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Antioxidant Effects of Hovenia Dulcis in the Streptozotocin-Induced Diabetic Rats

Byung-Soo Ahn, Joo-Wan Kim, Hong-Tae Kim*, Sung-Dong Lee and Keun-Woo Lee'

Department of Veterinary Internal Medicine, College of Veterinary Medicine, Kyungpook National University, 702-701, Korea
*Busan Metropolitan City Institute of Health and Environment, Busan 616-810, Korea

Abstract : Diabetes mellitus (DM) is one of the highest morbidity and mortality diseases and is a state of increased
oxidative stress. This study was carried out to evaluate anti-oxidant activities of Hovenia dulcis Thunberg in
streptozotocin (STZ)-induced diabetic rats. Eighty Sprague-Dawley rats, 6 week-old, were divided into 3 groups at 12
hours after STZ induction; Diabetic control group (DW per os; DC group), Glibencliamide group (5 mg/kg glibenclimide
per os, GLI group) and Hovenia dulcis group (100 mg/kg Hovenia dulcis Thunberg water extract per os; HDT group).
Normal control group (NC group) was just injected with DW instead of STZ. On day 5, superoxide dismutase (SOD)
and catalase activities of HDT group were significantly (P <0.05) increased compared with DC group and glutathione
peroxidase activities of HDT group was more increased than DC group but there was no significant difference.
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A A} Y5-(Hovenia dulcis Thunb.y= g,
s SEOPoL AHelM A Zvfurate]

o fEugtrE 747, 24 olde] E3L 70-900 me]
Aol Al=e] BlERE RN 2 AR, W at s
730l Zdstal wotdo] A7t oItk TR RE &1
2 GujE ARk stal =5, W, 4, FE, ARt
H], FolE S, thaw BEe] X8(27,34)00 2208, 2 R
o2 F71de IviE} QoA oF 23w Hx geo] w4,

linoleic acid, palmitric acid 5<] AWk}t glutamic acid,

leucine, arginine 5¢] ofr]i=ito] th -fREo] o =
Tdor)iedt g Aot it St dujuct Slol I

A E2 Ao BiHo] Urh23). T3 A&k dufe
methanol F&Eol|A] (+)-ampelopsin, laricetrin, myricetin,
(+)-gallocatechin®} 732 flavonoidF(15)¢} hovenitin I, 1I,
I3} 22 flavonol(51), peptide alkaloid ¢! frangulanine
5(20,29), hoveniosides, jujuboside 5(51), A3} &719] &
FZENA vanillic acid®} ferulic acid $(13)°] ¥2], B3
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ol Aot o9 A APoR= FuFdr It 7+
o] ZFE|FZA | wX= 93 (24), D-galactosamine, lipopoly-
sarccharide2} AFF3}ERAol 93 71 Asle] BT a74(32,33),
streptozotocin® 2 -9t 1G] 3+ 2H8-(31), L B
e 2 7HlE 28(32), Itk 2 IAE ZE(13)50]
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o5 = ol AWM 7L SN 2 A
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=331, superoxide dismutase(SOD), glutathione peroxidase
(GSH-Px) ¥ catalase 5ol o3l &= ot 22} HH
o2 IF AEE AT ol FEleilde Alxvte] Zxs)
ALe FAs] A SR E S fEetan4s), =3t
uRoh, 7+ Ak B At 53 B WAV e Ao
BEY JQuk17). A Welx AdE superoxide radical
O 2& FEuLS sopol &8 #Ael4=4(20,
+2H" = H,0,+0,)Z H3E 7 e E catalase®t
GSH-Pxel| <J8llA 54 H,0Z AZE =], o] AgolA]
AEZe Mmoo 2RY HsEn)y, ey gy e i
24 dejellxe fElguZ A AL Tkt ol tig
W71 AstE ke freEjebel el ofg 22 7FRs/del
F0m(39), ol2igt frEjettzd e vk §ES A
Hosle Far1d T sUE Azt oebA g

oA olg AR7IE AASHAY ol oJgk AtsHd S
s e S Aske A EESl tig
oz} xEHel & ¢ S AR dAdHrn

w2 AFAM = v E

streptozotocin® = FE G o3 AF A 7ke] b
shahgol MIXE P Potrial A

SR

o

TEEA AT 67" WtAF 200¢%! Sprague-
DawleyZl 7 rat 80vlE] (LEAAE, S=hHE 15:Y7F 34
A (5% 21+2°C, F5E: 60+ 5%, A% 12-12 HLxH)
S AR B3 AlEE A4 stk

(R
o oo

SIS Ao PFFEE

oA S] SHekA] ZdAtellA] S8 sV ErlE Y
st gk & EE 100 ol SFF 1L HEE 7181
272140 rpm, 37°C, 4X17HellA] KBS, o]& A2
144521 71(3000 rpm, 4°C, 20%-7HollA] dalielst & o3}
FdSAs SARTEETIR w5, sAxs] YR
1tk 252 A FHdd S/l =9 AMEsIITh

ot o

5

ol

Alef gl AlF{HHY

Streptozotocine (STZ)2 SigmaAtZHEH Y3t o,
glibenclamide (GLI, Euglucon®, y= &3 A|FS|AL AlES
71 Ak fule 1§ e SFAIE ARSI

1R F SRR

Fea 459 7+ 484152
2 £33l gRoFE FAZ(GLIR) LR 247 1658 338

q
15] B3] Sigom, ATEZNC
£ Foisidn. STZ Rl 1247 4% ¥ 44 okee

FHE olgslel 13] AR shglom, 4 AP B
ALESh B A A7

e =Feo|
£ A 12717 F9 54§ etherZ wlEE
o ERE A & UddleelA Al 7k HES o
< &3k 7+e phosphate buffered saline (PBS)Z 7|3
He] A M F X Z Hol = PBSE A|AT the
—70°Ce] Wsra & kst A o83t

oSt AL

gt sdelA] Adst AL 3,000 pmollA 2087 €
4152 (Hanil micro-12, Korea) & A& =3l 258
A 3}8HE4] 7] (Spotchem™ SP-4110, WE Tholo]x]. L&)z
total cholesterol ¥ glucose $H-& =743t Lipase® Al

=W HAMIE (ANl 2JEste] ZAbsisiT

2HZ3 7k 29 8mlel buffer (pH 7.2 713t glass
teflon homogenizer (Glascol®, 099C K44, USA)Z FZ3}A|
71 3 12 L452)(3,000 rpm, 14 mim, 4°C)ale] AFEoS
Ay o] A=dS 22 AAIET](13,000 rpm, 15 min, 4°C)3}
o3 mitochondria =35 AATE olojA AFSAS ThA|
325,000 rpmellA]  1A17F 59 244 EE](Beckman Optima
TLX-120%, USA)3I] MEd £35S #2]313t}. Mitochondria
32 0.25M sucrose S HEAIZ] U thA] AR
2](13,000 rppm, 20 min, 4°CAIA AL HAHES FHstaL &
Z2] 0.25M sucrose &Nl ATEAIA catalase =7l
ARSI, Al #82 SODSH GSH-Px E4E 4
o] &3 TH(Fig 1).

7] superoxide dismutase (SOD) &3

T AN e AEF £82 S A7
28 4=l 1 mlg 0.4ml EC solution (ethanol : chloroform
=25:15) &A& F7hste] 4+21(1,0000 rpm, 10 min,
40y3te] A F Axda 718 dlds e A
FAME dojA ARE-sIGAT

SOD == ¢Ze] JelollA pyrogallole] a4kl
o3l WAlS o]8-3 Marklund B (37)0.2 24313t} =,
10mM EDTAS %33+ 50mM Tris HCI buffer (pH 8.6)
L5mlel €49 0.1 miet 15 mM9] pyrogallol 0.1 mk& 7+
ste] 25°ColA 5EZF ¥ESAIZL $ 1 N HCI 50 plE 718t
o] W5 FAAIAL 420 nmellM FB=E S48t &
2 B d9e 3AaUE ¥A %3 BRAIX] 15mM
pyrogallol §9] A-&4t8lE 50% JAsHE A Foz
Aaleon, 4T T@2= pyrogallole] AFs2teE oJA|s)
=g

=4 223 Mxd dhlEe] gigk SOD uni
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Pulverization

Centrifugation (3,000 rpm, 15 min, 4 °C)

Supernatant

|

Centrifugation
(13,000 rpm,IIS min, 4 °C)

Supernatant

Centrifugation
(325,000 rpm, 1 hr, 4 °C)

'

Supernatant

0

Centrifugation
(325,000 rpm, 1 hr, 4 °C)

-
Supernatant

samples

Vertex (30 sec)

Centrifugation
(10,000 rpm, 10 min, 4 °C)

—
samples

Fig 1. Diagram of antioxidant enzyme preparation.

7] glutathione reductase (GSH-Px) 3

GSH-Px ZA% =4L Paglia®] W @2l wet A3ty
glutathione (GSSG)®| glutathione reductase (GR)2} NADPH
o oJsle] 2 w NADPHS E-3=7} 340 nmoll A 4
ke AEE 243 2, 0.1M Tris-HCI buffer (pH 7.2)
2.6ml3} 30mM GSH 0.1 ml& &332, 6 mM NADPH
g 0.1 mke Egated 25°CollA 587F WA H T o] 79
Axzd 29 0.1mke £Fste] 25°Cox 527F ¥HEAI71
< 340 nmollXN FEEE S, a4 199= |
E74 1nmole] 21318 NADPHE A ek &40 43 o
ERf ATt

749 catalase 3

Catalase AEE Aebi HHQR)CZE =439t 50 mM
potassium phosphate buffer (pH 7.0) 2.89 mloll 71221 30

Catalase
e
GSH-Px

samples

mM H,0, 100 uZ 7Fske] 25°Co|A 587F ¥-g-A1ZAt}, o]
ukgolol] 49 10ulE 7Fsle] 3mi7k EAl sk 25°C,
240 nmollA] SE7F 3RS SASITE H0,9 S8
stet H,0,°] mol $3=A1FE H,0,8 #%55 74l &4
=g ALksi

i

e 3F 54
7+ 229l mitochondria®} cytosol 82| Thzl shake
bovine serum albumin (BSA)S ¥FE2Z 3o Bradford

R0yl ofsf g Fsket,

T

FAEA]S Mann-Whitney U-Wilcoxon Rank Sum W test
(MW test; SPSS for windows, Release 6.1.3, SPSS inc.,
USA) 24 Felde AEsdr.
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Fig 2. Changes of SOD in STZ induced diabetic rats. "P < 0.05
compared with normal control group by MW test. “P <0.05
compared with diabetic control group. NC; normal control,
DC; STZ and vehicle treated diabetic control group, GLI; STZ
and glibenclamide 5 mg/kg per os treated group, HDT; STZ
and Hovenia dulcis 100 mg/kg per os treated group.
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Glucose

et o s 1%—6‘} | I8t sl 12417 &
At AN & e A A= tha Zrh(Fig 2).
STZ Fo % 294A) NC:L 128 mg/dl H|3td DCw*°] 350
mg/dIZ F23HP <0.05) S7H YERNSI) STZ Fo 59
olE NC 154 mg/dloll B&ted DC, GLI: Z22]32 HDT
o] 2tz 937, 967, 794 mg/dIE F-2l3HP < 0.05) S/
B3, DCZo| vlste] GLIZ# HDTZol z+2; 3.20%%}
-15.26%= YERH AT Table 1).

Total cholesterol

STZ Fo] 1¥4 GLIZ=°] NC2] 80 mg/dlell Bldle] 62

mg/dlE e3P <0.05) ZAS Jelglon, 3d5d=
HDT=°] DCit 68 mg/dloll Hl3ted 55 mg/dIZA] 25
(P <0.05) 745 YERHATH(Table 1).

Lipase

STZ %o 194 NC¢] 13.0 U/Lel ®]&le] DCs, GLI
o, HDTo| Zzt 20.8, 22.0, 18.5 UL Z7keiiom, 2¢
o= 18.0, 21.7, 21.0 UL, 3¥°lE 19.0, 13.0, 204 UL, 5
dolli= 189, 17.0, 145 U/LE e o} Feolde et
A ¢ THTable 1).

aHiat By HA

Superoxide peroxidase (SOD)

STZ Fo] & 2¥UA GLIZ= 0.9770 unit/mg protein® &
2] NC-2] 1.2870 unit/mg protein ] B]SFe] F2]3hP <
0.05) 747k QA=A 383} 54 l= GLIZC] 1.4745,
1.8982 unit/mg protein, HDT<+©] 1.3433, 1.9262 unit/mg
protein® ZA] NC+9] H++ 1.1710, 1.1825 unit/mg protein
o Hlate] FolHP <0.05) S7H HERISITE =S 5UA
& DCT o 1.2294 unit/mg proteinol] H]st] GLIT
I HDTHS 742 Bk 1.8982, 1.9262 unit/mg protein® =2
A eI gHP <0.05) T7F YERATHFig 2).

Glutathione peroxidase (GSH-Px)

STZ %o ¥ 2¥A HDT*°| 1.0230 nmol/min/mg protein
© 2 DCT 1.3448 nmol/min/mg protein®] H|s}e] F-2] sk
(P <0.0.5) ZaE YERIA oL, o] F 594 NC+o] 1.2233
nmol/min/mg protein®] H|3}d GLIF2 2.7257 nmol/min/
mg protein, HDT2 2.4387 nmol/min/mg protein®. = -
°J3kP < 0.05) T7+F= YERIATHFig 3).

Table 1. Changes of glucose, total cholesterol and lipase in STZ induced diabetic rats

Items Day 1 Day 2 Day 3 Day 5
NC 128 £23.6 126 +14.8 178 £ 14.7 154+£45.6
Glucose DC 290 + 82.8 350+ 66.7 365+92.1 937 +591.8"
GLI 288 +33.0 317+82.6 364 +£131.0 967 +352.3"
HDT 254 +44.9 338+74.3 468 +380.0" 794 + 424.5
NC 80+38.1 77+£5.6 62+7.7 74+ 104
TG DC 63+83 78 £34.9 68+15.2 64+£9.8
GLI 62+19.5" 77+13.8 62193 78 £ 12
HDT 62 +20.8 73+14.2 55+12.8" 51+154
NC 13.0+£2.1 17.0+0.1 14.0+0.2 13.0£ 1.1
Lipase DC 20.8+2.4 18.0+42 19.0+1.7 189+0.5
GLI 22.0+0.1 21.7+£3.0 13.0+0.5 17.0+43
HDT 18.5+0.7 21.0+£1.7 204+22 145+4.1

All data are represented with mean + standard deviation. "P <.05 compared with normal control group by MW test. NC: normal control
group, DC: diabetic control group, GLI: glibenclamide administrated group, HDT: hovenia dulcis Thernberg administrated group
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Fig 3. Changes of GSH-Px in STZ induced diabetic rats. P <
0.05 compared with normal control group by MW test. *P <0.05
compared with diabetic control group. NC; normal control
group, DC; diabetic control group, GLI; glibenclamide treated
group, HDT; Hovenia dulcis treated group.

Catalase
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Fig 4. Changes of catalase in STZ induced diabetic rats. " P <
0.05 compared with normal control group by MW test. *P <0.05
compared with diabetic control group. NC; normal control,
DC; diabetic control, GLI; glibenclamide treated group, HDT;
Hovenia dulcis treated group.

Catalase

STZ ol ¥ 394 GLIZZ HDT=olA NG 1.1710
umol/min/mg protein®l] V]St Z}z} 14745, 1.3442 umol/
min/mg protein®] FITHP <0.05) 715 BT, AF 59
AFE NCT 1.1825 pmol/min/mg protein o H|Se] bzt
1.8982, 1.9262 pmol/min/mg protein DC=* 1.2294 umol/min/
mg protein®ll H3}] 5441 %, 56.68 %2 <3P <0.05)
F7F JERATHEFig 4).

Jd F

2 FEvEelrE T4 AAET tEe] g
Ash 92 g ] wisle] wE ZhE dRIY At &
7k AL Qlom, I FoME G 53] Ax=I) e
oA FFAZ HoliL ATHQ22).

B AFEE g rael PIXe SUNVHE Fufe] kst
A FEES GotRAt STZRARE f3E s 74z}
NI Erfl Q45553 GXEAQ glibenclamideE

FoJsle] EF glucose, total cholesterol, lipase ¥H=F w3}

A5 - o - ol

o 7kxAoA fFElgttd AAEARR] s mie] &
dHists AT

FaroA Ak 2EHAE STl ghbEd 71
OS2+ glucose®] AFsAtsHE S7M171= B9t el 4
AS7F 2 hyperglycemia® 24 glucose®] 2bslE o3t
4 & vitamin A, E, C, glutathione 53 7+ WA
AksIAO] 7HAet GSH-PxoF 72 aitsiAl &59] 7hao]
TH(11,30,52).

2 M= streptozotocin F F 1URFE glucose
o] A7 AR STtk AlAtete] A FEA7MA
glucose®] 2|7} AASHA F7Fgk v, o]213 73 Bayda
5(6)°] hyperglycemia &<t 22X = A4 FElEEe]
HAo] Z7hAtka §F B39l Montilla 5(40)°] STZ 2
Fard rato] 49 glycemia, glycosylated hemoglobin,
cholesterol, Triglyceride Z2]3 lipoperoxide 4X|7} dA] s}
Al S7FtRe Baet dAjske AAE STZ] o3 Safr
o] Erke AS & U™, EFF glucose®] THARR
g gz Sk et Zeg 58 Qvh
3 5ol HDTZo| DCT: 3 GLIzl Hgke] F7h&o]
shel e B 1% A IS LA f19/d¢] DC
ot} GLIZEOl| Hlgt] w& Zlog AlREW, 3 4
BlollA wHrh fEetede] AEee S7telou DO
 GLE* H5le] glucose®] AFsAtsla7ht aAkshA <]
E e AS Aol AlREY Ul 3 A
Al71E AEo]l REAS Aolzt F5Eh

Van Tol(46), Bar-on 55y F=FoA Furt J&d4E
d3 very low density lipoprotein A|A&0] HAas o] 3
A do] Z7hdnta s19le™, Bayda 5(7)S STZ
Fizol|A] 3 total cholesterol, triglycerides 3 low density
lipoprotein 73|71 AAsHA S7FctaL sigltt. & A3 A3
29, 39 NCol Hlsl] DC-9] total cholesterol 4=3]7}
S7He o= mFo] Ae7HAe] Bael x|k At A
F5H, DCZel Hlsle] GLIEO] 1U7H 3d7HE w2
A5 715 oY sUFEE 2 FXE YERIT o]
Hl5] HDT-2 A9717F B3 DColl Hlste] w2 733
vepdnl, o]2)gt A3s= Baynes(8), West(48)7} H.ilgh
=HA FolA9] total cholesterol 571 733} AX|sh=
Fo|A|uk olH gt ko] FAPES] Wl wstE {2
o QA EA] ko)

ox Al Ml O n

8

My oft

oX,

! TE AA .
A Lipase /-2 glucocorticoids 2| & 2 o8] &/
w2l

o 2 s AWy Bse] st T ¢ JX
(43), lipoprotein lipase=triacylglycerolo] 3-8+ lipoproteins
o] AANES Ash= Ulvol e 42 dEA Uch4d).

B Ao ME STZ £ 194 NC+ 13.0 U/Lol| H]sed
DC+, GLI%*, HDTwe] Z}7} 20.8, 22.0, 18.5 UL Z7}s}
Qo 29dE= 18.0, 21.7, 21.0 UL, 3= 19.0, 13.0,
204 U/L, 5¥ol& 189, 17.0, 14.5 U/LE YERIA O &
oJAge UehA] ggtom RE X NCtol Hlel =
71kt o123k A3 Aughsteen 5(3)°) HAL3F STZZ
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A4AR1 APdeielX e feleteZe] AdAISE AAAIR]
ksl Al (antioxidant defense system)’} #3<S FAI5HA|

R B QA 84E Alelx et Ze] It
AR =AY 52 FgAsHle] &4do] vt HH 7 &
Aol A sA Eot. S At A frelEie
= R ST Aol dodske Foo1d o] shuEA
(19,41), ol&#fgt 2EcZe] A AAIR] SOD= 2Hiks} 2]
25 SIAA HOE vHro] 1, i o714 AAE H,0,
= YA GSH-Px9} catalase®] 2Fg-ol 2J3] H,0Z wjdEo
M AAaEoZHE AAE Boshs ZoR dEA Utk

SODe skt zs SHIAA HO0,E ASA ] & &
gk Sl frdEe AkshA 3] AR wofel o
3la(16), olWl AAE H,0, 52 GSH-Px, catalase 52
gl oJalf H,0= 7531 HouM Lamo 25y AAE
B35 €rh49).

SOD= th# 22 WhgollM Fujdes ske AR &
HA glom,

0,7+ 0y + 2H'— H,0,+ 0,

o] WkgollA dismutation == disproportionation 2H8-2
superoxide”} AtsHA|e} EA|Q] &S sl AW =, 7
o A= AAHAY b8 As 7HIA ke AEE &
sled SOD7F shte] #lslett]zhs te Flsitio]zs A
stA1717] 913l o] &tk Ao]th(38).

B A% Axt STZFY 2989 glucose o] STZ F
o 1949 Hlgte] F7HE YERISHU, SOD &4 Fo
19740l vlste] DClA S7FHe yEk v GLI: 3
HDT 2 745 Yeiliglth. 28y Fo 24A1E A<)gh
A 717 F glucose®] F7toll wEF NC#, DC9] SOD
AL st A9 giglen Fo 399 GLRE:Z HDT4]
SODE7do] NColl Hvlsle] 1.4745, 1.3433 unit/mg protein
o2 FoFHP <0.05) T7F HERHZ] AlZkste] Fof 599
Z}7F NC<- 1.1825unit/mg protein o H]S}e] 1.8982,
1.9262 unit/mg protein®. = F2|3HP <0.05) F7+&, DCH
1.2294 unit/mg protein®l H]3te] F-2]gHP <0.05) 7 1
ERAITE ol g Ay Gl Akskd] 2EHAE o
o7 o S/ YA (11,30,52) T WA eAtsiAle] 74
25 wAAZ S den, T3 glucosed] AsAkslF F71
Ho=M fEjgitzd o] ke o] MEEAe] fiEks 4
WE e WA drsAIRl SODY] 71ss A=
Adito] sl drEle] g vERlE Aolet szt

GSH-Px= BEE EZfeE9 ZF A HAHH 34Y
glutathione (GSH)E ©]-8-3F] H,0,9} orgainc hydroperoxides
& AAAZIAL old BE GSSG= GROll <J3l] thA] el
% GSH o&A4 Aksished w35 B3l Al2uhs Besh=
AT sh= AoE UTA AUTHQ26).

T3 GSH-PxE AWM H,0,9F 393 GSHelA

GSSGe} H,05 AAske vk 2 7]e} 3ksHE(ROOH)C]
A] alcohol (ROH) ¥ H,05 AAdsk= W32 S5 (4,9),
hydrogen peroxideZS 74:A1717] $15le] NADPHE ©|-8-3}=
Zog A AUk

(3

NADPH + H*+ H,0,— 2H,0 + NADP"

o] F4= hydrogen peroxide ¥ Tt o2} lipid peroxides
E 7AAZ 4 A7) Wil biologic membranes®] 32}
715S AP flste] AAIIEE el B4R vig-
%23 (38).

£ 4947 GSH-Px 2 SODS} HIRFHAIZ STZ F
T 2UA glucose o] 1€ Hlste] F71E Hel ]
gsle] DColM = S7F ek vbd GLIE 31 HDT<
= s eI 22y AAF SR glucose®] F7H
Hlglete] S7HEe A4S Yeplilon, 53] Fo $ 59
o= NC* 1.2233 nmol/min/mg protein®l] ¥]3ld GLIZ|
2.7257 nmol/min/mg protein, HDT<*©] 2.4387 nmol/min/
mg protein 22 FoJt TV YERNUTH

T SO WS s WojA o] A st o7k Zle
2 A Jout AARE I A 23] kst &
22y Wslel] gk dAAde dojuo] e Aol

2 AYY AREAM s G o|r|7te] SHjErE
GSH-Px2] &/do] 1L ZAsit= Kesavulu 5(30)2] 2o}
in vitro @3} AFNA SV EFEE Foiwo] 7P =
2 GSH-Px 45 YEItH= Hong 5-(21)0] Halek=
AFh 738FS VERAQL O Kakkar 5(28)°] STZ Foi= ¢
H I raollA ZF A A 2 ARG s 54
e BT A3 7rxH F9] GSH-Px BAe] Bl
A =71e siou frolgh Wske JIFERA] FdThar g B
3 A rate] SAagAdel folg wishe IR EA
RO B rael] Hlsle] =& FAE UERAUTIL g
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o] SOD9} 72 WhHo = Eo =8-S 3l Qrk3s).
H,0,+H,0,— 2H,0+0,

2 48 439 STZ 59 F 2¢4l= DCEY glucose &
2ol 2719} 3 catalases 71 UERA whE GLIE 2
HDTZAAME catalase®] 7FAE YeRJRIch 8L SOD,
GSH-Px2} FASHAl catalase /X1= HNbE o2 F7Pdeks
VeIt 53] 59l NCZol| H|gle] HDTO] 62.87%
o] Z71E, DColl HIsk] 56.68%2] froldt S7HS UERH
olgfst A= STZ F= Bi=F9 7H4 AlgellA ksl &
&A1 SODS} catalase?] A7 AE H IS Saleh<
David(48), STZ & @A F5-2]0]¢] Foj7} DCell
H]3le] SOD, GSH-Px, catalase 842 F715 RIS Lee
5350 Aot dAste dE eI

wetr B A A3} glucose el 1ol wkeh WA
akslA|9l SOD, GSH-Px, catalase’} =7}sk= HOE W]
Fo| U FEEN= AW felgtZe AlAsk] 3
o] TS dwsia MEESS diste FAtkst aa
2 A7 il e AR gRlENo o
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