
METABOLISM OF 2-HYDROXY-3-DEOXYESTRADIOL 
BY RAT LIVER MICROSOMES” 

MITWTERU NUMAZAWA, NATTY SOEDA, SHINRAIV’ MORO and TOSHIO NAMBARA 

Pharmaceutical Institute. Tohoku University. Sendai. Japan 

Abstract---The biotransf~)rmation of [6.7-3H]2-hydroxy-3-deoxy~stradiol, which is a positional isomer 
of the naturally occurring estrogen, has been investigated with rat liver microsomes. 2-Hydroxy~st~~diol 
separated from the lipop~~ilic fraction of the incubation mixture was unequivocally characterized by 
means of thm-layer ~l~romatography, gas chromatography-;n~s spectrometry, and the reverse isatope 
dilution method. The formation of glutathione l- and 4-thioethers of 2-hydroxyestradiol as warer- 
soluble metabolites was also confirmed by chromatographic properties and coloration tests, followed 
by reverse isotope dilution analysis of the aglycone produced by desulfurization with Raney nickel. 
Incubatron of [3-“H]2-hydroxy-3deoxyestradiol with rat liver microsomes yielded 2-hydroxyestradiol 
without any retention of the label, indicating that C-3 hydroxylation proceeded through a quinoid 
)ntermediatc. When a I to I mixture of 3-deutcrated and nonlabeled 2-hydroxy-3-deoxyestradiols 
was incubated, no substantial change was seen in the deuterium content with the recovered substrate. 
which implied the abscncc of the isotope erect in C-3 hydroxylation. 

In the preceding papers of this series, the biotransfor- 

mation of 3-deoxyestr~ne,~ which is used as a lipid- 
shifting drug [l], has been studied in rabbits [2] and 
rats 13.41. Hydroxylatioi~ occurs at C-2 and C-3 in 
the aromatic ring, resulting in the formation of 2-hyd- 
roxy-3-deoxyestrone and estrone as the main metabo- 
lites. 2-Hydroxy-3-deoxyestradiol (1) (Fig. l), which 
is a positional isomer of the endogenous female hor- 
mone. does not exhibit any significant estrogenic ac- 
tivity [5]. 2-Hydroxyestradiol, a major metabolite of 
female hormone in humans and rats 16-131, is further 
transformed into the glutathione conjugate and pro- 
tein-bound metabolites in the rat [12-177. It appears 
to be of interest to learn whether the close similarity 
in the structural feature of this modified steroid to 
estrogen will be associated with their metabolic fates. 
The present paper deals with the biotransformation 
irr 13itro of t-hydroxy-3-deoxyestradioi by rat liver. 

\l.~TEKIAI.S AND METHODS 

A~~imds. Male Wistar rats (lo- to 14-weeks-old) 
weighing Y&250 g were used. 

Mntc~%r/s. NADPH and glutathione were pur- 
chased from Sigma Chemical Co. (St. Louis. MO.). 
Amberlite XAD-2 resin from Rohm & Haas (Phila- 

dclphia. Pa.). Soluene 100 from Packard Instrument 
Co. (Downers GI-ttvc. IL). silica gel H and G from 

* Part CXVIII of “Studies on Steroids” by T. Nambara. 
4. The foliowing trivial names are used in the text: 

3-dcoxye5trone. rsttih- I .X5( IO)-t&n-l 7-one; estrone. 3-h!- 
drorycstra- I.i,5( IO)-tricn- I7-one: cstradiol. cstra-l.iS( IO)- 
trienc-!.17P-dial: ‘-h~clro~!-3-deoaycstrone, 2-hydroxy- 
c\tr;t- I ..:A IO)-trron-I 7-one; ‘-hq’droz?-3-dcoxqestradiol. 
csttm I ..<.5( I t))-tricnc-2.17/i-diol ; ‘-hydroxyestradiol. estra- 
1,3.5( IO)-tricnc-2.3.l7/Gtriol: 24)ydroxycstradiol I-SC. S- 
(~.?.l7/i-lril~~drol;~cstra-l.3.5( IO)-trien-I-41).glutathione. 2- 
hydrox~cstmdrol 1-SC;. S-(2.3.1 7/~-trihqdroxqestra-1.3. 
5( IOttrt~t~-4-~l)_gl~tt~~tt~t~)t~~. 

E. Merck AG (Darmstadt, West Germany), cellulose 
powder from Asahi Kasei Kogyo Co. (Tokyo, Japan), 
and [6.7-“Hjestradiol(48 Ci/m-mole) from the Radio- 
chemical Centre (Amersham. England) respectively. 
[6.7-3H]2-hydroxy-3-deoxyestradiol (10.8 pCi/m- 
mole) was synthesized chemically from [6,7-“H]esti-d- 
diol by the methods developed in these laboratories 
(total yield 28 per cent) [IS, 191, and the radiochcmi- 
cal purity was checked by thin-layer chromatography 
(t.1.c.) prior to use. 2-Hydroxyestradiol was prepared 
in the manner described by Gelbke et al. [20]. 
2-Hydroxyestradiol I-SG and 4-SG were synthesized 
according to the procedure of Kuss [ 12,131. 

S~nri~rsis qf’ [3-*W]2-h!‘nToS)‘-3-deooxJ?eslrudiof. To 

a solution of 2-hydroxy-3-deoxyestradiol (500 mg) in 
glacial acetic acid (20mI) a solution of Hg(OAc), 
(375 mg) in glacial acetic acid (20 ml) saturated with 
I2 (580 mg) was added dropwise over a period of 
5 min and stirred at 45-55” for 2 hr. After removal 
of the precipitate by filtration the filtrate was poured 

I 2 3 

:I& :& 
SG 

4 5 

GSH : glutathione 

Fig., 1. Structures of the substrates and metabolites. 
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into lo”,, Na,S,O, solution. The precipitate was col- 
lected by filtration. washed with H20. and dried. The 
crude product obtained was dissolved in hexane and 
chromatogI_aph~d on silica gel. Elution with hcxanc 
ethyl acetate and recrystallization of the eluate from 
ethyl acetate gave 7-h!drox~-l-iodo-i-deox~~s~r~ldiol 
(131 mg) as colorless prisms (m.p. 177 X2 1. 
[a]:,” + 71.8 (c = 0.1 I in methanol). Anal. Calcd. fol 
C H 0 I: C, 54.2X: H. 5.X2. Found: C. 54.51, 54.18: I8 23 2 
H. 5.73. 5.77. NMR (0.5 per cent solution in CDCI,) 
ri: 0.7X (3H. x. IX-CH,). 3.70 (IH, t, J = 8 Hr. 172-H). 
6.88 (IH. s. I-H). 7.30 (IH. s. 4-H). 

To a solution of 2-hydroxy-3-iodo-3-deoxyestradiol 
(30 mg) in CH,OD (2 ml) was added PdC12 (30 mg) 
and stirred at 0 under a stream of nitrogen gas. To 
this solution NaBD, (I 7 mg) was added in portions 
and stirred for 30 min. The reaction mixture was 
poured into I”,, HCI and extracted with ether. The 
organic layer was washed with HzO. dried over anhy- 
drous Na,SO,. and evaporated. Recrystallization of 
the crude product from methanol gave [3-‘HI?-hyd- 
roxy-3-deoxyestradiol (I 5 mg) as colorless plates (m.p. 
20 23 ). Mixed niching point on admixture with the 
nonlabeled authentic sample showed no depression. 
Mass spectrum 111’6’: 273 (M ‘) (X4.2”,, d,). 

Thirdrr~w (~/l~ortttrtc’(/,‘(rp/~~,. Thin-layer chromn- 
tography was carried out on a plate coated with a 
layer (0.25 mm thick) of Silica gel H impregnated with 
ascorbic acid [?I]. silica gel G. and ccllulosc employ- 
ing the following systems: TL-I hexane-ethyl acetate 
(I : 1. v:v): TL-II bcnlrenc ether (I : I. v ‘v): TL-III 0.3 N 
acetic acid 0.1 N NH,OH (14.7:20. v;v): TL-IV 
n-butanol-acetic acid-~water (4: I : I. v ‘v). and the R, 
value was given. The distribution of radioactivity on 
the chromatogam was determined by scraping oil’ 
0.5.cm-wide Toncs and coiint~n~ after suspension 01 
the silica gel in scintillator liqu’d. 

GUS liq~irl c./lr.onllrfo!/,.rrp/l~, (q./.c.). The apparatus 
used was ;I Shimadzu model CC-3BF gas chromato- 
graph quipped with a hydrogen flame ionization 
detector. A siliconilcd glass tube (3 mm i.d.) packed 
with 3”,, SE-30 (3 m) or I .S”,, Ok’- I (3 m) on Chromo- 
sorb W (60 80 mesh) was employed. The temperature 
of the column and detector was 230 . wahile the injec- 
tion chamber was kept at 260 Nitrogen gas was used 
as a carrier at a flow rate of 60 ml/min. The test 
samples wcrc trcatcd with trimethylchlorosilanc and 
hexameth~ldisilu~~lne according to the method of 
Swcclq (‘I trl. [22] and the resulting trimethylsilyl de- 
rivatlvc‘s IIUC injected into the pas chromatograph. 

G/S c./lr.or?ltrfo(/,.trpll\. ,ll~,,S~ .\p”c’f”“““‘rQ (Gc‘ ~A4.S). 
Mass spectra were recorded on ;I Shimadzu model 

LKB-9OOOS pas chromatograph mass spectrometer. 
The operating conditions were as follows: injection 
port temperature 290 , column temperature 170 . 
separator temperature 260 . ion source temperature 
200 . carrier gas (He) flow Irate 40 m,‘min. ionization 
cncrg) 70 cV. and ionization current 75 /tA. 

R~u/iotrcti~~if\~ mu~fimq. Counting was carried out on 
a Packard Tr.i-Garb model 33X0 liquid scintillation 
spectrometer employing the Bray’5 scintillator [93]. 
The quenching was corrected by the external standard 
method. 

Pqtrrrrt ior~ of III;~~~.o.soI~~(,.s. The rats wcrc sacrificed 
by decapitation. and liver was immediately removed 
and chilled on ice. All the subsecluent procedures wcrc 

carried out at O-4 The tissue \\a\ wighcd. linclq 
minced with scissors. homogcnizcd with ;I -l-fold 

volume of an ice-cold I. IS”,, KC‘1 yolulion hy a Tel- 
Ion glass Potter Elvcli.jcm homogenizer. and centrl- 
fuged at lO.OOO~g for 30min. The supernatant ~‘a\ 
carefully transferred and ccntrifugcd at 105.000 5, fat 
60 min by ;I Hitachi model 40P ultracentrifuge. The 
microsomal pellet separated was washed twice with 
I ,lS’,, KCI for removal of cndogenous glutathione 
and other soluble sulfhydryl compounds and then 
gently rcsuspcndcd in I .I Y’,, KC-1 in such ;I way that 
1 ml was equivalent to 1OOmg cvet weight of liver. 
Microsomal protein ~vas determined by the method 
of Lowry c’t trl. [24] using bovine berum albumin ;I\ 
a reference. One g liver was found to be equ~\ alent 
to I& I? mg protein. 

En:ynw trs.str~~. The incubation studies wcrc under-- 

taken with the following two systems: (I) ;I microso- 
mal preparation (0.5 ml). NADPH (3 {[moles). gluta- 
thione (0.4 /lmole). [6.7-“H]2-hvdroxy-3-dcox)cstra- 
diol or [6.7-“Hlestradiol (0.2 /Imolc) dissolved in 5(Y),, 
aqueous methanol (0.1 ml). and suffcient 0.05 M 
Tris -HCl bufrer (pH 7.4) to mahc the total colume 
1.3 ml; and (2) ;I microsomul preparation (5 ml). 
NADPH (40 jrmolez). 13-‘H]2-hq’dro!-3-dcl,u\~~tra- 
diol 01 nonlabclcd I-hv~~roxv-3-ci~~~~y~str~i~it(,l 
(2 Ltmoles) dissolved in ethanoi (0.1 X-ml). and hulticlcnt 
0.0.5 M Tris HCI hllffer (pH 7.4) to m&c the tot:ll 
volume 10.2 ml. Incubations wrc carricti out for 
40 min at 37 under aerobic conditions. After addition 
of I N HCI (2 ml) and ascorbic acid (2 mg) the incuba- 
tion mixture was brought to IO”,, trichloroacetic acid 
solution and ccntrifugcd at 3000 q IOr 70 min IO 
rcmovc IIK protein-hound metaholilcs. The xdiment 
obtained was washed with lo”,, trichloroacetic acid. 
ethanol and ethyl acetate, huccehsivcl!. Tbc precipi- 

tate was dissolved in Solucnc IO0 and whmittcd to 
the radioactivity counting. The wpernatant !\;I> then 
extracted with ethyl acetate‘ (5 ml x 3). The orgamc 

layer was combined and c\,aporated to dryness i/l 
1‘11~‘110. and the reslduo ohtxincd was dissolved in 

methanol (lipophilic fraction). In the case of the L’\- 
periment using the -‘H-labeled substrate the rcmain- 
ing aqueous phase \\a ad_;u>tcd to pH 5.0 with 2 N 

NH&OH. gently pourtxi ontO ;I column packed \+ith 
Amherlite XAD2 rain (30 ml) and pcrcolatcd. The 
column was uashcd with distilled water (IO0 ml) and 
then clutcd with methanol (50 ml). The mctbanol frac- 
tion was c\aporatcd i~r VMIIO hctov 50 and the rai- 

due was diswlvcd tn 0.5 N acetic acid (\Jatcr-wluhlc 

fraction). 

I Aqueou\ cthanot ‘;,700 
, 

; 
Methanol 72.X00 
Methanol 72.700 

3 Aqueous methanol 27.c)oo 
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Table 2. Reverse isotope dilution analysis of 2-hydroxy- 
estradiol formed from water-soluble metabolites by desul- 

furization with Raney nickel 

Crystallization* sp. act.? 
No. from (dis~min/m~) 

1 Methanol 1450 
2 Aqueous methanol 1400 
3 Aqueous methanol 1380 

* Nonradioactive 2-hydroxyestradiol (20 mg) was added 
as a carrier. 

t Calculated : f 650 disiminimg. 

D~s~i~Mri~ati~~l of ~114~a~h~one ~~)~j~~ltt~s with Rmq 
nickel. To a solution of the glutathione conjugate 
(1.5 x lo5 dis/min) in 0.5 N acetic acid, 2-hydroxy- 
estradiol (2 mg) and Raney nickel W-4 [25] (100 mgf 
were added and the mixture was stirred at 4’ for 3 
days under a stream of nitrogen gas. The resulting 
solution was saturated with NaCl and then extracted 
with ethyl acetate (5 ml x 3). The organic layer was 
washed with water, dried over anhydrous Na2S04, 
and evaporated to dryness under a stream of nitrogen 
gas. A portion of the residue was chromatographed 
on a thin-layer plate of silica gel H together with 
2-hydroxyestradiol as a carrier. 

RESULTS 

[6,7-3H]2-hydroxy-3-deoxyestradiol was incubated 
in the air with rat liver m~crosomes. and the ethyl 
acetate-soluble fraction (lipophiiic fraction) was separ- 
ated. The results of t.1.c. indicated the formation of 
the more polar metabolite, whose chromatographic 
behaviors were identical with those of 2-hydroxyestra- 
diol (2) (TL-I 0.30; TL-II 0.42). The remaining portion 
of this fraction was applied to preparative t.l.c., and 
the area corresponding to 2-hydroxyestradiol was 
scraped off and eluted with ethyl acetate. To the 
eluate was added 2-hydroxyestradiol as a carrier and 
it was crystallized repeatedly to constant specific ac- 
tivity (Table 1). These results indicated that 
2-hydroxy-3-deoxyestradiol underwent hydroxylation 
at C-3 to form catechot estrogen (ca. 13 per cent of 
the total radioactivity). For the definite structure elu- 
cidation the nonlabeled substrate was incubated and 
the more polar metabolite was isolated in the manner 
described above. The trimethylsilylated derivative was 
analyzed by g.1.c. on two stationary phases, 3’:(; SE-30 
and 1.5:,; OV-1, as well as by GC-MS. On g.1.c.. the 
silyl ether exhibited retention values identical to those 

of 2-llydroxyestradiol (f, 9.8 min on 3”,, SE-30; 
12.3min on 1.5”,, OV-1). In the mass spectra. the 
metabolite and authentic sample exhibited an identi- 
cal fragmentation pattern with a molecular ion peak 
itt HZ/C' 502. 

A portion of the water-soluble fraction which was 
equivalent to ca. 25 per cent of the total radioactivity 
\KI~ submitted to t.1.c. on silica gel G. The metabo- 
litcs exhibited a single spot (TL-IV0.65) of radioac- 
tivity, purple coloration with ninhydrin. and a posi- 
tive test with potassium dichromate+.ilver nitrate re- 
agent [26]. The R, value was found to he identical 
to that of the synthetic 2-hydroxyestradiol I- or 4-X 
conjugate (3, 4). Being applied to t.1.c. on cellulose 
powder using solvent system TL-III. the metabolites 
were divided into two radioactive peaks of roughly 
equal height corresponding to 2-hydroxyestradiol I- 
and 4-SG conjugates (Rf values of 0.62 and 0.451. The 
steroid aglycone formed from these metabolites by 
desulfurization with Raney nickel seemed to be 2-hyd- 
roxyestradiol as judged from the chromatographic be- 
haviors on the thin-layer plate (TL-I 0.30; TL-II 0.42). 
In actuality, the structure of the steroidal moiety was 
unequivocally characterized by reverse isotope dilu- 
tion analysis as listed in Table 2. Any detectable 
amounts of the water-soluble metabolites were not 
produced, unless glutathione was added prior to incu- 
bation. These results lend support to the ar~llrnent 
assigning the structures 2-hydroxyestradiol l- and 
4-SG to the water-soluble metabolites. 

In the protein-bound fraction, ca. 7 per cent of the 
total radioactivity remained even after th~~rougl~ 
washing with ethanol and then with ethyl acetate. The 
result implied that the metabolites in this fraction 
would possibly be bound with protein through a 
covalent bond. The amounts of these three metabo- 
lites formed from 2-hydroxy-3-d~~~xyestradiol were 
much less than those from estradiol under identical 
conditions (Table 3). 

In order to elucidate the mechanism of C-3 hy- 
droxylation. [3-21~]~-hydroxy-3-deoxyestradiol (5) 
was necessary as a substrate for the incubation study, 
The preparation of the desired compound was under- 
taken by reductive dehalogenation with the deuter- 
ated reagent. When 2-hydroxy-3-deoxyestradiol was 
treated with iodine in the presence of merc~~ric acetate 
as a catalyst, halogenation occurred preferentially at 
C-3, yielding 2-hydroxy-3-iodo-3-deoxyestradiol as a 
sole product. The orientation of an introduced 
halogen was confirmed by inspection of the aromatic 
ring proton signal in the nuclear magnetic resonance 
spectra. An initial attempt for dehalogenation with 

Table 3. Conversion of [6.7-3~]~-hydroxy-3-deoxyestrad~ol and [~,7-~HJestradi~l to 
Z-hydroxyestradi~l, water-soluble and protein-bound metabolites by rat microsomes 
--- 

Metabolite* 
Substrate 2-Hydroxyestradiol Water-soluble Protein-bound 

2-Hydroxy-3- 
deoxyestradiol 13 f 1.8 25 + 2.6 I * 1.7 

Estradiol 24 + 2.2 28 + 3.0 14 + 2.4 

* Recovery of radioactivity of the combined organic, aqueous and protein phase 
was approximately 100 per cent. The figures express per cent of total radioactivity 
(mean i S. E.). 



lit~~i~~rn aluminum deuteride resulted in failure. since 
the ~-hydroxy-3-deoxyestradioi yielded showed no 
significant incorporation of dcuterium. Recently. it 
was disclosed that a deuterittm atom can be intro- 
dLlced into an aromatic system by treatment of the 
appropriate aryl halide with sodium borodeuteride in 
the presence of transition metal as a catalyst [27]. In 
actuality, 2-hydroxy-3-iodo-3-deoxyestradiol under- 
went reduction with sodium borodeuteride-palladium 
chloride. yielding [3-‘H]2-hydrnxy-3-deoxyestradiol 
with sati&ctory isotopic purity, 

Incubation of [3-~H]~-hydroxy-3-deoxyestr~Ldi~~l 
with liver microsomes yielded ~-hydroxy~stradiol as 
a sole product. The content of labeled deuterium was 
det~l-nlined by inspection of the molecular ion peak 
in the mass spectrum. Measurement by- GC MS 
demonstrated that C-3 hydroxylation occurred with- 
out any retention of the heavy isotope. 

In order to examine the isotope effect on C-3 hy- 
droxylation. the I to I mixtLlre of the 3-deuterio and 

nonlabeled compounds was used as a substrate for 
incubation under the same conditions. Determination 
of the isotope of the recovered substrate by GC-MS 
revealed that deutcrium content was 43 per cent. and 
hence only 7 per cent of the label was lost during 
the incubation. Moreover, when the I to 1 mixture 

was incubated with boiled mictosomes. the content 
of the isotope in the recovered substrate was 45 per 
cent. These results verified the Iack of the isotope 
ctfcct due to deuterium labeling at C-3. 

I)IS(‘I WON 

The present study has dcmonstratcd that 2-hq- 
droxyestrudiol and its glutathione I- and 4-thioethers 
are formed when 2-hydroxq-3-deoxyestradiol is in- 
cubatcd with rat liver microsomcs in the presence of 
NADPH and glutathione. Inspection of the propcr- 
tics. chromatographic hchaviors. and reactivity with 

Rancy nickel rcvcalcd that the water-soluble metabo- 
litc‘s should be ~-h~drox~~str~~diol ~lu~~t~iione conju- 

gates. where the th~ol is bound to the steroid nucleus 
at c‘- I xnd C-4 via a thioethcr linkage. It is of particu- 
lar interest that cstradiol arid ?-hqdroxg-3-deoxyestr;L- 
dial similarly undergo ortho hydroxylation to form 

catechol estrogen and subscyuent con.jugation with 
glutathione at C-l and (‘-4. yielding the water-soluble 
mctabolites in the rat. although the latter is mctnho- 
lited at ;I slohvcr rate than the former. On the other 
hand there can he seen ;I somewhat different meta- 
bolic pattern bet\vcen these two substrates. Being 

incuhatcd with rat liver microsomes. estradiol Lmder- 
goes h\drouylation ;~t (‘-2 and (‘-16 [ 13. X]. whcrcas 
3-I,~dr~,\S-3-de(,~~~~~r~~dioi yields solely the 3-h\- 

drorylated iii~t~~b~~iit~. In a precedinp paper of this 
scrims. WC reported that ~r~tr~~~tl~~nt with 3-mcthyl- 
~Ii~~l~Li~tl~r~l~~ intlLiencc5 the 2- and 3-hydroxylasc 
activities in ;I difEercnt WI!, indicating the cnz:mc 
alstcms involx ing these two aromatic hydroxykltlons 
to IX diff‘ercnt in nature [4], It seems to be worth- 
\+‘hilc to clarify whether or not 2- and 3-hqdroxylase~ 
v, hich arc capable of forming catcchol estrogen would 
1~ identical to the corresponding hydroxylases invol\ - 
ing .i-dcoxlestronc. 

The formation of the: _elutathionc conjugates from 
estrogen is explained m terms of the reaction 

sequence involving the initial llydr~~xylation at C‘-7. 
followed by oxidation of the resulting catcchol into 
o-quinonc or semiquinonc [13 167. However. WC hnvc 
previoLisly siiggested an alternative mechanism for the 

formation of the glutathione conjugate whcrc conju- 
gation does not rcquirc the prtccding ortho h!dro\!- 

lation and proweds \i;i lhc arena wide ;I$ ;11i intsr- 
mcdiatc [ZY], As for the biotr~insl‘orm~tti(711 of 3-h!- 
dross-3-d~oxyostradiol. the similar ~nechan~sm ma> 

he also opcratiw for thu formation of the ylutathiarw 

conjugutcs. 
It is well known that catechol cstropcn is fttrthcr 

metabolized into the methyl ether by catcchol-0 
methyltrltrlsferase (COMT) [30 37 1. and snrymatic 
mcth~latioil of the phcnolit group i5 an in~p~~rt~liit 

biotr~nsf~~r~i~tion to inactiw catecholamines [3?]. 

Recently. it was demonstrated that both catechol stth- 
stances underwent O-methylation by the same COMT 
1341, and in addition inactivation of neurotrans- 
mitters was strongly inhibited in rit.0 [?5. 361 and i/l 
ritr~ 134.371 by catcchol estrogen. In thu light of 
these findings, it is supposed that the highly elevated 
production rate of 2-hydroxylatcd cstrogeu [3X] ma) 
be associated with the protongcd effect of ncurotrans- 
mitters and the occasionally occurring hypcrtcnsion 
during pregnancy [34. 30. W]. 

The p~~ysiol~~~~~~L1 significance of ~lL~t~Ltlii(~l~~ coniLl- 
gatmn and protein binding in li\cr in cttrtncction t+ith 
the action of the female hormone appxrs IO hc 01 

interest. but still remains Lmclcar. Tlii: hlockapc 0J 
a sulfhydryl group by a nonspecific bindiry reaction 

may result in alteration 01. inactivation 01 en7ymc5 
and disturbance of metabolic translbrm:ition in the 
liver cell. Therefore. it cm be spcctiluted that ;I certain 

mechanism for protecting the biologicall) important 
protein against damage may bc oprrati\c in the intact 
liver 1401. The soluble thiol compounds such as gluta- 
thione may trap prufercntially the actAt‘ chtrogcn 
metabolites which may possibly react with protcir~. 

The result of Jetiteritim analysis demonstr~itutt tlxil 

the 3-hydr(~~ylated nlet~Lb(~lite lost complctcl~ the 
heavy isotope initially l;iheled at <‘-?I: in ot/iL‘r ~trti\ 
the “NIH shift” did not occur during the for~~x~tio~~ 

of catechol estrogen. ‘This result is not wrprising. 
since the lack of retrntwn of dcuterium during ortho 
hydroxylotion has already hccn reported with cstra- 
diol 1411 and other instancch of cutrchol ii)rma- 
tion [421]. The loss of the label can hc ?\plalned in 
such a way that hydroxylation proceeds through ;L 
quinoid intermediate which \+cwld rclcaw rcadil> 
ortho hydrogen. 

3-H\dro%v-3-deos~estradiol dots not pos~c~~ an! _ _ 
estrogenic acitivity. but its mode of biotlan~formurion 
is very similar to that of estradiol. Recently corrsidor- 
able attention has been directed to the ph!siologic;il 
cffrcts of catechol ustropen on the le\cl 01‘ IutciniAng 
hormone [43] ;ls well xs catocholamine. In thcso rc- 
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spects, the biological activity of this modified steroid 20. 
in the living animals is a fertile field for further inves- 
tigation. 21. 
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