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Antioxidant Effects and Improvement of Lipid Metabolism of Mulberry fruit,
Mulberry Leaves and Silkworm Powder with Different Mixing Ratios in
Streptozotocin-Induced Diabetic Rats

Kwon, Eun-Hye - Jung, Myung-Ae - Rhee, Soon-Jae - Choi, Sang-Won - Cho, Sung-Hee'
Department of Food Science and Nutrition, Catholic University of Daegu, Daegu 712-702, Korea

ABSTRACT

This study was conducted to investigate the effects of mulberry fruit, mulberry leaves and silkworm powder with
different mixing ratios on hepatic antioxidative system and lipid metabolism in streptozotocin-induced diabetic rats.
Sprague-Dawley male rats weighing 100 & 10 g were induced diabetic by 50 mg/kg bw streptozotocin and randomly
assigned to following experimental groups: normal diet group (DM), 0.3% and 0.6% mulberry fruit diet groups (F and
2F), 0.3% mulberry leaves diet group (M), 0.3% silkworm powder diet group (S), 0.15% mulberry fruit +0.15% mul-
berry leaves diet group (FM), 0.15% mulberry fruit + 0.15% silkworm powder diet group (FS), 0.1% mulberry fruit+
0.1% mulberry leaves + 0.1% silkworm powder diet group (FMS) . The experimental diets were fed for 4 weeks. Hepatic
SOD activity was not changed significantly by any of single or combined supplementations of mulberry fruit, leaves and
silkworm powder but GSH-px and catalase activities were increased by the groups supplemented with two or three of
the test ingredients (FM, FS, FMS) as compared with the DM group. Hepatic TBARS value was not reduced significantly
by any of the supplementations but lipofuscin contents were significantly reduced in the FM, FS and FMS groups as
compared with the DM group. Hepatic mitochondria and microsomal carbony! values were reduced by the single and
combined supplementations of the test ingredients. Hepatic HMG-CoA reductase activities were increased in the all
supplementation groups as compared with the DM group. Hepatic total lipid and triglyceride contents were increased
but cholesterol contents reduced in the supplemented groups. The effects on the enzyme activities, peroxide or its products
and lipid contents were most remarkable in the FMS group. In conclusion, mulberry fruit, mulberry leaves and silkworm
powder have the favorable effects on antioxidative system and lipid metabolism in the diabetic liver and the mulberry fruit,
leaves and silkworm powder with equal ratio exert the synergistic effect expectedly to prevent diabetic complications.

(Korean J Nutrition 39(2): 91~99, 2006)
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A EE g9 2ol ZldiHe A 4o 24 3
A of], B9 % ol Fo FPEAZRE 1 NLE 7]
g 4 glo] Be A5 A m Yok

20+ F2 anthocyanin Al%Y HAE 7FR1 1o,

cyanidin—3—glucoside®} cyanidin—3—rutinoside”} F2
ARl 7 vlgo] 7 3 AEE £ ¥} Anthocyanin
v k3 oA, Fay Tl g, AEidE
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1. MeAE

APl AHgE 2T)E 2005\ HALHE 69 FE7A
PUT U0 2% RN AT e FART
2RE £ 00 VPARE AgSel 54 32
2 F skistol Abgakint. Felrbre JAPREUY

i,

2PN ARE ol F 579 398 2 B4 5
Az F shsto] AL BAL YK-209 B
2 2 3 59 2% RN Adlsle] A F 60T

oM BF Az T Fsio] AL,

flo

AYFELS AF 100 £ 10 gi9)9] Sprague—Dawley
F FRL vl 2 A= 2AL (Korea) ol F31e] A&l
ARSI 2 AR 870 H5A1717] Y8 At 1y
AR (FEIY 484 AR 5053) 2 AFU ARALS
3k & WY (randomized complete block design) ¢l €]
3 107 872 E Wrgleh AT dutiEs (DM)
0.3% 24 FoAF (F), 0.6% 2T} T (2F), 0.3% %
A FoATZ M), 0.3% Foll F4F (), 0.15% 29 +
0.15% ¥ &3 F4F (FM), 0.15% 29 +0.15% F
of 23 i (FS) 2 0.1% 29 +0.1% 2Y +0.1%
Foll 23 Rl (FMS) 5 87 2& Wrgloy 2ol
F 7YE 357 FFEISIL 2oje= 4T BAsIgon
i G ARkl FEdte] AHrEe] s Bith 7
£ AY 2o|= Table 13 2t} A A AFES
3gich o] HFHHE Y ST AT 33U A
A 23150k ARl 33 AU 20~22T, ¥
7] 12417k (light 6 : 00~18 : 00) 2.2 #A3I k.

3. Saek

JE &N TuHF A AP 2ds 7] A3
A] streptozotocin (STZ) 50 mg/kg body weightE 712
AOE T3] FARIY BE AR it &
Q & 9dA| FHE g o] 300 mg/dL oMl FET
Aol ARSI

4, Nz 28 U FAE|

ARFE 5 7P CHE vl dtelA Bt 55
Qe o2RE FAE AFH T SA] 2R S HEs
7R el Ahgel e F AAAZ ARG EV|E
AAS L 222 e] FAE ST oS AF AR JA7EA
AANALRE F& FFAZ § 70T W5 BHSIch
MY

1) HEAS B BY Y8 Mee N M

Z} 7Ho A dA=ke] 7S #3810 Potter—Elvejhem
homogenizerg A3l 0.25 M sucrose/0.5 mM ethy-

lene diamine tetraacetic acid (EDTA)/5 mM N-2—
hydroxyethyl —piperazine—N—2—ethane sulfonic acid
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Table 1. Compositions of diets for experiment groups (g/kg diet)
Groups g P 2F M s FMm® Fs” FMms”

ingredients

Corn starch” 698 695 692 95 695 695 695 695
Casein'® 150 150 150 150 150 150 150 150
DL-methionine"” 2 2 2 2 2 2 2 2
Salt mix'? 40 40 40 40 40 40 40 40
Vitamin mix'"® 10 10 10 10 10 10 10 10
Com oil™® 50 50 50 50 50 50 50 50
Cellulose' 50 50 50 50 50 50 50 50
Mulberry fruits' - 3 é - - 1.5 1.5 ]
Mulberry leaves"”’ - - - 3 - 1.5 - 1
Silkworm powder'® - - - - 3 - 1.5 1
Total (@) 1,000 1.000 1,000 1,000 1,000 1.000 1,000 1,000

"DM: Injection of streptozotocin + no supplementation mulberry fruit of mulberry leaves or sikworm powder

PF: Injection of sireptozotocin + 3 g (0.3%) mulbenmy fruits

®2F: Injection of streptozotocin + 6 g (0.6%) mulberry fruits

“M: Injection of streptozotocin + 3 g (0.3%) mulbeny leaves

3: Injection of streptozotocin +3 g (0.3%) silkworm powder

“FM: Injection of streptozotocin + 1.5 g (0.15%) mulbermy fruits + 1.5 g (0.15%) mulbeny leaves

FS: Injection of streptozotocin + 1.5 g (0.15%) mulbery fruits + 1.5 g (0.15%) silkworm powder

¥FMS: Injection of streptozotocin + 1 g (0.1%) mulberry fruits + 1 g (0.1%) mulbernry leaves + 1 g (0.1%) silkworm powder

”Sam Yang Co., Seoul, Korea

"Lactic casein, 30 mesh, New Zealand Dairy Board, Welligton, N. Z.

'"Sigma Chem. Co., St. Louis, Missouri, US.A

2 Mineral mix, AIN-76 (g/kg mixture) : Calcium Phosphate, dibasic (CaHPO, - 2H,0) 500, Sodium chlcride (NaCl) 74, Potassium citrate,
monohydrate (KsCsHsO» + H:0) 220, Potassium sulfate (K:SQ.) 52, Magnessium oxide (MgQO) 24, Manganous carbonate (45 — 48%
Mn) 3.5, Ferric citrate (16 —17% Fe) 6, Zinc carbonate (70% InO) 1.6, Cupric carbonate (53 — 55% Cu) 0.3, Potassium iodate (KIO3)
0.01, Sodium selenite (NaSeQ; + 5H,O) 0.01, Chromium potassium sulfate [CrK(SO.)2 - 12H0] 0.55, filled up to 1,000 with sucrose,
Harlan TEKLAD Co.

Byitamin mix, AIN-76A (g/kg mixture): & -aminobenzoic Acid 11.0132, ascorbic acid, coated (97.5%) 101.6604, Biotin 0.0441, Vitamin
B> (0.1% trituration in mannitol) 2.9736, Calcium Pantothenate 6.6079, Choline Dihydrogen Citrate 349.6916, Folic Acid 0.1982,
Inositol 11.0132, Menadione 4.9559, Niacin 9.9119, Pyridoxine HCI 2.2026, Riboflavin 2.2026, Thiamin HCI 2.2026, Dry Vitamin A Paimitate
(500,000 U/g) 3.9648, Dry Vitamin D3 (500,000 U/g) 0.4405, Dry Vitamin E Acetate (500 U/g) 24.2291, Com Starch, Harlan TEKLAD Co.
*Dong Bang oil Co., Seoul, Korea

¥sigma Chem. Co. CMC (Sodium carboxyl methyl cellulose, non-nutritivefiber), St. Louis, Missouri, U.S.A

“'‘Mulberry fruits

"Mulberry leaves

"®Silkworm powder

(HEPES) €9224 10% (w/v) vfdE wE3dct. vt
e 6,500 rpmelA] 2087 ARSI ASAE 7
A A gkl AR, YA 7,200 rpmellA 30
B2 QAR O S dARE FHste] 0.4M%8
ethanol : chloroform ¥ & (5 : 3)& 7}ekar 287
A the 7,200 rpmeE YAFET & AFd o
= tHA] 30,000 rpmolA 3087 ARl I A
oS glutathione peroxidase 3 superoxide dismutase
o) ek @ BAEE SAs RE APEAL 4T
frAlskA aaigitt.
Z} 7FgelM dee] 7S 319 Potter—Elvejhem
homogenizerE& AF-3H 280 mM sucrose/10 mM KCV
10 mM HEPES §9°2X% 10% (w/v) vRIAE ©HES1
t}. el 2,500 rpmelld 1087 faEesl] s
sucrose buffer® 1 mL 7}31] mitochondria® ¥%oH,

L O

23F g Tl 9,000 rpmellx] 1587 AEeel 459
£ 36,500 rpmellA 6083 YaR2lsle] 315l sucrose
buffer® 1 mL 7}3}4 microsomeS A3t

Catalase (CAT) &4 4% fsixie 7] a4
Az} 2o vHo 7 upysled 2,300 rpmeollA 2087 9
AEEdte] 4& v EEEg ol £8& T 2,300 rpmel]
A 2083 AREAA FHES 8k 0.25 M sucrose
Lol HERAZ TS 2,300 rpmellA 20837 AgAH e
Bl A2 HAE] A% 0.25 M sucrose £ AH
EA7 CAT €4 53l AHS-3IsiT

2) Blgt 2L YT BT

(1) 7¥2A 9] superoxide dismutase (SOD) &4 =4
7Hx2A12] SOD 4L &Za] ZJHlelM pyrogallole] =}
FAb)e] 9%t ukalg 0].2-8F Marklund®t Marklund 2] ¥
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HO| wha} 243140k & tris—HCl buffer (50 mM Tris/
10 mM EDTA, pH 8.5) 1.5 mLell 4% 0.1 mLE
Y1l 7.2 mM pyrogallol 0.1 mLE 7} 24 Hh8-5 A
ZAZ] o 25ColA FE3] 10+ 7 RESAI & IN—
HCI 0.05 mLE& 7}3}9] ¥k3-& AAA1A Akl pyrogallol
9} FFEZ 420 nmolM SA3IT

(2) 7k2329] glutathione peroxidase (GSH-px) &4

==

k2219 GSH-px 842 Lawerence ¥ Burk?] %
e wet 38k § 1 mMo] EDTAE #h3he
pH 7.09] 0.1 M potassium phosphate buffer 1.72 mL
489 0.05 mLY 0.2 mM NADPH 0.3 mL, gluta-
thione 1811 4849 199E 187 1 gnmole] 4t
313 NADPHE sk a4 o2 Vepiich

(3) 2t2A 9 catalase (CAT) B4 &%
tzA 2] CAT 4L Aebi 59 HJ*?;I”LE 433
t}. & 50 mM potassium phosphate buffer (pH 7.0)
2.89 mLell 71491 30 mM H,0,8 100 £LE ¥ 257,
240 nmolA 58 FHTE ST HO0,9 3%
319} H,0,9 ESFAFE H0,0 T8 Tl a8
AEE ALt

l

3

(1) 7xx=Ae] B3R A (TBARS) A%
A e] FAakir|Ele] AL thiobarbituric acid (TBA)

g
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I
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9} HF8-3H= B9 TBA reactive substances (TBARS)
£ £738= Satoh?) HPE™ S ol &3t 1H2AE v

1] 6,500 rpmolld AElsle] A& A5 0.5 mLel 10%
TCA €% 25 mLE 7lsld 2 A& cli Ao 10
7

o

B 2 98 3 3500 rpmollA 105 7+ 948e s}od
Azde walm AAEL 0.05 M H,80,02 13] AHs}

AE FAE 0.05 M HSO, 2.5 mL8} 0.6% TBA
0 mLE 718t & AL &, 95T &2 Z4 30%
7+ 7Hdg oy SA] AR o)7]el n—butanol : py-
ridine £& (15 : 1, v/v) 3.0 mLE 718l & 42 %,
3000 rpmellA 104 b 9AEe] sto] I AFde %“}
o] 530 nmoA FFEE FAH3RI) ol EFECE 1,

1, 3, 3—tetramethoxypropanes Ar&sIA Tt

w9

0

Fr

(2) k=39 lipofuscin &7
AAl i malondialdehyde (MDA) &} @iz A¥o] 4

otel AddE Aoz dud AR 329 lipofu-

scin®] 4L Fletcher?] W™ o wlel 43191} 72
& 9% F3lo] 1.15% KCl-10 mM phosphate buffer/
5 mM EDTA solution (pH 7.4) €824 vlgai3ic)
ol o] AR chloroform : methanol £ (2 : 1,
vV 3 FH55E 22 4 mLA €1 3,000 rpmollA A
£ 3l 71 315982 spectrofluorometer (JASCO, FP—
770) & excitation 33 345 nm$} emission ¥ 435 nm
oM &A1 EFT O FE quinine sulfates ARSI

o ot} oz AnE AEsigich

Lipofuscin (¢#g/mg protein) =
Sample ¥¥%/Standard FFE X EEEN =
(pg/mg)

(3) 7F microsome % mitochondria®] carbonyl value
4

7F 229 microsome ¥ mitochondria %2 Atsle &
WAl §3e Levin 5 WH® | we} carbonyl
2ol AAEES &A%t 0.1 mLe AlRe trichloroac-
etic acid (TCA) 0.5 mL &%, 3,000 rpmolA 10&3H
RS & AFAS AAS FH FAR] 10 mM dinitro-
phenylhydrazine (DNPH) 0.5 mL 37}ste], 158n}c}
33t 121 Bt Ao #Ajst 3 3,000 rpmeliA 10
2 QAR ASdE AAT = el ethanol/
ethyl acetate (v:v=1:1) 3 mLE 75t} 204
10 wxgit} ohA] 3,000 rpmeolld 1087 9A4EE 3
S 98 5 6 M guanidine (20 mM potassium pho-
sphate buffer, pH 2.3) 1.0 mLE A7}3le] &3t & 37°C
9] g4 ZoA] 1587 73 ¥ 3,500 rpmeiA 1087
Eeslo] AFdg AUk o9 carbonyl valued] &
360 nm &F%9 oA ExEFFASF (E = 22,000
£ o]&3st] Akt

4) oM MG £

(1) 7+x2! 32 HMG—CoA reductased] 84 &4

%A © 2 RE microsomeS 23 th3 Hulcher 5%
o] ¥PE A Besto] ARGt & 150 #mole HMG—
CoA%} 2 mM NADPHE 500 #g microsome protein®}
A& 43L& % 0.1 M triethanolamine, 0.02 M EDTA (pH
7.4) @FLNo2 1 mLE AT 37TolA 3087 W
AR 1 2 0.01 M sodium arsenite 20 L& ¥1
ArR2oflA] 18 o)} ¥hEA)Z) & 100 1.9 2 M citrate (pH
3.5), 3% Na—tungstate &584E Y1 37TlA 10%
7y 9k A Ak 9RSE2 18,300 rpmellA] 15%-37F 4°Cel)



A AAEET o2 AN 1 pLg NER AlETE &
o}, of7]e) 200 ©Le] 2 M tris (pH 10.6) 2} 100 pL 2
M tris (pHB.0)E 4Jo] A&oA 3~487 AR &
PHEEAS 538 7ol SRk vz 20 pLe]
3 mM 5,5—dithiobis 2—nitrobenzoic acid (DTNB), 0.1
M triethanolamine, 0.2 M EDTA (pH 7.4) ¢==£34&
Y3 Z 4L F 412 nmolA 483 FFEE SHESITH
4 FAEE nmoles/min/mg (nmoles CoA—SH for-
med/min/mg microsomal protein) & #Fale] e
Art.

@

o

A, FEAE R FULHE FH

SED 3

e

Z
%
k229 FxAL Folch 79 whilel o3 F23)
FTHHoE AP A N A-e) FHE Hst
o] Sale 52 ¥ WS ARSI 72R 9] X
A o] F9AET FALHE 598 a1k (Asan Co.
Korea) & 713t & f8A12A4 0.5% triton X—1003} 3 mM
sodium cholate & E3ato] WA dojuhs BE (turbi-
dity) & AASL ZH2ke] EAH ool FREE A0
6. 3 o %
7} Alge] whEke BEEO 2 hovine serum albu-
ming AH§ER 0, ZH G40 gl Akl Lowryd™
< ol&ate] Agsiodch

7. SHAE

lo 2 g

o7t levke HEdh] Sl #AAS
AHEA (ANOVA A3) A} #oAdo| g
9] f-8)5 = Tukey's HSD teste] 98 2218153t

L L

1. MY} 2L BYE

1) MZ89| Superoxide dismutase (SOD) 2

ANEZY 25 249 FAE2H YA == superoxide
radical SOD Hkgol 23] AAHEZAM AXE HET
ok o] SOD 84& FuH) 123 U 3% a7
= Table 29} 2t} & Duthzde &) ov] (F), ©
2 M) H VR (9 F 3E Fod FE2] SODEA
& A9 WA oyt 2vel g FolAY (2F)
orjsl Bl FM). 2tjs} Fol7le (FS) 2 ot ¥Y,
TN 3F0] BE E3S B (FMS) EAdo] HolA]

@ESESEE 3902) 91~99, 2006 /95

Table 2. Effects of mulberry fruit using products on hepatic SOD,
GSH-px and CAT activities in $TZ-induced diabetic rats

SOD GSH-px CAT
Groups”  (unit/min/mg  (nmol NADPH/  (nmol/min/mg
protein) min/mg protein) protein)

DM 685+ 1.5979%™ 14254 +17.62° 409 + 0.48°
F 6.53 £ 0.71 155.34 = 1470  4.94 + 0.78"
2F 578 £ 0.93 175.65 £ 13.78°° 550 + 0.66™
M 674+ 1.22 169.80 = 16.99° 542 +0.77°
S 6.37 £ 0.48 181.14 + 9.41° 529 +097°
FM 598+ 1.16 17415 £ 1116 6,08 £ 0.83°
FS 5.66 = 1.02 186.42 + 18.33™ 6,07 = 0.49°

FMS 561 +0.54 210.84 £37.00° 692 +0.28°

"See the legend of Table 1.

?Values are mean + SE (n =10) Values within a column with dif-
ferent superscripts are significantly different at p > 0.05 by Tukey's
test.

¥Not significant

A% wgou BA4Y e AR 2e 24
WG9 243 YT SOD7} Zasion
BV} Tf?e] oJgje] o] AstY B EHBAIA
Zalirke Avis A H%T

2) MZA9 Glutathione peroxidase (GSH-px) 2

GSH-Px& EE& EA5E9 A A sy GSHE
AHg31e] H,0,9) organic hydroperoxides® A|AA 7=
BRE-S St EA AZujellA] wheAde] st IklES
AAsl] MEE BF g} oluf AR AFH glutathione
(GSSG@) & glutathione reductase®ll <Ja) thA] 893 GSH
E A%t STZE fad oA Fdel vlste] 3t
Z3 9] GSH-Px7} ¢ 7~10% #4sHs 2€ 1%t uf
ATHS B AFex S8 GudlzFe] GSH-Px 84
(Table 2)& MR oA Bt gt} A2 2 F50I3
o} Aoje] o], Bl 9l Fofyfr} dEoR w= Hgt
Hog i AolE A% AEFEolN Gzl
Blale] o2 A Yelten Fl7ks S8 £%
T= (S, FS, FMS) oA #9302 %7 Jepdt} (Table
2). 53] 29, 8 Y 7}t 2F rd FMST
Me Gz vls)] 47%7F 710 71 Fol o
7hE B3P evel BRI 3EA AUA] a9E B
ol= Ao F Alggrh

3) 729 Catalase (CAT) &Y.

Catalaser= 3 A|E & EAY3I] dARMED HO.E
&0 A8 HOs 0,2 BHEosM AAS A
250 ZHE BEd) STZ o3 Gudds 7hx3 9
catalase &4 E4do] E7tEglcky B v E glovt B

1o rff
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AFAEL] AP HAEF ALBHLS PAFHE Ao
2 Jepth £ dFelA] Fx ZAlel oJgt k3239 ca-
talase $YZAP} A dEieh vlaskA] Zgt wlEd o)
AL} Table 2014 He F= upel o] o], #e] 9
Follo] FoiE Eo] F7sE S GSH-Pxe &4 |
3o} FARIGE AT e Qoo g T gAEA0] A
A FFog FEEGI oV B Auor ot By 9 ¥
NE 2% 52 3F20E B Fost FEoAw 54 &
o) wrelF o g Frkeinh

254 dAgMtstEAe] TiHo Qe AR Hol
g o felutlME Ao A 2 12
EFE9 slse] &zl vt Qitk @ 4o e A
AAN =21 7, 23 F2E A4F7F SOD, GSH-Px&
g Z7HA B9E SRt 27t T, w3
AA ZBAE AFAZ) ;Y 722 2] SOD, GSH-Px, ca-
talase 5 3F9 a4 Aol EF Frlegithe Rk Q)
th® FZole opAER dYA] FEES AFY HET
SOD$} catalase B4E F7MARTL BuEch® o)
3 295 Yehlle RS F84E Eeldedolz
oA & AT ARE B Sl EiE Feirico)
T 38" fARIt Y & ¢ ok 2 EuEA
79 gy oz sl aA8Ae nlxE 713E gE
FE ot A B ATl ot ¥l vk
ol gated SODS] /3¢ W3} Rd o7t g
TolA A AEAAET Aol2 AzbEe 2pFe] A7}
gt

2. Moy &4

1) MR MMSIAIE (TBARS)

AkskE &) A 87} His AW ikeE]] TBARS7E 2
ol gJ3le] Mt s FEAEYTY # ohgt
AAAGFP M E By vk £ A% A7) Table 3
3} o] ot Bl 9 Fof|e] Eghyo] Fof FojA TB-
ARS #3o] Dzl vls) ¥ AFgollont £97
Q) apelE Stk olHd A= ARV By} o
7}k o] U SR HIAA 2AEI9E Wl kot
ol AFME 2t FrlHo UK FMSTAIAE
AL HE YSE HAFA Jth

2) MEA2 lipofuscin

A w3te] T2 AE2 ARHR 3le AWl lipo-
fuscin® THeol 21lo] Bl folHoz &
th= Flo] €} A= RV} B Az}Ee] ARV

Table 3. Effects of mulberry fruit using products on hepatic
TBARS and lipofuscin values in STZ-induced diabetic rats

b TBARS Lipofuscin
Groups -
(MDA nmol/mg protein) (#g/mg protein)

DM 11.59 + 1.597%4m 9.28 + 1.08°
F 1071 £0.71 806 + 1.55°
2F 10.14 £ 0.93 6.88 £ 1.20%
M 10.25 +1.22 7.00 + 1.46%
S 10.86 + 0.48 7.05 + 0.90%
FM 982+ 1.16 6.24 = 1.05°
FS 9.93 +1.02 6.62 £0.17°
FMS 10.17 + 0.54 556 £1.14°

"See the legend of Table 1.

*Values are mean = SE (n = 10) Values within a column with dif-
ferent superscripts are significantly different at p >0.05 by Tukey's
fest.

“Not significant

Table 4. Effects of mulbemy fruit using pfoducts on hepatic carb-
onyl values in STZ-induced diabetic rats

Groups” Mitochondria Microsome
(nmol/mg protein)
DM 139.99 + 4.187° 128.51 + 4.38°
F 101.24 + 0.78° 112.08 + 7.30°
2F 100.20 + 4.26° 108.93 + 6.01°
M 105.90 = 7.51° 109.99 =+ 6.40°
5 100.33 = 5.51° 100.22 + 4.41%°
FM 99.76 = 501° 101.20 + 4.93%
FS 100.44 + 4.00° 98.72 + 6.35
FMS 93.23 + 0.98° 91.73 + 4.89°

"See the legend of Table 1.

?values are mean £ SE (n=10) Values within a column with dif-
ferent superscripts are significantly different at p > 0.05 by Tukey's
test

Al B3R v} Q) B dFofA 7k2A 9] lipofuscin®] &
2 TBARSS] ZA#e} g o, B9 @ oo E3H4
o] o FojlA lipofuscin &3] FxthFdtel vlal 2
HoR wokw 53| o], Y 9 Fol7kE 3FE £F F
oIt FMSToA FithzTol vl 40%2] Zasisich
(Table 3).

3) I mitochondria®t microsome<] carbonyl value

&g rtael QEiA A - 3ite ek opiel WA gt
A Atsh Aok A7 deiAe gxjete] do] EAsiE
278 3 A AAAEelA gelgo] EXgakie] 23|
A A= weld 7z Alslchial o] Ay
Z|¥2l carbonyl value %2 mitochondria®} microsome
oA a3 o 1 A¥= Table 49 2t 2], ¥4
9 Fol|7}E2] 3= Table 39 lipofuscin® FAFFE L
U o, Y 9l o/l RE 9d5oE Rl ik &
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1) MZA 59 HVG-CoA reductased &Y

ExelE P9 8% 49 3-hydroxy—3—methyl—
glutaryl CoA (HMG—CoA) reductase: @/tejor=
A& BFo7 zAo M o] TFaHAT &
oMy SIS % FHXHES FTTHTIE 29
o2 Zgorty ik AR o 22222 HMG-CoA
reductase 849¢] STZ % G4l 40% A= 7228151
I 0.2% BdNo)z aA8Yo] FoFoR F/HEE B
23k v} itk Table 5014 ¥ nle}l o] & drojr:=
0.3% ¥ @=2o] (M) ollA o] Al & = g5
o 89l ¥ ohgl 2t (F) 9} FWMF (9 Fo3d F
7} B3 BY F1 olg9 RS FMS)7F M &
2IE VERES Y 1 9tk BEaap 958 A
< 4719 ZAgA oI Flst AHE Anjelxgl 2ol 7
EZ A AW vl JEE AnEe g AdsAIE &
7E M dck
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2) It 75 o FAE, FYNY X SALHE BT

FRE A3t 8 F AL SHAEHEC] BT F
PR 2 AL oA kA TAAL A
o] F4gle] Fok” ol & AR AXUZ 4ts]
o] & Xee] ¢ THhel AXY A SUE Q1 7
9] lipogenic enzymes® transcriptiong A=3dl= glu-
cose—6—phosphate?] ¥o| Z+Asl ofv] - At &=
3 ouirlgez o]gEHY] WEQ Aoz AlsEnh4e
w3t 7+%2) Y glycerol—3—phosphate acyltransferase
9 549 @4o] AstET, APz fElE fElA]
Wiko] ke Bojo = A Apdsle] 1 AdseEs 7
2A71 e AR AEET v gieddld 723 ZaAH)
E FA7L 52 2% B 7 UAET” HMG-CoA redu-
ctase &/30] Wolx oUR|Z o] §EHR] Rk BrEE
oA BAIE acetylCoA7} ZHAHEZS T3] wio]
21 PP 2 ATl e, Y 9 FEE
O T ERAS £ 7427 A ST ¢
FHAHE TS AR A7} Table 59 veht e
ozl vj3) ev, B9l W Folle] o] Fo] &
oM FAY L FAA el fHo g FrtEHeH i
2HES 24315 o] AFME o, BY 9 o 3
& SRFITA FMSTY 597t 7H SR HMG-
CoA reductase &) F¥o| FH2EE0] g5t 2HEHE
= FMSwolN 1z23 FHXHE 2ot 24888 5
771 89102 LS A E Aok AlsErh

ol APARE Hol B AFoMs STZo 9% 2
B SRR AAeA #stE 21222 HMG-CoA reduc-
tase 84 9© XA L or), el U ForlF AFHE
R He HEoR IEAT|E AR wdd). o
= oln B BH FolrfR EEY 9 ovje ¥%

Table 5. Effects of mulbemry fruit using products on hepatic HMG-CoA reductase activities, total lipid, triglyceride and cholesterol in

STZ-induced diabetic rats

Groups” HMG-CoA reductase Total lipid Triglyceride Cholesterol
(nmol/mg protein/min) (mg/g)

DM 0.59 + 0.047° 42.00 + 5,167 8.12£1.13° 2.64 + 0.05°

F 0.80 £ 0.08° 6491 + 471° 12.55 + 1.03° 238 £0.13°

2F 0.75 = 0.04° 62.59 + 4.62° 1210 £1.01° 2.30 +0.19%

M 0.71 = 0.05° 59.33 + 6.26° 11.47 £1.37° 2.41 +0.10°

S 0.78 + 0.05%° 63.62 + 4.94° 12.30 + 1.08° 2.47 +0.08°

FM 0.74 % 0.07°° 76.55 + 8.66™ 14.80 + 1.55% 2.48 + 0.07°

FS 0.72 + 0.05° 6522 + 7.81° 12.61 £1.71%° 2.46 £ 0.06°
FMS 0.86 + 0.01° 78.52 + 4.94° 15.18 = 1.08° 1.70 £ 0.03°

"See the legend of Table 1.

?Values are mean + SE (n=10) Values within a column with different superscripts are significantly different at p>0.05 by Tukey's test
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