, fraction A-2 was 
found to be unstable and partially converted to fraction A-1. Fraction B, 0.7-1.5% of total 
radioactivity, and fraction C, 8-21% of total radioactivity, cochromatographed with iso- 
aldosterone and D-aldosterone, respectively. Fraction D, 4-8% of total radioactivity, was a 
mixture of two components, which cochromatographed with 3/~,5/~-tetrahydroaldosterone and 
5r,-dihydroaldosterone, respectively. In order to identify fraction A-2 material, large-scale 
cultures were performed and fraction A-2 was separated and purified by reversed phase HPLC. 
The purified material was analyzed by fast atom bombardment mass spectrometry and nuclear 
magnetic resonance spectroscopy. These two procedures unambiguously revealed that this 
material was 6/~-hydroxyaldosterone. These results demonstrate that aldosterone can be 
converted to at least four metabolites by the incubation with A6 cells, and that major 
metabolites are polar compounds, a portion of which is 6/~-hydroxyaldosterone. 

INTRODUCTION 

A6 cells, a continuous cell line derived from 
kidney of  Xenopus laevis, are well known to 
form typical tight epithelia in culture when 
grown on permeable supports. Gnionsahe et 
al. [1] recently reported that the origin of this 
cell line might be the distal straight tubule of 
Xenopus nephron. Both high- and low-affinity 
aldosterone binding sites have been demon- 
strated in the nucleus [2, 3] and in the cytosol of 
A6 cells[3]. Moreover, these cells have a 
capacity to convert corticosterone to 6fl-hy- 
droxycorticosterone and these compounds are 
capable of  stimulating active Na ÷ transport in 
A6 cells [4]. Watlington et aL [2] also studied the 
metabolism of  [aH]aldosterone by A6 cells. 
Upon TLC of  ethanol extracts of whole cells, a 
radioactive material that cochromatographed 
with aldosterone and a polar metabolite were 
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found. However, this polar metabolite has not 
been identified. 

Therefore, in the present study we have inves- 
tigated the metabolism of  aldosterone in A6 
cells in order to define more completely the 
metabolites of  aldosterone. We have found 
that aldosterone is converted to 6fl-hydroxy- 
aldosterone and to Ring-A-reduced metabolites 
(5ct-dihydroaldosterone and 3fl,5/~-tetrahydro- 
aldosterone) by A6 cells. 

EXPERIMENTAL 

Compounds 

[1,2-3H]Aldosterone (46Ci/mmol) was pur- 
chased from the Radiochemical Centre, Amer- 
sham, England. [3H]Aldosterone was purified by 
reversed phase high-pressure liquid chromatog- 
raphy (HPLC) before use. D-Aldosterone, iso- 
aldosterone, 5~-dihydroaldosterone, 3fl,5/~- 
tetrahydroaldosterone, 3~,5/~-tetrahydroaldo- 
sterone, 3/L5ct-tetrahydroaldosterone, plus ]/- 

657 



658 KENZO MATSUZAKI et al. 

glucuronidase and sulfatase preparations from 
Helix pomatia (type H-2), were obtained from 
Sigma Chemical Co., St Louis, Mo., U.S.A. 

Cells in culture 

Cells used in the present study were obtained 
from the American Type Collection at passage 
69. Passages 70-80 were used for experiments. 
The cells were grown at 26°C in a humidified 
atmosphere of 1% CO2 in air. The growth 
medium was Dulbecco's Modified Eagle's 
Medium (DMEM) with L-glutamine (2mM) 
and glucose (1000mg/1) diluted by 15% 
with distilled water to amphibian osmolarity. 
NaHCO 3 (8 mM), penicillin (100 U/ml), strepto- 
mycin (100 #g/ml) and 10% fetal bovine serum 
were added to this medium. Cells were seeded at 
a density of 2-4 x 104 cells/cm 2 in 10 cm tissue 
culture dishes and fed twice weekly. When they 
reached confluence and exhibited dome for- 
mation (10-14 days), they were used for exper- 
iments. The number of cells per culture dish was 
1 x 10 7. 

Experiment A 

Cells grown in tissue culture dishes were 
incubated for 24 h with 5 ml serum-free DMEM 
containing 4 nM [3H]aldosterone. As a control 
experiment, 4nM [3H]aldosterone was incu- 
bated for 24h with a cell-free incubation 
medium. 

Experiment B 

Cells grown in tissue culture dishes were 
incubated for periods of time ranging from 1 to 
24 h with 5 ml serum-free DMEM containing 
2 nM [3H]aldosterone. In another series of ex- 
periments, cells were incubated for 24 h with 
various concentrations (1-100/~M) of aldoster- 
one and 2 nM [3H]aldosterone. 

Experiment C 

Large-scale cultures (18 10-cm dishes) were 
carried out to obtain a large amount of the polar 
metabolite of aldosterone. Cells were incubated 
with 300-500/~g (1.7-2.8 x 10-4M) aldoster- 
one in serum-free medium for 24 h. 

Preparation of the incubated samples for analysis 

Extraction of aldosterone metabolites was 
carried out using Sep-pak CIs cartridges (Waters 
Associates Inc., Milford, Mass., U.S.A.) as de- 
scribed by Shackleton and Whitney [5]. 

The separation of aldosterone metabolites 

Methanol eluates from Sep-pak C~s cartridge 
extraction were submitted to reversed phase 
HPLC using a pump system (model CCPE; 
TOSOH Co., Tokyo, Japan) and a TSK-gel 
ODS-80Tm column (4.6 x 150mm) or 7.8 x 
300mm; TOSOH Co., Tokyo, Japan). A 
column was operated at room temperature and 
the flow rate was 1 ml/min. The solvent systems 
used for analysis are shown in Table 1. By 
HPLC using solvent system 1, 3fl,5fl-tetra- 
hydroaldosterone, 3a,5fl-tetrahydroaldosterone 
and 3fl,5~-tetrahydroaldosterone could be well 
separated; relative retention times for these 
compounds (with aldosterone as a reference) 
were 1.46, 1.59 and 1.83, respectively. However, 
the separation of 3fl,5fl-tetrahydroaldosterone 
from 5~-dihydroaldosterone could only be ac- 
complished by HPLC in solvent system 5 and 
the retention times for these compounds were 
11.7 and 16.9 min, respectively. 

Enzymic hydrolysis 

The sample was dissolved in 0.1 M acetate 
buffer at pH 4.6. Enzyme concentrations were 
2460 Fishman unit/ml and 69 #M unit/ml with 
respect to fl-glucuronidase and sulfatase ac- 
tivity, respectively. The solution was incubated 
for 48 h at 37°C. After the incubation, the 
liberated steroids were extracted with 3 vol of 
ethyl acetate. 

Fast atom bombardment mass spectrometry 
(FABMS) 

FABMS was performed on a mass spec- 
trometer (JMS-DX303, JEOL, Tokyo, Japan). 
The FAB gun was operated with Xe gas. The 
accelerating voltage was 3 kV. The sample 
was analyzed in a liquid matrix (glycerol and 
triethanolamine). 

Table 1. Conditions for reversed phase HPLC 

Column size 
Solvent system (mm) 

f M e t h a n o l  5 4.6 x 150 
1 ~ Water 6 

1"Methanol 1 7.8 × 300 
"~Water I 

f M e t h a n o l  5 4.6 x 150 
~1 Water 12 

/ 'Methanol 5 4.6 x 150 
~ Water 14 

5 fAcetonitr i le  1 4.6 x 150 
~.Water 3 
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Nuclear magnetic resonance (NMR) spectroscopy 

The NMR spectrum was recorded on NMR 
spectrometer (JMN-GX400, JEOL, Tokyo, 
Japan). 

RESULTS 

Experiment A 

Cells were incubated for 24 h in media with 
4nM [3H]aldosterone. After incubation the 
media contained 87-100% of incubated radio- 
activity. Incubation media were then applied to 
a Sep-pak C18 cartridge and 100% of the applied 
dose was recovered in methanol eluates. When 
the metabolites in methanol were separated by 
HPLC in solvent system 1, four fractions (frac- 
tions A-D) were present (Fig. 1, Table 2). 
Fraction A, which contained 70-86% of metab- 
olites, was a mixture of two components which 
were separated by HPLC in solvent system 2. 
The more polar material (fraction A-l) com- 
prised 47-71% of metabolites and had a reten- 
tion time of 13.Smin. In solvents 3 and 4, 
retention times for this compound were 6.2 and 
7.9 min, respectively. When an aliquot of this 
material was incubated with an enzyme prep- 
aration from Helix pomatia, little or no radio- 
activity became ethyl acetate extractable. The 
less polar material (fraction A-2), which con- 
tained 9-19% of metabolites, had retention 
times of 19.8 and 23.1 min in solvent systems 2 
and 3, respectively. Fraction B, which con- 
tained 0.7-1.5% of total metabolites, cochro- 
matographed with isoaldosterone in solvent 
system 1 (retention time 9.9 min). Fraction C 
comprised 8-21% of the recovered radioactivity 
and cochromatographed with D-aldosterone 
insolvent system 1 (retention time 13.5min). 
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Fig. I. HPLC of [3H]aldosterone metabolites synthesized 
from A6 cells incubated with 4 nM aldosterone at 26°C for 
24 h. The metabolites were separated on a TSK-gel ODS- 
80 Tm column (4.6 mm x 150 mm) by isocratic elution with 

methanol: water (5 : 6); flow rate 1 ml/min. 

Table 2. [3H]Aldosterone metabolites synthe- 
sized by A6 ceils incubated with 4 nM aldoster- 

one at 26°C for 24 h 

Expt 1 Expt 2 Expt 3 
(%) (%) (%) 

Fraction A 69.9 85.8 76.5 
A-1 46.9 71.0 67.2 
A-2 18.5 12.1 9.4 

Fraction B 1.5 0.7 1.1 
Fraction C 21.4 7.9 11.8 
Fraction D 4.9 3.8 8.5 

D-1 2.8 2.6 5.7 
D-2 1.6 0.9 2.0 
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Fraction D, which contained 4-8% of total 
radioactivity and had a retention time of 
19.6 min, was separated further by HPLC in 
solvent system 5 and two components were 
present. One of these compounds cochro- 
matographed with 3fl,5fl-tetrahydroaldosterone 
(retention time 11.7 min) and the other with 50t- 
dihydroaldosterone (retention time 16.9min). 
The ratio of 3fl,5fl-tetrahydroaldosterone to 
50t-dihydroaldosterone in fraction D was 
1.8:2.9. 

The incubation of 4 nM [3H]aldosterone with 
a cell-free incubation medium resulted in the 
formation of [3H]isoaldosterone with a yield of 
3.5%. When an aliquot of fraction A-2 was 
incubated for 24 h with a cell-free medium 33% 
of fraction A-2 was converted to fraction A-1. 

Experiment B 

Cells grown in tissue culture dishes were 
incubated for 1-24 h with 2 nM [3H]aldosterone 
or for 24h with 1-100/~M aldosterone and 
2 nM [3H]aldosterone. After incubation media 
were passed over a Sep-pak Cls cartridge, 
metabolites were separated by HPLC using 
solvent system 1. The synthesis of both fractions 
A and D increased linearly with time (Fig. 2). 
The synthesis of fractions A and D increased in 
proportion to the concentration of aldosterone 
in the medium (Fig. 3). However, the ratio of 
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Fig. 2. Rates of synthesis of aldosterone metabolites by A6 
cells incubated with 2 nM [3H]aldosterone at 26°C. 
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Fig. 3. Synthesis of aldosterone metabolites by A6 cells 
incubated with various concentrations of aldosterone for 

24 h at 26°C. 

fraction A-1 to fraction A-2 decreased in inverse 
proportion to the concentration of aldosterone 
(Table 3). 

Experiment C 

Cells were incubated for 24 h in media with 
aldosterone. After incubation media were 
passed over a Sep-pak C~s cartridge, metabolites 
were separated by HPLC. HPLC in solvent 
system 2 resulted in the separation of metab- 
olites into fractions A-1 and A-2 and other 
metabolites. Fraction A-1 was further purified 
by HPLC in solvent system 3, 2 and 4. Fraction 
A-2 was purified by HPLC using solvent system 
3. Fraction A-2 showed the positive reaction for 
blue tetrazolium (BT) and u.v. absorbance at 
254 nm, whereas fraction A-1 exhibited a nega- 
tive reaction for BT and no u.v. absorbance at 
254nm. Analysis of fraction A-1 by FABMS 
did not yield quasi-molecular ions, which were 
related to hydroxylated or reduced derivatives 
of aldosterone or to conjugated metabolites of 
these derivatives. Fraction A-2 was also ana- 
lyzed by FABMS. In the positive ion spectrum 
of fraction A-2, ions were seen at mass-to- 
charge ratios of 377 and 399, which corre- 
sponded to [M+H]  + and [M+Na]  ÷ of 

Table 3. A6 ceils were incubated with various concentrations of 
aldosterone in serum-free media for 24 h at 26°C 

Aldosterone Fraction Fraction 
concentration A-I A-2 Ratio 

(M) (%) (%) A-I/A-2 

10 -6 47.2 24.9 1.90 
10 -5 30.1 28.9 1.04 
10 -4 5.6 31.5 0.18 

Fraction A-I and A-2 in incubation media were separated by 
reversed phase HPLC. 

monohydroxyaldosterone, respectively. In the 
negative ion spectrum of fraction A-2, an ion 
was observed at a mass to charge ratio of 375, 
which corresponded to [ M -  H]- of monohy- 
droxyaldosterone. For NMR analysis, fraction 
A-2 was separated from the other metabolites 
by HPLC in solvent system 2. Fraction A-2 was 
purified twice by HPLC using the same solvent 
system. The purified material and D-aldosterone 
were submitted to ~H-NMR spectroscopy and 
the spectra shown in Table 4 were obtained. 

D I S C U S S I O N  

The present studies have shown that A6 cells 
have the ability to metabolize aldosterone effec- 
tively. The metabolites formed could be com- 
pletely separated by HPLC and at least five 
metabolites were detected. 

The most polar substance (fraction A-l) was 
a major metabolite of aldosterone. Though the 
elution pattern of fraction A-1 from an HPLC 
column indicated that this compound might be 
a steroid conjugate, this material could not be 
hydrolyzed with an enzyme preparation from 
Helix pomatia. Moreover, FABMS analysis of 
fraction A-I revealed that this compound was 
neither a hydroxylated nor a reduced derivative 
of aldosterone, nor a conjugate of these deriva- 
tives. 

Fraction A-2 was more polar than aldoster- 
one and contained 9-19% of total radioactivity. 
FABMS analysis of this fraction indicated that 

Table 4. The sample was dissolved in CDCL 3 and proton-NMR was recorded on an NMR spectrometer (JMN-GX400, JEOL) 

Proton-NMR spectrum (aldosterone) 

6(ppm) 

1.260 
1.309 
2.813 
3.464 ( J =  11.5,8.8) 
3.616 ( J  = 11.5, 5.4) 
4.245 ( J  = 18.1, 4.5) 
4.393 (J  = 18.1,4.8) 
4.597 (J  = 6.3) 
4.834 (J  = 5.9) 
5.035 (J  = 5.1) 
5.425 
5.725 

Proton-NMR spectrum (fraction A-2) 

Character Assignment 6(ppm) Character Assignment 

s 19-H 3 1.452 s 19-H~ 
s 19-H 3 1.497 s 19-H3 

17-H 2.824 17-H 
dd 21-H: 3.470 ( J  = 11.4, 8.9) dd 21-H2 
dd 21-H2 3.616 (J  = 11.4, 5.3) dd 21-H 2 
dd 21-H 2 4.257 (J  = 18.1,4.5) dd 21-H2 
dd 21-H 2 4.397 ( J  = 18.1,4.4) dd 21-H 2 
d II-H 4.592 (J  = 6.1) d I I-H 
d I I-H 4.822 ( J  = 5.6) d 11-H 
d 18-H 5.088 ( J  = 4.9) d 18-H 
s 18-H 5.483 s 18-H 
s 4-H 5.826 s 4-H 
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fraction A-2 represented monohydroxyaldos- 
terone. ~H-NMR spectroscopic analysis of frac- 
tion A-2 revealed that this material was a 
mixture of two components and these two com- 
ponents were considered isomers judged from 
the result of the mass spectrometric analysis. In 
the ~H-NMR spectrum of fraction A-2, protons 
at C-19 were observed at di 1.497 and 1.452. In 
contrast, signals of protons at C-19 in aldoster- 
one appeared at 61.309 and 1.260 (i.e. at a high 
magnetic field). This finding supported the as- 
sumption that fraction A-2 had a hydroxyl at 
C-6fl [6-9]. In addition, the C-4 proton reson- 
ance shifted downfield by 0.10. This phenom- 
enon also suggested that fraction A-2 possessed 
a hydroxyl at C-6fl [10, 11]. Moreover, a peak 
corresponding to the proton at C-4 in the 
fraction A-2 molecule was sharp compared with 
that in aldosterone, indicating that the proton at 
C-6fl was substituted in fraction A-2 [11]. 

It is noted that Kirk et al. [12, 13] have shown 
that 6fl-hydroxyaldosterone exists in solution as 
two isomers, namely the 20-oxo and 18,20 hemi- 
acetal forms. Two components found in fraction 
A-2 probably correspond to these two isomers. 
6fl-Hydroxyisoaldosterone and 6fl-hydroxyal- 
dosterone have been identified as polar metab- 
olites formed from aldosterone by the 
incubation with a male rat liver microsomal 
fraction[13]. The possibility should be taken 
into consideration that fraction A-2 represents 
6fl-hydroxyisoaldosterone. While the signal for 
the 17-H of 6fl-hydroxyisoaldosterone shifted 
downfield by >0.37ppm as compared with 
aldosterone [12], the chemical shift for the 17-H 
of fraction A-2 is essentially identical to that of 
aldosterone. In addition, 6fl-hydroxyisoaldos- 
terone exists only in the 20-oxo form [12,13]. 
From these findings, it seems unlikely that 
fraction A-2 represents 6fl-hydroxyisoaldos- 
terone. Thus, identification of fraction A-2 as 
6fl-hydroxyaldosterone has been well estab- 
lished. As shown in experiment B, incubation of 
A6 cells with 10 -4 M aldosterone resulted in the 
formation of larger amount of fraction A-2 as 
compared with fraction A-1. From these results, 
it is concluded that 6fl-hydroxyaldosterone is an 
unstable compound and the fraction A-I is a 
degradation product from the former substance. 
It is noted that isoaldosterone, a minor metab- 
olite found in incubation media, is not a biosyn- 
thetic product, indicated by the result of 
experiment A. 

The metabolism of [3H]aldosterone by A6 
cells was studied by Watlington et al. [2]. 

TLC of ethanol extracts of whole cells was 
performed. Radioactive material that coehro- 
matographed with aldosterone and a polar de- 
rivative or metabolite(s) were found. This polar 
derivative probably corresponds to fraction A in 
our studies. 

Monohydroxyaldosterone has been also 
found in rabbit urine as a metabolite of aldos- 
terone [14]. The retention time for this com- 
pound in HPLC using solvent system 2 was close 
to that for fraction A-2. Therefore, it is likely 
that this compound represents 6fl-hydroxy- 
aldosterone. 

Hydroxylated and Ring-A-reduced metab- 
olites of aldosterone were also synthesized by 
rat kidney slices[15]. In addition, [3H]aldos- 
terone was transformed into several metabolites 
by subcellular fractions of rat kidney[16]. 
Nuclei and plasma membranes converted aldos- 
terone to 5~-dihydroaldosterone and 3a,5~- 
tetrahydroaldosterone, whereas kidney cytosol 
metabolized aldosterone mainly to 5]/-dihydro- 
aldosterone and 3~,5fl-tetrahydroaldosterone. 
It has been also found that 5a-reduced metab- 
olites were synthesized when [3H]aldosterone 
was incubated with toad urinary bladder[16]. 

The physiologic activities of aldosterone 
metabolites have been studied by several investi- 
gators. Reduced derivatives of aldosterone were 
shown to have mineralocorticoid activity when 
assayed in adrenalectomized rats or toad 
urinary bladders [17]. Interestingly, 19-hydroxy- 
aldosterone was demonstrated to possess miner- 
alocorticoid activity when measured in 
adrenalectomized rats or toad urinary blad- 
ders [18]. In addition, Grogan et al. [4] reported 
that 6fl-hydroxycorticosterone could stimulate 
active Na ÷ transport in A6 cells. Therefore, the 
possibility exists that 6fl-hydroxyaldosterone 
also has mineralocorticoid activity and remains 
to be studied. 

Addendum 

During the editorial process for this 
manuscript another paper was published: "Syn- 
thesis of 6fl-hydroxyaldosterone by A6 (toad 
kidney) cells in culture" by D. J. Morris et al. 
Steroids 55 (1990) 482-487. 

REFERENCES 

1. Gnionsahe A., Claire M., Koechlin N., Bonvalet J. P. 
and Farman N.: Aldosterone binding sites along 
nephron of Xenopus and rabbit. Am. J. Physiol. 257 
(1989) R87-R95. 



662 K£Nzo MATSUZAKI et al. 

2. Watlington C. O., Perkins F. M., Munson P. J. and 
Handler J. S.: Aldosterone and corticosterone binding 
and effects on Na + transport in cultured kidney cells. 
Am. J. Physiol. 242 (1982) F610-F619. 

3. Claire M., Machard B., Lombes M., Oblin M. E., 
Bonvalet J. P. and Farman N.: Aldosterone receptors in 
A6 cells: Physicochemical characterization and auto- 
radiographic study. Am. J. Physiol. 257 (1989) 
C665--C677. 

4. Grogan W. M., Fidelman M. L., Newton D. E., Dun- 
can R. L. and Watlington C. O.: A corticosterone 
metabolite produced by A6 (toad kidney) cells in cul- 
ture: identification and effects on Na + transport. Endo- 
crinology 116 (1985) 1189-1194. 

5. Shackleton C. H. L. and Whitney J. O.: Use of Sep-pak 
cartridges for urinary steroid extraction: evaluation of 
the method for use prior to gas chromatographic 
analysis. Clinica Chim. Acta 107 (1980) 231-243. 

6. Kawazoe Y ,  Sato Y., Natsume M., Hasegawa H., 
Okamoto T. and Tsuda K.: Application of NMR to 
stereochemistry (1). The spatial interaction effect of 
hydroxyl group to methyl resonance. Chem. Pharm. 
Bull. 10 (1962) 338-344. 

7. yon Zurcher R. F.: Die Lage der C-18- und C-19- 
Methylsignale in Abhangigkeit yon den Substituenten 
am Steroidgerust. Heir. Chim. Acta 46 (1963) 
2054-2088. 

8. Cohen A. I. and Rock S. Jr: Anisotropy of substituents 
on the proton resonance of C-18 and C-19 methyl 
groups. Evaluation by computer regression. Steroids 3 
(1964) 243-257. 

9. Minagawa K., Kasuya Y., Baba S., Knapp G. and 
Skelly J. P.: Identification and quantification of 6~-hy- 
droxydexamethasone as a major urinary metabolite of 
dexamethasone in man. Steroida 47 (1986) 175-188. 

10. Okamoto T. and Kawazoe Y.: Application of nuclear 
magnetic resonance to stereochemistry. III. The spatial 

interaction effect of the hydroxyl group to proton 
resonances. Chem. Pharm. Bull. 11 (1963) 643-650. 

11. Collins D. J. and Hobbs J. J.: The stereochemistry of 
Rings A and B in 6-substituted-A4-3-ketosteroids. A 
study of H t allylic spin-spin coupling in rigid systems. 
Tetrahedron Left. 4 (1963) 197-203. 

12. Kirk D. N., Miller B. W., Latif S. A., Morris D. J. and 
(in part) Cooley G.: 18-Substituted steroids. Part 16. 
Synthesis of 6fi-hydroxy- and 6~-hydroxy-aldosterone 
and their 17~-isomers. J. Chem. Res. (M) (1989) 
1274-1289. 

13. Kirk D. N., Burke P. J., Toms H. C., Latif S. A. and 
Morris D. J.: 18-Substituted steroids. Part 15. 6~-Hy- 
droxylation of aidosterone by liver. Steroids 54 (1989) 
169-184. 

14. Miyazaki T. and Matsuzaki K.: Further characteriz- 
ation of urinary aldosterone metabolites in the rabbit by 
fast atom bombardment mass spectrometry. Endocr. 
Jap. 37 (1990) 103-112. 

15. Morris D. J., McDermott M. J., Latif S. A., Keating A. 
and Kenyon C. J.: The metabolism of aidosterone in 
target tissues. J. Steroid Biochem. 15 (1981) 473-477. 

16. Morris D. J., McDermott M. J., Freiberger M., Latif S. 
A., Pacholski M. and Brem A. S.: The effects of 
antimineralocorticoids on synthesis of aldosterone 
metabolites in target tissues. J. Steroid Biochem. 24 
(1986) 341-344. 

17. Kenyon C. J., Brem A. S., McDermott M. J., 
DeConti G. A., Latif S. A. and Morris D. J.: Anti- 
natriuretic and kaliuretic activities of the reduced de- 
rivatives of aldosterone. Endocrinology 112 (1983) 
1852-1856. 

18. Morris D. J., Brem A. S., Saccoccio N. A., Pacholski M. 
and Harnik M.: Mineralocorticoid activity of 19-hy- 
droxyaldosterone, 19-nor-aldosterone and 3fi-hydroxy- 
AS-aldosterone: relative potencies measured in two 
bioassay systems. Endocrinology 118 (1986) 2505-2509. 


