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Effect of Gamisogunjung-tang on Antioxidation Activity in Rats
Induced Aging by D-Galactose

Park Sun Young, Seo Jung Min, Baek Jung Han
Department of Pediatrics, College of Oriental Medicine, Daegu Haany University

Objective : This experiment has been done to evaluate the effects of Gamisogunjung-
tang(GST) on antioxidant capability and lipidic concentration in blood which are presumed
to be related to aging. )

AMethods : In this study, we divided 14 weeks old SD rats intoc normal group, control

group and GST group. Control and GST group were induced aging by D-galactose. At the
same time GST group were administered extract’ of Gamisogunjung-tang for 6 weeks.
After then we took blood, and measured the activities of SOD, GSH-px, catalase in
erythrocytes and measured TBARS values, concentrations of total lipid, tryglyceride, total
cholesterol, HDL-cholesterol in plasma.
Results : The activities of SOD, GSH-px, catalase in erythrocytes increased significantly
in GST group compared with control group. The value of TBARS and the concentration of
total lipid, total cholesterol in plasma decreased significantly in GST group compared with
control group. The concentration of HDL-cholesterol increased significantly in GST group
compared with control group. The concentration of triglyceride were not noticeable.

Conclusions °© it is considered that Gamisogunjung-tang has an influence on control aging
by activation the antioxidative enzyme systems in erythrocytes and decreasing the con-
centration of lipid in blood plasma.

Key words @ Gamisogunjung-tang, aging, anti-oxidation, thiobarbituric acid reactive
substance(TBARS), superoxide dismutase(SOD).
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Composition of Gamisogunjung-tang

dose(g)_

Herb Scientific name

By Saccarum Granorum 400
B5 % Radix Paeoniae Lactiflorae 200
KE Fructus Zizyphi Jujubae 200
K Ramulus Cinnamomi 12.0
B Rhizoma Zingiberis 10.0
HE Radix Glycyrrhizae 40
HE Radix Astragali 490
e Angelicae Gigantis Radix 40
BEH  Cervi Pantotrichum Cornu 40
@B 1180

2. REFHE

1) EEBH &5

1455 9] SDA 8AE AF¥= 124 2
EAA FAHAF(Normal group, 4433 D
-galactose F9¢(Control group, WF),
R/ ERE FAT(GST group, A¥T)L
2 W] 7 ol 6ntely A sty

Are oW HAXNE &4 g3 BFPAR
g ETg 673 83 FHIAAH dzde
D-galactose® 657 H3}5Asle =318
WAt A¥ 7L D-galactoseE 6F
SEFAER T mEkNERE £25
200.0mg/200g< A7 T34

-

s

2) #1t. F%

EHERFEE D-galactoseS 3 8lFAMHE
S A8 Y D-galactose(Sigma, USA)
€ Omgkgd ¥IEZ 1Y 13(2A 11-124)
T Ao Hio] FaFABIY

=2}

3) wueel HA

s/ ErE SR %9 590.0g€ 5000
ccq 52 Eg239] 3000ccd FFSF} T
7 e g W71 g A A 5¢
BBt 02im filter(Corning, USA)E o3}
3 WS rotary vacumn evaporator
(EYELA, Japan)djX Zst %33 o &
ZAg -80C deep freezer(SANYO, Japan)
A g AIZr WX F freezer dryer
(EYELA, Japan)Z 2447t ¢ 52 Ax3
o sk NEFE 4712 96.0g(5E 1 16.27%)
£ o} og A¥e] WaF FEE FF4
o ZAsY 50m¢ cornical tube(Falcon,
USA) $ol 2-4T9 W3aud Baaie
o AL2E W water batho] 4] gelAElE
SA3] o) ARG

4) B

sk FE52 200.0mg/200g4
S22 BHKE SRTEZ dMstd 48T 84
of 14 13(2% 2-3A) 653 AT F493
Aot

5) kel KR

A¥r)7te] $5E H4PFEL 12/ H
A7 F diethyl ether® vHAANA AED F
10m¢ FA)E o]g38td AR B4S AH
Ao oldl FA|E BHInE WA
93] 38% sodium citrate €% 0.1mZ WF
Z coating3l AHEEHTE ARD YL &
aEE A& WA A8 EDTA(ethylene
diamine tetra acetate)”} £ 1 polystylene
AARZ A Fo} ice bathol] 2087 $xg
% 2,800rpm, 4TColA 30%3F AL HER
MLE, Germany)dts} o}#jFe] HEF 9 ¥
A& Bastn, @3 3 dAtsEdTd

A
Al
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A} FES SR8 Y8 -807C deep freez-
er(SANYO, Japan)ell BE#3lgt)
" olEY HY¥AE ice cold salineg I}
3t 2800rpm, 4ColA 1087+ gAEE s} =
AHAAe A A wrE3te] washed RBCE
dAdth ©] RBCE 0.9% NaCl {93 R
7F 1110l HEE 343de 50% hematocrit
suspension(RBC suspension)g& & ¥ &
Atare] gHS FAHHI A7A -80T
deep freezerd] B#3tQct.

6) i#¥e] thiobarbituric acid reactive sub-

stance & WIE

Yagi®e #WWg olgdtel el thio-
barbituric acid reactive substance(TBARS)
FFE SH3AT. € 20wl 1/12N 343t
4ml ¢} 10% phosphotungstic acid 05mE 2
I 587 HAS 3 3000rpmolA 1083 4
*‘Bﬂ(HERMLE Germany)3te] dE5dL

-

Hea, AAEL 99 43 e oA I BE
35kt ojuf Qo HHEY FHT 2m

thiobarbituric acid(TBA) reagent 1mE 7}
s & HE F T8 9ud] %3 95T
water batholA 1A]7Hg<t “H°b‘]?d‘3} 7]
ol n-butanol 3ME 73t A ] He ¥
3,000rpmeil A 15837 9482 ]' 5
Ao Q= TBARSY %
ramethoxypropaned {E&F &Aoo g 3o Ju-
mines cence spectrometer(Perkin Elmer,
LS50)2 excitation 515nm, emission 553nm
A B3R

_&
rlo
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7) #FMERe] superoxide dismutase EYE
RE

YT superoxide dismutase(SOD) &

e AEF dgd 2000E 10mM Tris-

ImM EDTA buffer(pH 7.4) 1.8mZ &¥HA|
71 %, o] hemolysate] chloroform} eth-
anol¢ F3H|7} 530] HEE WE §d§
hemolysate 539 048} 7}8}3L vortex® 7
37 287 4& 98 hemoglobing #HA
ARG o7l 280ute] FHRTE  7HEHY
20000xg, 4ColA 30837 ¥4 (MICRO
17R+, Korea)sts] d& SOD ¥4
< A} S i_’i% o] &3ttt
SOD #4¢ Floh¢ 59 #iez 2485
+1|, xanthine®] xanthine oxidase] <]3}
superoxideZ A&7, ©] superoxide’} fer-
riccytochrome C(Fe™™")&  ferrouscytochrome
C(Fe'™Z A 71=d olu SOD7F £A3}
™ SOD7} superoxided W3 ZAsH cy-
tochrome C9 #94%=7F Zadde g€
olgste] EAste WS AHEEHAT 01mM
EDTAE &% 50mM phosphate buffer
(pH 7.8)el xanthine® cytochrome C(Fe™")
 BTE FAAZ €9 2m
of ZaAE 0mE ChEtE, AR AAd
xanthine oxidase £4& Axsto S50uE
A7WNA ferriccytochrome C9 $go] )
He AEE 550nmoA 30% FALE 3¥3E
vl AR BTy, ojm SODY 23 84 A=
= ferriccytochrome C9 898 50% Walst
£ SODY %¢ 1 unite2 3t Yehisich

=X
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8) #xiM¥ke] glutathione peroxidase &
W
A& 79 glutathione peroxidase(GSH-px)
#4-& Flohe®e] wg olgste] A48
th AYF Agdd 1009 FFHTE 73S
HETE FPANI|R oA FHRTFE ©] he-
molysateZ 34% F Drabkin®9%E& he-
molysate$} 1:1¢] ¥ &2 E§3lY hemoglo-
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bin (Hb)& cyanomethemoglobin©.2 A 3A|
D F 5LP08 A3
Glutathione peroxidase® @4
GSH-px7} 8938 glutathione(GSH)# H:0»
o W& ZFAANA AEE  glutathione
(GSSG)22 AHBA7IR, GSSGE glutathi-
one reductase®] A&£2% NADPHS HE
wol TjA] B GSHE HEd], olnf &
%< "W NADPHE HE #A 3¢ o
A &= A5Y NADP7) "ok 988 ol
4. Tubeol 0.1M phosphate buffer 500
£2, 10mM GSH 100¢f, glutathione reduc-
tase 100 S ¥, A49 100E AHrlstd
37CelA 1087 WAl F 15mM NA
DPH 100ptE ol tha 383 wigAzit
oq7)d wg 37CZ dYd 12mM t-butyl
hydroperoxide® 7}ste] ¥t&-& 7fAIA|I7 &
spectrophotometer 2 365nmelA] 30% 742
o2 387 GSH-pxo 84<¢ =AY unit

= [}
3L

G2 JEhRATE oA71elA 1 unitE 18 B

& 1.0uM9] GSH7F Hi0:9) #6202 GSSG
2 Astge e Fua

9) Jki¥ke] catalase EM BT

HYF3 catalase F4L  Johansson
Hékany'®d] 93] 2434t A7 e
€ 10919} 10mM Tris-1mM EDTA buffer
(pH 74)2 €¥AZl % 001M phosphate
buffer(pH 7.0)2 A4 s g4¢02 AL}
Aot 250mM  KHzPOs,-NaOH(pH 7.0) 300
22, 100% methanol 30048, 0.27% H.0» 60
1E polystylene tubed)] ¥Wil of7|d g4
S 600ut 713l 20T oA 2087t shakingAl
1AM wkgo] dojuA & % 78M KOH
300 E 7tatd Wg2 FAAFIL, 342mM
Purpald &€ 600£& 713t 20TAA 10

¥+ shakingAlzl ¥ 65.2mM potassium pe-
riodate® 300448 7Fe] LAAZIY, o] & 9500
xg A 1083 N £ (MICRO 17R+, Ko-
rea)AlA spectrophotometer(DU530, Beckman)
2 550nmelA ¥F2=E AT T form-
aldehydeE EELA0T 3o AL FFITA
o2RE 34& AN

10) BRES EHE &8 lE

Z+ 2289 4SS Y& AH8E FE
79 @¥a FF2 bovine serum albumin
(Sigma)& EFE£Y0R 3o FAHsHY. ¢
A 2.0% NaxCOs, 0.4% NaOH, 0.16% sodi-
um potassium tartrate, 1.0% sodium do-
decyl sulfate(SDS)E Y338} solution A}
40% CuS0s%! solution BE 100:1(viv)Z &
gsle] solution CE WEJAT &4€ 508
o solution C 3méE H7tsle] oA 102
AR T Arid Y FReE IME
phenol reagent 300u4E Hol AN 458
Z+ BAEGOr 3 660nmoAl A spectro-
photometer 2 Y] A2 Z3} %},

1) gl AN 2 SN BE E

g7 £ ¥TE Fringsyog &3
ek 84 100 Ag HaSO04 2mE 3
7}8l3 boiling water batholA 1083k 71
st} AR SIAIZ] % ice cold batholA 5&7F
WA F Y YA o] £ 10048 A3 5me
phospho-vanillin reagent® %78t 37T
water batholA] 15%%F wigksle] @qA]7] 1
olZ AgoA 5EZ WA F spectro-
photometer(DU530, Beckman)Z 3% 540
nmel A v]¥A AT, Fe F4AY F
=% GPO-PAPHE o]&% kit(dFAM=2
ZA3h
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12) M#E9 Zcholesterol ¥ HDL- cho-
lesterol BE HIE
879 Fcholesterol & Z4AYE ol&
& Lkit(FEAPE o183l AP, %
9] HDL-cholestérol ¥%+ LDL ¥ VLDL&
AANZ F #FZ2¥ez HDL-cholesterold
FEE 343 kit(FEADE A3,

3. KRt o

BEE BAEYLE 9x$-§ SPSS(ver. 11.0)
& o83t AAEL NeFAtY £4e
T3 4 DM EHRE JF+FFHAZ
LoF3tglon, Z 3dzt f94L ANOVA
test with multiple comparisons (Duncan's
method) 2 43143 FFFL 0.050]312
3.

m. & %

1. m%%e thiobarbituric acid reactive sub-
stance S 4t

sk Ehgel 88 RREMBER LA v
A F3E dolry] 98] thiobarbituric acid
reactive substance(TBARS) #3#& &A%
An AR, dxT, 2NN 747 3634+
393, 46.79+6.06, 39.85+3.68nmol/100me 2 };
Bl Ag 3t Aole FAHOE AEF Aol
7F A91em(F=9.110, p=0.003, ANOVA test),
t}% ¥l (Duncan’s method)E& E3l4 z+ 4
gzt Zole] FRAS FAY A izl
Aol W FolaA Ftesgn, AdTol

of Hlgte] fostAl ATt AT
187 Atolo] Aol YUATHTable 1
Fig. 1).
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Table 1. Effect of Gamisogunjung-tang Extract on the Plasma TBARS Levels in Rats

Plasma TBARS levels

Duncan

Group No. of animal (nmol/100me) grouping
Normal 6 35.34:393" A?
Control 6 46.796.06 B
GST 6 39.85+3.68 A
F-value: 9.110
1) Mean+SE.

2) Means with the same letter are not significantly different at a=0.05 level by Duncan test

* calculated by ANOVA test

Normal : not specially treated in 20weeks—-old rat
Control : D-galactose(50mg/kg/rat) was injected for 6 weeks
GST : treated with Gamisogunjung—tang extracts and D-galactose(50mg/kg/rat) for 6 weeks
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Fig. 1. Effect of Gamisogunjung-tang extract on the plasma TBARS levels

in rats. (A :

Means with the same letter are not significantly

different at a=0.05 level by Duncan test. p<0.05)

Normal : not specially treated in 20weeks-old rat
Control : D-galactose(50mg/kg/rat) was injected for 6 weeks
GST : treated with Gamisogunjung-tang extracts and D-galactose

(50mg/kg/rat) for 6 weeks

2. RIS superoxide dismutase{SOD)
A Mt

nsk/hE G ol HE oM FAarstEA
2 44 mXe 92 dolur) ¢3f
88542 superoxide dismutase(SOD)8 &

[e)

i
i

2} 18.76+3.45, 10.99+2.73, 17.10+3.08unit/

min/mg protein® 2 YERG HG 7F Aol=
FAHCE FEY Aozt AN (F=10451,
p=0.001, ANOVA test), ©+% H]Z(Duncan's
method)& &3t ZF Jazt Aole FHEHK
S AR dn dzTol Fgwd vs /9
A BasHy, Agdel vz wlstd
FosA Frtetdnh. AT H AET Alold
ztol= ¢l tHTable 2, Fig. 2).

Table 2. Effect of Gamisogunjung-tang Extract on the Erythrocyte Antioxidative Enzyme(SOD)

Activities in Rats

Group No. of animal RBC SQD activitifes Duncgn
(unit/min/mg protein) grouping
Normal 6 18.76£3.45" A?
Control 6 10.99+2.73 B
GST 6 17.10+£3.08 A
F-value: 10451°
1) Mean=SE.

2) Means with the same letter are not significantly different at a=0.05 level by Duncan test

* calculated by ANOVA test

Normal : not specially treated in 20weeks—old rat

Control : D-galactose(50mg/kg/rat) was injected for 6 weeks

1

GST : treated with Gamisogunjung-tang extracts and D-galactose(S0mg/kg/rat) for 6 weeks
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Fig. 2. Effect of Gamisogunjung-tang extract on the erythrocyte antioxidative
enzyme(SOD) activities in rats. (A : Means with the same letter are
not significantly different at a=0.05 level by Duncan test. p<0.05)

Normal : not specially treated in 20weeks-old rat
Control : D-galactose(50mg/kg/rat) was injected for 6 weeks
© GST : treated with Gamisogunjung-tang extracts and D-galactose
(50mg/kg/rat) for 6 weeks

3. FRMERS| glutathione peroxidase(GSH-
px) JEME Bt

kel AT FasEAs
%ﬂ/%"éﬂ\ AXE 9IS golrr) 93 FF
A3t &4 glutathione peroxidase(GSH-px)
o] g4& SAT A ART, Yz, 4
wo\ A 24z} 0.159+0.025, 0.086+0.012, 0.125+

0.019unit/mg proteine 2 el Ha 7+ X
olg FAHLEZ FEIT o7t Yom
(F=20.391, p=0.000, ANOVA test), t% H
¥ (Duncan’s method)& %3l Z+ AT+

ol RS AAT A A¥LL Uz
of vlated FosA FUbekaa, AT

3t FoehAl AAsvH(Table 3, Fig. 3).

N

=

Table 3. Effect of Gamisogunjung-tang Extract on the Erythrocyte Antioxidative Enzyme(GSH-

px} Activities in Rats

. RBC GSH-px activities Duncan
Group No. of animal . . .
(unit/me protein) grouping
Normal 6 0.159:0.025" A?
Control 6 0.086+0.012 B
GST 6 0.125+0.019 C
F-value: 20.391"
1) MeanzSE.

2) Means with the same letter are not significantly different at a=0.05 level by Duncan test

* calculated by ANOVA test

Normal : not specially treated in 20weeks~old rat
Control : D-galactose(50mg/kg/rat) was injected for 6 weeks
GST : treated with Gamisogunjung-tang extracts and D-galactose(50mg/kg/rat) for 6 weeks
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Fig. 3.

Effect of Gamisogunjung—tang extract on the erythrocyte antioxidative

enzyme(GSH-px) activities in rats. (A : Means with the same letter
are not significantly different at a=0.05 tevel by Duncan test. p<Q.05)

Normal : not specially treated in 20weeks—old rat

Control : D-galactose(50mg/kg/rat) was injected for 6 weeks

GST : treated with Gamisogunjung-tang extracts and D-galaciose
(50mg/kg/rat) for 6 weeks

4, KMo catalase ;EME WL

skl HEFo| el BT
g9 Ao WXL IS Lolus] 9a 3
23849 catalased] B S A An A
A2, YaF, APTAN 27 535925+
247.31, 4666.20+195.54, 5009.77+308.45unit/

mg protein®.Z UERh} HY 7} Aol £
Heg HET o7t UReH(F=11111,
p=0.001, ANOVA test), @& H]Z(Duncan’s
method)& E3te] 2t ok ol HEH:
& AR A% dFFL UxFd vsld &
AsA FrhetAa, BT 8ty f9sA
289 th.(Table 4, Fig. 4).

Table 4. Effect of Gamisogunjung-tang Extract on the Erythrocyte  Antioxidative Enzyme(Catalase)

Activities in Rats

Group No. of animal RBC c‘jitalase act?vities Dungan
(unit/mg protein) grouping
Normal 6 5359.25+247.31" A?
Control 6 4666.20+195.54 B
GST 6 5009.77+308.45 C
F-value: 11117
1) Mean+SE.

2) Means with the same letter are not significantly different at a=0.05 level by Duncan test

* calculated by ANQVA test

Normal : not specially treated in 20weeks-old rat
Control : D-galactose(50mg/kg/rat) was injected for 6 weeks
GST : treated with Gamisogunjung—tang extracts and D-galactose(50mg/kg/rat) for 6 weeks
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Fig. 4. Effect of Gamisogunjung-tang extract on the erythrocyte antioxidative

enzymel{catalase) activities in rats.

(A : Means with the same letter

are not significantly different at a=0.05 level by Duncan test. p<0.05)

Normal : not specially treated in 20weeks—old rat

Control : D-galactose(50mg/kg/rat) was injected for 6 weeks

GST : treated with Gamisogunjung-tang extracts and D-galactose
(50mg/kg/rat) for 6 weeks

5. mi¥A S 9l SMKY A Bt

kRG] 8F AAFR
FEE Zofry] A EF F
g A% Az AT uERT,
Z}ﬁ’ 185.46+33.13, 320.73%£46.76, 267.32+
37.82mg/100me 0.2 veEl} AT 7+ Aole &
Adoez HEI Aol JJow(F=17721,
p=0.000, ANOVA test), % Hi(Duncan’s

method)E 3t Z IQT Aole FE
& AR A AFFEL dx2To sy
oA AR, FgT vgtd {FAsHA
Z7}st4cHTable 5, Fig. 5).

g4 SAALY FEE A 2d AN
T, ERT, d¥TN A 7778869, 815
+1253 &.452771ng/100meLE YERG Jd T
ole EAHoZ HEI Aol7t UNTHE=
1.786, p=0.202, ANOVA test)(Table 5, Fig. 5).

Table 5. Effect of Gamisogunjung-tang Extract on the Plasma Total Lipid and Triglyceride Con-

centrations in Rats

Group Nq. of Plasma total lipid Dungan Plasma triglyceride Dungan
animal (mg/100m¢) grouping (mg/100me) grouping
Normal 6 185.46+33.13" A? 77.78+8.69" A?
Control 6 320.73+46.76 B 83.15+12.53 A
GST 6 267.32+37.82 C 85.45+7.71 A
F-value: 17.721° 1.786"
1) MeanzSE.

2) Means with the same letter are not significantly different at a=0.05 level by Duncan test

* calculated by ANOVA test

Normal : not specially treated in 20weeks-old rat
Control : D-galactose(50mg/kg/rat) was injected for 6 weeks

!

GST : treated with Gamisogunjung-tang extracts and D-galactose(50mg/kg/rat) for 6 weeks
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Fig. 5. Effect of Gamisogunjung-tang extract on the plasma total lipid and
triglyceride concentrations in rats. (A : Means with the same letter
are not significantly different at a=0.05 level by Duncan test. in total
lipid p<0.05)

Normal : not specially treated in 20weeks-old rat

Control : D-galactose(S0mg/kg/rat) was injected for 6 weeks

GST : treated with Gamisogunjung-tang extracts and D-galactose
(50mg/kg/rat) for 6 weeks

6. MIFA Hcholesterol % HDL-cholesterol F=& AT Ax AT, dz2T, H¥Td
BE 24 A 77} 4867557, 63.31£7.63, 50.85+7 84ng
/10002 YEY A8 7 Role EAHoE

sk EAugel W4 AAxmel mH:  HET Aot ARNCH(F=7452 p=0.006,
FEFE oty el A Fcholesterol ANOVA test), t% ¥l (Duncan’s method)

Table 6. Effect of Gamisogunjung-tang Exiract on the Plasma Total Cholesterol and HDL-
cholesterol Concentrations in Rats

No. of Plasma Duncan Plasma Duncan
Group animal total cholesterol grouping HDL-cholesterol grouping
(mg/100mé) (mg/100m¢)
Normal 6 4867+557" A? 27.785.40" A?
Control 6 63.31+7.63 B 17.8612.66 B
GST 6 50.857.84 A 2415363 A
F-value: 7452 8.965"
1) MeanzSE.

2) Means with the same letter are not significantly different at a=0.05 level by Duncan test
* calculated by ANOVA test

Normal : not specially treated in 20weeks~old rat

Control : D-galactose(50mg/kg/rat) was injected for 6 weeks

GST : treated with Gamisogunjung-tang extracts and D-galactose(30mg/kg/rat) for 6 weeks
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Fig. 6. Effect of Gamisogunjung-tang extract on the plasma total cho-
testerol and HDL-cholesterol concentrations in rats. (A : Means with
the same letter are not significantly different at a=0.05 level by
Duncan test. p<0.05)
Normal : not specially treated in 20weeks-old rat
Control : D-galactose(50mg/kg/rat) was injected for 6 weeks
GST : treated with Gamisogunjung-tang extracts and D-galactose
{50mg/kg/rat} for 6 weeks
€ $319 2 Fu Aolo RS AHY V. 2 =2
A3 hzFo] ALl wsted fouA = : A
S, AP D2 vl Felsh
T s 3 A} 13 = .
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BT Table 6,"Fig. 6). LA Eee ase AsE g, 22D A
gg?fﬂkﬂmd%wml%Eg“éﬁﬂ'g YRS FAT + AT Sl WolA Aol
KU A A AlS Y 1
*"}7 34, EH}—'L_L", A E T ol A xdga 2 AgA, _}:Ea]é_oﬂ q]z“s_} -]zge‘ﬂo] W o]
z
‘*"E}"}' 13‘:}' 7t 2}°] %‘74]2 o2 FES & o3 w3 7]He g 15} -r]SH aro 7]_
Q [a} — —
o7} AN (F=8.965 p=0.003, ANOVA Ao AotH T Qv 1 F F28 2 7}
S 1 =]
test), ™% ¥H|i(Duncan’'s method)& %34 A o]25L A Exﬂ vE SAHOE o

Z At Aolo] HEMS HAT A gz
o] BT ustd FoI A #HaEAYT,
AgTol tzd Hlgtd {FARA F7H8H
o BT AYE Alole] Aole U
(Table 6, Fig. 6).

Ag 2 APHE $5HY FHolgt Be
A 8 o] & (programmed theory), A W A4
AL }AojA A7 free radicalel &4 F

(biomolecule) & ¥H&3ted AHXo| &S &
o= AH3}7] o] E(free radical theory), BX

AWHL oF2 Ak R VR ﬂ
wude] FHY AWGm MR L

(error catastrophe theory), DNAOY %‘2";‘?‘;
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T 7H F8% FAHA AENY vz 74
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2

FAGA AL A
wriolA dolu free rad-
o] AATAL TpAgoA] LAY
AT Z(0; Ho0, OH-)Y 9% R
oz A Yu”. ol Azxguze W
g FA o8 AXY AdERS
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& AFE 4A 23AA lipid peroxidation
< xdstz 23 o8 Axd 7z N15E
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1k rE op
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Hgtd foAd A F7H8EE 25 (p=0.001),
AT YT Ateld] zole §ldth SOD
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E RA0ITH20: + 2H' — O + 2H 0.
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