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Temporal Changes of Plasma Vitellogenin (VTG),
Alkaline-Labile Protein Phosphorus (ALPP), Calcium (Ca),
Glutamate Pyruvate Transaminase (GPT) and Hepatosomatic
Index (HSI) in the Estradiol-178, Intraperitoneally Injected
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Temporal changes of plasma vitellogenin (VTG), alkaline-labile protein phosphorus (ALPP), calcium
(Ca), glutamate pyruvate transaminase (GPT) and hepatosomatic index (HSI) were examined in the estradi-
ol-178, (E»)-administered immature rockfish, Sebastes schlegeli. Fish were intraperitoneally injected with
E: (5 mg/kg B.W.) in 70% ethanol and then plasma were extracted at 0, 1, 3, 6, 9, 12 and 15 days. VTG
band was detected at a molecular weight position of about 170 kDa on Day 3 in SDS-PAGE. This band
became more distinct at 6 days but its was gradually thinned with time-course, and not detected at 15 days.
Plasma ALPP and Ca increased suddenly at 1 day and the highest concentrations were detected at 6 days
and then these concentrations decreased gradually with time-course. ALPP and Ca concentrations at 15
days after E: administration were very similar to that before E: administration. GPT was increased at 1 day
and higher GPT was detected at 3 days. However, GPT was gradually decreased with time-course. GPT and
HSI at 15 days after E: administration were also very similar to that before E: administration. HSI was also
increased at 1 day and the highest value was detected at 3 days and then gradually decreased with time-
course. These results suggest that plasma ALPP, Ca, GPT and HSI could be utilized as a biomarker of
exogenous E:. exposure in coastal ecosystem, because the changes of ALPP, Ca, GPT and HSI after E:
administration are very similar to that of VTG.
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al., 1993; Matsubara and Sawano, 1995)
lipovitellin, phosvitin ¥ #'-componentsZ. 3} =]
o] thE dA HFFEF "IFIAE o7l A
AN E et FA S WA T FId
57 o0]859°2 (Hiramatsu and Hara, 1996) ¥l
gt VIGH 532 ol79 d (Lee and Gerk-
ing, 1980)2} §-31& (Runn et al., 1977)S ZH4A|
71 AeR 4¥lA Qlvh =&, VIGE E:2F &
AES S WEn ZNEZ (endocrine dis-
rupting compounds, EDCs)oll 2J8l] u]Ad&o] &
TR oAFAME =0l EDCs ol thdt
AETH AEEA AMHE-ET (Sumpter and
Jobling, 1995; Toppari et al., 1995).

EDCs® d%= #d3hr] A8 VIG 53 %
Holl= HAPAYZ A (radicimmunoassay, RIA)
(Campbell and Idler, 1980), B A7 F 5
(immunoelectrophoresis) (Chen et al., 1986), 24~
HHZSAH (enzyme-linked immunosorbentassay,
ELISA) (Mylchreest et al., 2003) ¥ HI 4
(immunodiffusion) (Ueda et al., 1984) 5] °]-&
g3 Qo tiFEe A7t Aoy #vt
EAE T oIFE UG E oJFFE B
T oheh F HolAdd wE A 2o oy
& el A oFol i AHAA FEFS
ZABEH B2 ojEgo] th

AR FuEE g AdH s A
g3lroll e thEke] EDCse) SR8 A9 ARA
o} 7o A5 B F¢e v Aoz A
GEEZ EDCs k&9 - sfitelFe] A27]
T HUSLE F0 &44 A9 F e AES
A A g o] ol4E AA et

wEia] B AFeE At dntel] MAE=
RAEA o) FQ 23|22} Sebastes schlegelis <)
AHLE B =EAIA 8% W VIGS HE
o] alkaline-labile protein phosphorus (ALPP), cal-
cium (Ca), glutamate pyruvate transaminase (GPT)
2 7¥E2Ex| 4 (hepatosomatic index, HSI)2] 3}
£ A#A EDCs ol did A& AEx=
Aol AR 7HsAd-E AW E A ST

HE0

Al A8 XU B, Sebastes schiegeli
RAUEL P ATANA AMRE] & Al
F oF 50 g9 SR W AHY Wi
SA7Y gl 7738 AAAE AR I AE 7]
7Heet o 18C o F22 FABRE FF4 A
FZ WollAM Aol Pt How FAL F A

BE F9A &uT

E:°| R0 XU #@AED|

Agole] B o 70%2 A&, 1 ndl o9
Z E: (5 mgkg BW)E FA % 0,1,3,6,9,12
2 15gel EHE AU Y2 2-phe-
noxyethanol®ll "} AIZ] o] F29] ] HAoA
heparin-Na (25,000 LU., Z2)Aleh S A3 13)
| FAZIE ARGt AF s AFHE B
L 1AIZHESE Aol BA3E F 4CollM 22417
A1) TR 6,000 ipmoll A SEZF YA R
3 g3g FEggen EeE 842 20T
A YR & 34 oo VTG, ALPP, Ca %
GPT2] WH3lE AT

CHiEIe| ME U MY |Hs

A4 ) A 9k2 bovine serum albumin
(BSA)E EF2 = coommassie brilliant blue
(CBB) G-2502 A1&-3l Bradford (1976)9] ¥
o7 ZAAT 8% W 9L Laemmli
(1970)2] #Hdol 8] 5~20% sodium dodecyl
sulfate (SDS) polyacrylamide gel electrophoresis
(PAGE)E °l&3te #Astach 87 05 ub (¢
wE 16~25 ug)E sample buffer (0.175 M tris-
HCI, 8 M urea, 1% SDS 2 0.5% 2-mercap-
toethanol, pH 7.4) 5 ufol] &3 F 100ColA 3
B7h g8 £3A1# SDS-PAGEE ©|&3}]
30 mAS £EE I F 0.25% coomassie
brilliant blue G-2502.2 1A17+5<t G233 th
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VIGE ®E3t7] flatq AHEE EF o3
carbonic anhydrase (MW 29,000), ovalbumin
(45,000), bovine serum albumin (66,000), phospho-
rylase b (97,400), B-galactosidase (116,000) %
myosin (205,000)2 AHE-3FA T

E: 040l 2|8t VTG, ALPP, Ca, GPT & HSIS| 83}

E.E 5493 % 0,1,3,6,9, 122 15¢ ¥ =
v]E-2e] VTG, ALPP, Ca, GPT ¥ HSIE &3 3}
[k VIGE &g ol o3 ¢35 &
WZQ) oF 170kDa®] MEE XA

7 ALPP F%¢] 3= phosphomolybdate
colorimetric assay ‘H-& ©]-23 A4 kit (Sigma,
670-A)2 AHE3SIATE 10 w00 BA 7} BFA0)
SN 1 mE 7B A2eA 1583 94
Z F 340 moll A FBEE ST (HACA,
DR/4000). ALPP= 87 F35/EFY T3%
x5 2ol 93] AX=HNeH URE F/HTE
A7V At F3EE 34 2A4HUT

4 Ca %9 W3l= o-cresolphthalein-com-
plexon H& ©]-43 Ca 544 kit (Asan Pharm.
Co)g AME3ted EA3Ich 50 wie] EF ¥
B T3 O ANAY 05 mlE H7ls) A
204 & E3 ¥ S LAS 47 5 mlE
A7 A7 F 90 54 HHSAIA 575 mmoll
A FFEE ST 25 13 19 23
2 dolxl AFHOZHE CavRs AH3A
on ZHTE HUKE AP 22 AMEE
ATk

A ] GPT+ reitman-frankel 2] HWPH& o]&
3} kit (Asan Pharm, Co.) 2 24314t} 7129 |
mE 3TCAA SEZF BA g T B8 FH3 X
v Egte] 83 02 mE FH7Fsl 37°ColA 30
A8, FAA A 1 ml HrE) & S
0% %ol 04N NaOH 10 mE H7}std 10
RS g2 505 nmoll A SHRTE 2
=2 4 (DR/4000, HACH)3 ¥ ®&3
& NHo2RE AP AEIJHE o]8s
GPT 758 SA3IHth

& oex i O oe
o A,
3
N
o

bt

HSI9| WH3lE A¥HE7] Hgle B8 9%
%0,1,3,6,9,12 2 154 oJAF3} 2+9] FA)
£ SA43IAth HSIT ZH7AI/1 A5 X100 A&

- ol&s Uep it

EAXNYE HF+EZLAE UEWOoH
SPSS (V. 10.0)E AH8-31] one-way ANOVAE 4
A&t 95% A FF-7HNA FAE AA T

2 o
VIG
E:E Foit 2] 934 Fol 49
043 £ F 1ANE YA So) w9y

VTG HE7} AZ5A kot Fo & 3R
oF 170 kDa®] $)X)9A 738 CBB 944-L 7}
21 VIG HE7} #E AT VIG HEE 6Y9A)
HAdo] B1% FaA vt 6dA7A = AT
o] Ao we} FUhske Fe vEie Y
Fod F 943 RYAFEHE W= A0
A A7ke] Aot vEo] MErt A 24
3 159A= WEZE B A kot (Fig. 1).
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Fig. 1. SDS-PAGE of plasma in Ez-administered juvenile
rockfish, showing the expression of VTG bands (atrow-
head). Lane 1: control ; Lane 2: 1 days after administration ;
Lane 3: 3days after administration ; Lane 4: 6 days after
administration ; Lane 5: 9 days after administration ; Lane
6: 12 days after administration ; Lane 7: 15 days after
administration.
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ALPP 5%

ZyEge] €& U ALPP 5EE E. 5o A
Q) 0ol 94.90+3.70 we/mlE VENH O Fo
F 1Y9ANE 177.03+5.53 we/mlE F33) 27}
3tth ALPP= A7 Aze} v 7138t
= WS Ueh o 3AA 205+6.85 wg/mlE
Jelilon 6dslolE 252104594 we/mlE F
IAE JeERAUTE &AL 99 12U AA 2
28l 217.87+6.53 ueg/mlS} 196.60+6.33 ug/miE
el om 1595 1004240 ug/mlE E. 5o
A ¥53 FAE e AT (Fig. 2).
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Fig. 2. Temporal changes of ALPP in the plasma of E:-
administered juvenile rockfish. Each point represents the
mean + SE of five fish. *P<0.05 for control (0 days after E:
administration)

60

GPT (karmen/m})
g 8

0 | — T —

Days after E2 administration

Fig. 4. Temporal changes of GPT in the plasma of E:-
administered juvenile rockfish. Point represent the mean +
SE of five fish. ¥*P<0.03 for control (0 days after E: admin-
istration)

Cagke

g4 | Cazke E: 5o 2 09l 71.33
+6.66 wg/mlE JEFH OV Fo] 195 73]
=7tk 115172431 ug/mlZ 5733 F713F5
ok & AZke] AT tlEo Sl 3¥9H
1544488 ug/ml, 645 177.33+4.91 ug/ml= 3
IAE YeRo ) 9dA 9} 12U 145+
491 ug/mi, 11447 £330 we/mlz 7343100
159K = 96.67£5.78 we/mlZ F233] ZAsh=
FdE eI (Fig. 3).
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Fig. 3. Temporal changes of Ca in the plasma of E--admin-
istered juvenile rockfish. Each point represents the mean +
SE of five fish. *P<0.05 for control (O days after E- admin-
istration)
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Fig. 5. Temporal changes of HSI in E:-administered juve-
nile rockfish. Each point represents the mean+ SE of three
fish. *P<0.05 for control (0 days after E. administration)
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GPT &

GPT= Fo A<l 0YAd] 28.50+2.61 Kkar-
men/mlE UEFH Y Fo 1dR]dE 33.96%
1.02 karmen/mlE. 233 F713tAh 38R
39.28+1.46 karmen/mlZ FHIAE Jepdo}
AlZko] AALTE MR A3 1294 2951+
1.50 karmen/mf, 1594 26.78 +1.56 karmen/m{
2 E %9 d 9g 243 Fg. 4.

H

rr

HSI

Z9Eee] HSIE E. FAF Aol 2.02+0.05%
& YEIIAITE Fo T F8 S8 194 2.58
+0.10%2 Z715t9om 3YAol= 3.02+
0.05%% HIXE JePHUTE 3Y ©]F HSI=
A7k Aot BiEe] HA A 129A9
2431007%%5 Jeplion, 15498 208+
0.09%% E. 7 A3} ¥]3 FANF F4F

o} (Fig. 5).
LA

QA E. 2ol 9§ A9HQA VIG FEe
4 A5 AI718T ol 4% VIG @S =
A & UoA vitellogenesis? FHH U &-H|
7 7153 EDCs®] ¥3< a3 3t 4
g AHE-Hoiskt) (Flouriot e al., 1996; Pakdel et
al., 1997; Kramer et al., 1998). ¢]5-| thg} EDCs
o] &2 IA AT ARE 2 FAR 93 g
Hol o] &HI lov AN A WA =&
2 7 e %S 18 RIRE ASS
(Kramer er al., 1998)9} AF&. (Rice and Xiang,
2000)° E-& #7Hl A7 AR o2 o
e AR 28, FHZes oA i F
UE AU B8 ¥ A4 3 = IS B
gk oollEl CHE AT 4E EY F UE
FARE B8 keSS 98t B AP
o]Fo]X] 1. 9t} (Hwang and Kang, 2002; Yade-
tie and Male, 2002). WHEbA], B Ao AT UA|

o2 VIG #4E S/ + = W=
E: A 93 i S Q=3 83 W) ALPP,
Ca, GPT ¥ HSI®| ¥&& VIGS ¥l £43}
At

VTG+= calcium-binding phospholipoglyco T
AZA Feit o7 FAMNE, Salmo gaird-
neri® 73$-¢ ALPP$} Ca°] VTGS 0.6%
(Campbell and Idler, 1980)¢} 0.5% (Sumpter,
1985)F AHAISIL o] VTG S7HeE HEo
ALPP¢} Ca©] Z7Vel= RAL=E U#jA (Nagler
etal, 1987) VIG A& s A wge
Z AM-E B ol EDCsoll tigt Jake o
7V e NBEEA AAIE I Joh (Nagler
et al., 1987; Kramer et al., 1998). & 23] U
ME satelQl zulEete] | o ALPPS} Ca
U2 E: =F F9 VTGS HEo §33] =7}
3 A7) dEANA VIG =] gaale] 713
7t 6dAl HIAE JErH o VIG WEst
FAHA Z= 1590 ALPPS} Ca 557} 54
3] sk AR A Uit

VIGE &A3= WHdlE o8 7HA7) A
T VIGE A #4357 fslixe oS o
2t 5olAd& veplie gl FAdo] B8 E7HE
sit}. webA, 7da] X8k A1 5 e 8H
Y ALPP$} Ca°] EDCs k&0 3t AESH
AHZA ol f3ThA AWM olRe] A3k
o H=g &0 A +HE F dS A
2 s o)

E:9F 38tz o] M]3k 4-nonylphenol o]
7] European flounder (Platichthys flesus)|*l
et g Ay VIG $4S 2gd HES
EZAA EF W GPT7E dAF o= §33] &
7Bl AL2E BRIEHY Yt} (Christensen et al.,
1999). & ATANME E& Fost B8
VTGS GPT7} dAF 02 3438 2718k H)
= F3E Ve AldolA FAHA] 2 9
A E. =Fol & vitellogenesis 2H-2 7HA
o] ZACE FEgS "HS Aot upEA,
GPT9 22 ¥ HMYEALE ALPP ¥ Cas} &

jo o
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A vlZIchE EDCs k&9 AETE AEE
AREE F Qg Ao E gaEnh

Vitellogenesis &<t 7Hg9] 1 %ste] mE
SR Z7H2 8] HSIZL S7i8ke AAY
(Kramer et al., 1998; Christensen et al., 1999) &
AP E ZuEere HSIE E: =& ¥ §3
3] Z7F 7YAA) vitellogenesis7t 31
APHT A= AL ¢ T Uk AT ALPP,
Ca 2 VIG7} 6¥A AIXE JePAA T GPT
¢} HSI= 34A¢l HIAE veldo] A7k
0E Z . 4] Aolg YT A E el
Al B0l 9% VIG @42 783, AAL 2 1Y
AAE ARAAM olFoR R 7+ WellA vitello-
genesis7} o} FAX = A7k A3 VIGe] &
A ) BH[EZARE AR 1S AR
AAEh FAT VIGE FAE AFEIA £
He o 717 3d¢] AAge AE Yu)skE A
2 ohich A 349 7HES T o
FOZ EkxFE F 4Yoly 547 % GPT ¥
HSI7} 3718 A 22 Al ¥ th Hwang (2001)2
FEANEe 9] X widoll A AL dAE Y
ER)E= VIG mRNAS E: =% 145 5E &3
Ho VIG Wi=E 7] G3delA 2958
FZA e} vitellogenesis#A o wE A|ZH
2ol g A3tk

VTG £33 2 E: T 43t 3o wat
t}Aao) ZolE yehith & A39] oiFAE o
EAT B2 A7F FAUNE e A I
NME 5~7L7HA] VIG ETY S8 AL
2 4#HA Y%l (Kwon ef al., 1993; Yeo and
Mugiya, 1997; Hwang et al., 2000), 8 Q1A%
Al 6dA Sl g VIG =7t #dE o
E.$} EDCs9] 93-S AN of A 2
& Z7A01 6Y AT A7V AZsith

o1 e] AxERE ZuEo] ¥4 Uj ALPP,
Ca, GPT ¥ HSIE= VIGS}H & A A
WellA EDCs ‘&l gt olF9 Wiu A
< FotE 4 e AETH AREEA AR 7}
=% 202 Algoh

o ot
4L |

Estradiol-178 (E2)oll =28 vA&G ZIEE
o] & J vitellogenin (VTG), alkaline-labile
protein phosphorus (ALPP), calcium (Ca), gluta-
mate pyruvate transaminase (GPT) ¥ hepatoso-
matic index (HSDS] YA1FQ W3/t ZAMEU
th 70% A &-&o Z97 E. (5 mgkg BW)E =
&g xoje] it FAMEE £ 0,1,3,6,9,12
2 1589 Aol £IHAT A7) FEdNA
FAL & 395 oF 170 kDa2] $X o] A&
eI E VIG iErt HEHATE =g H4)
AL 6384 TS Z3HA JErRAT, A7k A
o} g} E3A 159489 & A A"
VTG =7} #ZEA] ofstey @7 W ALPPSt
CaT 19A5H 343 $712™ VIG HEF
I FAHA 694 M B2 FEE U F
AZke] Ao} tiEo] HAE ZdE 15945 =
Z A {2 32 YA GPTE §9 1
ARE FAF] FUHE 3¥d HIAE Ve
ol % A7k} e} HlEo] Zashe A U
Elon HSIY A$T 149R5E 3718 3¢
A 7P =2 FAE ek F HY A4S
E: FAAT FARE A& Yelth o1& 2
FZ Bl F @ olF 2FEFHY @7 W
ALPP, Ca, GPT ¥ HSIE 8% VIGS fAKSH
% A2E UeliE Ae € F A

w}2}r, ALPP, Ca, GPT ¥ HSIE= VIGS HE
o] At AeiAl ol A4 E: eZo] e
AESH ARIA AR 7T 2102 ddy
o1 Zith
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