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] Ei

EIEYE LYY T #H 5 PCB (polychlorinated  bi-
.phenyls) if, BRRE LN L TEHENC, H50LER
s xR U T HENC AR AENS L
HohTwb, B0 iAgns PCB RSN
B ERECERSR, FOERCERVHREEE
T2 ruwhbiTwa (Hansen ef al., 1971 ; K,
1973 ; Yoshida et al., 1973 ; Camp et al., 1974 ;
Guiney et al., 1977 ; Bengtsson, 1980),

PCB T O EMNBHBERE L+ FHT 2EHO S
2 EAHFME (Hart ef al., 1963 ; Litterst ef al.,
1972), B¥F (Peakall, 1967 ; Risebrough ef al.,
1968), f#3F (Lidman et al., 1976 ; Hill et al., 1976 ;
Flcombe and Lech, 1978 ; 3 « &fH, 1980)iZ&\»
TH»rO LN TVEY, HABRLBEHTR26I, 2
DFBERIEYO L2 6 TERERAITHL AT 0
A FRLEORE, SEEHIRET 2 ENHES
HiEBH s T2 (Kuntzman et al., 1966 ; Welch et
al., 1967 ; Lincer and Peakall, 1970 ; Risebrough ef
al., 1968).

AFEEIL, PCB #5505 7 FAFIED A 7 0 1 Rk
ERBMICE5ZAFELMPRAT O FRLVEVRE
CRIETEERHARTE LB E LT

MR R R %
. & E S

PCB (Aloclor 1248) & 27 oA R (progester-

one, estradiol-173, testosterone, cortisol) i3E (b
B¢ T % (#%) »» &, glucose-6-phosphate, glucose
6-phosphate dehydrogenase 87 NADP
(8-nicotinamide adenine dinucleotide phosphate) i
SigmaCo. 7 58A L. 7z, p-nitroanisole &
k% (#), MS-222 (tricain methanesulfonate)
13, = (B » 5 % FNAFE L 72, Progesterone-
1, 2-*H (57.5 Ci/mmol), estradiol-173-6,7-"H (53.0
Ci/mmol), testosterone-l, 2,6,7-"H (98.9 Ci/mmol),
# & U cortisol-1,2-*H (50.7 Ci/mmol) i£ New Eng-
land Nuclear Co. » &, benzo(a)pyrene - 7, 10 -
"*C (21.7 mCi/mmol) & X & ACS-1 (agueous count-
ing scintillant) 1+ Radiochemical Centre Amersham
CO. »HAFULL /2, AT A FFRALE I
TAPuNE I, FEEE ) »roBALR. 25,
radioimmunoassay i3 FIYHIE T 3 (BF) DR B
oy methanol, ether, benzene &R L 7.

2. #RAARUPCBizEX

AR 18+1°C, 1 B 12 KENBE ORATTH 2.8
MFHEBE L -EELAT~T5g Dt 7+ (Carassius
auratus) % FEITHE L7, PCB 5224, corn oil
WW250mg/ml £ 2 b L BRI EPCBE2 L7
OEE 100g 40 25meg OFETHENEES L, &
7z, THEEFICIE cornoil DA EREIEHRE L 7. PCB #
SR ABERRZ OKMIC AN, HESLOD, &
S5 6~9 HEISE L 7.

3. Hisoaov—LEaniRs

BOEME VW, E5CHEL THEERLL,
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Ay U A F ARk (0.9% NaCl) hrodi o+ e
L7, D CHEZ®HER, 0.25 M saccharose %
S 10mM kU AEREREE (pH 7.4) % 758002
7 Potter-Elvehjem BlR TV + 4 F—76 3T €
VFEA AL, ZOKREY R & 10,800x g T 15 5
M, EEZ 2502 160,000xg T 60 @G L
fo. BonTER (270 =LAy oy ) & 1.15%
KCl #4&+ 50 mM ) ZIEEEREW (pH7.4) ¥
XV RBENBLE Img/ml EE AL BB SY
fro (27— LBETD.

7B, FPREOBERTNTACUT TRy, 27
0 — ARREER PR 4 R LA ER L 7,

4, BREHOHE

E7FOL 7oy - L BERD Y > 2 B, F
M@E7 732 %288 LT Lowry # (Lowry ef
af., 1951) T, cytochrome P-450 # i3 Omura and
Sato (1964) O HETENFNAEL 7. 1o,
aminopyrine N-demethylase Y p-nitroanisole
()-demethylase MiEMEIE Mazel {1974) @ HikT,
benzo(a)pyrene hydroxylase &1t Statham et al.
(1977) D HETHEL 72,

© &z, steroid hydroxylase ¢ iE M3, Conney and
Klutch (1963) 075 iR I #HL TRIEL 2, T42bb,
1.15% KCl % &€ 50mM b ) AR E 05 1 1A 1R
L7z NADP (7.5mg/ml) 0.2ml, glucose-6-phos-
phate (35 mg/ml) 0.2 ml, MgCl, (6.5 mg/ml) 0.2 ml,
B L 7F methanol \ZEREL 72 "H- {2 57 o1 P
€ (0.5-1.5 yimol/ml, 1 £Ci/ml) 0.1 ml OESHEIC
T a - AR 0.5~1.5m] & glucose-6-phos-
phate dehydrogenase (25 units/ml) 0.1ml #0102,
Bt il BRd b ) ABREER C2EE 2.5ml & L1z,
IOEREWHEREDLLICEBEL 22 25°C, 30 9M (cor-
tisol DIFH I 60 73 K= w7, dichrolometh-
ane 15ml #NA T 20 7ML <L L, 274
FEUZDRBMWERH L. DT LsrE (2,500
rpm, 104%) #, dichrolomethane @A % N, #
AT TEELIHE, BES 200 21 © methanol (25
L7z, ZOFHETE 10~30 /1 % HEFEFHK No.51B (2
x40em) BizAHRy b L, FiEO~<—N—2uv 7
AR ks DEAQSYAS

Progesterone & # @ { @ & ¥ &, decalin -
nitromethane-methanol (100:50:50) & EE 4 H
T 1585, estradiol-1738 & # o £ 3 & ¥ .2,
benzene-heptane-methanol-water (70 :30:80:20) &
LB &Hv T 5B, testosterone ¥ #OAIPEYIL

cyclohexane-methanol-water (100:10:10) O E@4
HOTITHEM, iy LRETERL 2, /-,
cortisol & # MLHEFEY L, benzene-methanol-water
(100:50:25) O LA TTFRET 4 RERREL 12,
A% REZE, 1~2 e IBICHT D, B2 DY 231 &
NRT ACS-IIICiHE L, 7ohifEy v FL—13 3
PAw ey — (LSC-900) THEMREAHIE L 72, Su»
Truv b 77 LpsEERBEDE2EH L, ster-
oid hydroxylase di¥EM% nmol polar metabolites/
mg protein/min » L CHERL 7z,

5. & m

b7 % MS-222 THREEL, ~o%U v THEEEES
LIESFSEAHWT, ¥ABR»> 1E4S2~01.5
~2.0ml ML 7z, MEIZE S 3,000 rpm T 15 4
L L, BE (M%) 2 -30C CHEEEL . &
B, "V ECOHRECOFELBET L 20, R
WAL TR IS S 10D FT 22 D7,

. MARFOA FRLEVEEONE

Progesterone, estradiol-175 # X U} testosterone
DIMPEEORE , WEF (1973) DHFEICHEML T
o, Tbb, M4 0.3ml % 10 ml BB =
AEEICLD, ZhicKk0.2ml & ether 2ml #/0z
TRE S &, TRERET, Ko0.2ml 204 THRY, Lk
EERORBRECID, NoER T TREL 2. D
T, Bi#E% 0.2 ml o benzene-methanol (85 : 15) i<
» L T, Sephadex LH-20 # % 4 (2ml) s it7:,
B EEE % B T4, testosterone @4 (0.8
~1.5ml), progesterone 4> (1.5~2.1ml) B L *
estradiol-17/5 E 4> (2.8~4.0ml) % # L #h $3E
L, %8 F%, radicimmunoassay #5727,

Cortisol DIMABEORIE X, B (1973)
@ no chromato FHIZH D TITE 27, T bbb, 7k
T 500 AL 72148 0.5 ml % Hf -t 5 & -
Heo, Z#ic ether 2ml 22 TIRE 5%, TELE2
T, LEEROFRBEEICERY, N, [ T T ether 28
#U T, #90 % % radioimmunoassay *{Tx 7.

fj{im] %

1. PCB L3 EMKMBRF[ENZEATL

t 72, cornoil (28 L7 PCB (Aloclor 1248)
FRE100g K720 25 mg BEENES L, 3, 6, 9
H#EWH 3 7 g /— 40 cytochrome P-450 & & % H
PR % Fig. 1 wrd. e s cytochrome P-450
ZEOBNFIPCBREENSTOEAE L, o8&
5% 6HBEIZRY — v WETBI LMD E, 28



b7 rOAFaA Rt 58 PCB 3

cytochrome P-450 2 &i3 nmol/mg protein & L T

cytochrome P-450 & &% 100 = L THHMEH LR L
7z,

2. PCBAEHNAHHBREECRITVE

PCB ##&E 100 g 472 0 25 mg BEAKS L2t
7F+0 6 Q%O 2 7 oV — L OFEMIHHEBERELR
AR TR s A L (Tablel), ¥4b
%, cytochrome P-450 &3 116%, aminopyrine
N-demethylase & % i3 113%, p-nitroanisole
O -demethylase & % X 150%, benzo(a)pyrene
hydroxylase &Mk 353% = #hsghnL 7.

3. PCB #* steroid hormone hydroxylase ;& (=

REFTHE

PCB #{K&E 100 g %/ 0 25 mg ERERNHE G L /- &
76 HEBEOEF S 70— AL EIT S steroid hor-
mone hydroxylase &Mz, fHORWICHBEREMSE -
R, SEAERTw I B AL (Figs 2
~5), Tihbb, oMMk 0 IcERL omE i EE

150

Percent of control

100 i 1 1

Days after PCB treatment

Fig. 1 Time course of effect of PCB {(Aro-
clor 1248) pretreatment on the content of
goldfish liver microsomal cytochrome P-450.
The value represents percent of the untreat-
ed (control). The cytochrome P-450 content
of control fish was 021 + 0,06 nmol/mg
protein.

Table 1. Effect of PCB (Aroclor 1248) pretreatment on cytochrome P-450 content and enzyme activities in

goldfish liver microsomes.

Control PCB-treated

Microsomal protein '

(mg/g liver) 9.5+1.0 10.2x=3.4
Cytochrome P-450

(nmol,/mg protein) 0.19+0.07 0.41+0.11
Aminopyrine N-demethylase

(nmol HCHO produced/mg protein/min) 0.16+0.04 0.3420.06
p-Nitroanisole ()-demethylase

(nmol p-nitrophenol formed/mg protein/min) 0.24+0.06 0.60=0.13
Bemzo (a) pyrene hydroxylase

(nmol,/mg protein /min) 0.017£0.006 0.077£0.027
Progesterone hydroxylase (.054%0.012 0.082%+0.035
Estradiol-17 4 hydroxylase 0.068+0.007 0.085%0.011
Testosterone hydroxylase 0.089+0.006 0.134+0.059

Cortisol hydroxylase

0.0062+0.0008 0.0089+0.0027

1) PCB was given i.p. in corn oil at a dose of 25 mg/100 g, and goldfish were sacrificed 6 days after

injection.

2) The activity of each steroid hydroxylase is expressed as nmol of polar metablites formed per mg

protein per min,

3) Values are mean + SD obtained from 8 to 10 fish.

Y& (nmol polar metabolites/mg protein/min) T
hydroxylase Y% [h# L 7z £ 2 %, progesterone
hydroxylase &M 3 oA EE~T52%, estradiol-
178 hydroxylase i1 25%, testosterone hydrox-
ylase ¥EM: 13 519%, cortisol hydroxylase {514 & 44%
FRENWIML T2, %8, AERICE VL TR

(BSB)Ou 7 F5Runig, HEZIESsnkh
7.
4, PCBA »MPXFAA FRALEVEEICRIZT
wE
E 752 PCB 2 EHBENES(25mg/100g) LT 6
H#icEMm L, Mm@ progesterone, estadiol-177,
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injected intraperitoneally with PCB dis- dose of 25 mg/100 g
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Fig. 3 Effect of PCB (Aroclor 1248) on the
liver microsomal metabolism of estradiol
-175 to polar metabolites. The fish were
injected intraperitoneally with PCB at a
dose of 25 mg/100 g.

CENTIMETERS FROM ORIGIN

Fig. 5 Effect of PCB (Aroclor 1248) on the
liver microsomal metabolism of cortisol to
polar metabolites. The fish were injected
intraperitoneally with PCB at a dose of 25
mg/100 g.



EFFDAFT A FhLE{{#@: PCB 5

testosterone # X Uf cortisol IBELBIEL /- & 2 3,
PCB#E5@HmO AT 04 FihLEEE (T cortisol %
it L TwdFhddBAD TR I DRDL L
(Table 2), ¥ & b &, W A D progesterone &
estradiol-178 BE X F h #4 56% & 35% A L, 1#
£ testosterone B iF 53% WA L, Lo L cor
tisol J#EF () OrEELITEBL L L LD, 4B
M "H-EHA 7 o4 &M TROIBAT A
F o EIUN= X, progesterone A3 90%, estradiol-175
73 85%, testosterone 73 87%, cortisol 23 71% TH D
7z. %7z water blank fE %, progesterone #3 10 pg,
estradiol-175 #3 8 pg, testosterone #% 16 pg, cor-
tisol ¥ 8 pg TH D7,

Table 2. Effect of PCB (Aroclor 1248) pretreat-
ment on plasma steroid levels of goldfish.

Control PCB-treated
Pﬁﬁﬁiﬁ%ﬂima) 387+190 156+75
Estradiol-17 3
(pg/ml plasma) 128 +57 50+18
Testostorone may 132051 0.9620.40
Cortisol 159439 N

{ng/ml plasma)

1) PCB was given ip. in corn oil at a dose of 25
mg/100 g, and goldfish were sacrificed 6 days
after injection.

2) Values are mean + SD obtained from 10 fish.

& 2=

AWEOFER, £ 7+ PCB %5+ 2 Lo
progesterone, estradiol-173 K UFf testosterone &%
PBEFTLZ e ERDIN, TNiE, PCB#
B XD THBESNIIF T 7 0y — L0 REHER
WEDTINGDATIA FRAE A B
nizriow e s, —H, cortisol BED A3 PCB
BGUCEOTETEFHICHE L., ZAE 7 Hi
BEWTHF: 79— 40 cortisol hydroxylase &
A steroid hydroxylase JEHIZENTEL <&
Wz OHIEREL L EZHNLH, FrRAEOM
& cortisol BEIIA ML A EIDTERETS O
&4 H 50T (Donaldson and Dye, 1975 ; Schreck
and Lorz, 1978), A L ADFE - LE I o503,

Progesterone, estradiol-173, testosterone iZi»3°
NLIIRRAC R/ TR ST s EH e R T
HHOT, InoOrLECOMPEECETIE, A

OMEAE L UERCEREEE L 725 3T REMES
b5, FEEHESIIFECPCB RS LAY 7 OMRK
BAKBITEN S Z L 2 BEL - (TH R,
1982).

53T, Clophen AS0 2#&5 L 7. = v = A DM H
BROFECFELSE, EEEZ0R2 Z & (Forlin,
1980 ; Hansson ef af., 1980 ; Forlin and Lidman,
1981), # & U estadiol-178 CEHRBHBFROFE %
T 2/EE»RH 5 Z £ 237z (Hansson
and Gustafsson, 1981 ; Stegeman ef al., 1982;
Vodicnik and Lech, 1983), 4 [a]id ZESNHE %18 X 728k
HUWCEBE AT Dl ndh, EYREFZITCES T30
ERRBCED s N hD, Sk, EHNRSHERS
HBHRBICGABEEEF LA eDIZ T ERIC D
THER, EINEES0 - RINCELZRBENLETH
A5, i, KEVPEVNHEROFHICEE S S -
Dies (Forlin and Andersson, 1984) & %% 0T,
CORDPWT LRSI T 20ENHL L Ebh
%,

= %

PCBHE 7+ MBI A2 AF o1 FRLE
RG22 BE L MPRLET VEECE LIZTEBE
o A

1. KEAT~5gDtE 7+ PCBAEEAKS
(25mg/100g) L, 6 B icF 3z 7 o/ —A® steroid

%, progesterone hydroxylase 35 Mn3 52%, estradiol
-173 hydroxylase iEM: 45 25%, testosterone hydrox-
vlase §&E A 519, cortisol hydroxylase {EMEHS 44%
FhEnEme 7.

2. PCBRES#%6BEOL 7+ Dimdhn % &

7o FESR, MEA O progesterone ¥ estradiol-1730) R
WENEN 6% L BBDETH, £/-HAD testos-
terone IR IZ & 53U DE T b oz, Zh s nih
FARN T REDETRIFI 70y — A8 2 kI
steroid hormone hydroxylase HM @ FR iR T 2
L#EZ 55, Cortisol D&M BAICHATD LM
WL, ZARBSSAN L ADBREZI Y
LEZIoND,

X Bk

R« KB 1982 PCB 23l £ ¥ 5 DM
R TR, JUREFIEEE, 36 79-82
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Summary

Intraperitoneal injection of 25 mg/100 g of PCB (polychlorinated biphenyls, Aroclor 1248)
to goldfish stimulated the metabolism of progesterone, estradiol-1773, testosterone and cor-
tisol by liver microsomes : the activity of progesterone hydroxylase was increased by 52% in
the PCB treated group 6 days after injection, while those of estradiol-173, testosterone and
cortisol hydroxylases were elevated by 25%, 51% and 44%, respectively.

Significant decreases in plasma levels of progesterone, estradiol-174, and testosterone
were also observed in the fish treated with PCB: the plasma levels of progesterone and
estradiol-174 in female fish were lowered by 56% and 35%, respectively, while that of
testosterone in male fish was reduced by 53%. This reduction in circulating sex hormones is
probably attributable to the elevated metabolism of these hormones in the liver microsome.
As an exception, the plasma level of cortisol was not reduced by PCB treatment. This may

be due to an influence of stress on fish.

The ability of PCB to change the plasma levels of steroid hormones raises the possibility
that PCB accumulated in fish at high concentrations could have a deleterious effect on fish

reproduction.



