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ABSTRACT

This study was designed to investigate the effect of silkworm powder on oxygen radicals and their scavenger enzymes
in brain membranes of SD rats. Hydroxyl radical (-OH) levels resulted in a considerable decreases in brain mitochondria
fraction. Superoxide radical (O;,") levels were a slightly decreased in brain cytosol fraction. Lipid peroxide (LPO) and
Oxidized protein (OP) levels were significantly decreased in brain mitochendria and microsomes fraction. Mn-superoxide
dismutase (SOD) activity was remarkably increased in the mitochondria fraction. Cu and Zn-SOD activities were effec-
tively increased in brain cytosol fraction. GSHPX activity was considerably increased in brain cytosol fraction. These
results suggest that anti-aging effect of silkworm plays an effective role in attenuating an oxidative stress and increasing

a scravenger enzyme activity in brain membranes.
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94 A8, Ay, 384 f 3 5o ¢34 A
g3 ko= QIgh Apge] ZA Fobq A7) H3
el ST et

bt oz sEtad I o|HAMEAHER 3
¥ YoM Eae] FefARER o] 5 A2 trigger ¥
o2 AAY free radicale] 2]z of7]¥-& FA)] AlAle]
o, 53] x3le] 49l HA| free radical F oxygen free
radicaloll 71¢l=e] AIE A7} vhebdoi ge(Pryor,
1977).

A FAadele) 71A Abgaiat |' ]f"ﬂ oA, 3
Aoyl gpsbekE, FelEAl, Baauks 5 E EelH,
3)8A 8.4l &)+ superoxide radlcal, hydroxyl radical,
hydrogen peroxide, singlelet oxygen®} Z2 wh-g-Ade] wf
4 & B4R HPEY AAd AHH 4L o
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oy)= 7oz okeda] glcK(Harman, 1956; Oyangui, 1989;
Fridovich, 1986). W2t A AWl A free radical 334 ol
ofs A2l o8] 22& EAAA A S st
of AHE P8 Plaa, 1976).
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WA o-glucosidase A 2ol 7| elsivin B walelnt
A F, 1997). =3 3] 51999y o 2UE Folgl 5
FHe M &3 F HGAAT) ALY, o= AA LR
#A33k5]7] el s
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g apshd Aol Al 918t Sprague DawleyAl 317 (male,
160+ 10 Y8 Fste] & W3t FEARFA A 2759
B ARS8 vhE, 7ol 3EoR ivire] A4 7]RAL
F(control group)EA] AREIRIA 3 A EEH 2
Ak 58] 39 WEHE o TS 77 200 meFt
400 mg/kg body weight7} H T & AR 713k ABE
A I E(SWP-200 2 SWP-400)2] 37} 657 445}
=5 shdvh FEARSAL &2 WFQ2L2°C, 6512%
RH)3}el| A 1242} Abe] Z(06:00~ 18:00)2 el AHg
FAFHEE ek

2. I MRS =4

2 Age ARS8 AlR 24 L 'heEE 57.3%(0-com
starch: 44.5%+ sucrose 13.3%), THY3 16.0%(sodium-free
casein), A& 18.0% (lard 18.0%), ¥lelul=k F7]2 (AIN-
76 mixture) ZH7F 1.0%, 3.5%, 2¥ 32 A2 3.0%, DL-
methionine 0.3%, choline chloride 0.2%2- & 7}slg] oo,
od7]e]| cholesterol 0.5% 2 sodium chloride 0.2%% 37}
o] RZHAHEYFS fresidoh Adage] AEx
A ol E-E E1Fe] 737F 200 mg ¥ 400 mgrkg body
weight B W7} AHETF 02% 2 04%2] Foll2U-&
HA7kebe Wfdl T sese s Agsia A ko

3. kM= &Fo 28

Az 32 7 AF84(1.15% KCV10 mM
phosphate buffer/S mM EDTA, pH 74)& AR8-3led mito-
chondria, microsomes ¥ cytosol 2% HH3le] AME-3]
S=HChoi F, 1995). °| 5 &¢2 %H-H;Q—'] g Lowry
21951 el whe} st

4. B0l HyE £H

¥z22 Z3e) =84 o (OH)e] dFE deoxy-
ribose®] 374} Sofl whe} hydroxyl radical A3 A TS &
A uhg oz, W24 850 Abhdfapabael o))
deoxyribose7} T} ¥ o} aldehydes} A H ], o] aldehyde
% A gelofl A} thiobarbituric acide} Hl-g-ste] W ==

718 ©]-83 Halliwell 5-(1981)%] ) wtet &A1
o} o xA HE 3o F KA ep 2 (superoxide radical
0,08 A4 FL McCord 5(1969)3 Chan 5-(1974)2]
vhell el superoxide dismutase® HAE T UE
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ferricytochrome C2} F4£%E. 22519} 0.1 mM EDTA
= 33 A2 (pH 7.8) 420 plell cyanided] FE
7} 50 uMe] El=% 20 mM cyanide 28-S 718 F- 37°C
oAl 1027k 7hesisdct. o] Bale)) cytosol 300 i) 0.1 mM
cytochrome C 50 pig- go] 335245 A 550 nmell
A FREF Azl vtet st o1 cytochrome C
o) ofe. HAEFRAS 19,500 Mlem 2 A)Absle] ),

5. MalY AER A9 By

w22 ge] HakstAld el Pes s S
o TBAYHL2 YErodd $]=(malondialdechyde : MDA)
9] grekg £A sl A3l A (lipid peroxide : LPO)S
S At e Choi 5, 1990) 8 ¥-2.2.A) mitochon-
dria®} microsome®] A4 (oxidized protein : OP)$]
A E-Z Levine 5-(1990)2] el whel carbonyl group(>
C=0)2] AAZE FA s} 0.1 mi2] A&l 30% TCA
(trichloroacetic acidyE- 0.5 m/ EE8te] 3,000 rpoell 4 10
7 AdEest F A g Al7ist FH, Akl 10mM
DNPH (dinitrophenyt hydrazine) 0.5 m/ 37}, 158vjc} &
b} 1A17F F=t Aol WA F- 3,000 rpmeli A 1027
A Felstdeh AN S AAF Feoll kel ethanol/
ethyl acetate (viv 1:1) 3.0 m/E AH7}sle] Al2ojA] 108
vRabEre} ohaA] 3,000 rpmell 4 1087 HAlse] ¥ FkA}

Q

AHE-3}

2 ¥, 6.0 M guanidine(20 mM potassium phosphate
buffer, pH 2.3) 1.0 m/M: A7}sled 37°C2] 3he 3ol A
1597k 7h28F -, 3,500 rpmel| A 10357 A4 F-2lsle] 4
Zl2 oo} ela] carbonyl group® SF-2 360 nme}
370 nm Abelol] Sl FFxo] Fabel|A] Bx}F3A
(E=22,000)5 o]&-3}e] A Alstd et

6. NS A0 & &3

Oyanagui 5-(1984)2] #h¥fof ale}l superoxide dismutase
(SODYS] AL w23 HES qlabshF&9l(pH 82)>
2 30Wi 2 B &9 0.1 mil FFHF 05mi, AATY
(52.125 mg of hydroxylamine + 102.1 mg of hypoxan-thine
1250 mfy 0.2 m/, BAF (20 W/ of xanthine oxidase + (.9939
mg cthylene diaminetetraacetic acid/26.7 m{ phosphate buffer,
pH 8.2) 02 miZ A7ksled 37°C F-242olA] 4087} 7}
238F Foll CAl2F (300 mg of subfanilic acid + N-1-naphthy-
lethylenediamine acid/500 m/ of 16.7% acetic acid) 2.0 m/
£ Arkate] Aol 20287 A F B33 EAE A
£3te 550 nmellAl FREE FA s BEH A 9
3] SOD #A4 (unit/mg protein)S =731}, Lawrence
5(1978)2) vpel w2} 340 nmell A NADPHS} #4% &
Ael7] 18 vhg o2 A =2 €329 cytosolol A gluta-
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thione peroxidase(GSHPx)2} A &2.2 ¢lAkst34.9
(0.3 M/4.0 mM EDTA)2E 109 3[A4s}ed A3}, ¥
Fhell 1 AF2EE-8-90(0.3 M phosphate buffer with 4.0 mM
EDTA, pH 7.2) 0.1 m{, =75 1.295 my/, 26.56 mM sodium
azide£-H(86.33 mg of NaN,/50m/ D.W) 0.5ml, 294.37
mMGSH $-%(452.34 mg of glutathione/5.0 m/ 0.3 M pho-
sphate buffer with 4.0 mM EDTA) 60/, 8.4 mM NADPH
(35.0mg NADPH/5.0m/ 0.3 M phosphate buffer with 4.0
mM EDTA) 110 m/, glutathione reductase(3 mg of GSH-Re
/1.0 m/ 0.3 M phosphate buffer with 4.0 mM EDTA) 5 m/,
1 mM hydroperoxide 320 ui¢} B4 F cytosol 30 WE A
7Vt Ejket ¥, ZHHEAE AHEShe] 340 nmell M &
FRE 152 A 2R 287 53 8] EEZFA 2]
3 GSHPx(1U/g protein)@-A-& AlAbeleict.

. =4ETel SAHXME

£ A2 ZE AgEAN: A A gExs &
FHAE AAtstelon, 7 A ER FoA P2
Stdent's t-test(Steel 5, 1960)E A A|slgd vt

an o

1 Bheddtaol WY HNE

=222 gFAAbA Fo A A 8|25 B
Z(-OH) 2 FHFA = 2fdzh0,)e] Al vlA=
ol ko] ofgholl o3t #Hzl= Table 13} 2}

Zr ¥ Z 4] 58] mitochondria 29| A= SWP-200 I
SWP-400+-2] -OH AAde] 11.38+1.00 2 10.34+1.05
nmol/mg protein/min(]3} T Aoz F21FE o
¥] 94.8% I 86.1%2A, 717} 914 9l -OH ozt
o] QA A EAE Hdoh(p<0.05; p<0.01).

Table 1. Effects on hydroxy] and superoxide radicals in the brain
membranes of SD rats fed powdery silkworm for 6 weeks

Membranes Control SWP-200 SWP-400
Hydroxyl radical(nmol/mg protein/min)
. . .38 1.00% 10.3941.05%=
+
Mitochondria ~ 12.01+0.84 (94.8%)" (86.1%)
. 8.66 (.65 8.571+0.75*
; +
Microsome 9.08+0.94 (95.4%) (94 4%)
Superoxide radical{nmol/mg protein)
36.631+2.63  35.82x3.01*
+
Cytosol 38.69+262 (94.7%) (92.6%)

3 A Ee]) o] AR el ide] ofa)

=3} microsome®-Foll 4] SWP-200 & SWP-400-741 A
¥ ‘OH #tge] A A Aol dsted 244 sle
Asg We|x] ekshch

S X EA] cytosol Bl NS superoxide radical(O,”)
o] AA A A el SWP-200 2 SWP-4007--L 36.63
+263 9 35.82+3.01 nmol/mg protein(e| 3} =] AJH=
A HETF B] 94.7% B 92.6%FA, 27t 53% Y 7.4%
o] O ebee] A AAEIE el glar SwWP.400E
oAl FrelAd gl AAE Blth(p<0.05).

2. MEHY AER| 20| H}

AAlAS] FASEE ZAMEF 22 AR 34
o &]at }AFE}x])E (lipid peroxide : LPOY] AL wha)z]
372} FHe| &gk Absbeul A (oxidized protein 1 OP)2
A @ dabe] FA Bdulolq ¥ £& E 4 9l
of. whebd )T ARShY sEe|ao) §rbe LPOR BE
o] ad] #] =(malondialdehyde : MDA), Ata}shid e sl1=
B a5(>C=0 group®] 54 ¢ date] AR 8-OHAG
2] RS s Yol 5 9ld

1) THSIXE O] A X E T}

M E2ke] A ale] EAgakAe] FAE hol Azl of A
A= LPOE =3 A 254 wliel) el x3)e)
AR EAZ oF A gioh(Yagi, 1987; Choi 5, 1991; Yu
5, 1996). ol ko] Foiol it HF2AFo A=
APy Aol vlAE daFd vlsg ke Table 2
o} 7o}

¥ 22)2) mitochondria® FollA)= SWP-200 2 SWP-400
T2 10.15£0.87 Y 9.24+0.59 nmol/mg protein(¢] 3} 4
R A HZ2F oiy] zhzF 852% 2 77.6%2 §-o)A
e LPOS A4 A EAF Mg (p<0.01; p<0.001).
=3 microsomedF-o| M SWP200E2- §-2jFH e 714E
HolA] ekskA vk, SWP-4007-2 10.75+0.612M W21
5 AE 878%E #4 ol LPO2) A A East
1A H A (p<0.05). AMY =222 Absba] AE Ao T
ahed - wlZel ZA]olgh ARU-E slobgichd ol Bonk

Table 2. Effects on lipid peroxide(LPQ} levels in the brain
membranes of SD rats fed powdery silkworm for 6 weeks

Membranes Control SWP-200 SWP-400
. . [0.15£0.87%% 9241 (. 59**=*
Mitochondria 11.91£1.38a (87.1%)° (77.6%)
. 11.4140.95 10,75+ 0.61*
n .
Microsome 12241101 (86.8%) (77.5%)

SWP-200 and SWP-400 : Silkworm powder of 200 and 400 mg/
kg B.W./day added to basic control dict; Mean®SD of 7 rats
per group; Percent of control values; *p<0.05; **p<0.01 compared
with control group.
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SWP-200 and SWP-400 : Silkworm powder of 200 and 400 mg/
kg B.W./day added to basic control diet; Mean+SD of 7 rats
per group; Percent of control values; *p<0.03; **p<0.01 compared
with control group.
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Table 3. Effects on oxidized protein (OP) levels in the brain
membranes of SD rats fed powdery silkworm for 6 weeks
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Table 4. Effects on SOD and GSHPx activities in the brain
membranes of SD rats fed powdery silkworm for 6 weeks

Membranes Control SWP-200 SWP-400 Membranes Control SWP-200 SWP-400
Tooo T R0e - - —
Mitochondria  13.42+ 1 28a ”'64_00'959 11.12,(()].80 Superoxide dismutase(nmol/mg protein/min)
(86.7%) (83.5%) 22.19%2.13% 23,80 £2.01%%+
Mn-SCD 1875+x147a 77 .00 I,
. 13.21+0.88  1247+0.99* (118.3%) (126.9%})
-Microsome  14.26+1.13 o
(92.6%) (84.3%) Cu ZnSOD 23254245 24871200 2596+ 2.44%
u, Zn- 2542
SWP-200 and SWP-400 : Sitkworm powder of 200 and 400 mg/ (107.0%) (111.7%)
kg B.W./day added to basic contrel diet; Mean®tSD of 7 rats Glutathione peroxidase(IU/g protein}
per group; Percent of control values; *p<0.03; **p<0.01 compared .
with control group. GSHPx 19.31 £2.05 21.25+229 21934198
’ ' {110.0%) (113.6%)

o} Fod xz:ae] BEAEA LPOY AL Halgt
v AR S s3] ] RS YT g F
ag 2ulE a9l fYrpsk 5= qle

2) LFSIEHHES) 4 ox| g3

g x| 23] HEze] whiial o] gAlsbie] TAHS
Hot AAHE 7lERY 25 A e ol i
o] Fd B2 H715p) $3le] Alslehl 4 (oxidized protein
: OP)] AAHS Hr718t A= Table 33 2o

Mitochondria 2ol Al SWP-200 2 SWP-4007-2] OP
o] A3 11.64+0.99 X 11.2120.80 ng/mg protein(e] 3}
Aoz daaF ] 2t 86.7% 9 83.5%2A
24 sl= ore] AA ARl 3} el =gl THp<0.05; p<0.01).
232t microsome &Eo A= SWP-400F A9t OPe]
AAegFe] 1247409924 YF2 25 dn] 87.4%2 A 89
43 sl oPe] A AA A7 A = T p<0.05). w2}
A o Eute =z 2 mitochondria®t microsomed 2
Rl A wlg- bl opre] A AAET =gl

3) HHEL S &M "It

HEHPF A @A AAEALZA 71 F9T
superoxide dismutase(SOD) W glutathine peroxidase(GSHPx)
2 "o a|Ae ot He] sk Table 49} 2ol

¥ 2£2)9] mitochondria #-Zel]A] SWP-200 2 SWP-400
ol A Mn-SOD®| A2 7hzh 22.19+2.13 ¢ 2380+
2.01 unit/mg protein(e] 3} PhHoe A H21F 9u| z
ZH 111.2% I 1242%2A] #2914 20E Mn-SOD 412
Z7HEA7) A € v (p<0.01; p<0.001). =& =229
cytosol FEF oA SWP-40072] Cu,Zn-SODE] &HA] o)
25.96+2442 A 218 d¥] 111.7%8 F24 sl=
Cu,Zn-SOD B4 Z71an7} 14 = 9lth(p<0.05).

THH SWP-200 2 SWP-40079] GSHPx2] A2 21.25
+229 9 21.93+1.98 IU/g protein(®] 3} A=Hez A o=
325 ohe] Z2zF 1053% B 111.7%32AM ol B Fofo)
olsled F94 gl GSHPx BAe] F71ER7 9A =Y
oH{p<0.05; p<0.01).
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SWP-200 and SWP-400 : Silkworm powder of 200 and 400 mg/
kg B.W./day added to basic control diet; Mean£SD of 7 rats
per group; Percent of control values; *p<0.03; **p<(.01 compared
with control group.

2T FANRE dEAl B ok F L
2, FAEe] ¥E, F4, uvi XA 24} Felvt
Aol A2l Eambgolut d5uksol o= 4

AEE Aoz w3 Qrk(Choi %, 1991). °| 5 B4
A2 ZANEES FHsl] AL fbela 32

Faleh 2ol o] AAAAARS FUE Bk oz}
7R = fbatele ARlel waA SlTh(Singh, 1992).
T AWM FAALE A TS| Exlsl
o AMELA SRS dbelsle] msh) Aoz HE] BB}
1 gl}. Free radical?t BAAMAE 475l Bz
SOD(superoxide dismutase), catalase, peroxidase2} ZF-2. g
At3l F 42 tocopherol, glutathione, ibiquinone, uric acid,
polyphenol, carotinoid 53 224 E2} Akl o] of
214 <lehE . 2000).

T Fole 2Ry FelE EetE el gkEo) o4
A 8] e 2 8E 2|3 microsome A A
Hell A AAFJASE A7l Aoz Bug v} qlc)
(%, 1999). ¥slell= polyphenold] 2EHE< epicatechina}
epigallocatechingallate?} A2 ¥ rh= Adko @ Za) 5o}
I B aEpdane] 5, oheFdt F49] Eejie| =5} 10
A5 FH=e]l 2T quercetin@ quercetin-3-0-B-D-glu-
copyranosyl(1—6)-B-D-glucopyranoside7} 733t 3+4b3} &
5 2w FFETHA 5, 1999).

o] F AEE-L free radicals AAE 4 9l precursor
=& B 3AA radical®) AL FHAEAZ) AV free
radicals 2% Ao 23] BRPA} Alave]] 218} free radical
chain reactiong 2#jsh= 98L& b e gl
#H ol = polyphenoldl #§E4] cateching W53}
H71R] E-So] EjHEe] slelA] o] & AE5-¢] hydrogen
peroxide(H,0,)°] 23t A EZ4 & A5l TS 711
W A& FAakE &) DA A singlete oxygenst f-2]7)
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AA 988 Jehdos ¥ w
upebr] =229 .OH % 0,” 5 eAkze] AAE
Ao Aste] LPO I OP_J AN 5 A3 &_EEH
2Z g oz dag ¥el ehzlt Mn-SOD, CuZn-
SOD B GSHPx £ AA&E4 4L FagxeE F7T
A|A x| zA e 7% xm— of-$ & o2 wpA|gk 4 9)

T AeE 7gEn

gro 2 ol e Mo} st AAAE AAE
9y FAEA L Felata Yy Edlof HalM T A
Algo] ZlaiFojof & 70T ALRFH,

9l}(Nakayama, 1994)

A

Ewl
&

2 o

ol g SDA| HEe 3 200 2 400 mgkg body
weight£4] 65-7F F-oldle] x| #AA A 9 2 A
HEAY FAo) v]HE g el sl ¥ 8]
mitochondria el A41f-2]3¢] hydroxyl radical(-OH)?] *3
A SAEI7} VeRER, cytosol BEellA superoxide radical
O, ")94 Al o] el AdlAl A= 2212 mitochon-
dria ¥ microsomedEell A wll-$- &l oz Ak A
(LPO)Y} AbshualOP)e] A4 A &7 A=A
¥ 222] mitochondria FE-Fel|A Mn-SOD2 &4de] &
e|H oz F71EH. 222 cytosolEEFolA] Cu, Zn-
SOD2] #A4e| F7HE e Ot xEAe] .OH 2 0y
5 Ak A4S FabH ez AA|ste] LPO B OP
o A 5 AR AEYAT GO oAE it
olujzl Mn-SOD, Cu,Zn-SOD ¥ GSHPx 5 A| A A2
AL Bz FAA = Z232]9 ]?213}% vl -
Famog WA 4 gl& ez 7YEd

A A
2 A7 9d FEATA wUSALTHA A7)
1ol 2fskel R ELI
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