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— Abstract —

Hepatic Effect of Simultaneous Exposure to Nickel and Cadmium in Rats

Bong-suk Cha, Seung-jun Wang, Sei-jin Chang

Department of Preventive medicine and Institute of Occupational Medicine,
Wonju College of Medicine, Yonsei University

Objectives : This research was intended to verify hepatic effect of simutaneously com-
bined exposure of nickel chloride and cadmium chloride with IPRL(Isolated Perfused Rat
Liver) method.

Methods : AST(aspartate aminotransferase), ALT(alanine aminotransferase), LDH(lac-
tate dehydrogenase) and perfusion flow rate were used as the indicator of hepatotoxicity
and oxygen consumption rate were used as the indicator of viability. 300(£50) g -
weighted rats were allocated randomly to each group(control group, 50 #M - 200 #M sepa-
rately exposure group of NiCl, and CdCl,, simultaneously combined exposure group of
NiCl, and CdCl,) by 5, totally 35. Buffer which got out of liver was sampled and then
biochemical indicator of hepatotoxicity was measured. In order to verify difference among
groups, two way - repeated ANOVA was used. With comparing mean summation of sepa-
rate exposure group with mean of simultaneous exposure group, possibility that combined
effect could be synergistic effect was verified.

Results : AST, ALT, LDH increased in both of separate exposure group and simulta-
neous exposure group. Perfusion flow rate and oxygen consumption rate decreased but
statistically significant difference among groups was not found. In each exposure group,
AST, ALT, LDH, oxygen consumption rate of simultaneous exposure group increased
more than sum of separate exposure group after any sampling time.

Conclusions @ It was found that simultaneous combined effect could be synergistic
effect through the biochemical indicator of hepatotoxicity.
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Fig. 1. Variation of AST concentration with time
in each control, 50 #M CdCl,, 50 #M NiCl,,
and simultaneously combined exposure
group(P<0.05).
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Fig. 2. Variation of ALT concentration by time in
each control, 50 pM CdCl,, 50 #M NiCl,,
and simultaneously combined exposure
group(p<0.05).
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Fig. 3. Variation of LDH concentration by time
in each control, 50 #M CdCl,, 50 #M NiCls,
and simultaneously combined exposure
group(P<0.05).

7ol FARCE §2l3 o] (p<0.05)E HHL 45
wo olF2 B4 wFPe LDH $7he] A %
ool Furt AThFig. 3). MY FA2H FA
Solz B A7e] ATl we RREEs} e
gout a2 Ao} fle Ao ngom 3
Wkl BAHCE Feld Aolsk GleHFig. 4).
B Rol 23} Ad Folzo] QoA Alzre] Hubo]
wet Aaimgo] Fadtont gh B 2 Aol
£ HolAt gglom ekl FAHOR fo@

2. 200 pMe| HZ - FlEE JHH FoiF 3 SA
FoiTo| AlZhol| E 7H=d Hal |

200 pMe] FEellA] FA] Fofto] /N Fojitd
Hale] Alzke] Aztel| whel ASTe] S7HFo] &

dWolAth, HAezte] EAZRCZ §3 Aol (p
<0.05)8 H3ow FAx=Zwel AST F7HEe|
A FoFte] Fro A7 Jepdoh(Fig. 6).
ALT= BA] Fojgto] 7/ Fojitol] H|3le] A7t
o] Aol me} Tt FA3] Holsth Juxt
o BAACR g 2ol (p<0.05)E Hom
45EY o]lFE FAmETY AST F7HEo]l 7B
oo FEok ZA Jebdth(Fig. 7). LDH=



60
55
=N
50 4 3‘,‘-:,:
E s
£ ~. :'“ ~~
;g 15 o = ‘A_\:\“_ -4
B RN
z B Substance
§ w0 ~ p—
T 40+ ~
= 8 9 None
< 50 uM NiCI2
354 ———
& 50 uM CdC12
30 B nici+caciziin
00 15.00 30.00 45.00 60.00 75.00 90.00
Time(min)

A : simultaneously combined exposure
group > sum of separate exposure group

Fig. 4. Variation of buffer solution flow rate with
time in each control, 50 #M CdCl,, 50 M
NiCl,, and simultaneously combined expo-
sure group(P>0.05).

100

S EF0A LB L Ft=8e| SAIEE0| 20| 0lXE YF
10000
53
'
8000 ,-/
!
— 6000 'l"
=
2
!
c f X
g aom0 Substance
3 1
__'é o Control
e Ao
2000 E" P © 200 uM NiC12
- .4 e
/ _ATT - a 200 uM CdCI2
s el — S —-
'y g ——F Tz ~ o & & nicscacrqa)
00 1500 3000 4500 6000°  7RO00N  90.000
Time(min)

A: simultaneously combined exposure
group > sum of separate exposure group

Fig. 6. Variation of AST concentration with time
200 M CdCl,, 200 #M
NiCl,, and simultaneously combined expo-
sure group(P<0.05).

in each control,

90

8
c
£
£
=
3
YO ——p——g—5——
2 SNl
E s B C-ls T
£ | A
= o A Y
i w @ Substance
< ~
g 9
g None
E © s0uMNic2
E -

10 A spuMcdci

0 B iciecdcize)

0 1500 3000 4500 6000 7500  90.00
Time(min)

A simultaneously combined exposure
group > sum of separate exposure group

Fig. 5. Variation of oxygen consumption rate with
time in each control, 50 #M CdCl,, 50 M
NiCl,, and simultaneously combined expo—
sure group(P>0.05).

Fojto] N Folitol| H|ste] A|7he] Azl
ute} F7hEe] F438] Wollth Fugte] BAH
2 Y% 2] (p<0.05)E EIom 60FU <%
2 FAxETY LDH Z7HEe] ME Foiel g

2000
2]
i
)
3 /
£ 1000
3 4
E / Substance
- s _—
4 O Control
© 200 uM NiCI2
a 200 uM CdC12
D B niciecacizaa)

60.00" 75.00° 90.00"

Time(min)
A : simultaneously combined exposure
group > sum of separate exposure group

Fig. 7. Variation of ALT concentration with time
200 #M CdCl,, 200 M
NiCl,, and simultaneously combined expo—
sure group(P<0.05).

in each control,

Bt 27 etk Fig. 8). MY =2 2 54
wEF BT A7k ATl we BRSEI Padt
gout guzlel BAMCR g Aolt gt
(Fig. 9). B4 FolZo Y Tl WF A7)



A 123 A 1= 20004

20000
FB
]
;
- /
g It
I 10000 II
g
g s
E
g Substance
= —
/ o Control
, I
‘/ A © 200umnici2
¢ o
- Lt 200 uM CdCl2
N o
i g _ - W B nici2ecdcizg:)
00 1500 3000 4500  60.00% 75000 90.007

Time{min)

A : simultaneously combined exposure
group >> sum of separate exposure group

Fig. 8. Variation of LDH concentration with time
in each control, 200 #M CdCl,, 200 M
NiCl,, and simultaneously combined expo-
sure group(P<0.05).

60

55
e -8
_ s a0 9\
B ~
£ AL N -
3 RN
2 ~A -~
i .- -
3 LT
- -\\‘ﬁ.r - Substance
§ w CU e
H \\ 9 None
* © 200 uM NiCR2
35 \ ----
® & s0umcaci
30 B jiciaecdCiz(i:)
00 1500 3000 4500 6000 7500 90.00
Time{min)

A simultaneously combined exposure
group > sum of separate exposure group

Fig. 9. Variation of buffer solution flow rate with
time in each control, 200 M CdCl,, 200 &M
NiCl,, and simutaneously combined expo-
sure group(P>0.05).

Aztel] upel Atazmgo] 723

o
2 ol7} glglom FAACR fol@
H(Fig. 10).

116

100

%

80
=
£ 70
=
3
Z w0 o - =
i ¢ ol S — - l—
£ =0 "7:8- TTee
B ~ L. "
8 @\- S Substance
w0 e
g IR Sy
& 30 LN O None
3 S~ | =
5 ~
: & © 200uMNiCR
H
H -

10 © 200umcdcn2

0 ] . @ Niciscdcizi)
00 1500 3000 4500 6000 7500 9000

Time(min)

A simultaneously combined exposure
group > sum of separate exposure group

Fig. 10. Variation of oxygen consumption rate by
time in each control, 200 M CdCl,, 200
#M NiCl,, and simultaneously combined
exposure group(P>0.05).

o &

MEOA olm] 7]t vb YA o]l AHAgH
T B Bgx 7H=EA] gk A+ YAy S}
TES A EE Fa FodeEn 237
FFE HrlslH o o] A4 F o] A &
AHo g 7t rRe JES AT, AH
o7 T Exo| B3Aor 7t ojudlt IS
A=A N FAATEH A T ALT, AST
LDH, #7f&E, Abam vlmdto Zxn A

AFHPHAE gleE Ae® Heltlk Tandon
(1984)7} Khandelwal 5(1984)& AAU A+
E 5ol Z=2F9 dAHlA transaminase?
7t ERlgozy EibA ads Aystust 3
T gshd YAo] sl=go] IHEAS
713 Ft=se] YA EAE FHIII=
el ow o] AFolx FAFAAL] Tt
VIS AT & Ay T E2AT 5

0o md A

. ©°

> O,
lls
K e

Doy oo
o b
i
o
|

2



1

Tol, & F&
(ell; liver slices, isolated and cultured cells,
isolated and cultured cells, isolated organells)
3} A 7sS Bt a3 Aol A
Hel Ade A Ul(in vivo) Bdibe
W] Ag

4

4

£ L

J 9](in vitro)RdzE= 2] zH
d(cell polarity), 59 && 5
A7 7hestthe S AYxn Utk Gores

o 7z, AEF

= ol 2 o
2lol A in vivorth

0.

formamide®] Hrloll BFAA

oM L2 X Ft=Ee| SA=&0] 7ol 0|X|= &E

on
[l
ald

=0 BEHe A8 vk glen o5 ATl
Z

oo il
ox,
I\
o
g
>
n
—
>
o
=
—
O
T
offl
1o
I\
o
N

10 g 1

=] = I~ [
dgon F1HoR BREE P Ahsmge
=

i r®E 1
il °
A
o f
[‘ii e iy gli: i)
o o
HEEE
T N
B 5
ME o
2 o
o — 8 9
N X ?{le o, F{% re
R B Ny
3 >
20 Wy Wy N
2 ox N E o4y to m o o

o>
ox
32
X
v
e
2

o
o

ot

oA AE Fol7)
dag 7dols A (viability) & #4412 %
e e A Eael BRANE AAATe
o
=

20 EAel HstE Y Ags] 9rtd ¢ 9l

re
-
rr
il
2
L
[o
fu
~
>
i
o
2
2o e
oo
Lo
= N
2
>

jin's
o3
9,
>
1o,
off
k1
Yo,
rr 9
i
f
22
[o
il
_>'.1_14
o,
L
%0
N,

N
)
olr
ox
o
H

f

e
.

2

:?—[‘_1.
~

O:

ofy

o
o oy
E

o
=2
offt
i

R 5

off ©d

Hotlo

1o

ot

i

tlo U il
N
olf
ox,

)
N
rﬂ\'ﬁ J
J
_>|: E
o &
b
il
o
o
r B
a2
N

¥ i X
g ot
Rl m
o
oy
B
il
i ZQ
Lo ¥ —

o
N
e
iy

117



Miz2# AM1s

20004

T T

gatsiet. 300(£50) go 2
2 50 M/ 200 sMe] 7 F

ey @ o b
g nE b g
T A =
2 =
lo i
2 i
A
_0|L
2
o
5

22y
o o
4t
ox,
B
=5
i wlo

M o & Q m®E o X HO0T (r o o
[
e
a0
(T
lo
>,
N
lo
o,
i)
K

oo LRI A ot i KT AN off
o,
%
)
N[
e
o
it
DO
fo
ro,
M
£

ox ML
1%

2o i R 2 BA FAT BFA
AST, ALT, LDH7} &7Hith. #7&% 9 Aa
AREL AR ZAze] wE Aot BAF S
2 Fo3 Aol Heolxe R AST, ALT,
LDH, 2ta&Rgo] d% A7t o]F&2 /il =&

o FEY A mEFTelM e SHATE 9 A

L. ole. WIS HE3

Ao 23 NN - dimethylform amide®] thAk
7

9 7= tigabed e ahE] A 1997:9(2):217-229.
Bergmeryer HU, Hoder M, Rej R. International

118

Federation of Clinical Chemistry(IFFC) Scientific
Commitee, Analytical Section: Approved recom-
mendation(1988) on TFCC methods measurement
of catalytic concentration of enzymes. part 2.
IFCC method for aspartate aminotransferase. J
Clin Chem Biochem 1986: 24(7): 497-510.

Bergmeryer HU, Hoder M, Rej R. International
Federation of Clinical Chemistry(IFFC) Scientific
Commitee, Analytical Section: Approved recom-
mendation(1988) on TFCC methods measurement
of catalytic concentration of enzymes. part 3.
IFCC method for alanine aminotransferase. J
Clin Chem Biochem 1986: 24(7): 481-495.

Anderson HR, Anderson O. Effect of nickel chlo-
ride on hepatic lipid peroxidation and glutathione
concentration in mice. Biol Trace Elem Res 1989:
21:255-261.

Gores GJ, Kost LJ, Larusso NF. The Isolated
Perfused Rat Liver: Conceptual and Practical
Considerations. Hepatology 1988; 6(3): 511.

Iscan M, Coban T, Iscan M. Combined effect of
cadmium and nickel on rat hepatic monooxyge-
nase : possible stimulation of certain cytochrome
p450 isozymes. Toxicol Lett 1992:62(2-3):191-199.

Khandelwal S, Tandon SK. Effect of cadmium
pretreatment on nickel toxicity. TARC Sci Publ
1984:53:293-300.

Miller LL. History of isolated liver perfusion and
some still unsolved problems, in Bartosek I,
Guaitani A, Miller LL(eds) : Isolated liver per-
fusion and its application. New York, Raven
Press, 1972, pp 1-9.

Strubelt O, Kremer J, Tilse A, Keogh J, Pentz R.
Comparative studies on toxicity of mercury, cad-
mium, and copper toward the isolated perfused
rat liver. J Toxicol Environ Health 1996:47:267-
283.

Tandon SK, Khandelwal S, Mathur AK, Ashquin
M. Preventive effects of nickel on cadmium
hepatotoxicity and nephrotoxicity. Ann Clin Lab
Sci 1984:14(5):390-396.



