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IAMOT 0T, MOERIIPNWTHAEAORENZRZTHRIVESTH D, RERBRICH
WTIE, IR OFE A ORE, kA, B OIEE, HIROMEEF S X))
OBRFICHEG LTS, WABOFBRIICBT 2T A hOby i3, KHOSIRELIC
FER U THIKIERRIVE S (LH) O/ 2 220, KA hRENREI U, 0]
P ADORIEAREZEZ 5 &, R EIL T GEEIVE 20 LT FERNS DLH
Y- L, FRIICHINZFIET 5 (Kesner et. al., 1981; K&, 1988) .
B, BREOREEIA MO /WIS, RN SWMI NS T OT AT 0 K> T
SN5, o, RO A O 7 203, Ko HRERNZSISEIT. ZOLD
I, TASOF 2D 5D B OMED 4G iE - B EICEFRLTB 0. T Ol IRE
v, MEPEEN) O AR RE 7 ST H4REEE L T THETH S

IR MOF L, wERFZISFESOIA ST A *ﬁ’&hiDXTD/f RT. & DR
ELTHTRICHEERZRES (D - /NP, 1980) | It O3 L AFo—) )b ziE &
TH-HMOEZTO1 RERBEORKENEL T, YA T8Iy ROy %
FRTCPERRE NS (Gore-Langton and Armstrong, 1994) . T A ~O% > O F-h§is
13, KEEFEOK, —HESOMNE, HFRUEFITL > TEXO/MEIIr»NTBD, £OD
OMTIEMRIC L > TEHEMIZEAZINTYS (KiES, 1988) . L~L, $EEIX
RO NI BFHEIMICIGEL TRHHINTHD, 2COoUiZE LTI AN
FT—I=178BMNEHEMEENE LS, T A O REN R EEErRYT (FES,
1988) . £7/2. TA KNI UEKO N THOEIIMENENWZS, TNzE H&T%llhm
R RIBRETKICHIATH D, L L, WAIMOTZ Oy A3 1=, M. 5
BEHEORMERICL DAL Z 2T 57280, mawﬁa/mw,@ﬁ&mm
22\ T TR TE DG PEM B A EL TS (ﬁ%i¥° hng, 1977)

D OEE, TAROT REEICINREERTEAINDS, IPREBETIITA MO
T DFIREREENEIE S 720, TOAMERIIZHENDFRD 515 (Gore-Langton
and Armstrong, 1994; Solomon, 1994) . R TIX, RPABRICH D90 T A hos
COFXBEERATH D, NIEEMIRTA LV AT O )V ERMYMEEL Ty > ROAT
COFUMNEREN, BREARTT A MAT O ERTHABTILBEDOHESITI > TITA
NS F— IV —17BICHEH i ENS (RES, 1988) . TA KNI ZA—)V—1781d. K
FREXOERICE D T A O En WA 2T 5 (Armstrong and Dorrington,
1979) » —K4. BB TIZ, 7ORORATUPAUNSETAMATOC EFTICHELA
hOOMEREN, TARSZA— =173 A O M SEIRIZEEIN TN S
(Hoedemaker et. al., 1990 Solomon, 1994) , TA OO IR ZE IS N
TITA MO YT z— MZifEnsd (Dwyer and Robertson, 1980) , %G)f'b@
5 @Fﬂlﬁ]@@'/@m{&#ﬂf IT ARSI F=IN =17 NEINEBLTH O, HIRIIZ
IA MO ETAMOHIIN T z— OB E72S (Knickerbocker et. al., 1986) .
%E%ngéXMmm11hmﬁ/\%;\1xh7yﬁww—ﬁﬁﬂgu‘WW@
RANES WA RTIEEL L THETH S (Hafez, 1987; &€, 1984) ., — K., IEIRIUID
RMARRIMP T 2 hOsy >, Ko, TA MOV T — M3, RBHEREZ Ik T 5 582
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ELTHETHS (Edgvist and Stabenfeldt, 1989; Jainudeen and Hafez, 1987) .

Bkt hOIMEHFOTL A bOF REOREE., BERERAM THE. BRD D W0
W T B & AB A RENEIRIC L > TIrbiTnd (Abraham, 1969; Tamamura
et.al., 1982; De Boever et. al., 1986; Sjoblom et. al., 1990) . TN HDEHEEFVWT N
bEmWRHBEZEL, £ b7y T, Mzl E L TEELZA NOd > OREZETT
HTZEMTES (Rodaet.al., 1986; Thomaset.al., 1987) ., LML, DT A +O
O IEENME S . FRBHILANIZNGS O HiEOREREZ T 572D, iz il
PLELTHEHBEIA RIS D ZAETZIENTERY, YOXRMIMPOLA SOF i
BERPET S-DI1E, TAROF 2 Mm» St U, 38 - #idk Lzdnidiz sz
VW, —RAZRHIEE LTI, AEBEE WK - o®, koo T 57 40—
2k AR - Hifk, HDVIENENRIEIEICE > TR ZR OB HiEDHws T D

(Mikhail et. al., 1970; B - #§5T, 1975; Medina and Schwartz, 1986) . —JF. #&
MOT A NOF AZMIED TR < KIATETHBABICEIT LWz, Bk —iihhitiis
TIRIMEN S DT 2 ZEMNTERY, TOD, KSR L TIEWERE L THET 2
M, BHELZZWTHERENE TS HiENASHWwsENTWS (Holdsworth and Chaplin,
1982; Worsfold et. al., 1989) , L/22L. T35 DL TEE WD G5 720
728, HIRPEUA O S ORMMFP OGN T A Oy D REZWET ST ENTE
TV, T OERND RS AT S E T, A MO >, B, el A har >
DL 0z - FHEGEOBBENE TN TN S,

BEAHIH R, kO NI D57 0 =X B0 BEEE FRIEFE A S T 0 LZEM S T
HHIZMIE L7z DT, < OMEOREMCMILICFIH SN TWSD, Kz, Wity
Cd o THMEZET S WM EIEE, FrkiaiRlig 2 M 2 080875 <, BT 2WE D
DT EWCBERRIAVWHARICFIHTE 5720, EMHEEE LU THrRBIA<SFIIEN TV S

(McDonald, 1991) ., A5 01 ROMEIZBEL TS, a7z~ b v 7 202 LTI
SEEZFIR UGN I N TS (Axelson and Sahlberg, 1981; Shackleton,
1986) , L2 L, 720 ® 2504 RIZHH UE®ERRL, EOHRME MR
INTWiaw, F=, EMAMEAOES M — M) vy P2EEMATO1 RO EiZ &
THIH LUzl idizn,

AF04 RIZKICHIE TH D720, P TR D AT 04 RPRRRNEATO41
REESEOELIERRWET IV T I i EombEBAE EBKEEG T 5 2 &I K - Tk
INTVD, BEEAEORESCATO1 REOHMMEITEMRIICL > THR/EZ->THO,
FEM A EEIC K> TP O A7 01 K2 5856, BifEick > TENTIHIIRL
Wi ik 2 RiSarnidz sz n,

AW T2, 7o omfEh T A hod 2 OBMRIHTEIC D W TR SRS 21T, T
AbhO, TARSZA—N—178BLRIAPOHINT 2— MIDOWT, HHARE
WEDEDORHEZEN Uz, X512, BAEZISHT2 2 &Ik D, EWIEREHAE
WH LT RERGEICB TS 0RMNMP T A SO>IV T =— b OREHER 2] 5 i
L7z, Ifti&h oA SOy > O TR EESREI N2 LICXD, TA b
0% > ORENESITILD, %O 2 OEFNDWIIZE TOINHBIIRG S NS,
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i LS D RS

e

ARG, D EEREDYE < FHBIMEICEN TVWD Z EWTA, N TE 2 LAY A
<., ZBOBUESEMMNEFEAET2AT701 RO TFREL TENIEHETH D, TDR
B, WHAEEZFIH U@k o /57 40— (HPLC) . AF70O1 RO
A< HWwWENTWS (Heftmann and Hunter, 1979) . TA SO7 2O HricBIL T
H. O'Hare et. al. (1976) ICX DA T AL D 0mMOENENRENTNDS, TD
%, IFRBIS T Z Oy BENE VRN L TE, @EorZd T, PR
FEOEBICHIEHEINS LD -7 (Dolphin and Pergande, 1977) . —4. A b
04 2P EOEWR N, B ilE 0= OFilElyk & UTGEMHPLCARI &1
TW5 (Schoneshofer and Dulce, 1979) .

ITAbOF ORESWHA— Ry DIREENS 2 &3, BTN DOHREICL ST
B SMIEN TS (Shackleton and Whitney, 1980; Heikkinen et. al., 1981) . L
ML, BSWHEDSAZRWZBOMOEATOA REDOHBEER LT A 05 >t
DHBEREIC DWW TIRFARSNTWARW, TITAETIR, MEHILIKCEBZATHA RO
W R HEE T 5720, SIS I A ZHWEHPLCIZXK D, WA EE L TOA
5 ) =) ET R MU INVO BB KNS A OFL RN R ORRGES 2 175 72,

MEFB X1k

1. &kl

SffEOE RN LR B R LA SSdidl 178 T ALATH
R B U AT A BT A7) BEO l BEOHEEREEATEA F
(r Zh a9 ikd e R ogthieok. DA NI, TAPZPA— =173
LT 04 X570 13SIGMA Chemical CEE) mEA LKL, TAMATO, 7 F
OAF>PFACBELOTZA O )7 o — MIFEESRREE CGER) #1120 5+
XN bOEFHLE, £ATOA RIZ10BDA Y ) —)L 25K RKICHEMRE L, 15
AROWEEIZ, T2 OX 2100k e/ml, 7> ROF 2>MB10png/ml, 7Oy A50
M20 ng/ml&7sb X DI LT,

2. K
RO T ARTRYERIEK T2 CRKIR) M HIA L7z, S RKIE, &Sk o~

N7 S T MAEEKEM N, A7 04 FIEHH OB, RERERBRNAY /-
LOOOB L NEHgk 7O I 77 N N IIVEMEH L7z, BEICHERMU 72/
i3, EEE RS REN =7 vl (TFA) ZHwiz,

3. b

IR ASLELTTFNI v Cis (HAT+—F—X, HE) Wz, EHEH >
TEUVRRHESIET 4 — 4 —XD625LCT AT LBLUIN T4 hF A F— T L1 B
aZ AV, REEICIZ 2 TPEEKE ZEM L 72,
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4. nHTEM

A2 7a)b—T7OF®RIZI00 0] T, BWHOREITES Lml, 154 OMRER
30C & L. 50~70kg/cm2@AMmE I ToNiZir-> 7z, TAMOY 3 E280nmicH
FHENEEEICL>THRIEL, 7> ROFXr >80 705 2570203, #5E240nm
DIRIVBIRIIT L - Thei L 7z,
5. B

Wik T MIRFF SN2 AT 01 RIZABAKEOREAR ZFH L TS 872, Wk
AR S DMK AR THRIEEN T L ZHE L, S0EBRDOE250 X TAHAMGBERE 2 1 )
WD 5 BOBEGTHERAMIIWNE 2, AEEEIEIAY /) —)bETEMZMIILD 2
HAM L, BIEADOTFARIN OB DOWTHRNT 572D, DLFIRT 48 0%
tETERBREITo2. 2B, BEESHENSBEGE TORREII6.OMITH -7,

S, BEUK - Ay /)l

&t2. FEK->TEFZMUIV

3. 0.1 %TFAMKBRAK — 0.1 %TFAIMA Y /J— )b

&t 4. 0.1 TFANKRK — 0.1 %TFAIM Y b= b U

fi R

6 FEOMERATOA RERIFFIEALZZBOR 2 DRFITBIT DN — 3K 11
wLTre WTNOEEHDETIEH 20ER DD MRPEY DY — 7 HIERR S Nz,

Ay ) — I EBEEEREE LU THWEES, T AW 7 z—h FAMATO,
T E s BT s el R P P OAT YA T HE AT IR
JEICAH L, TAMOETANSPF—N—17T8 RSN, TENTNDOHE
HIEE BT DT A Y J— )L #81EIZ25, 59, 61, 63BIU70% TH -7z,

TERZ MU NVEBHBEELTERALESS, ZA MOV Tz—h, ZAMSY
O Rl e U SRR S R AN R e O - A BT ALY

DIEICEH Lz, AY IV 2EEBRRICHWESEG &R0, TA MO ET AT
F— =172 HT B ENTER, TNETNOBHRRICB ISR EFOTY 2
NUJVEBERLS, 41, 43, 44, 45BLUE6% TH o7z,

fﬁ;HA&%MLt”A WITNORETH T A MO YV T =— b OLREFR RO

MIER L, D 2704 KOBEHIKRIZCZLIZRD S 17ah 572,

= =
Wit O~ 8757 4 —Tid, BEHOWEN/NES <2 5BEH IR HRES I EDHS
NTns G, 1978) . AEBRTIE, BHBKELTAY /= )VET7EMZ M)ILZHW
7=, T RZRUIEAY IV X OBENKL, DI LIRS ATO1 RidA
Y )= )V EDEEEOTY R MUV THIH L, L L, BIEICHT 23k OB METE
WLV T < Bk A RERIZ K > T2 T 57280, WA RLIEIC BT 5 0 BRI 1 &
AR DEEICKET B (0, 1978)  AEBROFE T, TA MDY Tz —hE&
7D7XTD/1&Bb®ﬁMT%L®XTD4%&ﬁ%f%t# 7 > Rar > Db
RElg A% ) — IO EL, TAMOFZ @7 b bUINTUNGBETE D27z, £
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o, TAROFETROT D ONEETIEAY J—IVDMBENTWz, Ll 5
H—h)w PERVWDHEIETIE, HPLCREEIHREREDOREZITD ZEMTERW
. AY )=, TERZ PRI IWTNOBEZAWTHIA MY &7 ROd >
OBl THEINT B Z EdREETId /0w EHEER I Nz,

AFEBRTIE, TAROOYINTz—MITX bO LD {KREOABIBETHIL L,
TAROYILT o— RE, WREEAMME NN T A hO 2T, HEMNOTA b
O &L THMENRE-S> TS, T07Y, HEMEoBmEMErL, T A o>
FOEBEOEBAETHHELEbDEEZ NS, AEBROFRENS, TA MO ET
A RO YT 2— b OBIHEMHEOEIREL, MBI A— ) v PRV EHATY
% %DM TE SN REENGZ, —5, FROLM THEREG 22 uIbo A7
04 RTHFFREICEEOZ bR ITIENS, PO T 57 ¢ — Tidhmm
EEZFEIAN I DA N —178bIT A RO YT o— h EIFREFEEROEE) 2R T
EEZHENS, UL BEH— M) v PERAWTHBEZIT D HE. W IEE Uiy
mENSafEtENEmnl EE2R LTS,

W2 O N7 5 7 4 — TIRIBHEEE DR D IUTFE ORI XY — 2 B 2T %,
AEBRICBOW TBIHHNCTFAZIRINU 256, B RN O /Ny — 2 L L T
ZhO>H )T r— hOBEHIEHOANEE L, OEZXT O RO HFFRIZIEZE LN
A SN, UL EHEROEZATOA RMEMETHHDOITHL, TA hO
SHIVT r— MEIFEOHTFHICA T OB E R OBUEME TH B 12D EHEZ 5N
%, M EIIAEOPHZEZ (LS B THZOBKERZBL LI VDI L, T A MO >
YL T o — hOEES. TEFAZRRML 722 S &0 A OpHMMEE K OpKalZinf &, fif
BEL TWADTEAEAD U, ISR 2R 7R MK F 35, €D, Bk
M ER LU THREAEOHEMENE L, RESHIERLZEEZAEND, ZORIRIF,
EEWHA— Ry DI A O Y ) o — b EEEMoT A oSy L
SNEET B BE . WEERICIERE 2R LIZ W DY, WiHE OWIHEEOENKE LD, it
LB EZRLTNVD,

i 2

MG — Ry DI SN AT7 01 Romiliet 2w s, LGz b59 %
SFRHEIOENMZT 014 R&E LEOBMAR T Z bay a2, I ELTORAY
)=V ETE R U IO DEWB LA OREIRINDEEIZ DWW CEHIHPLCIZ
L aREt Ao, TOER, BRIEBREELTAY ) —NVH20WERTERZRIIILOWVT
HABRWTS, T2 O a0 270080z A a7z~ k EEHED
T2 ROF D EENDBLTHINTE S ZENRENZ., LML, BRICTFAZRINT 5
E. IZROSHIN Tz — FEBEHBMOIA hOd > EONREREMET L. —H, A
RO ETARNSI DA =N —17BIEAY /)= )IVTHEEENT., 7 NI ILTOAHY
Bt N, WEORNEMLERLTBY., S — ) v ik > Tl Z /) B
TEHZ IR ERDNE, T, Z2 MO ET7 RO > OBEHENEERMLTE
D, WEWHA— R v 2T, WINOBEEEHWTHlE O, BHIAE T2 Whh &
R XN,




%3 AR K2 miEh A hOg 2D
fill i B K N7 m

]

MEOERICLD, WHEBEANIRFEEINEATOA B3NN 5 R 2
O EAHEMICE oz, HPLCICL A AT 01 RONWRITHEENR <. S DXL
LzAT 014 REEMHICHOEET S ZENTES, UL, HPLCEE IR DM FWLEE A
TERWED, ABENSEIC L2513 < ORFRNKRIEERD, DRROAT014 RO
ﬁiﬂé%@?ﬂi S U WAL Gk S E A, — 4, 50 2 L3 L 72 A
FOA RZENEET I EA T TRV, RrkriEEz2df Lizniey, —EIZ%
KOMKZUETDHIENTEDLENDIFIEND S,

WA — )y PERHWETZA OS> OB DOV THEHIE DN OME 2D 2
(Shackleton and Whitney, 1980; Heikkinen et. al., 1981; Ciottiet. al., 1989) . L
AL, ISRV TNBE FOEKEZREELZDOT, D2 OMEN»BHEAT0O1 K&
i U 7= 88513 750, FIEOEBN S H0M B L1, AT il EHOTARER OPEE 280 5%
RIVIREFEBLNAHOERED LT S, £z, mLJﬁLP IZidkk A T AT 01 REEGEEE
MIFELTH O Baulieu, 1986) . MM SEFEATOA REBEMT 525G, i
FOATOA RESEHEOEEII DOV THORNZITOHNENDH S (Shackleton  and
Whitney, 1980) . Kric, W A3 AL U2 Bk B RIS 2 59 5728, ik
A DEM & kX< Bir->TH0D (Kaneko, 1989a; Kaneko, 1989b) . TA ~O% > ®
EAHIE 27O B D RAOEENH 5 T ENHEEREIND,

AETIE, T OMBERICEENSITA MO OESWMA— MY v I EDR
JEEE X NSO ERT D728, WEHERM TR ZEHSE LA MOT > 2iRL7zD &
DI EZE W, WA — ) v PORMIT A Oy kT S RFREORE 211072, €
T 5 C, @/@MKWuuiﬂéﬂXTﬁﬁlnmeéﬁI}FD7/®mth
ICRIFTHEAIEZ D ENTED, KRIT, EHER D O A IR 2 BRI LA
5ZEICED, FEADIA b D’T/@;tﬂ‘ﬁfém%ff#@*ﬁmf’&ﬁ“) el Ji’f‘”fﬁl}iﬁ' WZid >
DIMETIZ S FEN D2 RWEMEEE SN D720, WA ZIRE U D9 Olie A
EMZ BT EMTESL, 22T, OEBRNSEH SN REZIIC, ANEKE L TRE
DEEDOHBBHEEZNWTIA NOT > D) m%xaﬁ@&mato

MELB K OT5 ik

1. L3 B L O it

HEER BT, B MOKER S PERBRBIE ORIV A Y A HiEY 2R L7z, 50mldD
R 7O L Y EnE (HpEmEOR, R0 CEnB LS (/8 - A8 27E1,000, /
B JIVT 4 ATA/S, T —2) BOMMERM L, 4L . 8mmOEIE (74 AR
Fingk, &LV T%, Er) 2V CHBIRE O BRI Uz, Bl U 7208 1 E 5 IIZKoK
ICEE L, FRE30 LI 4T, 1,800xg T/ /Bt x 7o 72, mbO A 1 IRFEILL L
WU %I EE B L, SomIMmBGEREIH (=70 ALk L3, S5 oW U7z, Il




FIW FEHEHL

I ERICHA T H5ET-20CTH 5 —35C THifERF LTz,
2. VA
HFHSAIEI 2 TREMEBE TR DA L, E T2 hOd > ORGFICISEBA Y O
TR THAY J—)VvE, B5 WA — N v POEE IR A Y J —I)bE v
7=, HSEE, IR EEGARHAA Y J—)11,000, EEEEGBRH T F VD7)
1L000B XS Ek 7O M7 ST 7 b 2R Us, WHROKIE, KKz R
B, A AsH, AL, Milli-Q SP. TOC. Reagent Water System (HAIJRY
JXFw R, BER) THRELZb OZHWZ.
3. SHEMIA hOs
Dupont NEN Research Products CKE) XA LR bEMmEME Lz, ik
RITZ RO >ELTI2,4,6,7-3HIN)]—T XA b B> (4.03TBg/mmol) BLN
(2.4,6,7,16,17-3HMN)]—TA RS F4—)V—178 (6.25TBa/mmol) . fEMTA hDO
o ELTB,7-3HN)])—TZA QYN T — 7 U EZULE (1.77] Ba/mmol) %
H W=, REZ0 SO EHE O RE I (Hirako et. al., 1992) 126w, WAk > F
Lr=lra e TiT 9 I,
4. TVMPEAOEFHTA SOy > OFHN
Ernn&IX hOF > ORAY ) —)VIEHEESOMIO N T A 08 Caikidr, ks 10
L. 45C. BEHAERFTERERIE %, voomfEziRnte, L7 Ok&
a (SR—I FA Ty, R EHVWTSEE, 10038/ 2 T300MikEL., &5
ACT—MBELE, iEE2IFY— (RITFv I AP Z—, MSHZ, K 'C(Itﬂl
L7=1%, 4T, 1,800xg T30/ ML, BN Otz 3R Wz,
5. BEWHI—bY v
EA R A oBESMEL— U w2, Y T v Cig (U —F—X) 2RV,
WA — R w2id, EEmIOAY =)V THREAZE L. 5 mIORER KT 2 1]
Ve LT R8 A OFERICHELU, B LB SmIOTI AFy 7 G Z h—h1) v
BEHELTUY—N—¢L, Z7OX KNI T4 —HORAY > FIZBRL TENTNOHERZ
To7-. RFOEA, FERUKIC L DTS X OEEERIC LSBT, WInoBE 6 hE
HDBWEEBI2THT, ARE FICKBRMETON 2o/, 71— MUy ik O ik
1IBL70.2~0.5ml/ D ThHolz. 12120, h— Vv P ERREO RGN
AL, BIEOHE T 28I ERy TRz RsIBRE U7,
FEER1. BV -y ks amEhr T A oy > Oflih
L Rl oy e CEA PR IBROEA A =175 Dl
S OIMETICE ENAEERT A bOF NS M — ) v I E DR ERFY
XNBMERATT B0, ERANCIIE T O T A b OY AREN RS & < 73S RN 7
DIHES IO 2R e & L THWE, TNENN% 3, 12, 22, 34BIU45HFD
S DOIMIEIZ % 42 130Bg/ml (# 9pg/ml) O3HEFH T A O > dH 5 nid250Ba/ml
(#11pg/ml) O3HEH#HT A NI OF—IV—1768 2RIz, Bl (Hirako et. al.,
1992) 1ZFEV. 5. 10H DWW 16mIDMHEZE W — b v PITHEA LR, Fi5 S K
Sl 2 ikl BEINET AP 23 mID AR L TR S8 I, -
R w IR ESIc o FILT—F)L 3mITEkE L, sdmEmEzmt g,




FIE [EHEHL

2) #la EtXhD&/<11hm/ﬁw71w ~) Dbt
EwaFEREE O 3, WROM 130 (N TEER73E) | dkdkrp U] 2 58
(146 H B L U153H) JBJLU”Q&%JQJ 280 (J£12204H) oifn#Eic£nE650Bq/ml
(#135pg/ml) OSHEHM T A hO W)V 7x— M2IFEMLUE. 5 mlDI#EZyitH 7l —
M w DIEALZE, BRASmMIT2EERL, RESNLEIA MO YIVT 22—
K& A% ) —)L3mITHHS®, ﬁWW”J//@éBKRHMUVEFVT%%L
SREATEME 2R N S B,
HER 2., TA MO OBIEERASY J —)VIRIE DR
28] THRBMLUESHES I A MO, TAMSDFA—=N—178BLIOT A OB
71— MR LOMIZ T DI ML L=l — Uy DAL 2. 5 mIokRoK
To2E%EE L. &% 3mld10. 20, 30, 40, 45, 50, 55, 60, 65, 70, V5. 80, 90
WN)%%5/gh%i@%&/wﬁﬁ%%%k&lbfm%ﬂlxFDﬁ/@mlz
AR AT o
LB 3. Wi — )y XAy P A SO > O
1) MR 2 hod ot - S
BRI L A MR DO AT O REESENEOMER RS /2D, TAMOY 2 Ef
ST AZEREOEENE LD EZZ5NS (Lermite and Terqui, 1991) FEHHID
g EEEE L CHWE, BE2 HET 18, Bl 28H,. ¥UH 28HOF5HOT >0
SERELL =1 AR 2 50mIi2100Ba/ml (8 7 pg/ml) O3HERE T A hO 2 & D Wid
170Ba/ml (# 8pg/ml) O3HESHT A S F— )V —17 B ZFML 7z, 1fii#E 5 mlE
WA — KU w DICEA LS, BRKomlIT2EER L. 3mlod0, 70 (V/y) %
A5 )= BILURAY ) — )VEIETIER S — 8w IR S Nz il 2 il S 8
oo AY ) VEBEBRIEEA—RMNIy PRESKPIFINIT—TIV3mITHEL
SREREE A S E T,
2) AT A ~hOF o - K
AT Z oAy oM (Hirakoet. al., 1996) IZ#t-> Tiro7. k&L
T, EWFRERED, iR (74P IO86H 2HOESIM) . Eikp ] (168H) B
L OEIRFB I (278H) o E Wz, 125Bg/ml (f’JZGDg/IH) D3 BT A
hO YV 7 r— hZ2FENFN2mIOMBIIFMLTZ, AT DMBEORICK > T
SOMBPICEENLZAETA SOT > ORINRFEIGEENBI DN SN EDNITDN
THRHT 2728, 0.1, 1.0BL10mIoMmE% e l— ~J v I AL,
R SmIT 20— MY w PREEHE L%, 3mlod0, 75 V/y) BAY /J—)bB
LAY ) — ) )VRETIER D — R IR Nz i sk 2 S /72,
B, TNEFNOERIIEMABSERICDOZ 2ZATONITL T/,

Wk
B WBWHD— Ry JickAsy s mih 2 royr > o
1) R hOy >
BRI UZ3HEST A hOCBLRTA NI DA )V —178 D 5 B DV
HEIN BT ENENE 1 BLUOE 21R Uz, RN UZEHT A hod > Ok




®3E B
NAH AT — Ry DICREEEIN, IRNMUEESEOS B, T AR DOI98%LA
Fo 3295 F = N=17 BD9T %Ll ER A& F= il Lic. A K2
TARIOA— )N —17B I, SHHICHBT SRS, 13 AL IO EIZ R
HEELTEBD, RIKICEEZNTVFHDIaho T,

£ 1. EERMOY S MR ML 3 HAE3 T2 b O > oS ¥l — ) v 2 %)
7= AT & B &7 I BT 2 [
IR (%)

72s L )

5ml a 1 Oml 1 5ml
WdIMmE— 1o 0.78+0.16 9 (o6 E0.07 0.28+0.06
A L AE — 2 = 0.5040.07 0.3540.10
I — 3 i s 0.36+0.06
PerK— 1 0. 1007 0.10£0.02 Q.07 £0.02
P K — 2 0.04+0.03 0.034+0.04 0.04+£0.03
At f v 98.94+0.23 98.92+0.13 98.74+0.21
S Put, T8 1PN S ol EEERO2 0.07+0.02 0.16+£0.20

AVE AL &
o IfL B L Ve AKIZ AW 5 ml, AEEALIE 3 ml
g HEEME R A (N=5)

£2. HERNOY TN U 3HAZET 2 b5 U4 — )V —17 B Ofii5 A5 —
M)y D% BT 7= BAHIE R & 2 2 7 2 T 3513 % DR
EIR (%)

v (] )

5ml a 1 Oml 1 5ml
WA — 1o 1.06+0.22 0 0.53+0.10 0.36+0.05
1 IR I 4 — 2 = 0.754+0.18 0.47+0.06
A I A — 3 = s 0.50+0.07
ek — 1 0.22+0.08 0.134+0.05 0.10+0.02
ek — 2 0.02+0.03 0.04+0.01 0.05+0.01
Rl 98.62+0.23 98.46+0.32 98.42+0.17
SN 0.084+0.02 0.084+0.02 0.10+0.02
AVE ALK &

o) fit #E B L e KI5 2 5 ml, A BRI 3 ml
O +EHERAE (N=5)
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$3F EEmL

2) SR A bOY >

FNTNOBMACTA T U SN AR 3 1R Lz, TR U 72885l b &)
DOREMFEARA— R DICREFIN, REESNAEZA MOV T2 —hD DB,
97 % LA B AY J—) VM Uiz, £72. WO TORIU LI A 5lE
W OBENIZ KD ATNIRD S N5 7z,

%3, KA OY i cmmU 3 H-EH T A hO oY)V 7 2— b Offi Bt
F— R DR W EA T & D REE I BV B RN kAR

al JEAEOR  ARIRED ARBRPM AERERIN P R ERE(
(N=3) (N=1)] « AN=2) (N=2) (N=28)
T it 11 3% @ 0.62 b 0.55 0.68 0.67 0.6440.08 ©
DK — 1 0.30 0.24 0.23 0.25 0.26+0.06
s — 2 0.43 0.39 0.38 0.47 0.42+0.06
Kt 98.19 97.19 95.30 97.38 97.14+1.62
¥ s 0.47 1.62 3.41 128 1.5441.66

AMAED L OVEH KO AW /T 5 ml, ABARIT 3 ml
b FZER (X 15 D EAEL(N) D[RR (%)
o 8THD MM A 2 AT OV L CTHIE LZ168 OF RN SEHFE L2 (%)

FER2., TAMOTCOBEERAY /) —)VIRE O R

TZROYBIRIA NI SA N —17B DB HERERIITNTNHZ — 1 BXLY
K2 — 212/ U, 50~T0%B A% J —)VETOBEMZEMULELA SO > D94 % N
HL, BIZ60BLN65% AY J—) )V TiE, G5 TEE86XDITA O E83%DIT
A NI A I —17 BRI E Nz,

VRBETR D A% ) — VY8R 2 B ERE8BOoT A o oY)V 7 o — b O/
& — 3 2 — 31U T2, AR 045 N BEfR 72 <40% A5 /= )V TR KED L
ZhO> Y7 — BB L, 30% E40% DEEFTYH93% OEESME N Uiz,
FES3. WS- M)y DIk BTomEh T A ROd > O

1) W|EST A g

VEMERIT 2 R O > OSSN R E 4 1R Lz, T0% A% J— )Vl i TA b

O D92%ETARNT AN —178D90% N L., J1— bV PO B ELARO

NIV FH D, FRMIEINENZ, LML, 7T0% A% /—)Lliagd —ifid

H— R v IR FINZFFRD, AY /) INEBRTREREODEXDIA MO ET7%

DR FLF =17 B it s

2y ety 2 Ry

TZRODH I T — NI AR X B OR: IR <40 % A Y

J— VMRS SN L, 75% A% J—)VLBOmMIZIZFEEA EBWH LIRS
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®3F [ERihH

(®5) o T72, HALZMPERE IS B &M BT A RIS DR S DN & <
Lo ize b lml o7 T O % 7 25 *U)H i, #HAREO0.1mIT74%. 1mlT51%.
10mIT20%TH H, 40% A ¥/ — Vi TOEEREIL. HEAR0.1mIT6.3%. 1 ml
T21% 10mITL.3%TH o720 TNEDEINBEEDONNT Y FIEHEH— ) v VgD
AL D DDT, fRDECRLAERE OB L B33 D SN 7oy

HTERIO AT 0 4 FIZBOKYETH % 72D Il TIE# DRI DR E 7 2 BEE L
HL Tk SN 5 (Baulieu, 1986) o D729, I %335 & 9 4 FEAH 3t o
ﬁ7Am#LP#H< A ERBEADA T 04 FRIFEFEFT 2, LorL, AF04 K

<mﬂw$ FVE & DR S IEIER R0 THAME L K20 3UH 2 0810008 S h
Wf$mithkzuﬂﬁaﬁc1ﬁéﬂé ENTE B, KIFFEIZBNT, 7

ISR ML A bo it EE chb%iwwﬁ~bv//:# RO ERN

@mﬁ
RSN TEB D, Ah”&¢tfﬁﬁ@mﬁf%n [EAH DO AG V259 5 IEEF S Y
REEEAEORBIIIL AL TR L EEZ NS

00

40

30—

2la=

IA O roEiE (%)

10+

0¥:4“‘¢-¢ - &9—--*F’.l L‘#ﬂkﬁQl

Pl P2 W W IO ZO 30 -4 50 60 70 80 90100E
BHERT P D X 7 ) — ViEEE (%)

(12— 1. WA — R v V% FOAFEAMTIC B CRBER PO 2 ¥
J = IR R BRI PR EELEOIA O OBy —
(CF¥) 17 RA ; N=5)
E:YTFnvr—Fu, P:ifisE Wk
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HIF [EHEHL

60—

ITANTIVF——1 7 gOMEIE (%)

& = SO

Pl P2 W W 10 20 30 40 50 60 70 8 90 100 E
BEERT DA 7 ) — Ui (%)

Bl 2= 2 f?%ﬁ{*ﬂﬁw K1)y 7%ﬁ”‘t@*w{]lﬂiClisb\“ﬁgggﬁggfg;p@)< »
—IVIRBEEBRRIIC LR SOOI A M I UF — V-1 7 3
@@m“y“/<TWi@@@%;N:5>
E:YTFNI—FN, Pl W: kg

. AT 01 RO—#HITI3ME P I RS S ME OGIET 5 2 ERH 5N TN S
(Rosenbaum et. al., 1966; Baulieu, 1986) ., AWFETHWAETA RS54 )L — 174
O, MEH TRZO—MNREREOEWVMEAT O FEEGEMNYE (Sex-steroid Binding
Protein: SBP) &#AB L TWw5 (Murphy, 1968) , 207, METOT A RS S F—
IV EFAIH T 2 B3ICIISBPOEE 2 E KT A0 ENH 5, A3 b T, it
SWIRIMEZEHYAH T — M v DICHEAL TS, TA T DF— )L 0oL HE S b X
NPITHMB L, ERAIZEINTEZWY (Shackleton and Whitney: 1980 Heikkinen et.
al., 1981) o AWFEIZBWTH, MIET DSBPO B W TS 112 O 1 HE 2 W\ 7= 928 3
T, ERBHOMEE HNEER 1 TORBEELBRL, TA NS4 — ) —178 D%
O EONORIBRIEN TIIH2NE L2572, 2O &, T2 Oy > oFEMhE
IO %HE, TCBOTHMOEY & FICINET OSBPO BN H 2 = L &7 L TN
S, LML, ERIWZBVTH, IMLEIZA NS SH—IL—178 D96 % LA b8 3y Al
A—=h)w DIBRFHFINTHBD, 20O OEE &8> THHTELRETL
ﬁ‘f&b\&?’xbhto 72U, AT LT 2 haFy Vs EEo b0 TH D, §
SYEORECEL T, WRIEOIA MO 2T SICHRT Z0ENH 3,
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F3E ERibH

60

50

40—

30

2

IAMOYyH V72— FORIEE (%)

i 11;L?"‘*=‘-9+9v¢r01ﬂ

P W W 10 20 30 40 50 60 70 80 90 100 A
BT D A & ) — LR (%)

X2 —3. fliZdfly— 1)y JEHWEMEICBWTHER T A ¥
J = IViRIE & Bef JCJ?éﬁfWWTuZ%U/%w/ - — b
BNy — 2 P HiERERZE ; N=8 X 2)

A:T7tbr, P I, W K

Z4. TUMIFISHEMUIH- ST A b Oy U EiSMAAHD — b v DI R X874
40, 70 (v/y) %A )= NVBIUIAY ) — VERETERBHIATL G EXDE

W53 02 B 0T A [k

il @ o i T B e L R
(N=5) (N=5)
B ILAE 2 0.97+0.08 b 1.53+0.09
Ak — 1 0.19+0.12 0.28+0.04
gk — 2 0.01+0.06 0.02+0.03
40% A ¥ ) — ) 1.08+0.03 1.06+0.12
0% A % J — 92.00+1.19 89.94+1.71
Ay ) — VB 57845113 iy et o e g
VIFIIT—F ) 0.02+0.01 0.024+0.01

AIAE B X OV KO &l 701 5 ml, AN IE 3 ml
DY) + AR R S (%)
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FIW EiEm L

HKER 2 DFER, BV — RN v DI BT 2 O 2 ONBEISY — 2 OW0WT Bl
HRTOHPLCIZL 1AM /NNY — > LA @A RS 5Nz, TAROYETARNTY
A= =17BI3FIERUEA Y ) — )V IBEOH/MEHE LTHED ., MZEE2HEE— v
PEMWEEMHMEIEC > THMT 2 2 SIdREEE £ 2 5. L L, AEBROLER
zf)\ 5, WBREBEL T70~80% DAY ) — VIR ER WD Z S0k, WA — kY v

KRFSINLEIZA POT > OREHZEINTES ZEN DN >, £/, EEB I TII.
0% AT =)V THMAI— M) v P 2HESR L THRBHNRFE I N TV AENR OT 2
hOs >oMEE AR Lf;ﬁ\vf:@ L, TAMOHYIN T 2— b BILOEEZEDK

ﬁ%i@é%&/wwm N U7, COZEMNS, 2O imEhicE TN 2 I
OILA bOxN % [ A Hil T%) B, EIRE ODﬁf&m&;{’CIX R S 2EIREE 5 5 i
E\M/x&/wwfﬁ P wDRERTEIEI IR LIRWEA LD ML L

TEMTE D ZEMnho Tz,

#£5. UUMBITHEMUHAE#R T A hOo IV T o— K 2H 8504 — KU v iy
FFSE 721840, 75 (V/y) BAY ) —NVBLURAY ) — JVEK T BRI i L X
B EZDOEZBEMIBIT L EINRE (N=8)

A= 0.1 ml 1.0 il 10 ml
1M E + e K 7.5+4.6 a 3.3+1.4 3.4+0.5
40% A& ) —)l 91.4+4.8 94.0+1.6 94.4+1.1
To% AX 1) 1.7+0.8 2.5+0.4 2.1+0.6
A5 ) — )V -0.6+0.3 0.2+0.0 0.2+0.1

AN ERE R ZE (%)

%ﬁ?f@ N—=h)wTZA40%BAY ) — )V THBLIZE, 70% A% ) — )L THH S
LI EICKD, WHABHEANCRESNZEEROTZ Ny 2 ERmicEiNd 3 &
& . Li)\b FER 2 DFER TIZA0% A Y 7 — ) i@m@d#%70% X&/V—Jl/i’(@ﬁa]
INIFEEDICH DLA hOEISUDIARNT A — )V — 178 DB L DIz L. = 4
R 3TBT5HFEDORINRITZFNL D Diad -7, DIDZ*VNRT 8 ot i 7 05 el W R R B
RSN EEHSTHY, BEAERAY ) VEBOTEMCEL L, Wiy o< ~
7574 —Tid. BENETOEBAEEOMEEF T TR, HIAZMBLAREOKE
iaf%ﬁ&%ﬁ#”%?é(L_WM)ojiD\%Ea&%mblFéﬁTMJéﬁ
DG WG TORREME R 205 1, BEANRE SN TW 3 WE S 4
DV BRI S EMNCHERE T %, EBR 3ICBW T, 70% )(57/““}1/11{11 D N
M2 TOHFREDORAY ) —)VETOBEHBRL DB LD, E8B 3 THE L BEDR
ﬁ#%%zxw&mmot#bt&%iahéophb@f%#b‘m % AH =T
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FIT EEmL

A— by DICRFENTZAMPZIRELE. KOEBBREORY ) )V TTA OF >
et S/ 2 5ETHEH, MHEBIEE UTI5%BLLEDOAY J— )V EFW S HNED &0 E
NRZHGTES EBDN, 7220, AY 7 —)LIES EATUSFEHNC I 0 BB R
FFSITTWBRIEBEEME D —#IRIHT 20T, EILAETZ MOY > OMEIZILFT 3
ZEIZTED, Floo AUETIE3mMIDOAY J— )2 U=, H— KU w J%&H
BT W HEDERBPERBZINEIMRIFENTOEIME DALY — > 2T D78, ARG
DIEAREZEA DGO HEBREBEORN 27O NENDH 5,

AT EME DS E, W RBIEAANOREREEII~Y R w 7 Z0pHIZ, /2. BIA
AN D I RIS BHR OpHICIK 7T 5, AT O A 701 RidE 00 PRI fEPE L+
A9 572D, MEOPHIZE - THHI BB ANDRIEN Y — W8T 5, FO8, [H
HHEIC K > THIEMA T 04 REMET 2BIIZIMEOpHEZRIE L TH 5B T LAIHEA
THHIENHWSNS (Bradlow, 1968; Bradlow, 1977) . L2 L. &1 T3, g
PLOEHROpHZFE Uiz < THMBITHMU 2T A b O W)L 7 £ kD98 % HSii
HA—hU v DIERFEENTHEY, oz Ens, TomEhoT 2 O YI 7 — b
(B LTI, MEARIZSERI OpHZ TR L /a < THEMIETE S & 2 51 5,

=5, EBR2IZBWVWT, TXMOHYI T — MNI30% E40% DAY ) — JLEIMT L
ML TRIREN, BEEET DAY J — VIS O T 2 Oy > & 0 IAfiPHICES T
Wz, Z3Ud, TAPOHIT o— b OBEHERENREE D1 3 AL OB EITKFE L T
WEHENLTEEEZEZ NS, AEBRTIIBBKOPHZIIXL TWiWed, WD A
AN Y F0ET, #RICAHTEEA AN - = LRI N5, #iEOHPLCIC
KO TH, ERHEICRE Z A 7R WERX T, 8B 2 TORE & BRI 4G I Y kA
{7R5EMNBD SNz, LnL, B2 TlRmECHEMLAEZZA MO YL 7 o— RO
DB ULMNA0BETDOAY /) — )V THIRENTBD, ZOZENS, HEWHH — K~
Dy DICRFINLZZA MO )7 o— b, BEROpHZ IR L < TH, 40 %L
EDOAY ) =)V THENEIES ZEICLD, FRWICEINTESEEZ SN,

Ko, FR2ICBIBZA MO N Tz — hOBHERZRSE &, 60% AY J—)b
(ZHIE DM K D2 < OGS E ORIENRD 5N 5, TOMEIMNMIT A BT Ow )
EELTHBD, BIEPICHBEEEMEEL /22 A O BN LEbO RIS, T
ARBZHINT 2 — MIEHBOTZ bO4 > L 0LFMICARLE T, EBREBEIC LS T
I O EMRBEE ST 2 aliEED D 5, L L., AERICBWT6E0% A%
S =V U 72 HE I 2R D0 8B EMME TH D, ZofEEIE, T2 O
YT z— b OEHHE RIS L > TIEEAEREEE S, SO F FREME
WTEBZEERLTNS,

KER3IIBITZ2TZA O YIV T o— b ORGRER O H, ZE5E B oMb 53
ImiPl Eom#EZFEATIUL, AR v IRz 2 b0 %) 7 — K
Z40% AL ) )VTEBICEINTE 2 2 EMRENS, — 5., 0. 1mlZEEA L=
5. A0%B A% J — )L TORURA T 9 1% R BIFTH - HO0, M 0 liisr~
DI RS T 5% MWD FBRED 250 ETH-T-. ZOFKELT, REOH— K
Uy DR OFE O ENE Z 5ND, MBI TH 5 70 B R F i T K
EWBLTH—- M)y PEMBT 2BOFEEINEN, ALBTITERUKE LD — b
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$IFW [EiEM

Uy PICMEZEAL, MBEEABRE IR KZEALE, H— Ry PORy RER
[3# L mITH B2, MEEOHEARNO.IMIDBFE, 71—~ v SHOKEIMNILE KT
HHLND I EIZRD. TOIEDH, 0.1mIEAR TR O Ml HE LD X L » F.<
ZONED TR I WEIRE FORERN T /anwnEEZ 5N 5,

fig B

7 DIMBETHRMUIIEERB LA O T Z sas a3, BAEEC L0 B -
BHTEDNED M ZMET Lz, £9, miEhoT 2 sor >afigwkih— ) v i
REFE NDME D MDD B 720, LRI OB 2 22M 011 3 5 ™7 2 S 3HEE Ak T 2
hOT > aiminl., BARZEZLZ CEAMEIC LA ENGAR 2T 7. RNWT, TZ RO
TODORMBENAY ) — )VIEE RTINS -, BEEETT DAY ) — )Ly % By -5
S8, BIHICRFFENZENABINEENTZ hOY OB ZRATZ, 512, XY
S =IVIRE DRI DB Z BENCEAT B2 Sk D, RSSO T 2 o~
CENEEL TS S ENTEINE I R L /=,

TOFRGH, MO A SOy A3, EiE ORI 3o ABICE D 59, Wi
A—h Uy DIEBNDEBMNICEESNZ, TA O YT o— Rid, 1ml kD
M EEATIUL, AEMEEIN ORI D S FTERNDERIITIREEIND T D0 Mo
12 BREEKT DAY ) — )VyRIE % BRI RSB OBy — 3RiE TOHPLC
DFRERS—FH LTV, I—-MI P IBRFEINAEZTZA MO 2 240% ET0% D A
Y /) —IVTEREMICEHSI®E Z&I2LD, TA RO To— MIA0X RAY J—))
2, TAROQETZRARSIDOF—)V—17BIE70% A% ) —)VESICER L=,

NS5O ENS, HEWMHA— M) v ZERWEMRHEICL D Y o niEh o1 2
hOT 2 EBICHIE TES 2 ENMREN, F2, WA~ N v o
NIZEMRB LIRS IT A hOy 20 L TEINTE S 2 ENRSI N,

17




AR AR EZ R Uz o e
ITAMOF >DOHEIE

A1

T OMEHRTA AT P REIIMKLS . SREOWEETHL ROMED S OB &
NRFMEPAVETHD (HEHWR - B, 1977) . 20D, i ik &> TREBGE % fLE
TOIHMME S —FEICIRBE S NS D S 5 Gk S, 1996) ., iz, ™72 Ol
St - IR SN2 T A bSO RIE. BETERALCHE, B, SO S R
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SOLID-PHASE EXTRACTION OF ESTROGENS FROM
BOVINE BLOOD PLASMA FOR THEIR PERIPHERAL
DETECTION BY RADIOIMMUNOASSAY

Makoto Hirako

Department of Grazing Animal Production
National Grassland Research Institute

A simple purification and separation method for estrogens in bovine peripheral
blood with solid-phase extraction was established for potential contribution to
research on reproductive physiology in cattle.

As a preliminary experiment on elution of steroids in the solid-phase extraction
with a small reversed-phase cartridge, 5 unconjugated steroids (estrone, estradiol-
178, testosterone, androstenedione and progesterone) and 1 conjugated steroid
(estrone sulfate), all important in female reproduction, were analyzed by high
performance liquid chromatography (HPLC) with a high pressure reversed-phase
column. The elution patterns suggested the possibility of separately collecting
unconjugated and conjugated estrogens as well as estrogens and progesterone with a
small reversed-phase cartridge, although this would not be possible for estrone and
estradiol-178, and estrogens and androgens.

Whether unconjugated and conjugated estrogens added to bovine plasma can be
extracted and purified by solid-phase extraction with a small reversed-phase
cartridge has been investigated. According to results of HPLC, methanol was used
as elution solvent in the following. First, 3H-labeled estrogens added to bovine
plasma at various reproductive stages were recovered by solid-phase extraction
with applied volume to ascertain whether estrogens in the plasma are quantitatively
retained in the cartridge. Secondly, unconjugated and conjugated estrogens retained
in the cartridge were eluted with a stepwise gradient of methanol concentration to
determine an appropriate concentration of methanol for the elution of each
estrogen. Thirdly, study was made as to whether unconjugated and conjugated
estrogens are separately recovered with a stepwise gradient of methanol
concentration. All estrogens were highly and quantitatively retained in the cartridge
irrespective of the reproductive stage or applied plasma volume. The elution
pattern of each estrogen with the stepwise gradient was consistent with that in
HPLC. When estrogens retained in the cartridge were eluted by the stepwise
gradient with 40 and 70%(v/,) methanol, estrone sulfate was eluted with 40%
methanol, followed by estrone and estradiol-178 with 70% methanol. Thus,
estrogens in bovine blood plasma can be quantitatively extracted by solid-phase
extraction with a small reversed-phase cartridge. Unconjugated and conjugated

estrogens retained in the cartridge appeared to be separately recovered.
Endogenous estrogens were extracted from bovine blood samples with a
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reversed-phase cartridge and measured by radioimmunoassay (RIA) to demonstrate
the reliability of the total assay system. First, the influence of applied plasma
volume on the assayed value was examined and appropriate plasma volume for the
assay was determined. Impurities affecting the reaction of estrogen on RIA were
characterized and the influence of bovine plasma component on the extraction of
endogenous estrogen was investigated. The recoveries of exogenous estrogens by
solid-phase extraction and RIA were examined to verify assayed values. Estradiol-
176 was isolated from the same blood samples by solid-phase extraction as well as
liquid-liquid extraction followed by distribution by liquid chromatography as a
validated extraction and purification method. Estradiol-178 in each extract was
measured by RIA and the values were compared. Endogenous estrogen was found
to be adsorbed quantitatively in the cartridge, and unconjugated and conjugated
estrogens to be separately eluted by stepwise gradient with 40 and 75% methanol.
Although RIA values declined with increase in applied plasma volume,
unconjugated and conjugated estrogens included in the bovine plasma could be
quantitatively measured for the applied plasma volume of 2 ml or less.
Concentrations could be almost precisely determined by correcting the assayed
values with recovery in known samples, even if estrogen levels were so low that
more than 2 ml of plasma were necessary for the assay. For unconjugated estrogen,
the blood level was quantitatively measured irrespective of applied plasma volume
by 2 step extraction, since solid-phase extraction with liquid-liquid extraction
eliminate water- and oil-soluble contaminants.

By coupling solid-phase extraction and a specific RIA system, changes in
peripheral estrone sulfate were determined during the regular estrous cycle and
early stages of singleton and twin pregnancies caused by transfer of IVF embryos.
Estrone sulfate during regular estrous cycle showed significant correlation with the
concentrations of unconjugated estrogens. Peripheral estrone sulfate is not an
appropriate indicator for follicular development in cattle because its concentration
has a smaller range compared to estradiol-178. In pregnant cows, no significant
changes due to pregnancy were observed until Day 45 at any concentration of
estrogen. Since Day 50, estrone sulfate concentration is elevated with the advance of
pregnancy. Peripheral concentrations of unconjugated estrogens were kept at basal
levels until Day 59. The timing of increment in estrone sulfate concentration in
twin pregnant cows is earlier than in cows with singleton pregnancy. The rate of
increase in estrone sulfate concentration was higher in twin carrying cows than
singleton cows. Peripheral estrone sulfate would thus appear a useful indicator of
placental formation in cattle because increase in estrone sulfate production is
accompanied by development of the placenta.

A reliable solid-phase extraction of estrogens from bovine blood was established.
Changes in estrone sulfate concentration in bovine blood plasma during regular
estrous cycle and early pregnancy were determined.
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