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SUMMARY

Comparative fate of [!*C]-testosterone and [*H]-testosterone sulphate was investigated in female rats
with biliary fistulas. The injected steroids were predominantly excreted in the bile. There were large
variations in testosterone metabolites. In the rat with high rate of biliary excretion (the HE rat),
androsterone glucosiduronate was the major metabolite present in the bile, whereas monosulphates
of 3,72~ and 3e,!1B-dihydroxy-S«-androstan-17-ones and androsterone were the predominant ones
in the rat with low rate of biliary excretion (the LE rat). As minor metabolites, monoglucosiduronates
of 2a,3¢- and 3a,7a-dihydroxy-Sa-androstan-17-ones and Sxz-androstane-3a,178-diol, monosulphate of
3a,152-dihydroxy-5a-androstan-17-one, and disulphates of Sa-androstane-32,17f-diol, So-androstane-
30,7217 -triol and Se-androstane-3a,158,17-triol were isolated in both HE and LE rats. In contrast,
variations were not so marked in the testosterone sulphate metabolites. 5¢-Androstane-32,17p-diol
disulphate and So-androstane-3u,7f,178-triol monosulphate were the major metabolites. In addition,
monosulphate of S5x-androstane-3¢,17f-diol, and disulphates of Sx-androstane-32,78,178-triol and
So-androstane-3,158,17-triol were identified. Small amounts of S¢-androstane-3e«,178-diol were found
in the sulphoglucosiduronate fraction in both testosterone and testosterone sulphate administered rats.

INTRODUCTION

In a recent publication, we described that disulphates
of Sa-androstane-3a,17f-diol and polar hydroxylated
steroids constituted the major biliary metabolites of
testosterone sulphate in female rats[1]. Gustafsson
et al. recently reported the 15p-hydroxylation of 5x-
androstane-3a,17f-diol 3,17-disulphate in female rat
liver microsomes [2]. These results strongly suggest
the occurrence of 15f-hydroxylated steroids in the
biliary metabolites of testosterone sulphate. In the
present paper, [**C]-testosterone and [*H]-testoster-
one sulphate were administered into female rats and
the biliary C,50, and C,50; steroid metabolites
were identified by gas chromatography-mass spectro-
metry.
EXPERIMENTAL

Materials. [4-'*C]-Testosterone (20.2 mCi/mmol)
and [7-*H]-testosterone sulphate (25 Ci/mmol) were
purchased from New England Nuclear Corp. The
radiochemical purities of these steroids were checked
by thin-layer chromatography prior to use. Androster-
one, testosterone and 3x,11B-dihydroxy-5x-androstan-
17-one were obtained from Sigma Chemical Co.
Sodium borohydride reduction of androsterone gave
Sa-androstane-3o,17f-diol. Preparation of Sa-andros-
tane-3o,150,17p-triol and -30,158,17-triol was re-
ported previously [3]. 2x,32-Dihydroxy-5x-androstan-
17-one was prepared by osmium tetroxide oxidation
of 5a-androst-2-en-17-one following the procedure of
Edwards[4]. and separation of the reaction mixture
by thin-layer chromatography on silica gel GF

(Merck) with solvent system, cyclohexane—cthyl acet-
ate (2:3 v/v) afforded 2o,3x-dihydroxy-5«x-androstan-
17-one (m.p. 160-163°) and 2f,38-dihydroxy-5x-an-
drostan-17-one (m.p. 175-181°). Sodium borohydride
reduction of these 17-oxo steroids yielded 5a-andros-
tane-2a,30,178-triol and -2f,38,17-triol, respectively.
Sx-Androstane-2f8,30,17f-triol and -28,3B,17B-triol
were prepared as described by Kwok et al[5].
Sodium salt of testosterone sulphate was synthesized
according to the procedure described by Holden et
al.[6].

Sa-Androstane-20,32,17f-triol. To a solution of
24,17 p-diacetoxy-5Sa-androstan-3-one (154 mg, m.p.
187-192°)[7] in methanol (10 ml) was added NaBH,
(200 mg) with cooling in ice-water. After 0.5h, the
solution was poured into water, and extracted with
ethyl acetate. The organic phase was washed with
water, dried and evaporated in vacuo. The residue
(170 mg) was separated by silica gel GF plate with
solvent system, chloroform-acetone (20:1 v/v), and
crystallized from acetone to afford 2s,17B-diacetoxy-
Sa-androstan-3f-ol (Ry 0.38, m.p. 201-208°, 47 mg)
and the corresponding 3a-epimer (R, 0.52. m.p.
230-236°, 30 mg). The configuration of the 3-hydroxy
group was established by the nuclear magnetic
resonafpce spectra determined for solutions in deuter-
iochloroform with tetramethylsilane as internal stan-
dard. The 3x-0l gave the H-3 signal at 4.0 ppm as
narrow multiplet, while the 38-epimer showed the sig-
nal at 3.8 ppm as broad multiplet [3]. 2u,178-Diace-
toxy-5a-androstan-3x-ol (30 mg) was dissolved in 10%
NaOH-methanol (2 ml) and allowed to stand at room
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temperature for 2 days. The mixture was extracted
with chloroform, washed with water, dried, and eva-
porated to give a residue, which was crystallized from
methanol-ether to afford Sz-androstane-2x3x,178-
triol (14 mg), m.p. 239-242° (Found: C, 72.8; H, 104.
C4H3,0;5-025 H,0 requires C, 729; H, 10.5%).
Alkaline hydrolysis of 2x,17f-diacetoxy-5x-androstan-
3f-ol (33 mg) gave Se-androstane-2e,38,17f-triol (15
mg), m.p. 174-178°/195-198° (Found: C, 70.4; H, 10.3.
C,oH3,0;3-H,0 requires C, 69.9; H, 10.5%).

So-Androstane-32,7%,17 §-triol. Hydrolysis of 3x,175-
diacetoxy-Sa-androstan-7x-ol (20 mg, m.p. 246-248°%)
{81 in 10% NaOH-methanol (7ml) afforded 5a-
androstane-3¢.7x,17f-triol (crystallized from acetone)
(8 mg). m.p. 100-~103°/175-177° (Found: C, 69.5; H,
10.2. C,5H;3,0,°H,0 requires C, 69.9; H, 10.5%).

So- Androstane-3a,78,17f-triol.  3x-Hydroxy-5x-an-
drostane-7,17-dione (80 mg, m.p. 214-219°[8] was
dissolved in dry ether (10ml) and tetrahydrofuran
(2ml). A solution of LiAlH, (80mg) in dry ether
(Sml) was added portionwise with cooling in ice-
water and allowed to stand at room temperature for
1 h. The excess LiAIH, was destroyed by addition
of 2N H,S0,. The mixture was extracted with chloro-
form, washed with water, aqueous 5% sodium bi-
carbonate and water, and dried. Evaporation left a
residue (80 mg), which was crystallized from acetone
four times to give Sx-androstane-3u,75.17p-triol
(Smg), m.p. 156-158° (Found: C, 733; H, 106
CsH3,0;-0.25 H,0 requires C, 72.9; H, 10.5%).

Conditions of animal experiments. The common bile
duct was cannulated in female rats of the Wistar
strain (150-270 g: Matsumoto Experimental Animal
Lab., Tokyo, Japan) as described previously [9]. After
operation, the rat was kept in a restraining cage with
free access to water and food pellets. Ethanol solution
of [1*C]-testosterone (0.18 ml, 0.80 uCi, 3.82 umol) or
[*H]-testosterone sulphate (0.14ml. 0.70 uCi, 3.27
umol) was diluted with 0.17 or 0.26 ml of saline, re-
spectively, and injected intraperitoneally 18-23 h after
operation into female rats. Bile was collected at 0-1,
1-2, 2-4, 46, 6-24, and 2448 h.

Extraction and purification of biliary metabolites.
Biles obtained at 0-6 and 6-24h were worked up
separately. The bile fraction was extracted with ether.
The ether extract was washed with water, dried, and
evaporated in vacuo. The aqueous fraction was e¢va-
porated in vacuo to a vol. of 20 ml and then passed
through a column packed with Amberlite XAD-2
resin (100g). The column was washed with 100 ml
of water. followed by elution with 400 ml of meth-
anol [10]. The methanol effluent was evaporated in
vacuo to give the conjugate fraction. The conjugate
fraction was dissolved in 3ml of chloroform-meth-
anol (1:1v/v), 001 M with respect to NaCl, and
applied on Sephadex LH-20 (20 g) column [11]. The
column was ecluted with 200 ml of the same solvent
system, followed by 200 ml of methanol and yielded
monoglucosiduronate, monosulphate, and diconju-
gate fractions.
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Hydrolysis of conjugate fractions. The hydrolytic
procedures have been described previously in detail
[9]. The monoglucosiduronate fraction was hydro-
lyzed by incubation with f-glucuronidase {(Ketodase).
The monosulphate fraction was solvolyzed in
acidified ethyl acetate. The diconjugate fraction was
hydrolyzed by solvolysis and by incubation with §-
glucuronidase.

Thin-layer chromatography (TLC). The liberated
steroids were purified by TLC on plates coated with
silica gel GF {(Merck), using chloroform-acetone
(29:1) as solvent. Radioactive zones were detected
with a Packard Model 720! autoscanner, scraped.
and eluted with methanol as previously described [9].
Polar steroid fractions remained near the starting line
on the TLC plate were further separated by silica
gel GF plate with solvent system cyclohexane-cthyl
acetate (2:3 v/v} and afforded polar steroids (probably
C,40,. etc) remained near the origin, Sw-andros-
tane-3o,1 52,17 f-triol, 3o, 7a-dihydroxy-5a-androstan-
17-one (or 5xz-androstane-3a,7f,17f-triol), Sx-andros-
tane-3¢,156,17f-triol, 2u.3x-dihydroxy-5x-androstan-
17-one, 32,15x-dihydroxy-Sa-androstan-17-one, and
3a,11f-dihydroxy-5x-androstan-17-one.  In  general.
TLC plate was developed three or four times in the
same solvent system.

Sodium horohydride reduction. A portion of the
purified metabolite, which was tentatively identified
as 17-0x0-C,,0; steroid, was dissolved in 1ml of
methanol and reduced with 20 mg of NaBH, under
cooling in ice-water. After 1h, the solution was
poured into water, and extracted with chloroform.
The extract was washed with water and dried. Evap-
oration gave androstanetriol, which was submitted to
gas chromatographic and gas chromatography-mass
spectrometric analyses.

Gas chromatography (GC) and gas chromatography-
mass spectrometry (GC-MS). Each purified metabolite
was trimethylsilylated as described by Lisboa et al.
[12] and analyzed by GC and GC-MS. GC was per-
formed on a Shimadzu GC-4BM flame ionization
chromatograph using 0.5% CHDMS (20m x 3mm;
column 200°C: detector and flash heater 240°C) and
1.5% SE-30 (1.5m x 3 mm; column 230°C; detector
and flash heater 250°C) as the stationary phase. The
column was eluted with nitrogen at a rate of
40 ml/min. Relative retention times were calculated
relative to So-cholestane. In general. the peaks were
quantitated by peak-height measurement, using
known amounts of Sa-cholestane as internal standard.
GC-MS was carried out on a JEOL JMS-D100 spec-
trometer equipped with  1.5%] SE-30 column
(20m x 3mm; column 260°C; detector and flash
heater 270°C). Helium gas flow-rate was about
30 mi/min. The temperatures of the molecular separa-
tor and ion source were 200°C. Mass spectra were
recorded with a bombarding electron energy of 24 ¢V
and filament current of 300 yA.

Measurement of radioactivity. The radioactivity was
counted with an Aloka LSC-502 liquid scintillation
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Table 1. Biliary excretion of radioactivity (%
[}4C]-testosterone and [*H]-testos

one sulphate metabolites

dose) following intraperitoneal injection of
terone sulphate into female rats*

['#C]-Testosterone

[*H]-Testosterone sulphate

Bile (h) HE ratt LE rat} HE rat} LE rat}
0-t 30.7 (26.0-33.3% 13.2(8.5,17.8)) 31.1(27.6-34.7)% 13.5(9.7,17.3)|]
1-2 19.5(18.2-20.8) 16.8(11.7,21.8) 18.8 (17.6— 212 16.1(11.1,21.1)
24 19.1 (17.4-21.4) ]81(]36 22.5) 149(11 1-18.6) 15.7(13.6,17.7)
4-6 7.7(7.3-8.0) 1 (7.5, 10.6) 9(3.0-4.9) 4.4(5.1,3.6)
6-24 11.4(7.0-19.5) 157(184 12.9) 4(2.1-2.7) 3.4(4.8,2.0)

Total 88.4(83.9-94.2) 72.7(59.7.85.6) 71 0(61 5-78.2) 53.0(44.3,61.7)

* Dose: ['*C]-testosterone (0.80 uCi, 3.82 umol);

3.27 pmol).
+ Rats with high rate of biliary excretion (n

[3H]-testosterone sulphate (0.70 uCi,

=3)

1 Rats with low rate of biliary excretion (n = 2).

§ Mean and range (in round brackets).

| Mean and results of two determinations (in round brackets).

spectrometer in a toluene medium as previously de-
scribed [9]. Efficiencies of !*C and *H counting were
about 80 and 40%,, respectively.

RESULTS

Distribution of radioactivity. The biliary excretion
of the '*C and *H following intraperitoneal injection
of ['*C]-testosterone and [*H]-testosterone sulphate
is shown in Table 1. The mean recoveries of the ad-
ministered '*C and 3H in the bile were about 82 and
64%, during the first 24 h, respectively. Less than 19}
of the radioactivity was excreted in the 2448 h bile,
There were variations in the biliary excretion rate
among ['*C]-testosterone or [*H]-testosterone sul-
phate injected rats. Based on the biliary excretion
rate, rats were divided into two groups. One group
(the HE rat) eliminated about 319, of the radioactivity
during the first h. whereas another group (the LE
rat) excreted only 13% of the radioactivity in the

Table 2. Distribution of biliary radio

first h. The HE rat excreted more radioactivity in the
24h than the LE rat. Biles obtained at 0-6h were
worked up separately and the 6-24 h biles were com-
bined in each group and analyzed.

Extraction of each bile fraction with ether resulted
in the quantitative recovery of the radioactivity in
the aqueous fraction, which was then passed through
Amberlite XAD-2 column, followed by elution with
methanol. The recoveries of the '*C and *H in the
methanol effluent (conjugate fraction) were about 98
and 919, respectively. The conjugate fraction was
chromatographed on Sephadex LH-20 and afforded
monoglucosiduronate, monosulphate, and diconju-
gate fractions (Table 2). There were large variations
in the constitution of these conjugates in the ['*C]-
testosterone administered rats. As for the 0-6 h bile,
the monoglucosiduronate was the major conjugate in
the HE rat, whereas the monosulphate was mainly
excreted in the LE rat. In the 6-24 h bile of the HE
rat. smaller amount of the monoglucosiduronate and

activity (% dose) in various fractions
Yo

['*C]-Testosterone

[3H]-Testosterone sulphate

Bile (h) Fraction HE rat* LE ratf HE rat* LE ratt
0-6 Monoglucosiduronate 49.7 (48.2-51.7)% 3(4.9,7.7)% 0 0
[65.7(62.7-70.6)1| [ll 6(12 1. 11 0)] [0] o]
Monosulphate 15.1 (8.5-20.0) 33.3(24.7,41.8) 17.6(12.7-22.0)f 16.8 (13.1,20.5)%
[19.8(11.6-25.5)] [60.8(61.6,59.9)] [29.7(19.8-40.7)] [35.3(35.7.34.9)]
Diconjugate 10.3(8.6-12.2) 14.6(10.1, 19.1) 41.8(30.9-50.4) 30.1(22.8,37.3)
[13.6(109-16.7)] [26.2 (25.1, 273)] [68.4(57.1-785)] [62.9(62.2,63. 6)]
6-24¢ Monoglucosiduronate 4.0 0.4 0
[354] [2.5] [0]
Monosulphate 4.8 12.3
[42.5] [79.1] [34 4]
Diconjugate 2.3 2.4
[20.7] [15.5] [59 3]
* Rats with high rate of biliary excretion (n = 3).
+ Rats with low rate of biliary excretion (n = 2)
1 Mean and range (round brackets).
§ Mean and results of two determinations (round brackets).

| Values in square brackets indicate %, of the total radioactivity excreted in each bile fraction.

4 Values are obtained from the pooled bile fractions and

indicated as mean values per rat.
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increased proportion of the monosulphate were
excreted. In contrast, little variation was observed in
the [*H]-testosterone sulphate administered rats.
Diconjugate fraction constituted the major conjugate
present in the bile in both HE and LE rats.
Hydrolysis of conjugates. Hydrolysis of the conju-
gate fractions of the 0-6h bile gave the following
results. After f-glucuronidase hydrolysis of the
monoglucosiduronate fraction from the ['*C]-testos-
terone administered rat, approximately 93 and 66%,
of the radioactivity were extracted with ether in the
HE and LE rats, respectively. By solvolysis of the
monosulphate fraction, about 90 and 93%, of the #C
were extracted with ethyl acetate in the HE and LE
rats, respectively. The corresponding figures for the
[*H]-testosterone sulphate administered rat were 90
and 76%, respectively. By solvolysis of the diconjugate
fraction, approximately 63% of the '*C and 79% of
the *H appeared in the ethyl acetate extract in both
HE and LE rats. These results indicated that diconju-
gates predominantly consisted of disulphates. Follow-
ing solvolysis, the resultant aqueous fraction was hyd-
rolyzed with f-glucuronidase. About 63 and 22%, of
the **C were extracted with ether in the HE and LE
rats, respectively. The corresponding figures for the
[*H]-testosterone sulphate administered rat were 28
and 299, respectively. By direct hydrolysis of the
diconjugate fraction with f-glucuronidase, no radio-
activity was extracted with ether. From these results,
it became apparent that the diconjugate contained the
sulphoglucosiduronate as minor conjugate. As for the
6-24h bile fractions, hydrolytic rates were usuvally
similar to those of the 0-6h bile of the LE rat.
Identification of steroids. The liberated steroids were
separated by TLC and purified metabolites were tri-
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methylsilylated and analyzed by GC and GC-MS
(Table 3). The identified metabolites provided relative
retention times and mass spectra identical with those
of the respective reference steroids. 3,7 and 3e.,150-
Dihydroxy-5x-androstan-17-ones were not available
in this laboratory. The metabolites characterized as
such had quite similar relative retention times on
SE-30 and mass spectra to these steroids reported by
Gustafsson et al[13, 14]. Definitive identification was
done by sodium borohydride reduction of these meta-
bolites and by comparison of the resulting andros-
tanetriols with Sx-androstane-3o.7x,17p-tricl  and
-30,152,17B-triol as shown in Table 3. 22,3x-Dihyd-
roxy-Sx-androstan-17-one  was identified in the
monoglucosiduronate fraction of the ['*CJ-testoster-
one administered rat, by direct comparison with an
authentic sample. The configuration of the 2- and
3-hydroxy groups was unequivocally established by
comparison of the sodium borohydride reduction
product with four isomeric Sx-androstane-2,3,17p-
triols. GC of the trimethylsilyl derivatives on
CHDMS (or SE-30) gave relative retention times of
0.49 {0.80), 049 (0.80), 0.79 {1.08), 0.41 {0.77). and 0.70
(1.08) for the reduction product, Sx-androstane-
223517 p-triol, -22,38,17f-triol, -2f,34,17f-triol, and
-2$.3B,17B-triol, respectively. These trimethylsilyl de-
rivatives afforded very similar mass spectra.

Table 4 gives the percentage conversions of the
identified metabolites, which were calculated from the
injected dose. In the HE rat. testosterone was metabo-
lized predominantly to androsterone glucosiduronate.
In addition to this, small amounts of monoglucosi-
duronates of 223x and 3x7x-dihydroxy-5x-andros-
tan-17-ones and Sax-androstane-3x,17f-diol, monosul-
phates of 3u.7%-, 3x11f- and 32.15s-dihydroxy-5ax-

Table 3. Gas chromatographic and mass spectrometric data of trimethylsilyl derivatives of metabolites obtained by
hydrolysis of biliary conjugates

Fraction* GCRRT)* GC-MS (m/e)}

Metabolite ['*CI-T[*H]-TSCHDMS SE-30 M* BP Other prominent ions
androsterone G,S 0.73 0.39 362 272 271 347 215 257 129 155
Sx-androstane-3a,17-diol G,D S.D 0.30 0.49 436 241 256 129 346 215 331 148
2%,3a-dihydroxy-5o- G 1.02 0.64 450 271 435 253 143 129 142 147 182 155

androstan-17-one
3xJa-dihydroxy-5a- G.S 0.79 0.57 450 270 360 271 255 213 243 129 121 332 243
androstan-17-one
311 B-dihydroxy-5u- S 1.10 0.69 450 156 199 184 186 157 360 394
androstan-17-one
3,1 5%-dihydroxy-5u- S (.88 0.65 450 143 270 145 216 106 360
androstan-17-one
Sz-androstane-2¢,3x,17 f-triol R 0.49 0.80 524 255 129 345 509 434 344 143 142 419
Sx-androstane-34,7x,17 f-triol D.R 0.33 0.62 524 393 344 254 255 394 434 239 213
Sx-androstane-3x,78,17§-triol S.D 0.46 0.76 524 434 435 184 344 254 129 393 169 239
Se-androstane-3e,15x,17p-triol R 0.49 0.71 524 217 191 218 219 169 434 192 254 344 228
Se-androstane-3x,158,178-triol D D 0.34 0.70 324 217 191 218 219 434 169 192 228 344 254

* [H4CLT = ['*C]-testosterone, [*HI-TS = [’H]-testosterone sulphate, G = monoglucosiduronate, S = monosul-
phate, D = diconjugate, R = metabolite, tentatively assigned as 17-0x0-C,,0, steroid was reduced with NaBH, and

subjected to GC-MS.

+ Gas chromatographic conditions are described in 'TEXPERIMENTAL’. RRT = relative retention time.
1 Gas chromatography-mass spectrometric conditions are described in ‘EXPERIMENTAL. M* = molecular ion.

BP = base peak.
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Table 4. Metabolites (%, dose) present in the 0-6 h bile following intraperitoneal administration of [!*C]-testosterone
and [3H]-testosterone sulphate in female rats

[*#C]-Testosterone [*H]-Testosterone sulphate

Fraction Metabolite HE rat* LE ratt HE rat* LE ratt
Monogluco-  androsterone 27.6 (25.1-29.0)t trace§
siduronate  Sx-androstane-3a,17$-diol trace trace
24,30-dihydroxy-52-androstan-17-one 2.1(1.9-2.5) trace
32, 7a-dihydroxy-Sa-androstan-17-one 49(4.1-6.1) trace
Monosul- androsterone 1.8(1.2-2.6) 4.6(29.63)|
phate Sx-androstane-3z,178-diol trace trace
34,72-dihydroxy-5x-androstan-17-one 43(29-5.2) 9.7(7.5,.11.9)
3a,11p-dihydroxy-5a-androstan-17-one 29(1.6-4.0) 6.9 (6.8, 7.0)
3a,150-dihydroxy-Sa-androstan-17-one trace 1.1(1.2,1.0)
Sa-androstane-34,78,17g-triol 6.2(3.1-11.8) 4.0(3.1,49)
Disulphate Sa-androstane-3a,178-diol 2.9(1.0-4.5) 4.0(2.5,54) 9.5(7.0-11.7) 54(4.5.6.4)
Sx-androstane-3¢,74,17-triol trace trace
S¢-androstane-32,7f,17-triol 1.2(0.8-1.7) trace
Se-androstane-34,158,17 f-triol trace trace 1.0(0.7-1.4) trace
Sulphoglu- Sa-androstane-32,17 g-diot 1.8¢ 1.7¢
cosiduronate

* Rats with high rate of biliary excretion (n
t Rats with low rate of biliary excretion (n
1 Mean and range (in round brackets).

§ Metabolites less than 19, of the injected dose.

3).
2).

|| Mean and results of two determinations (in round brackets).
€ Values are obtained from the pooled fractions and indicated as mean values per rat.

androstan-17-ones and androsterone, and disulphates
of So-androstane-3a,17f-diol, Se-androstane-3e.7«,
17f-triol and Sox-androstane-30,15f,178-triol were
identified. In contrast, the major metabolites in the
LE rat were monosulphates of 3a,7¢- and 3a,118-
dihydroxy-5«-androstan-17-ones and androsterone as
shown in Table 4. Sx-Androstane-3u,178-diol and
Sa-androstane-32,74,17 -triol were the major metabo-
lites of testosterone sulphate in both HE and LE rats,
appearing in the di- and monosulphate fractions, re-
spectively. As minor metabolites, monosulphate of 5x-
androstane-3a,17p-diol, and disulphates of Se-andros-
tane-34.7f,17f-triol and -34,158,17-triol were identi-
fied. Small amounts of S5a-androstane-3a,178-diol
were isolated in the sulphoglucosiduronate fraction
in both testosterone and testosterone sulphate admin-
istered rats. There were no substantial differences in
the metabolites between the 0-6 and 6-24h bile
fractions. Very small amounts (less than 19, of the
injected dose) of these metabolites identified in the
0-6h fraction were also isolated in the 6-24 h bile.

Analysis of the control biles did not afford any
identifiable C,4-steroids.

DISCUSSION

In a previous paper, we demonstrated that testos-
terone and testosterone sulphate were extensively
metabolized in the rat[1]. The major portion of the
metabolites was excreted in the bile. Testosterone was
metabolized to androsterone glucosiduronate and
polar hydroxylated steroid monoglucosiduronates,
monosulphates, and disulphates. As minor metabo-

lites, androsterone and So«-androstane-3el7f-diol
were isolated in the mono- and disulphate fractions,
respectively. In contrast, testosterone sulphate was
mainly biotransformed into Saz-androstane-3e,17p-
diol disulphate and polar hydroxylated steroid mono-
and disulphates. These results are in good accord with
the present study, though the nature of polar hyd-
roxylated steroids were not elucidated in the previous
paper. Despite these studies being performed after a
rather severe surgical intervention, the results seem
to provide interesting information on the metabolism
of testosterone and testosterone sulphate. This paper
presents a detailed study on the comparative fate of
testosterone and testosterone sulphate in female rats,
with particular emphasis on the C,4,0j steroid conju-
gates.

There were large variations in testosterone metabo-
lism in female rats. The major metabolic pathway of
testosterone in the HE rat was via formation of
androsterone glucosiduronate, while the main path-
way in the LE rat was via formation of monosul-
phates of androsterone and 7x- and 118-hydroxylated
androsterones. In a separate paper, we described quite
similar variations in androsterone metabolism in
female rats[15]. Siiteri et al.[16] demonstrated that
androsterone glucosiduronate was rapidly excreted
unchanged in urine in humans. Thus, we speculated
that UDP-glucuronyltransferase enzyme might be
very active in the HE rat. The administered andros-
terone should be predominantly converted into
androsicrone  glucosiduronate and  subsequently
excreted in the bile. On the other hand. low activity
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of UDP-glucuronyltransferase or high activity of sul-
photransferase in the LE rat might permit further
metabolism of androsterone or androsterone sul-
phate. In previous studies, we demonstrated that the
catabolic route of testosterone involving the initial
conjugation with sulphuric acid or glucuronic acid
should be a very minor pathway in female rats[1,9].
The present study shows that testosterone metabolites
were very similar to those of androsterone. In the
HE rat, testosterone should be converted by consecu-
tive action of A*-5x-hydrogenase, 3a- and 178-hyd-
roxysteroid-oxido-reductases to androsterone and
subsequently conjugated with glucuronic acid. Thus,
variations in testosterone and androsterone metabo-
lism in female rats seem to be regulated by similar
biochemical mechanism. 2x,3x-Dihydroxy-5x-andros-
tan-17-one was identified in the monoglucosiduronate
fraction in both HE and LE rats. To our knowledge.
this is the first identification of this steroid as a
monoglucosiduronate in rat bile. Recently, Gustafs-
son et al. described specific 154-hydroxylating enzyme
active on Sx-androstane-3x,17f-diol 3,17-disulphate in
female rat liver microsomes [2]. Isolation of disul-
phates of 5x-androstane-3x17f-diol and So-andros-
tane-30.,154,17-triol should imply an in vivo 158-hyd-
roxylation of 5x-androstane-3«,17f-diol 3,17-disul-
phate in female rats.

In contrast to testosterone, variations in the meta-
bolites of testosterone sulphate were not so marked.
The major biliary metabolite was S5x-androstanc-
3a,17f-diol 3.17-disulphate in both HE and LE rats.
Production of 5x-androstane-3u,178-diol 3,17-disul-
phate was, however, about two times more in the HE
rat than in the LE rat. In vitro studies with rat liver
enzymes demonstrated that testosterone sulphate
could be metabolized without hydrolysis of the ester
linkage by A*-5x- and A*-5f-hydrogenases as well as
3o~ and 3f-hydroxysteroid-oxido-reductases [ 17-20].
Thus, testosterone sulphate must undergo direct
metabolism by liver microsomal A*-5x-hydrogenase
and 3o-hydroxysteroid-oxido-reductase to S¢-andros-
tane-3¢0.17f-diol 17-sulphate, which must be consecu-
tively conjugated with sulphuric acid to the 3,17-di-
sulphate by the sulphotransferase located in the sol-
uble fraction of the liver cell. Gustafsson et al[2] de-
scribed the 78- and 15p-hydroxylation of S«¢-andros-
tane-3f3,17p-diol 17-sulphate in female rat liver micro-
somes, whereas Sz-androstane-3f,17f-diol 3,17-disul-
phate and the corresponding 3a-epimer afforded
solely the respective 15f-hydroxylated metabolites.
Sx-Androstane-3o,178-diol  3-sulphate and 17-sul-
phates of testosterone and 178-hydroxy-So-androstan-
3-one were not hydroxylated by microsomal enzymes.
Based on these observations, the precursor of mono-
and disulphates of Sa-androstane-34.74,178-triol,
uniquc metabolites of testosterone sulphate. should

MicHI0 MaTsul and YUkO KINUYAMA

be 5z-androstane-3a,17p-diol 17-sulphate. By analogy,
So-androstane-34,17f-diol  3,17-disulphate (and 17-
sulphate) must be converted into 15p-hydroxylated
metabolite. Sole production of 178-hydroxy steroids
indicates little occurrence of hydrolysis of the 17-sul-
phate group of testosterone sulphate in vivo.

From the present study, marked differences in
metabolism between testosterone and testosterone
sulphate were demonstrated in both C,,0, and
C,,0; steroid metabolites. Testosterone was pre-
dominantly converted into 17-oxo steroids. whereas
testosterone sulphate was metabolized to 17f-hyd-
roxy steroids. An investigation of the levels and activi-
ties of various enzymes involved in testosterone meta-
bolism may be of interest for obtaining further insight
into the regulatory mechanism responsible for large
variations in testosterone metabolites.
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