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RBOMBELHEMPICRY*, T4 KASNn3 11-
»nA FoFyanrsFazxs oy (Idler and Truscott,
1966) 244 @ -4 57X+ xFuy (lder e
al., 1960; Schmidt and Idler, 1962) 73 & D457
PleBROTHAEEBERBOR Ful Fhve v
FHEL, ThoDEAREROIMABLEARER T &
BHISK TS, LibLEAS, R5uaf Fhrey
DRJICET 2HRIEDILL, T¥ Fay v (Breuer
and Ozon, 1965; Lisboa and Breuer, 1966) & .
R Moy v (Breuer et al., 1963) it TEFOH
EBBZ0HT, FuFRFvEINFIRTFALF
2N TRBEAEMBAMSh T (Idler and
Truscott, 1972). %7, ARRPORBEYICONT
BEESCOMBMRY, DFhic Mckim (1966) Hi=
VZADRBOTF S EFRaNF S v ERELRE
HLTHWEDATH 3.

¥f4E, Horning er al. (1967) it k2 TARBP DR
FOA4 FRVERBEGOFTR 7 a< b+ 75 7517
BEELL#ESRLE. $bb, FhrFol FoS
LITHIRYE Fa:vTe b YEMIE%E LD 25 o
1 FRAEDJMEEZFOTVRD, R0 bs57
ST CRETH O, HEIhEDORF o
41 PO brvEE 4 b+ a (MO) (LKL
fotk, 2LALOKEEERE b Y 2 F vy v (TMSD) {b
T 5 EBICRE I LEYIicED S (Fales and Luuk-
kainen, 1965) Z &tk v 2B T, RPxFos F
DO—BDTLEERL L. COHERRFuS FOr
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27 a< b5 70 EERAR DT, 4HORF
o4 FARORLERDTNE. 20%, VkEEE
ZiFl g BX tert 1Ta OKBED ) MLED
B &4 (Sakauchi and Horning, 1971; Thenot
and Horning, 1972), Rth xFu 4 F 30 53
B, F—) v/ OREL R Brshl. —k,
Ryhage (1964) gk > THR& Wi R /= b
5 7—HEMERRF o4 FILZEOSFICARICY
RL, BAETH vg~ng BEOXF oM FOBELH
ELHBETIIEDT.

ZEHEOR oD EfEBH W T a4 (Cyprinus
carpio) RO 5 w4 FREEY % Bz L.
KFROETICD D, ANKEBZBO/NKIES
DERICRAEERECHEETE N .. TCRERSB
LBELEF 3.
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1. HEoBs

AR/ —w, T by, BRTFLVITHROREK
W% SR ZE L. €Y Ui ABEREE
KOH Hfi L © 4 ZBERBEEL, BEEs
KAz, Amberlite XAD-2 #js (Rohm and
Haas #) BEBKTRYEA LGS CREICEET
BRI TFEBR OB H T ACDODALR) —, Tk
by, KTFAicEERE L (Bladlow, 1968). 7 v
FrxyFo v R2EOERAFnA F (Table | &
f8) & Sigma EhSEALE. ZhbDRFuaf K
BHFR70<2 b5 7THF$RTHOLOT, S
PRk
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Fig. 1. Showing a cannulated carp (Cyprinus
carpio) with the cannula attached to the
ice-cooled receiver flask. Water enters the
box at A and emerges at B.

2. #HER

[ BEMOSEALLALE 26~28cm, {KE 248~
280g a4 10 BEKE 2221°C ok (29.5%60
x30cm) thizc £ 2RBFOAN, M IVAPHEAEL
fz.

3. BER

a24%100ppm © MS-222 (b)Y HA VA2V B
BRiE) WM S AMRREL, BEticay—F v (1
cm OEX oA Imm O #) zFLVYFa
— T ORBMINSE vy a—vTalBEE DD,
fhddic 30cmx Imme¢ O ) a—vFa— 7 2ER
Licdbd) ALK DT, REEERNEKE
(Fig. 1) ¥, vVa—vFa—70 BHE—H
ZREAICEOBRL, 2875 X2l L. KiE
WCRENRTHERME L 2KiEKE 2221°C i #
L, +ABzTL—va yETEDE, 100ml/
min OESTHEM L .
ERRELRAE (Grafilin, 1931) oFEE BT 57
», OO QKM Hts Nz RERT 280
48 SRS HEtt s It RAE Edd. a4 10BH 5 48
BERSER 10 MyAZ I L 7228, D55 8tk (i 3
B, MS5E) 2 Toic& 2> TKAMEL, Boo 2k
(MR 1RB) 287 o4 FOSHTIcH T
4 BEIBLYNLRYIR
THEBROBE, a4 Rfkcl} g~Ivrmn=4—
FHEYENESENT B EMYD/DT, Th*%
B 7-»E% Amberlite XAD-2 #3524 (2.5g,
1ScmXx S5mmg) iz FE, ¥ 0.5ml/min TEB
S BEKIOmMlITH S A%®EDRE, RFE4
FE A4/ —n12.5ml THEH LK. DOTEBEE
BETEXRK[MPTEREREL, BEZRAAITD
OFEICRD TSR LTz, bbb, RPRFw

4 K& 25ml QKIZERL, chic 0.5 M BEERIRE
¥ (pH 6.0) 5ml %z, pH 6.0 i L 7o &,
W p-r vy o= —+ 1000 B A (39 16 mg,
Sigma %) EBFEED 7= D s oukovs EiE &2
Z, 31°C TSRS > Lic (BEAD. -
WT, HBEASERESRT 2D, BRzFv 25
ml, 1/5 BEOHRAL<Y Y 0.5ml, S0% viv
H,SO, %% 1. 5ml, NaCl 6.25g 2 nx S 2 L <
B/ESL, X 5ic 33°C T 3IMMEEMR &5 L
(v Y ¥R). REYZESER B L, LEOR
B FEESEE, KEESSc 25ml ofiix
FAUTHM L. KRz FrErsbd, 7.5ml ©
8 % NaOH-10 % NaCl %#¥<S5@E, 7.5ml @ 10
% NaCl JigT 3 Egeisk, @K Na, SO, T Bk
L, BEEERTZALWB TREREL .

5. EEZTAAN

a4 @ 48 BRI A 2K T 100ml e FRL, 25
g ® NaCl #Eng, 100ml oFgx 507 2 [E#
HU7. MHEExSHE, 8% NaOH-10% NaCl
B 30ml©5E, 10% NaCl %% 30ml < 3[5
P, Mk Na,SO, TG L, BHERRT ALK
WhTHEELL

6. MO-TMSi FE{fkD{ES!

27u4 FEE 2 F7urdyy 7 RIEE (5
cmx Smm¢) ic# L, FTiEo A, BHIHEDT
MO-TMSi FEUk%E R L. ke d -4 v &
DALy rEE MO HicEZL38TRRALCTH3
s, A (Horning and Horning. 1970; Horning
et al., 1967) W kEEAZ Y 11§ & tert 1T
O KBEEY T —FVITEZ B L ENHRBEVOR X
L, B¥: (Thenot and Horning, 1972) x5 w 4
FAFHNOLKEBEE TMSI 2—F 4Ll 5 5.
(A) =7ud PR bRYT IV HIRE 2
mg LEREY Y Uy 0.2ml Bni, HOARE e
%, B LERTHKELL MO ). ST r
Y O vERBERT ALK ChER, BEE2ml @ 5
% Na,CO,-10 9 NaCl #Eigicigh» L, 3ml o FE
B 7Tl L. MHKE 2ml 05 % Na.COs
10 % NaCl ¥ 2 [Figedek, Kk NaSO, T
BL, BMETIC 40°C TlHEA%E BELi. BEZD
BOEBBRzFE BT KGE (Scmx Smmg)
L, BAREEER, EX MY AFOYYILTED
7R (BSA) 204 %X 2Hic |EEKRE L
(TMSi 1bk).

(B) zyud FRE KA MYT IV ERE ]
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mg L EBRY YUy 104 2L, +EMRBRER

L, 60°C T30 fMmAL: MO {0). Yy o v%
BRATAKWMPTHERSE, BEC N-bY xFrv
Yd 2 &Y= (TSIM) 104 %z 100°C T2
A& L7 (584 TMSI {b). 45, ERExFuq
FieonTh e kil U< MO-TMSi F3k
ZEBLL 7o,

7. HRZOARMNISTOHW

HR7w< I 57 B0 & kEEA 4 L RS
(FID) %ff% - Brsl 4BMPF 1ckp, 3mx 4
mm¢ O F3RA56%2HL, 1% O0V-1 & 2%
QF-1 Shimalite W (&, 35 3, 80~100 x
v ¥a) TEHRER 170°C BXF 150°C ;5 2°C/
min OFESFETE /. REEAD & Bl
280°C icfb, EESF 2 HEEF 60ml/min & L 7.
12k, SiFlHc>&RRAR I ~24 %2 =4 o1
VYV IUTHT AREALK.

8. MU fEDAEIE

Horning et al. (1967) @ JFE:icHt> THREHAMKIC
n--3 7 4 v (Applied Science Laboratories Inc.)
ZBALTHRZ v= 75 7DHETREL, 4R
hrFad FELIOERXF o4 Fo MO-TMSI &
BEOoxFrva=y b (MU) @ERE L.

MU ERERATTORF a4 FOREERE n-
NS T4 vDENERBLTEDLT Y- HERTD
3. FHbb Cyu~Cy © -5 7 4 v IZFBSHT
BV TRIIEMBRBNT 2 Ens, BIOR T
ud FEREUFHRD n—%5 7 4 v O REREELE
ey, ZONBEZTEDEDDTHD. TOHEICK
NESTRE, + v Y Y —ARF0E, EHBE B
MBS ERRRENSTE 5.

9. HRHOTMIST—HEBHIT

AR7mw 5 7—HEMNMT & BizE RM-50
GCitkb, 3mx4dmm¢ O HF5RH 7 LEHN,
1%0V-1F7-ix 2% QF-1Shimalite W (80~100
Xy va) TI130°C kb 1°C/min OFBEATE 1T
o, REEAL, 1v2—7 =423 250°C i
BE, ~NY v ALRFEREH 30ml/min, 4% 1L
EBEFEIEHREBTOEN S0eV & 804A & L7

K e

1. RE

Frmab—YayEED 24RO FEIZ 23~25
ml/kg-hr OFE%EZ RL. BZ 6 ERESRE
(Grafflin, 1931) W& Bbha. Co¥#iz 24

BRI 5.3~7.9ml/keg-hr iDL, Z0%E
BIE—E LDk BT EL, FIHD 24 I
Bt s hz R T, >0 BRI REL R %
FERic L. ok, |BYY 0 SEBHRER T2~
105ml =, E¥8ml thHoi-.

2. HRLIATMISTHT

Bz Fof FEasFhriog Fol%0V-1
BXU 2% QF-1 45 aick 2 4r#% Figs. 2~
4 xRt TSIMick Ly )V vk LB 08 &
IZiZ 2 BQF-1 OLBABEMN IS, BSA Ik DiEf
YY) ELIBEOEHE 1 % OV-1 BB LA
DB Lot su= bS58k 1~X o~
s OMUEABEEZRF o4 FOZLE ENHLIER
% Table | it;R9. Tablel »o¥ 2 k5ic I ODMU
EiR7 v Faxsoy MO-TMSI ko Zhnic—
45 Eficlchor—27 oMU i% ks 3
&, TReFAas/ay, MEFeFox7 U F
nzxs5uey (DHEA), V@7 v Fezxsryyt—in,
VRFVITFrdd—n, IBFVITFry b 4—
n, Midavzya—u, MEF bS5 EFoavyEy
v (THE), Xi37 t5 & FaanirsFvy—u (THE),
Xidanvtroy, X g-avbtoey, XMZ avi-—
w, X & pg-anvb—-ro FEKic 2hEh BY T
3. 5% Fig. 4 @B TX&XoE — 27 Bfior —
7 KB TRIH TSR PO/

TYFezRFuy, xFFazsay, FLyyv
U A4—sw, THE, THF O — 7 3B S R
MBEETHOND, o —2 3L ThsL, B
ko TiEBBshRRWT EMnSHok. TV Fo
RFYIA—NE—7 REKENKE L, Bblick>
CTyFexyFuryE€—y X Rk&m»oich. DHEA
=7 X0 /MNEh272b Liz. COFBRBDIEL,
EHIEONSOVARPOT Y FrRF It —niEE
LAEBB. —F, AFud F g —volfifEiRR
Hohd, ThBHRFoA FORE2VRFa—n
ZROTREBBRAT T, avxFuo—nidfh
BHEHDEO I KD, TUAMRGKEIFESRETHS
A, HHESARCEHELTELLISL, Lrddixo
OBM7 ) -BTHD. BEIVRFa—wERL
RBORFo4 FREEYO 5B, BLEAEDRF
o4 FREESROATREEZS BRI N-OKK
L, DHEA &7 v Fezx7 vy ot —n 3—IFERA
HELTWBELHLL, S5y RY Y2 LEBTHIESE
SRS R PO,
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An Pd
Et THF THE
Pt 8-Cortol
Cortolone
DHEA A-Cortolone
Cortol
e
€21
- | | | | | !
150 170 190 210 230°C
Fig. 2. Gas chromatogram of reference steroids as TMSi and MO-TMSi derivatives

(TSIM, 100°C).
100 mesh Shimalite W, temperature programmed at 2°C/m

Separation conditions; 3mx4mm i. d. glass column, 2 % QF-1 on 80-

in from 150°C. An=andro-

sterone, Et=etiocholanolone, DHEA =dehydroepiandrosterone, Pd=pregnanediol, Pt=
pregnanetriol, THF=tetrahydrocortisol, THE =tetrahydrocortisone.
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. [ l 1 | I | I
170 190 210 230 250 270°C
Fig. 3. Gas chromatogram of carp urinary steroids as TMSi and MO-TMSi derivatives

(BSA, 20°C).
(on 80-100 mesh Shimalite
1 ; androsterone,

Separation conditions are the same as for Fig. 2, except that a 1 % OV-1
WB column was used, and initial temperature was 170°C.
Il ; etiocholanolone, 1I; DHEA, IV; androstenediol, V; pregnanediol,

VI; pregnanetriol, VI; cholesterol, VIl; THE, IX; THF, X ; cortolone, XI; #-cortolone, XI;
cortol, XlI; g-cortol.
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Vil

vill

VUV

Fig. 4. Gas chromatogram of carp urinary steroids as TMSi and MO-TMSi derivatives
(TSIM, 100°C). Separation conditions are the same as for Fig. 2. 1 ; androsterone,
I ; etiocholanolone, I1; DHEA, V; pregnanediol, VI; pregnanetriol, VI; cholesterol,
VI; THE, I¥; THF, X; cortolone, XI; g-cortolone.

- ! | | !
150 170 190 210 230°C

Table 1. Methylene unit (MU) values for MO-TMSi derivatives of
carp urinary steroids and reference steroids determined by temperature
programming with OV-1 and QF-! liquid phases.

Liquid phase Liquid phase
Steroid e Steroid -

ov-1» QF-12» OV-1 QF-1
Compound I 25.02 26. 96 Compound VI 31,21 33.43
(Androsterone) (25.02) (26.98) (THE)# (31.21) (33.49)
Compound 1T 25.23 27.24 Compound X 31. 80 31.67
(Etiocholanolone) (25.22) (27.27) (THEF)® (31.82) (31.66)
Compound TI 25.63 27.76 Compound X 32.06 34.32
(DHEA)® (25.65) (27.76) (Cortolone) (32.09) (34.31)
Compound [V 25. 84 — Compound X[ 32.35 35.11
(Androstenediol) (25.84) — (p-Cortolone) (32.35 (35.07)
Compound V 27.58 29. 30 Compound XI 32.63 —
(Pregnanediol) (27.58) (29.27) (Cortol) (32.64) (32.89)
Compound VI 29. 06 29. 71 Compound X[ 32,81 —
(Pregnanetriol) (29.05) (29.72) (p-Cortol) (32.84) (32.27)
Compound VI 30.77 32.57
(Cholesterol) (30. 80) (32.58)

D 1% OV-1 column, temperature programming at 2°C/min, starting at 170°C.
2 29 QF-1 column, temperature programming at 2°C/min, starting at 150°C.
® Dehydroepiandrosterone.

9  Tetrahydrocortisone.

% Tetrahydrocortisol.
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100 -1
M-15-90X2 OTMS
269 M-90X2
284
- 75 -
g TMSO-
> M-117
‘@ 347
S
E 50
L4
2
5
& 25
150 200 250 300 350 400 450 500
m/e
Fig. 5. Mass spectrum of compound V. The fragmentation pattern coincided with

that of authentic pregnanediol TMSi derivative. The GC column was a 3mx4mm i.d.
glass coil packed with 1% OV-l on Shimalite W. The column temperature was pro-

grammed at 1°C/min from 130 to 230°C.

3. HRZAVMN/TT—HENH

afRpRF el FEFRsuw /5 7—EES
Wetiehid I~XIDvR A7 P AERELIER,
I~XEZ20TRZEREFNNIGTIBERF 01 FO
MO-TMSi FEHEAD <X 22 b L ETBEIC—FK L
7. LOLBHES, X~XI oW TRFEMA»LSD
A REHEShIZD (1%0V-1), Ekizavz
Fu—a—y LEEORY (2% QF-DLT, ¥
RIEwRAARI PBE LN DT

254 FOMO-TMSiI ZHED 75 74 vF—
YaynNg—VICRBLIEREA PRV AVEP MY
AFNTT ) —VOBERICET{ M-31, M-90, M-
X2 HEDE—I N ARELTHEERALDPTNZETH
3. Fig. 5 ic V (Fv s+ v+ —n TMSI FHE
K) w22y bAEIRYT. mle 464 BHE—2
M) T, M-90, M-90x2 lcfsd 33— % mfe
374, 284 izE 5B, mfe 449 (M-15), 359 (M-
90-15), 269 (M-90x2-15) izZnodhd, Edicx
FUENEB L e eDiIcE L -y BTHS. mfe
347 M-117) 3 280 Bt o ¥—2TdH
3. D& Fig. 6 IX (THF MO-TMSi %#4k)
DewRRRY b AETRT. mfe 683 BEEL—27 (M)
<, M-31, M-31-90, M-31-90x2, M-31-90x3 ic
Wisg s —2hzheh mle 652, 562, 472, 382
RS 5. mfe 523 (M-160), 433 (M-160-90),
343 (M-160-90x2) o —#HOE— 7 3 2[P L+ Y

AFNY 5/ —NVOBRICEIS -7 BTH 5.
% =

AN

HAKDR 7 o4 Fhre iz oREBRICEN
T, 44 “EBESOET, MO vR=nBEDRET,
20061 hvR=nED BieEZl, SrvriuvipE
T 3RBIEA AR E LTS L OB S h okt s h
3 CGE#, 1967; thig, 1967; A - fidk, 1972).
ZLCZoR#METEIFECBEIFREEL SN
T3,

AoxFufA rsrveEryoR#ICEL T
Lisboa and Breuer (1966) S fFistIR %M 7z in
Vitro DEBRT FAPAFuyB7rFaxFard
TFAa5  u KRB INE T EEREL TV S.
Ty ey v 3FEo A5 59, iR (Callard and
Leathem, 1965; Reinboth et al., 1966), ¥
(Simpson et al., 1963), =& =v x/Mk (Cédard
et al., 1963) Fic BV T HMWAMRRBEZ TS &
BHIEGN TS, Fuf zFic20Tid Arai e
al. (1969) OWEIME—DHDT, PHF=V~<=x
DBMBE T e 2AFa v 2V F Ok, FL
IF/urBLUENSOREEKICETT 2 MREL b
DERXRTINS.

ABIBOCRIE LIS VS F v IF—nEFrLy
FY M F—RHABE TR0y X7 0 v ORKEKRR
MWEMELTAMSNTEY, %7z THE, THF, =
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100 7] M-31
OTMS

M=31-90 o0 NOCH3
— 562 TMSO -OTMS
& 757 M-~160-90X3
= 253 M-31-90X3 M-31-90X2
g 382 472 TMSO-
o4
- M-160-80X2
£ 509 343
2 M
= 683
© M-160-90
« 433 M-160

523
||l|]” L ll] ll Il 1|| l[lll i : | ‘
300 400 500 600 700
mse
Fig. 6. Mass spectrum of compound JX. The fragmentation pattern coincided with

that of authentic THF MO-TMSi derivative. GC conditions are the same as for Fig. 5,

except that a 2 % QF-! column was used

by, f~axbuay, ANWhb—-, -2 F—
nVEanFs vy, anvFS-LoRBEME L THS
NTVE. TOBDRFaA FHa4 Rhhokills
Nl EFREDOR 7 v 4 Fhve v ORBIREEHNE
AELEANRELUTHY, REEHODIEL & b—
WRBE,OHt SN C LEBHKT 5. BERE L
LTREMOM, 4 BoS5, AEESESEIOND
B, TNLOMBROVWTRSBRES KB LAV,
ARz EERoxFuf Fofty, 11-4 7y Fn
H-rtxFFaszsey, -N FoF
Y7y FazFoy, ll-Nf FaxvzFzas/
oy, Fvirsay, FLirvIE—n, TS
AV E)A—N, PSRV MY FOY, FFFEF
o2 VFARF Oy EORTFal FOEENAISNT
W3h, s REEOEBRTRBRHIENELDT.
BOo{BEELBOLOTRLEL, BRHBBEALIT TS
TcHERS.

FikRBRhica R g~r vy n=2—-¥HE
PENEENE LDy, THERIIZDVBN

AFay,

AELLI-D, Amberlite XAD-2 fiisT 4 5
OB ORI TH2I. o HEWEZ ABO R

ho -y =g —CRENEE LT AIdh
Twa s wvayy ha-1,4-5 7 b (Marsh, 1963)
M, FLRZhcB U Lo bahisi.

ANRFORF v 4 FOSIMTIIERE, EEHE T
RE, #H, S, BRTEASONINEE OWMIER
EPEROZHICEAERHS ATV, RRPOXF
o4 FORRBLBRF—22EBLTWIFE, A0

REEOHE, AROBHL & oicBEPEERERKIC
LOTiH & 2 ADEIEMIER O RPRAE CHAT
& BB H 5.
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IARPORF o4 FRWEYE - V7= &
—EEVv Ry vz (EEzFar—INHSO) kLD
THEL, Bohi-BMRF o4 FEFERT F LV TH
W, BEIEHEHE, MO-TMSI Bk ic HhALTH A
7a< 7378 L. S i i3 BESl 4 BMPF
MIRyo= b BFEEZAL, D8E 10V-1 &2
%QF-1 7 5 ATITIED 7.

afRPRFa4 F (I~X) OMUEEEHER 7
of FOZho &t LR, 7y Fexyoy,
FFa3/vy, DHEA, 7y FuX5vozd—
W, FvTFIF—n, FVISFEYF—N, 3
vzx5ua—w, THE, THF, a,rbwy, g~an b
vy, b=, g-aib—-niERH LI (Table
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Summary

Steroid metabolites in carp (Cyprinus carpio) urine were hydrolyzed with pg-glu-
curonidase and by solvolysis (ethylacetate-1 N H,SO,). The liberated steroids were
extracted with ethylacetate, converted to methoxime-trimethylsilyl derivatives, and
subjected to gas chromatographic (GC) analysis. The GC separations were carried
out on 1 % OV-1 and 2 % QF-1 columns, and the retention data (MU values) of
carp urinary steroids (I-XM) were compared with those of reference steroids
identically treated with the above procedures (Table 1). The structures of the com-
pounds I-X were also confirmed by GC-Mass spectrometry.

The results showed the presence of androsterone, etiocholanolone, DHEA,
androstenediol, pregnanediol, pregnanetriol, cholesterol, THE, THF, cortolone, g-
cortolone, cortol and pg-cortol in the urine of carp.



