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Dose-Response Relationship between Catalase and
Superoxide Dismutase Activity in Testes of Acutely
Intoxicated Rats by Cadmium

Bo Young Park, Jung Duck Park, Kyou Chull Chung

Department of Preventive Medicine and Community Health,
College of Medicine, Chung-Ang University

Dose-response relationship among blood cadmium concentrations, catalase and superoxide dismutase
activities were studied with acutely intoxicated rats by cadmium. The Sprague-Dawley male rats to which
single dose of 1~32 mg/kg CdCl; were administered into peritoneal cavity were sacrificed by decapitation
at 3~36 hours after the administration.

Cadmium concentrations in blood increased significantly with dose of CdCl, administered and reached
peak level at 3 hours later. Catalase activities in rats’ testes were not correlated with esposure time
elapsed after the administration in rats to which 1~2 mg/kg of CdCl, were administered, but they showed
linear relationship with time in groups to which 4~32 mg/kg of CdCl, were administered. Cu, Zn-SOD
activities in testes of acutely intoxicated rats by cadmium were not altered either by dosage or by time
elapsed after the administration. Mn-SOD activities in the testes were also not influenced by dosage
of 1~2 mg/kg CdCl,, but remarkably inactivated by dosage of 4~32 mg/kg CdCl; with time elapsed
after the administration. Neither catalase, Cu, Zn-SOD nor Mn-SOD activities of testes were correlated
with blood cadmium concentrations in acutely intoxicated rats by cadmium.
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A E =9 cadmiumdl] o] 3te] 2z F o] EA4E = Hol
B3y ofzf agel vxj= cadmiume] G| AF &
T2t @3] A o] goi(Meek, 1959; Gunn %, 1961;
Mason %, 1964; Wong® Klaassen, 1980; Walker 5,
1984; Chellman %, 1985).

19 v A= cadmium®] Lo 2 ugdPe B
A& F71A1713(Cleggst Carr, 1967), AT WA,
A BE 28 ¥ 28239 Ji], 958 Yoy
(Parizek®} Zahor, 1956; Meek, 1959; Mason &, 1964),
alkaline phosphatase®] 7Z+4~(Landolt®} Gutwein, 1971),
catalase 84 £9] F7} 2 superoxide dismutase 4 % 9}
ZA~(Sajiki 5, 1983), citrate synthetase, succinic dehyd-
rogenase, cytochrome C oxidase 84% 2] 74 (Prasada,
1983) 5o} Bi=o ik

FHAME cadmivme] ¥ FE DF2H ] Sl
dsidE o) ATAEC) o3l Bue 5 Ik Moon,
1971; Lee §, 1984). 12|}, oW R &9 &7
g 2o tijt ol A X5k AFEy] 9alMe
EAEAEAT o A0 FukeBASE $4FHe
2 wHsolol & o2 AZ4EY. Cadmiume] Fof 3}
ZaA e 12 SPFEE FUY oA
sl ot HlwAd F uiA ] ori(Meek, 1959; Ma-
son 5, 1964; Moon, 1971), cadmiumol] ] 3 &% 39
LAY Walel tigh AU F-ug&@A dEME
Yol FEE e AFolH(Sajiki 5, 1983).

st £ dAe e BIhRE cadmiume
R ¥, BoF g ZaF NF I g} fe 5l
U3 ol AA7)l ok G#l 7 catalase®) superoxide
dismutase 84 = (Hassan} Moody, 1982; Schwartz %,
1983)7te] Y-S FAE FHTLRA, o8 1E¥F
o) A cadmium®] &471H 2 WojaRE A3
cd 8993 718A5E AASuA g

II. ol

1) ¥¥sE

AF 200g )9 Sprague-Dawley $ RE 3L o
139 2 AY40A ARS8l 58 oo} gleS
BAg ¥ AP A

@) A %

Cytochrome C, xanthine, xanthine oxidase, bovine se-

rum albumin, heparin %2 Sigma Chemical Co.(USA)
ol 4], cupric sulfate, potassium phosphate, hydrogen pe-
roxide, potassium cyanide 52 Kanto Chemical Co.
(Jap)oll X, 9AFHEAE cadmium standard £8,
phenol reagent™= Hayashi Pure Chemical Indust.(Jap.)
ol A, sodium citratex= Ishizu Pharmaceutical Co.(jap.),
sodium deoxycholate= Fluka AG.(Switz.), EDTAE
BDH Chemical Ltd.(Eng) AZ& 738t Apg-slge
o, Ite] AJoke BAE AleFS ALl

(3) 4PEEAA

HAYEES UEFH cadmiumAANF o2 FYstA
HYTol= REQ AF 1kg T 1, 2 4, 8 16, 32 mgy
cadmium chloride(CdCL) & B 2 13] FA}315.0.1),
HxzZode FUFAE A2l Es 05 mlE By
FAYedeh olnf cadmium8Y-E CdCLE AAFALL
A4 gl 5o A3, 1~8 mghkg FHTdlE
01% £4& Ao, 16~32 mgkg Fozole
03% §9& TEof AMstr). AYPF9 FEE cad-
mium £94-& FAFHR) 3,6, 12, 24, 36 A Fol]| FREE
BEste] HAAA B& Fel ¥ 02 heparin® 2
HalE Aol FRPPAN B2 AL s3sy
cadmium$ A #3}7] 943t} WERA3Y) ol E
1EE A2 ARZ ANgslgTh

(9 2@z a4FF

HEE 182 V)T 4°C2 Y2E g F A5 4~
5at# AL ¥, 48)8-3F9) 5mM phosphate buffer(pH
78)& 71T ©lE polytron ZE¥ 3 7)(Brink-
mann, Model PT-20) 2 15&4 23] #2318 3, oA
teflon glass homogenizer2 T2 oL, Y5 JAE
E]7](Sorv_all RC-5B Refrigerated Superspeed Centri-
fuge, Dupont Instr.) 14 700Xg2 587+ Y5 QAF
gate AAz3 ¥ YEYE AAR 439 100uE
J#3led 50 mM phosphate buffer(pH 7.0) 2 10u] 3]
MAA catalase BHE FHANEZ ARSI HolA
de FFdozie] HEAY superoxide dismutase}
mitochondria®] superoxide dismutase?] F&& Weisi-
ger$} Fridovich(1973)9] Wol 9&ld 3iQc). &, 4
Z9& YA 14,000Xg2 15837 JEAAEEE A A
¥ A3} mitochondria& ¥8)3t0.oH, 2 F39& 729
ol L g% AX 3 SODY ZAA(crude enzyme) &
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AHEEFHTE 4719 Zolste] 98 Emitochondrias 0.25
M sucrose”} &% 10mM phosphate buffer(pH 7.8) &
H7lsle BHAIZ] £ 15000X g2 1587 Y5 aAE
gt 1 AFd-g AASHAT oyl =g 23] wHE
sto] A ¥ 01 mM EDTAES &-#3 50 mM phos-
phate buffer(pH 7.8) & 58] &3 #Hrlsle] B{-A120 F
Az %3] E AL 23] wkEE F Sonifier cell distrup-
tor(Mode W185D, Heat Systems, Ultrasonics, INC.) 2
55 wattoll Al 424 33] wkE-&o] sonication ¥ 20,000
XgollA 6027 BEddEeste O AEdE #H ¥
e F¥3lE superoxide dismutase?] Z#EA(crude
enzyme) 2 AHE-3}ch

Zt BA FEHH RE 2L 0~4°CoA A &3}t
Ark

(5) 8% cadmiume] A

8% cadmium] ¥4 Perry 5(1975)<] Wy of oz}
A3tk &, heparine 2 " A 05 mlE A3
sled 218 A4 ImlE H7F F Ao M A A 8] 7128t
AlE7F #7149 x4 oF 3 At U AFsh
N ge| opo] of Ao 2 FAAYL v 30% BHakstes
04 ml& H7bsh] 2E& 22oA 7F2FEAA 479
Zol A3 ABE AFLoA ARtHe 05% Ao
gAate] 5mizt HA stk old A5 §FE cad-
miume) ¥ YAFEFELEAA(Baird Lid. Model
A5100)2 AH2-3te] double beam flameless WH o=
Astgr) olw YAE9 cadmiumFEE pg/dl of
bloodZ #4tete] BAISHRCh

(6) Catalase 84x9 34

nE2 A0 catalase BAAET Abei(1974) 9] Wiyo s
ZF39k &, 3 ml £%2] cuvettol} 50 mM phosphate
buffer(pH 7.0)9 AN g2} F#AAE Edt EFAY
g dgro] 01 mg/ml7t =S kg, 25°Ce] £5%
of A 5% 7t preincubation 3§ 1 M H;0,2 30ul 4713t
EFU H0,5E7F 10 mMolA wkgol A=A 8}
Fil=g

Z+ A gl 93 & == Ha0.2] %S Beckman spect-
rophotometer(Model 35)-& ©]-83}<] 240 nm(e. C.=39.
43M~'ICm Dol A A)Zto] Aol wet FF=r) A

= Al 28] catalased] §HAEE AMbsich 4 F
719} catalase &8 % & units/g wet weight, units/mg pro-

teine 2 Fibate] e

(7) Superoxide dismutase®] FA%E =3

%E 137329 superoxide dismutase FAx9 =
7L xanthineX} xanthine oxidase®] ZA)s}ollA] A4 =)
+ superoxideo] 2]3}] ferricytochrome C¢ £9-&
A A 7= UelE o] &3 McCord 9 Fridovich(1969) &
el 93l A4 £, 3 ml € cuvettol] 0.1 mM
EDTAE &3 50 mM phosphate buffer(pH 7.8) 2.3ml,
0.5 mM xanthine 0.3 ml, 0.1 mM ferricytochrome C 0.1
mig A7l 93 ¥, 25°C] B38| A 587F prei-
ncubation? ¥, xanthine oxidase 0.1 mlE 7}sle] 93
550nmell X F3=7t F7HHE S8 EAch o
FFx9 ZF7M4%E 0.020/mine] = Al xanthine oxi-
dased} 5 E ZAHEYTE Y9} o] A H WA
Z23 A4 9] superoxide dismutase = 3 7}3}He] a2
550nmol A FRx el W3E sk

Mitochondriaol Al %3 superoxide dismutase] &
AE e} 2o vhgZ A6 0.033% sodium deoxy-
cholate, 2 mM potassium cyanideZ ZH3lo] A X 2]
SOD &4 =5 JAF F F4sAH Dryer 5, 1980;
Gellers} Winge, 1982). o]uf M E 3 = mitochondria 2
SOD 8Al=+ ferricytochrome C8 SALEEE 50%8
AAAE EAS %S 1 unitz 3HHTh HAELS)
EXEE units/g wet weight, units/mg protein® 2
et JERRRITH

(8) 9uid A%

18229 catalase®} MEZA L mitochondriag]
SODE 23 £389 uuld gk Lowry §(1951)9]
we o Fstlon, o FEFIMAZAME bo-

vine serum albuming ARS8t th
1. oA+ o}

(1) 8% cadmium ¥%

A4 gEeo] HF cadmium FEE 0.07+0.12ug/dIR
on, e AF kg ? 1,2 4, 8, 16, 32mg2] cadmium e
Bhe 5498 £ 3, 6, 12, 24, 36410 AT €5
cadmium¥ % cadmiumFo Zof] W} Aol JMFHo 2
7V 2(Fig. 1, 4939 8% cadmivmFe
oS- 213 Aao] 91ItH(Table 1, r=0.9636~0.9868,
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10

1

1 2 4 8 16 32
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Fig. 1 Cadmium concentrations in whole blood according to exposure time and dosage after intraperitoneal injection
of cadmium chloride solution into rats. :

Table 1. Cadmium concentration in whole blood (ug/dl) according to dosage at different exposure time after intraperito-
neal injection of cadmium chloride solution into rats.

Dose Regression
" (mg/kg) 1 2 4 8 16 32 equation  No. sy\x r F  pvalue
rs
170 435 1488 3280 5435 820 2.8089 Dose
3 +0.17 +735 +1534 +2.6323 14 74977 09636 155.717 0.0000
n @ (2) (2) (2) 6Y)
1.90 3.52 691 1371 2992 1.8125 Dose
6 +041 +£335 - —0.1376 13 15206 0.9867 404.810 0.0000
(D (1 (2) (3 @))
2.05 293 770 1504 1.8778 Dose
12 +2.29 - - +0.0092 10 0.8742 0.9869 299422 0.0000
1)) (1) (2) (D
149 2.80 7.82 1.9272 Dose
24 +1.78 - - - —0.0808 10 09798 09677 117.995 0.0000
(1) (1) (3)
1.00 340 5.80 928 21.16 1.3042 Dose
36 +0.28 + 4,02 - +0.1198 12 13793 0.9862 354.258 0.0000

(D (€)) (2) ¢)) (2)
* Control : Mean + S.D.=0.07 + 0.12 ug/dl (n=5)
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p<001). E2A70d 229 % cadmiumFTET A7) 12417 24A7 22 FAAME 3 AAS5Y 42 1

okl 220 3| ATAZ AYPHAH Table 1, p<0. 8125, 1.8778, 1.92722 A4 F-of Zko] ©AQlo] B cad-

on). miumF =9 717} v)&stg o), 36417 E2 T e
Cadmium$ ZES BAUWE 1~32 mgkg FA3IUS  HAAF 1.30428 4 713 24 Yelgtti(Table 1, Fig,

o), BojFo] B d% cadmiumFEY AAAFE A 1),

7HE g 5E 3A17F Z2F0A 2808924 7 Z L, 6

Table 2. Catalase activities in testes according to exposure time at different dosage after intraperitoneal injection of
cadmium chloride solution into rats.

Time Regression
b Units 3hrs  6hrs  12hrs 24hrs 36hrs  Equation No. sy\x r F p-value
0se
Units/ 4877 4376 4980 5233 4546 18762 Time 10 547412 04135 1650 02349
gwetwt (1 DO O @O @ +433613
Wme/ke) s 538 697 634 634 634 00168 Time 10 09701 02235 0421 05348
mg protein (1) (1) (1) 6} 6)) +5.9241
Units/ 3923 3655 4943 4971 4423 17792 Time 10 559139 03886 1423 0.2672
g wet wt (1) (¢Y; ¢)) ¢)) ) +413.428
2me/ke) G 626 697 634 634 634 00136 Time 10 09464 0.1869 0290 06051
mg protein (1) (1) 1) (1) (¢D) +6.0379
Units/ 5034 4282 6105 9797 10866 205233 Time
g wet wt +1254 +513 +211 +2884+ 31.6 -+404129 16 134714 08988 58854 0.0000
(2) (2 2 3 @)
Hmglkg) s 664 545 769 1458 1634 03266 Time
mg protein +131 +£082 +040 +495 +001  +53116 16 23376 08829 49495 0.0000
(2) 2) (2) (3) (2)
Units/ 5012 6006 8241 11481 21.0397 Time
g wet wt +18 1717 - +445687 12 99.3862 09141 50.821 0.0000
@ @& O ¢h) /
8(me/ke) ey 650 750 1205 1600 02980 Time
mg protein +023 + 168 - +59429 12 13838 09166 52585 0.0000
2 (3) (D (1)
Units/ 5538 11036 967.0 13786 260198 Time
g wet wt  +1143 —  +1260 +502209 11 185440 09001 38434 0.0002
@) ) 1) )
16(mg/kg) - "
Units/ 761 1205 1331 1967 03798 Time
mg protein + 1.80 —  +£001  +66086 11 17540 09542 91512 0.0000
(2) 1) 1) 2
Units/ 696.4
g wet wt  +380 - - - - - 2 - - ~ -
(2
mgke) G 10.03
mg protein +054 — - - - - 2 - - - -
(2)

*Control . Mean+ S. D.=417.4% 59.9units/g wet wt, 5.85% 1.24units/mg protein(n=>5)
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1,500 Units/g wet weight Units/mg protein
20 +
16 mg/kg 16 mg/kg
8 mg/kg 4 mg/kg
15 8mg/kg
1,000 F 4mg/kg
10
500 2mg/kg 2mg/kg
Img/kg 5 1 mg/kg
1 1 | 1 1 1 L i i i
0' 3 6 12 2 36 ol 3 6 12 2 36

Exposure times (hours)

Exposure times (hours)

Fig. 2 Catalase activities in testes according to exposure time at different dosage after intraperitoneal ihjection of cadmium

chloride solution into rats.

(2) CatalaseZFAH =

AR 8Z 29| catalaseFAHEE 4174+ 59.9 units/g
wet weight, 585+ 1.24 units/mg protein®2.8{, 1~32
mg/kg?] cadmiumS E7H) 2 FoJ3t9-S w9 catalase
== 1 mg/kg FATH 2mg/kg FATANNE £
Az & A= Wyt gl oW (Table 2, Fig 2,
p>005), 4 mg/kgol’d FAToAME FIZAIZt] utet
catalase B4 =7t F718te 488 HERATHFig 20).
cadmium FF 36417 el 2] catalase BAE7} 4
mg/kg FoTAE 1086.6+ 31.6 units/g wet weight,
16.34+ 0.01 units/mg protein, 8 mg/kg F-dwtolA&

=

=

1148.1 units/g wet weight, 16.00 units/mg protein, 16
mg/kg Fo T 1378.6+ 1260 units/g wet weight,
19.67+ 0.01 units/mg protein2A] Z}z} tj2tol] M]3
25~358 A= ZF7FaltH(Table 2). Cadmium 4mg/
kgold Foddol M ngzA 9 catalase B TE 2zt
FooA Z2Aigke] abe} ul-g fefatAl FtsiH e
o, 2 A0 B3 189 catalase FAEE
HABAZE QY AH(Table 2, r=0.8829~0.9542, p
<0.01).

eRET

(3) MEZW(Cu, Zn- )superoxide dismutase A=

Units/g wet weight Units/mg protein
15+
500
8mg/kg
40 1 mg/kg
4 mg/kg
2 mg/kg 10 [
16 me/k 8mg/kg
300 - me/kg 16 myg /kg
L mg/kg
4mg/kg
2mg/kg
200
5 |
100
| i 1 1 4 i 1 i
0 3 6 12 24 36 0 3 6 12 24 36

'Exposure times (hours)

Exposure times (hours)

Fig. 3 Cvtosolic(Cu,Zn-) superoxide dismutase activities in testes according to exposure time at different dosage afte
intraperitoneal injection of cadmium chloride solution into rats.



734 gEo] 18z AU Cu, Zn-SOD B4 5= 4342+
35.2 units/g wet weight, 8.49+ 0.92 units/mg protein%]
o, 1~32 mg/kg?) cadmium$ FEL] BRUR £493
%, 3~36A12 Fol A E 28z 29 Cu, Zn-SODE]

S EE cadmiumFe F 2 ZZ A7) o}  2}o]E

HoFA] Fg%r e (Fig. 3), 449 cadmium¥Fo] F7

=

da F2AH 282 Cu, Zn-SODEP ==
BARCZ frofdt 3H B FuAZE EHA skt
(Table 3, p>0.05).

(4) Mitochondriatl (Mn-) superoxide dismutase

Table 3. Cytosolic(Cu,Zn-) superoxide dismutase activities in testes according to exposure time at different dosage
after intraperitoneal injection of cadmium chloride solution into rats.

Time Regression
o Units 3hrs  6hrs  12hrs 24hrs 36hrs  Equation No. Sy\x r F p-value
0Se .
Units/ 4145 4063 4875 4496 3732 -0.7782Time 10 386040 02581 0571 04715
gwet wt (1) G)) n (1) D +436.554
1(mg/kg) - -
Units/ 669 880 105 774 795 -00075Time 10 11996 00826 0055 0.8205
mg protein (1) (€)) (1) (€)) 1) +8.4728
Units/ 4305 4004 4839 3789 3574 -19514Time 10 366881 05761 3975 0.0813
gwetwt (D O @ O @ +438.057
2(mg/kg) - -
Units/ 768 815 933 992 741 00006Time 10 10069 00076 0.0005 0.9835
mg protein (1) (1) (D (€] (D +8.4884
Units/ 3661 3607 4355 3740 3614 -14930Time
g wet wt +490 +129 +37.5 +439 +45.6 413643 16 445729 04110 2845 0.1138
(2) (2 2 3 2
mglkg) Gy 738 800 927 735 745 -0.0266Time
mg protein +026 +223 +069 +172 +037  +83524 16 12035 02851 1239 02844
2) (2) (2) 3) 2)
Units/ 3920 3857 4035 4174 -0.3857Time
g wet wt +£263 +215 - +413431 12 344434 01184 0142 0.7140
2 (3) ¢)] (€))
Smgfke) e/ 772 831 824 925 00229Time
mg protein + 105 + 150 - +82200 12 10073 02354 0587 04614
(2) (3) (1) (1)
Units/ 3845 4213 4401 3256 -2.7166Time
g wet wt  +209 —  +185  +428527 11 342714 07595 12.266 0.0067
2 ¢)) D €))
16(mefke) o 735 720 896 817 0.0004Time
mg protein + 0.01 —  £225 481446 11 11501 00053 00003 09877
(2) (1) 1) ()
Units/ 3816
g wet wt +66 — - - - - 2 - - - -
@)
Smefke) T 7.29
mg protein +0.76 - - - - - 2 - - - -
(2)

*Control . Mean+ S.D.=434.3+ 35.2 units/g wet wt, 849+ 0.92 units/mg protein(n=5)
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34 e 8z AY Mn-SOD BHEE 457436
units/g wet weight, 9.94+ 1.66 units/mg protein®2H,
cadmium S FEQ HE7h2 F5Qe o 1§z
Mn-SOD #4%+ 1 mgkg F9TH 2 mglkg FAT
e ZGAIZe) e B4z o W3yt gl e (Table
4, Fig. 4, p>0.05), 4 mg/kg o4 FoATolMe F24

7to] Z3}3tel wel Mn-SOD A=} ik 3¢S
YAt (Fig. 4). &, cadmiumd] Z2@ ¥ 3623t
o] 412] Mn-SOD 847} 4 mg/kg Fo Tl = 284+
3.0 units/g wet weight, 649+ 0.43 units/mg protein, 8
mg/kg FATA= 211 units/g wet weight, 6.50
units/mg  protein, 16mg/kgF ATl AE 115+ 3.3

Table 4. Mitochondrial (Mn-) superoxide dismutase activities in testes according to exposure time at different dosage

after intraperitoneal injection of cadmium chloride solution into rats.

Time Regression
D Units 3hrs 6hrs  12hrs 24hrs 36hrs  Equation No. Sy\x r F p-value
ose
Units/ 48.6 42.2 425 436 453 -0.0470Time 10 3.1768 0.1925 0308 0.5942
gwetwt (D (D 6] o +45.4409
1(mg/kg) - -
Units/ 7.58 5.99 762 7.82 651 -0.0840Time 10 1.7239 05425 3337 0.1052
mg protein (1) ) (1 1) (€D) +9.2016
Units/ 39.2 36.7 443 40.9 379 0.1761Time 10 4.0397 0.5001 2669 0.1410
gwetwt (1) ¢y (» €Y €Y} +44.1761
2(mg/kg) —— -
Units/ 8.36 6.10 7.30 701 6.72 -0.0929Time 10 16520 05975 4.443 0.0681
mg protein (1) (1) (D (1 (1) +9.2705
Units/ 419 41.1 40.1 32.3 284 -0.4851Time
g wet wt +53 +29 +10 +105 + 3.0 +448889 16 4.8853 08006 24.999 0.0002
(2) (2) (2) 3 2
Ume/ke) Gy 1028 815 933 739 649 -0.0982Time
mg protein +129 +098 +0.19 +0.86 +043 +99127 16 1.1888 0.7435 17.301 0.0010
@ @ (2) @ @
Units/ 425 37.7 315 21.1  -0.7090Time
g wet wt +25 £35 - +44.1873 12 3.6515 09002 42.752 0.0000
©)) 3 ¢ 1) ‘
S(meke) 5o 948 681 705 650 -0.1038Time
mg protein +047 +0.39 - +9.1744 12 16189 0.5638 4.660 0.0562
(2) (3) ¢)) (1
Units/ 39.7 379 338 115 -0.9305Time
gwetwt - 09 - +33 +44.7028 11 29964 09769 188.267 0.0000
(2) ¢Y) ¢)) (2)
16(meke) s/ 824 765 667 309 -0.1836Time
mg protein + 1.10 - +0.81 +94808 11 13281 08976 37.321 0.0002
(2) o) 1) (2)
Units/ 38.3
g wet wt *5.1 - - - - - 2 - - - -
2
Smefke) 5o 752
mg protein + 3.24 - - - - - 2 - - - -
(2)

*Control : Mean+ S.D.=45.7+ 3.6 units/g wet wt,

9.94+ 1.66 units/mg protein(n=5)
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Units/g wet weight Units/mg protein

15 r—
50
1 mg/kg
40 -
2mg/kg 10 L
or /
. 2mg/kg
4me/kg 1 mg/kg
20 - 4mg/kg
8mg/ke 5+ 8 mg/kg
10 16 mg/kg 16 mg/kg
1 1 1 1 1 1 i 1 1 1
[} 3 6 12 24 36 0 3 6 12 24 36
Exposure times (hours) Exposure times (hours)

Fig. 4 Mitochondrial (Mn-) superoxide dismutase activities in testes according to exposure time at different dosage
after intraperitoneal injection of cadmium chloride solution into rats.

Table 5. Correlation coefficients between blood cadmium concentrations and catalase, cytosolic(Cu,Zn-) superoxide dis-
. - . \ « . o a. -
mutase and mitochondrial(Mn-) superoxide dismutase activities in testes.

Catalase Cu, Zn—S0D Mn—S0D
No. of units/g wet units/mg units/mg units/mg units/mg units/mg
case weight protein weight protein weight protein
Blood Cd 39 0.1458 0.1340 ~0.2350 —0.2880 ~0.1024 ~0.1674
concentrations

units/g wet weight, 3.09+ 0.81 units/mg protein & 24|

izl W3 < 35~75%7} A3t tH Table 4). Cad- V. o
mium 4 mg/kg °d FATAXE Azte] FATAA

38ZAY Mn-SOD 4= Z2AIt we} o9 Cadmiumol] ZFZHUS we A Pol71AY st
foEA Ao, E2AZt #3 Mn-SOD 84 24 A9 2zt 7], £3) 44 2 7kl A metallothio-
s FJAAU AADAZE AYHAHTable 4, r=0.74  pein(MT)o] A=) I8 AP0 24 cadmium
35~0.9769, p<0.01). L2} ), 8 mg/kg SojZolM speci- o) E44S FFATE RO 2 LA 2l tH(Ridlington,
fic avtivity(units/mg protein) 2 JERH Mn-SODS] &  1981; Chellman %, 1985). £3}, cadmium® 2% &
Aro] Z2A0e) B 3 L ABAASE FAHLEZ soje s a0 E98A N Gunn 5, 1961), cadmium
FeIehA] FRAeHr=05638, F=4660, p=0.0562). o 25780 £39 FHol &L AGN FATL2H
cadmium®] SA3oll th@ Wl Anrt Jlvka FeiA Ao
(Yoshikawa, 1970; Yoshikawa, 1973; Goering$} Klaas-
sen, 1983; Jin® Nordberg, 1986).

Cadmiumell 2|3 @229 &AL cadmiumo] 2
P wRE 2Py 2H9 IAE FEe A
o2 daA 2o HGunn 5, 1963; Cleggs} Carr, 1967),
2ol 9}A] active oxygen speciese] A= o] A7}

2k

(5) 8% cadmium ¥ 11§22 2] catalase L
superoxide dismutase E4E9}e] FAAA
1~32 mg/kg? cadmiumE FE2] Bz £43
¥, 3~36A17t %0l 233 1823 )9 catalase, Cu, Zn-
SOD 2 Mn-SOD9) == BF ¥F cadmiums =<}
#9§ o] gIlcH Table 5, r=—0.2880~0.1458, p>
0.05).
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A+81ak-3-(lipid peroxidation) & Y020 24 SutsE=
18322 g 53g-o] B a Ik Sajiki %5, 1981;
Sajiki 5, 1983).

Active oxygen species®] Z&&4o) thslA] supero-
xide dismutase®} catalase”} scavenger24] =43l
W] g 78 Vehdcka e A ) 29 (Goldberg®} Stern,
1977; Hassan¥ Moody, 1982; Turrens %, 1984), 2tE2]
a@zA e A XA EAe= Tl old S Fhdke
SOD#} mitochondriadll &3l #4344 gH&-3H= SOD7H
AHMcCord 2} Fridovich, 1969; Weisiger2t Fridovich,
1973; Lee &, 1983).

Cadmiume] 9§ A9 vhe-& AHFEY = 4,
71 9 FHof wetx oE B ol FHAR, FoHF
g Z2 ARk mebE a2 A Yebdoi(Colucc, 1975;
Teare 5, 1978; Wong} Klaassen, 1980; Tandon®} Aso-
kan, 1981; Jahn®} Klinger, 1982; Sato 5, 1983). 1]
& cadmiumg FHES BPUZ FFAL o Fo
F 2 A7k} g 132 e superoxide dismu-
tase®} catalase 24 £ 9] W3E T2 A7, cadmiumE
1~2 mg/kg s FA§ Tl Z2A3bo] Atz
catalaseZA 2o W3yl gldovt, 4 mg/kg o1 Fo
FolAE AT b catalase BAEE A9 A4
Aoz F718tA1(Fig 2), cadmium FF 3647t
A9 catalase BYE= iFEol w8l 25~358% F
713l ek (Table 2, r=0.8829~0.9542, p<0.01). 12}
ZE 1§z HU 9 Cu,Zn-SODY FAEE cadmium®)
FoFT F A0 B2 83E VERRA) 93kt (Table
3, Fig. 3, p>0.05). Mn-SOD¢] 4%+ cadmium 1
mg/kg £ 2 mg/kg T M= H Azl utat
3% wskEs JehA Ftov 4 mg/kg o Fo
LA EZAZH @2t Mn-SOD 8457t dadhe
A¢E JehUti(Fig. 4). 4 mg/kg ol FolTolA g
Mn-SOD #4x=& Z=2Alzte] we Ao FHHoz
A3} 1L (Table 4, r=0.7435~0.9769, p<0.01), 36A] 7}
R39S mie] Mn-SODEA == t&Fd vlshe] <F
35~75%7} #Aaskdch

Sajiki 5(1983)2 cadmium 5 mg/kgS HEL B}
W2 Fd3ge o 28 ZAMNY catalase BHAEE
AlZbell et Frlste] 48A1Z X 718wk oH, SODe)
Bz A7) ule} 2adle] 484)7 ) 713 Witk
Husgrt ol o F£AA cadmium 1~2 mg/kg

Eotol A catalasest SOD A L] 4L mx=
%%orh, 4 mg/kg °} FAT Z, catalases} SODE
A MstE do7)7] AlFete $50l44Y cadmium e
54319 W9 catalase®} SODFA = 9| X JFe
Z2FRot T2 Az ael A4x W3yt dAES
2 F4E B
a4 IEEFES 9% FEAA ¥F cadmium
4 cadmiume B7ZHHEZ T8 3, 30 Eojuo)
HuAE JERR QT ATe] Aol whel A,
ol 35 E cadmium FHS H-go 23| F7lst
Aotz Az} Aol whe} 4k, 419) cadmium
s Aghe] Aol e} F7beke 43S et
FH(Lucis &, 1969; Teare 5, 1978; Tandon? Asokan,
1981). 18}y, cadmiumel F4 F2A] ) 2 22 9]
7I=f FHS cadmiumFol ol wela] Aol wjFslo]
(Colucci, 1975; Kim3} Cho, 1986; Chung 5, 1988) %
FAZEOE T3] o & AXHT o) AT
Az ¥F cadmium FEE AHAZL 3AI1ZIAM M
Ekon, Hal asle 36417 E2A) 7B @A U
$ou, Fl=g FoF mEaMe A9 FHHew F
78t (Fig. 1, Table 1, p<0.0D), ¥F cadmiumE =2l
Hahe Z2AETE T3 o 2 dxsigich E£3,
D822 9] catalase 4% 2 superoxide dismutase
= EF cadmium¥FI §23 FFo] AT
(Table 5, p>0.1).

oldel 278 283 B cadmiumol 29 F A
2 719 cadmium #Fe Wl FTEAtROE
L2 o o] & dFS wo, 540 B ¥F
cadmium¥ o] W2 FIF-g x| ggon, Y F o]4de]
cadmiumd] Z25 QL v E 23R ch= ZZ A7t &
W3 & Ao2 veiytth

N

ot

V. ¥ =

njo

Cadmiumol 23+ T8z =9 &4 g whol7|AE gt
3)7] 913 71249 2AL2A cadmium $%FH Z3
A7t W2 ¥ 2 cadmium FE 9 18239 catalase
2 superoxide dismutase B4 xolo] F-ukgAAE =
A¥etaizl gEQ B7hE 1~32 mg/kg® cadmium$
43 R F, 3~36A17F B9 B2 AdE os
2tk



1. 8% cadmium¥EE cadmiumFo] Fo) F7}gto
ue} Ao AMH o7 Z7189 T, cadmium s % F
A 7w g JERIITH

2. 18221 catalase B35 cadmium 1~2 mg/kg
FoFo M Aozl e Wt glle, 4 my/
kgold BT My AHAA ] uhe} catalase@ A E7}
2He 2 Frhaterh

3. 28z 2) Cu, Zn-SODY Y X+ cadmium £
g 2 A zhl] o2 Wyt gk
4, 18z AU Mn-SOD &4 =< cadmium 1~2 mg/kg
Fol g Ae BRI wE W7t 91e Y, 4 mg/kg
4 S Ae A#AIT wet Mn-SOD 427}
askglch
5. 18%2e] catalase, Cu,Zn-SOD % Mn-SOD &
BEe ¥ cadmiumE =t FHBA T Ao

o
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