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Inhibition of 16a-hydroxylation by Steroids in Human Fetal Liver
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BE RRE—ABSRTo Estriol (Ey) AREHeN T, BREFBO R THREE, HOACERATWEN, *
AR ED LS LFHBFOTEE2A TV ANIRE TS S, HE, A7ed4 VHELCLIBAT v A FELH
HrEREIATWS, 22 CEIEFHFEBEOFEL A, invitro T, E; ROZOMDORT v A4 ¥ i,
i RHF 16c-hydroxylase FEH I RIETHEBT S TR LTV, ROBEELE .

1) BRI © 3 v Ak, &Y 3 — b o 8008 L#E% A, '"“C-Dehydroepiandrosterone (DHA) K ¢
“C-Pregnenolone (P;) #EH L L TA v & o<~} LBE, ARSI i ks BRSBTS, &2 16«
OH-DHA, 16a¢OH-P, T& —7:.

2) ToEXRRK, FHEEEO E, ML THD L, B 5 nici6a-hydroxylase 354, HELXZ T4, H
%, DHA 75 16¢OH-DHA ~o#E#ik, 8 X10°M o E; o X oT, WBREOEBESY 1004 L L1
&, 83.6% L BEBIETL, Lineweaver-Burk o plot & X 2 #pflE <2 - ik, EHECH-. X,

Fkic Ps 225 16aOH-P; ~opdn#rd, HELXZ, FolEE 2 -vix, BEHRETH -,

3) E;-conjugate TH % E;-3-sulfate, E,-16, 17-disulfate ¥, Z 0 ERRJ/CEHEMLTL, MOEEHN
Rbhighoik,

Blhofsry, BME—BEBERCo E, EMcERLRE¥HE > TV 2RO 16a-hydroxylase & 5%,
BHLFPCRECEETS B, Rl oTHEBYZF2HEN BRI, CoBE, BRERBREYL, 27era 4 FEY
CEBATFe A FESGROBENAS TR O T W5 ER LY TR TI2L0TH S,

Synopsis The effect of estriol on 16a-hydroxylase activity in fetal liver was studied in an in vitro incubation
experiment. The 800 g supernatant of liver homogenates from human fetuses aborted at midgestation were
incubated with 4-*C-dehydroepiandrosterone and 4-'*C-pregnenolone. 16a-hydroxydehydroepiandrosterone
and 16a-hydroxypregnenolone were isolated and identified as the major metabolites from dehydroepiandro-
sterone and pregnenolone, respectively. With an addition of increasing amounts of estriol, formation of
16a-hydroxylated compounds was progressively inhibited. From the kinetics of the inhibition studies, estriol
seemed to function as a competitive inhibitor to 16a-hydroxylase, when either dehydroepiandrosterone or
pregnenolone was a substrate. Estriol conjugates at the same concentration, however, showed no effect.
These data indicate for the first time that estriol added ir vitro has an inhibitory effect on 16a-hydroxylase in

fetal liver. The possibility of enzyme regulation by steroids as a mechanism for control of fetal steroid
hormone production is discussed.

# £ Hrill 1965). B, RREEIE X 0 5 ¥ h b DHA

FRF, KEWCESINS Ey o4 BBERFCE RO ohifin g, JaREE T 16a-hydroxy-
LTk, BRBOLI b RIESARBRHCEES LT lation %321, HIZ}5#E T aromatize i Eg A3
WAEBHLMC IR TE L (Diczfalusy 1964, HRERD. =0 Ey 04K EXNE 16a-hydro-
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10 B& R FF 4 #% o 16r-hydroxylase &

xylation 7%, BA#ECIXfT 7 ivd, FREMCIKEF
LTk b, BREFBSZOEE EELRLLT
W5E A, Engel et al.(1962), Bolté et al.(1966)
ORI TS, RL, Thb—#HDAT
mA NAEBRD, W75 AEEE O b LTl
R TOBNEONWTL, RERBED FEH%
%1z trophic hormone @ control AT 33T
HEEZDNDRRIBIIEC KT HAT w1 FAERK
FECBI Ui A Ric\y . 19645F, Koritz &
Hall X bovine adrenal cortex % FH\ -7 in vitro
incubation T, P; 7% cholesterol #-5 20q-hydro-
xycholesterol ~D#x#aY , i < HIHIT 5B EE
L, ¥, % v b} (Notation & Ungar, 1968), t
} (Yanaihara & Troen, 1972) 23, v o Jp#
(Ichii et al., 1963) %D A7 = A NARKMHMKIC
RTLRAME, A7eA4 FABRCIAAT =L N
RASERVEH IR TN A, £ 2T, tHEhO
Eg A & 0T, EELEEHY BEOTUVLHEE
FFig > 16a-hydroxylase {EM:A#EI L, ¥ic, &
BERIEMEY, B KBCHEET S By %
DD AT v A FIZ LD TEERYZITHLENY
BRT o1, DT~ 2ER =Tk,
EBRME L o UICRREE

1) EEmE

(4-*CIDHA(S.A. 58.8mCi/m mole, NEC-206),
(4-4CIP,(S.A. 55.7mCi/m mole, NEC-375) i3,
o HEBrsre~ 257 4 — (T.LC) T
XoT#ifb Ui 8/ 7. DHA, P;, 16aOH-
DHA, 16aOH-P;, 5-androstene-33, 16a, 178-
triol (4°A-triol), cortisol {3, Merck, Ikapharm,
Steraloids ¢ J b A L, Eg-3-sulfate, Eg-16, 17-
disulfate 1Y, FEERZE L, Dr. D.S. Layne
(Ottawa, Canada) X hfith5 % FZiF7cd O HH
Lic. ZhbOEMEHERREA T = 1 i, A
fie T.L.C. wTHIESHERR L 7o.

2) FeJERTHERk

HEPR S M AR OV 6 » T i L BEEATIR ©
10g 11 35.3g % vAICL, KA 24 v/wD
0.25M sucrose (pH=7.4) #nz, 57 w» VK%
OFAF—ThESFA ALK, 8008, 4°C

HERE29%1 5

T204 [k L 72 k% fv 7o (cell-free homo-
genate), 5 7 AOBRHBO—F L, FOFF
SVARRTER L.

3) A vVFLN—v gV

Cell-free homogenate | Krebs-bicarbonate-
glucose medium (K.B.G. medium) (2T 5 f$IZF
RLAabDD 1ml, § VAR LHERES0mg 122
ml » K.B.G. medium#% fjnz , 37°C, Oy : COp=
B: 5D EHT TS, vFaX—va VE{ThkD
7-. #E¥FE L LT, NAD, NADPH, # & % 0.2/
mole fiz fo. B L 4-14C-DHA 0.2¢Ci (5~
80n moles) X 4-14C-P; 0.2¢Ci (4~4(n moles)
T Az, HECIGUEADRED By LD
OB BE R M2 To. 1 vF o= g VT
%, 5ml =%/ A%z T, RICEEILE
L7z,

4) B, pE, MULRORZE

AvF =y VETH, I vAHERY B
WIeEB T, rEYF 4 XL, 3,000r.p.m. T
4°C, 154rfElEM, X, cell-free homogenate #
-8B TiL, o ¥ RAfCEEL, £0
LiEE Ny oA CARRERE S, 0% 45 -
v 5ml CEE, —20°C TR, 3,000
r.p.m., —20°CT 304 2 [EEI L, By ¥y ¥
wfTleot. BEEREARERE L, ZhicK1ml,
KEIFY 7 m— 2 & v 5ml Nz T BERAR
BT Ot. Y rm—n A x VD B, Ny R
TIRREEE Lo, BEB%YE Benzene-methanol
(90:10) &% vz T.LC. wx>T, £AT®
A R4/ L. T.L.C. ko B 2+
r o#¥iH wix, T.L.C. scanner (Aloka JTC-201
) AL, JFERGHEERE A7 = A F O KR
i3, BiERZEfark A B o, L Offl, Bush By system
(ligroin-benzene-methanol-water=667 : 333 : 800

200) F Wk X—=R=rmr N ISTFT 4 —
(P.P.C)) %7/ 2t. Wbz T.L.C, P.
P.C. #B{EFx COBEMEA T = 4 F O BRI,
¥970% T, BUNERC X MBI Teblen 2.
M, KoRBIX, Fo—HomSEYREL, af
feoBfErRE Lic. FBEOH LA REwO—
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#iY., Pyridine-Acetic anhydride (1 : 1, v/v) ® 2 Formation of 16a¢OH-Pregnenolone from
wiN%, SET—EKE LT, acetate Filifh% Pregnenolone in fetal liver preparation

Yeote. #FMM: T.L.C. o RE. [Ex ey
ALHBELT, A—HETHEIE 5D ERERL
fo. 3, BHRSHEREY © —I @ $10mg DEE 1.2
AT rA FiEfE Iz, BEHETBIEL,
Axelrod et al. (1965) DO Lic gk & RER D —

&P T, specific activity 23—5E I fe B E B

09+
MO R FTc ot . HREHEED BIE 1L counting
vial gk} & 3Lz 10ml o scintillator (4g ppo,
100mg popop/1,000ml toluene) *hnx, Wik

064

VFUV—Va v h v vix— (Packard Tri-Carb,
Model 3,330) THAHREXBIE L. M, LITFR
N5 REFERIL, n mole/flask TFEi L.
EERRL K 0.3
1) BB o 160-hydroxylase
5 wﬂo)ﬂﬁﬁﬂﬂ:ﬁfﬁ@ cell-free homogenate %
0.2¢Ci (6.9n mole) o 4-“C.DHA #FE L L

n moles 16aOH-Pregnenoione

A A 'l

T AVFa~—va VI EHOERYR 1 IR 518 30 6o
- Incubation time (min.)
Lic. BRgHERSM X £+ LT, 16aOH-DHA
THY, b LAtriol DERN L Sz,  16aOH-DHA ORI, R & IR L,
WS, 1IE77 F—CE L. A6 H
K1 Formation of 16¢OH-DHA from DHA in B oORRBIFED cell-free homogenate % (.24Ci
fetal liver preparation (3.5n mole) @ 4-MC-P, LA vF .~—} L=

REOHERER LIDORR 2 ThHDH. BEHEREY
L, T & LTI6aOH-P;, =H b, KL H
B LA, 3000, 375 F—&ELT:.
W, AEEREHT T, DHA, Py #30E - L
— BE, KOHBEHROKHIEL, L bTrTho
fo. TR OERE i igttE16aOH-DHA, K Ur
16a¢OH-P; © 4% % © fraction %, P.P.C., 7 ==
AEaED T.L.C. THH—VY— s &R, ELEY
BLR—D RL AR L. Zh bR
HoOREL, EEHEYMZ 8, BREAET X
DTIFheot. FE1L, HEEC KT S specific
02 - activity %75 L, BoEfZi2:, 160OH-DHA,
KU 1600OH-P; TH BHEIRI NI,

2) BRIRHFIE 16-hydroxylase = K i34 Eg D&

0.8 4

8
L

n moles 16orOH-DHA
o
S
1
.

R A )
Incubation time (min.) 5Omg @Eé\%ﬁﬁ I VA %’ 4-1*C-DHA (9-5n
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# 1 Radiochemical purity of 14C-16OH-DHA
and 14C-16 aOH-Pregnenolone derived from
incubation of fetal liver

Specific activity (dpm/mg)
16aOH-DHA | 162OH-Pregnenolone

Original mixture 2,516 2,035
Crystallization

X-1 2,556 1,774

X-2 2,423 1,568

X-3 2,509 1,560

ML 2,486 1,567

® 3 Inhibitory effect of Estriol on 16¢OH-DHA
formation from DHA by fetal liver

%

100

Kk

| *
50+

25
Estriol 56 75 x10%
added (M) 0 8x10 8x10 8

* P < 0.01

** P < 0.001

mole/fflask) L ftiz, 5414 vF~N—1F L
fo s o 3L, 16a0H-DHA T % ©7-4%,

AVF2N=Ya VA F v A, FBEO
Ey %#70% 7= 84, DHA & » 16qOH-DHA ~o
AL, ELIHES . Bb, WD 16a
OH-DHA A:j{i%, 4.16+0.31n mole/flask (m—-
S.D.) Thb, 8xX10"°M» E; o ¥Eincl16aOH-
DHA » A4:5{1%3.4810.03n mole/flask (m=+S.D.)
EETL, BT 5 E #8X107°M, 8 x107*
MEBEETIZRON T, FO4EBITIZ 4, 2.95+
0.18n mole/flask (m+4-S.D.), 2.1240.19n mole/

AERE29%1 5

flask (m+S.D.) t/got. K33, WEBEOEK
B|ER®100% & LI-BE&0 Ey Hiinc X % 16aOH-
DHA A% RTH, 8 X107M>D Ey O YN
83.6% (P<C0.001), 8 X107MT70.9% (P<
0.01), 8 X107*MT50.8% (P<0.01) &, *
OERIAER W HE Sk, [EREK, cellfree
homogenate % 4-4C-P; (24.8n mole/flask) #» %t
BHE LT, 1550841 vF o <— + Lo Ry
if, 16aOH-Ps CHDfz. 4 vF . X—v g v/ 2
T4 AT, RBED Ey Iz oBEe, Ps &
X 4 Inhibitory effect of Estriol on 160OH-

Pregnenolone formation from Pregnenolone by
fetal liver

%

100 T

75 |-

25

Estriol 55 54
added(m)  © 3x10 3x10

* p< 0.0t

H 160OH-Py ~ DA BIIWIRAIE X i, B,

xFHERE D 160OH-Ps D A:jiL., 7.64+0.17n mole/
flask (m%S.D.) ©HbH, 3x107°M, 3 x107*
M®D E; o¥%incl6aOH-Ps DAY, % 47.37
+0.70n mole/flask(m—=S8.D.) 2.28+0.17n mole/
flask (m+8.D.) L7co7. K4k, WBHEOE
BaRA100& LicHE& D Ey fihnic & % 16aOH-P;
DHERERTH, 3X107*MD E;y oFRinc ko
T, 16aOH-Py DA f1329.8% & BEWET L1-
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X 5 Effect of Estriol and substrate concentration
on conversion of DHA to 16cOH-DHA in fetal

liver
6
Control
<
I
a a4
1
3
Estriol
":3’ (5.2x 16%Mm)
3
£
S 2
L 1 1 1
5 10 15 20
£s3 DHA (Mx10%)
(P<0.01).
3) Eg & X %R ENI#16a-hydroxylase yE: oD
FHSE(EH

5 7 BRRIRHFIE @ cell-free homogenate % FH\»
KRB TR S5 CRT X S AE TH S DHA O
% 0.5X107°M2 H20X 107°M % C #iki L1z
B4, 160OH-DHA DpEA R & WilT 55, E,
IO THOACHELYZT 2. £E, ROER
D EA F ikl & L7- Lineweaver-
Burk @ plot i X 114, km{E|X 5.5X107°M T,
DA A & — X, competitive TH B FH¥
Dtz (K6). FHR 6 7 AR cell-free
homogenate % H\ 7= T, LB chsd P; D
BE% 0.3X107°M2 5 4 X107M % THEIKHE L
%a, W7 R LIcRic16aOH-Py O EA R D
Wi L, = ol6a-hydroxylase ¥EMIT, Eg 1 Lo
TRHE® 2. = D#5HE % Lineweaver-Burk
plot ©&% &, Km{fix 3.1X107MT, +DH
§E- & — /%, competitive TH D7 (K 8).

4) ZODOMDAT e AL FIL X HHE

DHA BO° Py 2B L L, Es LNt gEA 5

P9 R i 13

X 6 Effect of Estriol and substrate concentration
on conversion of DHA to 16OH-DHA in fetal

liver
T
- Estriol
<, L (52x104M)
o
I
I
o
k-]
(=]
- Control
%]
o
o 1 o
13
c
2
pd 1 )
1 2
Vs DHA { Mx108)

M7 Effect of Estriol and substrate concentration
on conversion of Pregnenolone to 16a0OH-Preg-
nenolone in fetal liver

Control

0

v (nmoies 16atOH-Pregnenolone )

3 Estriol
(5.2 x16%m)
{ ]
2 o/
O/
1 =
1 i 1 1
1 2 3 4
£sa Pregnenolone {Mx10%)

v FREIEML, o 16a-hydroxylase {E:iC
BETHEHRE L BRYER 2Rt R
F, FERRPTZ SN, BRIEMHEAT =4 FOR
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AR o 16a-hydroxylase 3%

M8 Effect of Estriol and substrate concentration
on conversion of Pregnenolone to 16aOH-Preg-
nenolone in fetal liver

05

% ( n moles 16t OH~Pregnenoclone )-1

)

Estriol
(5.2x1074M)

Control

%

2

Pregnenolone

3
(Mx105)

# 2  Effect of various steroids on 16a-hydroxylation’
in fetal liver

Compound Relative amount of formed Type of
added 160OH-DHA P 16!1/01'11— inhibition
regnenolone
Control 100.0 100.0
Estriol 62.0 40.0 competitive
Estriol-3-S 99.6 102.4
Estriol-16, 17-diS 92.7 96.7
Andro;tenetridl 67.9 55.4
Cortisol 100;6 I 47:3 |

%# 3 Effect of Estriol-3-sulfate on 16,OH-DHA
formation from DHA by fetal liver

Concentration of Relative amount of
Estriol-3-sulfate 16OH-DHA formed (%)
M) {mean+S.E.)

0 100
8.67x1078 93.0%x7.2
8.67x107° 97.2%1.1
5.20 X 1074 99.6+3.0
8.67x107* 93.7+2.7

YD —D>TH%H LA-triol (3, E, FHEFHEFH
E;-3-sulfate (3 ), E4-16,17-disulfate |3 8.77%

FE 54XI0*MOEINTY, AEBREHTTILE

EEY 52 Iehofk.

Bx Ps i Li-BEHw Ey

1

( n moles 16 ¢ OH~DHA)

1
N

HERB29%1 &

K9 Effect of 5-Androstene-38, 16c, 173-triol on

conversion of DHA to 16c¢OH-DHA in fetal liver

v { n moles 16aOH—-DHA )

Control

aSA-triol
(5.2 x 16*M)

i I 2

10 15 20
DHA {Mx10%)

X10 Effect of 5-Androstene-3@, 16«, 178-triol

and substrate concentration on conversion of DHA
to 160OH-DHA in fetal liver

0.6

04

0.2

&A-triol 9
(5.2x10 4 M)

o

Control

I 1

1 2

DHA (Mx10%)

EHEARHE Ucsy, DHA X »160OH-DHA ~ o

cortisol DOERIMTIT, X

L [F#E16a-hydroxylase

Ly MBS 7 LN BN IE )
x5 =%

BIR—BERCRT 5 A7 w4 FERT, BRIB
Wi 753 16¢-hydroxylation iz >\ ~TiX, Slaun-
white et al. (1965), Heinrichs et al. (1966),
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Reynolds (1966), % (1966), Matsumoto et
al. (1968) DW|E L H 5. KEBRRTYH,

K1, 2wer3m, RBREFEHEBKD cell-free
homogenate BN 3 VAL VF o XN—v 5 VT,

B e KECHFLET S DHA, P, #HHEL L
1354, BERFED 5 bz, BRI 16aOH-steroid
BT AEI RS e, [ERFO By AR
X, RECHLNIC IR TELD, TOFSEE
BT s BRI, BRIBEIB B,
RTFEAERIED ACTH i X > THI# X h DHA-S
FO By i EOEASWETTEIRD L5
WA (Arai et al, 1972) &R TW52, &
Ytz it trophic hormone & X % FWEHEAR LIS
W, RERAT v FEARR LD AT v A4 VAR
AT ER ShTvws. BREER &~ Auvie
in vitro SEE-¢, Wiener & Allen (1967) i1,

3BHSD, 4;., isomerase 7>20¢-Dihydroprogesterone
W XoT, X, 20a-reductase p3 Estrogen T %>
THEI &5 & L, Townsley et al.(1970, 1975)
(%, sulfatase yEM:F O 38HSD HFiEss, 4 oo
EYROCEENEEAS = 1 FIC Lo T h
LZHEEYBEL TS, REFET, chbxie
1V BEOBREECRIETEEC OV TORE
FERA L. BRI EREC Ey 2VFEET
ZEIILAONAEEETHHL, BRIFEBO :
v AR cell-free homogenate % FJ \~7- in vitro
DEEET, DHA 75 16aOH-DHA ~ o #E#ans
10°M®D Eq I X b B S 5B h0
7. X, Py #FE L L7 cell-free homogenate
DA VF 2 X—= 3 vV Th, 16a6OH-Ps 0 AR
%, By oM TERCHfIZ hic. DHA, Py i@
%3~ % 16(-hydroxylase ™ Km {fi¥, &% 4 5.5X
107°M, 3.1X107°MTHYH, X, ZOFHE < #
— V%, % 4 competitive THhHot-. E; Lo
D A5 v 4 FiZ X % 16a-hydroxylase {E#EIZ R
ETHEY, A—&HFTTHRI L, B Ofg
G TH B Eg-3-sulfate, E4-16,17-disulfate |34 <
FHEER % R iehot. 0L, By o
B EIuEA, JRIERFIE D 16a-hydroxylase 125}
LTRZHEY 52 5F %2 /R, BER.

&N E i 15

MAPA-triol 13, FE% M (Laatikainen et al., 1973),

B4 B RA (Reynolds, 1966), 3Kk (Schindler
& Siiteri, 1968) I~ & bh b JRIEHER A7 =
4 FD12TCHBH, Ey [EE16a-hydroxylase #E
PR UCRHEFR /R Lz, 4PA-triol 12, 1C-
DHA % F'BH & U 7= FRIEHIE © BIiRER « R
T, M o8 ER IR (&I, 1975),
X, RRIEHREBRTO E; filpE» 12L& LTHE
HXh T3 (Dellicqua et al., 1967) FH L+ &%
¥ 5L, MRIEFRE16a-hydroxylase iR H
EKOEBYI»EELYRIFTHELYTRETHLDOL L
THIBREE. HInAST v 4 F & LT cortisol % f
WicE, Py X b 160OH-Py DA LB
EIhieh, A—F&HE Tk DHA 1 b»160OH-
DHA ~DOEEHIIf] OEE Y FUT X iehore.
O, HEWE L EE, HEDE LBEROR
ROBEYTIE T EE L DR,

LlEDERY, RBIEEERY, 27 r 1 FHEKR
XBAF a4 FVEGHRO HEMFASHLTRoOTW
LAREME A TRET AL DO TH S . R, £HENE
BEORME, HHREROHREHOROER, XD
PHERAE, SERFCRHFYETIMEY S &
LTWwaEBbhs.

ReRocilEs, ARBECRELRHPHEXHEHEE L
HREMEFRFUREBREG, AEEZ2ELcERHE -
L ¥, M, AMRo—IMk, H27E A AERHE AR
FEBEY VRO Y ARV, EBEIAAFAASWFELSER S
ZTHRFEL 1.

X ®

Rt (1965) : H17E HERELSBEBEERS
EE, p.39.

RLfits. H F AR 5, ASHF #® k
R, EmfeE (1966) : EMHR, 18, 248.

WILEEEE (1975) : HERE, 27, 455.
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