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Effects of polychlorinated biphenyls
on activity of Na* /K™ - ATPase in Xiphophorus helleri

FANG Zhan-giang, ZHANG Feng-jun, ZHENG Wen-biao, MA Guang-zhi, WU Yu-yuan, XIAO Zhi
( College of Life Sciences , South China Normal University , Guangzhou 510631, China)

Abstract: Polychlorinated biphenyls (PCBs) have been studied worldwide in the last twenty years, because of
their large production and usage rates, considerable environmental persistency and harmful biological effects. Fish
bioaccumulation markers may be applied in order to elucidate the aquatic behavior of environmental contaminants,
as bioconcentrators to identify certain substances, such as PCBs, with low water levels and to assess exposure of
aquatic organisms. Swordtails ( Xiphophorus helleri) were obtained from Pearl River Fisheries Research Institute.
Short-term (24, 48,72 and 96 h) median lethal concentration (LCs,) toxicity tests were conducted. With
swordtail fish exposed to PCBs with 0 g~ L~", 2 pg-L~", 50 pg+-L "' for 7 days, the activities of Na* /K* -
ATPase of liver, gill and ovary tissues in 72 h were quantitatively studied by toxic experimental methods. Aim of
this study was to test (1) the influence of the PCBs - polluted sludge on the fish activities; (2) if the gill,
ovary or hepatic Na* /K* - ATPase activity in fish could be considered a valid biomarker for environmental
risk assessment . The results indicated that the semi - lethal concentration ( LCs, ) of 96h for PCBs to
swordtails was 2.063 ¢g-L~'. The results also indicated that Na* /K* — ATPase exhibited different activities in
different tissues. The Na* /K* — ATPase activities of gill was more susceptive to PCBs among three tissues. The
inhibitions to hepatic Na* /K* - ATPase and ovary Na*/K* — ATPase were not so remarkable ( 7 >0.05),
while gill Na* /K* — ATPase was inhibited by PCBs very significantly as the extent of exposure time and toxic
concentrations ( P <0.01). The experiment indicates that the activities and sensitivities to PCBs of Na* /K* -

ATPase in gill are higher than those in liver and ovary, which may be associated with their physiological

78 H 3§ :2002-11-20
HRBE )R A E A BOCH 0 H ¥ B (2KB05402N)
EEBAT:HBR(953-), B AETA HE B, AEFHY¥ERIT, Tel: 020 - 85211602, E-mail: fangzhq@scnu.edu.cn



90 kx =

2% R 28 %

functions. It also indicates that the gill Na* /K* ~ ATPase activity in swordtails could be considered a valid

biomarker for environmental risk assessment .

Key words: Xiphophorus helleri ; polychlorinated biphenyls; Na* /K* - ATPase activities; liver; ovary; gill

Z & Bk 7 (polychlorinated biphenyls, PCBs) —
KENEGERRELEKRER SR, BHET
MR BER N KEEDEHE AR TME
BEM GEERANMB 2 ERAXNKELYHE
EERNE AR, TEMNBEHEES R ST
%t PCBs HE AL HLE -3, Na*t/KY -
ATPase B ZHFETEY MM |, K ATP
RIGRER W E LB IE Na* , BB R 7 m 5%
BRKH—MABRES, GHRME. 28D
{045 PCBs ARl Wi fa 3 Na* /K* - ATPase {15
e, &Y B 8 ( Xiphophorus helleri ) & — Fh #4H7 IR
KB EE, FREEMN, B TEREEN EH
R, SR, TELTRERE T HITHLE
B HMEEEINE LAY RESRHR, DR
FENESHERFNANBEIRHYS . SR
B EELEYHNBRERE DA KBS,
PCBs X} &1 2 f& Na*/K* — ATPase & ¥ #9 8 Wi i%
RAE, AXFEHARBEUARR PCBs IKE 5
S Y&, T PCBs Xt & BB 8 K Al 4l & v
Na*/K* - ATPase {5 i, 24 3 B 09 K LK 5
W EF AR TR PR,

1 MBSk

1.1 R&IIF

THeIRAFFEEE,20 B, 2K 12.3+
2.2mm, & E 0.11 £ 0.05g, BB BRVLAK ™= BF5E 7 o
LERTAEPFE—R, KB 16 22T ,pH 7 6.8, K
BWEXN2.4F(EEE),
1.2 ZHEBEEXNUES (4£)96h LCyR 1

%4 0.0.08.0.4.2.10 F 50 #g-L™'6 4
PCBs VKA, UM 10 &£, TBRFICRE
21 24.48.72 il 96h WISET-. BT A4 M
BRI KRR RFET . B —FF7 0 B,
1.3 REXWREH

L4 0.2 1 50pg- L1 3 4 PCBs #k B, 4
Mt lo &, BRAXER - KRFR, FLHK
BERMBYBIRBE KRR RE AR REY,
BREYHAREERNSKBRIER. §12.24.48
720 BX 4 RUE AR BUTAE BB RE . RS

A 1.5mL B 0B A - 40T oK% 3R FF I
Na* /K* — ATPase i5 %,
1.4 HRKWLERE Nat/K* - ATPase &R E

Haea® B FESE MBS KN R
4mL, B FE GBS B 51K A R/ emL, &4
SREAE A IS B 513K A IR emL, AR 75 I 4
BEREATE VKB 5 1 F 0% (B8RS I N B I 4s
S 25,3 50 Ko BHEBALGELIELO,
3000r min~', 15min, B F{E # H T & ATPase
T

Na‘*/K* — ATPase B§ Jb & 84 Ml & JR B A
f ImL, KW AR 0.9 mL, 7 37CH KB
RN 30min, R L BB A K KIRE Y
$OMMA L0 mL 10% = EREMAK LR, RN
W4 30001 min "' B0 10min, BUE F#E® 0.5 mL
AT EKE=EN IR, Fatig—s A st
B EM=F MR BB F . ATPase /K f# ™
HEMTNBRERSFTRUEPTIBNER X5 A
YEREP LB, WE Mg®* — ATPase i& %
B J7 ¥ A1 U 5. ATPase 3% P 5 5, R R M A R
HEMARI,

HaetEORSEHANE KA Lowry
B M EERCEEBEME, REBE
mL X BERBETEAR, BRUSKEZE
FELEH. ImL AE KB B PBEREA
EEB(mg),

Na*/K* - ATPase B§E M E X B ZE R EH
B /NeT oy iR AR A R LB B N 1
BEEERA, HEARN.

ATPase B3 1% ¥ (#molPi/mgPr. h) = K@ ™ 4

%mmx%xo.lmmﬁ‘}iﬂ&ﬁrﬂi
Na* /K* - ATPase B§i51E = & ATPase i& ¥
- Mg®* — ATPase IE
1.5 HBELEBESLSH
TRBEARKREEN PR ELER
7, A [A) Ab 3R 20 $0E 18] B 25 8 B SPSS 244, R
PR HEAR TR B HFITAH, P<0.05 KN
ARENER P<O.0l AAFERBEER,



18 HRBE . ZHBEESSRH Na* /K* — ATPase {5 ¥ 5% 18 91

2 4R

2.1 ZEBRENYEELHER LC,(96h)

PCBs St &l B 4ha (20d) A HEFTEHLEN
4% 5. FARE 3R 8 (37 12 (Probit method)® 3R 1 PCBs Xt
SRR 4h f# 96h LCy, =2.063 pg L1,
22 ZEBEENHIEATERELHSA Na* /K
- ATPase &t B R IR

FFAEZL4% 3% 1 R PCBs R\ X &1 B & i1 i
4 Na*/K* — ATPase IS tE M LR & R,
HFRERBRBLESNRFAAT — RO E

Byxt BB 4H , H [F] — ¥ & PCBs £ 5% 48 b6 2 88 it [1)
FIFER Na* /K* — ATPase M i% T % 87 R 1K o

PRy F 2N PCBs BEXTINE Nat/
K* - ATPase {EE X MM L TR, GRERE
MHRAREBETHR(P>0.05),

$2404 # 34 PCBs BEXIHE Nat /K* -
ATPase MW, WP AILLFE N 50 pg- L
PCBs & 7E #5 48h J§ Na*/K* ~ ATPase i%
S EAME AR S EWREKR(P<0.01), H
BE B A FE K BT REAR . 20 L7 'PCBs # B A &
HZHUE R, MAERZEW 240 W, WA REH

88y Na* /K* — ATPase 1% t£ ¥ B B 1K F [5] i #1

£1 PCBsXI&|E&AFHLE Na* /K* - ATPase & HI R IH

S S RAME LR ZEEA(P>0.05),

Tab.1 Effect of PCBs on Na* /K" — ATPase activity of liver in X. helleri
PCBs ¥k i B8 15 Y% enzymes activity (#mol-Pi/mg* pr/h)
PCBs concentration 12h 24h 48h 79h
%} B8 control 0.455+ 0.008 0.452 + 0.005 0.456 +0.010 0.456 + 0.005
2ug-L™! 0.454 + 0.004° 0.450 +0.011° 0.449 + 0.012° 0.443 £ 0.013°
50pg-L7! 0.453 +0.011° 0.450 + 0. 006° 0.447 +0.013° 0.443 + 0.024°
¥ :°P>0.05;X+SD,n=8 ; Notes: values are expressed as mean = SD of 8 observations; °P > 0.05
®2 PCBsMSIBREFEMAR Na* /K* — ATPase FE IR KM
Tab.2 Effect of PCBs on Na*/K* — ATPase activity of ovary in X. helleri
PCBs 3k B {5 7% enzymes activity (#mol-Pi/mg- pr/h)
PCBs concentration 12h 24h 48h 72h
%t B8 control 0.323 £ 0.005 0.322+0.001 0.323 + 0.004 0.322 +0.006
2}lg'L'l 0.324+0.012° 0.321 +0.010° 0.315 £ 0.005° 0.306+0.017°
50 pgL~! 0.321+0.011° 0.320+0.005° 0.308 +0.012° 0.300+0.017°
#:°P>0.05; X+ SD,n=8; Notes: values are expressed as mean + SD of 8 observations; °P > 0.05
%3 PCBsMIE&EEAL Na* /K* — ATPase 5 AT R 1
Tab.3 Effect of PCBs on Na* /K* — ATPase activity of gill in X. helleri
PCBs ¥k & K15 enzymes activity (Mmol+Pi/mg- pr/h)
PCBs concentration 12h 24h 48h 7%h
%t B8 control 0.751 + 0.003 0.751 £ 0.003 0.751 £ 0.005 0.752 + 0.006
2pgL7! 0.761+0.007" 0.739+0.008° 06.681+0.006" 0.617+0.003" "
50 pgeL~! 0.742 + 0.014° 0.731+0.011° 0.680+0.013" 0.608+0.014" "

#:°P>0.05, * P<0.05, * * P<0.01;X+SD,n=8

Notes: values are expressed as mean + SD of 8 observations;°P > 0.05, x P <0.05, * * P<0.01;X+SD,n=8
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