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SUMMARY 

An investigation of the unidentified polar metabolites from the livers of steers treated with [4-r4C]-estra- 
dial-17/I or its 3-benzoate revealed them to consist principally of glycosidic derivates of estradiol-17a. 
The major polar metabolite was the 17.fi-o-giucopyranoside of estradioi-17a. The 3-B-D-glucosiduronate 
of estradioi-17a, and other 17-glycosides of estradioi-l7u and estradioi-17/J were also characterized. 
This study demonstrates for the first time the presence of estrogen giycosides in bovine liver tissue. 

INTRODUCTION 

In a recent study Dunn et al.[l] observed the pres- 
ence of a polar estrogen metaboiite in extracts of the 
livers of steers and heifers treated with [4-t4C]-estra- 
dial-17p and its 3-benzoate. This unknown metabolite 
constituted about 40”/, of the total radioactivity in 
the liver; it was chromatographically more polar than 
estriol, and was found to be the major metabolite 
recovered after ~-glucuronid~e hydrolysis of the glu- 
cosiduronate fraction. The purpose of the present in- 
vestigation was to characterize and identify this and 
other unknown metaboiites of estradioLl7fi (17/?E)) 
in bovine liver tissue. During the course of the work 
it became apparent that these estrogen metabolites 
cannot be adequately characterized on the basis of 
their partition from ether and their recovery after 
enzymatic hydrolysis. We have confirmed the pres- 
ence of the major estrogen metaboiite in bovine liver 
in about 40% yield, and identified it as the 17-p-D-giu- 

copyranoside of estradioi-17oc (17aEz). 

EXPERIMENTAL 

Veterinary protocol[f, 21. Four steers weighing 
450-5OOkg each were procured from a commercial 

*To whom all inquiries regarding this publication 
should be addressed. 

TriLlial names: The following trivial names and abbrevia- 
tions are used: estrone (E,) = 3-hydroxy-1,3,5(10)-estratrien- 
17”one; 17a-estradiol (17aEJ = 1,3,5(10)-estratriene_3,17a- 
diol: 17/Gestradiol (17flE,) = 1,3,5(10)-estratriene-3,17/I- 
dioi; estriol (EJ = 1,3,5(10)-estratriene-3,16,17/3-triol; 
17aE,-17-glucopyranoside = 3-hydroxy-1,3,5(10)-estra- 
trien-17a-yl-B-D-glucopyranoside; 17fiE,-17-giucopyrano- 
side = 3-hydroxy-l,3,S(lO)-estratrien-i7~-y~-~-D-giUcO- 
pyranoside; 17~E~-3-g~ucosiduronate = 17a-hydroxy- 
~,3,S(lO)~stratr~en-3-yl-~-D-giucosiduronate; 17/3E2-3- 
glucosiduronate = ~7~-hydroxy-1,3,5( IO)-estratrien-3-yl- 
R-u-gfucosiduronate. 

source and given a maintenance diet of feed and water 
ad libitum. The steers were run into a squeeze chute 
daily for restraint and injection. They were primed 
for 11 days with a daily injection into the parotido- 
auricularis muscle of either 17flEz (2mg/day) or 
17/?Ez 3-benzoate (3 mg/day) dissolved in sesame oil 
(1 cc). The injection site was alternated daily between 
the right and left muscle. On completion of the prim- 
ing, the animals were injected for three additional 
days with the same amount of 17@E, or 17@E2 3-ben- 
zoate to which 400,&i [4-‘4C]-17@Et or 
600 $i[4-‘4C]-17Ez 3-benzoate, respectively, had 
been added. The radioactive compounds were 
obtained from New England Nuclear Corp. Three 
hours after the final dose of radiolabeled estrogen, 
the animals were slaughtered, the livers excised in 
tom, representative areas sliced and homogenized in 
a Waring blender, and two 1.5 kg lots from each liver 
frozen immediately. 

Extraction and partial purification of metabolites. 
The flow chart for the extraction and partial purifica- 
tion of radioactive metabolites from liver tissue is 
shown in Fig. 1. Each 2OOg sample was extracted 
with 800 ml of Delsal’s reagent[3] (methylal-meth- 
anoi, 4: 1, v/v). Ascorbic acid (200 mg) was added to 
the extract to serve as an anti-oxidant. The extract 
was filtered through a coarse, sintered glass filter, and 
the residue washed four times with 8OOml of Delsai’s 
reagent. The combined extracts were evaporated to 
dryness’under reduced pressure at 37°C and defatted 
and further purified according to procedures de- 
scribed by Kaltenbach et aL[2]. The conjugated 
estrogen fractions were chromatographed on 
Sephadex U-l-20 columns (1.9 x 55cm) and the 
radioactive eluates hydrolyzed with ~-glucuroni- 
dase[2]. After hydrolysis, the aqueous phase was 
extracted with diethyl ether[2]. 
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Fig. 1. Flowchart for the separation of estrogen metabolites from bovine liver 

C3H]-Labeled internal standards of E,, 17PEz and 
E, were added to the ether extracts obtained before 
and after hydrolysis with /I-glucuronidase[Z]. These 
extracts were then dried under reduced pressure and 

dissolved in 5 ml of benzene-methanol (85: 15). They 
were then quantitatively applied to Sephadex LH-20 
columns (1.9 x 55 cm) and eluted with the same sol- 

vent mixture. After chromatography, the columns 
were eluted with methanol to remove residual radio- 
activity. 

Radioactivity determinations. Radioactivity was 
measured in a Packard Model 3320 Tri-Carb liquid 
scintillation spectrometer using a scintillation fluid 
consisting of 42 ml Liquifluor (New England Nuclear 
Corp.) per liter of toluene. For the conjugate samples, 
0.2 ml of water was added to each vial and Bio-Solv 
solubilizer BBS-3 (66 ml/l, Beckman Instrument Co.) 
was also included in the counting mixture to insure 
complete solubilization of the samples. An on-line 
computer interfaced with the spectrometer provided 
quench corrected values of d.p.m. Efficiencies were 

obtained from a curve generated by counting a series 
of quenched standards with and without external irra- 
diation before each experiment. Combustion analysis 
of liver tissue, using about 600 mg, was performed 
in duplicate by Dr. Lee Beck of the University of 
Alabama Medical Center, Birmingham, Alabama. 

Thin-layer chromatography. Brinkmann E-M (silica 
gel 60F-254. 5 x 20cm) plates were used in the thin 

layer chromatography (t.1.c.) of the polar metabolites. 
The solvent systems were those employed by Lis- 
boa[4]: S-l, ethyl acetate-hexane-ethanol (16:3: 1, by 
vol.); S-2, chloroform-ethanol (3:2, v/v); S-3, chloro- 

form-ethanol (4: 1, v/v); S-4, ethyl acetateethanol- 
acetic acid (9: IO: 1, by vol.). All plates were placed 
in a desiccator and vacuum dried for 5 min after de- 
velopment with the various solvent systems. Radioac- 

tive metabolites were located on the plates with an 

Atomic Radiochromatograph Scanner, Model RSS. 
Recovery of the radioactive metabolites from t.1.c. 
plates was accomplished by elution with methanol. 
Nonradioactive estrogen standards were located on 
the plates by spraying with 157; perchloric acid and 
heating on a hot plate. 

Enzymatic hydrolysis. Enzymatic hydrolysis with 
/I-glucosidase of metabolites purified by t.1.c. was car- 
ried out by dissolving the metabolite in 5 ml 0.1 M 
sodium citrate buffer, pH 4.3, and incubating with 
5 mg /I-glucosidase (Calbiochem) for 24 or 48 h at 
37°C. The reaction mixture was then extracted three 
times with 10ml ethyl acetate and the combined 
organic extracts dried over Na$O, and evaporated 
in vucuo. The inhibitor glucono-l,5-lactone (6 mg) was 
used in some incubations to distinguish between the 
hydrolysis of 3- and 17-glycosides[5]. 

Deritiative formation. The methyl esters of the 3- 
and 17-glucosiduronates of 17PEz (Sigma Chemical 
Co.) and metabolite C were prepared by dissolving 
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the compounds in methanol, cooling in an ice bath, 

and adding 0.5 to 1 ml of a cold dry ether solution 

of diazomethane. After 5 s, a few drops of acetic acid 
were added to destroy the excess diazomethane, and 
the solutions were evaporated to dryness at 37°C 
under nitrogen. The 3-methyl ethers of 17aE,-17-glu- 
copyranoside[6] and metabolites AZ, Al and B were 
similarly prepared except that the reaction with dia- 

zomethane was allowed to proceed for 20 h at 0°C. 
Under these conditions, t.1.c. showed that methyl ester 
formation was complete in 5 s and methyl ether for- 
mation was not detectable until after 20min but was 
complete after 20 h. 

RESULTS 

Column chromatography 

The chromatographic analyses of the ether 
phases[2] (Fig. 1) of the liver extracts are illustrated 
in Fig. 2. In addition to the expected radioactivity 

coincident with the reference areas of E, and 17fiEz, 

an unknown metabolite, termed “A”, slightly more 

polar than Es was found. A much larger amount of 
an unknown polar metabolite, termed “B”, was found 

in all four of the liver extracts. In the case of the 
liver extract from steer 2, a substantial amount of 
an even more polar unknown metabolite, designated 
“C”, was found. 

The column chromatographic analysis of the frac- 
tion containing the steroid conjugates (obtained from 
the aqueous phase of the partitions with ether[2] 

(Fig. 1) from liver tissue revealed a single major peak 
of radioactivity. This material was subjected to hy- 
drolysis by /?-glucuronidase[2] and then chromato- 

graphed on Sephadex LH-20 columns. Small amounts 
of the unknown polar metabolites A and B were 
found in the extracts from steers 1, 3 and 4. These 

were pooled with the respective fractions described 
above from the ether phases of the liver extracts. 

Thin-layer chromatography 

The polar metabolites obtained above were sub- 

STEER I 
3- 

STEER 4 

I II UNKNOWN 

Elution Volume-ml (Benzene-Methanol B5:15 V/V) 

Fig. 2. Column chromatography of the ether phases from extracts of bovine liver on Sephadex LH-20. 
The 1.9 x 55 cm columns were equilibrated and eluted with benzene-methanol (85: 15, v/v). The total 
[“‘Cl d.p.m. in the Sml eluate fractions is shown for each column. The elution of the [3H]-labeled 
internal standards of estrone (E,), 17p-estradiol (E2), and estriol (E,) is shown by the dashed lines. 
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Table 1. Recovery of individual polar metabolites from liver 

Actual d.p.m. d.p.m. Estimated Overall ‘I,, of Total 
extracted from combustion procedural tissue radioactivity 

Steer Metabolite per 2OOg* resultst losses in “<,$ as metabolite4 

I A2 7,890 9,600 19 I.2 
A, 7,150 8,710 18 I .2 
B 247.000 301,000 I8 38.0 

2 B 66,000 97,200 32 Y.3 
c 65,100 96,200 32 9.2 

3 A2 6.090 7,730 21 I.1 
A, 2,560 3,400 25 0.5 
B 234.000 298,000 22 42.0 

4 A* 7,010 10,600 34 1.4 
A, 2,950 4,400 33 0.6 
B 162,000 244.000 34 31.0 

* Total DPM extracted for all metabolites: steer 1. 642,OQO; steer 2. 710,000; steer 3. 550,000; steer 
4. 520,000. 

t Calculated from [total d.p.m. from tissue combustion analysis/Total d.p.m. extracted for all metabo- 
lites] x [Actual DPM extracted per 200g (column 3)]. The total DPM from tissue combustion analysis 
were: steer 1, 782,000; steer 2, 1,050,OOO; steer 3, 701,000; steer 4, 784.000. 

1 General loss during initial extraction procedure and hydrolysis. 
#Calculated from [d.p.m. estimated from combustion results (column 4):total d.p.m. from tissue 

combustion analysis] x lOO”,,. 

jetted to t.1.c. using S-l developed four times. All of 
these metabolites were more polar than estriol. The 
fraction containing polar metabolite A was resolved 
into two components, A, with an R, of .0.53. and 
A, with an R, of 0.26. By t.1.c. the polar metabolites 
B and C behaved as single radioactive components 
in S-l. with R, values of 0.20 and 0 respectively. 

The recovery of the four polar metabolites from 
liver tissue after t.1.c. is shown in Table I. Metabolite 

B was the major polar radioactive compound isolated 
from the livers of both steers administered 
[4-‘4C]-17flE2 3-benzoate and one of the two steers 
given [4-‘4C]-I 7BE,, accounting for about 38”,, of 
the total radioactivity in the liver tissue. Metabolite 
C, the most polar of these metabolites, was found 

in 9”,, yield in only one of the two animals given 

[4-‘4C]-17PE2. The amounts of A, and A, from the 
liver of this animal were not determined. 

Table 2. Chromatographic mobilities of metabolites and derivatives in t.1.c. systems 

R, in solvent system* 

Compound S-1t S-2 s-3 s-4 

Estriol 
Metabolite A, methyl ether 
Metabolite Az 
Methyl 17fiE,-17-glucosiduronate 

3-methyl ether 
Metabolite C methyl ester 
Methyl 17/IE,-17-glucosiduronate 
Methyl 17flE,-3-glucosiduronate 
Metabolite B methyl ether 
17aE,-17-glucopyranoside 3-methyl ether 
Metabolite A, methyl ether 
Metabolite A, 
Metabolite B 
17aE,-17-glucopyranoside 
17gE,-17-glucopyranoside 
17aE,-17-galactopyranoside 
17aE,-17-N-acetylglucosaminide 
Metabolite C 
17/JE,-3-glucosiduronate 

0.59 0.74 0.58 0.77 
0.58 0.47 
0.53 0.38 

0.67 
0.45 0.58 

0.65 
0.40 0.58 
0.27 0.48 
0.27 0.49 

0.38 
0.26 0.75 
0.20 0.46 
0.19 0.45 
0.18 0.44 
0.12 0.39 
0.07 
0 
0 0 0 

0.75 
0.72 

0.72 

0.13 
0.1 1 

*S-l, ethyl acetate-hexane-ethanol (16: 3: 1. by vol.): 
*S-2, choloroform-ethanol (3:2, v/v): 

S-3. choloroform-ethanol (4: 1, v/v); 
S-4, ethyl acetate-ethanol-acetic acid (9: 10: 1. by vol.). 

t Developed four times 



17-b-D-Glycoside of estradiol-l’lu-from bovine liver 183 

Identijication of metabolite B as the IT-fl-D-ghcopyr- 
anoside of estradiol-I 701 

The chromatographic mobility of metabolite B in 
S-l (developed four times) was indistinguishable from 
that of 17aE,-17-glucopyranoside[6]. (R, = 0.19, 
Table 2). An aliquot of metabolite B (20,000d.p.m.) 
was reacted for 20 h with diazomethane and rechro- 
matographed by t.1.c. in S-l. A single radioactive peak 
was observed on scanning the chromatogram with a 
mobility similar to that of authentic 17aE,-17-gluco- 
pyranoside 3-methyl ether (RI = 0.27). This methyl- 
ated derivative was rechromatographed in S-2 where 
its R/ of 0.48 was also the same as that of the authen- 
tic 3-methyl ether of 17aE,-17-glucopyranoside 
(Table 2). 

In order to establish that the aglycone of B was 
indeed 17ctE, instead of the administered 17/3E2, an 
aliquot of B (15,000 d.p.m.) was hydrolyzed in 2 N 
HCI for 1 h at 100°C. After extraction with ethyl acet- 
ate, 88% (13,500 d.p.m.) was recovered; its mobility 
in S-l (developed once) was similar to that of 17aE, 
(R, = 0.56). Another aliquot of B (138,000d.p.m.) was 
hydrolyzed with fi-glucosidase with similar results. 
The aglycone obtained from enzymatic hydrolysis was 
divided into equal parts and each part recrystallized 
five times with either 17aE, or 17/3E2. In the latter 
case the specific activity of the crystals continually 
decreased, whereas with 17aE, the specific activity 
was within the 5% acceptance range[7] in the second 
through fifth crystallizations. 

In order to provide unequivocal evidence of struc- 
ture, metabolite B itself was crystallized with authen- 
tic 17aE,-17-glucopyranoside[6]. Recrystallization to 
constant specific activity was obtained using the cri- 
teria of Axelrod et a1.[7]. Furthermore, metabolite B 
was acetylated to form the pentaacetate. An aliquot 
of B (20,000 d.p.m.) was dissolved in pyridine (0.2 ml) 
and reacted with acetic anhydride (0.2ml) overnight 
at room temperature. The solution was then evapor- 
ated under nitrogen and purified by t.1.c. in the sol- 
vent system methylene chloride-ethanol (24: 1, v/v). 
A single radioactive peak was observed with an R, 
of 0.68. This material was eluted, and it crystallized 
to constant specific activity with authentic 
3-acetoxyestra-l,3,5(10)-trien-17a-yl-2’,3’,4’,6’-tetra-O- 
acetyl-/I-D-glucopyranoside[6]. 

Characterization of polar metabolite C as the 3-p-D- 

glucosiduronate of estradiol-I 7a 

From its extremely polar chromatographic behav- 
ior in S-l (Table 2) metabolite C resembled a glucosi- 
duronate rather than a glycoside. After reaction for 
5 s with diazomethane its mobility in S-l (developed 
four times) changed from an R, of 0 to 0.45. This 
rapid reaction with diazomethane is characteristic of 
carboxylic acids such as 17bE,-3-/I-D-glucosidur- 
onate, whose methyl ester has an RI of 0.40 in S-l 
(developed four times). The chromatographic proper- 
ties of the methyl ester of metabolite C were further 

compared to those of the 3- and 17-glucosiduronates 
of 17flE2 in S-2. The results are shown in Table 2, 
where it is seen that the methyl ester of metabolite 
C (R, = 0.58) more closely resembled that of the 
3-glucosiduronate (R, = 0.58) than of the 17-glucosi- 
duronate of 17/?Ez (R, = 0.65). This was further con- 
firmed by t.1.c. using S-4 where the methyl esters of 
metabolite C (R, = 0.72) and 17/I-3-/I-D-glucosidur- 
onate are indistinguishable. A further reaction of the 
methyl ester of_metabolite C with diazomethane for 
20 h failed to alter its chromatographic behavior in 
any of the above three solvent systems. This is to 
be contrasted with the methyl ester of 17/&-17-B-~- 
glucosiduronate which further reacts to form the 
3-methyl ether under these conditions. 

An aliquot of metabolite C (71,000d.p.m.) was 
treated with /I-glucuronidase for 5 days at 37°C. The 
ether extract was chromatographed in S-l (developed 
once). The scan of the chromatogram showed that 
complete hydrolysis occurred, yielding a product with 
the mobility of 17aE, (RI = 0.56). This aglycone of 
C was recrystallized with authentic 17aE, and con- 
stant specific activity was obtained from the first 
through the fifth crystallizations. 

Characterization of polar metabolite A, as a I7-glyco- 
side of 17westradiol 

The chromatographic mobility of metabolite A2 
(R/ = 0.53 in S-l developed four times) clearly dis- 
tinguished it from the more polar 17-glucopyranoside 
or 17-galactopyranoside of 17crE, (Table 2). After 
reaction for 20 h with diazomethane the chromato- 
graphic mobility of metabolite AZ increased to 0.58 
in S-l (Table 2). In the solvent system benzene-eth- 
anol (80:20, v/v) this methylated derivative of meta- 
bolite AZ had an RJ of 0.41, compared to the un- 
reacted A2 with an R, of 0.30. This presumed 
3-methyl ether of AZ was mixed with unreacted A2 
and separated by t.1.c. in S-3. There were two distinct 
radioative peaks (Table 2), confirming that metabolite 
Az is a 17-glycoside rather than a 3-glycoside. 

After enzymatic hydrolysis of metabolite AZ with 
/I-glucosidase, a single radioactive peak was obtained 
in S-l (developed once) with a mobility corresponding 
to that of 17aE,. Glucono-1,5-lactone caused. a 35% 
inhibition of /I-glucosidase hydrolysis, which is consis- 
tent with the conclusion that metabolite A2 is a 
17-glucoside[5]. 

The aglycone of A2 obtained after fi-glucosidase hy- 
drolysis was recrystallized with authentic 17aE, to 
constant specific activity in the last three crystalliza- 
tions. 

Characterization of polar metabolite A, as a 17-glyco- 
side of estradiol-I 78 

The chromatographic mobility of metabolite A, in 
S-l (developed four times) clearly separated it from 
the more polar 17-glucopyranoside and l’l-galacto- 
pyranoside of 17aE, (Table 2). An aliquot of A, was 
reacted for 20 h with diazomethane. This material was 
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added to an unreacted aliquot of A, and the mixture 
separated by t.1.c. in S-3. The methylated derivative 
of A, had an RI of 0.38 compared to unreacted A, 

with an Rf of 0.25 (Table 2). This suggests that A, 
is also a 17-glycoside. forming a 3-methyl ether on 
reaction with diazomethane. 

An aliquot of metabolite A, was incubated with 
/I-glucosidase for 48 h at 37°C. The product was 
chromatographed in S-l (developed once) which 
demonstrated that 459; of the sample had been hyd- 
rolyzed to material with a chromatographic mobility 

(RI = 0.53) similar to that of 17fiEL (Rf = 0.54). while 
55”,, remained unchanged. Another aliquot of A, was 
hydrolyzed in 2 N HCI for I h at 100°C. The resulting 

aglycone was divided into equal parts and recrystal- 
lized with either l7aE, or 17BE,. When crystallized 
with I7aE, the specific activity continually decreased, 

whereas with l7PE, it remained constant in the last 
three crystallizations. demonstrating that the aglycone 

of metabolite A, is I ~/J’E*. 

DISCCSSION 

The major polar metabolite (B). found in about 
40”,, yield in bovine liver tissue obtained 3 h after 
the final in riro administration of [4-‘4CJ-17/IE2 or 
its 3-benzoate has been conclusively identified as the 

17-glucopyranoside of I 7aE2. This glycoside was 
readily hydrolyzed by /I-glucosidase and the aglycone 
so obtained was shown to be 17uE,. The identifica- 
tion was then established by crystallization to 
constant specific activity of the glycoside and its 
pentaacetate. This metabolite reacted slowly with 

diazomethane to form the 3-methyl ether, providing 
additional confirmation of its structure as a 17- 

glycoside. 
The liver of one of the steers treated with 

[4-r4C]-17flE, contained about 9”,, of a metabolite 
(C) characterized as the 3-glucosiduronate of 17aE,. 
This glucosiduronate reacted rapidly with diazometh- 
ane to form the expected methyl ester but did not 
react further to yield a 3-methyl ether. This metabo- 
lite was hydrolyzed with /I-glucuronidase to yield an 
aglycone which was identified as I 7aEz. 

Two minor polar metabolites (A2 and A,) isolated 
from the livers of the other three steers were charac- 

terized as l7-glycosides of 17aE, and I 7fiE2. These 
l7-glycosides reacted slowly with diazomethane to 
form 3-methyl ethers, and were hydrolyzed by /I-glu- 
cosidase to yield their identified aglycones. The nature 
of their glycosidic moiety was not established, since 
these two metabolites were different in chromato- 
graphic mobility from any known glycosides of 
17aE,. It is possible that they are 17-xylosides[S]. 

None of the above metabolites were found in de- 
tectable amounts in the blood of these animals 3 h 
after administration of [4-‘4C]-17BE2 or its 3-ben- 
zoate[9]. 

In this and a previous study[l], the partition with 
ether of the partially defatted liver extracts was per- 

formed using an aqueous phase contaming 0.6 M 
ammonium sulfate and an equal volume of ether, fol- 
lowed by three additional partitions of this aqueous 
phase with equal volumes of fresh ether. The com- 
bined ether phases were found to contain most of 
the polar metabolites. including the l7-glycosides and 
the 3-glucosiduronate of I7aE,. When pure l7-gluco- 
pyranoside of l7rE, is partitioned with ether in this 

manner, 8 lo,, is found in the ether phase. whereas 
94”,, of the 3-glucosiduronate of l7rE, is found in 
the aqueous phase. Therefore. this partition with ether 
is not satisfactory for the separation of 17-glycosides 
from unconjugated estrogens and does not partition 

glucosiduronates as expected from extracts of fatty 
tissues like liver. Direct chromatography of the par- 
tially defatted liver extracts on Sephadex LH-20 is 
recommended, taking care that the columns are not 
overloaded with tissue extract. Overloading of these 
columns with similar extracts from blood resulted in 

the apparent occurrence of nonpolar radioactive 
material[l]; this was eventually shown to be an arti- 
fact, probably due to alteration of the elution pattern 
of these columns by the nonradioactive lipids[9]. 

The fact that major amounts of the polar metabo- 
lites isolated from liver are conjugates of 17rE,. 
rather than of the administered hormone 17pEz, is 
consistent with the findings of Dunn et (1/.[1]. who 
observed a 12: 1 ratio of l7rE, : 17[fE2 in the unconju- 
gated estrogen fraction from the liver tissue of ani- 
mals similarly treated with [4-‘“Cl-17bEz. It is 
known that E, is converted to l7rE, rather than 

17bE2 in bovine blood[ IO]. The predominance of 
17aE2 and its conjugates in steer liver is most prob- 
ably due to an initial rapid oxidation of 17bE2 to 
E, . followed by 17a-hydroxysteroid oxidoreductase 
catalysis to l7rE, and subsequent formation of the 
17-glycosides. This study provides the first identifica- 
tion of estrogen 17-glycosides in bovine liver tissue. 
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