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Treatment Effect of Mulberry Root-Bark (Mori radicis Cortex)
Extract on Hypercholesterolemia in Rabbits
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This study reports that the effect of Mori radicis cortex, Mulberry root-bark, on the lipid peroxidation products
formation in the liver, blood serum and atherosclerosis of hypercholesterolemia rabbits fed Mulberry root-bark for eight
weeks. The rabbits were permitted a fixed quantity to extract of Mulberry root-bark mixed hypercholesterol fodder. The
lipid peroxidation products, malondialdehyde (MDA) was significantly diminished. Total cholesterol in serum worthily
decreased. Also, triglyceride and high density lipoproteins (HDLs) increased after feeding Mori radicis cortex. Besides,
thicky atheromatous plaque on the wall of aorta of rabbits fed on hypercholesterol diet were markedly attenuated by
Mulberry root-bark extract. These results support and substantiate the extract of Mulberry root-bark as protection

against lipid peroxidation in the liver, blood serum and atherosclerosis.
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574 2 33 9gom A% WB £33 WAL AH Lol
1 (Ramos et al,, 2001), ©o]of} ulg} ;o] H]Zx|o] Fo}
|3 T o] Aslee o2 AQzhEo] Xz gtk F 1
FYU2HE 859 %5 AYE Ak (low-density lipo-
protein, LDL)?| %= T7F 59 ddo® H=3 FH2eE
< Z AR A2 vio] €3 et FaEe) AE
ME (foam cell), AW} (fatty streak), atheromaS & A 6}=
FhNoZ A U} (Ross, 1993; Natio, 1995).
IAEFE TP T2 HAeR YZEA Fo
Mo AAFES AT A3 oFFolv 715 A%
of ek A77F ol TR ok HEHQ] JopFoze
o2 Feje] aAEFANAN YFA DY AAE HolE statin
Age] FEE &85 F Atk o] smtinAlEY] 22 F
) 2EHE9] FFEZQ mevalonateE FAIBHE ] 244 &
2281 HMG-CoA reductase S A g o 2R Ze28E A3}
485 Uehie Ao I glom F2 Akl 4
AAAETHE DAER Y F5 F7)o) 7113 o) statin)
g9 FE-2 ¥% low-density lipoproteins (LDLs)S] 7449}
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22 A Art (Gotto, 2002).

%HH, Atherosclerosis (Pl EA] B2 3E) A7 E
e} 7HA] AREES o] 83 FEAYC] o|FoiX|x Ye
H, 2 F E7= AR 71 1 Ze2HE 8% (fami-
lial hypercholesterolemia)®] -] AM&-%| Watanabe herita-
ble hyperlipidemic rabbit (WHHL rabbit) 2+ o}uz}, New
zealand white rabbit NZW)oll 2 ZE|SHE 2o)E2 HFH A
A 1AL FE i sHEE BdE go| AE-Eojx 1
AUtk ol E7lolA @it TA 8T FEo] Lolgdt &
Al Abgtoll A o] FulAas} ¢tz 4delRl cholesteryl ester
transfer protein (CETP)S] &4 A T} Abgke] H)s] <F 3|
7v ol A EFo] 4A FEHL AEME (foam cell),
AL (fatty streak) 2 THESH] Bwie] & Yehdr] w
F-0)t} (Vesselinovitch, 1988; Narayanaswamy et al., 2000).

33} (Mori radicis cortex, Mulberry root-bark)= B
(Morus alba L) BT 552E (Maraceae)d] QP22 3
WollMs &4, o=z Fo) ‘5’]:;%3}04 P NAHA R
dg] AR SRS R deA] Qloh ol Awlnle) f&
J5-2] morusin, cyclomoursin 5] oj2] A2 AR |
¥ 2ot 28 B BEdAe] & dnadst RuEdd

= W97t ol 4 9] maltase?} sucroseE A3l
o) v {YS ADshE 71 9 Aoz wiF
on, E3 alloxanS ® e Fix BEolA] T Aol
Aol kel A] A Al &3 carbon tetrachloride (CClL)E 7%
=248 st Bdoiqe 7F He g AL Hag
H} 91t} (Kim et al., 1995).

ool ¥ AoME 11 FHZHE AIEE 2o] AA 2
gt IR EF E7jo)A HFolM9] triglyceride (TG)2} chole-
sterol, high density lipoproteins (HDLs), low density lipoproteins
(LDLs)A 9} T+ 23 Fo FsAd 57, s
W9} plaque F2& plaque scoreZ Al4HeH 733} %]
T, TR A7 He =AHEYTA] HA 55 Bt A
N FFEQ SBO W43 /ENE djlstux 2 A
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B 28 (Mori radicis cortex extract)S 2% AlE
E4 1.0 kgl TFT 50 & 7hsba sAIF 2 o2 3
S AFst & ofsfel g | ¢ HI]Z evaporator

TA xs gL Eue
2 AT B EA L lovastatin (A, 74,
= REAEEE: E¥w (Fou

Zlo}, A, A71=)ell EFst] gESHen, 1X¥F

FEEZR cholesterol | (Junsei Chemical Co., Ltd. Japan),

corn-oil (Junsei Chemical Co., Ltd. Japan)& Alsel] &6t
AT 9] Ao AREF AR B AlekS A}

|3kl
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New Zealand White NZW)A|] 7 7] (A|F 2.0~2.5 kg)
g (FetIuleolezElol (AL AVIE)EYE FU5H
04zt E37|7ke: 7k & BEAQ ARSREY - 231
2T, AdEFE 50110%, #7135 10~153/hr ZFF7] 12
hr A5/12 hr &%, 25 150~300 Lux®] FAZAqA A
e|Ql2] Ao X] 380WX490L>x350H (mm)ell 1=})® 83}
Atk AlsE 31 Bt S48 Er) 2R E B
FEALRE 53 ARV 5 FEE o ZEsEHE

59| cholesterol®} com oil2 715} 300 g
A A FFen, S5 HEHE o3y dxg A

Juy

AEEZ o 7 2533 1 FH2HE ALRE T3]
@% cholesterol X7} 2k 1000 mg/dLell o2& NAEL
Alsie] Fof T8 AAsRich 1 FelAHE ALEE Nara-
yamaswamy & (2000)2] 2AEF FEYHE WEHstA A
Z8tod, 1% cholesterol® 2% com ol H7}3 7FEAIEE
Folstieh A EEE (SBE 43He 3 TH2HE AR

Z7v2 E3sle] 87 1%$) 3%s EFslgdon y=ER

H :5’_ H 3|
ool Az d IAEF FERECE TR 4 o

9 A S avtelg oz Tk

4. 25XE 58
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Alg FFZ 1241 do) ZE o] $EL Ay A7
AP (ketamine hydrochloride)¥} xylazine . & vl %, =
WA el A A3 wiglyceride (TG)SF cholesterol, high
den- sity lipoprotein (HDL), low density lipoprotein (LDL)& 2}

7} 24590,

5. TRWRASY 47 Y SUZPAKS BE (Athero—

sclerosis index)

ANE F8 F HEd e (e 70T B2 F
T2 dHNE ARt 16 pme] FAIZ BT £ gelatin
o2 39U AzE Sgtojto| RAAFT) o] &LElo]to
PBS £4< 715t t}-& T4 propylene glycol &0l 287}k
AT F 0.5% oil red O FHof) 1A]7F B FA3lgiT) o)
% 85% propylene glycol 8ol 183 ZAEAI7| 1 STHFR



Table 1. Serum lipid levels in hyperlipidemic rabbits at 0 week, hypercholesterol diet was fed for 2 weeks, and 8week, lovastatin and SB

were prescribed for rabbit during 8 weeks

Group TG (mg/dL) HDL (mg/dL) LDL (mg/dL) T. Chol (mg/dL)

Normal control 58.014.6 24.1+4.3 15.7+6.5 37.2+4.5

HC only 50.2+8.2 89.4+7.7" 541.14£46.0" 992.0+150.7"
0 week HC + Lovastatin 0.002% 88.74£9.2" 86.1£5.9™ 503.7428.6" 941.0+49.4™

HC + SB 1% 50.5+8.7 101.5+2.1" 591.3+£60.2" 1087.0+151.9”

HC + SB 3% 7774114 103.248.6" 590.6+58.8" 1186.5+250.6™

Normal control 40.214.1 15.01£4.0 59t16 25.014.5

HC only 43.0£79 16.6+3.8 705.1+£144.9 1246.5+123.9
8 weeks HC + Lovastatin 0.002% 46.2+9.7 75.14£9.9* 382.3+80.4 796.0+£77.5

HC + SB 1% 75.0£17.3" 106.0£12.0% 836.2%134.4 862.5+77.1

HC + SB 3% 88.04:9.8" 57.7+13.6} 551.7+185.8 732.0£106.7*

All data were mean + SEM (n=4) *, ** signified P<0.05, P<0.01 when compared to Normal control and T, ¥ signified P<0.05, P<0.01
when compared to positive control, only hypercholesterol diet, as compared by Tukey's t-test. TG: Triglyceride, HDL: high density
lipoprotein, LDL: low density lipoprotein, Chol: cholesterol, HC: hypercholesterol diet

T AlHE & polymountE BY3He] Fald v g Abe A
A4 plaque?] FZFEE BE3LA 43 (negative, +, ++,
+HH)E L0 plaque score® AlAFEIATH (Kobayashi et al.,
2004; Kim et al,, 2000). &3 7] & 2] uA3h
R SR 2o s 1 4 ume] SR Bbdste
H&E @& Aagh & FatanZd o g faksiqlot

A A4k}t (lipid peroxidation) Z7d<2 malondialdehyde
(MDA) FAFEZ 2l 1,1,3,3-tetraethoxypropane (TEP)2- stan-
dard= 3} thiobarbituric acid (TBA)H .2 =339t} <k
E FAq7t 8 E7E AN (ketamine hydrochloride) 3}
xylazine 22 v}3 & 5438} icecold 0.9% NaClZ liver
perfusionS & Fof] 72 AE3la AYAAFE 7] EN
£ AAG 2 FAE A A} & dgog Y
ZFAIZ) vl 9] PBSE ZHSlal FAlol EE o WYAATIHA
homogenizer® w22} 3}ITh Homogenate 1 mloll 1 mle]
8.1% sodium dodecyl sulfate solution, 2 ml2] 20% acetic acid
solutionS ¥ E¥T Th | ml¥ 0.8% TBA solutions
9 95TolA] 6081 HEEAIZl F WAAA AL FHI
o spectrophotometerZ ©|-8-5}¢] 532 nmollA &%
A3

7. SAXME

-2 =
A= =

2T AEEA FoAT 1] Al AU, EFTAZ
o] ¥s, 5T 54, AARLI3E Aol gt
W= HiA £ FEAAZ JERNAC W, Levene's testS
3 BAte] B3HAE 2tE 49 one-way analysis of variance
(ANOVAYE A3l olido] #EHY tiRdde] f¢

P

=
2
3

A7E gle APTE Gohll?] A5t Tukey's rtestS AA
st} frelxb7t 5% TRk (P<0.05)Y W SAF FAol 9
= Zlo® #AFAL

24 I]_l.
EELRERIEE

AFER Fo A 253 1 FYU2HE (1%) 2059
il FHUEHE Aol 9EFATY dF Fol2HES 99200
11507 mg/dI2A FANETE 37.244.5 mg/diol vl <
26.84) Z7181A T} (Table 1), ©123 1 FH|2HE 9% E
7ol AgsiA 1 Tel2HE ARE Foig AR 85 Fo
= 1246511239 mg/dl2 Z71819it) vhdoe|] Auls) &2
3% FoJ T AME 732.0£106.7 mg/dlR 7431512, lova-
statin 0,002% FATNAME 79601775 mgdlE 74550
g%— LDLSQ] %La]:_Q_ 2F7y 11 igﬂ/\gﬂi /\101 1;5_ X—]AH:H

Z (15.746.5 mg/dhel] H|8] ZE 1 Y 2HE AR 2

ol o ME 500 mg/dl o]4de] H& Fx2 7B} 8%
e ANEEA 9@ 1 ZYHAHE g Aold o) AA
ZT (5.911.6 mg/d)ol] W] 1 ZY2HE AR GEE

=]

L 705.11144.9 mg/dl7bA]| Z7vetAc) kel lovastatin
0.002% FoTolME 38234804 mygdlEA 1 SH~HE
Aol dEFola Blaste] foHd #HAaE Hilon A
M) 22 3% FoJTol A 551.71185.8 mydi7hA] 7
S5tk 9, % HDLsY ke 237 32 29 2HE A}

E F9% EE Tl 80 mg/dl o402 HAHRT
(24.1014.35 mg/dhell B3t} FoJH 07 Eolort 853k
3 FU2HE Aol gEFordAE 16,6438 mydlEA
AdeiET (150140 mg/dyst A FARSHA 7HA3Ath
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vk of] Jovastatin, AN FEE 1% Z 3% FoATNAME
247} 75.149.9 mg/dl, 106.0£12.0 mg/dl, 57.7+13.6 mg/dIZA]
BF 1 ZY2HE Aol gEFor vlste oA F
7ttt

Fig. 1. Histological findings of the liver of rabbits fed on normal
diet (A), hypercholesterol diet alone (B}, lovastatin (0.002%, C)
and Mulbery root-bark extract (3%, D) in hypercholesterol diet.
Note severe vacuolations around portal triad are shown in B, in

comparison with certainly mild lesions in C and D, and normal
features in A, H&E stain (>X100).

Fig. 2. Representative microscopic findings of the aorta of
rabbits fed on normal diet (A), hypercholesterol diet alone (B),
lovastatin (0.002%, C) and Mulbery root-bark extract (3%, D) in
hypercholesterol diet. Note a thick atheromaous plaque formed in
intima in B, in comparison with mild lesions in C and D, and
normalfeatures in A, Oil red O stain (><100).

Rolx] Fgrom FoiETaM = thy-

Aol FEe} TUA|FEC] th #HAHJG tiEzEEY
lovastatin (0.002%) T 3% A EEH FAT (SB-3%)
oME o AGTHawel Hsl) XA TE F-91¢h FTA
FEo] FaHYEE AUAT F AT (Fig D).

F3 A& glgHd AF G (0il red 0)yE A ATHA

ol
H
i

atheromatous plaque®] ¥4 g 427 (negative, +, ++,
++H)E o) ol Alok (x100)9A plaque scoreE ALt
3 A ANz dEduEdE XF plaqued] &
o] M3 #AHA oyt FPuxTAM T FHUHHA
24 plaqued] Azrel d@¥ T ooz H&AEo] pla-
que score’} 2.75%2 7H =)t v dl=E2 <] lovastatin
(20 mgkg) T TAME 2022 A9 T U XF3 2]
A2l A @3kt SB-1% FolTolM e A dETel
Hs] folskAl aske ARE Bl ¥, SB-3% T
AME N AAE Arrt 2008 YA FRRZETS lovastatin
3} 2L plaque scoreZ #21E 4= A} (Fig. 2, Table 2).

Table 2. Effects of lovastatin and SB on aortic plaque formation
in hypercholesterol (1%) diet-fed rabbits

Atherosclerosis

Treatment 0 +() + (@) ++0O) index
Normal control 4 0
HC only 1 3 275
HC + Lovastatin
0.002% b2 1 20
HC + SB 1% 1 1 2 2.25
HC + SB 3% 12 ! 2.0
3 -
25F

TBARS (nmol)
[8;]

Normal HC alone Lovastatin SB 1% SB 3%

Fig. 3. Lipid peroxidation level in hyperlipidemic rabbits at
final week. Note TBARS level of hypercholesterol-diet rabbits
were treated with lovastatin (0.006%) and Mori Radicis Cortex
(1% or 3%) in hypercholesterol diet, only hypercholesterol diet or
normal diet for 8 weeks. All data were mean £ SEM (n=4) ** sig-
nified P<0.01 when compared to Normal control, as compared by
Tukey's r-test. T signified P<0.05, P<0.01 when compared to po-
sitive control, only hypercholesterol diet, as compared by Tukey's
t-test. .
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3. ¢t =2 & NEMEE

i

3 a4

1057 1 Fo2HE Ao)E ¢ BE7|9 7 24 U] x4
e 2451040 nMEA AATHRT (1.2610.17 nM)
o] B)3}td] ,]“6‘]-71] Z7V8F T} (P<0.01, cf. normal control).
HhAof| Aule] 19, TR T ME 1.7840.14 nM (P<0.05,
cf. HC only), ™3] 3% EFFATLAAE 1314029 nMZE
A 3 ZFH2HE o] dEFoTel usle foaiA i

3Tl (P<0.01, f. HC only). ©]%= lovastatin & &-5-0]Fol|A]
E VAR 1102021 nMEA F 359 AEEE 25
free radical®] A|XEEA4e] it B HEad (P<0.0)E
B3 (Fig. 3).

O

] 447‘401]*1 ”“80}— A] E‘JJrJiPﬂJ%Ol e T2

rgls mlo

]x];q_)\]-ﬁ}.‘j_o_ A 7}7(47!4 o7 oiz_ UWH%QO

% X138} 11, macrophage®] ZH|&HE & F7MA
WOl endothelial cell®] &2 of7|3lt}. of J,}ﬂ oAl free
radicalell ©J3f FHH ] &io] ofy)E 1
9] o|F 70| &
oo 2457 9
AL free radical®] 7]do] H2g FMAZNS WS =23}
E 8<le] Ho} (Packer, 1991, Sarataho et al., 1996). The}A]
18 2AEFE W] Aot Aol 4d, 258y
tEo] o|Z A8shr] f1g e 7pH X el AL gl
< olF 7H FHASA AMHEHIL QE statinA D] oA
= cholesterol AJ/39] F7MHE<Q] 3-hydroxy-3-methylgitaryl-
CoA (HMG-CoA)2] T-Z2 FAMZE cholesterol BFA 3}
A F 2723 Al HMG-CoAl A mevalonate =] 2+
= Z3= HMG-CoA reductase®] #/3& g}, Statin
©] FF cholesterol 31282 Ux}H4 0 2= HMG-CoA re-
ductase Aol 25t THAIE2] cholesterol B34l A9t 2
o W2 ME W cholesterol pool?] 74l 71918ttty B 11

A

AHne daxos 5—73@%01 ks

AT, webA o] el A dF mEre] A

o4
!

HATh (Gotto, 2002). A1 E W cholesterol pool®] 74 Al
Eoto| EAI8lE LDL 8419 2d-S Z71A7)H, o|2|§
LDL 4849 &= LDL, VLDL, IDL 5 LDL A+ Z]DJ

W ggozrEel AAE Hdk olF oL o
al

T ZU2HE 358 A48 ¥E  dE Fde 7

Ao ZF A T 5 AR S 7T Qlo] AT
e 2L ZE7]HE 7K AQEZRE 3T A5
Aol kel FAlo] FolA 3 Ut} (Igel et al., 2001, Wierz-
bicki et al., 2003).

2 APAM T HZ2E2A statinA|E 5 lovastatine A}
43819 =1 ol Aspergillus terreus THAME-2] A 24 3-
hydroxy-3-methyiglutaryl coenzyme A (HMG-CoA) reductase
inhibitoro| ™, A EFol}t AHAA oA FAA 5
L s fsl e AEE oFEolth (Blum et al, 2004).
o] statinA]F 2] FE-2 cholesterol AL AAlste) =

Zole dldl B Ao F d#A 3l
o1, lovastatine Eo]X oz FIAHE ZsladE JR
Aoz Husdch B ATME 1 FH2HE AL
lovastatine: 0.002%% E93te] Foigh A3} 8 Wl 51 F
HEEE Aol @5FTd Huste] 56%71% EF cho-
lesterol 2 ZraA|FTh =3 SRS 209 F 3 &
AES st Aoz 484 9l ¥F LDL-Cholesterol &
Eofl ol ® 31 FH2HE o] GEFAT H]Lo}"q
84%E FHaAZTE B FF triglycerideo] et %43
i FY2HE Ho] dEFoT vt feofAo] Lxé
HA &Yt ol lovastatin®] triglyceride®] gd=oll= 33
o] 719 glo] F FulxHE ¥g #HFOEN A

A8 S ZEvhs o) nuel IXs= Aujolr) uk
Aol FHGste] &gl = HDLsY] 52 Fdzs
BOHe 78%7FF S7HAZ ole @ A Aduld Fojd
IME= FARSHE A9 FE2E SB 1% 3% Tl
A Z4zy 3l ZY2HE Ao] dEFoTy) HwEle] 44%,

70%7VE A3 T HDLs 259 $loJM = SB 1% 3%

cholesterol %
o

7t BF 70% ol F7MNF T o2l AulellA Jovastatin®}
] d3lke] fute] AAAE 88 s f‘éz =z

33}l 945}01] & 1

= 57
Aelg 5RE R sk S

ZY2HE TR HEY 5
76’5]'? F8 °]E7]T_i/‘1 Q1A= Q= free radicalel]l ¢
g M@ AbstEe] A ATE dolry] Y] 7 27 F
AARNEES SAs T 3 2F W A E A

2HZ<] malondialdehyde (MDA)E W}Ell= TBARS $HF
I FY2EHE o] BEFATAA 2451040 nMZA
AT Hudle B 94%9 712 B0} SB
1%} 3% FoirolA 1 FH2EE 4o %%OHP% H]
wate] 747t 37%, 87%9 AAE HATh thRoFEQl lova-
statin F{TANA 55%2] g Vet o) ux8FY

oﬁ FIO _\3

22 571 lipid perox1de§: Auis] 2520 SBe| ¥4
b AN UEE gulste Aoy ol gxEAY
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lovastatin Fo] ol A = BRI At
=uAsze I ZY2HE T, % LDLs, HDLs
%, free radicaloll 23+ #A3HE-o] Ao wlel W
A gech gep ARELel og FudHEe A
25S Ao Z 9718t7] 98ke] atheromatous plaques
Azd A3 10577 T ZUaEE Aol g BErY F
we A8 M FE JePAom, ofl red 0 FAHE T
atheromatous plaquesE KTt} olo] Hlg) 253t
E]/\Eﬂi /\10] j;_ 8_1,_7} I ig])\};]i /\]-,u_oﬂ /\LH y,]
22 SB 3%E EFSl] HoAd E719 FHHE g2
oil red 0 gA A AEE BAFJ oMW [ovastatin 20 mg/kgs
Folg BB wY A0 AAFo| Padel viok §
WAg 2742 Jehfiglth o213t atheromatous plaques®] #
T2 scoresE TAIHE wl, 31 FHAHE AR 598
FEANE BT FEE () WA A= (=hel &3S B
Z02M 2759 atherosclerosis indexZ WERHSITE o]0

]3] lovastatin ST 73} AWls] 2520 SB 3% %

LI
4» b

nHN' m1~11 Mo 2 kru

¢

BT 209 atherosclerosis indicessS WEPH O 24 F A ‘

$o2 n% eys SuAs AMEHE B35k 105
T FASHE *‘OIE e oleh g FuHo o
3 W ‘:}"*«] 7‘1%‘."‘%‘01] 2
}?3

= wolgh %%OM—E NEERE]

A Az BEIF FAARMTH (centrilobular regions)=
shelo] Uebdeh o]efdt A7-E lovastatin EFFAT

P_EMH E-‘Jra a3

JJ &5 SBY
at EJJrg} eraokoq JVH ‘n'fél =R AR ek F7b
2l A7t Festee Abgdnh

] 27k

Wonder Bio A& F-&a 1A A4 &3]
sEglon, old ZA= Yt}
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