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Effect of Hasuohwan(fi[#553) on Antioxidant Capacity
in D-galactose Induced Aging Rats

Jeong-won Lee, Song-Shil Lee, Jin-Woong Baek, Sang-Jae Lee & Kwang-Ho Kim

Dept. of Preventive Medicine, College of Oriental Medicine, KHU
Institute of Oriental Medicine, Kyunghee University

Abstract

Hasuchwan({T& &) composed of Polygonum multiflorum Thunb and some medical herbs are known
as formula of senescence delay effect. The aim of this study is to investigate the effect of Hasuohwan({d]
Y5 on antioxidant enzyme activity such as Thiobarbituric acid reactive substance(TBARS) in rat
plasma and liver, Superoxide dismutase(SOD), Glutathione peroxidase(GSH-px), Catalase(CAT) in rat
erythrocyte and liver. Rats were sacrificed and TBARS was measured in rat plasma and liver. SOD,
GSH-px and CAT were measured in rat erythrocytes and liver.

TBARS in plasma concentrations of HSO group was significantly lower than those of control group.

RBC and liver GSH-px activities of HSO group were significantly higher than those of control group.

According to above results, it is considered that Hasuohwan is effective in inhibiting lipid peroxidation
and increasing antioxidative enzyme activities in D-galactose induced aging rat. Therefore, Hsuohwan is
considered in effective of senescence delay.

Key words : Hasuohwan, Antioxidant Capaciyt, D-galactose Induced Aging Rat
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[ do# % AR
ar== Polygony Multifflori Radix 150.0g
A Rehmanniae Radix Preparat 150.0g
o Lycii Radicis Cortex 120.0g
4k Achyranthis Bidentatae Radix 90.0g
FERE Cinnamomi Ramulus 90.0g
TR F Cuscutae Semen 90.0g
PIFER Cistanches Herba 90.0g
by Aconiti Iateralis Preparata Radix 60.0g
2T Mori Fructus 60.0g
a1 Biotae Semen 60.0g
ABRT Schizandrae Fructus 30.0g
MmO 990.0g
2. F & = Fe23d] 3000ccd] FHRFS A ¥

1) BE# MY

TEEA 7oA 257 HeA7l SDA rat
g AFdz 124 BEXAA 8FHe mEE
FEN-8 group)™ 125819 4EEZETF(N-18
group), D-galactose FJ7(Control group),
D-galactose®t BN FH9T(HSO group)
o2 o] Zt Bl 6vtel¥ s st

N-87& vt2 AFe] AME-3l% 1 N-18F2
o' 2% 3R] & nFAIE Y EUHS 6
T3 #wyel fEs Rtk Controlvs 1259
ratol] D-galactose® 653t J3l5FA 6] #1L
g et HSO®2 D-galactoseE 33}t
FAL T AE RS BT

2 #1it &%

EEAREL D-galactoses I3F5EALSE
£ WS A3 D-galactose (Sigma,
USA)E Omg/kgel HIEZ 18/1Y 657 &
£02 rat Hiol 3 3lFAL lac).

J) wmKe =]
filEgest 108 232 495g2 5000cce] %

U ¥rig Rabsta 3A13F B9t Rig sy
02um filter2 o3& AHE rotary vacumn
evaporator(EYELA, Japan)ollAl 2%} 5Z31%
t}, o] HZFAE -80°C deep freezer(SANYO,
Japan)ell Al & AIZF WXZE & freezer dryer
(EYELA, Japan)® 24A13F §< 5238
EEA d7]2 780gS 4ol o5 Higl H
23 FEZ FHFAN 9 A S0mb
cornical tube(Falcon, USA)ell 2] 2~4T¢9
Wiiel] Bastgon, 2188 o water bath
o Yol gel FelE &A3] ZHof ALE3I

4) 18k 0
MESHL FE222 26000ng/200g9] H&=2
BRE SRTE 34std HSOT #F9 1d
13] 653 A7 T8t

5 mxEzt 72l x|
7170l TEE BHEES 1247 44
AZ 3 diethyl ether2 w}EAA BHls &
10me FAPIE o]&at] AAA Mm-S A
Azt ol FAPE mEE 1S owet
7] 913 3.8% sodium citrate &% 0.1mlZ U
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£ coatingdte] ARESIATE AHE Mk
LaEe AL sty 98 EDTAEthylene
Diamine Tetra Acetate)7} E°131& poly-
stylene YAIEE] Tl ©ol ice batholl 2083t
w3 & GRS 72 2,800pm, 4ColA 30
Bt fAEYsI ol#giEe  red blood
cellRBO)x 83Fe Estzm, g3 I3
EEER Y =9 AW S SH%7] 9
&} -70°C deep freezer(SANYO, JAPAN)ol ®
st

olz]Z2] RBCE ice cold salineS 7}l
JAEE7IZ 2800pm, 4TAA 1087 AA
25l AlR4AE AxtE vhEsle] washed
RBCE ¥t} o] RBCE cell®} 09% NaCl
g} Eyu7t 1ilo] HEE 34t 50%
hematocrit suspension(RBC suspension)2 9t
E ¥ imeEERe EHS S437] A7HA
-70C deep freezeroll R#3tch

KRS AHE F ice bath$lollA &4 e
AAE mo] ice cold salinedl] oy A3
2 A2 EVE AAS & FAE FA4stn
ul2 -70C deep freezero| HA3te] RER LA
oF3 BREN: S AR

Z

2
A

6) & Zie| [EEBMEY &

H2ol JeEEREY(TBARS) 32 83
20wl 1/12N 33t 4mée} 10% phosphotun—
gstic acid 05mE $3 &8 WAH F
3000pmell A 1087 ARt A4FAL
Hela, AAEL 9o AAE thA] HH vy
gl olu PR HAEN FTHS 2me}
thiobarbituric acid(TBA) reagent 1mE 713}
q 2 He F AL dus] R BT
water bathollA] 1A1ZF &<t incubation* Z T
o}7)oll n-butanol 3mME 7}ste] AHI] 42
% 3000rpmollA 1587 ARSI AL
A=old 9= TBARSS 42 1,144, -tetra-
methoxypropane2 EFEHO 2 3149 lumine-

T~
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scence spectrometer (Perkin Elmer, LSH0)E
excitation 515nm, emission 553nmol|A] A &3}
o

7+e] TBARS &2 7t 1gol 0.1M phos-
phate buffer(pH 7.4) 3mE 75l TA3HA
71 % 15m¢% duplicate® F 3t 33mM
FeSO; &9 5048, 0.33mM butylated hydro-
xytoluen(BHT) 501, 33mM L-ascorbic acid
£ S0uE 7hete] & 42 §F 37ClA 30
2t incubationA)Zth. o719l 10% trichloro—
acetic acid(TCA) €9 15mE 718k 12,000
gollA 1087 d4Egste A& 43 2m
o 1% thiobarhituric acid(TBA) reagent 05
mE 7hsted 1087 Foln A26A Wzt
A 3000mpmol A 587 AT S 4F
o8- #3}od spectrophotometer (DUB30, Beck-
man)Z 532nmell A ]84 st

7) M@ et Ztel SOD &

Aol SOD #EM-S HYEF e 2004
€ 10mM Tris-lmM EDTA buffer(pH 7.4)
18mE £8A71 ¥ o] hemolysate©l chloro-
form¥} ethanold E3jH|7} 5:30] HEE ut
E 29L& hemolysate §39 04w 7stx
vortex2 78HA 287 & 499 hemoglobing
AAANZA A7)0 280 FHTE 7Hsto
AAEHY7IZ 20000xg, 4ToNA 3087 YA
Badte) 4L AEHE SOD Ee SR
71 Y3 BERY o2 o] &3ttt

SOD i&M:2 xanthine©] xanthine oxidase®ll
ol&] superoxide® AlAI38la, ©] superoxideZt
ferriccytochrome c(Fe+++)E ferrouscytochro—-
me c(FerH)2 #FAAFI=H ojw SOD7t &
A&H SOD7} superoxideol thal] 7HAste
cytochrome c9] $Y&E7F Zihdvs Hd
g ol&sly ZAse= wWEes ARSI
0ImM EDTAE 3% 50mM phosphate

buffer(pH 7.8)9] xanthine® cytochrome
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cFe+t+t)E Y1 E3e & BCTE FAXA2
g8 ompolltt WEAE 50ME JFeha, ARR
Aol xanthine oxidase &S A=zt 50
US HI7MAA ferriceytochrome c2| Qo)
W ElE ATE S50nmolAl 0% 7tFe® 3
3 v s ol SODe w3 &
AT ferriccytochrome ¢ 3-8 50% W3)
3= SOD9 ¥ 1 uniteZ 3t Jetliich

kel SOD &S ZA37) 8 2 1gs
10mee] 50mM phosphate- 0.25M sucrose-
05mM EDTA buffer(pH 749Z2 TAIFAZ
% 10000xg, 4ColAM 2083 ARz ] A
L =9 Z 3mE glutathione peroxidase?
BRYOZ o83t bmiE SOD9 ®#Ed
o2 AT &, 3me AFAL 4T,
105000xgoll A 5023 YAE=S & 1 4%
e -70C deep freezerol| WEB B3l glu-
tathione peroxidase (GSH-px)9 BEIOLE
AHEEFR 1L, 5mee] AdE e 3024 23] ultra-
sonication(Heat ~ System—Ultrasonics. Inc.,
Ultrasonic processor W-385)A1711 thA] 2me
& 33 chloroform™} ethanol®] #¥n]|7} 5:
3 o] HEZE e £ 800uE i8] 283
AEA T F 20000xg, 4TAA 2083
AHEYAA D& AFAE SOD BRI
stttk kel SOD &M HEolxel 5o
g yos Z33rh

8) MgTel 7o catalase &Mt

HYFE] catalase EES HAIT WS
10882l 10mM Tris-ImM EDTA buffer(pH
THZ £3¥A1Z1 & 00IM phosphate buffer
(pH 7002 M3l EERYSZ AT
250mM KH:PO.~NaOH(pH 7.0) 30048, 10096
methanol 300u¢, 0.27% HO; 60ulE poly-
stylene tubed| Fii Hr)e]l EFRAS 600
7Fste] 20Tl 2087 shaking Al718A wk
&°) YAl ¥ F 78M KOH 300uE 7}

ato] W& F2ZAAF A, 34.2mMe Purpald
LA 600E  7Fsld  20TelA 1087
shakingA]Z]l ¥ 65.2mM potassium periodate
£ 300E 7hste ZAAFTh o8 9500xg
o A 1057 YAEEAA spectrophotometer
(DUB30, Beckman)Z 550nmollA SHEE &
A% & formaldehydeZ JEFEHHCZ 319
dE EEIAHe2RY EES AN

2+e] catalase {EHS A3 A8t WA
7+ 02g€ 20u0e 25mM  KH2PO4-NaOH
buffer(pH 7.0)ol ¥ FASAIIL o
homogenateE #2 buffer2 60v] &g 3
ice bathollA] ultrasonicator(Heat System—
Ultrasonics. Inc., Ultrasonicf  Propessor
W-385)2 1524 23] HHE&le] sonication?dt
T Ay oMo} & WHOZ catalase (&M
< ZAs9}

9) Mg el Zte| GSH-px &M

HYte] GSH-px {EHS HET dgdd
10849] FRTE 76t AHETE £8AI2
A ZH5FE o] hemolysateE A3 &
Drabkin €92 hemolysate$} 1:12] H]&=2
&35t hemoglobin(Hb)S cyanomethemog-
lobin®. 2 H3AZ] & BEYOZE ALE3I3

GSH-px9 EHEAE GSH-px7t 8938
glutathione(GSH)# H0:¢] &8 &31AA
#49% GSHE M3 glutathione(GSSG)22
Ag A7, GSSGE glutathione reductase®
fEf 22 NADPHS HE o} tha] 2938icl
GSHZ H&d), old 338 v NADPHE
HE wist7” ¥4 A ¥ BLd NADP
7t gvke dElE o] &3t

Tubed] 0.IM phosphate buffer 500z,
10mM GSH 100u¢, glutahione reductase 100
wWE 93, BFRY 100uE d7ksle] 37CoHA
1023} incubationAlZ] ¥ 1.5mM NADPH 100
WE o] thA] 3%3F incubationAl AT 7]
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o mg 37CE d¥z 12mM t—butyl hydro-
peroxide® 7Fste] dH&-& 7HAAIZL F spec-
trophotometer 2 36onmellA 30x HEHS=E 3
B2t GSH-—px9 EHe 43 wmitde=
Jepglth o371 1 unit2 18 3¢ 104
Me] GSH7F H:O:9l fEH S 2 GSSHE &L
HE Ag s
7+ GSH-px & &4

2R3N Azsle] R RIS ]%EP&}
YT Y Py SANAE, 119
395 AYT9 @l t-butyl hydroperoxide
B HOxE ARRSIIL, catalased] {FHS
A 5l7) 918t 1mM sodium azideE 715t

Ko
T} 7&—4 ‘%l“—“y’é‘ ke bovine serum
albumin(Sigma)S FEFEYo R o FA3}
[k HA 2.0% NaLQ0s; 0.4% NaOH, 0.16%

sodium potassium tartrate, 1.0% sodium
laurylsulfate(SDS)E X §3l= solution A%}
40% CuS0sQl solution BE 100:1(v:wv)Z

&35ty solution CE HENT BERY 50
o) solution C 3mE #7138l A4 108
ARG F A7) T FHRTFE 4
phenol reagent 3004E P Ao 4583

w25k e 7 3k 660nmol A spectrophoto-

meter 2 8] &F313I o},
3. EAHEAN

EE BARMLS 9598 SPSS(ver. 80)8
ol-gsteq AAlEAnh 7ETATA F4& F
3 ZF Jdelxe FAHE HE+ETHAZ
fo%ston, 7 Adze] {942 ANOVA
test with muiltiple comparisons(Duncan’s
method) &2 BA3AL FAFES 0BR
3tsd T

1. 2k2t MEeo] S2teist

Higol AH8" FHo HFHL N-8T9
13.57+0.34g, N-18w-°] 19.25+0.94g, Controld*
o] 17.69+0.83g, HSOwo] 18.27+053go =
B} lZH?‘E']JT’—(Durlcan’s method)& &3] 2z}
A xolo] HEMS HATT A3 N-8d
vl N-18%F, Control*E, HSOT-ANA #<fd
271 dsles N-18, Controlw, HSOT
AteldlE #-o7t &fol7t AT Table I).

ol ARgE FA9 AFFHFLE N-8To]

Table |. Comparison of Liver & Kidney Weight

Group No. of animal Liver Weight(g) Kidney Weight(g)

N-8 6 13570.34" A? 2.27+0.08" A?
N-18 6 19.25+0.94 B 350+0.14 C
Control 6 17.69+0.83 B . 2.89:0.08 B
HSO 6 18.27+0.53 ‘B 3.15+0.18 BC

Y Mean#Standard Error.

? Means with the same letter are not significantly different at @ =0.05 level by Duncan test.

* N-8 : not specially treated in 8 week-old rat.

* N-18 : not specially treated in 18 week~old rat.

* Control : D-galactose(50mg/kg/rat) was injected for 6 weeks before sacrifice.
* HSO : treated with Hasuohwan(HSO) and D-galactose (50mg/kg/rat) for 6 weeks before sacrifice.
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2.27+0.08g, N-187°] 3.50+0.14g, Controlw©]
2.89:0.08g, HSOw°] 3.15:0.18g22 e,
N-87al vla) N-183, Controli#, HSOT A
g S/ e Controlwell Wlsi H
SOFe] F7tske Aee YeER K Table .

2. Yt Zto| fREBELY)

ek

g A @t AEE dotRr] A
SHEEm Y T Thiobarbituric Acid Reac-
tive Substances : TBARS values)& Z43%t
A3 N-87°] 3267+3.74 nmol/100m¢, N-18%
o] 37.83+4.00nmol/100m¢, ControlT°] 49.67+
3.74nmol/100m¢, HSOT ] 43.00+2.89nmol/100
me2 Yehd, N-1873 HSOTlA Control
o vl #aste AFE Yl
(Table II).

v FeEEEAtYy EH(Thiobarbituric Acid
Reactive Substances : TBARS values) & &3

3 Az N-870] 48501526 nmol/g, N-18%
o]  64.17+6.7lnmol/g, Controlire] 8350+
7.16nmol/g, HSOw°] 70.67+811lnmol/gl.E
Ueht, Control® HSOTL #9Jg xpo)7t
AR Table 1.

3. Mg 32| superoxide
dismutase(SOD) &%

Ay FoA e Hifiglt BRES &S Dot
2] a8 HulEsb B %< superoxide dismu-
tase(SOD)S] #EHS &4 d3t N-8To
1.88+0.22, N-187*¢] 1.20+0.11, Controlio]
1.0020.12, HSOFol 1.25+0.130.8 veh}, N-
87l B]s] N-18%, Control, HSOwolA F
ol A7l dlem N-18F, Controld,
HSOF Atelol= #98 Atojzb $lIArHTable
).

Table II. Plasma and liver TBARS levels

Group No. of animal Plasma TBARS(nmol/100m{) Liver TBARS(nmol/g)
N-8 6 3267+3.74" A% 4850+5.26" A?
N-18 6 37.83+4.00 A 6417671 AB
Control 6 4967+3.74 B 8350+7.16 B
HSO 6 43.00£2.89 AB 70.67+8.11 B

Y MeantStandard Error.

? Means with the same letter are not significantly different at @ =0.05 level by Duncan test.

NIN-38 MN-18

70
o
50 A
40 - A
30
20
ol

0 - -

Plasma TBARS

CON 8H0

AB B B

A
. SWIMIZZZ2 .

Liver TBARS

Fig. 1. Plasma and liver TBARS levels
Means and standard error are shown. Different superscripts are
significantly different at p<0.05 by Duncan’s multiple range test.
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Table lll. Erythrocyte antioxidative enzyme activities(SQD)

Group No. of animal RBC SOD Duncan Grouping
N-8 6 23.00+1.60" A?
N-18 6 20.33£1.65 B
~ Control 6 16.00£1.53 B
. HSO 6 21.50+1.41 B

" MeanStandard Error.

? Means with the same letter are not significantly different at «=0.05 level by Duncan test.
Superoxide dismutase(SOD) activities are expressed as Units per minute per mg protein(l unit will
inhibit the rate of reduced of cytochrome ¢ by 50% in a coupled system with xanthine oxidase at

pH 7.8 and 25T in a 3.0m{ reaction volume).

4. MEF29| glutathione peroxidase
(GSH-px) &

YoM el it BEE EHS Lo}
7l 3l Pilgft #%< glutathione pero-
xidase(GSH-px) 9] &S Z4% 23} N-8F
o] 0.148+0.019, N-187°] 0.098+0.013, Control
o} 0.060+0.010, HSOT°] 0.093+0.0112 }
Elv} N-83 H]3| N-18w, Controlw, HSO
oA relg v e N-18E,
Controli, HSOW Atelelle -2l Ao)7t ¢l

21, Controldel Hlsl HSOZAAM ZF7}sle=
BES BHHTable V).

5. M& 2| Catalase &t

YoM Higt BRESY FEHS go}
7] Y3l Hifg(t BEQ] Catalase?] EHES &
A AT N-8Fo] 509950463194, N-18F0]
4190.83t52360, Controlio] 4691.33+661.97 HS
OTo] BBHLT6520% e} 2w 7+ #jo)
£ BAH02 £ xol7t UATH Table V).

Table V. Enythrocyte antioxidative enzyme activities (GSH-px)

Group No. of animal RBC GSH-px Duncan Grouping
N-8 6 0.148+0.019” A?

N-18 6 0.098+0.013 B
Control 6 0.060+0.010 B

HSO 6 0.093+0.011 B

U MeantStandard Error.

? Means with the same letter are not significantly different at @ =0.05 level by Duncan test.
Glutathione peroxidase(GSH-px) activities are expressed as unit per mg protein(l unit will catalyze
the oxidation by HzO; of 1.0umol of reduced glutathione to oxidized glutathione per min at pH 7.0
and 257C).

Table V. Enythrocyte antioxidative enzyme activities(Catalase)

Group No. of animal RBC Catalase Duncan Grouping
N-8 6 5099.50+631.94" A?

N-18 6 4190.83+523.60 A
Control 6 4691.33+661.97 A

HSO 6 4895 .50+766.52 A

Y Mean#Standard Error.
% Means with the same letter are not significantly different at « =0.05 level by Duncan test.
Catalase activities are expressed as nmole formaldehyde utilized as standard per mg protein.
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NN-8 MN-18 B CON BHSO

30 -

SOD GSH-px Catalase

Fig. 2. Erythrocyte antioxidative enzyme activities
Means and standard error are shown.
Different superscripts are significantly different at p<0.05 by Duncan’s
multiple range test.
Superoxide dismutase(SOD) activities are expressed as Units per
minute per mg protein(l unit will inhibit the rate of reduced of
cytochrome ¢ by 509 in a coupled system with xanthine oxidase at
pH 78 and 25T in a 3.0m{ reaction volume).
Glutathione peroxidase(GSH-px) activities are expressed as unit per mg
protein(l unit will catalyze the oxidation by H2Oz of 1.0pnmd of reduced -
glutathione to oxidized glutathione per min at pH 7.0 and 257T).
Catalase activities are expressed as nmole formaldehyde utilized as
standard per mg protein.

Table VI. Liver antioxidative enzyme activities (SOD)

Group No. of animal Liver SOD Duncan Grouping
N-8 6 4527377 A?
N-18 6 40.40+1.98 A
Control 6 39.77x155 A
HSO 6 45074241 A

7 MeantStandard Error.

? Means with the same letter are not significantly different at «=0.05 level by Duncan test.
Superoxide dismutase(SOD) activities are expressed as Units per minute per mg protein(l unit will
inhibit the rate of reduced of cytochrome ¢ by 50% in a coupled system with xanthine oxidase at
pH 7.8 and 25T in a 3.0m¢ reaction volume).

45.27+3.77, N-187°] 40.40+1.98 Controli°]
. . 3977155, HSOwo]l Ho7+241e=2 el
719 \ :
6. %‘ r;l superoxide dismutase(SOD) %J?PJ stol= BAMOET HES o7t o
' 1cH(Table V).
7ve) HiFk{b #%E<Q) superoxide dismutase
(SOD)e] EME &A% Z3 N-879]
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7. 2+2 glutathione peroxidase
(GSH-px) &

7] Hifkit ##3%<Q glutathione peroxidase
(GSH-px)9] &S &3S 243 N-8dol
1.467+0.074, N~187*°] 1.215+0.098, Control*
o] 1.090+0.113, HSOT°] 1531+0.148% }E}
v} HSO#o] Controliol vl3te 213k F71
€ YERAATHTable VI).

8. Z2te| Catalase ;&4

Zrel Hifgfb ¥ 3Q) Catalase?] EME =3
& A3 N-8F°] 1920.17+99334, N-187-°]
1572.83+281.54, Controli*©]  1284.00£193.99,
HSOT°] 169950185738 veh} ezt zb
ole BAIMoE HET Aozt st (Table
VII).

V. & &

AT ZAQTE olUbRA  EAS
A A7 BAFO O B
olgt oz 9 A

T 9om, #keh ARG uig

o] o] Ve !

D Aol Z7ol whE BE, T

2Eo} wBY A HGoln, #ke RT

7b oeFslths Aole Rl 9oyt EkY
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VIl. Liver antioxidative enzyme activities(GSH-px)

Group No. of animal Liver GSH-px Duncan Grouping
N-8 6 1.4670.074" A?
N-18 6 1.215+0.098 AB
Control 6 1.090+0.113 B
HSO 6 1.5310.148 A

U MeantStandard Error.

? Means with the same letter are not significantly different at «=0.05 level by Duncan test.
Glutathione peroxidase(GSH-px) activities are expressed as unit per mg protein(l unit will
catalyze the oxidation by HxO; of 1.0umol of reduced glutathione to oxidized glutathione per min at
pH 7.0 and 257).

Table VIll. Liver antioxidative enzyme activities(Catalase)

Group No. of animal Liver Catalase Duncan Grouping
N-8 6 1920.17+993.347 A?
N-18 6 1572.83+281.54 A
Control 6 1284.00+193.99 A
HSO 6 1699.50+185.73 A

Y Mean=Std. Error.

9 Means with the same letter are not significantly different at @ =0.05 level by Duncan test.
Catalase activities are expressed as nmole formaldehyde utilized as standard per mg protein.

124



o134 9 4% : fEHAe] T il FAsksdl viAle 9%

y
30 - ’%
N |

c
BC AB ‘

ACON EHSO

S

O

D

GSH-px Catalase

Fig. 3. Liver antioxidative enzyme activities
Means and standard error are shown.
Calculated by ANOVA test. Different superscripts are significantly
different at p<0.05 by Duncan’'s multiple range test.

Superoxide dismutase(SOD) activities are expressed as Units per
minute per mg protein(l unit will inhibit the rate of reduced of
cytochrome ¢ by 509 in a coupled system with xanthine oxidase at pH
7.8 and 25C in a 3.0m{ reaction volume).

Glutathione peroxidase(GSH-px) activities are expressed as unit per mg
protein(l unit will catalyze the oxidation by HxO: of 1.0umd of reduced
glutathione to oxidized glutathione per min at pH 7.0 and 25C).

Catalase activities are expressed as nmole formaldehyde utilized as

standard per mg protein.
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