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Age-associated Alteration in the Hapatic Superoxide Generation
and Antioxidant Activities in the Senescence-accelerated Mice

Hae Young Chung* and Yun Kyung Kim
College of Pharmacy, Pusan National Untversity, Pusan 609-735, Korea

Abstract— Several bichemical parameters related to free radicals were estimated in senile-prone
(P) and resistant(R) strains of male senescence-accelerated mice(SAM) at 2, 5 and 11 months
of age.

The superoxide generation was increased with age in SAM-R/1 and SAM-P/2. Compared to
SAM-R/1, more generation of superoxide was significantly noted in the SAM-P/2 liver. The activi-
ties of Cu/Zn-superoxide dismutase and catalase were decreased during aging and these activities
in SAM-P/2 were significantly lower than in SAM-R/1 liver. The activities of glutathione S-transfe-
rase were varied with aging, whereas SAM-P/2 showed lower levels compared to SAM-R/1. The
gradual decreases of glutathione, protein bound-SH and nonprotein bound-SH contents were noted
with increasing age. SAM-P/2 liver contained lesser amounts of glutathione and nonprotein bound-
SH compared to SAM-R.

In conclusion, superoxide generation was increased whereas the antioxidant enzyme activities
were decreased during aging in SAM-R/1. In addition, SAM-P/2 strain showed more superoxide
generation and less antioxidant enzyme activities than SAM-R/1 in the liver, thus we assume
that these factors might accelerate the senescence of SAM-P/2 strain.

Keywords [] Superoxide, Cu/Zn-superoxide dismutase, glutathione S-transferase, catalase, gluta-
thione, nonprotein bound-SH, protein bound-SH.
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A3, °]F 12,000X gojl ] 2087 AAIE-2) 5] post-

Vol. 36, No. 5, 1992

mitochondrial fractiong 2¢ich

Hxu

1) Superoxide M5 ZE"~¥%—Superoxide -2l
7)9) AA-L superoxide dismutaseS AL = Y&
ferricytochrome C& =& £x28 Ak
%, 0.1mM EDTAE 3§23 phosphate buffer (pH
7.8) 420 Woll cyanide®) EE7} 50 Mo] HEE 20
mM cyanide §9%-& 7}gF ¥ 37CelA 1083 X2
28}git). o] 440 postnuclear fraction 300 W2} 0.1
mM cytochrome C 50 W& ¥} spectrophotome-
ter2 cuvette® 37C 2 A7/ A 550 nmot A
A sldck oo cytochrome C2| & HA1-F3A5
19,500 M~ lem'& A Atstgdch

2) Total-SHS =X"—02M tris buffer(pH 8.2)
1m/, 001M DTNB(5, 5-dithiobis-2-nitrobenzoic
acid) 0.1 m/, methanol 4 m/E #3§ & o794 homo-
genate 0.1 miE F3le 24T, 1587 wkx|slgich
o]71-& 4000 rpm, 30%-7F ARG F AS5dE
412 nmell A FI=EF FAsKA

3) Nonprotein bound-SH2| =X —Saville®] o
&l &3]3 o homogenateol] $%2] 10% trich-
loroacetic acid4<4& r}sted A&t A5AE
sample2 3}%c}. Sample 0.1 m/¢] 0.01M NaNO,
1vol® 02N H,SO, 9vol-& &§zA4 3l 05 mi=
713 o} 587 WHAAIA e} 05% sulfamic acid
ammonium 4% 02mlE 7lste] A £33
£ 1% HgCl, 1vol¥# 34% sulfanilamide/0.4 N HCl
9vol &3-& 1ml 7}stgicr. 28] 0.1% N-1-naph-
thylethylenediamine/0.4 N HCI £} 1 m! 7}3}a 5%
¥ 540 nmel A FIFEE s RELY0 2N
125 nM glutathione €918 A}&-3}¢ic).

4) Glutathione?] £8'"— Gaitonde®]dl| 2J3) cys-
tein®] 9F& 23] 3}od, nonprotein bound-SHe] <ol
Al cystein-SHe] ok& wlo] Ak&3lgr}. Homoge-
nateel] 10% trichloroacetic acid F&& 7}3F = 4
ARelste] A5 05miE FHIT 7)o wag
0.5 m/, ninhydrinA]2} (250 mg ninhydrin/% %A} 6
mi+conc. HCl 4 ml)& A5l 05ml 7}skgic)
o1& 10¥7F #3 ©& FA WFFelA Yty
ethanol 3mlE 713 &4 560 nmellA FFEE 5
Azt

5) Glutathione S-transferase #4 ZX'»—Habig
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52 o] F3}e 25mM 1-chloro-2, 4-dinitroben-
zene 1m/, 5mM glutathione 0.5 m/, 0.25 mM phos-
phate buffer(pH 6.5)& Zt7 3t 4H-S-4& 25C o4
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nmeof A 387k FF o] HstE @At A3k

6) Catalase §4 ZE"™—-50mM phosphate buf-
fer(pH 7.0) 15mlo] E4¢ 100 WE 7}t 30 mM
H:0. 8942 3ul] M Ag 1ml 718k A] 240 nmei| A
4= HsE 287 #As Aok

7) Superoxide dismutase Ao HXHY—75mM
xanthine 50 W2} 10 mM hydroxylamine hydrochlo-
ride 50 Wl %4 314 A8 05ml, blank =4 65
mM PB. (pH 7.8) 05 m/g 38l 3744 1087} pre-
incubationA| #t}. 0.42 unit/m/2] xanthine oxidase&
02m/7}3t ¥ 2087} incubation A}F]3L sulfanil-
amide £ 1m/¢} naphthylethylenediamine 1 m/&
7¥ste] AdgelA 2087 WA ¥ 540 nmel A %

£ A3l & SODEA4E 73 5 4 mM KCNE
02m/ ¥ &A% Mn-SOD %<& A5t Cu, Zn-
SOD < F3sdch

A

3ol W SAM-R/1% SAM-P/22| ZFES su-
peroxide generation®| t3—Superoxide genera-
tion2 SAM-R/1¢] 7§ 271¥=9} 213+ 0.66 nM/
mg protein, 117§ ¥ o] 6.67+ 1.20 nM/mg protein<-
vehyo] SAM-R/1 117193 o) 4 27§93 ol )] 68
% 42497 273t tHp<0.05). SAM-P/29]) 7%
X 271 o] 509+ 0.32 nM/mg protein, 5714¥ o)
833+ 0.41 nM/mg proteing tehllo] SAM-P/2 571
Yol A 27147 B3] o 38% AN FHE
e 2 chp<0.05).

SAM-R/17 SAM-P/2& 7} |%d = v|zs 24
SAM-R/1 27)92J(2.13% 0.66 nM/mg protein)ol] ¥] 3}
SAM-P/2 2749%(5.09+ 0.32 nM/mg protein)*i| A} 58
% T8 NA F718H2.H(p<0.01), SAM-R/1 57
93 (3.63+042nM/mg protein)el] sl SAM-P/2
570 423(8.33+ 1.41 nM/mg protein)% 56% 2149l
+ 2718 Vel 9k (p<0.05, Fig 1).

L3lo| o2 SAM-R/1% SAM-P/29| 2t& = su-
peroxide dismutase§2| % —Cu, Zn-superoxide

11

n»

10 F

superoxide(nM/mgprotein)

N L o O N ©
1

-
T

o
-

Age (month}

Fig. 1—Changes in superoxide generation (postnuclear
fraction) in male SAM-R/1(®) and SAM-P/2(01)
at 25 and 11 months of age. Data are
means* SEM from 5 animals. Statistical signi-
ficance; *p<0.05 vs. 2 month of SAM-R/1 or
SAM-P/2: *p<0.05 and **p<0.01 vs. SAM-R/
1.

dismutaset- SAM-R/19] 7% 11/1€8e] 4560*
4.72NU/mg protein, 57)43°} 56.13+ 2.76 NU/mg
protein, 271943 ¢] 62.31+ 504 NU/mg proteing 1}
ehllo], SAM-R/1 11709432 27093l w3 27%
foAdde #FaE e cip<0.01). SAM-R/13%
SAM-P/2& 7} Q=d= vl Bgke «, 5744
o]A] SAM-R/1(56.13% 27.6 NU/mg protein)ol] ©j s}
SAM-P/2(43.73% 2.56 NU/mg protein)x 23% A
Q1A 7}asle] 2 m(p<0.05), 27] YA = SAM-R/1
(62.31+ 504 NU/mg protein)o] ™3] SAM-P/2(36.31
+776 NU/mg protein)= 42% F94%de #HEE
vehiitip<0.01, Fig. 2).

Mn-superoxide dismutasex SAM-R/19] 7% 11
7} ¥3j o] 18,58+ 1.04 NU/mg protein 5784 o] 16.87
1 0.13NU/mg protein, 27§-¥3J¢] 17.38+ 0.38 NU/
mg proteing YehNglen, SAM-P/2¢] 7% 117}
o] 17.38+ 0.83 NU/mg protein, 57/ €2jo] 18.33
+0.90 NU/mg protein, 27]¥3o] 16.87+ 0.63 NU/
mg proteing YeEhigl oVt f9Adole Wshe B3
=R ¢kstet
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Fig. 2—Cu/Zn-superoxide dismutase(SOD) activities
male SAM-R/1(®) and SAM-P/2(00) at 2,5 and
11 months of age. Data are meanst SEM from
5 animals. Statistical significance; *p<0.01 vs.
2 month of SAM-R/1: *p<0.05 and *p<0.01
vs. SAM-R/1.

Lslo|l W SAM-R/1z} SAM-P/29] ZH® =
protein bound-SH, nonprotein bound-SH, gluta-
thione2| ¥ 3}—Protein bound-SH+ SAM-R/1 57}
4] 19.05% 0.20 uM/g tissus, SAM-P/2 57143 o]
14122 0.78 uM/g tissues ey o, 574U oA
SAM-R/1¢] wjs] SAM-P/2%: protein bound-SH2)
26% reldsle Frag el elos(p<0.01), 1170
Yo x SAM-R/1& 1849+ 0.78 uM/g tissue,
SAM-P/2+& 15.79+ 1.24 uM/g tissue 24 SAM-R/1¢}|
i3l SAM-P/2¢)4 15% oA dE FHaE vehy
9 tKp<0.05, Table I).

Nonprotein bound-SH+ SAM-R/19] ¢ 11714
#o] 3.90+ 0.60 uM/g tissue, 570U o] 4061 0.14
uM/g tissue, 270€3o] 394+ 0.06 uM/g tissues-
dehlle] 2, 57093 B8] 183N FFadhe
AFE Jehdgleod foddsle Wik #EEA
¢kobch. SAM-P/29] 7% 117498 o] 2.78% 0.08 uM
/g tissue, 57198 o] 341+ 0.20 uM/g tissue, 270 ¥
o] 371+ 0.14 uM/g tissueE }elle] SAM-P/2
117093 2703l o8l 25% FoAdsle HAa
2 vehgen(p<0.01), 5L HeME 18%
froAdole A4 #EE T UAUTHp<0.05). SAM-
R/12} SAM-P/2%& 7 |#d2 v|ws] Botsd, 5
N9l A SAM-R/1(4.06% 0.14 uM/g tissue)ell o3}
SAM-P/2(341% 0.20 uM/g tissue)= 16% 52143 QA
Z33tel 2.m(p<0.05), 117§Y¥3Ax SAM-R/1
(3.94+ 0.06 pM/g tissue)ol) s} SAM-P/2(2.78% 0.08
uM/g tissue): 29% -2)A3lE A4S Yehhgich
(p<0.01, Table I).

Glutathione®] <F& SAM-P/29] 7% 11714=]0)
2,75 0.09 uM/g tissue, 57§43 e] 3.36% 0.20 uM/g
tissue, 274 & o] 3.60+ 0.16 uM/g tissueS e}l o
SAM-P/2 117143l 4 270933 el 24% #2143
WE HAaE e (p<0.05), 571d3H el )
A% 18% FA%E ALEE TR 5 U<
0.01). SAM-R/15} SAM-P/2S 7z} w2 wv|w3)
Boheu, 57047 el A SAM-R/1(4.01+ 0.13 pM/g ti-
ssue)ol| sl SAM-P/2(3.36+ 0.20 uM/g tissue):- 16
% FAMNA ZAAastgon, 1934 % SAM-
R/1(3.85+ 0.06 uM/g tissue)el] tisll SAM-P/2(2.75%
0.09 pM/g tissue)= 29% e #H4E v=hi
lthp<0.01, Fig. 3).

3ol uhE SAM-R/12} SAM-P/28] ZVE & ca-

Table I—Hepatic protein-bound and nonprotein - bound sulfhydryl concentration as a function of age in male

SAM:-R/1 and SAM-P/2

Protein bound-SH

Nonprotein bound-SH

(m?rglfhs) (uM/g tissue) (uM/g tissue)
SAM-R/1 SAM-P/2 SAM-R/1 SAM-P/2
2 17.52(+ 0.36) 17.97(+ 0.35) 3.94(% 0.06) 3.71(+£ 0.14)
5 19.05(* 0.20) 14.12(% 0.89)% # 4.06(+ 0.14) 3.41(+ 0.20)*
11 18.49(% 0.78) 15.79(+ 1.24)% 3.94(+ 0.06) 2.78(+ 0.08)**

Data are meanst SEM from 6 animals.

Statistical significance; #p<0.05 and #*#p<0.01 vs. 2 month of SAM-P/2: *p<0.05 and **p<0.01 vs. SAM-R/1

Vol. 36, No. 5, 1992
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Fig. 3—Glutathione in male SAM-R/1(@®) and SAM-P/2
(0) at 2,5 and 11 months of age. Data are
means® SEM from 5 animals. Statistical signi-
ficance; *p<0.01 vs. 2 month of SAM-P/2:
*p<005 and **p<0.01 vs. SAM-R/1.

talase§i4 9| &3l Catalaser= SAM-R/19] 7% 11
7)4=le]) 291+ 0.01 U/mg protein, 57§ 43io] 2.39+
0.02 U/mg protein, 27193} 3.29+ 0.02 U/mg pro-
teing uelde], SAM-R/1 50934 274 €33
vlg 27% foAde AAE VeI ATHp<0.05).
SAM-P/2¢] 7% 11/8¥%o] 1.94%0.30 U/mg pro-
tein, 571 Y3 e]) 179+ 0.12 U/mg protein, 27} Y&}
3.01% 0.02 U/mg proteing }ehlle} SAM-P/2 1170
DA 2704l Bl8) 36% FHdE HEE
Yehli gl ony(p<0.05), 5/1¥3 o] ASole 41%
)49 A 743l cHp<0.01). SAM-R/13} SAM-P/2
£ 7 d¥de vlws] Bokddl, 571¥3 A SAM-
R/1(2.39% 0.22 U/mg protein)ell o=l SAM-P/2(1.79
+0.12 U/mg protein)& 25% F2AUA Zislge
o(p<0.05), 117]¥el %= SAM-R/1(2.91+ 0.07 U/
mg protein)ol] 3] SAM-P/2(1.94% 0.30 U/mg pro-
tein)= 33% foAdsle AaE el ek (p<0.05,
Fig. 4).

‘r3jojl Th SAM-R/12} SAM-P/29] 2+ & glu-
tathione S-transferase 42| 3}— Glutathione S-
transferasex SAM-R/19] 7% 11/§€8o] 41.60*

=

Age (month)

Fig. 4—Catalase activities in male SAM-R/1(@®) and
SAM-P/2(00) at 2,5 and 11 months of age. Data
are means* SEM from 5 animals. Statistical
significance; *p<0.05 and *#p<0.01 vs. 2 mo-
nth of SAM-R/1 or SAM-P/2: *p<0.05 vs.
SAM-R/1.

2.27 U/mg protein, 57]1¥&¢] 39.85+ 1.60 U/mg pro-
tein, 27)¥¥o] 33.12+ 254 U/mg proteing JERY
slem, SAM-P/2¢] 7% 11/1¥%e] 2498+ 115U
/mg protein, 57]¥3Jo] 3862+ 4.78 U/mg protein,
270 4d%o} 22,93+ 1.22 U/mg proteing eblisdch

SAM-R/13} SAM-P/2& 7t =il = wws gt
<9 270974 SAM-R/1= 3312+ 254 U/mg
protein, SAM-P/2+ 2293+ 1.22 U/mg proteing 1}
o] SAM-R/1) 3l SAM-P/2+ 31% $-21491A
7+4:315 21 (p<0.01), 117/¥8 s SAM-R/1-&
416+ 227 U/mg protein, ©]o] 3] SAM-P/2=
24,98+ 1.55 U/mg protein. 2. &4 SAM-R/1l] ]3| 40
% Fdde g Jedckp<0.01, Fig 5).

a ¥

AALEA o] FE5F F90] Brhs Al 59
EFEEY o) AT uhE AV AR
the AMERE 4§ glon, =3 Ak: Aol
F7HErE k37l 23080 R EPZRE 34
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Fig. 5—Glutathione S-transferase activities in male
SAM-R/1(®) and SAM-P/2(00) at 25 and 11
months of age. Data are meanst SEM from

5 animals. Statistical significance; *p<0.01 vs.

SAM-R/1.

At B Flelele sFsA0] ARXEGEE, =
Sholl s Ztz Aol FAARA WHSAMEe) FrlRdE
AHL-E om] & oA glom iAo 2 lipofuscin,
kst 2o £4¢ & 4 9Uh® Sawada 5217
aging rotiferol| 4, Farmer 52 housefly, Musca
domestical A =8} a}e} superoxide radical 343 o]
7RIS Bag v glow, B AYdME 7}e)
we} $-4 SAM-R/1, SAM-P/2¢] 733 postnuclear
fractionel| 4 superoxide ¥AJo] F7}519dS - ol
2} SAM-R/19}| ul3l SAM-P/2¢] 4 ©] & 8§4d%5L
Jehfe] m3le| ulel superoxide 3Ajo) Zrlate
TEE 5 sisieh

stel g FAALA HREAHE

=
A

HAHEY] AU &
AAZL 4 e F413A 1 SOD, catalase,
glutathione peroxidase, glutathione, protein bound-
SH, nonprotein bound-SH 59| W3}l o35y,
superoxides= AW SODo}| 2}s] hydrogen pero-
xide® =3 ¢|& catalase} glutathione peroxi-
daseoll s AAgcky LA ik

SOD+= metalloproteins & 2.4 4] H 9o &3}
£ 59 £Fo w2t Cu, Zn-SOD, Mn-SOD, Fe-
SOD= ¥ 511:‘1] I 7% Fdsly, 2523
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4= Cu, Zn-SOD%} Mn-SODw®le] w7 gichy Fir),
Cu, Zn-SOD+ cytoplasmol] Mn-SOD+ mitochon-
driacl] F2 EAsh=d), 4AF4 4% Mn-SOD+
AA SODS < 8% HEE A ghcta defAgleh?
De Haan %22 33 el 4], Ischiropoulos &£V
39 FolA, Guptae® 339 oA ko] uje}
SOD #Ae] Frlsledtiy X3t 3, Ansari 5-&%
w3yl glcky Haslglon) ¥ AgeA SOD &
e SAM-R/17 SAM-P/2 ©5 7}ado)] we} 7hh
3kl om SAM-R/1¥x} SAM-P/2¢l 4 o] 2 #A
< Yelfglsd), o) Semsei®o)? 5 o) 3,
Cand5ol® 3z Zbalol| &l »wsk Asiel odx
slgdck. Mn-SOD2] 7% Irenes22 3fo] wa}
e B usig ot BA A FoAlE |
5 2 5 3k Cu Zn-SOD<= superoxide
A AN A P71 F-AHE4]l hydrogen peroxidesy)
s wrldHqeog BgAsE ¢ glom, k3l
oA Mol Cu, Zn-SOD9] glycationZ7}el] 2
A= 2 FAdo] Fragths Bl Uk ® ==
3 E-91ef) EA13= Cust Zne) AR = 249
A 7y} Boled|, Lot Ao IngEr)
d#eEAe g veyrs Bt gl

A ZW hydrogen peroxideZ A AsH= &4l ca-
talase= QAW BE F87)d) 2AH A3t 53
rrelvd ¥ Fof| gom, di7f peroxisome W &
sl Aoz I8 A itk Catalase &AJ2] A
Semsei5*?T Sohal5o|® k3ol wle} T4dhe
23} o, PerezS 33 Ansaris?® ®#3r} ¢8-S
Busiglont BAdA e slEdl aE hasie
A3E el ek

Farooqui®5-& 313 7oA 3o wel gluta-
thione®] ko] 7}43}e] lipid peroxider} 713t
233 v} glom, Perez5-2% 33 dloa 3o
w2} glutathlone-J <3} lipid peroxidation =7}
Wyl §l6-8 Bastded, £ AYdAe 71
u}a} glutathlone-»]- protein bound-SH, nonprotein
bound-SH®} ¢k 734384932, glutathione S-tran-
sferase®] BAx Ftadke A%S vehiglch

Glutathione S-transferase+ 4| %72 glutathione S-
transferase® mitochondria @ AE A2} glutathione
S-transferase .2 8 ¥ =1) < glutathione S-tran-
sferasex= A2 A AAzA FHEe AUAT,

otz o iy
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Zr)A Ane P ey 34, AR Fx
o} glutathione S-transferase’} 1¥% & R X g}
A ZA glutathione S-transferase®] AW F83 o
o] sk A A Ut AR &5
280 2 4] 30 whol-Bal.2- Ao 4 cytochrome P-
450°0]1} phosphotransferase®™ 59 zZ£ &)}
Ao oA HAdslsle] DNAE &48H#]4, gluta-
thione S-transferase-& °|& AFAA7E 71K+
AYAER-X)E 71AZE s, olAdl glutathione
£ THAFAA RSGEA AAZA AN HEHo 2
N-acetyl conjugate® X3 wjAA7|E HixghA 9
W Evlgtchs Aol Uk g de g A
stk a4 33E 2 apAel £ WNE e
3388 #7182 3= glutathione S-transferase:
thE 312 u}ake) peroxide(PUFA-OOH)E 71 A2 3|4,
GSSG9) QA5 Fulsle] alcohol A(PUFA-OH)E A
A7l AEx QUk® Se AYE IF 9 7oA
E 4 9l Se¥ glutathione peroxidase®] ZA&
Alel] AEA glutathione S-tranferase ¥Ae] Zujs}
+ 712 glutathione S-transferase’} glutathione-
peroxidase®] thA] d&-& 3lx giryn B 4 gley,
=3t 22w EQ] 7oA PUFA-OOHS] A7+ gluta-
thione S-transferaseell 9J3)] ss]=|x U} A x2
Zoll Q)+ glutathione-peroxidaser} glutathione S-
transferaseel] 213+ PUFA-OOH®] 3912 mitochon-
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