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= Abstract =

Effects of Cadmium on Superoxide Radical, Superoxide Dismutase, Catalase and ATPase Activity
in Liver, Kidney and Testicle of Rats in Vitro and in Vivo

Sung-Moo Kim and Kyou-Chull Chung

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

Production of free radicals of superoxide anion in tissues by cadmium, activities of superoxide
dismutase and catalase to protect tissue damages caused by the free radicals and ATPase that plays
an important role in energy metabolism at cellular level were investigated.

Experiments in vitro were conducted with liver, kidney and testicle tissue homogenates of rats
adding 0.05~0.50 mM cadmium chloride, and irn vivo experiments administering single dose of 5mg
of cadmium / kg of body weight in 0.1 % cadmium chloride solution intraperitoneally 48 hours prior
to evisceration,

Production of superoxide radicals in liver and testicle increased with addition of cadmium in vitro,
but not in kidney. In vivo experiments, however, superoxide radicals slightly increased in hver and
kidney but not in testicle, Superoxide dismutase (Cu, Zn-SOD and Mn-SOD), catalase and ATPase
(total, Mg™- & Na', K*-) activity decreased in the presence of cadimium in dose dependent manner,
Reduction of these enzyme activities varied not only with dosage of cadmium but also with type
of tissue and between in vitro and in vivo experiment.

Key Word: Superoxide radical, Superoxide dismutase (Cu, Zn-SOD & Mn-SOD), Catalase,
ATPase (total, Mg~ & Na'-, K*-)
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mJo

9oz AgAoz Fl=f EzHR] GUL 4
Az dFo] Frigte) me} A9 FleF F3 ol
bt} (Schroeder & Balassa, 1961 ; Nandi &, 1969 ;
Fassett, 1975). Aol 48 sl=fe dxzozw b
27 Aol A= m, FUHZPRE oA gk 7
= 59 ANEREA, A78F, 2¥Y T NeFHY
Zof wak opet HIE, W, W] Fof & Yo
o (Schroeder, 1964 ; Adams &, 1969 ; Morgan &, 1971
;Itokawa E, 1973 ; Wong & Klaassen, 1982), 7+%,

oy Ho

A 9 1 59 A7} (Meek, 1959 : Axelsson &
Piscator, 1966 ; %3 1971 ; 2479 Z74, 1986 :

FFE E, 1988) A4, v 2 A 2o £ Y
o71e} (Lucis &, 1969 ; Yoshikawa, 1974 ; Yoshiki £,
1975 ; Suzuki, 1980). ‘

HZ Ft=%Fo| superoxide anion (O;)9 AL &
AzIthE B37}b Ao} (Amoruso £, 1982). Ft=Ho] A
o) &5 ZF 4 XA superoxide anion ¥ Ak

9] Mol F71st3 (Sajki &, 1983) A9 it
st go] e A (Klimezak £, 1984 : Jamall &
Smith, 1985)0.2 W o] Fl= g 9Jd ZZ&EA}e] g
71722 oxygen radical®] #&o #YE 2oy U
(Goldberg & Stemn, 1977 ; Simon &, 1981 ; Moody &
Hassan, 1982 : Rowley & Halliwell, 1983 : Junqueiraet
g, 1986). 28y ZAAH A= aste 24
Q1 superoxide dismutase (SOD)$} catalase §9°] $lo]A)
(Hassan & Moody, 1982 : Schwartz £, 1983 : Gutteridge
£, 1983) |8 @ 22 &4 ol (Crapo & Tiemey,
1974 : Dryer 5, 1980 ; Jeon =, 1986). =, superoxide
dismutasex superoxide radicalg #asledE wst
3, FaE454E YAl catalased] olsiAd B2 Wi
(Lehlinger, 1982).

aio
aSE

2 Oz_+2 H- ""> H202+Oz
SOD

-------- > 2HO040,
(catalase)

Superoxide dismutaseol= F7A7t QoA 1F 9] &
U 78 (Cu)gt ol (Zn)E Ffsle Aoz HxA
Yelf glst, g shue 9 (Mn)e gHate RHewm

mitochondria®f] Z# gtk (McCord & Fridovich, 1969 ;

Weisiger & Fridovich, 1973 ; o]2d &, 1983).

kg body wte] 01% HI7t=&

#H 235 FEIUE 9 715HA okt 23
He gl Mas dode &4—3— A xdto] £A4hE o
op7lEle RolnR MEve] ZAdte ATPasedd =9
wsle &3se AL HE 5olxgl Wy oidxgx
7I2E F5S &7 JAdste sue 93 Az}

+ & AYos (Mustafa E, 1971) ATPase &4

o A& St=ge Gl daiA @ dF7t o F
oJZt} (Nechay & Saunders, 1977 ; Takada & Hayashi,
1978 ; Akerman &, 1985).

ole|dt Fog wFo] & o Ajg# A F=Fo
ZAFANY ALY S Wl superoxide radicale] A
%3} o) 2 Qe 23 =4E 17 flsle] A4S = superoxide
dismutase % catalased] €AE, 28R X Aol
8% 988 sl ATPase 8459 w3lE 3&%6}-‘&
8 ¥rhiz dAFY H=Ee FAFHE de 44
el WA sl= SOD, catalase @ ATPase & HlE
e AL g FEY dojues FIALA 4L
TR ojef e oAjHg st HH ol
I ARgse o] H¥E AEsYh

. 47w

1. MYESEY =g Foiuy

ol ARA - ALEE FEL AFo] 200g WYH=
Sprague-Dawley #lo] 43 gtEojn, APA4N AW
DHAER 15Y o4 Algstd EEF oj4azo o
A, A7sA Bole A& s In viro A¥olME
Alg# o Z’ri Fx (mM)9) dgsle gy §4L 3
7tte] Alg st Wh-EAIR o, in vive APl e Smg/
& é}‘ﬂﬂ'%”’c’ XA
2 13 FAR oS 48A17F Foll ddekgh x4y
AE 42 GANER gl T3 4 4g+E
AR 2o wies otk In vivo AP
ZE 5ulE] H& 172 &9y, dR4ddde ge
108l & Argatairt

2. Al

Cytochrome C, xanthine, xanthine oxidase, tris (hydroxy-
methyl) aminomethane, ouabain, adenosine 5'triphosphate
9 bovine serum albuming& Sigma Chemical Co. (U.S.
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AYAE A3t 3, sodium chloride, magnesium chloride
9 potassium chloride= Fluka A.G. (Switzerland) A&,
EDTAx BDH Chem, Ltd. (England)A|&, cadmium
chloridex> Wako Pure Chem. Indust. (Japan)#l &, 22
o YAEFREASE cadmium FFEEH-2 Hayashi Pure
Chem, Indust, (Japan)#:|& AF&3l¥vh 1 ¥he] kA
ke 4§ EFAGE A3 AT

3 AR

A In vitro AP & N&

7}) Superoxide radical, superoxide dismutase 2 catalase
Z48 A&

FEE AFTHoR YNNI T B 7, A
A2 a#g HAESA 4T o3tz YAAZ 4gF 4
R 4~53 Ao dAg AAHY

ZAFAY : &8 23S torsion balance (Sartorius
Co. A, = 0.05mg)2 BFstz, 2A HolA polytron
zA B4 7] (Janke & Kunkel, Ultra-Turrax T25)e] %
i, 10mM tris-HCl $+38< (pH 7.4)& 48 &3 A7t
ato] 2024 28] #A3}5k3L, Beckman WYF 9487
(Model J-21B)2 600 x gollAl 108 ¢ A E st
A Azole superoxide radical 2 catalase SAHEE
2R3 ANEZ AHREY

MEEY o9} o] sl FL AFAE thA] 14,000
x golA 158 ¢ WEAAEEstd AEXRA £87
mitochondria #8902 ¥a]35l% ). Mitochondria ¥#38&
4 £3e] 10mM tris-HCl k38 (pH 78)ol F-4A
713 15000 x golAl 158 §<¢ WEsdAdEstd 43
A& AR ol & #A-& 23 ¥H¥-8ko] mitochondria
g AASAR, A71A4 A 49 £-3Fe) S0mM tris-HCL
4% (pH 78)2 F7lstd FRA712 28 4HY =
3l t}2, Sonifier (Model W185D, Heat systems, Ultrasonics,
Inc)& 55 wattsol M 424 33) W=-35}o) sonicate 3t3,
thAl 20,000 x goll A 60% < WEAME s 1 4
FAE Hdod A4S AXF Jd E9 U= Tl
o}ldS 383l superoxide dismutase (Cu, Zn-SOD)%}
mitochondria Yol Eo]le 43S &H3t= superoxide
dismutase (Mn-SOD)9] #4=E Z3ste Za4E A}
£-59 ) (Weisiger & Fridovich, 1973).

) ATPase £7% & microsome?] %3

A4 geo 7t A% 2 ng2He] microsome

Koch (1969)9] #yiol =} ¥-8 9488 (differential
centrifugation) 3l &3¢}t = 4A 7]&3F uie}
2ol 2+ 24& AA 4olM polytron 2AE 7] (Janke
& Kunkel, Ultra-Turrax, T25)9) @3, 0.25M sucrose
9} 5mM EDTAE &8ss 10mM tris-HCl 9289
(pH 7.4)& 109 &% #Avista, 2024 28 FASSIA
o A3 AFAE A A 95+ 1,000 x gol A Beckman
JEUNEA7] (Model J-21B)2 1087 L4133l
a2 359% H3A 4E4E oA 10,000x goAA 30
£ Eol %9 A &g 3l mitochondria, lysosome, microbody
5& AAsIA Y AN 42 4EHE ThA] Beckman
Ultracentrifuge (L5-75B) & 100,000x golA 60% FoF
gyEe sty o AL AANL, JHEE 025M
sucrose® 434 50mM tris-HCI&) (pH 7.4)e) 2
#4172 microsome #8& ATPase $4Ag 2k
Nez Agstdn. 99 nE 27e 0~4ToA Al
Ao

B. In vivo A3 % A&

In vitro 23 ) 2} =212 1} superoxide radical, superoxide
dismutase 3 catalasee] BAEE FAst7] AT A&
£ WE wo A& 10mM 2 50mM tris-HCl ¢339
9 01 mM EDTAZ 3713 Zgte] thad)

4. M(ZZILY superoxide dismutase2| &}l

Cu, Zn-SOD¥= cyanided] 9J3iA 2 &AX)71 AAH
1}, Mn-SOD9] 84 %)= A A %= 44 (Beauchamp
& Fridovich, 1973)& ol&3td SES 73, 47 %
28zA ME¥A 283} mitochondria 8ol Cu, Zn-
SOD$} Mn-SOD7} ztzh ¥ F&HUEAE A5
. 2 005~3mM9] cyanideZ B7}tR S o MEA
o] SOD9 #AEE cyanide % 1mMolA 77.2%
7t QAL A3, 2mMelA 97.2 %7 JAHA L, 3mM
N 100% AAHAUT ©jE 1mM cyanided] 23
A 905%7F dAH et Salin £(1978)9] X1, 1 mM
cyanideo] 934 92%, 28 3mMolA 100% Al
ks Lee = (1981)9 23, 2832 2mM.cyanide
o dsiM 94% A=Ak Geller & Winge (1982)
9 wmiel dxstn Uk wepd AEAEE F9 Cy,
Zn-SOD& Mn-SOD¢| 29%le] ¥lud & £ F£5H
Aot B 4 9t Mitochondria ¥ 84 Cu, Zn-SOD
7b #&s Y& JFeAES WiAsty]l 95t Mn-SOD9)
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FHAS 24Y g 2mM cyanideZ F7elgnh
5. Z&uY

A. Superoxide radical®} 2%

i

Y, 4% 2 282759 F9o) 4 495 & superoxide °

radical ferricytochrome C¢] #9&% Wald wal A
st el (McCord & Fridovich, 1969 ; Badwey & Kar-
novsky, 1979). &, 50mM tris-HCl €% (pH 7.8)3
ARe FHAY TR Jl=iS AU EFAS
25T £58A 58 F< preincubationsly, 0.1 mM
cytochrome C 8% #7138t 3ml7}t €] Al$te] Beckman
spectrophotometer (Model 35)& o] 83t 550 nmol] A}
F3=9] glE 28 AF sl ol $95& cytochrome
Co 42 EAEHAS E.C=19500/min/cmZ A4t
3lo] (Badwey & Karnovsky, 1979) nmol /mg protein
o2 AT '

B. Catalase®] €43 %%

%, A% 2 18 23 FANRY catalase BAAE
Aebi (1974)9] Wi oz Z2A39. 2 in vitro A3
M 50mM tris-HCl €39 (pH 7.0), 233 in vivo
Aol 01mM EDTAZ 343 tris-HCI 93003}
dAqo sEME FIERFE ME EFYL BT
FHolA oF 5% ¥ preincubationdl, 30 mM H,0,E
Iml F7bsted Efele] HO, =7 10mMolA kg
of Az A 3ttt ojd Age] o =< HO
%< Beckman spectrophotometer (Model 35)& A}&-3}
o 240nmo)A. ZQstn, FPA7re wel HO.9 F%
=7t #aHE A wet catalased] XS EAEH
A4 (E.C.=3943/min /cm)ol 9J3te] A4t} unit /
mg protein® 2 HA| 54t}

C. Superoxide dismutase®] #Ax =3

g, A 2 u@zA F9 superoxide dismutase®]
¥4 A+ xanthine? xanthine oxidaseo] ) 3lo)A] A
=& ferricytochrome C/t @gEE AL ARA)F=
U E o] &3 McCord & Fridovich (1969)8] W oz
FAstAh & in vitro AYoIME 50mM tris-HCl ¢
%9 (pH 7.8), in vivo 4PN 01 mM EDTAES &
#% tris-HCl #3943 0.5mM xanthine, 0.1 mM ferri-
cytochrome Co] wh-golel zv3, A% 2 mghe] A3
AA F&3 SODs} FxW 7l=§ 48 Avlsta, 25

T 594 58 S9F preincubationdt ¥, xanthine
oxidaseZ F7}ske] 550 nmoN FFEr} Fobete &
g ZAsqrt ol AxEA9 SODg} FA=ES Hutst
72l B2 edg FAFLR Fo FFx9 F/EEE
0.020 / min¢] = A xanthine oxidase®] TE=E ZH3IA
123

Mitochondriao A} 323l superoxide dismutase®] %
AXE £ dole AERY EAXE A8 93t
o 99 £& urezAL 0.033% sodium dioxycholate,
2mM potassium cyanide2 A ZA3slo] (Dryer
5, 1980 : Geller & Winge, 1982) unit /mg protein®.

‘2 stk SOD #4%) 1 unit¥: ferricytochrome

Co #8428 50% A= a2FE 2o

D. ATPased] 42 &3

Kang & Lee (1976)} Phillips & Hayes (1977)9)
Hoz At F, whgde 125mM tris-HCl 93
49 (pH 74)°l NaCl 100 mM, KCl 20 mM, MgCl, 5mM

T ol HEE 2 O, ImlE HE, A% 2 addA

F23 YAFY microsome ¥ ¢ 0.05~3.0mM ¥
o Z ¥xd =g §93 & oM 37T BFH
A 108 %<t preincubationdted H7 e Jl=H2 Alg
59 ATPasest W EE 3lgdh In vivo AFPIHE
microsome £ 2+-8- 2 11 preincubation 3] t}, Preincubation
& oF, ATPE 3mM F&7 HEE Hslea 37¢C
EFEAA A& 108 F¢ wSAFZ, wrgdd 11,
67 % HCIO 04miot ml2) YAAR) 254 1mg H7t
3t uhg-& AAANZ . whgo] B¢ AEE 3,000 rpm
28 108 ¢ dAERE 4Ede e fa”
7] ol (Pi)$ Fiske & Subbarow (1925)9] #Wdo=
%738t wmol /mg protein / hr& 4t&3le] & ATPase
B2 stlch o] o] z&upA oA wgAS prein-
cubation 3}7] Aol ouabain 2mME H7I31gS W A
A¥ 2719 (Pi)e %A AL ouabain-insensitive (Mg
"*-) ATPased] #4x2 3191, $ 434 ouabain-
insensitive (Mg**-) ATPase?] &A1& W & I3io
ouabainoll o}sjA A== ATPase 843 2, ouabain-
sensitive (Na*, K*-) ATPase?] &4 Xz a9}, ATPase
o] 4= 38 23T FARE FAsA
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6. CHiEIo| Xk
204, A% 2 u@§xA9 microsome EEo =
iAo Lowry & (1951)9) whio® AFsigon,
Fou Az AREs .

bovine serum albuming

7. Aol He|

g Azl @ EAA+= Dbase M Plus, Lotus 123
% package programsS # 4] IBM PC2 &%t}

O oA+ 24

1. Superoxide radical (0,)2| AM

FES 24, A% 2 n@d FYEH FAY 005
~050mMe] Fl=ES HrlsldS W A =g
FTxo) wegl A oA A superoxide radicale Fig,
1% 2o &, Z4RES ¢ #2YNA 9 superoxide
radical®} 4412 1.75+0.72 nmol / mg protein / min% 3,
Alg & Ulef 71= 8 0.05 mM& A 7}sld 3.8540.31 nmol /

mg protein / min, 0.1 mM& A7}shd 7.6940.61 nmol /
mg protein / min, 0.2mME A7I31E 16.7640.92 nmol /
mg protein / min2 FASA F7HEhd 03mME A7t
3hd 1 %7188 £33+ o} 1856+ 1.31 nmol / mg protein /
minZg H1xE vehflo] dzgd HlsA o 10692
ZF7rkdh

AN e NZ FAA)A ] superoxide radicaldl
AT 4554046 nmol /mg protein / ming 1, 7=
E& Hrtsbd 0.05 mMol 4] 5.15+40.36 nmol / mg protein /
min, 28] 2 0.20 mM9j A 6.01-+0.71 nmol / mg protein /
minZ o 2Fo) Y5t 1.38]9] Fote] AuA] @Fska,
=8 A7} o} superoxide radicale] AJArEL Z
W7k Ayt :

A e 182 FANRY superoxide radicalE
7.7940.56 nmol/ mg protein / min &} Ft=HS H7}
sd 7t 2Fo M9} w@7EAZ 005 mMeltA 91540,
66 nmol / mg protein / min, 0.1 mM¢l| 4] 11.704-0.56 nmol /
mg protein /min, 0.2mMlA] 16.69+090 nmol/mg
protein / min, 0.3 mMel| 4] 19.6111.18 nmol / mg protein /
min2 4% 3718 Jeldlz, 050 mMAlA 1 F7hg
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Fig. 1. Concentration of superoxide radical (nmol /mg protein /min) in liver, kidney and testicle
of rats treated with different concentrations of cadmium chloride solution in vitro.
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€ @astaod, 21924057 nmol /mg protein / ming
W HAE YT 2ed 1 Zsge gz
Hs A 28800 R kit

A= E 01% G &922 AF kgF S5mgH
o Aege %AW FAD, A2 Fol ZHS in
vivo Ao A 3, A 2 18 ZHA superoxide
radical®] 49FE Fig. 29 gk &, 3 2AINE
7.74+1.18 nmol / mg protein /min, A3 ZA4A& 7.
46+0.97 nmol / mg protein/ min2 RBF thFFrc}t ¢
 F7rsg ey 1@ =39 superoxide radicale ol
A4 5.00£0.77 nmol / mg protein /mino|¥ Ho] A
8 HAEdA ¥

2. Superoxide dismutase2| &M T

A, ¥R U9 superoxide dismutase (Cu, Zn-SOD)
o e

A4 gEY 7+, A 2 1@ 2 FAA (),
05~030mM9 7I=ES F7I8tAS o AEQ o
= Cu, Zn-SOD9] A =& Fig. 33 o}, = A g
E9] 7t3olA 6224037 units/mg protein, AAol) A
6.5410.36 units /mg protein® 2 Blsetg s, oA

¥ 4314056 units / mg protein@t}. 7t=§ 0.05 mM&
A7lshd 7+ A 3864044 units/mg proteino 2 oF
38% AAHGAR, AAo)A 4.854+0.58 units / mg protein
o8 % 25%7F AAHULH, n{AME 1934017
units /mg protein® 2 ¢ 55%7F A LUt J=F
010 mM-E H7}std 7Hgel| A 2.884:0.51 units / mg protein
o2 oF 54% AANA 4014027 units/ mg protein®.
2 9% 47 %, 18] 3 1.8l A] 1.394-0.39 units / mg protein
oz o 68% xRl visid JAFAL 020mME
A7tk 7139 A 0044008 units/ mg protein®.2 o}
99 %, AAANA 2604030 units / mg protein©. 2 ¢k 60
%7} A = 9120, 328l A& 0,2540.20 units / mg protein
22 9%4%7t dAHAY. =ES 030mM Hrpehd
o)M= Cu, Zn-SOD7} AE A&HA @gten Al
o)A 15240.39 units / mg protein® & < 87 %7t o
A, 234 0.1240.27 units / mg protein® 2 A
9] 100% JAH At

FI=F 5mg/kg body wtZ in vivoE FA}eIS o
o] MEA 9] Cu, Zu-SOD9 AL = Fig. 494 »
£ uk9} o] HAA 6.274081 units /mg protein .
Z UZ#9 5994078 units/mg protein® o]z} ¢l

12

-4 "

SOR (nmol / mg protein / min)
i
i
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|
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Fig. 2. Concentration of superoxide radical (nmol/mg protein /min) in liver, kidney and testicle
of rats treated with cadmium 5mg /kg body weight 48 hours prior to experiment in wvivo.
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Fig. 3. Cytosolic superoxide dismutase (Cu, Zn-SOD) activity (units/mg protein) in liver, kidney
and testicle of rats treated with different concentrations of cadmium chloride solution in

vitro.
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Fig. 4. Cytosolic superoxide dismutase (Cu, Zn-SOD) activity (units /mg protein) in liver, kidney

and testicle of rats treated with cadmium 5mg/kg body weight prior to experiment in
vivo.
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oz, AR A= 6304052 units /mg protein©. . 7+
Ao} ah @ 7R 2 o) 2ol A 8 5.8840.55 units / mg protein
3} o)z} qiglet. 28w ug H¥A e Cu, Zn-SOD
A= 7304083 units/mg protein® 2 =Pl X
9] 4504058 units/mg protein®th £3)2] < 60 %7}
S 7ret g

B. Mitochondria W) ¢} superoxide dismutase (Mn-SOD)
2=

Q4 ke o] 213, A% 0 TBAEAN 35 mitochondria
o 0.1~12mM9 F=8& HrlsdS ©We] Mn-SOD
o g E 27 29940.10 units / mg protein, 2.2640.
05 units / mg protein, 72} I 2.37-+0.07 units / mg protein
Act (Fig. 5). olgf 7l=® 01mME Huhalm b4l
A+ Mn-SOD A7} 3614031 units/mg protein®
G Frlehe £ sFou I olye SEBS Hile
¥ Mn-SODE YA|He 12mM ¥xelx 0564008
units / mg protein® 2 <t 81 %7t 2T HlEjA o
AU In vivo A (Fig. 6)14 42 Mn-SOD
AT = 2634057 units/mg protein® & o 2 EoA]

9] 2494052 units /mg protein® o7t YA, A3}
NAM = 2474053 units/mg protein©. 2 ZHFIA 9 u}
A7t RTAMe 2494036 units/mg proteini}
apol7t glxlom, agtolAe] Mn-SODe 4=+ 166
40.57 units / mg protein®. 2 | 29| 2.534+0.45 units /
mg proteinol] H|a|X 1 BHESL o 35% A AT

3. Catalase?| &AMT

gE9 by, A w n#zEI9 FAYd 01~50.
0mMe} 7l2E-S #ulehd 2 28 @ W9 catalase
Az JlEg AUtEY FUt g JA"E BES
Uehhict (Fig. 7).

A4 gE 7t3 2 AY FEHANAMY catalase &
Ax= 19653+11.30 units/mg proteins} 213.85+47.36
Hjgte gz FA N
catalase A5y 5984057 units/mg protenZH Y
SohA 2k e FAANA 010mMe FEFE
A7kl catalase?] A EE 183434836 units/mg
protein, (.50 mM-& 3 7}8P8 151.36+3.57 units / mg protein,
1.00mM& H7}sbH 141.8742.48 units /mg protein, 5.

units / mg protein?l ¢}

5
i
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Fig. 5. Mitochondrial superoxide dismutase (Mn-SOD) activity (units /mg protein) in liver, kidney
and testicle of rats treated with different concentrations of cadmium chloride solution in

vitro.

— 378 —



° |

- Liver | Kidney bo _I Testicle |

|

4 |

l

l

R !

g 3 i

& f

’ RN i

§ 2 R |

8 NN —_ ]

% RN = |

g S | |

1 S 4 |

o . .

NN o !

RN N '

| R R

0 . ] ' SR 3
Control Cd 5 mg/kg bw.

Fig. 6. Mitochondrial superoxide dismutase (Mn-SQOD) activity (units / mg protein) in liver, kidney
and testicle of rats treated with cadmium 5 mg / kg body weight 48 hours prior to experiment
in vwo.
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Fig. 7. Catalase activity (units / mg protein) in liver, kidney and testicle of rats treated with different
concentrations of cadmiumn chloride solution in wvitro.
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00 2 10.00 mME H7}shd 247+ 126.06+4.90 units / mg
protein®} 112.9548.80 units / mg protein, 28] 2 50 mM
& #A7+8H 8358+9.04 units/mg protein.g W RF
o HajA 575% AA=AE A 2HNA 9 catalase
= Y 2F4A H oz Fon, Fl=
£ 010mM-g H7isbd 201.0747.50 units / mg protein
old o] Ft=g HrlFo] Bold4E catalase AR
v A3z} e oz HAR AAHe] 50
mM& H7hshd 91.09+4.56 units /mg protein2 4 o
Zao A o 58% AASEATG. L 2H A9
catalase BA X 5224026 units/mg protein.2 ¥
AU, H=F A7 o) BoldFF catalase FAE
= 3 AF 230 A9 ahivkA 2 gA €, 50 mM
o Fl=g& HrkstH 1.37+0.36 units/mg protein® 2
gz o 77%7F AL, 100mMe AE=EFS
H71ehA catalase BAEE 100% AA =AU

In vive AYAME Fig. 84 n¥ upe}l o] 743
ZAo M9 catalase A== 123.48+19.76 units/mg
protein® 2 | ZF) A 9] 192.73426.36 units / mg protein

Bt} ¢ 35%7F JAH YR, A% 2Hd X 155.86116.
65 units / mg protein®. 2 tj 2o A o] A= 22514414,
41 units/mg proteinoll H]s|A <k 58 %7t AAHACH
33 22 oA 9] catalase 45 30.58+5.31 units / mg
protein® 2 thxiFol A9} 503+0.89 units/mg protein
B o3l < 6u] &Aststth

4. Adenosine Triphosphatase (ATPase)2|
E2ME

4% Fro JIEES ANED UE FASHE o g
Eo 714 A% 2 1@ ZZ 9 microsome W ATPase
o 2849 2mM9l ouabaine.@ A €& ouabain-
sensitive (Na*, K*-) ATPase, 18] i ouabain® g <}
g]x] ¢ ouabain-insensitive (Mgt-) ATPased] &4
E& Fig. 9, Fig. 10 2 Fig. 119} #&d}

44 dee 24 239 microsome £o] EA 3
£ ATPased 284 % (Fig. 9)& 5834012 pmol / mg
protein / hrd 32, 418 Z Aol 3599+1.07 smol/mg
protein / hr, 223 18 ZA A 46.05+0.79 pmol / mg
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Fig. 8. Catalase activity (units / mg protein) in liver, kidney and testicle of rats treated with cadmium
5mg / kg body weight 48 hours prior to experiment in vivo.
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and testicle cells of rats treated with different concentrations of cadmium chloride solution
in vitro.
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Fig. 11. Ouabain-sensitive ATPase activity (mol/mg protein /hr) in microsome of liver, kidney
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in vitro.

protein /hro 2 38 o 713 Bggten, 244 2 A%
22 U9 ATPase F8AH=E 474 18 249 &
459 127%9 776 % gl '

g F%3 microsome 28] 005~3.0mMe
= ES 718l ATPase BAEE 713 7l2g &
=9 F7td gt qAHAG & A=F FE=F 005
mM<Ql o] ATPases] 284 =+ 4.9540.08 pmol/mg
protein /hr2 M thz ¢ vldlA 151% A=Y, 0.
1mMol A 3874011 zmol/mg protein /hr2 336 %,
0.50 mM9l A 2.6340.03 smol / mg protein /hre. 2 54,
9%, 1.00mMol A 2.1840.02 pmol / mg protein / hr2 4
62.6 %, 3.00mMolA 154+40.02 gmol / mg protein / hr
24 736 %71 AA =AU

A4 24 We ATPase S =+ 71+ 22 Ul 9] ATPase
Bz HlEA 6~7) ¥T, 0.05~30mMe) F=g
& A71stH ATPase 84T #7138 7l=E%9 Z7)
of wet AAHUG. F J=F F=7t 0.05mMYI W
ATPase?] 284+ 30.2440.62 #mol / mg protein / hr
2H izl vaM 160%7F A= AT, 010 mMo

A] 21.0240.59 amol / mg protein / hr& 4 46.6%, 0.50 mM
oA 15.1140.81 #zmol /mg protein /hr24% 58.0%, 1.
00mMell A 11.4840.61 gamol / mg protein / hr2 4 68,
1%, 3.00 mMol A} 6.3140.10 pamol / mg protein / hr 24
825 %7t AU

18 zAo)A %238 microsome £ 8ol 0.05~3.0mM
o] FleBg Hvlstd ATPase BAEE 94 IA7e
Flegsxe Zrbd dal JAHU F =g 005
mM€ 75t ATPased] 3845+ 459241.15 pmol /
mg protein /hr24 HEF% %9 o, 010mMe]
A 40.104:1.33 #mol / mg protein / hr&4 12.9 %, 0.50 mM
oA 28.2540.55#mol /mg protein /hr2M 386%, 1.
00 mMol| A 19.0740.57 panol / mg  protein / hr24 58,
6%, 18l 3.00mMejA] 8.4040.20 #mol / mg protein
24 91.8%7 dA =AUt .

Ouabain-insensitive (Mg**-) ATPase®] &A=+ Fig.
10914 Be wke} o] ZgoA 3.8210.06 4mol / mg
protein /hr2H FHAE9 655%8 AAstPoen, 4
2 ZA oA 21.7240.30 pmol / mg protein / hr2H &



A2 604 %E, 18] 123 oA 44.3840.83 pmol /
mg protein / hr2 4 F AT ] 964 %S AA AT

2%, A% 2 a1 ZFejA 323 microsomed] 0.
05~30mM¢e] Ft=5-& H71etg & o 2 2Z ) ] ouabain-
nsensitive ATPase?] A& B &M E 0.05 mM
ol A 3.3940.13 pmol / mg protein / hr2 X thZ 2] )
A 1 BEE 113% JAEUL, 010mMelA 3
1340.02 #zmol / mg protein /hr2 4 181 %, 0.50 mMo|
A 2.5240.10 #mol / mg protein / hr2 3 34.0 %, 1.00 mM
oA 21240.02 pmol / mg protein /hr2M 445%, 18
2 3.00mMoA 15140.04 #mol /mg protein / hr2 4
60.7 %7+ A9 .

AZHE Jl=F 005mMol A ouabain-insensitive
ATPase A%+ 205340.35 gmol / mg protein / hr2
A oz vt 1 847 55% dAHAT, 0.
10mM oA 18.7540.35 #mol / mg protein / hr24 13,
7%, 050mMo A 14.5340.39 pmol /mg protein / hr2
A 33.1%, 1.00mMo| A 11.3340.06 pmol / mg protein /
hr2 4 47.8 %, 2181 2 3.00 mMoll A 56340.19 gmol / mg
protein / hr2 4} 74.1 %7} A et |

138 27 Yo ATPase:= #FZ ouabain-insensitive
ATPase®ion, 7128 0.05~3.00mME #71319& o
o S5 JAPFL FEHE IRAY HRFACh

Ouabain-sensitive (Na*, K*-) ATPase¢] #4 =+ Fig.
1194 Be uiel 2ol A4 e 13 ZAME
2014015 pmol / mg protein / hr2 M FHA= 344%

o) A 2.2740.84 pmol / mg protein / hr24 84.1 %, 0.5 mM
o} 0.57+0.46 #mol / mg protein / hr24) 96.0%, 1.00
mM3} 3,00 mMol M= 0.1540.64 #mol / mg protein / hr
9} 0.1840.13 #mol /mg protein /hr2# 25 ¥ 999,
7F dAH A

2% A9 ouabain-sensitive (Na*, K*-) ATPase
o BAxE 74 2AUY 9 ouabain-sensitive ATPase
A9 Hlszatd o)

57 WM& Smg/kgd) St=EE TSR 48AT £
o £33 #AY Yo ATPase F8Hx& HFA
4964059 p#mol / mg protein / hr, A& A 14.5240.78
#mol / mg protein / hr, 7228] 31 1§l A 4.2140.40 ganol /
mg protein /hr24 7+33 A3 XA BF gz
ol A2 4964044 pmol / mg protein /hr 2 14.5240.
74 pmol /mg protein / hro} gt o} n@ ZFqM e
2T A9 24.13+6.24 #mol / mg protein / hrefl 3]
A dA3A(S 83%) dAIH A (Fig. 12).

Ouabain-sensitive ATPase®] #AHTE 43 A%
ZA e ZHzt 0.7740.25 pmol / mg protein / hro} 5.
0740.75 pmol /mg  protein /hrE& thZT9 0.70+0.18
ol / mg protein / hré} 5004-0.70 amol / mg protein /
hrob 293, g M F 2 A% 2FqA9%
t 99 JI=§ Forolu dRLdA o] AEHA
skt (Fig. 13).

Quabain-insensitive ATPase?] A E&= ZHAolA 4,
204055 #mol / mg protein / hr, A1l 4] 9.454-0.34 pmol /

g A5, A% 22 14.2740.80 zmol / mg protein /  protein, “1&] 3 31§kl A 4.2540.46 pmol / mg protein /

hrgx 28459 397%, 182 1 ZFoME L
67+1.46 pmol / mg protein /hr24 28 E9 3.6 %ol
AvkA] et

3 2R F&3 microsome E8o (.05 mM9]
Fl= g FH7bsbd 1 B45E 15640.16 #mol / mg
protein / hr2# tlzao] vlgto 224 %7F AA=HAL,
0.10 mMol A= 0.7440.10 #mol / mg protein / hr24 63.
2%, 0.50mMol A+ 0.1140.11 gmol / mg protein / hr2
% 94.5 %, 1.00 mMell A& 0.0640.20 #mol / mg protein /
hr2 % 97.0%, 2282 3.00mMol A& 0.0340.02 pmol /
mg protein /hr2 4 985 %7} A= Ach

AR ZAgA= 0.05 mMe} Ft= gl 98] A] ouabain-
sensitive ATPase®] &4 %= 9.714069 smol / mg protein /
hrz# gz A 320%7F AAHU3, 0.10mM

hrg 2233 A3 2HdqMe dETedr e 4264038
panol / mg protein / hr} 418 32| A ©] 9574039 pmol /
mg protein /hre} 29koy, 1§ ZAqME L9
23.3746.01 ¢amol / mg protein / hre} Wlmsted <k 82%
oA = At (Fig. 14).

N2 &

i‘l.—-}. Fl=Bo oA M ZHA superoxide anion?)
o) ZAdetE o] Sajki 5 (1981), Amoruso &
(1982), Hussain & (1987) 5ol 2dhA in vitros} in vivo
Ageoz gr3Ach e, MAE superoxide anion %
catdlased] A== YT AA oMz slmge &
F7AR wetA] ohE W ol o2 Q3 2AEY
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Fig. 12. Total ATPase activity (#mol/mg protein / hr) in liver, kidney and testicle tissues of rats
treated with cadmium 5mg /kg body weight 48 hours prior to experiment in vivo.
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Fig. 13. Ouabain-sensitive ATPase activity (umol /mg protein/hr) in liver, kidney and testicle
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Fig. 14. Ouabain-insensitive ATPase activity (smol /mg protein /hr) in liver, kidney and testicle
tissues of rats treated with cadmium 5mg /kg body weight 48 hours prior to experiment

in vivo.

A=7F Brled wa & Re 4 2A¢ e SODs}
catalase®} =g Wig Wjdo]l tEr) wEojzln &
A 9t} (Parizek & Zahor, 1956 ; Cross S, 1979 ; Sajiki
E, 1981 ; Prasada, 1983 ;: Minami &, 1982 ; Das &, 1987
. Hussain &, 1987 ; A8 &, 1988).

Sajiki & (1983)2 Fl=gS REY E3W=2 FY5
& o zHgolA superoxide radical (SOR)Sl Aol
7t A dedn 1ud b gloy, B AgdA A=
Be B B4 in vive ARPANA 33 AA
M HlE 3 ZE7} in vitro Al HAA FHule &
A%k SORe] o] FT7iEAR, ngfA= SORY A
el JAREAG (Fig. 2). H FES 3, 44 ¢
nF FAe FAY 005~050mMe} F=i e HE
A7) in vitro AgIAE H7Ms =9 Fxo e
SORe] QA @ =T vsA 714 ZF A ¢ 10
v, ng@zFoA <k 3w Frara, A% ZHME
1268 7}2F Zolsted o EobEe 2o wal 3jolE
el i ok (Fig. 1). &, 283 413 23929} SOR
AL FHEBL in vitro} in vivoE FEAIZ o ohg
o] Frlstd o, 18 RAANME FSES in vitrod}

in vivo2 ZEAZ o) 1 g S delste Al
NE AAT F7HE JeEpioy Fxdxe SORel A
& ZA&=A gt

Din & Frazier (1985) RES 13 AEE Feud
sl Jl= & Asleld, #Ue Sleg R wg T
A AZXefMe duiAGdol APt BuFPe,
Sajiki & (1983)2 50mg/kgel CdCLE e 53
W2 5o39e o 14 239 whulAo] gizEd] ¥
A fosA Aasdn, Zge] dRFEe oS 84
A Zxsigun o, Fl= gl st dwd A
o] A8tEl= & 7tz Hol polyribosome S &3 3t RNA
9 715¢ Aoz 2HE 4 don (Gamulin E,
1977), HA=8ol olsis A48 SORo) AAFiteutg
& Yo AA endoplasmic reticulumo] &4 43171 9
Foll gmAZAgo] AAHY|x 31 (Stacey &, 1980),
& SORo| FgHoz ishit-g-& do7le A (Davies,
1987) 525 A9g & Ao

Fte g oajA SORel Adgol welbr superoxide
dismutase (SOD)9] #4=7l ¥EHe d4& »E A
2 z= |9 Cu, Zn-SODS} Mn-SOD #Azs 73



olu} m3 zAd| wHlate] FUrh HF zFgA ] Cuy,
Zn-SOD9] A x+= AR M FAHxo vlsid
okzk o] SORe MA@ wdstd Zastdy, 3
3 A gl % Cu, Zn-SOD2 A4 A+ HF=23
A9 ohA7tAR SORS gA %] sl Z4sA
123

FIES Eo{Fd mE Mn-SOD 4T WYL
Cu, Zn-SOD¢} vl&3txw 1 A x &= Cu, Zn-SODY
oF 50%0) AuA gk o] @ AMHL Cu, Zn-SOD
= Mn-SOD BO% A9 slugo oA A" %
olJet Jl=f Fojze mel oY weS yehide
Klaassen (1986)9) B.io} Yxgc}. eyt AF 20
M Cu, Zn-SOD9 A xsF 143 n@2HoA 1
t Eton, Mn-SOD9] S4EE w2 713 *d
L He 2% wdl Ao o5 SODe AFstr &
47140 dated HEF "avt ok Azhsi,

Catalase®] FA == SOD¢ vlarixlz H7ld 7=
B9 559 Frtd wel JAHJ 4 Fr)e #AY
d HE catalased) AL v AFM A=
H&E, ASE TR EBASFE AA3 Al
50mMell A tizFRe 4 60% AASHJ=H vEke
18 ZF A= YR A catalase2] §4 =7} 6 unit /
mg protein® 2 k37 A ZANA Y %9 1/60
~1/7090 AUA 2L B ol st=F 5mM Fxol
A olu] tjZF B} catalased] AEIL o 80% %A
3, 10mM FEMe A8 HEHA g3t o)y
3 Hoz vlFo]l B of NPoM =g Fxo w
g SOD 44 #Fol W7k JehiA e AL Jt=gl
oJ&jA 44" SORo] SOD £3] Mn-SOD Brie Cu,
Zn-SODell 93jA EAH o=z AHesle] HO,Z ¥+
3, olu MY HO+= tA catalased] 9J3jA H0=2
e Aoz Ho] AFH oz o|FoiR|7] wEo
gtit AztE, ol wtalA 18 ZFMe Fl=Fl
o&jA AP SORo] SOD, &3] Cu, Zn-SOD2} #4
7} ol A4 2o A B} @g # o)) catalase
9 gA=E HASA 7] g Ft=Bo oA A
¥ SORe| SODe| gl&irl HO,E #&i® Aol oA
catalased] &j3]A H08 0.8 E£35A Ftn 23
&AL Q8le Aol AztEn

ATPase (adenosine triphosphatase)= E2A13x9 A
Lt £z, ATPY wlx|gt Q1447|171 7h4-E3d

o A7]= energyol 9FA M EA o] g FTEFHL
Z o]ZANAE 4¥L It (Post &, 1960). Na', K'-
ATPasex 1957d Jens Skour} H& wHslgoed, Al
S uto] 9l ouabaind] SsiAd 2 w7} UzEA o
A== QA o] Ak o] 2& A Eute] HZH (inner aspect)
o] ZAste sodiumg AE $oez WruUlI, potassum
S HEGOT 50 9ES ) §H Mgr-ATPase
£ ouabaind] 9N 1 AT JAHA gon, A
¥oto] v (outer aspect)ol EAstd T ol Fol
o dttn gl A gle} (Schwartz &, 1975). A1 E Wl
ZA)3t= % ATPase & Na*, K*-ATPase®} Mg™- ATPase
7t AA e HEe F59 FFH de Aolrt US
¥ o]z} (Nechay & Saunders, 1978), #& FH9 %
2o M5 A.(Nechay & Nelson, 1970)3 7] (Nechay
& Saunders, 1978 ; o]%3%. &, 1987)°] whet Apolzt 9l
e Aoz 484 Aok

ol AFAME AA E 2 microsome £ o] 2mM
¢] ouabaing F7}sl5& w, ouabaind] <A A=
2 o= Mg™-ATPase?] % ATPase 4%l dig )
&2 FNA 655%, AN 604% 2L, DA A
= 96.4%9ct. wetA ouabainol 9sjA JAlHE Nab,
K'-ATPases] &4=& 737 A% zFdAe 47
% ATPased] 345%% 39.6%%E AA&4x, 2@ =3
M= 36%0 A ggton], FUH MAAME F
719 wetr Na', K*-ATPase®t Mg™-ATPaseo} ¥ X%
7 gades A #0E F Ut ol AL in
vivo AP oltA QN stefol oA 1@ 2
A9 % ATPase $4A7} dA&A dAHA=H 2
e Mg™-ATPaseflz, 7H35 A% zFd e
ATPaser 52 Na', K*-ATPased o9, 7l=&<9 43
5 A gsid (Fig, 12, 13, 14).

AF7A i, HAEF, 3, £, ¢FE, 74 54
Zg&d o8r Mg"ATPase 2 Na', K'-ATPase9)
FAE7t A dhe Ro| o8 FFAEN AT in vitro

d

[ ox

_BET: in vivo 482 SaA 28X ot (Hasan &, 1967

; Mustafa &, 1971 : Lai &, 1980 ; Chandra &, 1984).
olg} gol FF&o s ATPases A7t A H
= AL 0|5 FF 40| ATPasedl] 450 2+ sulfhydryl
719k A ukgay) WEd Aoz 2= U (Rifkin,
1965 ; Bader &, 1970). o] W] ATPase 84=& F8<
o FE7F 2&4E AHsA dAH NAAPAA A4

— 386 —



FAT-S L}E}‘ﬂt} (Nechay & Saunders, 1977 ; Akerman
E, 1985) &} ol ApoMz RHES HE, AF
2 13 229 % ATPase SA:=E /=i w27}
245 past 3¢ ngod (Fig 9, 10 & 11),
a2 FoA ARG FES F ATPased] BA=E 18z
Aol A A =R, e A z2AeRen, %
ZHo| N9 BHEE A3 2 18 2Ho)Me] 1/6~1/
8ol kA ef3tth. Ft=ES FostAE ) Mg™-ATPase
B4} GAEE FES F ATPases} vt on,
U Jl=E sxolA o] ATPase E4=c 1§
A A 21, BEeE A% 2o U g 23
A 7} Rt Na*, K*-ATPase A E9 o4 9

2 AFeA 7 s, e 3 23N
on 3% A= MFo gNth

o]y 3 ZAut= Mg~-ATPases} Na', K*-ATPased|
$HE7 ASFol AR AEE J1de] Azt
tdage A& AABle de2 B g glon, Fl=gd
934l Na’, K-ATPaseel #4x7I Mg™-ATPasedl
HsiA st dAlE e A Ft=EI s
-SH7)7} Mg*-ATPase Hule Na*, K*-ATPased] #
Rt} YA St=FF X1 §5 7] 9 &oleta Glynn (1963),
Rifkin 1965), Badar & (1970)_ & A4g3a Q. o
o] wtajA] Nechay & Saunders (1978)% Mg*-ATPase
o) gAEst WA dAgE RS 1%Ed 27t F
& o]2g Mg" ol HAYHoz ATPS Agsr]
o g ATPased] 84=7F 92 % ohle 4
WHoz ATPY REFNS st 2ydoz Mg
*-ATPase®] E4=E JAAdz At ¥ Sun
(1972), Gilbert & Sawas (1983), Sawas & Gilbert (1984)
52 =gl o8 AAE oxygen radicale &3] A
Eute] ohE ¥ 549t (polyunsaturated fatty acid)oll
ZAastel ABANNE ooz MEYS SEAAHA
A xate] ZAQste ATPaseo] SAHEE At 3}
.o, Maridonneau & (1983)2 phenazine methosulfate
of osiA] AAE oxygen radicale] o)A A7 X
A#debgo] Yojut sodium, potassiume] 5FH <
Subko] Aajld = AE I3} oxygen radicalo] ATPase
g4xs dAsted A ARSI 28y
Hambrecht £ (1983)° ¢Jsl¥ Na', K*-ATPases] &
ArEe o7Fx] 2R84 AAE oxygen radicalol
osix oJASA gon, et Mg'-ATPased| A%

gto] olA|¥ =& oxygen radical AHA|7} Mg-ATPase
49=8 gAlste 7dez Ag3vtn g,

Fltegol osle] z2 A MAAE = superoxide radical
o] ARFT o2 A 2FEAE U] AT AL
71Ho 82 MAEE superoxide dismutase®t catalase,
BT duA] Ao Fad 8L st ATPase 84
T AEYNS BEY BHOE AFH WollA FES]
I, A 2 13 279 gAdd F=FS HUsA
€ el 87 Yz 5mg/kedl =L 138 FAel
48217 Fo ST AW VSEFE dxed v
o] Ohg 3t e AHE Arh

In viro AYNMe H7HE Fl=gFe] 719 9=
A 2 123 A A superoxide radicale] AyAbeko]
7k, A% zHdMe R FU7F A
In vivo 4NN 183 A THAA v 71
€ Yelfo] gz Mzt %7t Frlagey ug@
ZAdq e A HEHA It

In vitro A% Superoxide dismutase?] AT &=
FIEE] Hrlge] 245 JAHAeH 1 4SS
A G ZANAM M2 vl n 1@ FFHAME
HAAsHA A AT In vive AN PRI B}
A% 2 A Cu, Zn-SOD (superoxide dismutase)?] &4
=7t FUhetR e, g A% 23 B 18 39
Ao Zrhge] #Hoh a8y Mn-SODY g4sE 13
B A ZAGAE Aot QoY 2§ 2HGME
239 F7tstt.

In vitro 43X 2z} 29 @A sl=gs M7t
st Ftefe] FEvF 2852 catalase?] PR
A=At In vivo ARANE 2HFH AF 2FdAHe
AEF FoFA catalase FHEL JAHROY} n@
ZANME A2 Bt FlEE FALNA catalase &
A=zt < 6u) =%ch
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