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Abstract - Aqueous extract of Morus alba L. blocked the toxic effect of paraquat
on E. coli growth. The active components in the extract may be capable of cross-
ing the cell membranes and protect against superoxide toxicity in E. coli. The ex-
tract inhibited FeSO,/H,0, induced lipid peroxidation in rat liver homogenate and
protected against #butyl hydroperoxide caused Ac2F cell damage. Moreover, the
extract showed inhibitory effect on phospholipase A; activity in a dose dependent
manner. Antiinflammatory effect of the extract was further investigated using the
carrageenin-induced oedema model. A single adminstration of the extract (3 g/kg
body, p.o.) was more effective than indomethacin. These results suggest that the
isolation and identification of the active components would have significant thera-
peutic application to inflammation associated with oxygen radicals.
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At ool RS A B FAFHO R AMGE T
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araquat %74 A5 < L9}
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(B3 Moraceae)9] %2 AAZ w1
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A °“ﬂr R ATE 58 Ay £
Fo) E. colivl 3 paraquat E4-& 2427
wz} o] £33 tbutylhydroperoxide(+~BHP)
ol o3 A ZPAEF(Ac2F) <] F4] Asfol vix&
&7} Fenton ¥Hgol| 93] QA== hydroxyl
radicalell &g 2| 3ibstel] tigt Ax5S HES
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FabellA 93t Aoz FARES P
orstrj g AjeFetmd (FEHE No. 549)d Has
o] g}, ] 2 kg WS R 353 H(250 ),
hexane, ethylacetate ¥ 392 WFo] AL
stsict.

AlE A9 - Thiobarbituric acid, vitamin By,
t-BHP, 3-(4,5-dimethylthiazol-2-y1)-2,5-di-
phenyl-tetrazolium-bromide(MTT), dimethyl
sulfoxide(DMSO), glutamine, NaNH,HPOj,,

crotalus atrox PLA,;, porcine pancreas PLA,,

2
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carrageenin % indomethacin< SigmaA(St.
Louis, U.S.A)olA F5)38te] AMS-8Hl2m, tryp-
tic soy broth, yeast extract, bactoagar, glu-
cosex= DifcorH(Detroit, U.S.A)9) A|&& A48
%t} Fetal bovine serum % Dulbucco’s Modi-
fied Eagle Media(DMEM)E GibcoAHGrand
[sland, U.S.A)2] Al%E, malondialdehyde te-
trabutyl-ammonium salte FlukarHSwitzer-
land)el AEE AH83e}. 1-stearoyl-2-(1-4C)
arachidonyl phosphatidylcholine Amer-
sham Life ScienceAFe] Xﬂ Z&, FeSO= WakoAt
(Tokyo, Japan)9| AF-E, paraquats Merck
AH(Darmstadt, Germany)oﬂ*i T AFE AL
£33t} Fe(lD)-tetrakis-N,N,N",N"(2-pyridyl-
methyl) ethylendiamine(Fe-TPEN)= F7%4dl
8o Nagano BHALZ 5B A F-Ho} ARg-sF3ATE.

TFO| -2 A¥d AHEE E coli B By
(ATCC 29682)+= £ tete] Nagano WALEF-E
Agol ARE3IHTE, T TSY(tryptic soy
yeast, 3% tryptic soy broth, 0.5% yeast ex-
tract, 2.0% bactoagar) AF® Rl wjk3te] 35
DA o2 FFIAAM FAEATE TSY v ¥Fe oy
At 50 mg/mL glucose®t 1 ug/mL vitamin
B2 &Rsh= dEd GM #1#] (0.02% MgSO0,, 0.2
% citric acid, 1% K.HPO,, 0.35% NaNH,HPO,)
10 mLell ##2 2.2 713k 37T water bath in-
cubatorel 1000 shake/minZ 16~17A12F wj<k
ste] A3 sl F ol AFESFATE.

NEZFQ| RX|-£ H#o| A3 Ac2F celld
Donryu rate] 37 A EF24 JCRB(Japan
Cancer Research Resources Bank, Tokyo,
Japan)ollA Fete] AHE3IATE ol Fetal Bo-
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vine Serum{(FBS) 10%, glutamine 2%, penici-
1in(100 wg/mL), streptomycin(100 pg/mL) 2
amphotericin B(0.25 ng/mL)< %% DMEM
(complete medium)2.2 37T, 5% CO,8 =4
oA wjekslHA 75 cm’ tissue culture flask
(Corning)ell 2~3% & WA subculturests
AMEFZE A AT

MESE-JIFEL AF 200 g WS Spra-
gue-DawleyAl rat(7~8%F%, male)& st 55
2Y A elA Felsted AHg-atsiTh

ATO| paraquat MIE S AMls HE-24
318 #H 1 mLE 500 mg glucoses}t 100 pgel
vitamin B,& /3t 27 GM wi®} 80 mLel
FaHo=z iEtdth o] 9 200 uLE paraquat
(final concentration 2.5 mM)E o] 50 uL=
2 96 well plateoll 713+ 5 37ColA FA] viF
A 650 nmolA BEE o] AlzbEE 27335l
(Microplate Reader, Packard Instrument Co.
U.SA) d7te] 524 =g A&, 525
& 25% DMSO°)| 54 AHE-3l 1, 3% DMS09
TR 2%E FA8HA Bkt vz EAEE o
W SOD mimic 4-& 7131 Ao Bud v 9
£ Fe-TPEN(200 pM) & AHg-81i e}

Atdmo| X|AzpAE NS HE-0.2mM
FeSO,4 3mM #Fitse4E 23ste Fenton
WeAe &2 23t FEEE veta 79
25% 2 oAN 0.3 mLE 7H (8 & &3 1ml)
37CAlAM 1081 v-eAIZT. AP E = A Azt
52 15(v/v)% trichloroacetic acid, 0.125M
A4k, 0.375(v/v)% thiobarbituric acid 2 0.6
mM butylated hydroxytoluene® X33t 3
4 3mLE 7hsted 95Tl A 3087 vkeA1Z) ths
3000 rpmeollA 2083 94 F28 4599 3
=E 535 nmolA 3% ¥ malondialdehyde
tetrabutylammonium salt® ZFEZIZ A&
sto] Albeinh Y $3S el kel A At
3l JA%5E % inhibitiono. 2 el T}

MZ HH2EAIIAM AMI] Eitsts AMF -HE
FZ 24 well platec] 25x10%well2 EF3}o]
12717t complete mediumellA Wieket & Serum
Free Medium(SFM) 2.2 zZolFm o2& 3027t
A A8 & 1 mM -BHPE 2213t A 2ldle] 4o}

A= AXe] 8 MIT assay AA&l] 2433
o' 2 | mM +BHP 2413t A2} % 6lA & A A8}
3L phosphate buffered saline(PBS)Z A
Hel T A2 SFMe2 ZolE & 5 mg/mLel
¥E2 PRSI %9 MTT €94 vix] 1mL% 0.1
mlA st o1& 37C CO; incubator&ol
A 4AZE Bt wjeksle] AEAE AAHE F DMSO
9} ethanol 1:1 €89 1 mLZ $of 2083t shak-
ing3ld A blue formazang =< ths 570 nm
M FI=F STt FE2E # +BHP=
DMSO9] =9ew DMS0Y HF sx€ 2%7t 5
Al kA
Phospholipase A,(PLA,) 4 HE -PLAEA
100 mM Tris-HC1(pH 7.4), 6 mM CaCl,, ~I
20 nmole, &4 ¥ =8 223 FE8L ¢
3k whgolZ 37 oA 3083t vheS & A
2] 29HE Dole 59 W whet &8t li-
quid scintillation counter 733l PLAZ
Aoz IelAnt” Nd2E 1-stearoyl-2-(1-1C)
arachidonyl phosphatidylcholines AH&-31
3 &EAE Crotalus atrox PLA;(40 ng)<t Por-
cine pancreas PLA,(30 ng) & 22} AH&-3td Tt
Carrageenin =M 3 FIsel AE-3H
9] ¢&% hldd carrageenin £9(1 mg/
paw) < 33} FARse AAE FF &AL 1Az
A2z 6A1ZF < Plethysmometer(7140 Ugo
Basile)2 243907 Fgol o 3 7]
5o Ay £ REAZFE 1g ¥ 397 in-
domethacin(10 mg/kg) & carrageenin%4
30%Ad BT FAZ A AYFoIA FESAL
o] W Hw AANEFE BT FAS.
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AMHTIIO| paraquat B4 HHS AE-AZAZ
g} AMEE 1 e paraquats bacteria®lA
mammaliand] ZX& W& "9 F71A =&
E4o] gl Aoz welAd At E coliel
paraquat® 7IshH & §st E. colifelA
54292 mono cation radical(PQ")E wixh
He ol EAPY 4bae} Awe] whg-dte] super-
oxideZ 443 ©rt AU BB uix]of A



E. coll paraquat® A3t & we 2A€
superoxided| 23] Mn-SOD<] o] 143 W
o Fx=o] paraquat S AL AAA =
R g0 2 Ao AH&-8 glucose minimal(GM)
w4 = Mn-SOD2] #/de] gA Fr==l 23}
o] ' Z4 ke o)af thREo] A Hma 9AZt
v sl = AAYERR] gheth =3 o] Ald) SODE
7Vl % paraquat®] 54 Ae& #2E = ¢l
©tl(data not shown) ©°l& 9FdM 713
SOD< E. colZ 9% $7F §leBR para-
quatel] os AE el A7 YL RE E
colig B3% & gl7] wjFoltt,

%, Fe-TPEN xanthine oxidase-cytoch-
rome ¢ assay°lA 0.8 uMe F=Z % 1 unite
SOD 45 JYehY paraquate] S ZHH
E. colig B33 SOD mimic #% Aol ?
£ A8A Fe-TPENS X&l3t5i& o] Fe-TPEN
of &g SA43A AA Al oa FF A
o 7l FHE& 28 E coliyb AL BF
& & 9t}. o] Fe-TPEN©] E. colitt& E3}5le
AE W=Z 507t E. colifoA paraquatel 218)
A7) superoxided] ™8] SOD mimico.2 2H8-¢
S 2R E. colfg B331 &S Qv gt}

B dFdA e A5 Ao AlFE =A% da
2 A8 B PR QWM B AFEE] 9
 E3A H gAdFGeR AMEHI Y= o4
o Zo) Wzteks W2 23 5 ot W

paraquat®] 54l o|& FEEo] vAe FFL

paraquat 54 A% A
ane, ethylacetate 2 522 ro] 4EI}AS
FFol 7H4 Hold paraquat B4 A5 & B
At Fig. 1914 Hol S ule} Zo] Ay 4=
X 9&2 22 paraquat 58E JAISHH, 2 mg
/mLe] Fx=X Fe-TPENT A9 A A%
< JEle e R Bop gy 3o 723 SOD
mimic 24-& ke B2 o] EAlge] A =AY
29| XA YAELS HE - Fenton ¥l 23
A€ hydroxy radical® 339 7t g4 =]
Apets gt ol ¥hgA] 0.08 mg/mL,
0.40 mg/mL¥% 1.00 mg/mLe} %7t =& A
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—=&—— Extract(0.40mg/mi)
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0 2 4 6 8 10
Time (h)
Fig. 1. Effect of the aqueous extract of Morus
alba on the paraquat toxicity in E. coli.

0.0

o

E38 in vitroolA 9] Falsl £330 Fidss
AEslych. olw Fenton ¥H3& do7)A] g
Ao A A}l g 022 B3 Fenton %
SHE FEAAS W] AP A=E 1002
2 Kol July] 30| A ite) AA TS HEE
2 ZANE 9 0.08 mg/mL, 0.40 mg/mL7} 1.00
mg/mLAlA 22} 14.7%, 39.2% 2L 80.3%=
Wy 2 2L & 9EH 02 hydroxy radi-
cald] g 7+ A Y A AHISE A AT
(ICs 0.57 mg/mL) (Table ).

Liver cell HHZAHIOIMS| &&tsts 2 E - Oxi-
dative stressoll 28 X &4 Aol de] A&
HE modelZZ<Q £BHPE AE B4 F¢ &2
2 ARt Ay £ 2Ie AXY e
A% +BHPS] A Xl UiZE A X B4 v[x] &=
JEE Au Rttt AMa $53L controld cell
viability & 100% 22 39w, 72 ug/mL3 720

T oX o

Table L. Effects of aqueous extract of Morus alba
on the lipid peroxidation of rat liver homogenate
induced by FeSO, and H,0O,

Concentration nmole of Inhibition

Groups (mg/mD MDA (%)
Normal 0.5 100
Control 21.5 0
Morus alba 0.08 179 14.7

0.40 12.7 39.2
1.00 4.7 80.3
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ng/mL F=oA cell viability?} 2+2} 67.71%9
70.71%% 1 mM ¢BHPA =29 57.88% Kt} ok
4 ¥ viabilityE® R FH(Table II).

PLA, &Y Halls HE-PLAE AT TE
AeEEd o|Z71 744 B eA Nxd 3y B
v Zo) EAste AR glycerophospho-
lipid®] 2% $1X19] esterZ2 #& 7HRal sl fre)
A84+2 lysophospholipidE A3, thakst
A3 BV E eicosanoide] A B2 ara-
chidonic acide 2R1A42] 29 91z A3tsln
genz PLA, 8432 fel5o 942 uhsS )
Mote Aoz defx Udnt.” 7198 gea = 2
#9 Crotalus atrox PLA,%} Porcine pancre-
atic PLA,S| &4el || s =2 g o
s HEINYE W BE 219 PLA, A &
S AR ©] £H 10,2 0.85 mg/mlZ A
A= Qe (Table 1D,

Carrageenin =M 55 oAX| 1} HE - Car-
rageenin %4 %%& nonsteroid anti-in-
flammatory drugs(NSAID)ol| wh$¢- 21zksle] Aj
EF NSAIDS] @78 93 #43 9% 42 22
2 ARSI QY o' FEle] REe 27 Ay
histamine® serotoninoll <&} vii=™, 37
Jefe] o7 B4-2 grachidonate Al B4z &

Table II. Effects of protective activity of the aqueous
extract of Morus alba on Ac2F cell damage induced
by #butyl hydroperoxide

Concentration  Cell Viability
Groups (1g/mD) %)
Control 100
+BHP 57.9
Morus alba 72 56.8
72 67.7
720 70.7

Table IIL Inhibition of aqueous extract of Morus
alba on phospholipase A, activity

Inhibition (%)

Concentration
(mg/m]) Crotalus atrox Porcine
PLA, pancreatic PLA,
0.08 15.6 10.1
0.40 29.4 30.7
2.00 71.7 69.5

220

200

180

160

140

Control (%)

120

—®— Control

100 —a&— Extract(1g/kg)

80 —=— Extract(3g/kg)
~—0— indomethacin

60 ) L .
0 2 4 6
Time (h)

Fig. 2. Effect of the aqueous extract of Morus
alba on the carrageenin-induced oedema in rat.
Significantly different from the carrageenin-treat-
ed control (**p<0.01)(n=6).

o
A3 E W 7 9oz Afdded 1
kglXe Fd 542 A4595 9lE indometha-
cindl BHse AHE, 3g/kgd FE4FoRE
indomethacinEt} 893 2.2 o4 g7 et

WAtk (Fig. 2).
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def FEol mialE YL plate readers AHE3F
o] microplateddlA AEFUS W 53] Ay
T30l Hold B4 AAeE BYozA o] &4
E. coli®l & B3] paraquatel <8 A€
superoxide® AAZCEZN paraquatd] FAC
25H E colis B3T F e 4] TRF
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caldll g A ARl g A5 & HEIAS
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carrageenin =4 §% AT SHL 0 &
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