602 JESEE  15% 4 5 1 602~608 (1989)

mAIRE - BIBHHEART v FZH(T D 4-Androstenedione
@ Aromatization FHICET IHE

R R T

EELRFL(RBELAPFERBABRESTIZAMASF A ECET 3 MF estrone (LT E))
SERVERERARBAAND ACTH O #&5(Ck3 miE E, estradiol (E,) {E®D #Hinh R
HOHNECELY, EAHDERBFEZASHAICTZIEMNT, NE - FITHEHKRBRT v b
[C 4*-androstenedione (A)(0.05mg fEiEAKRSL, RIA TmiE E,. E, 8% L7
miEE (&, B (n=13) T, E; 83.0+£32.8 pg/ml (mean+SD, LITHE#H), E,
110.6+30.5pg/ml T, W{AIGIE - BIEHHE (n=8) Tk, E, 29.3£19.8 pg/ml, E;
36.8+19.5pg/ml, T, WIINEE - BIBIHH A %58 (n=17) Tlk, E, 42.2+12.9pg/
ml, E;51.4+12.7 pg/ml TH > 7=.

L EMSHEAIINE - SIBEHERT v FTE, PE - FIBMUSOXRHEEBTA LY E,
E, NEEHEEHGRERINDICLHEREI L.

SO, kHT aromatization 2@ TERERENZDIE, £LLTE T
HoTKETERERINB E, (3HTHMT, FLAENFTE ECASLANEIERHESA
TLARELEEHLEVWHDTH 1.

F7-, XHICKTS E O&BICOVWTHUTOZ20@KdThpHE (1) A—E, RV A—
T-E, (2) A-E—E, BZ£x5n3H, SEOREKTEMF testosterone DRIFEHTH
NTHLREVLWDOT, EELORENERCHEELTULIMIRETE hh- 7.

ChLDORER, EHICE FTOLY F#AEMELEETNDN, KHWICELT A D
aromatization (C& VY, E, O& LT E, b HUBERERSNZ L0 S RER, AR
BARREME X PASFCETONE E SERTEEFRREBA~NDO ACTH ##(CL -
Taohh3 EL E SECERBFZEATI LT, SELMREELIOLND.
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Aromatization of A‘-~Androstenedione in Adult Oophorectomized
Adrenalectomized Rats

Yukiko Okano

To clarify the mechanisms of biosynthesis involved in higher serum levels
of estrone (E,) in patients with postmenopausal idiopathic hyperestrogenism, a
condition newly proposed by author, and in higher serum levels of E, and es-
tradiol (E,) induced by ACTH administration in healthy postmenopausal women,
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the aromatization activity of 4*-androstenedione (A) in the peripheral tissues

was studied. Adult oophorectomized, adrenalectomized rats (n=17) were given

0.05 mg of A intraperitoneally and the serum levels of E, and E, were determined

90 minutes after administration by radioimmunoassays.

The serum levels of E; and E, in control rats (n=13) were 83.3+32.8 pg/ml
(mean+SD) and 110.6+30.5pg/ml(mean+SD), respectively, while in the oophorec-
tomized, adrenalectomized rats (n=38), they were 29.3+19.8 pg/ml (mean+SD)

and 36.8+19.5 pg/ml (mean+SD). The levels in oophorectomized, adrenalec-
tomized rats with A administration were 42.2412.9pg/ml (mean+SD) and

51.4+12.7 pg/ml (mean+SD),

These findings indicated that serum E,; and E, were evidently biosynthetized

through conversions from serum A in other peripheral tissues more than in the

ovaries and the adrenal cortex.

The amounts of E, and E, biosynthetized were

almost equal. The obtained data were in the consistent with the data in human’s

indicating that the main product biosynthetized through aromatization in the

periphery was E, and E, biosynthetized through aromatization in the periphery

contributed to serum level of E, a little.

There are generally considered to be two possible pathways for the biosyn-
thesis of E, in the periphery; (1) A—E, and A—-T—E, (2) A—»E,—E,. Which
of these pathways actually plays a role in the biosynthesis of E, could not be

decided in this experiment because the serum level of testosterone was not

determined.

Evidence of the biosynthesis of not only serum E,;, but also of serum E, in

moderate amounts through aromatization of A in the periphery might provide

important clues for analysis of the mechanisms of biosynthesis of higher serum

levels of E, in postmenopausal idiopathic hyperestrogenism and of E, and E,

induced by ACTH in healthy postmenopausal women. Therefore, further detailed

studies in the human should be carried out.
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propionate % #5117 & 2 A FHic BE AL
RO ol By, B RAFEHE R E DR
4 L MacDonald 5% 23EHEC MEIHEREE, &I
= B g~ 1*C-4*-androstenedione (I
TA-A LB #HE LI E, OiREARY %
TebTRHEDLZTH Y, TOFMITHOD S
M, DX b BARIE A S estrogen
FER O EREE A D ACTH #51c X 51l
E, {, E,{E#mOBRF 288K T 5 N THfl
U3 - BB 5 » M 4*-androstenedione
¥ H51L, M E, E, Rt oEHhiER
L7cDTHRETS.

ERHERUAE

1D Sl Cr/r~XFar=—, Wistar
RMES » + (8~1058H#s, Charles River Japan
Inc.) #HWT, —%ERA (8:00~20:00), A
BE 22+1°C, B 60 Z D&M T K¥H)
WRE v 2 —~CRVLTRAB L.

8 EEAMES » N 180~200 g % JKEF F 1 Wil
INEAREEL, 7 BRCEERm T THME
B AT, BT B, 44-A 0.05mg
EEAESL, ZTo# 90 5 FREE T BlE,
TRER L b Hi1% 17\, MELHERE E, E.
% RIA © JIZE L 7. WIINE X BEHE L
lem OffETHEUBL, BECEDHEL,
MARE Y, FEIYWESTLY lom F2
N THDOAET Grollman® DHEW FE- T
L, T BEEmEER T AR ALK T
cefatrizine (CFT) 30 mg/kg/Pu/H & H ¥ 5
7 s L ciprofloxacin (CPFX) 50 mg/kg/pc/
HEA&EERTT >, MgOKKIE, FT4E
BHRREKRE L, KER, BKCHELX.

BB 5 » b 12 ik corticosterone (4-
Pregnene-118, 21-dio-3, 20-dione) [Sigma
H8) #10% =Fr7ra—1 & & 1,15
mol o 4B AEK T BE L, 0.1~0.2mg
1 HiEEARE ST -7z,

4-A (4*-androsten-3, 17-dione) 1%, FE
MEEXVEA, VAL B/ e~ /57
(Kodak #) © (Rv 2 v: Ep=F13:2)

(315% 45 1989)

BIO (M 27m~Fvv: EE=51 8 :5)
D2FRDOBEKTREAL, ThXhHE—DA
Ry PTHAHZ &% HERE, 10% =517 1
2~ %% 7Tr 1.15 mol AR RIEKICER
L, 0.05mg JEER#EL 1.

PR, BROFEORMBCIE 7 v b & =—
FABAT, xv7x2—1 (1mlic 50 mg @
pentobarbital % 4 7;) % 0.1ml/100g {AE&
BEEAEGZ T > TERLT.

F oMy, — @R AM 10:00~PM 2:00
ffote. ILREBEEZTVEIABFDORLZ &
TR LT

2) radioimmunoassay

(1) E, OJIE X, Wien #-51 RIA set %

WT #o %H specific activity X, 105ci/
mmol, E; #i& 1% 50~602%, ZXHGHE ik

E,-3-sulfatei3¥19%, E,-1-methyli3<1%,
E,-178 11 <0.7%, estriol ¥ <0.15%,
estriol 3B-glucuronide 11<{1.5%, TH-
7o, (2) E; oWE L, HB—F4T74V b~
7 BFgeiist Bl 1251-Estradiol RIA %, + % f
Vs, %o specific activity % 451.5 ci/mmol,
BRIRIGHEE, Eilk4.5%, estriol {¥ 1.0%,
testosterone % 1.8 % TH »7z.

3) AEMELE smear HEK

FB L, Tl RRPEN C AENE
T OV smear % E:HL L K. JE smear (%
Papanicolaou Hufs % 47\, estrogen [Sff T
H % FEA OB IBIRL HERIAF L 7.

KR FAL B LFA—84 T E, E
DWPEERIT - 72ns, O BRI 13T, K
RIPREREHRE 7 7Y, WRIPNEE « BB 5 R 8
PE, THEIIRE - BB 4-A BRERELITIRT
H ot

¥ 2
g B, E, HxEhEhii (n=13) T
X, 83.0+32.8 pg/ml (mean+SD), 110.6+
30.5 pg/ml (mean + SD), 7 {8 JF 3 # H ¥
(n=7) Ti%, 38.3+29.2pg/ml(mean+SD),
75.5+11.7 pg/ml (mean+SD) TH Y, Wl
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DB BB (n=8) Ti%, 29.3+19.8pg/
ml (mean+SD), 36.8+19.5 pg/ml (mean+
SD) th -7 (Figs. 1, 2).

MiE E, fE, otRE & e OpE R H e,
e X b P<0.005 THBICAR T &2 &R,
RO R A & W ONEE - BIBRHRE 1t
TEPFLANEEEX b ol I B 13,
X & mAPREREHRE T P<0.05 THE
KL, SIHEHMIIPRERHE: S I - &8
B &k P<0.005 THEBIIK T L 7.

WUORE - BIBREH A 58 T mE
E, flii% 42.2412.9 pg/ml T, I HiE « &l
BHSHIEE w3 L P<0.0025 THED Bins iR
iz, WP - BIFRE 4-A BERH TR
miE E, i 13 51.4+12.7 pg/ml C IR »
RIB A @t L P<0.01 THEOHME R
Dz,

MR OB D KED ik, —10 %~+
20%TH o7,

JE smear (X, HREETOEMFFOF R Tik

Estrus 9 5, Metestrus 3 Jt, Diestrus 1Pt
T, SR/ LHHAIINEBIERHEEE D smear
13£f] Diestrus TH o7z, F-WHIIIE «
Bt 4-A 5RO smear (X 1745 5
kW T, Estrus offRARL .

Z 2

I¥E E, i, st fR#EE83.0+32. 8pg/ml(mean +
SDLITRER) <, MR T, 38.3+
29.2pg/ml LIETL, ZoETF XAFE (P
0.005) THbh, b mMAIPERH Iz <
TRIEIEEE %275 & 29.3419.8 pg/ml & (&
TLien, ZhEmflsiEmbmo B ok
EEZX e ole. ThHOEELBIX, B
M » FCI, ol E fENXIIE L D 0
EROBEENKTH D Z &, ThiexHT 5EI%
DOREIL R Dl E RN RE X h, (7
WIINE « BB ORAE © L T E A
29.3£19.8 pg/ml FHEFTZZ &N RI AT
5.

Estrone
150, (pg/ml) r—*—|
k%
: ¥k k B
1
n=13

* P <0.025

* % P < 0.005

100 *k k% P <0.005

83.3+328
(Mean * SD)
n=7
n=17
n=8 422+129
50 ) .
(3’:/?::: 3202) I (Mean + SD)
- 29.3+19.8
(Mean * SD)
0
control ov. X ov. X ov. X
ad. X ad. X
abbreviation : ov. X = oophorectomized with A 4-androstenedione
ad. X = adrenalectomized

Fig. 1. Serum levels of estrone of adult female rat groups in experiment
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T 1
Estradiol k% k
150 (pg/ml)
n=13
110.6 + 305 * P<0.01
(Mean * SD) *% P < 0.005
k%% P <0.05
100
n=T7
755+ 117
(Mean + SD)
1 n=17
n=8 514127
(Mean + SD)
50 368+ 195
(Mean + SD)
0
control ov. X ov. X ov. X

ad. X ad. X
with A 4-androstenedione

ad. X = adrenalectomized

[ abbreviation : ov. X = oophorectomized

Fig. 2. Serum levels of estradiol of adult female rat groups in experiment

& B, iy, SR 110.64+30.5pg/ml T,
TIPSR CiE, 75.5+11.7 pg/ml LK
TL, ZOET X AR (P<K0.05) THH, &
I IR B in 2. CE I RIB R A 1T 5
& 36.8+19.5 pg/ml & A& (P<0.005) i
Tl chXhp@Es » bTik, £OMmF
E, A~ JIE X 0 Ao BE, EIF X0 4k
DEENKRTH D EHRBINTWS, & b
CRWLTE, —HICIPR X D DAL, E, 2
TTho, E KT Ch AT rA FXDER
PEREIND EIRTWDHH, AR TORE
MEZ o PTERIPEME E. & & bilE E
E~DBIGERKRTH 5B R S hichs, £ D
FRZEOEC L %S Db, FlfioR T
IBL DI TH -1, Tl E, HC
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BRI e, iE E OBE SRR, M@
% B 13, MHIPEMHHEORETYE 36.8+19.5

pg/ml FAET B Z L ED BRI,

MmN - BIFMEEOME E, fE, E.flic
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SHBOFETHH 5.

bbbk bh, MmiEE i, E i ~o 5
# - BB 0BS, WIS - RIERERECOM
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LTRYTH S LM s hie.

WRIINE - BEIBREEC T 5 4-A JEE
W G-#% 0o TollE B, EfliX, ThZth
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JNE - BB T E fE, E.fE: thZhE
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XL IV, BB FER L 44-A
I b E, E2EBERIhC EE2RTED
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EFEBWTE, Cy A7 rA FXDERBIC
BT estrogen PEHER X N D & L IXLIRT
IVIEL ZF ARDBRT V5D, Thb O
EEBE 35 L 4-A I E OBEARMN
Longcope 59 (1969), Grodin 5% (1973),
Siiteri 58 (1973), Aiman 59 (1977), Mac-
Donald 51 (1978) iw Xk h B xh T V5D
PUEEAE T, FoOffid pathway T D Kl
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4-A X Ey NOERBAER IOV TIL,
Siiteri 5% 11, 4“A OEHI X E; 234K
IRTWBER, LR E A RbhsL,
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% 4-A A FH'E L LT incubate L, E, o4
AR BdBR & L, Naftolin 52 (1975)
i3, BARRNEERD incubation T E, OARKA
RbhitctLlTws, FlRKWTo 4£4-A X
h testosterone o #E#aAE 1%, Vermeulen
B (1976), Aiman b X h#E I, K
WTo testosterone X H E, ~DEgHRAEKIT,
Rohbopn £4-A X h D E A0 BRI~
5 EFER T IS EBRTE D, in vitro TiX
Mancuso 5% (1965) 23k +RIEHFERT E;
DEREHZRED TS,

F7- Ackerman 1% (1981) %, fibrovas-
cular stromal cell #5281, E, X b D E, ~
DEWRAERTYRDICEBEL TV 5.

U EDOBRENSEBET 2 EARBTHL R
Upg, BEIELUtCORMTD 4-A XHo E,
E, B E UL,

AA El} 7 2 pathwa
J-A—T——E,)  “ DAY
F 72103,

A~A—E;—E; 7 1 pathway
DT RORBREBIC X AR D
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RBROFERN B, JNE - BRSO
T 4-A LOVHFRCE, E AERIhEOE

R ITFE L, E oEBIT T 176-
hydroxysteroid dehydrogenase iz } » E, 7
ERLIcDH, 4*-A X b testosterone % f%
T E, VAR L fc Dk, testosterone o JIE
BTHbR TRV DTHEIBIBERI N DN
ETHHEBbISD.

&

PARES N\ Fr etk estrogen S, {8 B &R
AW ACTH ##45 L LI Rbh 5
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HAEY T, WfUOpsE « B R s 5 » &
i L, 4*-androstenedione #5 L, II{E
estrone, estradiol % JIEL, LT o &EE%
i,

1) Il estrone, estradiol ¥, T{ljEFHL
WHC XD BT L, WEEEHE cbik
TL, MEE X% h Z£h 29.3+£19.8 pg/ml
(mean+8D), 36.8+19.5pg/ml (mean+SD)
L 7¢ b, 4*-androstenedione 0.05 mg JEREA
#E5 L CI00RICIIMEEL, ThFh42.2+
12.9pg/ml, 51.4+12.7 pg/ml & Th FhA
B (P<0.025, P<0.01D) &#inl., “hi
DBEES 5 MiCE T, I . BB
KK d*androstenedione F h estrone &
estradiol 2N3IFF L W BT HEC BHARX
NicZ EREDHL R,

2) T DERR TD estradiol o BRiAAERRIT,
A*-androstenedione I b testosterone #§%
TERBER L 7o b DTH B HIE AR TIERY
TH 7.
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R OMHCEELE2 bhi.
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