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Development of Novel matters for
Anti-hypertension and Hepatoprotective activity
from Morus bombycis Koidzumi
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SUMMARY

This study was carried out to investigate the antioxidative activity for the
purpose of developing antioxidant from Morus bombycis Koidzumi.
Antioxidant activities were examined by measuring the radical scavenging
effect on 1,1-diphenyl-2-picrylhydrazyl(DPPH) radical. The 80% methanol
extract from the stem of M. bombycis Koidzumi showed strong antioxidative
activity. The 80% ethanol extracts from the root, stem, and fruit had high
antioxidative activity. The 80% ethanol extract has strong absorbency at UVA
region (350nm). Because of these highest actioxidative and photoprotective
effect among 24 samples, UVA/B absorption properties and radical scavenging
effects of 5 different extract compartments (Hexane, CHCls, EtOAc, BuOH
and H:O fraction) from the 80% ethanol extract of root of M. bombycis
Koidzumi were further examined. The ethyl acetate(EtOAc) fraction exhibited
antioxidative activity with ICsp of 15.0 pg/mL similar to those of synthetic
antioxidant, BHT. The EtOAc fraction has a good absorbency property as
synthetic filter. In the absorbance of various extracts, the 80% ethanol and
ethyl acetate extracts from the root of M. bombycis Koidzumi showed higher
absorbancy at 285 nm. The ethyl acetate fraction from the root of M.
bombycis Koidzumi contained total phenolic compounds at the level of 654.8
mg/100g. These results seem that the phenolic compound is the major
biological component in the root of M. bombycis Koidzumi extracts.
Considering these biological activities, the extracts of M. bombycis Koidzumi
showed a possibility to be used as a new material for natural antioxidant and
substitutes for synthetic UV sunscreen agents.

The antioxidant activity and liver protective effect of M. bombycis
Koidzumi were investigated. Aqueous extracts of M. bombycis Koidzumi had
higher superoxide radical scavenging activity than other types of extracts.
The aqueous extract at a dose of 100 mg/kg showed significant

hepatoprotective activity when compared with that of a standard agent. The



biochemical results were confirmed by histological observations indicating that
M. bombycis Koidzumi extract together with CCly treatment decreased
ballooning degeneration. The water extract recovered the CCly—induced liver
injury and showed antioxidant effects in assays of FeCls - ascorbic
acid-induced lipid peroxidation in rats. Based on these results, we suggest
that the hepatoprotective effect of the M. bombycis Koidzumi extract is
related to its antioxidative activity.

We have identified 2,5-Dihydroxy-4,3 -di(f-D-glucopyranosyloxy)-trans
-stilbene(DGTS)as the active factor and investigated the protective effect of
the purified compound from Morus bombycis Koidzumi against CCls—induced
hepatotoxicity in rats and the mechanism underlying the protective effects.
Carbon tetrachloride (CCly) is a toxic material known to induce lipid
peroxidation and liver damage. The purified compound from M. bombycis
Koidzumi displayed dose-dependent superoxide radical scavenging activity
(IC5=430.2 pg/mL), as assayed by the electron spin resonance (ESR)
spin—trapping technique. The increase in aspartate aminotransferase (AST)
and alanine aminotransferase (ALT) activities in serum associated with carbon
tetrachloride (CCly)-induced liver injury was also inhibited by purified
compound from M. bombycis Koidzumi. The purified compound from M.
bombycis Koidzumi at a dose of 4007600 mg/kg had hepatoprotective activity
comparable to the standard agent, silymarin. The biochemical assays were
confirmed by histological observations showing that the purified compound
from M. bombycis Koidzumi decreased cell ballooning in response to CCly
treatment. These results demonstrate that the purified compound from M.
bombycis Koidzumi is a potent antioxidant with a protective action against
CCl4-induced hepatotoxicity.

We investigated 2,5-dihydroxy-4,3’ -di(f-D-glucopyranosyloxy)-trans
-stilbene(DGTS) effects on STZ-induced diabetes in rats. DGTS inhibited the
increases in aspartate aminotransferase (AST), alanine amino -transferase
(ALT) and blood urea nitrogen (BUN) in the serum associated with
STZ-induced diabetes. At doses of 2007800 mg/kg, DGTS had antidiabetic



activity comparable to the standard agent, tolbutamide. The biochemical
assays were confirmed by histological observations showing that DGTS
prevented atrophy of [i-cells and vascular degenerative changes in the islets.
DGTS reversed STZ-induced diabetes and had an antioxidant action in assays
of lipid peroxidation in serum. Levels of cytochrome P450 2E1 (CYP2EL)
mRNA, as measured by RT-PCR, were lower in the livers of DGTS-treated
rats than those of the control group. These results demonstrate that DGTS is

a potent antidiabetic with a protective action against STZ-induced diabetes.
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Fruit Leaf Stem Root

L
|

Absorbance at 285 nm

M Ethanol Methanol ~ EIChloroform NWater E80% Ethanol  [80% Methanol ‘

0.8

Absorbance at 490 nr

Fruit Leaf Stem Root
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0.8 1
0.6 1
0.4 1

0.2 1

Stem Root

Absorbance at 450 nm
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Figure 1. Absorbance of extracts obtained from Morus bombycis Koidzumi by
using various solvents at 285, 450, and 490 nm. The absorbance is measured

with a 0.01% solution in methanol over an optic path of lcm.
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Table 1. Contents of total phenolics in extracts obtained from Morus

bombycis Koidzumi by using various solvents.

Total phenolics (mg/100g)

Extracts
Fruit Leaf Stem Root

Ethanol 196.8 115.0 327.7 334.6
Methanol 164.0 56.1 331.4 270.6
Chloroform 32.1 59.9 106.2 109.3
Water 254.9 451.6 414.4 198.5
80% Ethanol 503.7 236.2 537.6 388.9
80% Methanol 385.6 298.5 819.4 360.6
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Table 2. UVA/UVB absorption properties of extracts obtained from Morus

bombycis Koidzumi by using various solvents.

E%cm" at absorption E%cm" at absorption

Extracts 308nm 350nm
Synthetic filter
Octyl methox
A 924.4 169
Dioxybenzone 412.6 208.5
Oxybenzone 423.8 216.1
Fruit
Ethanol 21.6 12.0
Methanol 37.1 19.6
Chloroform 10.8 6.4
Water 40.1 23.3
80% Ethanol 60.2 43.2
80% Methanol 48.3 314
Leaf
Ethanol 25.6 16.1
Methanol 21.4 139
Chloroform 26.5 27.1
Water 40.5 274
80% Ethanol 18.8 16.8
80% Methanol 326 18.3
Stem
Ethanol 65.4 34.3
Methanol 65.8 35.0
Chloroform 44.3 324
Water 43.3 32.6
80% Ethanol 60.7 31.7
809 Methanol 68.0 36.7
Root
Ethanol 80.1 40.9
Methanol 81.6 39.2
Chloroform 442 19.6
Water 28.6 18.9
80% Ethanol 150.5 64.1
80% Methanol 108.5 52.3

1) The coefficient of extinction, E%cm, is the theorical absorbance of a 1%

solution over an optic path of lem.
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Table 3. Antioxidant activity of extracts obtained from Morus bombycis

Koidzumi on DPPH radical scavenging method.

Antioxidant activity, (ICso": pg/mL)

Extracts
Fruit Leaf Stem Root
Ethanol 114.3 90.5 50.0 61.4
Methanol 452 97.6 31.0 65.3
Chloroform 231.0 104.8 228.6 70.3
Water 28.6 42.9 57.1 108.2
80% Ethanol 28.6 109.5 26.2 359
809 Methanol 26.2 38.1 23.8 42.3
Control
antioxidants
BHT 54
Vitamin-C 4.2
a—Tocopherol 3.3

1) Amount required for 50% reduction of DPPH (0.04 mM) after 30 min.
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Figure 2. Absorbance of solvent fractionations from the root of Morus
bombycis Koidzumi at 285, 450, and 490 nm. The absorbance is measured

with a 0.01% solution in methanol over an optic path of lcm.
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Table 4. Contents of total phenolics in solvent fractionations from the root of
Morus bombycis Koidzumi.

(Unit: mg/100g)

Fractions Total phenolics
n-Hexane 167.2
CHCl3 98.6
EtOAc 654.8
n-BuOH 409.2
Aqueous 295.9
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Table 5. UVA/UVB absorption properties of solvent fractionations from the

root of Morus bombycis Koidzumi.

Fractions E%cm® at 308 nm E%cm® at 350 nm

Synthetic filter

Dioxybenzone 412.6 208.5
Octyl methoxy cinnamate 924.4 16.9
Oxybenzone 423.8 216.1
n-Hexane fr. 73.8 33.8
CHCl3 fr 116.3 46.8

EtOAc fr. 2234 94.2

BuOH fr 151.0 84.1

Water fr | 64.5 36.9

1) The coefficient of extinction, E%cm, is the theorical absorbance of a 1%

solution over an optic path of lcm.
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Figure 3. Concentration dependent UV B and UV A absorption properties of

80% ethanol extract and ethyl acetate fraction from the root of Morus

bombycis Koidzumi.
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Table 6. Antioxidant activity of solvent fractionations from the root of Morus

bombycis Koidzumi on DPPH radical scavenging method.

Fractions Antioxidant activity, (ICso": ug/mL)
n-Hexane fr. 45.0
CHCI; fr 25.0
EtOAc fr. 15.0
n-BuOH fr. 57.5
Aqueous fr. 375

Control antioxidants

BHT 54
Vitamin-C 4.2
i-"Tocopherol 3.3

1) Amount required for 50% reduction of DPPH (0.04 mM) after 30 min.
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Lol kst 2EH 2T ofe] 7hA] Agke] ®Rld Fa3 9dS sta 53
dIEA HHE FaHol g3 e E HE T ABRF &Y 5 HE S
T #ostE BoR dEA Qo wd BY 2 CH 1AM E s ~E
A7k hzAe] A dSukes AV s AS oln HaE wp gt
olF % hEade Holts atEA sEd 2= g oF fEE A3
A= #Ado] = FoR LA e, F itsd 2Ed 2 s xd
23l (lipid peroxidation)ell o]&l ZFAIA A EolA wPA FAA] AARE o] F7}
"k 2avt 9l

At stetae shekgul, wskA|, 7k R o[ AlFA|, Ve ofA] ToE ALE
3 9o] AR AABET}e] HE s5Ae] o AN AET 5357
5 &3 Foll ofsl ztel Ak A ®sE zHete o= Ha Holgth

H
AlA3te A= P4 mixed function oxidase (MFO) enzyme system$!

by

microsomal ferrous cytochrom P-4509] 2]3} trichloromethyl free radical (CCI3)
S PJAS oju] At #9to] =o® CCI3el A CCI3CO0 « FAo] 3 =d
ojzlo] I+ HA e HA oz g WwolEofA 1 Ut} Free radical ¢
FHol+= superoxide anion (O2-:), hydrogen peroxide(H202), hydroxyl
radical(-:OH), peroxyradical (ROO-)% singlet oxygen(102)%°] it} o]z
free radical o 98] dojrh= A W Woll&= ME E= HXE A7 2 A
A Hkste] 93k microsome, mitochondria 52 A7 &4, &4
oful =ik 7] 9] AbstE E3 w7Ee A B dabd e Wy A ks E
& dog B3 &4, AA W2 HYs HYUAd 3k macrophage?] Wo] A
M% F9 =49 &4, 183 DNA &40 93 Az 943 5o
olfree radical®] A I} antioxidant?] Wo]2 Atolo] Hsf7} A A
AEELS do7l= AS oxidative stress A EIERIL 39, oxidative stresst
antioxidant®] Z3F oY} free radical®] %¥¢] antioxidant®] ®Wej=& ojit oz ol
BAEJES o dold 5 AUtk At stebaol] o8 44 F=¥ free radical
(:02-, H202, -OH, 102)2 Ad "& FAse] Ade] Irtsts Aoy,
free radicale] Al W @ Fojr} x4 F 9 macromolecules$t A ¥ st 1o
AL AW HAZ microsomal enzyme &4 As To 7 A4S Uy E Ao

%)
2 a8 Al Hole AldsterA = 1 tgAbE o] endoplasmic reticulum



o] Ca2+ pumpZ A&t ME W calcium homeostasisE A 3]st= Aol 7+ %
AL 7oz AAE I vk 53] <9 ESR(electron spin resonance)
spectroscopy 7ol A At stebA o] FHF tiAbEo] CO2¢9F -02- - o] Ry
ot Atd 3l A= cytochrome P-4500] 9&] ZAo] 73 tiaAtE=w . 2
AL AdANsE ol FARWELAA AgHd 4 AAE Do
o] tjAbEo] It microsome®] @A AFetA AFete] whe] xH Al

]
e FAste] FdlE doAAM el EW GA "—.*Xﬂ, 5ol A

# 8
r!I.

A\
ol

1) ESR(electron spin resonance) § o2 X4 A AAS
Te SASATH
Superoxide anion< g WhSo =z ZA3tt. 0.1 M potassium dihydrogen
phosphate(KH-PO,) buffer (pH 7.4) + 50 uM DETAPAC(diethylenetriamine-
pentaacetic acid) + 180 mM DMPO(5,5-dimethyl-1 -pyrroline-oxide) + 1 mM
Xanthine + 1 uM catalase + 25 unit XOD (Xanthine oxidase). §] WH&-2t&<l
DMPO-OOH+E= ESE spectrometer(JEOL-JES-TM200, JEOL, Tokyo) °l <]3}
=3 ¥t Hydroxyl radicale thS wbgo g =A319th 0.1 M KH.PO, buffer
(pH 7.4) + 200 uM EDTA + 90 mM DMPO + 200 uM FeSOs + 5 mM HyOs.
9] wk&ALE ¢l DMPO-OH = ESR spectrometryel & A=t HalxALe
oS- 2o} 37ColA field set 335.4+5.0 mT, frequency 100 KHz, amplitude

N

ESR® o2 superoxide anion¥} hydroxyl radical 24

0.79%x0.1 mT, response time 0.1 s, sweep time 2 min, microwave power 8.0

mM(9.423 GHz), receiver gains 2x100°]aL, AlE+ 30 mM NaOH=Z & &) 3}it}.
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2) 1t MEF AFAA AFSHE AR FH]

AL rotary vaccum evaporatorolA 7t F=A1Z1 & DMSO
(dimethyl] sulfoxide)o] =¥ & =o]3 0.2 um sterile syringe filterol 3}, 2F
TAIA YE BASHA ARESHr)

o
it
it}
i

O

3) GAET vl

ek AEF (HepG2)w= A&dista o 3ofst A g AEF 3ol &4
wol -196C AA| AAawAe] BastHA ARE gl Cell> DMEM#| Al 19 9]
penicillin-streptomycin® 10% FBS(Fetal bovine serum)Z #7}sle] 37C, 5%
CO. vl 71l wjggiet. v gd Zh2he] AE= dFdol 2-33] wiA 5 kst
WA flaskupeboll Al Z 7} 90%°] 4 A2 HPBS(Phosphate buffered saline) 2 A &
5k & 0.05% trypsin-EDTAZ =g]alo] flask BletollA W W 3 A w3},

4) Cytotoxicity test
Trypsin-EDTA A28 cellE washingdt & AEE 2x10° cells/mL FE& 3}
I AAIZE EQF 37T, 5% COz wiF7]ol WAl 7l FEF=5 0, 250, 500, 1000
pg/mL s=2 Z}7F F7bsko] 24, 48, 72X v Gt A Aokl AESFE AT
ghok wk® AEE 50 uLs FAstel FUF 4 04% trypan blue dyeshd 4
|

g olg3tel GMHA R ME, F

of

5) Flow cytometric analysis

T-25 mL flask o Aeld= wjke Aol Trypsin-EDTAE % o] 37CelA]
E2F Agste] nigtel] B2 cell® Wo] washd F counterdte] 2x10° cells/mL
A Ak 27Ee 70% oehE R 4T A 1A 243 PBSE washd +
1 mL ¢ dAH(980 uL PBS+1 mg/mL2] PI 10 uL+10 mg/mL ¢] RNase A 10
ulb)e. = 37T, 30 & ¥ FACSE H+th

L

6) FeCly-ascorbic acid 9 23] %% 7+ %2 microsome? A& 1+l &E gt

de A
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2 g 9 7 4% 10mLe KCI-Tris-HCl (pH 7.2) buffer® 23} sttt
035 mLe 3 2= + 01 mL Tris—HCI buffer(pH7.2) + 0.05 ml®] 4 mM
FeCly +0.05 mLPJ 0.1 mM ascorbic acid+0.05 mLe] FEEE Ho] 37CA 1
AIZE S A171 & 05 mLe 0.1 M2 HCL 02 mL ¢ 98% SDS, 0.7 mL ¥o4
5 ¥i 06% TBAEZ 2 mL Y1 &% & 30& o 224 23 = 5 mL

-BuOH = ¥ 3,000 rpmell A 15% < —Erfﬂ ste] 1 A& S 532 nm oA
THEE %236}915}. guwAdZe  [owryH oz ZAr. EEEEe
1,1,3,3-tetraethoxypropan < A}-&3}31t}.

7 55 Z2yE AMG3lEr A 93 rdE 190-220 g ¢ Male Wistar albino

L AALREY Faol Addidn FEAY e
747 LH AR (pellet) & AMS3lHA Ao HSA AT 1
N S AP 5ES Ao wet FHHA 93] 7 w3 6vkEly Al
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Al stet 2 s FEFAE 3 5 308, 24A17, 4841l ZHZE FEE 100
mg/kg, 300 mg/kg, 500 mg/kg¥} silymarin 100 mg/kg% ATFol st A
erio] ZAE AFEEEHLE olive oildl L1(v/V)E oA 2 mL/kg &3O =
38t FAE AT A g2 5L &2 olive oilthS I3 FAL T

=
rlo

8) & AST(aspartate aminotransferase)® ALT(alanine aminotransferase) %t

54

0
o

A3t AS Fo] 3 7oA 7 who] B ES ethyl ether® &Y v}

Aol AMESEA T @3 AST, ALT €42 s A sstAA7](FUJT DRI-CHEM
CLINICAL CHEMISTRY ANALYZER DRI-CHEM 3500, FUJIFILM, Japan)&
o] g3t =39

v

0) 3+ Ao 2437 73

7 Z22E 10% formalinol A A7l & 50-100% 9] ethanol® E©<A]7] 1 1}
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gHoz uAHEFIL. 45 um FAZ 2 Hematoxylin-Eosin G2 S 3dle] #
Zat ok

10) Statistical analysis

B AFA RE AFAAINE meantS.D.E e AL, 24 o+ 7he HiFx)
olo] W3t FX AL one way analysis of variance(ANOVA)HAA S s &

W tht 7Fe] XFoli= Statistival Analysis Software(SAS institute) S o] &3}
Duncan's new multiple t-testoll ¢]3lo] P<0.05 ¢ FFolA 94 #HAAS A
&Y 3+ o}

1) ESR spin trapping® o2& EAAL 27T &4

ESR spin trapping¥2 ol &3 EdAS WAl &S free
radical(‘R)& DMPOY PBN #-&free radical trapping#l e} ¥H3-Al 7, Ht} ¢FA
Sk free radical(spin adduct, SA <)< AAAAIA ©|& ESRZ FHAsI= WHo|t)
ESR W& superoxide anion, hydroxyl radical®< 71 A&siA =AHE &= 9
WHo g deA vk AFauZd AA FAo] e HAEo] AMAstE A
g FEAelA RS g dvE Rarp k. aelste] WA &l
superoxide radical 27 A SESR spectrometer® o} 2 Az t}
(Table 7, Figure 3). & FEEA] 1C50%ke] 3312 ug/mL=E AY =
& 80% olEE, wighE, 80% wWwE, oeE o o= uERgth ESR signal
ZAo A HHDMPO-OOH signal ©] 5% g&EF oz Yolx= AL &4 & 3
tHFigure 4). &2 &9 hydroxide radical 274 &A1& ESR spectrometer &
ol 2 A= Fig. 53 2o 74 FEE9 #EE 1500 ug/mLE 39S uo
%= hydroxide radical®] 27 &4 7o YA FSkth o] Ao R EE LML
¥y 2E5L superoxide radical &7 A8 9lE wWbHo| hydroxide radical
2~ 3}

o gl Roz Amdd

rie

lo

o
l-u -
oX,
rlo
X
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Table 7. Superoxide radical scavenger activity assay

Concentration Inhibition rate ~ SOD-like ICso

samle /L) (%) gmly  (ug/ml)
Water 500 65.0 0.750 331.2
80% EtOH 500 59.2 0.570 399.9
MeOH 500 47.2 0.429 507.4
80% MeOH 500 46.6 0.419 641.7
EtOH 500 41.2 0.321 681.5
Chloroform 500 12.1 - 1652.2

* Calibration curve: y = 552X + 23495, where y = inhibition rate (%), X =
SOD (ug/mL).

_49_



70

Scavenging effect (%)

Figure 3. ESR spectrum of superoxide radical obtained in various extracts of
500 ug/mL samples. Inset shows ESR spectrum of superoxide radical. (1)

water; (2) 80% EtOH; (3) EtOH; (4) 80% MeOH; (5) MeOH; (6) Chloroform.
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DMPO-OOH adduct

Figure 4. ESR signal of the standard manganese oxide (Mn®) and superoxide
radical (DMPO-OOH) peak without SOD and the inhibitory effect of the
water extracts of different concentration on ESR signals of the superoxide

radical. (A) Control; (B) 100 ug/mL (C) 500 ug/mL.
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Figure 5. ESR signal of the standard manganese oxide (Mn*) and hydroxide
radical (DMPO-OH) peak and the inhibitory effect of the water extracts of
different concentration on ESR signals of the hydroxide radical. (A) Control;

(B) 1000 ug/mL (C) 1500 ug/mL.
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A = Lot

Wl destd ddoly 249 EAAEE YEdE M TaT 7o R A

Ha gtk AWy o olxrzEWlAe ARFolA} (electron donor)EA Fe' &

Fe*' & #9A 73, Fe'Es 029 8¢ & A fe 7] (oxygen free radical)Z
7h wAstH o= AlEure] A AIsE g B

Ao A= superoxide radical A EA o] A<D 3 ABUFE By E FHEER

3# 2+ #AE oA FeCly-ascorbic acid ol ]3]

% &S malondialdehyde(MDA) $t#o 2 =33 Ayl Table 8¢ Zt}. AL}

= FEES 1 mg/mLe 5 mg/mL HA #H7FeAS W MDAF o] {94

¢ FAAE e 1 A& 47 184%% 25.3% T

o] F%=R(0, 250, 500, 1000 ug/mL)® Zt7k H7bskar 24, 48, 72h W FsHAA A
ol A ELFE AUk Figure 6914 & 4 9= B9k o] 1 mg/mLe
FIol A 48AIE W ket Gl o) AR e B FEEo] AXAEE HEael
Hjake] frel el o AlE wEtlia 72413 wiFesle W 500 ug/mLoldtE
ol Hste] frol el AR EhSIt
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Table 8. Effects of water extract from Morus bombycis Koidzumi (MK) roots

on FeCls—ascorbic acid induced lipid peroxidation in a rat liver homogenate in

Vitrox,
Concetration MDA Inhibition
Groups

(mg/mL) (nM/mg protein) (%)

Normal - 0.123+0.010" -

FeClo-AA - 0.288+0.019¢ -
FeCl,-AA+MK 1 0.235+0.013" 184
FeCl,-AA+MK 5 0.215+0.028" 25.3
FeCl,-AA+MK 10 0.258+0.007 10.4
FeCl,-AA+Vit E 1 0.153+0.027° 46.9

* Values are expressed as mean =S.D. (n=bH).

Among the group, values with different letters ate significantly different at P

< 0.05 by Duncan’s multiple range test.
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Figure 6. Effect of water extract of Morus bombycis Koidzumi (MK) in
HepG2 cell. Values with different letters are significantly different at * P<0.05

by Duncan’s multiple range test.
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4) Flow cytometry +2
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Figure 7. The cells were incubated with water extract of Morus bombycis
Koidzumi (MK) (1 mg/mL) for each designated time. The number of apoptotic
cells was measured by flow cytometry as described in text. The region to the
left of the M1 place was defined as cells undergoing apoptosis—associated

DNA degradation. By PI (propidium iodide) staining.
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Table 9. Effect of the water extracts from Morus bombycis Koidzumi

(MK) roots on CCly—induced hepatitis in rats

Groups Dose(mg/kg) AST (IU/L) ALT (IU/L)
Control - 84.0£4.95° 32.8+1.93°
CCly/olive oil 2ml/kg 215.4+20.37° 77.6£4.97
CCls+MK 100 109.4+7.39% 35.0£3.03™
CCL+MK 300 137.0+11.03° 44.8+5.86"™
CCls+MK 500 174.2%15.89" 47.8+5.32°
CCly+Silymarin 100 88.4+5.25" 40.6+1.33™

Values are expressed as mean * S.D. of six animals in each group.
Among the group, values with different letters ate significantly different at P

< 0.05 by Duncan’s multiple range test.
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Figure 8. The photomicrography of liver section taken from rats. (A) control
group; (B) CCly/olive oil (1:1, 2 mL/kg, s.c.); (C) CCL+MK(100 mg/kg, p.o.);
(D) CCL+MK(@300 mg/kg, po.) (E) CCL+MKGBO0 mg/kg, po.); (F)
CClytsilymarin (50 mg/kg, p.o.)
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Figure 9. A process of oxygen free radical generation
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of &gk AT o] & }74] o FolA i Utk A MFolgtol A HHg A w
AR AgA de /‘}%Q 9lE k&<l ursodeoxycholic acid (UDCA)E &
o A, sﬂymarm—Q =33} 2] &9l Silybum marianume fujol A 4z FEH

© ™ biphenyldimethyldicarboxylate (DDB)< < v A 2458 FE % schizandrin
I AR BES FA skl el Aolth o]ef o] H Fhe|dtol A FHA S
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o] EAE FLd § FAoA AST, ALT, LDHS] &S 5433 H&E
4

ol

7 z2AE AFEsg o) FeCl-ascorbic acid@ol o8k #Akslx] 2 9
ZtZ 294 hydroxyproline, malondialdehyde (MDA)E ZA 3},
YP2E1, TNF-a02] mRNA 23 @S dolH ok}

=
7
.y
@
=
ol
mi
HU
(@!

100% methanol® E3A1# 20730% methanol& 23 Hko}
70% methanol &3 AZHTE. o] &HE filtration column (Sephadex LH-20:
25%40 cm)E EFA 7= &ulE 709% methanolE Ab83Fe] & ¥ 1L polyphenol

detected &332 326 nmollA] FFEE =A5te] &HS e 5 HPLCE A
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A% A (Figure 10). <5 27 =

=45 HPLC (M600E, M7725i, M996./Waters), UV(HP-8453), 1H NMR
(Bruker DPX 400 MHz (94T)), 13C NMR (in CD30D and DMSO-db6),
2D-NMR [DEPT-135, HETCOR, HMBC], IR spectrum ¥ FAB-MS techniques

Fahol 72 0 4F 2L stk

.0
LA

=

1t} Polyphenol fraction<
Lz O

o

=1

2 G4 &7 &

g

anion¥} hydroxyl

o1r
J[Nv

=4tk
Superoxide anion< Th3 Wrgo & ZA3Fth 0.1 M KPi buffer (pH 7.4) + 50
uM DETAPAC + 180 mM DMPO + 1 mM Xanthine + 1 uM catalase + 25
Xanthine 4 DMPO-OOH+= ESE
metry(JEOL-JES-TM200, JEOL, Tokyo) | 23] =A 34t} Hydroxyl radical
2 U5 Hvkgoez AUy 01 M KPi buffer (pH 7.4) + 200 uM EDTA +
90 mM DMPO + 200 uM FeSOs + 5 mM HoO.. ¢ ®E§4HE<Q! DMPO-OH +
ESR spectrometryol] o8] S} A zAL 23 7ol 37CoAA field set
335.4%£5.0 mT, frequency 100 KHz, amplitude 0.79%0.1 mT, response time 0.1 s,

superoxide radical A2A%E

unit oxidase. HE-S-ALE Q] spectro-

sweep time 2min, microwave power 8.0 mM(9.423 GHz), receiver gains 2x100.

[e)
SR

3) FeCly-ascorbic acid# ol ©]gt #ibslx] A o] =7
2g 9 % 10 mL®] KCl-Tris-HCl (pH 7.2) buffer® #3g} &3ith.
035 mL9] 3+ & E + 01 mL Tris-HCIl buffer(pH7.2) + 0.05 mL2] 4 mM
FeCly + 0.05 mL®] 0.1 mM ascorbic acid + 0.05 mL¢] sampleE @] 37CelA
1A 7 9ESA1Z1 & 05 mLe 0.1 M2 HCl, 02 mL ¢ 9.8% SDS, 0.7 mL ¥
06% TBAE 2 mL ¥3 &+ E°| 30 ?

PN
= ) I e
e

T= S22

mL n-BuOH & ¥ 3,000 rpmol A 15%

m{u
Hm

rjz
r-1u:

iz

4) 7+ MAEFAHepG2 Al Zof o st 43
(1) A& FH|
SampleEDMSO (Dimethyl sulfoxide)o] s E®H=Z Zolx

syringe filterol] o3}, AT A|A WEF RASHA A&k

0.2 um sterile
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ek AEF (HepG2)w= A&dista o 3ofst & g AlEF 3ol &%
ol -196°C AA| AAawAe] BRastHA AREsSlth Cell> DMEMH Aol 1%
9] penicillin-streptomycin® 10% FBS(Fetal bovine serum)Z #H7}sle] 37T,
5% COz vl F7]oll A v ggiet. wikel Zhzte] AxEs dFdol 2-33] wiAE
k3 A ﬂaskﬂ}‘i%oﬂ MEZF 90%0]4 AekH PBS(Phosphate buffered saline)
2 AFEZ F 0.05% trypsin-EDTAZS A2 3}o] flask vleolAq W W T A4
Hlj @F gkt

(3) Cytotoxicity test
Trypsin-EDTA A2 & cell& 2x10° cells/mL s %2 600 mm Petri dishol ¥
T 5 AAZE F]t 37T, 5% CO. HiF7]ol wjFAl 712 Samples 0, 250, 500,
1000 ug/mLs =2 Z+Z} H71sle24, 48, 72413 vl FstE A Aol AXTE
74]"7‘{}5}. W MEE 50 uLE FHste] A el 04% trypan blue dye$}
7

hematometerE ©]-&3lo] GAEA] &2 A

o
B
>,
)
o

(4) DNA fragmentation analysis

HepG2 cells & 2x10° cells/mL = Al10 ¢cm culture dishese] ®]%s & Sample
2 9" AEet A7 ¥ F genomic DNAE FE3 U} Genomic DNAE
ethidium bromide’} £9¢] %+ 1.5% agarose gel o =% 3s}o] &<lslit},

(5) Flow cytometric analysis
%7] apoptosisE ZAst7] $15Fe] MBL(Japan Co)AFe] Annexin V-FITC Kit
= o] &3}t ApoptosisZ7t AlZFEW Al X2 9+ Phospholipid phosphatidyl
—serine(PS)o] Y dut UF ZWHA AxE 9 HHoR FHF|HY, o] PSE
Annexin V& Zg zstgo] Q7] wiiel A FAete] Aoldl= AdEjel A
Apoptosis®] H-2 & F Ut PIE €4S 4L Axy £& A xe do] Ao
2 AN 1 HgE ds] A HEH Chamber slideo] w3t X E PBSZ
A ¥o] 103 94 ®EEAA Binding

_65_



buffer® A% s ¥ FACScalibur flow cytometer = &4 3kc},
5) At gtgkzel ©gk 3kEFolM DGTSS] (tRS 28

7 RE FoE Algsler o] o3 =S o835l Adst) 190-220 g <
rats 57 36782 @ vlo] oAl =T AALRRE ol ZAYtistn T2 219w}
Fpellet) 2 AFSEAA Ao HLAZA
Azol wel dyyel o8] 7+ w3 69k
A 1o A 27 Atdste AT AR ATE Folsta Ve 490 A
A ZH7F Sample 100 mg/kg, 400 mg/kg, 600 mg/kg¥ silymarin 50 mg/kg
= 7ol 30w Foll A SRS FsFAStaL 2483, 4ol 2H2 sacrificed} S
oh AME SRR A Y] A= AFESRAE olive oildl L1(v/v)E %914 2 ml/kg
&

Fow wa FARAL 4 d2Te BU 39 olive ol S T FFAL
o]
AR

(2) 8% AST(aspartate aminotransferase), ALT(alanine aminotransferase),
LDH(lactate dehydrogenase)st& =4

At SR A S Fo] F 24471 4Yvte] sES ethyl ether® 59 #HH S F
&e 7%7113}@1 Foiswels dHs 23 s} R C

- ARE 3,000 rpmol A 2083 AR st e 42 §F de B
FaA A6l Abgstelth. @3 AST, ALT, LDH @42 25488 AL
(FUJI DRI-CHEM CLINICAL CHEMISTRY ANALYZER DRI-CHEM 3500,
FUJIFILM, Japan)E °]-&8to] S48l

et

ol

(3) 7+ =A e zAsH A

24 10% formalinel A F 50-100% I ethanol® ©4A1713 5
Ao 143A 475 um FAE #ek Hematoxylin-Eosin 448 sho]
Zapint.
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(4) CYP2E1%} TNF-a ¢ RT-PCR #4]

F 7rzAH A RNA FEL Trizol RNA isolation kit (Invitrogen)ZS AF-&3}FS)
th. cDNA #4> RNAE o] 839 AMV RNA PCR kit (Takara, Japan)E A}
S35tk 25 mM MgCl2, 10 x PCR buffer, RNase free dH20, 10 mM dNTP,
0.25 unit AMV reverse transcriptase, 2.5 pmol/uL oligo dT & Y o] 30Tl A
10, 50C ©ll4 30+, 2 min at 95CelA 22-& zH2t vEEAI7A cDNAE §Hd st
Atk PCR oA F4ds cDNA & 1/1084 s = 2 ul FH3slel 25 mM
MgCl2, 10 x PCR buffer, 25 mM dNTP, 0.05 uM primers, 2.5 unit Tag DNA
polymerase (Takara, Japan)®} &3tste] dA E&3Eo] 50 ul A st 94T

o A 2 WAAAIZl & FH3ATE PCR cycle 22312 94T A 30 s, 60T o A
30 s, 72TC oA 1 min, 30 cycles ZA171 F upA 9} cyclee 72ColA 7&7+
HbS- A7tk CYP2E]L gene primer= Table 103} # -t}

6) Statistical analysis

E Agoe] nE AT AINE meantSD.E YERR 1, 2+ 7He] HA A
olo] tigt oA HAAL one way analysis of variance(ANOVA)A RS 3192
W vt ko] XFoli= Statistival Analysis Software(SAS institute) S ©]-&&}o]
Duncan's new multiple t-testell ¢]3lo] P<0.05 ¢ FFoA F9X4 #AAS A
ettt

|

>

_67_



Table 10. Oligonucleotide primers and sizes of expected PCR products

cDNA Primers sequence base pair

CYP2E1l Sense: 5-ACCACCAGCACAACTCTGAGATATGG-3 436
antisense: 5'-CAATTCCATGCGGGCCAGGCCTTCTCC-3

TNF-u  Sense: 5-CGAGTGACAAGCCCGTAGCC-3 7135
antisense! 5'-GGATGAACACGCCAGTCGCC-3

fi-actin sense: 5-CATCCCCCAAAGTTCTAC-3 347

antisense: 5-CCAAAGCCTTCATACATC-3
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Dried Morus bombycis Koidzumi root
80% MeOH for 1hour

4
Extraction

4
evaporation

Partition with water
4
MCl gel CHP20P(MeOH)

0%M eOH 10%MeOH 20% MeOH 30%MeOH 40%MeOH

|

Sephadex LH20 column
chromatography(70% MeOH)

Abs. 326nm and
HPLC

DGTS

Figure 10. Diagram of purificaiton from Morus bombycis Koidzumi root.
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D AU BEeiy ad 249 27 A 2 72 24

AU e RE 9d 245 &2y A 3§ HPLCE ol&3te =&
AZ3ar 345 mine! @Y peak’t &l HAtHFigure 14). € A
compound® DMSOZ £33 1TH-NMR¥} 13C-NMR & Ho] & AxE e
¥} 2t} 1H-NMR data (J values)[H attached to numbered C atom] (Hz in
CD30D) were as follows: & 9.85(s, 1H), 9.44(s, 1H), 7.46(d, 1H), 7.23(d, 1H),
6.95(d, 1H), 6.65(s, 1H), 6.56(m, 3H), 6.35(s, 1H), 5.31(m, 2H), 5.08(s, 2H),
5.00(s, 2H), 4.80(s, 2H), 4.56(d, 2H), 3.70(m, 2H), 3.50(m, 2H), 3.33(m, 2H),
3.30(m, 2H), 3.25(m, 2H), 3.20(m, 2H)(Figure 12). 13C-NMR data #&:
158.794(13), 158.274(1), 157.837(11), 155.734(3), 139.658(9), 127.175(5), 125.874(7),
123.340(8),  117.713(4), 107.329(6), 106.385(10), 105.212(14), 103.706(2),
102.504(12), 100.606(1°), 100.238(1”), 76.909(3), 76.878(3”), 76.472(5”), 73.161(2),
73.067(27), 69.485(4"), 69.413(4”), 60.476(6), 60.439(6”)(Figure 13). ©]|Z4-¥ o]
3l§E 2] F4<S monosaccharidesE 23l 9l stilbenel @ FA 3t} A& 35}
o] DEPT spectrum(Figure 14)& Hof w49 FHE
spectrum(Figure 15)E Zo wlAnE] & 2035ttt Maldi mass(Figure 16)E
Aol E2E(568)S A= 1H-1H COSY spectrum(Figure 17)9F HMBS
spectrum(Figure 18) o $1x A5t} o] Az nFo] E u o] 3
stEo] F %7} 25 -Dihydroxy-4,3’ -di(f-D-glucopyranosyloxy)-trans-stilbene
(DGTS) = & =+ A (Fig. 19).

skl IR
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Figure 11. HPLC chromatogram of DGTS from roots of Morus bombycis

Koidzumi.
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Figure 12. 1H NMR spectrum of 25'-Dihydroxy-4,3’-di(fi-D-glucopyranosyl
-oxy)-trans-stilbene (DGTS).
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Figure 13. 13C NMR spectrum of 25'-Dihydroxy—4,3’-di(i-D-glucopyranosyl
-oxy)-trans-stilbene (DGTS).
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Figure 14. DEPT spectrum of 25 -Dihydroxy—4,3’-di(fi-D-glucopyranosy
-loxy)-trans-stilbene (DGTS).
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Figure 15. IR spectrum of 25 -Dihydroxy-4,3’'-di(fi-D-glucopyranosyl
-oxy)—-trans-stilbene (DGTS).
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Figure 16. Maldi-Tof mass spectrum of 2,5’ -Dihydroxy-4,3’'-di(f-D-gluco
-pyranosyloxy)-trans-stilbene (DGTS).
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Figure 17. 1H-1H COSY spectrum of 2,5’ -Dihydroxy-4,3'-di(-D-gluco
—pyranosyloxy)-trans—stilbene (DGTS).
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Figure 18. HMBC spectrum of 25'-Dihydroxy-4,3'-di(fi-D-glucopyranosyl
-oxy)-trans-stilbene (DGTS).
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2,5'-Dihydroxy—4,3’ -di(fi-D-glucopyranosyloxy)-trans—stilbene
CosH32:014 (MW 568)

Figure 19. Structure of the purified compound from Morus bombycis

Koidzumi
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&

2) ESR & DGTSY 3tz &4
DGTSe] @rtstadA s ESR=Z

e -

A3tAth. superoxide radical &7 AL
ESR spectrometer® o} . ZA3l= thS-3 i (Figure 20). superoxide radical
7] ICso%ke] 430.2 ug/mL= e TR ESR signal 4l B DMPO-OOH
signal °]F%® oEHoR elxE A& & & UATHFigure 21). &vid
hydroxide radical &4 #4& ESR spectrometer® %o} ¥ A3 F=Z 1500
ug/mL= 3RS W= &7 &4dol 7o yeuA FUuth o] Ao R IE
DGTSE superoxide radical 4~ 42 2+ HbHO| hydroxide radical 427 &

B2 A e Ae & U

©orle g

3) FeCly-ascorbic acid® el &3t 23 d o oA zk&

A FGarst vbge oy MR 54 3EE °
He) Ay difoly 22 EAAEE UE
Ha ok & AUdA A KA #istE A AR AxnE dHA

%= TBARS 35S 543 23+ Figure 213 2ok DGTSE #H7kgk A

>
=
BN
at
T
v}
=
5
=
ol
o
N

B} 7o) u2 4%011 gaar.
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DMPO-OOH adduct

Mn2+

Figure 20. ESR signal of the standard manganese oxide (Mn*") and
superoxide radical (DMPO-OOH) peak without SOD and the inhibitory effect
of the fraction of different concentration on ESR singnals of the superoxide

radical. (A) Control; (B) 300 ug/mL (C) 500 ug/mL.
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Figure 21. Inhibitory effects of the purified compound from Morus bombycis
Koidzumi on FeCls—ascorbic acid induced lipid peroxidation in rat liver
homogenates. Data are expressed as means * S.D. N=b. * significantly

different from the control rats at P < 0.05 .
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4) HepG2 cell o e DGTS®] A 2-&

(1) HepG2 cell A% oA1&A4

DGTSE kgt AZF Aol w1 = &S FAE7] At #2980, 5
80 ug/mL)=2 7}7} H7hshal 24, 48, 72h vl A AolglE AXESFE AFEES
Tk Figure 220419 o] 24A1%E, 48AIZF vl Aol = Al Afol= AAA W
72A1F st DGTSE AH7beh oAtz rmot folshA AlEAg o] oA
HE AL 4 5 A

(2) DNA fragmentation

AEEo] AEY AEe] #8S S /A9 344 (homeostasis) S &34 o
2 FA3A H+e=d AlXEAR(cell death)e] ZAE 7] A= apoptosis®t necrosis F+
7FAl 717 0] vk Apoptosist 3 W A|EH A Ko A= FE A, Ashsty
71 S 2 necrosisét TEET A ZAAALA A Ko A= APAHA AEI Y 5
AL A A (chromatin)e]l &3l 3wkl Fojol DA H™, AMEAAAF
Aol uwe}p suto] st o] o] ofe] 7] pyknotic nuclei 7O E by
A |TH(129). o9k YEo] M e Ui HHe 2z wHEE] AU
Z7 vhadlgol 9)E4 < endonuclease’t &4 Ho] ©o] §47F DNAE &4
3 AlA AyAH o R 185-200 base pairs(bp)?] DNA HHE A3 A HY. 2
Az MEe] DNAE F=3 dA7195S AASH w392 E (nucleosome) 2]
(185 bp)E Z# % DNA ladder HH|Z T&%QE’#, ol gt FAL A EAAALL]
5ol Astets AFEA o]&H AL . SHAIEE ] Apoptosisell w1 gk A&}t
2 WM3lE DNA7} Fragmentation¥ %1] BE golslr] 93l agarose gelz A

d5& AldeAt. DGTSE 72413 A 2]gh HepG2 Ao 79 A 2ls ko
ojEA o % DNAS w43t die] T7hd S & a sl th(Figure 23).
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Figure 22. Inhibitory effect of fraction from Morus bombycis Koidzumion the
growth of HepG2 cell for 24, 48 and 72 hr incubation time in cytotoxicity

test.
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Figure 23.Agarose gel electrophoresis of DNA following treatment of HepG2
cells with DGTS. 1: 5 ug/ml; 2: 10 ug/ml; 3: 20 ug/ml; 4: 40 ug/ml; 5: 80
ug/ml; 6: 200 ug/ml.
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(3) Annexin V-FITC/PI

A Ee] BFAATE AEZAEAR] o7k AQNA] ARl o) g AT A
H7F87] 9138k Annexin V-FITC/PIZ ©]% AM3le] flow cytometry asays
Tttt DGTSE 1-3Y &<k Aele Z ¥, Annexin V-FITC/PIel| HF-g-3}o]
AAE AEE T FAFE 7 AATh 243 F vk A5l Apoptosis
7F 0.96% = uUEbskal 48417 Eob vl Fells W 1.07% = UEstem 72A1%F
F Mg W= 3.29%= vEhves e & 5 AT (Figure 24).

e

5) At stetael ofs] fE HEAA e 3 BE AE
(1) Arhstetzel ofsf e Egolq AST, ALT % LDH 54 2 =49
A aE
NEAS fraste A9d fralEde] dFow 1 5485 fidste A Y
stebae] 3 5489 A8 8] el A Fout A AETY

9] smooth endoplasmic reticulum®] &3 Ak3}7] o] 2]3}¢] reactive metabolite

¢l trichloromethyl free radical (-CCl)Z WAIE AY &Z& -CCl7} AtAx9F db3

sto] A E ClC-0-0- & Abgtw o] A3 9polyunsaturated fatty acidE 34k
st o z=ZH wre] Fxe) VeS S sua BRaiy o] 9tk AbAstE Aol <] F|
e hEAgel gk S dol £ vl DGTSE A et & AldstaiE Fo

k>
lo
oy
oX,

sto] afF Fol ALT 3hskol At stetdel ole) dAAs] S7HHAAD &
o] 400 mg/kg, 600 mg/kg Fo] A] silymarin®} H|$£3 How AN E=E A
#H#ed 5 AR (Figure 25). AST =2 AbFsteAto] FAw ot folsHA
S7tstd ot DGTSE Folstal AMFSIRAE FoAA 5 A Ago R ¥
A= AE & F AR (Figure 26). AFFstetA: Fof 49 A o= ALT, AST &
B 3Ry E AS 4 & AH(Figure 25, 26). LDH &2 /\]‘oj
steba ol Al ket o) # Q8 Afol= gllal DGTSHFo Alell= LDH 3+
o] At B AT RY ZAaxdsteE AL & F dFH(Figure 27). H F F2 S
AtH(Figure 28). g Rt A et A F41A
4] o] FH A oA FEeta FHo| We FHAEI
T A}k DGT

S&
FEH FHAELE dASA o4 AL #AFE 4 9lQlr).

oot
ftlo

T
&
el
o2
1=
o
o
&
.u, —|—’
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oOh 24h 48h 72h

) R1:0.19% R1:1.14% R1:1.07% R1:3.52%
R2:0.05% R2:0.96% R2:2.05% R2:3.29%

. Oy
1 s YT

FL2-H
10?

B (%) 35 p

Oh 24h 48h 72h

Figure 24. The cells were incubated with DGTS (1 mg/ml) for each
designated time. The number of apoptosis cells was measured by flow
cytometry as described in text. The region to the left of the R2 place was

defined as cells undergoing apoptosis—associated DNA degradation. By
AnnexinV-FITC double staining.
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Figure 25. Serum aspartate transaminase level in various groups of rats
treated with DGTS followed by induction of necrosis by carbon tetrachloride.
Rats were sacrificed 24h after and 4day after the administration of each
groups. Data are expressed as means * S.D., N=6.

* significantly different from the control rats at P < 0.05 .
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Figure 26. Activity of serum alanine transaminase level in various groups of
rats treated with DGTS followed by induction of necrosis by carbon
tetrachloride. Rats were sacrificed 24h after and 4day after the administration
of each groups. Data are expressed as means = S.D., N=6.

* significantly different from the control rats at P < 0.05 .
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Figure 27. Activity

rats treated with

024h [E96h

1
T

- 100mg/kg
+ +

400mg/kg 600mg
+ +

kg

+
50mg/kg

of serum lactate dehydrogenase level in various groups of

DGTS followed by

induction of necrosis by carbon

tetrachloride. Rats were sacrificed 24h after and 4day after the administration

of each groups. Data are expressed as means + S.D., N=6.

* significantly different from the control rats at P < 0.05 .
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Figure 28. Section of liver of a CCls-treated rat showing ventral vein (C.V.)

and hepatic cells (hematoxylin—eosin stain, original magnification, 100x). Rats
were sacrificed 24 hr after the administration of CCli. A, control group; B,
CCly/olive oil (1:1, 2 ml/kg); C, DGTS (100 mg/kg) + CCly D, DGTS (400
mg/kg) + CCLE, DGTS (600 mg/kg) + CCly F, Silymarin (50 mg/kg)+ CCla.
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(2) CYP2E1¢} TNF-a ¢ RT-PCR +#4]

P450 SFEUAL EaAE AA O 228 v ofugr ALoA FE oF=, 3
Bl freliske A4F el 24, Eetol AWo] 55 FdAl7I= o 3t
& 4 (Xenobiotics)e] Al &35 23} 15 & 4%% 9 initiation,
promotion #} tumor progressions A 7)== Ao g L] 9lo] o] Fofo] o
g B AFT7E o] FojAa Arh(130-133). 2ol A 4o =43t
o 7}4 o] #oJdtE Cyp isozymesC EE Cyp 1A1/2, 2B1/2 2 2E1°] ¢t}
1% Cyp2El 2 ethanolel 98l FE%+= &4 &2 AMacetaminophen, aliphatic

-
2
o (o]

Oll

o
N
oty
Jﬁl"

alcohols, acetone, carbon tetrachloride, N-nitrosodimethylamine ¥} #2 22 &
A= A 2 SA o] gt AMEStRAE Folste] F E4S e
< uw CYP2E19] #d#S RT-PCRZ LolR vk (Figure 32). A3 Al

TolAE A EY CYP2ELS] st #dsEe= S & + AL DGTS
Folgh oAM= AtdstE AT EHT At T H = 2
st Fol 4dAol = Agwvtd B5F v Tdd e Ao

2 XN

mlru b

=3 ol we FH9 cytokines°1 HAHRL o] BHEL AA W oA 2F
71%9 2H¥ A9 AS71HE T A Wolrld 2 2] B4 E @
ot Ao dHAA FEolu 94 F Ze AT AA cytokines®] Al
Aol wstel o] A Yt o5 F IL-6, TNF-a:= F=olu HdF
Al AAe] thA Zgo Fo zABARA kA F 7o) Kupffer Al oA @
& ol AAET TRl A F97] wele] kS Eghel vl A gt A
Aol = #oldto]l kel vk AbgstEr A o)F 3 FA4 =4l o)A IL-6%
24X o) 73k HEFS el la TNF-ats 6A17H-E 2 s 7] Alahste] Al
1oz 4dA gt} Figure 2991 A& At
-PCRZ Ygdl Aoz A
At oA A Wdo] B g W] AME et AT A = kA ‘ﬂ“ﬂﬂL
e

L

k

N

ot
)
B
4
£
o
[\
=
>
oL
=2
X
1o
—
1o,
=3
e
o, i
ftlo
=
> =
a3

_92_



CYP2E1

B-actin
= - -
MKF (mg/kg) - - 100 400 600 -
CCl, 2ml/kg) - + + + + +
Silymarin(mg/kg) - - - - - 50

Figure 29. Inhibitory effect of the purified compound from Morus bombycis
Koidzumi on the level of cytochrome P450 2E1 mRNA. CYP2E1 mRNA was
detected by RT-PCR using total RNA from the livers of rats that had been
exposed to (1) control, (2) CCly /olive oil (1:1, 2 mL/kg), and (3-5) DGTS
(100, 400, 600 mg/kg) after administration of CCl4 and (6) silymarin (50
mg/kg) after administration of CCl4. All data were obtained from at least 3

rats.
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4 AR
AR e zRY v 242 B A & F HPLCE ol§dte] £xE
AZssivh ol B FE4L TWar] 915te] IH-NMR, 13C-NMR, DEPT

spectrum, IR spectrum, Maldi mass, 1H-1H COSY spectrum®} HMBS
spectrum & ©]&3fo] o] 3FgEo] ¥Exlgo] 568°] FE7F 2,5 -Dihydroxy
< gt

%)

3k A3} superoxide

-4,3'-di(f-D-glucopyranosyloxy)-trans-stilbene(DGTS) ¢
o] 3}3E9 4kslEA S ESR spectrometry =
radicaldl W3 2AZA o] Fxeo =7ld wal =718 hydroxyl radical?]
2GS A9 gle Aew eyt 35 ddERE FeCl-ascorbic acid™
ow st Adol| #F AALdS 58 23 300 ug/mL 4o 100 ug/mL
o] Hletwl E¢ #iksiAd A2y vl 235 UElAT In vitrool A
= =
3%

JIN' oo

DAAEF] HepG2 AXEel DGTS & sW=zZ MHrhet 23 w%7F S71gel
wel AIZrel EF] wel xa R HAE o]l JAHE Aew YUy
DNA fragmentation & 2% $FAIE2] apoptosis?} &% At} In vivool A Al
shekaol 9k 7 Eel A DGTS ¢ 7F Bsaas dolry| 9ste] DGTS &
TR Fod $ AASIEAE Fodto] 24479 4D 5o A4 B 119
2 ol gt 9] AST, ALTS o

] < & 43 DGTS
4 s 4 F AT 29y
e S RT-PCRE

o° o)
= =

o

e
L

ol A DGTS ¢ wd=Ho] Aldsethvr Tt ofstA Hd Y
T AT ol AFERHEE & 4 =8 DGTSE superoxide radical®] 47
gdol da I AMAES HepG2 AlXe] diste] A AFAAZEo] o

AbF 3R Ao] old FRE Ao dE Aow yehwtl gla CYP2E1H
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3t ol dH el ABAE AEstr] ffste] of Hghe]
2 3wl w7hA]

E AsA7IE 23Ut e ARdRteRE ARA R o]

U
o
T
T
z
ok
40,
0,
o
ol

_l

=
HAEZRYH IGa¥EAZAZ Midd AHHE AHRYE biguanideAdl 2] tEH
k59l Metformine Galega officinalis®Z 58 2% guanidine type alkaloid?l
galegine?] FZ=A|Q0dH o] SFEL Q&Y LS FAAZIT Fhe 23t T
J

4
e wRAom oAgozM WPE At oz Fdd Ux, a

-glucosidase inhibitore] w32 <& Acarbosei= ActinoplanesZ 4B =& ¥
pseudotetrasaccharide %% 74| £ polyhydroxyl 3FgHE<QIH o] ELS A7
A Rzt 4R el e AS AddozA do F7E dAlsteE o=

aH A Aok ®=g Morus  spp. EFH  wEl¥ 1-deoxynijirimycin®]
hydroxylethyl +X=4|Q1 Miglitols = AL ZHE 7dd gzl d=dy
@At & 4+ Jdh(Figure 30). Tolbutamidei= 14l sulfonylurea AE<2] -
& dAeAR Jdedu T 7w oot led HlolEA B X Ho] AHE
ste, A 9 2AdA & At AGA dEH EHE FXlE FEdS A
slslis aYE 7HRI

2 AFgM s AEYERRH &, @d8d fraction(DGTS)e 9= S35
ol 7] ¢3lodin vitrool Al n-glucosidase ¢+ n-amylase <A %8S
STZ& g #AF BAESQ HIT-TI15 celllAl DGTSO 3= 248 ol

Skt 2E8l3 in Vivooﬂﬁ STZZ #F3d dx FHdAe ddn ATFE sFth

Tolbutamidet™= ¢1€ ¥ ¥ EA G IAAA LPdFt AHEdd FAT+8 9

oAl 2 A T %LE—"’. o] 73t eFEoln Tho A AtsNES o R tiAlE o] LA EE
[e)

Epositive control ¢EE AASATY. STZE FdH D F oA Tolbutamide
Epositive control® 3} DGTSY 9% &35 Lolr 7] 9384 insulin =4,
234 A, 2484 HAF 2 RT-PCRZ F#0x59 wadaFs 39l
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NH CH, NH  NH
Galegine Metformin
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HO
HO

oH
OH
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H”%%H = MO o~
HO
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oH
1-Deoxynojirimycin Miglitol

Figure 30. Structures of anti—diabetes drugs from natural resources.
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AP L fraction(DGTS) @] pancreatic n-amylase © th3k A& S =43}
7] 918 starch® 71@ & AR&SHATh 12 U/mL &4 9 (porcine pancreatic o
—amylase)250 ul®}t AHEUE DGTS (50 ulL)Z PBS buffer(pH 6.8) 250 ul ¥ i,
37Col A 1027} preincubation 3+ & 0.5% starch2 7}slo] 37ColA] 571 b
£ 271 3 DNS(48 mM 3,5-dinitrosalicylic acid 30% sodium potassium tartrate
in 0.5 M NaOH) 500 ul A AIkS Hof ¥b&& FA AFTh o] & 100T A
1538 &of TAlE A7]aL S8 WAAZ & wkEde] 38 E& Thstl o,

ihgk 5 540 nmollA FREE SASAT ol#HA 42 AIAE WG A
DGTS whalel & SHTE ¥ e Aol2fv Asf&s Aitstddh
oluf starch7} E]7F4] &2 WHE NS blank® 3}t

n-glucosidase(Bacillus stearothermophilus)ell ®3F A& A2 pNPG(p—nitro
-phenyl-a-D-glucopyranoside)& 7|22 3to] ZAH&Ae. 25 mUul a
—glucosidase 3 ul®} DGTS 25 ulS pH 7.0, 37Cel A 15%3F pre-incubation %+

¥ 1.8 mg/mL pNPGE 250 ul7}ate] 37CelA 1023F ¥HgA121 & 21.2 mg/mL

Na;COsE 500 ul 7}ste] Hb-8-& AA AT FQe me} NaCOs= 8|4 gk

400 nmel A FFE=E FAssith DGTS dialed /55 dlalste] buffers

T WAl FFE AolmEYH Ase&s AAtsth ol 7]1- <l pNPG
& St

o

offs

N
-

old

2
o
o
&
=
=
fr
ol
£
o
o
ki
Ll
A\
o
ol
2

2) STZol €& <49 f-cellel HIT-TI5 cell lines] 2] DGTS ¢ 3%k 2&
(DA & F=9]

A& & DMSO (Dimethyl sulfoxide)o]l T=® 2 o] 0.2 um sterile syringe
filterol o3}, A#AA Ws ®HyetAA ALgaATh

(2) f-cell 91 HIT-T15 cell ¥}k

Hamster f-cellHIT-T15)% Al&digtnl o Hofst LA sk AEZFT 8o A
wFEol ~196T oA daw=oe] BystuA ARgskslvh Cell RPMI-16404)
Aol 1%9¢] penicillin-streptomycin® 10% FBS(Fetal bovine serum)Z& % 7}3}<]
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37T, 5% CO» W g7~ wjFatact. wieke ztzhe] A= Aol 2-35] )
A Z 1 3F3HHE A ﬂask‘ﬂ}‘%‘*oﬂ A E7F 90%°]4 Aehd PBS(Phosphate buffered
saline) & A&A3 T 0.05% trypsin-EDTAZS A gl s}o] flask vl W A &
Al vl kAT

(3) Cytotoxicity test

T-25ml flask o 2x10° cells/mLE 945 wlstadch. 0.01 M citrate buffer
o %< 1 mM STZ 2 mL2 AEXE 1A AL & w282 DGTS (0, STZ,
250, 500, 1000 ug/mL)E X 7}skar 37Col A 24, 48, 7241 7HA kst A] 2Holg)
= AXTE AFsAnh wigdE HNEXE 50 uE FHE L Fo 04%
trypan blue dye} Z 490 Ao 183F WX A7l & hematometerE ©]-&3}¢]

GARA ge AL, F ot Yk AL 58 A%etY

(4) Flow cytometric analysis

T- 25ml flask o Hefd = #jFe AEE Trypsin-EDTAE ¥l 37CelA 5
b A ete] nidbe] 2 cellE wWolwashd § counterdte]2x10° cells/mL¥
A AstATh A7EE 70% olgh-&E 4T A 1417 2433 PBSE washd
1 mL ¢ dAH(980 uL PBS+1 mg/mL2] PI 10 uL+10 mg/mL ¢] RNase A 10

uL) e & 37T, 30& = & FACSE A At

A

2
(pellet) & Akl A 2730 2 -GAZ T l—ZroE‘ﬂ FPAZ F AT ES
H (randomized complete block design)ell we} 7HAE A Fo] 295-305 ¢ H+= 3
HAE Adsle] 6t A 179 AT, sampled ¥ 4749 B bt OF
sttt &5 dwE fFdetA Fa 7]EAolE §oe normalyt, s 2
Fa 7| B A olo sampleE T3 *, streptozotocin(STZ) o2& BnE Fukdlk
STZ-controlv, STZ-9x F2 dFHo| sampleE "i¥ ZF 200 mg/kg, 800

mg/kg, tolbutamideE 400 mg/kg A TG =2 HFF gt o2 FE5to] ARS



stAth 7124 A3 Aol RAT&MOUSE 18%-5L79(U.S.A)E AF&3t3Ath
B @ vhey 2ol Agdgon A 2AL LE 05T G

oF 60770%% FAAZ M, BFE/E Y 1243 Ao 2ANAL AFE

A

1590 3 A AdA3 A 7to] &8 A =7 (animal balance)® =43t}

pu
R

7 &
7b gsstul MAE diel i pAlEe] sz Qlete] ded w7t
s 24X 7] At ol ¥ GHVE ASEHER FA & 24470 &
of wmAgm i FAE  AFH3te] ACCU-CHEK®Active Blood Glucose
Monitoring System(Roche Diagnostics GmbH. Germany)o.& d9 =&
sto] s r 300 mg/dL ©]dS] HE T FEAR Slste] A

sttt

ol
X
o
i1t
el
>
>
Ho
(ot
o
4
il
—
[\]
>,
)
i)
1>
>
)
-
=
o
=2
il
gl
frt
N
NS
i

A kA
the By gEmoznE @ At 4TAA 3087 FAE F 3000 rpm

oA 2023t AT sto] S EeElstel We mashdA el AHE-E]l

A7l A" T SA A, AR, A, vEE AEsd e, AeAdaE A
AUa AR FEE AAT F FFS FAHSI AT 100 gde] G TF
o7 ZAslg o dEE= degk BES HYUste] 10% NBF (neutral buffered
formalin)oll 7dstar We] 2234 ##S 9ste] H&E (Hematoxylin&Eosin)

zA9 di= 24 AAAFI] RNA F5802 45 &

SA 70T YErd st
(4) 85 A4 3 3h 4 &4
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T ¥XE49 FE+E ACCU-CHEK® Active Blood Glucose Monitoring
System(Roche Diagnostics GmbH. Germany)< ©]-&3to] wjF A3 A7t

mAW o R RE Adsto] A8

o
of
H

- 84 = insulin 3% =4
d % insulin %+ rat insulin enzyme immunoassay(EIA) system
(Amersham Pharmacia Biotech Inc. USA)E ©] &3} spectrophotometric plate

reader2 450 nmol A OD #& 73to] AFEHS 235

ot

- ¥4 % AST, ALT, LDH, BUN¢] % =

g% % AST(aspartate aminotransferase), ALT(alanine aminotransferase),
LDH(lactate dehydrogenase), BUN(blood urea nitrogen)= =}%83}s+A}7]
(FUJI DRI-CHEM CLINICAL CHEMISTRY ANALYZER DRI-CHEM 3500,
FUJIFILM, Japan)E °]-&8ko] S48l

- & % 34314 E (malondialdehyde, MDA) <=

5 = e A Ao 8-S malondialdehydeE thiobarbituric acid(TBA)Z H]
&

Hatghol wigk WMEER FASAT

=
5) =z rERdoR uFF Fo FA
g5 By AT B34S AA gegdor ¥MEe] microtomes ©]E3do] 3 um
Tl slide warmerel 30&%t Wx|ste] @apetdl A

C
=4 AN g5 SR A alcoholdl M A s

l-«O

=
of 387 FAZ a9t 183l hematoxylin® & 3S 527k
| FES A7kl flske] 1%
HCl-alcohol® 33] drippings 38t &2% =o] F#AEZ 3 3 oAl 05%
ammonia water®l] 83] dripping< st FAE st

S AT g R4 A= alcoholol Al ilE %= alcohol = 7% F-
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xylene© 2 33 3¥04 FPAYE AA M58 BYA malinolz ¥ kel

An g oz AFeA

(6) CYP2E1l, TNF-a2} Albumin ¢ RT-PCR¥4]

F k%7 oA RNA %<& Trizol RNA isolation kit (Invitrogen)S A}-&3}
Atk cDNA 3¥4& RNAE ¢]83te] AMV RNA PCR kit (Takara, Japan)E
AH&akdth 25 mM MgCl2, 10 x PCR buffer, RNase free dH20, 10 mM
dNTP, 0.25 unit AMV reverse transcriptase, 2.5 pmol/ul oligo dT & ¥¢] 3
0CelA 10+, 50T A 30+, 2 min at 95Tl A 2S5 2H7; WESAIA cDNAE
st ATt PCRS 9ol A3td gt ¢cDNA & 1/103] 438 & 2 ul #3te] 25 mM
MgCl, 10 x PCR buffer, 25 mM dNTP, 0.05 uM primers, 2.5 unit Tag DNA
polymerase (Takara, Japan)?} &3ste] dA| E3&E°] 50 ul HA sFF 3L 94T
o ] 2% WA $ FE3ATE PCR cycle 2712 94ToA 30 s, 60T ol A]
30 s, 72T 941 1 min, 30 cycles A1 & wlA]9} cycle> 72CoA 7&7F

U8 A 74t} gene primer A2 t}S Table 113 2t}
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Table 11. Oligonucleotide primers and sizes of expected PCR products

cDNA Primers sequence Base pair

CYP2E1 Sense: 5-ACCACCAGCACAACTCTGAGATATGG-3 436
antisense: 5 -CAATTCCATGCGGGCCAGGCCTTCTCC-3

TNF-u  Sense: 5-CGAGTGACAAGCCCGTAGCC-3 735
antisense: 5 -GGATGAACACGCCAGTCGCC-3

Albumin sense: 5-GCCCTACCCACAAAGCCTCAG-3 540

[i-actin

antisense! 5~ GAGTGGCTTTCTGTTGCTGTTCA -3

sense: 5-CATCCCCCAAAGTTCTAC-3 347

antisense: 5-CCAAAGCCTTCATACATC-3
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(7) SDS-PAGE<®} Western blot
Yy 2SS AAEAALAZR FA 72 A7 T SHFFE Yo 12,000 rpm 9
d2 $ o]& o]&3te] Sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)Z A8ttt Ao A
U2 @l 2 S pitrocellulose membrane ©f %713 (250 mA, 4h), YAl 5%
A ¥+ /Tris-buffered saline (TBS; 20 mM Tris-HCI, pH 7.4, 150 mM NaCl) &
Y394 over night stttk 2 & 12 @A rabbit polyclonal anti-rat
CYP2E1 antibody (Chemicon A})®tmouse monoclonal anti-rat anti-rat B-actin
antibody (SigmarhE Z+Z} 22+ 34| horseradish peroxidase-linked anti-rabbit,
anti-mouse IgG (Santa Cruz AP ®HSAHAY.  Zh7 A Hg *
TBST(TBS+0.05% Tween 20)% A8tttk 41¥ membrane & Enhanced
Chemiluminescent (ECL, PicoEPDTM, Korea) & o] &3lo] @3S =459

o},

4) Statistical analysis

® AgddAM e BE AP A= meantSD.E YERSIAL, 7 o Fe] %
olo] tigt FJA HAAL one way analysis of variance(ANOVA)A RS 3}
ot 7Fe] 2ol Statistival Analysis Software(SAS institute) S o] &3}
Duncan’s new multiple t-testell 293l P<0.05 ¢ FFoA F99X4 #AAS A
ettt

ofh
2 Ml
2 jo 2

1) a-amylased] ot A3 &4
SRR

Absrol Al sk It e v©4EEe 80%+ glucose FEHIZ
H Aol Al 4 e = G o] n-amylase]
e o Ao olFst=d B #HFe a-amylaser e o-14

linkages& #3ldto] A& HFRAIELS F2 a-14 A9 olFFe AFF

a-Amylase A 3] A4l =cereals, legumes, tuber 12|31 %2 T2 AEFo|A H

23 At} a-Amylase AsfAlo] 3 AF+= FHF S hyperamylasemia® 2]
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Agto M F e Fx®, v 9 28] hyperlipaemia 52 X4l o|=27|71A T}

AUtk AHEUFOl A e BAlE vl -4 =
n-amylaseo] W3t A& A& n-amylase A3]A ¢l Acarbose2} ®]udle] ZA}s}
Ak 1 A¥ 25 ug o9 DGTS ¢ n-Amylased] A& &Aool 50 ug9
acarbose ¢ F24<Ql FT7HE Rt (Figure 31). ¥ a-Amylase?] A3 A4
o wRH DGTS ¢ &9 283 7IdstA HAth

g ARE AAFEoFAl A o] Fol A L

2) 0-Glucosidase®l ©jgk A3l 24

279 oligosaccharidases™ lactoseE glucose®} galactoseZ 38} lactase
¢} a-glucosidases® + 714 F/F7F Al Glucosidase A3 A= a-amylase A
fAek= G Ao r 2ForFH Bdtwe] 23 F4E AdFoRA
a9 Aess A= Aoz HaxHdr o]eld a-glucosidase (maltase,
sucrase, isomaltase, glucoamylase) A 3|9 dF A5 Az E= 27 Hoo
A AFHE oGt estE R ALE old R B2 AR RAERE =5
o] FogM o]FofxH o]z3 o]fFoA a-amylase A|ARTE By ¢ &
ojfow dY s xHo] Jhestth olv AlwE I Sl EAQ] I At
€ n-glucosidase # &} A 2= BayerAl9] Actinoplanes ¥F57} W& ste] AAbs:=
o]z} thAFAEE-¢l Pseudo-oligosaccharide®] 197210 wrAE & 2<¢l AcarboseZ
FAATSZ & Glucobays £ & 9lth. 2 AFdAM = DGTS <2 a
-glucosidase?] A3 A4S Yol A} Figure 329 #t}l. DGTS ¢ &% o9&
Ao &2 n-glucosidased] A FAlo] ZolA= Aoz yYElwt 250 ug L
60% "+ A8l 248 dEHH

=
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Figure 31. Inhibitory activities of Morus bombycis Koidzumi fraction against
bacillus stearothermophilus n-amylase inhibition. Results are expressed as

meantS.D.(n=5).
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Figure 32. Inhibitory activities of Morus bombycis Koidzumi fraction against

pancreatic ia-glucosidase inhibition. Results are expressed as mean =+

S.D.(n=5).
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3) STZ= A& p-AE< HIT-T15 o)A DGTS¢ zH&
STZZ A3 e MEFS HIT-TI5 celld W3 DGTSY 43S golr7)
#8te] 1 mM STZE 1A HEld & DGTSE HEWd =z Foldte] 24, 48, 72h

st A dolgle= MxFE A8tk Figure 33004 9F o] 72413 wfj s}

W DGTSE A7het Lol g% oEdon garrct fosid MEgde] &
7HHE AL 9 U oA 2EE DGTS & STZZ A3k wlekAd 9]
48 I Eete Ao AlndY. 1 vbHO tolbutamides H7FeE w2 24413

oA STZuwHux= MEZF o &3S W 202 YUERRa 48417k 72413 v <

& 4 Uitk o4

7 Hler Aol e 54 7%1 Ath= Aoz A7tE

e
o
é
U
()
.%
w
=
=
o
=,
H:l
_\,L
a2
Mo
P
o

< tolbutamide

4) Flow cytometry 4

STZ= A3k WetAlEo] DGTSE AdstdS wl Alxe] 3Heds ot
7] 9ste]l PIE M-S 3ol Flow cytometry & #2135ttt = 23 (Figure 34)
STZ(60.75%) AN A1 Al E7F 4 d5(22.98%) Bt Heol &5 th7F DGTSE 250
ug/ml FogAES W 36.04%%E FAHE AS & F UdAH oA EFH
DGTS<] HlebAZo] it Be 283 2ta gl 3o

- 108 -



Ocontrol [EsTZ ESTZ+100ug/mL
K STZ+250ug/mL B STZ+500ug/mL W STZ+Tolbutamide (50ug/mL)

50

1L

% 40 | 1 T
| 2 \
: N N
Time(h)

Figure 33. Effect of Morus bombycis Koidzumi fraction(DGTS) on STZ
induced wviability in HIT-T15 cell. 1, control; 2, STZ group; 3, STZ + DGTS
100ug/ml; 4, STZ + DGTS 250ug/ml;, 5, STZ + DGTS 500ug/ml;, 6, STZ +
Tolbutamide 50ug/ml. Values with different letters are significantly different
at * P<0.05 by Duncan’s multiple range test.
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(R A F ]

B0
40
a0

20

Normal Imd 5TF ImM STE4250ug/ml =

Figure 34. The cells were incubated with DGTS (Img/ml) for each designated
time. The number of apotosis cells was measured by flow cytometry as
described in text. The region to the left of the R2 place was defined as cells
undergoing apoptosis—associated DNA degradation. By PI (propidium iodide)

staining.
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Table 12. Changes of body weight in diabetic rats fed on the experimental

diets for 5 weeks

Groups
STZ STZ Stz
+ +
Weeks Normal STZ-control Tolbutamide  800mg/kg
200mg/kg 800mg/kg
400mg/kg
0 day 303.845.8" 303.3+6.9" 304+5.4% 299.5+3.5" 300.0+2.7* 298.8+5.4

Ist week — 321.2+4.4%  2621+36°  2785+46° = 276439  281.3+35°  3282+52°
2nd week — 356.1+6.8°  2582+58"  287.2+63"  283.1+46°  2836+6.3°  350.3+59°
3rd week  3935:7.6"  2653+6.9"  301.8+82° 2895468 2928487  371.2+9.1°
4th week 410556  271.3+59"  305.8t52° 3095458  2988+57°  389.2+51°
5th week  4232+9.8"  277.2+69"  3102+89°  3117+75°  304.2¢9.3°  403.7+89"

* Values are mean * S.D., N=6
* Values with different superscript within the row are significantly different

at p<0.05 by Duncan’s multiple range test.
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Table 13. change of organ weights of diabetic rats fed on the experimental

diets for 5 weeks

Groups
Organs STZ+
STZ+ STZ+
Normal STZ-Control Tubutamide40  800mg/kg
200mg/kg 800mg/kg
Omg/kg
Liver 2.56+0.45" 3.87+0.25 3.78+0.1° 3.62+0.14° 3.93+0.07 2.87+0.15"
Kidney  0.58+0.02° 1.05+0.07° 1.00+0.04° 1.01+0.05° 1.04+0.02" 0.59+0.02

Splen  0.16+0.008"°  0.20+0.017 0.18+0.012 0.17+0.016 0.17+0.007 0.18+0.009

Values are mean + S.D., N=6

Values with different superscript within the row are significantly different at
p<0.05 by Duncan’s multiple range test.

NS : Not Significant at p<0.05 by Duncan’s multiple range test.
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Table 14. Blood glucose levels in diabetic rats fed on the experimental diets for 5

weeks.
Blood Groups
glucose
levels STZ+ STZ+ i
Normal STZ-control STZ+Tolbutamide 800mg/kg
(mg/dl) 200mg/kg 800mg/kg 400mg/kg
0 day 1161+4.22 115+2.62 117+3.62 11542.92 116+4.52 116+3.52
1st week 126+4.52 410+15.1° 375+14.3b 387+16.9° 400+22.6° 110+5.152
2nd week 109+2.12 494+42.69 366+£19.9 367£12.1b 429+ 34.4¢ 115+2.72
3rd week 1131+4.92 546+17.39 360+28.9 357+22.0° 410+20.1b 110+£2.32
4th week 118+2.22 556+11.3d 35119.4° 340+35.3b 408+24.6° 120+3.32
5% week 116+2.82 540+31.84 345+40.5b 335+31.5P 406+7.5° 125+6.62

Values are mean + S.D., N=6. Values with different superscript within the row are significantly different at
p<0.05 by Duncan’s multiple range test. NS: not significant at p<0.05 by Duncan’s multiple range test.
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%= Insulin %9 v X o3

800 m,
positive control¢! tolbutamide 400 mg/kg PUE & ¢ =2 &HF9 insulin &
S5 YErdth DGTSRE Fogh oA = AAdad vs2sk ded g3S o
ERUi LT,

(5) & % #}4+3FA 4 (malondialdehyde, MDA) < #] &3}

Frrgol A Abshd ez tid Aol wmobAM A F s A

o] Ao %Eﬁ‘rﬂ‘%}*‘lfﬂl Agsty dojup= wb
AL oS st Alxe] 8RS dd, RNA Z18]al DNAS9H #4881

F+L& (Figure 36) STZ 9= 4 32
T vt fF A< SIS eI e DGTS FoJT oA BEF ALY 4
To=2 FEHE AL ¢ F AT dxF DGTS 800 mg/kg T8RS

Epositive control ¢1 tolbutamide FolvH T E Akl A] A shako] Ao ¢
Wb s ¢ Ak ol DGTS o Fol7b Afepv ol o) dAw =
oxidative stress’dBl=e] S fojsto] FrjAow IikstAld ghafo] ol
= Aow Algdd.
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Insulin(ng/m1)’

0
STZ - + + + + +

Sample(mg/kag) - - 200 800 - 800
Tolbutamide(mg/kg) - - - - 400 -

Figure 35. Insulin levels of diabetic rats fed on the experimental diets for

Sweeks.
Values with different superscript within the row are significantly different at

p<0.05 by Duncan’'s multiple range test. Values are mean + S.D., N=6.
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Figure 36. Serum MDA concentration in rats fed on the experimental diets for
Sweeks.

Values with different superscript within the row are significantly different at
p<0.05 by Duncan’s multiple range test. Values are mean * S.D., N=6. MDA
concentration (%) are compared with Normal group mean in serum (Normal

group mean=100%).
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Table 15, Semurm AST, ALT and B UM lewvels of diabetic mts fod on the expenmental

diets for & weslos,

Groups
Ttems MNormal ST Z- STZ+ STZ+ 5T Z+ B0 ke
conirol 200l 800mg e Al hg
T obhutanvid &
ASTQTAL) L= . 0 R i e & 149 3427 690 T LG 40 145 5413 A~ 114 54735
ALTATALY 3 0316 17224580 163 5401 10" 160 2491 33" 0 0EH 4L MEIE10 4
BUNingAly 15 54083 39 648 a5s PR ESHIE .64 L E S L 15441 88

Walues are mean £ 3.0, M=,

WV alues with differerd superscdpt withinthe rowr ave s gifi cantly differ ent at p=005

by Dhancar s ol tiple range test.
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Figure 37. Effect of oral administration of DGTS at doses of 200 and 800
mg/kg body wt. on serum LDH levels in normal and diabetic rats.
Tolbutamide (400 mg/kg) was treated only diabetic rats. Each represents
mean * S.D. for six rats. Control group administrated with water as a
vehicle. Values with different letters are significantly different *at P<0.05 by

Duncan’s multiple range test.
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(8) CYP2E1, TNF-a¢} Albumin ¢] RT-PCR¥-4]

STZ& D frbet F o] 7+ Aol CYP2ELS] ¥ FS RT-PCRE opi
AI = Figure 382 2t} ofg] Ado osd STZo 93] fdd 9= 55, T
w3, vkl I L FEAES CYP2ELY ¢ /it <A gl
agar CYP2EL] o] <led Aol oste] 3Hy= AS & 5 ASdHh
CYP2E1®] s Lotwr] flgto] b oA total RNA & F&38}0]
RT-PCR sttt STZwolA vh& Aelrmth CYP2ELS] Tdwo] S7hstes A
S o 4 93 STZ + DGTSw ¥ STZ + tolbutamidew*ol| A &= A2 H| 22
gk HEFS YEWE AS & 4 A (Figure 38). ©] ZA=ZFE DGTS7F
STZ $ol& 3lo] S7bg CYP2E1S] w3 @S xdet= 7eta Atz

TNF(tumor necrosis facter)-ai= TYHMEE Fo|7] st o8] A2 AHxE
Eol BHshe BHEA ANy HYnkge] Fad A4S st AUk STZ
2 fdd FaF oA TNF-a o 2dzFs dolrny] 9lste] RT-PCR st4ith.
A STZwol M= ZstAl Ed H A STZ+ DGTS o2 A4y A9 n
SHAl kel Al HEEE AS & & AT (Figure 38). L HEH| o] o] T
o2 AE H AW tolbutamides ¥l o2 DGTS wRUT v ZstA 2d
Atk Tolbutamide: &, WA D wstato A= AL Fofj S U o

B
Z F s Bt 9= O]ﬁ% 7} 8A tolbutamide?] F-2gL AL A

AL

> Z
e 12 M

B ALE dolry] fste] 1 x2

A dRTe] B S RT-PCR 2 ¢olR gt (Figure 38). A2 DGTS ®F
2 = AE ¢ 5 At 2y 7

of DGTS & %o at3ls wf &5 wdge duFet Ao vs=ahA Ldy

= Zo® yewt. @AY el albumin®] o] 7S & 5 gle Aow A}
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TNF-a

.=

Figure 38. Inhibitory effect of DGTS on the level of cytochrome P450 2E1
and albumin mRNA. CYP2E1l, TNF-a and albumin mRNA was detected by
RT-PCR using total RNA from the livers of rats that had been exposed to
(1) Normal control, (2) STZ (40 mg/kg), and (3-4) STZ+ DGTS (200, 800
mg/kg), (5) STZ+tolbutamide (400 mg/kg) and (6) DGTS (800 mg/kg). All

data were obtained from at least 3 rats.
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FAZGAHole A el AlE(E)] BREoR AAshE WEud Axaedd,
194171 S5de] Wejstal P, A2 a7 oA Baste] <A >eolgk WH Y
=, 129 olF& B4 FA=Tdxdelet A HUh FAET=A AFS
50~200 ume]il I & o]z} atitel] 20Wk~2008F /Hu Eolx] glow, 1 H3
WA oA 2%E AAgrtar gk FAEGdAHe] A= 3FF] AET)
A=, 1T pAEE AE 7 P gon, JdEd>olgts sEES #H|
ek Rl e es Wi e Ao don, gt wolAW AEd
wHEe] 2HAY, wepA] pAREe] BH7F FolE wow Fmue] At

=] A th(Figure 39B). STZ+ DGTS?LoMt STZtell wlsf G 2ime] f=0]
BetA HEHAAL A Lok oEn|F-te] o] HluwH Fslety A Ak
olMe] FExWAdoly A% Wl AAEA Axe] FAe] wekaA AFEHAT
(Figure 39C, Figure 39D). DGTS®F Fogt ol A= off-dl o] dido] &3
H A ek tH(Figure 39F).
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Figure 39. Histopathological observations made on the pancreatic tissue of
control and experimental groups of rats and the photomicrograph presented
are the representatives of the six rats used in each group (hematoxylin-eosin
stain, original magnification, 100x). A, Normal control; B, STZ (40 mg/kg); C,
STZ+ DGTS (200 mg/kg); D, STZ+ DGTS (800 mg/kg); E, STZ+Tolbutamide
(400 mg/kg); F, DGTS (800 mg/kg).
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H&E el o3 A =49 Fstand2 2dS d2s 23, ZdatolA
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Sk A AA W2l Bowman's space’t Z4dH AL #FFEE 4 At (Figure 40B).
STZ+ DGTS (200, 800 mg/kg)Tol A= STZTo vla] AFFAe] vg7} 518}
A YeElUA] ¢9ka Bowman's spacex STZwol H|8] vluz Hglsl A #A2m
2L (Figure 40C, D), tolbutamide ol ¥&= H]5=3F 4274 S Yt tH(Figure
40E).

b 22 o] HEE Aol ok Fadn7d @z Ax, A4t oAe ol o4
HAA o] TR ko (Figure 41A), STZw S FAAW FHE A X0 9
o] Eqt&lsta 2 Alxd W 27 3@ EE AEER 3 55 d4do] dof
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Figure 40. Histopathological observations made on the kidney tissue of control
and experimental groups of rats and the photomicrograph presented are the
representatives of the six rats used in each group (hematoxylin-eosin stain,
original magnification, 100x). A, Normal control; B, STZ (40 mg/kg); C, STZ+
DGTS (200 mg/kg); D, STZ+ DGTS (800 mg/kg); E, STZ+Tolbutamide (400
mg/kg); F, DGTS (800 mg/kg).
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Figure 41. Histopathological observations made on the liver tissue of control
and experimental groups of rats and the photomicrograph presented are the
representatives of the six rats used in each group (hematoxylin-eosin stain,
original magnification, 40x). A, Normal control; B, STZ (40 mg/kg); C, STZ+
DGTS (200 mg/kg); D, STZ+ DGTS (800 mg/kg); E, STZ+Tolbutamide (400
mg/kg); F, DGTS (800 mg/kg).
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#o FE=/0lAAE 3 W W37 (force displacement transducer, A¥E: 18}
2~(Grass) FT03, 18} (Grass)AF, "=)& 3 AE 7|5 7](chart recorder, A

= dE 79 (Multicorder) MC 6625, 1L AF~(Hugo Sachs)A}, Ed)&E 7=

@%%T&% z2 A el HEA717] fleke], 03 uMe] HdolZd
(phenylephrine, ] Z7}-2= 2] 2] AH(Sigma-Aldrich Co.), W) 2 FE=A17] &,
K-H Azl &H o= 450 ZA 33 AHsdth 7] A45dds vA
o R FHFAA S AHCA =dd 1 pM ofMEEd FEeol=
(acetylcholine chloride, AlZ1w} &= X|AL wl=h)E 7fal] o] 43| o] ¢
= Zow ATt EFEA EdeS e 2 Ad |H HAA
Fv HHEAZA=(DMSO)l &A1 5 K-H Aegdor 34
ston, HuFEoAe] DMSO FE% 003%%9t. Add A18¥ BRE &

9 A ks A% A Z o] zA s

3). 8AF A= A g AHgUF e FEE9 AdedA 28 Bt

<4 SD. rat® sodium pentobarbital (60mg/kg ip.)= wFHAIZ 3 ratol
heparin (1000U/kg i.v.)S Fo13lal Grover 59 o] uwzt 434S A& 313
o &, 7]1#ol trachea cannula® 43} rodent ventilatorE ©]&3] ¥ T3
A1, in situ AEA HED cannulaE 53 A4 #F ol Langendorff
Apparatus (Modified Krebs-Henseleit bicarbonate buffer in mM : 112 mM
NaCl, 5 mM KCI, 1.2 mM MgSO4, 1 mM KH2PO4 25 mM NaHCOs;, 1.25 mM
CaCly, 115 mM Glucose, 2.0 Pyruvate) o Ajua] wjga A& o] Eo Qe &
d83% =4S AAsAT deEy SRF 3 (11 vol/vo) o2 A il
7 (latex balloon)< wl@2 F4 cannulag HAH WS T8 A2 A4dA17]
A FAHe AdEH= FAAARE isovolumetricstAl Z435L7] 98] pressure
transducerdl] ¢ ZA33tt. EDP (end diastole pressure)™ 10mmHg® i1
Gottlieb valveE ©]-&3 A< #F (80mmHg)E o] 10-15% o] <H4 slx ™
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LVDP (left ventricular developing pressure)’} 80-120mmHg W ¢ <t A A
He AETE AHESdt A% 7lsSs WUheke parameter® F571E #HA4A
F (LVP, left ventricular peak systolic pressure), ©]<+7| % =429+ (LVEDP,
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kA ek A FAS AT 2 AukEo

sto], AETES 32 T &2 boxolAl ¢ 5&3F <h

30 2 100 mg/kg & %S arabia gum 1% o HEAA ATFo] (2 ml/keg) 33

o} 2 E A< captopril < 30 mg/kg & %S SHFFl SAA FAstATh A

deEe 1vd 8ty = aom, AFELS 4129 67Y) &

A (o 104) Folstda, 99 % Avrsae & 4 F

25 AIZE Fol o] Fojxnt weh wiF ¢ A AFWstE Sk weh
=

524 Wistar-Kyoto rat (WKY) & AF-&3Fit}

FEE 93 SHRe A o] w3}
L =& 42 captopril & SHR °of 657¢Y &<t 593 $, ether v}
Astel A MES s A4S AASY, SA AFd 2 [U/mIZ §iE 2 5
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6). AU e FEE 93k SHRe| & yto] $h2t&-
AlFEZA L QE2EZQ captopril & SHR o 6579 ok T3k & ether v}

FHotoll M 7HE3 v SHRO F=F diews AEste], 7o wel wet
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acetylcholine % sodium nitroprusside o] 2|3 &3

7. APEAE By 2EEo) o3k Py AYslelE W)
ANdED 9 dx2E42 captopril & SHR o 6574 &<t ?04?'?} % ether "}
Hztol A MEF S dAE fFHE Y, FA g 2 [UmIZ2 S5 4 5

12,000 = goll A 103+ G E2s & 4S5 Ao aspartate aminotransferase
(AST), alanine aminotransferase (ALT), lactate dehydrogenase (LDH) &4 =
AE ABZ AREEH7] flete] dstd o] ®HastHT)

|
Aspartate aminotransferase @4 % &4, L-Asparic acid®t n-ketoglutaric

acidE® 7122 3lo] @4 A5 A 37CelA 3087 vk Azl 0 A
B5 g wE AST

oxaloacetic aicdE& NADH<®} #b-g A|AA NADH®S &
dHAE o= UV HHS AR&siddeh. 54 7171 ADVIA 1650 (Bayer,
USA)E o] &3ttt ALT Z %ol 7122 L-alanine ¥} a-ketoglutaric acidS
ArEstg e, 34 Hbg & AW pyruvic acidE AST 4% SH3Y 7Y
gk 71719k 2o ® SASAT. A% G LY [UGS 2 A8
Lactate dehydrogenase ZA%E =42 NADHelA NAD=o Ak3lA] o)

pyruvate’} L-lactate® &5+ Fu28S 340 nmolA F3% #Had SAHS
Sl wAsEATE olwf Abst& 3 LDHO A%+ ve Ao s vEhdt 547
71:= ADVIA 1650 (Bayer, USA)E o]&3tlor, &% 9= mld US9 =
SEA AT
8). ARG Hy] FEE o A B el e Fatkst 28

AdEd 2 gx=E24Q captopril < SHR o 65Y &< T3 & A5
Azt AgEA 2 2549 captopril & SHR ol 65U &k Foldk 5
ether W sl A JHES o3 A S AEFe Aot AES ALY S F
Al dlT 35 IU/mIS A A a2 AxS sto] 27 o dolds g9

I EHE AT v, AeAdsE v *ﬂ’aﬁ}‘iﬂﬂr. Al g 242 MDA®H

total glutathion S48 A|5= AF83H7] ¢ o3
29 ¥ 2245 PBS®E AAHES & F oA =2 et

b3k B AAG v, 24 dAFS A Gk 4 v Xo)JJr 3 wj ()

o] z}7}8 Tris buffer (20 mM, pH7.4) A& A7 7}@ % Ultra Turrax
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homogenizer® v A NS THEQTh o] dANS 4000 x golA 1037 A4
Eelstel Ade 3 A ww S oAl 4,000 x gell Al
1027 A4l eete] dojxd FFdE FHstel MDA sk S0 AR&shaith
Total glutathion % =3& 93 A8 7% trichlorogacetic acid (TCA) &
S 4 WZFEDI 3 FEHS 7teke] AlgdY BE dEs JAd AR 5
MDA Alg¢} Fd3 2oz Fushalh

A 7+ 27 W9 malondialdehye 22 BIOXYTECH MDA-586 Assay
Kitell A Algate= Wlol Fatddvh EA4de= Aa4e] MDAS 43 A xd
3}l A1 N-methyl-2-phenylindol®} 7} WESAA A HE EZS 590 nmolAl &
B s 2430 MDA 358 x4 1 ¢ & umole® A3+ t)

A7t 2 22 W9 total glutathione 332 BIOXYTECH GSH-420 Assay
kitol| Al AlF3ski= Wl F=8Av. B4 8 = tris(2-carboxyethyl) phosphine
(TCEP)E A&l 7tate] 4bsll glutathiones BF $HdH el GSHE ©3$
A 71 % 4-chloro—1-methyl-7-trifluoromethylguinolinium methylsulfate® 7}3}
of gkl RE Al:ol| WLk thiold} thicethers FEE FAAIZIH F7H4
pHel w2l ¥ GSH-thioetherzd-& 420 nmellA F3=E A5
Total Glutathione ¥#&2 =% 1 g 9 umoleZ ¥ A8

upF Al o] whulza AEES Bradford ®Heol w3 bovine serum albumin
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RE A3dAH}E mean + SEM. 232 ZASYG L, A A SAEAL 1
== Jandel CoAle] Sigma Stat TR IS o]83}o], unpaired t-test %
one-way analysis of variance (ANOVA)Z A g3k, 227342 Dunnett

multiple comparisons test® 3} % t}.

delZ3 (PE) & Agste] #5412 &, 2HEuS $egd 288 F938H
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Table 16. Vasorelaxant effects of total extract and subfractions of Morus

bombycis Koidzumi on thoracic aorta isolated from S.D. rat.

Vasorelaxation % (Bg/ml)

Code number ECsy values

1 3 10 30
KWU-1 -2.6 6.7 80.8 95.8 6.4
KWU-2 8.8 64.4 94.8 97.2 29
KWU-3 4.3 20.2 85.1 99.5 5.1
KwU-4 -3.1 6.9 73.5 92.8 7.0
KWU-5 -4.5 -5.6 -10.2 -9.1 -
KwWU-21 21.1 63.0 93.0 83.9 2.3
KWU-22 7.0 64.3 975 89.9 2.3
KWU-23 -0.7 -1.6 0.4 11.9 -
KwWU-211 -9.0 -12.2 -10.5 -39 -
KwWU-212 -7.6 -8.6 8.9 41.5 40.2
KWU-221 -3.5 -12.2 -5.2 49.0 30.8
KwWU-222 8.6 74.6 96.8 98.5 2.0
KWU-223 2.2 -4.4 -39 -0.5 -
KWU-224 -3.0 -3.3 -2.1 15 -
KWU-225 -4.4 -5.6 -4.7 -1.6 -
-KWU-226 -3.1 -5.1 -3.7 2.1 -
KWU-222-W1 13.3 60.8 91.9 95.6 2.7
KWU-222-W2 0.4 59 59.4 86.5 9.5
KWU-222-W3 1.4 0.0 139 51.0 34.8
KWU-222-W11 20.9 63.1 90.7 98.6 24
KWU-222-W12 0.4 0.8 116 64.9 22.2
KWU-222-W13 0.4 1.3 475 89.0 10.8
KWU-222-W14 0.0 4.0 48.8 80.7 114
KWU-222-W15 0.0 5.6 71.5 92.2 6.8
KWU-222-W16 3.0 53.8 93.3 98.8 3.1
KWU-222-W17 15.0 71.3 92.2 92.7 2.0
KWU-222-W18 0.9 13.2 93.0 100.0 5.2
KWU-222-W19 0.0 21.1 88.7 97.5 5.0
KWU-222-W110 0.8 49 69.5 94.6 8.2
KWU-222-W113 0.0 -04 38.7 86.8 12.1
KWU-222-W171 18.8 80.4 96.9 99.1 1.8
KWU-222-W172 -2.3 -2.9 38.8 65.9 16.1
KWU-222-W173 21 12.8 63.1 87.5 8.7
KWU-222-W174 9.1 56.2 93.3 95.9 2.9
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2. 8 A= A4 H

Table 17:= €3 (rat) Z5-E A3 A4 A&y
B2 Foste] A wAl= GEgs SAHI Aol A ol ¢
(LVEDP)Z A8l ¥E parameter 214, 1 ¥ 3 pg/ml %0
fltt7t, 10 pg/ml w0l A w23 Hasklth 34, LVEDPE Y2 skolr =
AFel Hogas HAFTrF 10 pg/ml o9 IF oA = cardiac
contractureE  UWEFHAT o] e AEL AHEUST Fegd (3Wy)) FEE
o] Aol thal negative inotropic effectE YEFHS olmditta Atz ¥t

2
rr
22
N
N

3). SHR °l gk 4 “L‘r~‘jr e FE=0 A 2

=

o o<, captopril 7
oot AMEUE FEHE 10 mg/kg Foldt, AF 30 mg/kg Fol 4
AHEUE FE= 100 mg/kg Tl A 2z 190 7, 189+ 36, 198 +
191 + 11.0 ¥ 191 + 50 mm Hg 22, 7} Ag kel EALAA fFojgt =)

ol Y dH, YERFER AFES WKY rat o 92 142 £ 36 mm Hg

ofF
i
-
B
S
~J m{g

Foldk 9 SHR dhe Algtoe] Aol whal A A3
Z7tetE Ao 2 vehykon (Figure 42), o]+ SHR ¢ dste 14-165F#

plateaud] =gttty &R AHAFRESI Xt vk grh oju] & Qto]

o
=2

2 100 mg/kg FowolA= vehicle Folwr¥ vlwE of o 20 mm Hg (¢F
10%) A% d¢dsol JAEHAT. ¥, D YA SARE AFEEHIL =
captopril Fo72 ¢F 30-40 mmHg HAE A =AY, g+H, WKY rate A]7Ho]
Aol wet dsfol 254 W 7te A

ANAEZAS FoJ5t7]d e AutE<S4E= vehicle T, captopril o], AF&U

"
&
2
T3
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T FEE 10 mg/kg T, AU FEE 30 mg/kg FoIw % AU F
%% 100 mg/kg Fool A ZHz 424 + 100, 406+ 7.8, 435 + 16.6, 430 1.8
2421 + 111 beats/min & 24, Z} A& o] FAEgHA Folst Aol ¢l

Atk A, hx TEE AFEI WKY rat o Auts4E 352 + 87 beats/min

AEtErs BE FolddM M2 A @

g7t 7HE SR captopril Tl Avbe v S7bE = B E
]

O
ol
)
o
i
f
o
>
e
4
NS
o
2 T

APEAE FolsrIdel AT L vehicle oI, captopril o, AHELR

%5 10 mg/kg T, AHRUYE FE5E5E 30 mg/ke Fojv % ARUF FEHE

100 mg/kg Foltol Al zbzk 276 + 51, 267+ 66, 278 + 7.1, 265 + 40 % 269 +
80 g o2, 7} A el FAGAQ feofdh Aol itk dH, dix &
=2 AHE WKY rat o A¥bgas 265 + 42 g &2 ey

Azl S7he RE wollA v Ax F7hske 43S vl A4 23k

ol gk Apol= Holx| gktt (Figure 44).

o
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Table 17. Cardiovascular actions of total extract and subfractions of Morus

bombycis Koidzumi. in isolated heart from S.D. rat.

Morus bombycis Koidzumi (ag/ml)

Parameter Baseline
1 3 10 30

LVDP (mm Hg) 116 £ 95 116 + 7.1 114 + 36 30 + 87 6 + 06
HR (beats/min) 283 £109 278 + 139 276 + 14.1 251 + 44 207 + 12.1
LVDPxHR/1000 324 + 1.8 32.0 = 0.8 312 + 1.1 73 + 21 1.3+ 02
LVEDP (mm
He) 110 £ 29 68 * 18 50 £ 19 270 £ 65 40.3 £ 3.1

g
CFR (ml/min) 203 £+ 1.0 245 + 09 205 + 0.2 13.0 £+ 2.2 45 + 09

Values are mean = S.E.M.

(n=4). LVDP, left ventricular developing pressure

(mmHg); HR, heart rate (beats/min); LVEDP, left ventricular end-diastolic

pressure (mmHg); CFR, coronary flow rate (ml/min)
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—@— Vehicle

—/A— Captopril 30 mg/kg
—V— Morus alba 10 mg/kg
—l— Morus alba 30 mg/kg
—@— Morus alba 100 mg/kg
—O— WKY

40

Systolic blood pressure (mmHg)

Days

Figure 42. Effects of long-term administration of Morus bombycis Koidzumi
extracts (once a day for 42 days) on systolic blood pressure in spontaneously
hypertensive rat (SHR). Values are expresed as the mean * SEM (n=8).
WKY : Wistar-Kyoto rat, normotensive rat). P < 0.05, significantly different

from the vehicle group.
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—@— Vehicle

—/A— Captopril 30 mg/kg
—/— Morus alba 10 mg/kg
—il— Morus alba 30 mg/kg
—@— Morus alba 100 mg/kg
—O— WKY

60

H
o

Heart rate (beats/min)
o S

Days

Figure 43. Effects of long-term administration of Morus bombycis Koidzumi
extracts (once a day for 42 days) on heart rate in spontaneously hypertensive
rat (SHR). Values are expresed as the mean * SEM (n=8). WKY

Wistar-Kyoto rat, normotensive rat).
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—@— Vehicle

—/A— Captopril 30 mg/kg
—Vv— Morus alba 10 mg/kg
—l— Morus alba 30 mg/kg
—@— Morus alba 100 mg/kg
—O— WKY

340

320

300

Body weight (g)

280

260

Days

Figure 44. Effects of long-term administration of Morus bombycis Koidzumi
extracts (once a day for 42 days) on body weight in spontaneously
hypertensive rat (SHR). Values are expresed as the mean * SEM (n=8).
WKY : Wistar-Kyoto rat, normotensive rat).
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wjitoll, W ojEd ddolsk #go] EAHE AoRE on @E Hixtse] ¢
3l dE A Sk ol Wy Wt d4s
8% Bl He & 8% 9%

i captopril & 6F7Y ¢ 7]
bath Aol A acetylcholine @ sodium nitroprusside © €3 % o|gA & =A
gtk 2 Ao, WKY rat o wlsl SHR oA ACh f#4 o]ghz
94 JA #AEFA = (Figure 45), ©| AL oxygen free radical 5o <3l
nitric oxide®] Aol FHAsk7] WEow AtmETh olFA HAE ACh FT
4 ddeolgh A8 AU Y] FEE E captopril FolAlll thAl F7bs)
Aoz Uy ndger A3 daEgS YolFs Aoz Bl

39| nitric oxide donor 24 Z83lE sodium nitriprusside©] ¢ 3+ & o] 9

rr
r

HFE %= WKY rat ¥ wugd o SHROIA frofshAl HAastsieh (Figure 46). ©l
e ddolgk vk AU B 2E3=S FolFoRAM A frelstA 3
BEHS Ho] FoaA ndPA] YEE UI7])Ee &3S Ads] F sleR
Atz T,
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Table 18. Effects of long-term administration of Morus bombycis Koidzumi
extracts (once a day for 42 days) on ions in spontaneously hypertensive rat
(SHR). Values are expressed as the mean = SEM (n=8). WKY

Wistar-Kyoto rat, normotensive rat).

Vehicl Morus alba Captopril WKY
ehicle
Ion conc. (mg/kg) (mg/kg)
in blood
- 10 30 100 30 -

Na 1470 £ 1.1 1457 + 0.2 1451 £ 0.1 1459 £ 0.8 1451 £ 0.3 145.0 £ 0.3
(mmol/L)

K 369 £ 0.03 3.60 £ 0.04 360 = 0.06 3.84 £ 0.04 366 £ 0.06 3.96 = 0.04
(mmol/L)

2+

Ca 125 £ 001 123 £ 001 125+ 0.01 1.27 £ 0.01 1.28 £ 0.01 1.27 = 0.01
(mmol/L)

cl 1034 + 03 1043 + 03 1029 + 0.1 1034 + 02 1030 + 04 1033 + 0.2
(mmol/L)
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—@— Vehicle
—A— Morus alba 100 mg

—/— Captopril 30 mg

—{ 1 WKY
_\:\
20 |
Vi
X ]
c 40 []
o
‘52' \Z
L 60l -
A ] b Vi
L] - ] V.
L [ ] [ ]
80 L] O B
100 1 1 J
-9 -8 7 -6

Acetylcholine (log M)

Figure 45. Acetylcholine-induced relaxation in thoracic aorta from
spontaneously hypertensive rat (SHR) with long—term administration of Morus
bombycis Koidzumi extracts (once a day for 42 days). Values are expressed
as the mean * SEM (n=8). WKY : Wistar-Kyoto rat, normotensive rat). P
< 0.05, significantly different from the vehicle group.
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—@— Vehicle
—A— Morus alba 100 mg

—/— Captopril 30 mg
—{F+ WKY

Relaxation, %

-9 -8 -7 -6 -5

Sodium nitroprusside (log M)

Figure 46. Sodium nitroprusside-induced relaxation in thoracic aorta from
spontaneously hypertensive rat (SHR) with long—term administration of Morus
bombycis Koidzumi extracts (once a day for 42 days). Values are expressed
as the mean * SEM (n=8). WKY : Wistar-Kyoto rat, normotensive rat). P
< 0.05, significantly different from the vehicle group.
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Figure 47. Effects of long-term administration of Morus bombycis Koidzumi
extracts (once a day for 42 days) in aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) contents of spontaneously hypertensive rat

(SHR). Values are expressed as the mean * SEM (n=8). WKY :
Wistar-Kyoto rat, normotensive rat). *P < 0.05, significantly different from

the WKY group. p < 0.05, significantly different from the vehicle group.
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Capto

Figure 48. Effects of long—-term administration of Morus bombycis Koidzumi
extracts (once a day for 42 days) in lactate dehydrogenase (LDH) contents of

spontaneously hypertensive rat (SHR). Values are expressed as the mean *
SEM (n=8). WKY : Wistar-Kyoto rat, normotensive rat). P < 0.05,

significantly different from the WKY group.
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AEE YeEhlE MDA &S W 100 mg/kg AHEUHT e FFES Fols
A= W, MDA®S FHFo] AAxzAdME FAACRE Fo4do] glov z
Haom, b oA = MDA FHeFol folAom Hasts 2ls wEsH

ot (Fig. 49). o] A& AHEUF el 355 Fo=2 A8 Hitstso] dase A
2 AA UelA AA HAikstE AAdRESo] free radical AlA TS 7H AHEUE
e FEE0 kst Wol o] gl ofe JAlE Ao AlmETh

3H, total glutathione?] 3= £7}+= GPX-GSH redox system? &
AA EZ4-ES dsA7lE S dn 22y £ AT BE 29 total
glutathione & o] AT WKYHRUT foxoz Frlsidloern, Ay
FE=9 Fod 9% Ao]E HolA = Ut (Fig. 50).
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Vehicle Captopril Morusalba WKY

Figure 50. Effects of long-term administration of Morus bombycis Koidzumi
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glutathione contents

in total

42 days)

(once a day for

extracts

spontaneously hypertensive rat (SHR). Values are expressed as the mean *

P o< 005,

normotensive rat).

WKY Wistar-Kyoto rat,

SEM (n=8).

significantly different from the WKY group.
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