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Studies on 2-Hydroxyestradiol 17-Sulfate Derived from Fetoplacental Unit:
The Antioxidant as a Potential Defense Substance Against Preeclampsia
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The antioxidant 2-hydroxyestradiol 17-sulfate (2-OH-E,-17-S) was found to be present in the placenta and to pre-
vent the onset of preeclampsia. From experiments using rats, 2-OH-E,-17-S was confirmed to be a highly functional
compound with stronger antioxidant activity than a-tocopherol and to sustain its antioxidant activity. 2-OH-E,-17-S was
confirmed to be produced in the placenta from its precursor, estradiol 17-sulfate (E,-17-S), which is derived from fetal
testosterone sulfate (TS). Since the fetal adrenal gland has been shown to convert testosterone (T) into TS, the follow-
ing metabolic pathway may exist during pregnancy: T—TS—E,-17-S—2-OH-E,-17-S. This fetoplacental pathway may
contribute to the maintenance of healthy pregnancy. Details and the experimental outline of these discoveries are report-

ed in this review.

Key words——estradiol 17-sulfate; 2-hydroxyestradiol 17-sulfate; antioxidant; preeclampsia

1. [FL®IC

IR P B LT AT R 20 2 S FER I £ T OIS
EIE, BAR, FHEREDEREZETZHEET,
STHREEMRECSCRERECORRKEZ>TH
5. VENEFAE ORI, & B ICHBHEOBEE L
fEE LhiitmE (V> FFF 52 b)) OEMN
T ADREIZ XV EE & o iR LIEEIC L
MENKMRGEEINTNS. 2Y ZONRKRET >~
FAFIH L PELTA=N—FF L RIALY —
Y, W& o—8, VINIFFRNFFIF5—1F,
b 3780 —) (aToc) BMENBEESNTE
O, WINBRRHIAEOD O TRV &
NSRBI I N THRN.? ZhiCHl,
WHIBRLIEA 243 % 2-hydroxyestradiol (2-OH-E,)
13 2-hydroxyestrone (2-OH-E,) 2MERHIZZET 501
TNBSIN, Z DKW I X IZER N

JEHEE SRR A TSRS (T047-0264 /M

FERAHT 7-1)

e-mail: kaori-kt @hokuyakudai.ac.jp

AKREIE, TRk 14 4R H A SR E b g E SRS R AR
FEBEOZEZRNSL TR L 2dDTH 5.

BHTERVWEEBFEICE> TS, —F, FHXIX
2-hydroxyestradiol 17-sulfate (2-OH-E,-17-S) % &
HEMEREL, TOMmEtEfT> Tk,

BT, 2-OH-Ep17-S WIEIRM O 7 > F A F 4
CRTHDZENHEICIRD DD, M—DHDT
HEMNENIMETEBRNEVDIRIICHS. L
ML, —EHOWHEEEL TEHE ST, TIRHD 2-
OH-E,-17-S D FEAIZIEAn e AR R D 4 & kg g 78
B5d L2 FITHLSMIILE DR, £2ICE
S T RREEIC DWW TR 5.

2. kb b ERA Estradiol 17-Sulfate D& H (FzeD
i)

IX hOr > R#oR#MeE L TuagloLHEs
BRENET oS, WERoEE e, Thn
5DMAEORICKDILEMEITMA, TAMOT >
MEDREFIIHRZFEITNE NN, 1710 L
L, ZOMEOAITET2KREROFICZH > T,
estradiol (E,) D HEHM/SIIEIATDH 5 estradiol 17-
sulfate (E,-17-S) OAKITIZT U, 1P v ROT
D in vitro EERZFRZEF NN, B R TOHEN
RN EHRZRL, TOEROMHRERAAT.



400 Vol. 123 (2003)
T 15 F - 50
¢ & pq
P “;1; Fi "
% 10 If = 40 r
VIJ g ~
cg X\T\i g
4y S| ] 2 sof
K| 2 {
h -
ol 4 2F
- o 1 L.t J L i 1 l i1 3 1 J 1 L 1 1 l L1 1.} l () }
= 5 0 5 10 15 §
. . 10
Days relative to urinary LH peak } i i } ;
Fig. 1. Urinary Estradiol 17-Sulfate (E,-17-S) Levels ob— 1 g
throughout the Menstrual Cycle 4 6 8 10 8 24
The results are mean+SD for nine adult women and are synchronized Months Hours after delivery

with the urinary LH peak shown by the arrow (0 day).

PLEAITSPIRICK DT AM L) T vEk—
(RIA) EOZHWTE MRZEFAXREEZ A, 21
EFTE NE2EOEBRBMICEZTOEENH SN TN
72> 7 B 17-S W0 Tl i, #7220 %
OfE CEEE) 13k A BT Tid 8.2ng/ml (5.7 ng/
mg creatinine), [6]Zz 7 TlZ 12.1 ng/ml (9.8 ng/mg
creatinine) TH o7z, EKKH 2 Z L&, AHREM
2B 2R Ey-17-S 0 #EE R RILE S (LH)
DE—r ZHEELZZ DR 3—4 HE HRBLA
MHRMEICEE 3 DO — 7 2D, 3O
INF—2F&RTZETHo (Fig. 1). T OREHE
&, Ep-17-S I3 HR 5 P B SR Tld7e <, 5
MOEBREE Z/HEOZE2EKRL, BICEREED
B ICHBR Z N E 2D TH - /2.

3. #imFR R UM Estradiol 17-Sulfate @ #& H
EZFDHIFE

TEURIRE, Ep-17-S13fa 5 0 O EBMEEZ R- L
TWabDEHFEIN, T2 TEORPPEHERD
I3 P E ORIE 2 RIAD ICX DA, Z Ok
3, Ep-17-S I3 I RV KON Hp22 2 g W ie < 77
Ed5IE, DOEROETTE EDITEDREIT
ST ENMNo7= (Figs. 2, 3).

IEHR 7, 8, 9 &N 10 1 A @ Ex-17-S il T2,
15.042.3 (mean=*SE, n=38), 17.0+2.2 (n=36),
23.5+2.4 (n=42) KU 41.1+4.7 (n=54) ng/ml
THol=. MEFRP Ey-17-S BT IEIE R (—18 38)
TIXEMTIRFFOHPHNTH 50, 202 BES &
WAz mL, IR 10 5 A TOEIZIELIERFD 5
—10f5EMETH>7=. Lnl, oI asEl, 8
F O 24 R TIdEe N <246 7.0£0.9 (n=10), 5.8

Fig. 2. Urinary Estradiol 17-Sulfate Levels during Pregnancy
and after Delivery

2100 }—-
"?:1 L
=
&
- 1400
5
/x/
700 T
x
__ A
»”
%
0 i 1 1 i
10 20 30 40
Weeks

Fig. 3. Serum Estradiol 17-Sulfate Levels in Peripheral
Venous Blood of Pregnant Women
The calculated values are by month for 6—9 months and by week from
the tenth month of gestation. Each solid line connects samples from same
person. Mean+SD, n=66.
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FEOHE T HA IR EIN TS LS AR, H
BEtoRMAEH 25 EEDbRN, B MBI 7O —A
(Ms) 12&% TS FHEHFERIZEDT P4 TLC i,
@HPLC i, @GC—MS %, @¥7 1Y h—T7
Wi, ©@H-/KAERE, ©OFFERERBRRETHHIL
o, FORER, TS @ Ey-17-S NDZEHINSLGEE S 1
DTS DBEBFBRILDHMNT D Ky K Vi B
(CH-/K 4 Bk i%) % testosterone DH D EEHET
Table 1 IZ/:R L7z, MWEDRMIE (Vi/Kn) %
g5 &, TITHANTS OFFRILEEIZ KN
FIRFRFICIE T DIREAEIR TS ELTHEET M Z
EEEZDE, BBETOE,-17-S ERIINRD EN
EETITHON TS EHEFEINS.

PAED#EEE, IR EABNEHETZICEH N
mHoY, TOEMWERENAHTH> TS OH
HIMENL Ex-17-S OHIEMATH 5 2 &, KUMEIRI,
T—>TS—E,-17-S &0 5 RER DR BG4 R THEE

)

Table 1. Comparison of Apparent K, Viax Values and V,,,./
K. (Metabolic Efficiency) of the Aromatization of Testos-
terone (T) and Testosterone Sulfate (TS) by Human Pla-
cental Microsomes

K., Via
Substrate (uMm)  (nmol/mg pr[?)atein/ 30 min) Vinax/Kin
T 1.0 1.3 1.3
TS 37.4 0.1 0.0027

LTWbZEZRLTWS, 2O EZ, EREEIC
BT % Ep-17-S DEENI 0 & WD Fi/z7s i % i
ZU7z.

R, ARSI, EIREKM O EE i H E,-17-S
CgbiEEE R R L, WEFITADOMHBEBERICH
HZEERWHLE.D ZIE Er17-S Y > F 4
FH 2 ELTHREORFEIZED > T 5 ATHE
HERBTEHHEDTHo=. Lhl, BddT 2L
IZ Ex-17-S BRI PR LIRSS <, Y > FFF 4
CRELUTHEBERTS EIZE A W, EHII,
E,-17-S135 v M Ms 12 & D 2D 2 A /KEE(LARIC
EINDZ &, KUe MMERIICHELE T es-
trone (E;) KU E, D821 B AL EH 5
2-OH-E;30 ® 2-OH-Ey IR 2 2 &30 5,
t NMEIRH O E,-17-S 13 HA 4 T 2-hydroxyestradiol
17-sulfate (2-OH-E,-17-S) ICZ&#ix N, ZhaHi
FRALIERZRL TWD EHERIL =, FERLIX, 1F
IR Ep-17-S 70 5 2-OH-Ey-17-S N D Z5#a i U T
W52 &5,

5. HRRE VMM 2-Hydroxyestradiol 17-Sulfate
D& L AIE

2-OH-E,-17-S ikt R R O i HIZ & FIET % Z
ENTREINIZOT, @FEIER, ERTEE X3
PRk M ERE  (PIH) 4 b 0 JR K OV H R %
RIA? |2 &> THIE L 7=.

5-1. FtFFR 2-Hydroxyestradiol 17-Sulfate &
TAEE D, RHIC 2-OH-Ep-17-S it &, HlE
T&E /e, @ RO #E T is T D#E R % Fig. 4
IR L7239

AR OIFIRSE 1, B2 KOS 3 =5 AMcH
F % JR 1 2-OH-E,-17-S B3 T Z 4, 2.0+0.6
mean+SD, n=13), 5.3+t1.3 (n=21) KU 153+
2.0 (n=54) ug/mg creatinine TH-7=. &3 WD
2-OH-E,-17-S 135 1 kU 2 =5 A & AT
TNENTRHERT3EEL, FHO E-17-S fi & bt
NRDHEKIOBHEMWTHoI ENS, ERAM
2-OH-Ex-17-S 3 KBICHE L IND T ENHEHEI S
Nz, —h, WRPHFEDRGDH 3 =1 HH O
¥ (B 3.9+ 1.9 ug/mg creatinine (n=12) T, f&
WIEIRDOHE DK 1/4 &K<, 2-OH-E,-17-S DR
JEMNFENE EBIREWN C EAURB I N, ik (2
—24 B5[) Z DfEld 0.15 ug/mg creatinine (n=10)
PLFICETHAL -
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Fig. 4. Urinary 2-Hydroxyestradiol 17-Sulfate (2-OH-E,-17-S) Concentrations during Pregnancy and the Comparison in the Third

Trimester between Healthy Pregnancy and Preeclampsia

O: healthy pregnant women, A: preeclamptic women. Horizontal bars indicate the mean urinary 2-OH-E,-17-S concentrations for each group. *: p<{0.05,
comparison between the first and second trimesters, **: p<{0.01, comparison between the second and third trimesters, ***: p<{0.01, comparison between healthy

pregnancy and preeclampsia in the third trimester.
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Fig. 5.
men with PIH (A: n=9)

Serum 2-Hydroxyestradiol 17-Sulfate Levels in Peripheral Blood of Normal Pregnant Women (O: n=56) and Pregnant Wo-

Closed circles (@) and triangle (A) show mean values of the serum levels of 2-OH-E,-17-S at 28—31, 32—35 and 36—40 weeks of normal gestation, and 36—

40 weeks of PIH, respectively.

5-2. #4711 = 2-Hydroxyestradiol 17-Sulfate @
BB 2-OH-E,-17-S |3 iz i =,
IEIRDETT & & DHITTORBEITHEMOMERN R SN
7= (Fig. 5).3% 28—31 3, 32—35 K f 36—40
2B B I 2-OH-E,-17-S il #= N Fh, 1.72+
0.34 (mean=+SD, n=10), 3.08+£0.44 (n=21) KU
6.74+1.24 (n=17) ng/ml TH o /=. HERMITH

%2 DOEEILFRRS T OIfH B,-17-S DK 7 15
mnofz. —F, PIHERIZHE TS 36—40 HDZ
UL 1.70+0.47 (n=7) ng/ml T, BEIFREIOL
5% BERMETH > 7z, f@F IR & PIH 4 b5 O ifi
HED R E 727213, RO KiZ 2-OH-E,-17-S
MBEH->TNBE I EERET S,

5-3. Tk} 2-Hydroxyestradiol 17-Sulfate @
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HEL Ex-17-S @ 2 fi/KER AL D A HAL & 51 S
FHN0 &L T I 2-OH-E,-17-S B 2 5
U, BHRMpPOEN LR L7230 ZD/EE, RHE
RAYIL, BEE) - #IRIL T O 2-OH-E,-17-S 13 2
NZF12.93+0.90 (mean+SE, n=8),9.27+1.57 (n
=8) &U)6.48+1.40 (n=8) ng/ml &5 51, I
g - ERIM T 2-OH-E,-17-S L X)L S RHA I D Z
NEOBENZ EMS, 2-OH-E,-17-S O EAIIIRIE
LB OERERICE 2 EHEESI N

6. BA#%®D Estradiol 17-Sulfate 2 {7 /kES{LAE
IR, Ex-17-S @ 2 fL/KEEAL D AEFEAYEH 5 N iT
7257z, 2-OH-E,-17-S D REAERALIL, FIRR KO
MHED I E EBITRI L, BB ITHRIRYH O
RS Z &, KO+ 2-OH-E,-17-S & E N &
EERMEMFOZENZDENZ ENS A TIZRL,
fRREBENETHLEEZONE. £ T, EL
fE % Ms 12 & % Ey-17-S 72 5 2-OH-E,-17-S ND %
HARE 2 5 X7z 39

E,-17-S %, NADPH 4% Ft MME#E Ms &
IR, Ki#ZE HPLC M L7z, T OREE, 4-

hydroxyestradiol 17-sulfate (4-OH-E,-17-S) %&b 73
MIZHE S T 2-OH-E,-17-S OEEEME R HER S 1
7z,

E;-17-S @ 2 Jx UN 4 RL/K AL D AT D Ky KO
Vinax fEIE Table 2 1T/RLZH D THBH, BEEL T
Juchau 512K % E, @ 2 KO 4 (/K EE(L D) 5
A—=FOpiigt Uiz, EHIRESE, KEHEOL
MR, Ex17-Si3Ft MEEMs O Z Oy > 2
Xid ALK IEAEERITH U CE, KD b L 72 5L E
LEABDTETHD. BEyr17-S O 2 fL/KEE (L DR
hE 5413 Ey D 0.07 IZX L THI 80 fi5 B Ry, 4 fiL
KBALIZDOWTHRKOEMNED 5, E, ©
0.04 2% U T E-17-S 13 0.4 &4 10 5 & o /=,
—fiZ, P450 I3t AR KD BEHAZ T O RIC
KLU TEWKEEZRTOT, ZOfEIIMD T
=V EEAS. MUEMIBEHLEZT Y b
P45012& % E, & Ex17-S RO LI THHEEI N
7230 DT, Ey-17-S |Z phase I IS EEFE IR L TH
FEOBWREETHL EFALD.

SRS Mo 72 HEIE, b NMERE, BRIEHR

Table 2. Comparison of Apparent K,, V..« Values and Metabolic Efficiency of Human
Placental Microsomal 2- and 4-Hydroxylations between Estradiol 17-Sulfate (E,-17-S)

and Estradiol (E,)

. K Vimax
Substrate Hydroxylation (w\"/}) (pmol/mg pr[(n)atein/lo min) Viax/Km
E,-17-S 2 44.0 236 5.4
4 360 140 0.4
E,) 2 125 9.1 0.07
4 125 4.5 0.04

1) Citation from the results by Juchau et al.36

OH 0S0:H
Fetus Placent:
e S _—
(o] o
T TS
OSOsH 0SOsH

Fetus, Placenta HO

HO HO

E2-17-8 2-OH-E2-17-8

Chart 1. Metabolic Pathway for the Formation of 2-Hydroxyestradiol 17-Sulfate during Pregnancy

T: testosterone, TS: testosterone sulfate.
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BROILFEHEIT K 5 —HEORHEE (T>TS—E,-
17-S—2-OH-E,-17-S, Chart 1) 2ZFT5EED T
T, ZORBROGEHMMEZTF 5> N OBEN
S5HNDEOICHREES BIREDOhEEDTY > F
FFIH D NEEDEDICEDIEEE A SNED.

7. Estradiol 17-Sulfate & 0" Z O HEOEL(L
RE

LRI BT 5 E,p-17-S 72 5 2-OH-E,-17-S N D
BHREEDEENHS N> /-, S U TR
MOFBLEEDRIENFR SN TWE, £ZTI v b
iF Ms & @R EIC kT 2 2- RN 4-OH-Ex-17-S ®
PigbaEZFANR, BT I—) A Oy &
BT MM A T 01 ROFig{LAEZ ik L7z, 3®

7-1. BEEARCHTZI A0S ORI
R 7w b Ms OIFE BRI T 2T k
O >¥& b7 x0—) (a-Toc) DHIEE{LE)
RzEFF/NIVEY —)VEz (TBA) £ %2 HWTH
N, ZFOFERZ Table 31T/ L. BEETIZ, H
WeTA bBar >oRE%z Fig. 6 ICK ED TR
L7z, TX b5 ERMNEO TBA fEZ 100% &
L, BT Z ~O% > TBA % 50% HET 5
D (ICsp, um) TRLU 2.

NADPH KT AsA Oli{k#FRIZH T 2-OH-E,
K OF 4-hydroxyestradiol (4-OH-E,) I3 & ® 58 WL 1]
BRERL, THEIHHESOHREY E—HTHHD
THo7. —7F, 2-OH-E,-17-S Jx I} 4-OH-E,-17-S
R I LR T Z DR RIZTHTNDH DD, AsA &
HFR TlE o-Toc 12D &, NADPH (k7% Tld a-Toc
KOMIRVEWHIRLREZ G T2 Z &Mooz
Estrone (E;) % E, 13 AsA {77 % TIZMERAMENAS,
NADPH & 7% TII LR WRN R Z /R LU /2. E,
P E, I2 EDEEER T /) —)LMEIL, NADPH k7%
RT—ENATaA—IVTA SOF s fiIn=2
LICL DR EEZ SN S, Estriol (E3)ld AsA &
GRTEHETERRD SN, MR TOPELAE
BN 2. By i3 Emnizo s J—IUikA
BN <, £D7=%H NADPH k7% CTIEH
MREOENBMh>TEbDEREDNS. ZOLDMH
ML, Es &REERICHEMEO S W B BRAKEBIEK (6o,
6f- ik UX 7o-OH-E,) OHHICHBE I N, 2-
methoxyestradiol (2-MeO-E,), 4-methoxyestradiol
(4-MeO-E,) 12 NADPH k7% Tl o-Toc K D7k <,
ASA KGR CRFABEOMHE DR ZEZRL /2.

Table 3. 1ICs, Values of a-Tocopherol and Various Estrogens
on Microsomal NADPH- and AsA—Dependent Lipid Perox-
idation in Rat Liver?

ICs (um)?
Compound?
NADPH-dependent AsA-dependent
o-Toc 63 2.7
2-OH-E, 2.2 1.3
4-OH-E, 2.1 0.5
2-OH-E,-17-S 2.2 6.6
4-OH-E,-17-S 6.5 7.9
E, 2.2 32
E, 6.6 10
E; 100 56
E,-17-S >100 >100
E,-3-S 49 >100
E;-S 44 >100
6a-OH-E, >100 >100
63-OH-E, >100 >100
7a-OH-E, >100 >100
2-MeO-E, 6.2 2.0
4-MeO-E, 14 8.3
2-MeO-E,-17-S 67 30
4-MeO-E,-17-S 38 21

1) The results were obtained by TBA method.

2) Mean values (n=5).

3) «-Toc: a-Tocopherol, E;: estrone, E,: estradiol, E;: estriol, 2-OH-E,:
2-hydroxyestradiol, 4-OH-E,: 4-hydroxyestradiol, 2-MeO-E,; 2-
methoxyestradiol, 4-MeO-E,: 4-methoxyestradiol, 6a-OH-E,: 6a-OH-
E,: 6a-hydroxyestradiol, 68-OH-E,: 68-hydroxyestradiol, 7a-OH-E,:
7a-hydroxyestradiol, E,-17-S: estradiol 17-sulfate, 2-OH-E,-17-S: 2-
hydroxyestradiol 17-sulfate, 4-OH-E,-17-S: 4-hydroxyestradiol 17-sul-
fate, 2-MeO-E,-17-S: 2-methoxyestradiol 17-sulfate, 4-MeO-E,-17-S:
4-methoxyestradiol 17-sulfate, E,-3-S; estradiol 3-sulfate, E;-S: estrone
sulfate.

NADPH k7% TlE, B O- AF )UK D —F A
T A—=)URICERIND D TENUTKDHENE A
55, 2-methoxyestradiol 17-sulfate (2-MeO-E,-
17-S), 4-methoxyestradiol 17-sulfate (4-MeO-E,-
17-S) WM& FERICBNWTIHTHEL WHELIER 2
KU, 3AHIEEI O estradiol 3-sulfate (E,-3-S)
O estrone sulfate (E;-S) 13 AsA {KE R TlE £ <
TEREER® 5N 7sn > /=73, NADPH (K77 % Tl
o-Toc EFBEOMANREZRLZ. NI,
NADPH {EFRIZBWT, 3 fina Ko fms
N, LT =/ —=I)IVO—EN AT 3 —)ENE
WINZEITLBDEEZENS.
INSDHEMNS, NADPH (KFER T LN
T A BOT > OREERICIE, £ORBYITK
LEBNHBHEEZOND. ZD I EIFXROFERMN
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E2-17-8 :Ri=H,R2=H,R3=H
2-OH-E:-17-§ :Ri1=0OH,R2=H,R3=H
Ri 4-0H-E»17-§ :Ri=H,R2=H,R3=0H
2-MeO-Ez-17-S : Ri=OCHs,R2=H,Rs=H
R:0 4MeO-E2-17-S : Ri=H,R: =H, Rs =OCHs
Ra
OH
E :Ri=H,R2=H,R3=H
2-OH-E2 :Ri=OH,R2=H,Rs=H
R 4-OH-E2 :Ri=H,R2=H,R3=0H
2-MeO-Ez :Ri=OCHs,Rz2=H,R3=H
RO 4MeO-Ez  :Ri=H,R:=H,Rs=0CHs
E2-3-S tRi=H,Re=SOsH,R3=H
Rs
OH
6a-OH-Ez2 :Ri=OH,Rz=H,R3=H
68-OH-E2 :Ri=H,R2=0H,R3=H
Ta-OH-Ez2 :Ri=H,R2=H,Rs=OH
0 OH
.OH
RO HO
E: :R=H Es
Ei-S :R=SOsH
Fig. 6. Chemical Structures of Estrogens Used in This Study
Table 4. Yields of the Main By—Products Formed from Various Estrogens in NADPH (a)—and AsA (b)-Dependent Lipid Peroxida-

tion in Rat Liver Microsomes

By-products or steroids recovered and their yields (%)

Estrogen E, 2-OH-E, E, 2-OH-E, 2-MeO-E, 2-OH-E,-17-S
a b a b a b a b a b a b

E, — — — — 87 97 12 0.2 — — — —
E,-17-S — — — — — — — — — — 0.1 <0.01
2-MeO-E, — — — — — — 2.6 0.2 92 96 — —
2-MeO-E,-17-S — — — — — — — — — — 0.5 0.5
E;-S 84 90 0.4 0.1 10 0.5 — — — — — —
E,-3-S 5.0 5.0 — — 85 91 0.6 0.05 — — — —

Incubation conditions: estrogen concentration: 25 uM, incubation time: 30 min (n=3).

Each value represents mean value, —: not detected.
SFFE N NADPH KO AsSA (KR TA > FaX— 3>

72, A2 FaR—2 3 (CKBRNEMDOREDR L, &

¥z HPLC JHlE Lz, o izwiz

A7 04 RAURLUEPIBLIERIZIEZA > F a2 X—2
a > HFICERND D WTIERRMICERL DT
I—)RIC KB A REENE A S NZDT, RO
W7 /=X E T T7YvYa—-)VMZX5O04 K%

Table 4 IZ/;R L 7=,

NADPH &% % TlZ, E, D% 12% 73 2-OH-E, 1T
BHIN, Erl7-SHhEHZD 20T I—ILDH
0.1%4 Uz, 77 ¥ a— )LD OAF VL HFE
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D5, 2-MeO-E, ® 2-OH-E, ~NDZEH11357 2.6%,
2-MeO-E,-17-S D =113 0.5% ThH > 7z. 3 fiki
AR O BiEE & 2Tk < B 7 = /=D AT
d—JRNDOEHBEERIN=. E- S5 E, D,
E)-3-S 76 E; OAERIZZEN TN 10% T 5%
Tholm., THITKH L T 17 MLHEEEAE O B #3320
5NY, ZOZEnSBALKINIE, 17 MLEERED
REFEIN-FFHEFT TS ENDM>7-. NADPH
RICHARTREIERYOEIZEND DD, RN
I ASA IKIFR THRD SN0, BIERY O &EIZ
NADPH (EFZZTOZFND 1/2—1/10 5 TdH >
. TOZEMS, EEERT ) — )V OHELIEA
WA T A= IRNOEBPBETH D EF A 5.
Z DT &%, Ruiz—Larrea 5 7% E, OHiEE{LaE & ¥
&t U 72K, NADPH FER O AEHMNED 57z
ZEONEBRIND,

7-3. BT X bOSOREEER  TBA
FEIEETIID 20K L LEEDORENT &
MHILEN TS 4D 22T, oToc EFZ%H 2 NIT
T oM R E R L 1N EOTZ Oy >
X E,-17-S 12D W T NADPH k77 % 8 & @& 1k
IR BHEHREANTIOE—AFL T ) —
EWTHEL, S5 N7iER%Z Table 5 ITRL 2.

4-OH-E, Wi bIEA N E <, T3 2-OH-E,, 2-
MeO-E, KU B, 23t &, WINH a-Toc & D i
R ZER LU, 2- KO 4-OH-E,-17-S H o-Toc O 2

Table 5. 1Cs Values of a-Tocopherol and Various Estrogens
on Rat Liver Microsomal NADPH-Lipid Peroxidation?

Compound ICso (um)?
4-OH-E, 0.7
2-OH-E, 1.2
2-MeO-E, 1.3
E, 1.7
2-OH-E,-17-S 2.2
4-MeO-E, 4.8
4-OH-E,-17-S 5.3
E, 8.4
a-Toc 10
E;-S 15
2-MeO-E,-17-S 18
4-MeO-E,-17-S 26
E,-17-S 49

1) The results were obtained from hemoglobin-methylenblue method.
2) Mean values (n=3).

—SEDOIERNED 5Nz,

2-OH-E,-17-S O Hilgbzh R1% 2-OH-E, IZ LR T
EF452H00, o-Toc KDHBWERZ/RT I LN
o Tz,

8. 2-Hydroxyestradiol 17-Sulfate ¢ [l & &) fE &
hEg{kaE

IR B ZBEHT 2NEEY > FFF 5> M E
L T 2-OH-E-17-S Z 8§ % L TR T X Z[ME
MNLDMFE-> TS, 1&7/2 L T 2-OH-E,-17-S I
in vivo THIBALEEZ I RWICHIETE 200 ? 1L
FIRENELEKWESHNS 2-0H-E,'9 135
EHEREICED LS ITEG L TWHD0n ? 25 & fiE
W9 5= 2-OH-E, KN 2-OH-E,-17-S ALFE 5 v b
DI Ms OFifR bR % i~ 7z

8-1. BEEMARICHTIMOTI-ILESOMH
£  2-OH-E, XiZ 2-OH-E-17-S 2 v hic# 5
L, F Ms ® NADPH Xid AsA k7% 5 E @b
IR 2B e

Figure 713, A7 04 RIEHREG (> ho—)b)
HEOM Ms DR {LIEE &% 100% & L, iz
H#OR M, faicERbisEEx2 70y LD
DTH5. NADPH KU AsA {KFRICTBNWT 2-
OH-E, & 2-OH-E,-17-S 13 & b ITH 5 BITHHI L T
FEERB L ZME L TWDH, SRR BHAK
ERBEICH S MRENWR R S NS,

P51 2 BRI BT B 2-OH-E, OHiEILEELT,
WTNDOHEETH 2-OH-E,-17-S DK 2 52 R L
727, 23U in vitro TO K 1.8 539I12I1FFZ% L
<, in vitro TOPEEILEEN in vivo THIZINTWK
%, LiL, #%5%5SKMTIEImEOFEBILEIRIZ
FHELLRD, RIFMETEZERICHEKELEZ. 2
D EMN5, 2-OH-E, & 2-OH-E,-17-S O i {LAE
BHREEATERZDDEEZSND. Thbb,
ATEIEIIC, BEEDMICHIBELAEZ T T
HEFEAD.

8-2. MAHARTHA FDRE  EELHEIER
DR EICENECEERO 1 DELT, WhT
JI—=)V DI S OIEKEENREE L TWD EHEE
SNz WHREDEYD, hTFd—I)I %5 F Y kot
AT A=V KTZFNSE D OAF I ALH Y 2 —F
B EICEE L 2.

Figure 8 (A) 1% 2-OH-E, 350 nmol/100 g {KkE % 5
BIZBUI 5% 150 ToOMHPAT01 RO
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Fig. 7. Time Course of the Inhibitory Effect of 2-Hydroxyestradiol (O) and 2-Hydroxyestradiol 17-Sulfate (@) on NADPH-De-
pendent Lipid Peroxidation in the Presence of Rat Liver Microsomes

The dose of catechol administered was 200 (A), 275 (B) and 350 (C) nmol per 100 g body weight. Each point expresses mean value (n=4).

A) (B)

<+«—— 2-OH-E2-17-S

2-OH-E1 IS (4-MeO-E2-17-S)

2-OH-E2 2-MeO-E2-17-S
IS (4-MeO-E2)
2-MeO-Ei M
<« 2-MeO-E2 \«‘
1 \ I ! ' ! ! : ‘ ‘
0 20 4 0 % “
Time (min) Time (min)

Fig. 8. HPLC Chromatograms of Plasma Steroid Fractions at 15 min after Injection of 2-Hydroxyestradiol (A) and 2-Hydroxyes-
tradiol 17-Sulfate (B)

The injected amount of both catechols was 350 nmol per 100 g body weight. Mobile phase: (A): 0.5% NHH,PO, buffer solution (pH 3.0)-methanol, 45 : 55
v/v), (B): 0.5% NH,H,PO, buffer solution (pH 3.0)-methanol, 55 : 45 (v/v).

HPLC T» 5. {RHEERE (tr) 12 KUK 24 4> FN 2-OH-E, T\ 2-methoxyestrone (2-MeO-E;)
O —271%, FhFN 2-0H-E, XX 2-MeO-E, T ETEREIN, INHOE =W b is 1 KR

HV, Tz, N RKROK2730E—71F, 1 g3 5iHkL 2.
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Figure 8 (B) 1, 2-OH-E-17-S#5-5 v h DI
25041 RE45r®D HPLC TH 5. Tr £ 10 73 DK
ERE— 7RG TIIRHINT, &5 SR
W AICHE L, & EBIigED, 5% 5 R
THELE. ZOE—2132-OH-E,-17-S T, 21
5y DE —271% 2-MeO-E,-17-S LR SN, D
Z &%, 2-0H-E, @ M H n 5 O 3 %k B 13
2-0H-Ex-17-S DZ IR TE LK EW I & &R
LTW53,

2-OH-E, & 2-MeO-E, % U8 2-OH-E,-17-S & 2-
MeO-E,-17-S o i &0 iz hEn 1: 8 kX
4:1ThH0 (Fig. 9, ZOEWZE, WhFa—)L
DIRMEREIZ T 2 BEMEDOENFEL TS &E
A6N5, 2-0H-Ey 3R MERIEEZ K5I EETE
DT, FRIMERN COMT 12 & D 2-MeO-E, 1225 #1
INDDM, —F D 2-OH-E,-17-S 135 8 1 A
WO RMERNICADEES, TNDZ O- AF)VL
R EAEEITURNY, T a—)L D1 F i %E
BIZRERENECEEHATHS. 20 &L, T
v MBI % 2-OH-E,-17-S ORF 27 UV 7 5 > R
MCR’ 650 ml/h)* & 2-OH-E, iZ D \» T ® MCR
(8300ml/h) ¥ ZHILTHZ LTk > THHHAIN
. W FOmEDZEZ, WEOMBRBITRIZHS N
THREKICHEHEINEZ DO EEDNS.

83. MPHTI-IIRVOSTT7VvYa—)LTRbO
FLUBOLEE WA I ONEEEELIHIE
MR e N 0210, WE OiMmhns O

A)
12 o~
A
03
0 b
02
08 | | o
= A )
g
g 06 |- i} 0
Y o4 L
g
2 02 L
0 Picer o W T

Time (min)

KEEEINEGT 5 EEBZAON, TITREEDEN
5 O I &2 R I HIE U, #5R % Fig. 9 1R
L7

2-OH-E, ®H4A (A), #5415 5 TR 2-
OH-E, I3 E L MED NN =78, FD O- A
FIVALAK 2-MeO-E, K Uf 2-MeO-E, O Ifii tf &13 % 5
BICHMI L THA, 2-MeO-E, I% 2-OH-E, ® 5—6
%, 2-MeO-E, |2 2-OH-E, O 2 fF@mMnho7=. L
LU, #4560 2%iCidninsimhnseeiciyk
L.

—7, 2-OH-E-17-S & (B), #EH# 1575 T
Wi 2-OH-E,-17-S 13 G- &|ITHHI L THN, =
D O- AF)JUALIK 2-MeO-E,-17-S & [AIER I HIE = 1
. #5115 55 TolfiH 2-OH-E,-17-S &I [F K
ToIH 2-OH-E, 8D 20 {56 &/ > /=, 2-OH-
E,-17-S K& O\ 2-MeO-E»-17-S 13 # 5:1% 1 KO 2 I
THHRGREITHEIL THE SN, 5 REFRITE
M5 FERITHRL 7.

Figure 9 K O i/ 7 3 — )L @ M (ti),)
ZR® D E, 2-OH-E,-17-S 1341 80 53 TH > 1= DI
%LU, 220H-E, DF NI HE0ICHETETHIE
WETH O, ZDMEIEHESNHEL TNBHOKD
IS <EpUNEEZEZ SN

84. FFH A bV —ILRVI/7OV—LEDFDR
Faq4k 2-OH-E, } U} 2-OH-E,-17-S @ Ms fi§
BEOREALITR T 2R, FIClR0AEN S T
JI—IUVRIZK DD ENERRND 0, LTOERE

. ®)

Amount (nmol/ml)

0 1 2 3 4 5
Time (h)

Fig. 9. Plasma Estrogen Amounts after Injection of 2-Hydroxyestradiol (A) and 2-Hydroxyestradiol 17-Sulfate (B)
Open circle (O), open triangle (A), closed circle (@) and closed triangle (A) show 2-OH-E,, 2-MeO-E,, 2-OH-E,-17-S and 2-MeO-E,-17-S. The small graph
in A shows the amounts of 2-OH-E; () and 2-MeO-E, (). The upper, middle and lower curves represent the injected amounts, 350, 275 and 200 nmol per 100 g

body weight.
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frorz.

FTAAMLL 72 Ms 205 Ofi i 5 3 —)L D [EIEE
Bairol. WMED%£E (0.1, 1.0 & TX 5.0 nmol
/ml) IZBH 5T, WInHIIFEEMIZEIE N
7z,

DT, MATI—)&&%KE100g 24D 350
nmol 5L, 153 OYA b —)L (Cyt) KU
AL Ms O X 704 RE 5 Z HPLC IZff L /=,
2-OH-E, # 5 @ Cyt [ 4} Tl 2-MeO-E,, 2-OH-E,
X 2-MeO-E, i =41, £D 55 2-MeO-E,; A
—% 2% <, 2-OH-E, U 2-MeO-E, I3 Z N F 1 2-
MeO-E, DK 30D 1 X103 D 1 ThHho/=. L
MU, 2-OH-E, 3t niano7z. —F, MsH
rHIZIE 2-MeO-E, L vt S nian- 7. ZhiZ
K U 2-OH-E,-17-S #% 50 B &%, WMy &b 2-
MeO-E,-17-S L vt E 7eh - 7z,

WiH 53— )L #%51% 2 IFRICBIT 5 Cyt LT Ms
P OR/ZATOA RIZDWTHERICHN. 2-
OH-E, #5086, HWENTI—-ILEHmHEEn
T, DI NI 2-MeO-E, 21T 178D 57z, 2-OH-
E)-17-S B 5T A 704 ROE—7 i3t S Nz
Mmooz,

DT EMS, HBEHTI-IURICK BHEBILE
N5 OFF Ms FREFICHE D < &0 D iTREMIZ &
EEINT.

9. 2-Hydroxyestradiol 17-Sulfate (& M — @ 4 #%
M7 FAFTMM?

DL — U IsEEZER (Chart 1) & o-Toc
U EOHBLEROW ZIZ, 2-OH-E,-17-S 13 i
W7 FAFIH N ERESNZD, 32U TH
MTEDIEMZRIETEZ2OTHAI7 ?BIKHET
EFIE R O BiEEL121X 2-OH-E, % 2-OH-E, ®
ORI T T A ~as > B o T
B EHEE L TWD, BRI 7 O — )W Hrifgik
COMT IZ& D OAFIMEESNZ D TEDIMH &I
D TIRIRE T b 23, 10 — R385 MR 5 1 1
GHETES1ETTHD. —F, 2-OH-Ep-17-S i34
MEZET 2O THIBENNRAT S Z EIFTER
W ZNW R, BENTAEL 28BRCIEE Do I
B4 % redox—cycling IZ B W TiI 2-OH-E, (X1 2-
OH-E,) MB5 L, 2-OH-E,-17-S 3N 2T T
EhhnwEEZoNS. EEER T 3—)VIEH Ms,
ARIMER, ME7REDKDONMENIZ, —F, 2-OH-Ep-

17-S 13z o5l (Fm) IREL, mHEDHLFEIC
K D IENERD 5 AN DE TIRENH =B ESY
S CLEEDHEEEYDDESITITONEDT
W72 W/E A S M, 2-OH-E,-17-S 13% O 1% | % 15 h
HETZ WG OBEEOEWSTEE AKX
9.

10. &HYIC

TEgRI, T O phase II SRAE M) TS % AiR{K &
9 %—E#O phase I K G5 &ERIL, 2 AKEE (L)
MERT S END 2= — 7 I RER DEIEDNH S )
Ehxo7z. BIEBREROZORKE (Chart 1) 13,
FROBEFLICBHEEIND T > FAFIF R E
L THiLsD THEREID 75279 T 2-OH-E,-17-S O 4% H
MET2HHDT, HERMREAORBREREEE AKX
5. B, Ty FEAVWTOERTHRS N O-A
FINMEDFEFEY &b MME#ED COMT N E W T
ES0SD NG IR HAICIE 2-OH-E-17-S @ O-A F )b
LRBEOFEET 5 2 EHEHI SN, COMT iEH: &
IR P FE O BE M I BR YR 1= 5.

BEE O AWRO -EIE, BEHEEMS
(4857300, 3807154, 7857113), HAFRIFHE (G
BEERFZE, 1993 4F) i M BRI FE & A dy B 22 R B
A (1998 4F) OBIERIC K DIThNZdDTH 5.
AWFEZFITTHICHD, RIGTHHE, ZHitEz
B0 £ U bR R 5 Rk i B R
LET. AWIE2ZRITT2ICH-0, TERIFE
20 E U 7o SRR SRR R F 2 e ey NP E
ARSI, AREERR S P AR AT TR
HHEL RTFEY. b MO R EDINEITHERZ
to TWeZE T Uiz, bl K= AR
FHE AL ) BUR, ROREIIAEEE,
OSBRI R S E LG b AR = b — iR
fl, AIARAIZE L, OPHEER ARER:  PIH B
TICHEHBL £9. ARFEO—MITEHH W =20
P VEREREE], SREIEERS, AMIES, NLANEERE, K
FENDRBHICEH VL ET
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