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ABSTRACT

This study was designed to investigate the effects of mulberry leaf extract (MLE) on oxygen rad-
icals and their scavenger enzymes in serum of rats. Sprague-Dawley (SD) male rats (160 % 10 g) were
fed experimental diets (MLE-100 and MLE-300 groups) added 100 and 300 mg/kg BW/day for 6
weeks. Triglyceride (TG) levels were significantly inhibited (10% and 20%) in MLE-100 and MLE-
300 groups, but there were no significant differences in total, LDL- and HDL- cholesterol levels in
both MLE-100 and MLE-300 groups. Hydroxyl radical (-OH) formations resulted in a marked
decreases (20~25%) in MLE-100 and MLE-300 groups compared with control group, while super-
oxide radical (O;") and hydrogen peroxide formations resulted in a considerable decreases (7~10%
and 5~10%) in MLE-100 and MLE-300 groups compared with control group. Lipid peroxide (LPO)
and oxidized protein (> C=0 group) productions resulted in a significant decreases (10% and
6~10%) in MLE-100 and MLE-300 groups compared with control group. Superoxide dismutase
(SOD) and catalase (CAT) activities were remarkably increased (30% and 40~55%) in MLE-100 and
MLE-300 groups, but glutathione peroxidase (GSHPx) activities were significantly increased
(10~15%) in MLE-100 and MLE-300 groups compared with control group. These results suggest that
anti-aging effect of mulberry leaf extract (MLE) may play a pivotal role in attenuating a various age-
related changes.
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2 H7RBILEEE 5, 1998), Bl 754 AEo
2A Afolv ZF 2 F71Zoe] 2.7-3.1%, HlEt
9 A} FlEEl 72HE HERR] AEE 4.1~74%) &
3L oM 714 AFEANEA FHE ¥R o}
Yak@iAR, 1995), B7lslEAEA ARG ERLR
R85 +-GABAT ¥[wA FHSIUL R chEr
K, 1996).

Sl Blof|= Flavonoid AJ%-9.2A] Rutin, Quer-
cetin, Quercitrin, Isoquercitrin ¥%F ol2}, Alkaloid
AR 24 a-glucosidase A31&/3-S 2= 1-deoxy-
nojirimycing AT 2 23 tH(Yoshikumi &,
1994; BFHI, 1996). Akf(1988)S Aledatsd iz nrdl
(WBN/KobyS, HEIE 5(1996)2 AMg o= 3
o zpzh 8ol 259 W 50% FoFe] 7 Aela
F2 Rl o] S(1998)% 2 20% H/MIRE
ARESE ARG A F71AE S B folHd
T ZEtaart AFHIARE, FAE 1M e 8
Zstaats JAAE F gtk Bagt. AN §
(19882 E7|E AM&-3 ¥ele] AAAA+LE B3l
25% WA H7ITEL 1Y eSO Y F
ZY2HES a0 AASa BAgla, UK
5(1976)2 piperidine® alkaloide] #3F gHe] F
Ag¥= HiEe] ot

7 51998 LY ElER Fes IXEFE
Eo] 0.1 ¥ 1.0gkg BWe] B FEE9 g
A BRI =(TG) ¥ 3 Fd2HE2 794
o2 AXPARE, FH FZYLEHELS 0.1 ghkg BW
9] BAage 239 17%4 S7HIAL, 1.0gkg
BWE 209%9] ZA&3t oy Ruglen, 7f &
(1995)% FARE A7A3E BTt Yen 5(1996)
2 wolo] FAsgE AFolM HEE FEFES
78.2%2) ISR A AJGAAEA7T Q1A E Wt of
Vgt a-ETwEe] 72.1%E0 738tk Bt =
3l Park S(1998)2 mor cells ©]-&3 AEEAS
TollA wle] gEFans AESH A, obERl f
oH 9% 14T F AUty B}

B ApoMs ol d kg Ui Aegdar
o Ysto g WRIFZES SDA HE 3HF 100
2 300 mg/kg BWE AL H7iele] A8 A¥
£ AMEMLE-100 2 MLE-300 groups)®% 657+
2ol Tof g3 Fo] gk A B AAR
2ol vl FEEE Hrislaal g
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1. SE4E
F=3letAT Aol A U3k &4 Sprague Dawley
HE(160£ 10 )5 FY3td £ izt FEASA
A 23R ARSETE okl 32 R o]
34 7]EAE (Control group)@X AM&slHA] &
HehE $FZFE(mulberry leaf extract : MLEYS Z}
00 3 300 mghkg BW7F S5 Atgdl] H7ist
TZF(MLE-100 2 MLE-300 group)>-& 3t 6
ARSAEE el Eadakae] AN 9 AAL
o] Aol mAe IS HrHRITh SEARSAS
522+ 2°C, 65+2% RH)BIOIA 124]7F Alo]
(06:00~18:00)2 g o] A5 FHET

2 X
d,

—
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2. ZNAlge| =Y

B Al ARR3E AlE RS B 57.3%(0-
Comn starch: 44.5%+ Sucrose 13.3%), TH#HZ 16.0
%(Sodium-free Casein), <& 18.0%(Lard 18.0%),
HEl 3} 2718 (AIN-76 mixture) 242t 1.0%, 3.5%,
I8]3 HH/2 3.0%, L-Methionine 0.3%, Choline
chloride 02%%E 71315 9™, of7]o| Cholesterol
0.5% = Sodium chloride 0.2%% A7}t T7&4
ZEHEESE sl Adage] AlERgde B
Q g FEE(MLE)S 3l zHzF 100 = 300
mgkg BW7F BHEEE 0.1% 2 03%°] MLEZ
A7k ol g@estEs 247 01% 2 03%2 Al
3k =A ST

L XEABHNE £

B39 F49AEEA E|FeME| = (uiglyceride :
TG)e] g3e 71EAIKSigma Co., USA) 2 £
#2=HE, LDL ¥ HDL-Z&|~elE2 &% Rudel
5(1978), Noma S(1973)¢] ®lHol wle} 24 A
shch.

4. BMitao| ME &Y

AN 7P M AAdE= Superoxide ra-
dical(Q; 2 McCord(1969) % Chan 5(1974)¢] ®}
Holl me} 241, AAle] dirgA Sl Bol
A= #kekravs Thruman 5(1972)2] e
wetl FEsigot. 7P AEd @40aE gezl
Hydroxyl radical(+ OH)2] A& whgAd Akl
ALEel 98 Deoxyribose7t ] Fo}  Aldehyde”}
AFEThE ARl RISl jES ol AdE Al
dehyde’} 2Hg8-28ollA4] Thiobabituric acide} ¥Hs-3}
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of A= AL o] 83 Halliwell 5(1981)2] HH

ol wat =455}

5. AFSIE AET(AL BN

AT FHF AEE FEA AAdEE 3
2F2}A] A (lipid peroxide : LPOY & 5(1991)¢] Wy
of w} BFFEARAM 535mmellM EHEE 24
ste] A 3l

Tgk ST G Fe WEs AsA A
A== Aks} T (oxidized protein)?] $F8RS- Levine
F(1990)¢] Wdoll mE} Carbonyl groupe] A4 F-2-
Z4 el Aekslo) kst A (nitic oxide : NOX=
7o ERsle VAR EA, APEHo R 4k
3}=lo] NOs9F NOy AElE dEks]e] 3 Eoh NO
o AT 4L NOE S9A1H NOE AHFAA
A== & NO9 $HF2 Miesel 5(1996)2]
& o]gsled Aeslsin)

6. MHEA HAo| &H

A o] WA O 2] Superoxide dismutase
(SOD)} Glutathione peroxidase(GSHPx) 2! Catalase
(CAT) 722 A7 & A (scavenger enzyme)-} SAlslA 2
Al B Eo|u of~TERIA So| dHA vk w
2 SOD &9 742 Oyanagui 5(1984)2] =Py
o uwk} 43I, GSHPx E4¢] 2L Lawrence
(1978)2] "ol whet s on, CAT 842
Rigo 5(1977)2] ¥ol ule} A eksiqict.

7. BA o] B2
& 7o BE d¥dde A AMustd HaA|
AL Student's t-test® AA}BFITH

a3 o aF

1L XA % SAHE kol #Ha}

dyFo STAAXNA(TG) ¥ Se2EH2e e
n e el F&E(MLE)Y] 93-S viwsle] B2
Table 13 7+t MLE-100 @ MLE-300 &9
TG & Zhz 130204399 2 116.67+2.11
mg/dl serumC A 2T Ee] TGY ek iw] 7t
7} 10% 2 20%9] fol8 S92 A aast <l
AUt 1A 9, B F25 2o IF(MLE-100
2 MLE-300)8] F&#2H &Y LDL % HDL-

Table 1. Effects of mulberry leaf exfract (MLE) on trig-
lyceride levels in serum SD rats

Triglyceride (TG) level (mg/dl serum)

Control MLE-100 MLE-300
145.32+1.06" 130.20=3.99 116.6712.11
(100) (89.6%)* (80.3%)**

MLE-100 and MLE-300: Mulberry leaf methanol extract of
100 and 300 mg/kg B.W./day added to basic control diet;
"MeantSD with 7 rats per group, *Percent of control values,
*p<0.05, **p<0.01 compared with control group.

Fe2EEe] ol dRaE WiB] K9 oA
AHE 7|0 $ Qi) 03 AMe Fokn
o] 71918 Aoz FhhhEc)

KA 51988y EZE ARE-GF wiglo] x| AtAlA
TE S 25% BU-HIIES DI AEEA )
A "y FEYEHES aAHoE AAEy B
2T e 21998y A EYAHER S
3 TAEE gE] 0.1 2 1.0gkg BWS 2 3
£E9 aiold EzZEARE(TG) © gyg 2~
HES frold oz AT, ¥ g 2uEe
0.1 gkg BWe| BEH2E-2 938 17%7} 5713 6t
1.0 gkg BWolAM = 20%2] Z2g37) dvkal
Byglow 7F 5(1995)% AR AFEAE B
ot

2. Byttao Wy xSt
g BT 4 A4 A (oxygen free
radicalsy= QACES 5 FHIT=E), FAolorEe)
HE, T4, UVH X3 2AF Soluy AlujollA oA}
o oot dEHhge] o= A
= ZHMEE FHsH JdEaad
AW S sk =315 s Av) 5o AAA
AAgRe e ®nt oflz} Qhcancer/IX = HE
Shh= ARE O] BRI QAvk(Singh, 1991).

i

ol

weby] el BgakAe] A mxE wl
F2E(MLE)®] F%& vwske] B Table 294 72
oh SN FollA 71 A BAEE Superoxide
radical(O; ")2] Aol v HaFe vl B
™, MLE-100 2 MLE-300 282 0,9 AA%e
Z¥z} 273.10+£23.09 2 281.71+ 11.84 nmol/mg pro-
tein®2M thEaFe 0,79 AA4F div ztz
90.7% % 93.5%ZA MLE-100 ZEoA%t 8§94
ol JIgHAT. Zevt 7 7FE s BA4kAel Hy-
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droxyl radical ( -OH)? MAFE vwsle] HH,
MLE-100 2 MLE-3002E¢] - OHe| Ay zhzt
142+0.03 ¥ 1.53+0.10 nmol/mg protein®ZA] T3
g9 - OHY AAH uivl 27 753% H 81.0%
24 ¢ 20~25% F=u v &30 Z -0OHe) A
AL AIgths AMde] YF =

o)5 GAAATANA FE A F Bo] A
ARE Aoz g7 iteAH0.)9] el B
e 93S viwstd B8 MLE-100 @ MLE-300
59 H0,9l A ZHt 0211001 2 022+
0.01 nmol/mg protein/min® 24 Y2159 H,0.°
AAdeE o] 242 91.3% D 95.7%=A, FHEA=
Br)gst s IAE MLE-100 289 #9491 o
A g7t A=A

3. M5 AER| A0 HWIL

ALY ZAERE ZAMEF] XA i
274 &3k #I2r3kRA (lipid peroxide : LPO)S] A
A, G gEe] g0l g A A (oxidized
protein)2] A4 2 siike] FA Sl WY T
S B F Jduk gehd olE ARk 2EwXo Hrt
= LPOE TEr| 2 3] E(malondialdehyde : MDA),
st A e FlERdI8(>C=0 group)?] =7
g #ake] Aksh= 8-OHAGe] %S S48t #

]

1) 2RSSR R S| B AqNIZ

B - A ol -

S - olge

AEere] xdo] @Ak 3HE ol AkslE
W A% E LPOE 738 e MXsA dido] 4
 wsle] X FEHZ YA Urh(Yagi, 1987; Choi
et al, 1991; Yu er al, 1996). ¥ F&Eo| Fo
of 213k LPOS] Aol vR|= JEE vluwsi] B
™ Table 33 7t} =3 A Axuhe FAISL
A XA AR GAgikae] FH st YA E
= MDAS| AAHE FAsle] B 43}, MLE-100
2 MLE-300 289 LPO A thzde] 0.15
+0.01 nmol/mg protein® 24 E 152 LPOY
A v 88.2%2A, WSl FEE9] T 2t
o] 10% ool F1%<l LPog] A4 AAEH7}
AU} o2 3k AFLS Yen 5(1996)°] RIS
wolol galald oA wlEs FEEo| ikshA|
2ol AL gaFor AAY 5 vl AR
U]t

2) AsjctufE ol MM AHxjE T}

3 2] AE wiE dEo] E4drtAhe] 3
& wol AAEE Tlerd aFe WS S48
of Arslahl A (oxidized protein : OP)e] A H-& 4
7veted B Az Table 33 vl MLE-100 2
MLE-300252] OP2] A% 77t 37261421 &R
37.65+3.40 nmol/mg protein® 24 tZ 152 OP2
AAd=F e 2z} 93.8% 2 89.7%2A, LPO2 A
A A gl nR AR B FEES] Fod 9
slo] fejAd oPYl A AAlE=rE A=A

Table 2. Effects of mulberry leaf exiract (MLE) on oxygen free radical formations in serum of SD rats

Superoxide radical Hydroxyl radical Hydrogen peroxide
Groups . . o

(nmol/mg protein) (nmol/mg protein) (nmol/mg protein/min)
Control 301.18+15.57" 1.89 £ 0.05 0.23+0.01
MLE-100 273.10£23.09  (90.7%)** 1.42+0.03° (78.3%)** 0.21+0.01* (91.3%)*
MLE-300 281.71+11.84 (93.5%)* 1.53£0.10" (81.0%)** 0.22£0.01 (95.7%)

MLE-100 and MLE-300 : Mulberry leaf methanol extract of 100 and 300 mg/kg BW/day added to basic control diet; "Mean £
SD with 7 rats per group; Percent of control values; *p<0.05; **p<0.01 compared with control group.

Table 3. Effects of mulberry leaf extract (MLE) on oxidative siress levels in serum of SD rats

Lipid peroxide (LPO) content

Oxidized protein (OP) content

Groups (nmol/mg protein) (nmol/mg protein)
Control 0.17+£0.01" 39.72+3.10
MLE-100 0.1520.01 (88.2%)* 37.26+4.21 (93.8%)*
MLE-300 0.15£0.01 (88.2%)* 35.65+3.40 (89.7%)*

MLE-100 and MLE-300: Mulberry leaf methanol extract of 100 and 300 mg/kg BW/day added to basic control diet. "MeantSD
with 7 rats per group, **Percent of control values, *p<0.05 compared with control group.
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4. MHEA0 BY T}

EAdakae] A A &4 (scavenger enzymes)EA] 7}
% 83 Superoxide dismutase : SOD), Glutathione
peroxidase(GSHPx) & Catalase(CAT)S] &40 v
= B9 FEEMLE)®] d3S A8 v 7 4
of Zoh

MLE-100 ¥ MLE-300 Z§¢] SOD9| &4l& 7z}
7} 3.02£008 % 3.01+0.07 unitymg protein O & A
thz2E2] soDe| &4 ] 712k 1303% 2 1309
PoZA B FEE| Foof| o]sled oF 30% ool
#2122l soDe| #A4o| F7HE S & 5 AUSATh A
A9 ol Akshy ’\Ei‘ﬂ’\(omdauve stress)
£ 7P afHo = AT 4 Sl SoDe 84 &
7he Wi eu7h Ak &hzlck 3 MLE-100 2
MLE-30071%2] GSHPx®| 242 717} 4121+131
2 44,14+ 3.37 [U/g protein® 24 thz"1Ee] GSHPx
o] &g ¥ ZHzF 107.7% 2 1153%EA W) &
EE9 Fool oo 7tzh 10~15%2] F9]HQ
GSHPx®] #4o] F71ES & + At

1 MLE-100 ¥ MLE-3000252] CAT?| 84&
77} 0.32£0.05 ¥ 0.3610.04 umol/mg protein/min
o 2A RIIFe] CATe &4 v 22} 139.1 %
L 1565 %TX B FEES] T 3l zhz}
39.1% R 56.5%2] AAF CATe] &Ado] Zr7Hd &
&+ ‘Rl‘ii‘:}. uwpeba] Al Wej g A=A SOD,
GSHPx ¥ CAT2] Al 7Fx] EAJAkAe] Al A G40
Aol mihg mrhs ARolA Hrtel B w), Bl &
E259 Boe 2EE AE X(oxidative stress)E
EHHoZ ARt 4= Q7] wfiol] =312 gy o
E A F Us Bz 7gEn).

q e

3 SDA REe] 3F 100 E 300
mg/kg wgw 657+ Fo%k A3, MLE-100 ¥

N
,_, -

O_|_4

N
=

MLE-300 5% TG &#e x2E v
10% 2 20%2] §-2l3 442 A" g7} ¢
HAA R, 100 2 300 mg/kg BWE) —?@Et@l*ii
FH =& A g A ZdE F gl
MLE-100 % MLE-300 8¢ F+3SA= iz
(0,79 A& tz2E uv] 7-10%2 A a7}
ABEHALL, S|=EA] Br)Z( - OH)Y] AL thx
25 Wil oF 20-25%4 9 dA3E - OHel WA
AAa@zrE A=At =g MLE-100 ¥ MLE-
300 259 H,0,0 AAe ERIEF e 5~10%
Ao A garte] A=A kvl A3 A x
5402 gk SR A(LPO)R] AL Bt
stod B MLE-100 ¥ MLE-300 180] t}zle]
ET2E 8] 10% olde] 23l LPoel A4
AAa7E AT MLE-100 ¥ MLE-300 =2
w2 Atslehdor) el ML dEaE v
6~10%2] #2122 OPe] X A&7} A4 HA
ok 7P st A Wojaagl soDe| gAe
MLE-100 ¥ MLE-300180] 228 ou] <
30% oPde] f2lA¢l SOD E4de] &/HEsrt oA
Ak =S MLE-100 @ MLE-300 282] GSHPx
9] §]-A<]o ];Hz:l_,_ EHB] 10~15%°] oo]zqo] GS
HPxe] &4 F7tasz} A=) $ MLE-100
9 MLE-300 189 CATY AL tjzd o
H] 60~55%2] #A S CATS] &4 Zvigar) 9l
A=At o] A= }—‘L‘M 2 oof Wl &
E=0 Fos ¥ AR 7k A o)
B 4 A wolgaae] 84 4 Z7tasz A
walEAs vl agHow o3
2 ¥

A
T A

AF A

H o ALZE 1999d% 2T FHEs %
SEA IR e ® FHYHAFVC

Table 4. Effects of mulberry leaf extract (MLE) on scavenger enzyme activities in serum of SD rafs

Groups SOD activity GSHPx activity CAT activity
p (unit/mg protein) (IU/g protein) (umol/mg protein/min)
Control 2.30+0.08" 38.27£4.21 0.23+0.02
MLE-100 3.02+0.08 (130.3% )*** 41.21+1.31 (107.7%)* 0.32+0.05 (139.19% )%+
MLE-300 3.01£0.07 (130.9%)*** 44141337  (115.3%)** 0.360.04 (156.5% y**

MLE-100 and MLE-300: Mulberry leaf methanol extract of 100 and 300 mg/kg BW/day added to basic control diet, "Mean=+SD
with 7 rats per group, Percent of control values, *p<0.05, **p<0.01, ***p<0.001 compared with control group.
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