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ABSTRACT

Anti-obesity Effect of Vegetable Sprouts in 3T3-L1
Adipocytes and Rats

Shin, Hyoung-Duck
Advisor : Prof. Lee, Myung-Yul, Ph. D.
Department of Food and Nutrition,

Graduate School of Chosun University

This study was performed to investigate the effect of ethanol extract of
vegetable sprout on the differentiation of 3T3-L1 preadipocytes sz viZro, and
anti-obesity effect in rats fed normal or high fat diet /7 vivo. In order to
develop development of the anti-obesity natural plant materials, the
inhibitors of adipocytes differentiation were screened from vegetable sprout
ethanol extracts such as broccoli, alfalfa, barely, rapeseed, red radish, red
brussels, chinese cabbage and buckwheat. Treatment of broccoli sprout
ethanol extracts(50 ug/mL) among the vegetable sprout ethanol extracts
decreased differentiation and proliferation, and blocked accumulation of
triglyceride in 3T3-L1 preadipocytes. Thus, an ethanol extract of brassica
oleracea(BO) was selected as a candidate of adipocytes differentiation
inhibitor. Therefore, this study was also conducted to investigate the

anti-obesity effect of an ethanol extract of BO on the high fat diet-induced

— viii —



obese rats 7 vivo. Male Sprague-Dawley rats were fed 20%(w/w) high fat
diet for 4 weeks to induce obesity. Experimental groups were normal
diet(N), high fat diet(HIF), normal diet and BO with 200 mg/kg treated
group(NBL), normal diet and BO with 400 mg/kg treated group(NBH), high
fat diet and BO with 200 mg/kg treated group(HBL), and high fat diet and
400 mg/kg treated group(HBH). After feeding of an ethanol extract of BO,
adipose tissue heparin-releasable lipoprotein lipase(HR-LPL) and total
extractable lipoprotein lipase(TE-LPL) activities, serum and liver lipid
profiles were measured. The body weight gain was increased by high fat
diet, but gradually decreased to the corresponding level of the normal diet
group by administered BO extract. There was a signigicant increase in the
activities of serum alanine aminotransferase(ALT), asparate aminotransferase
(AST) and alkaline phosphatase(ALP) in the high fat diet group. The
administration of BO ethanol extract decreased serum ALT, AST and ALP
activities in dose dependent manners. Concentrations of serum total
cholesterol, LDL-cholesterol, triglyceride and the atherogenic index were
tended to be decreased in the BO ethanol extract administered groups
compared with the high fat diet group. However, HDL-cholesterol and
phospholipid concentrations in serum decreased in the high fat diet group
and markedly increased by the BO ethanol extract administered groups. In
addition, significantly increased levels of triglyceride, total cholesterol,
LDL-cholesterol in the serum of HF were returned to the normal or even
below the normal by administering of an ethanol extract of BO. There were

no differences in the concentrations of serum triglyceride, phospholipid,

_iX_



LDL-cholesterol, HDL-cholesterol and free cholesterol between normal diet
groups. Concentrations of total cholesterol and triglyceride in liver were also
markedly decreased in the BO administered groups. Total cholesterol and
triglyceride concentrations of adipose tissue in the BO administered groups
were also decreased compared with the high fat diet group. In addition,
there were no differences in the concentrations of liver and adipose tissue
triglyceride and total cholesterol between normal diet groups. The increased
activities of HR-LPL and TE-LPL in adipose tissue by high fat diet were
decreased to the activity of normal group by administering of an ethanol
extract of BO, as a dose-dependant manner. There were no differences
between normal diet group and with BO 400 mg/kg treated group in
HR-LPL and TE-LPL activities of adipose tissue. Taken together, it is
suggested that the extract of BO decreases differentiation and proliferation,
and blocked accumulation of triglyceride in 3T3-L1 preadipocytes, and leads
to the decreased LPL activity and triglyceride concentration in high fat

diet-induced obese rats, thereby potentially reducing lipid storage.
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2. otm =4t

TA otumabe] BAL Ry A2 05 g ¥ 6 N HCl 3 mLE 3t g7
Skl 121Col A 24X 3 7F5=E818 oS oS rotary vacuum evaporator® 7+
3t - =3 ¥ sodium phosphate buffer(pH 7.0) 10 mLZ A &3t €9 1 mLE
# 3} 32 membrane filter(0.2 pM)ZE o] ¥} 8 t} g o} v = Az} % &4 7] (Biochrom 20,

Phamacia UK)2 A8t 9 o™, +A %12 Table 17 2t}

Table 1. Operating condition of Amino Acid Autoanalyzer for amino acids

Item Condition

Instrument Biochrom 20(Phamacia UK)
Buffer solution Sodium phosphate buffer(pH 7.0)
Reagent Ninhydrin(Phamacia)

Inj. volume 20 puL




Al 242 AOACHHEGE) N =8kl A& 5 g& blenderz A F
chloroform 10 mL$ methanol 20 mL& 7}3t2 287 #4233 o}, chloroform
10 mLE 7Febo] 30&23F ZARA AT o3 - 303 WA g § A5 AL F
4 NasSO4E 7Fete] &8 S rotary vacuum evaporator® ¢t - 53389tk A
H 100 mgS toluene 5 mLol &3]3t BF;MeOHO 2 W A3 3do] Gas Chromatography

(GC-17A, Shimadzu, Japan)Z #4389 o™ #+4 2712 Table 29+ 2t}

Table 2. Operating condition of Gas Chromatography for fatty acids

Item Condition

Instrument GC-17A(SHIMADZU, JAPAN)

Column SPTM*256O. capillary Column(IOO .mm length x
0.25 mm id. x 0.25 um film thickness)

Column temp. 170°C (5 min.) to 250C (10 min.) at 4C/min.

Injector temp. 230C

Detector temp. FID 270°C

Inj. volume 2 pL

Split ratio 1 : 50




4. v gtR1 A ¢ HEgwl E

Al= 0.5 g= culture tubed] & &t o 7] ascorbic acid 0.1 gZ ethanol 5 mL
7}k TS 80T E setting® shake water batholA 1087 7FEa A1 AT 9

o] &7]e thA] 0.25 mL 50% KOHE& Y& H7tste], 22 XA 20&7H= 7H
3 Al &, 2¢F 755 3 mL9 5 mL hexane® 7Fatth. 3,000 rpmelAl 20
2 4w A7 v, 2S99 S separate funnelel &4 © 31 5 mL hexanes

7heta 22 oA dAER AR v, 35D S separate funnelo] &7 E$k

Separate funneld] 2&4F 7555 247 718t 1087 #3907} 35S A A

G2 o2 33 WEF ¥, Poldle £ES NaSO.E #3 AAD thg d9aq

Table 3. Operating condition of HPLC for vitamin A and E

Item Condition

Instrument LC-10AVP(Shimadzu, Japan)

Column Shim-pack GLC-ODS(M) 25 cm

Eluent acetonitrile : isopropanol = 95 : 5

Flow rate 1 mL/min.

Inj. volume 10 uL

Detection Retinol @ SPD-10A(UV-VIS Detector 254 nm)

Tocopherol : RF-10A(Spectrofluorometric Detector)




TEA R AR 1 goll S/ 50 mLE 7heke] 80T oA 447 7 E o
Whatman filter paper (No. 2)2 o] 3}3}3, o9& rotary vacuum evaporator® 7+
4 F=2F F F=HFE 10 mLE A 839 Ion Chromatography(DX-600, Dionex,

USA)= #4stlen 242202 Table 49 2t

Table 4. Operating condition of Ion Chromatography for organic acids

Item Condition

Instrument DX-600(Dionex, USA)

Column IonPac ICE-AS6 analytical, 4-mm
Eluent 0.4 mM Heptafluorobutyric acid
Reagent 5.0 mM tetrabutylammonium hydroxide
Flow rate 1.0 mL/min.

Inj. volume 20 puL

Detection Surpressed conductivity




A 7kgE F 05 M AgNO3;o. 2 50 mLE A&atsitt 2483 5d 1589 &

T T g vialel 8 mLY FHste EFE Yoz 92, 05 M AgNOsS 212
3ol YA EFEFFHE=A(AA-6501GS, Shimadzu, Japan)® 43t oen B4 z7

Table 5. Operating condition of atomic absorption Spectrophotometer for

minerals
Item Condition
Instrument A4-6501GS(Shimadzu)
Lamp Item Fe Ca K Mg Mn Cu Na Zn
Wave 7665 2483 2795 3248 3302 2139 3302 2139
length(nm)
Current(mA) 10 12 10 6 10 8 10 8

Slit Width(nm) 0.5 0.2 0.2 0.5 0.2 0.5 0.2 0.5

Lighting Mode  Non-BGC BGC-D2 BGC-D2 BGC-D2 Non-BGC BGC-D2 Non-BGC BGC-D2

Burner
height(mm)

Fuel gas Flow

(mL/min.) 2.0 2.2 2.0 1.8 1.8 2.0 1.8 2.0




ol Fste]l 3lstzolA 2442 3313 § 3021 A7

>

AR 5 gd T4
HCl : %5 = 05 : 35 €9 4 mL¢ /5 10 mLE 7Hsto] 723t A 83
st A7l 9SS S/HFE 100 mLE A -835}9] Ion Chromatography (DX-600,

Dionex, USA)Z A5t om, +4 32702 Table 6~72 %t}

Table 6. Operating condition of Ion Chromatography for cations

Item Condition

Instrument DX-600(Dionex, USA)

Column IonPac CS12A Analytical, 4-mm
Guard IonPac CG12A Guard, 4-mm
Eluent 21.0mM Sulfuric acid

Flow rate 1.0 mL/min.

Inj. volume 20 puL

Detection Surpressed conductivity




Table 7. Operating condition of Ion Chromatography for anions

Item Condition

Instrument DX-600(Dionex, USA)

Column IonPac AS18 Analytical, 4-mm
Guard IonPac AG18 Guard, 4-mm
Eluent 23.0mM KOH

Eluent source

Flow rate

Inj. volume

Detection

EGC-KOH Cartridge

1.0 mL/min.

20 uL

Surpressed conductivity
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74

50 mLZ 7}8}lo] heating mentledl A 75C&E 5A17F 7}E 8 thS Whatman filter paper

A2 Gancedo WH(57)0 T3t A ATt A5 1 gol 80% ethanol

(No. 2)2 o333 o 4& rotary vacuum evaporatorol A Z¢t - 5% T 10 mL&

A

Az

A 43t Ton Chromatography(DX-600, Dionex, USA)Z® #2439 o,
< Table 83 #t}.

Table 8. Operating condition of Ion Chromatography for free sugars

Item Condition

Instrument DX-600(Dionex, USA)

Column CarboPac TM-PA10 Analytical
Guard CarboPac TM-PA10

Eluent 18mM NaOH

Flow rate 1.0 mL/min.

Inj. volume 20 puL

Detection Surpressed conductivity
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Zrob & Ps crucibles Esto] 7F o] 3g o4 3els pH 45=
50 nl9] amyloglucosidase(Sigma A-9913)5 Yo 60C water bathel 30%3F
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- Centrifuge : Eppendorf 5810R, Germany

- Evaporator : Rotary vacuum evaporator, Eyela, Japan

- Spectrophotometer : Shimadzu UV-1601PC, Kyoto, Japan

- Deep freezer : MDF-V52 SANYO, Japan

- Ultra Turax : IKA MT-25 Janke & Kunkel, Germany

- Shaking water bath : JEIO-TEK SWBO3, Korea

- Liquid scintillation counter : Packard Tri-Carb 3170TR/SL, USA
- Freeze Dryer : ED 8512. Ilshin, Korea

— Ultrasonic preocessor : VCX-750, USA

- CO2 incubator : MCO-18AIC, Japan

e, gy Wy, WYy, FA, A5, i, JdF ARALAE FAOx
3 3 Waren blender(Braun MR 350. CA. USA)E ZEH3lo] A 52 AFE3FA T
AL AYL 24 dx A5 100 g9 80% ol ers 500 mLe FH7bgh & 3

5C 9] heating mantleo] 4] 3A17-8 33] %3 t}S Whatman
filter paper(No. 2)2 o] #3}q 2 o] B 40C FE&A o)A rotary vacuum evaporator &
SuiE AASAL A w5 F 70T W HaAsTh o)A dFE 110TolA
AZAZ § 1P FHFS FEFE T2 AT O3 A5 s AE fste -7

T R

0cCel W
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ZF Az %
M EZvfFL Chen 5(59)9] WHS oFzt Wasto] AT, EIve 694

(day -6)°l 3T3-L1 AWATLHMELE 6-well tissue culture platese] 3x10°*

-~

cells/wellZ seedingstil, 10% FBSE 233 Dulbecco’'s Modified Eagle's

Medium(DMEM) 2. & day 64 7F# 149

ot
2

29 AR wigdE ZolFH
A 37C 9 5% CO: incubatorell A v A Zth Day 1o #3t&5 #F=A17]17] 9
|41 DMEMoll 10 gg/mL insulin(INS), 1 uM dexamethasone(Dex), 0.5 nmol/L
IBMXE ¢HA1Z AL, day 2015 22 9 10 pg/mL INS ¥He gH-A1 7T
(1,2). gxaozes AMARL e FE2S 3Ast=d AFEE dimethyl
sulfoxide(DMSO)E A gkl o™, 2z A g Al 7]o we} 3T3-L1 A4 %9

A3 Z3AAS 2 Hol FAY.

o|\
Sh

U ARAxEs =4

3T3-L1 AATAE

o

23+ sn-glycerol-3-phosphate dehydrogenase(GPDH;

EC 1118)5 SATo=

>

T3 3 +=4d, GPDHE dihyroxyaceton phosphate=

glycerol-3-phosphate® Z13A]7]= & 4=, glycerol-3-phosphatei= A H

O.L;
%

Gl dag Sdol7]o] AWAFAET A= APATE E3HleAE T
P F e AR ol§¥ i Al Wisest Greend WH(60)S W3 sto] t}
=% 2 Wy o=z FASAT. AEueo] Ed (U7 day 14) 6-well plate
o] wjoFolS 9+d & A| 7 38kal phosphate buffer saline(PBS)® Yol ol okl

S MWl F 260 pL homogenizing buffer(pH 7.4; 0.25 M sucrose, 5 mM



Tris base, 1 mM EDTA, 1 mM dithiothreito) & ©]-&3}l°] 6-well plate®] Al
¥ = scrappingdle] 1.5 mL eppendorf tubeo] =38 7}F A& 9o ZLolF2
o g&o® 6 watt® 10% 9 AlXE sonication(Sonics & Materials, Ins.)
AlA 12,000 rpmO 2 4TolA 108 ToF JAEHA AT 5 d(supernant)
200 pLE HalA M=EE eppendorf tubeo] %7 & assay buffer(100 mM
triethanolamine, 2.5 mM EDTA, 0.1 mM B-mercaptoethanol, 0.176 NADH)
800 ulL¢t 712l 0.16 uM dihydroxyacetone phosphate lithium solution 100 pL
a8 AEd 150 pLE cuvetteo]l ¥ i shaking® ¥ spectrophotometer(Shimadzu,
UV -Visible Spectrophotometer, UV-1601, Japan)Z ©]€3to] 340 nmol A &%

=2 SA43%ol GPDH &4 & SA &3t

O 3T3-L1 ARAZA SAAAE SHE 77 ABAAE =5

3x10* cells/mL2] 3T3-L1 AW ATLALE 6 well plate?] Z+ welld] 23 PBS

2 Al &3 F 1% bovine serum albumin(BSA)S 3t Y= 1%

b1
B

s
a-

oft

DMEM HjA ol A 2 &<t e wj et & A =3 DMEM HiA = 2ghs}git,

ofr

3T3-L1 AAFAE] DMSO(control) % 8FF9o AMAfA o s

= X
==

X

50 ng/mLE 3 FE==29 025 uM dexamethasone(DEX, Sigma-Aldrich.
ST.Louis, MI, USA), 10 ug/mL insulin(Sigma, St. Louis, MI, USA)¥} 374
Aelsto] 49 T EIAHT. BAl wiAE wdeta s EEEgle]
DMSO % AAA L oee FE22 iAol st 64 &<k w skttt 6
Aol A Eo glycerole] E3 T o] YA &L lysis buffer(20 mM Tris, pH
74, 2 mM EDTA, 137 mM NaCl, 1% NP40, 10% glycerol, 12 mM B-glycerol

]_

3l

phosphate®} protease inhibitors)® &3 F =¥ FAA g

ol

b

filo
Ay
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ATH61,62). TS FF Ao Tl = FA 2 Bradford9t Marion(63)9] ¥
of wa} &9 B(coomassie brilliant blue G, phosphoric acid, 95% ethanol) 900 uL
9} sample 5 pLE UV cuvetted] ¥ il EE0°]F F spectrophotometers ©]-8

ko] 590 nmol A 7S SASHA

g ARAE & 5A

3T3-L1 AWATLHNELE day 69 1.8x10" cells/mLZ 96 well plateol
seeding® FAlol Z+zbe] AN & oetE FFE 50 uLes A s, day -2
tetrazolium salt WST-1{4-[3-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-
benzene disulfonate}s ©]83le] AEXFE FAsA . DMEM22 100 uL
g 5 37CY 5% CO- incubatoroll ¥l 3A17F vl Al 71 ©}8 microplateleader
(Molecular Devices, CA, USA) 450 nmol A FHE=E FAsto A &5 4

Zahglct.
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A 159 5o ARA0Z A7 F, At AF 153155 gol AL 1
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ot

ol wel Table 994 o] Aolstith. =, AAL(N), W 2o] Folat(HF), A #=]
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Table 9. Experimental design

Diet composition

Groups

N Basal diet"

HF High fat diet”
N-BL Basal diet + BL”
N-BH Basal diet + BH"
HF-BL High fat diet + BL
HF-BH High fat diet + BH

D2 According to AIN-93 diet composition(Table 10)
Y BL : 2 oleracea ethanol extract 200 mg/kg of b.w./day

Y BH : B oleracea ethanol extract 400 mg/kg of b.w./day



Table 10. Composition of experimental diet

(g/kg)

Diet composition Basal diet High-fat
Casein 200.0 200.0
L-methionine 3.0 3.0
Choline bitrate 2.0 2.0
Corn starch 500.0 400.0
Sucrose 100.0 100.0
Cellulose 50.0 50.0
Vitamin mixture(AIN 93)" 35.0 10.0
Mineral mixture (AIN 93)” 10.0 35.0
Lard 100.0 200.0

Y Mineral Mix(AIN-93-MX)(g/kg mixture) : Potassium phosphate monobasic(22.76% P,
28.73% K) 250.00, Potassium citrate, Tripotassium monohyerate(36.16% K) 28.00, Sodium
sulfate(39.34%, 60.66% CL) 74.00, Potassium sulfate(44.87%, 18.39% S) 46.60, Magnesium
oxide(60.32% Mg) 24.00, Ferric citrate(16.5% Fe) 6.06, Zinc citrate(52.14% Zn) 1.65,
Sodium meta-silicate H.0(9.88% Si) 1.45, Mamgamous carbonate(44.79% Mn) 0.63,
Cupric carbonate(57.47% Cu) 0.30, Chromium potassium sulfate 2H20(10.42% Cr)
0.275, Boric acid(17.5% B) 0.0815, Sodium fluoride (42.25% F) 0.0635, Nickle carbonate
(45% Ni) 0.0318, Lithium chloride(16.83% Li) 0.0174, Sodiun selenate anhydrous
(41.79% Se) 0.01025, Potassium iodate(59.3% 1) 0.010, Ammonium paramolybdate + H-O
(54.34% Mo) 0.00795, Ammonium vanadate(43.55% V) 0.0066, Powdered sucrose
209.806

“ Vitamin mix(AIN-93-VX)(g/kg mixture) : Nicotinic acid 3000, Capantothenate 1600,
Pyridoxin—-HC1 700, Thiamin—-HCl 600, Riboflavin 600, Folic acid 200, Biotin 20,
Vitamin Bis(cyanocobalamin)(0.1% in manitol) 2500, Vitamin E(all-rac-tocopheryl
acetate)(500IU/g) 15,000, Vitamin Ds(cholecalciferol)(400,000IU/g) 800, Vitamin K(phylloquinone)
75, Powdered sucrose 974.665
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(1) Heparin-releasable LPL(HR-LPL) &4

Az ejode] EAs= LPL 42 Nilsson-Ehle®} Schotz WH(70)& &8
Fried®} Zechner ¥ (71l &3] S A vk A Wx2(2F 20~40 mg)S 1% BSA
9} heparin(10 mU/mL)E €3 05 mL
24Coll A 45 &3+ wi st E43AE AaEs HEddY. 24 245 AT 71ES

*H-triolein®] phosphatidylcholine®} trioleine 21 WA 7} glo] @ wl 72 2 &7}

[
il

S wH HojF: ¥ glycerols #7713t 6% A X sonicationAl A Al Z 3

o

CEANMSe wgA 7 AR E A= 150 uLet *H-triolein emulsiong 7] %2

TE 714 150 pLE A ¥ v 37Tl A 1AIE sob v kAl A Ff el ar, o]
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8 A B2k (free fatty acid)®] radioactivityE B-counterE ©]&§3le] &4

B4
b thg HR-LPL #4& AMahelch.
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(2) Total extractable LPL(TE-LPL) &4

Aol LPLE Axefel  #w ofys Alxudieel=  FfEo] e,
microsome °tol A& FAAQA LPLS X33 FA4A<QA LPL 42 =AHst= Aol

TE-LPL &4 =4 WHolt. TE-LPL &4 342 lverius® Brunzell®] W (72)]
& AU o™ detergentel deoxycholate® LPLE F&3 ttS A& U, A
HFZ 21 (9F 50 mg)e 05% deoxycholates 33+ ice—cold buffer(0.5% deoxycholate,
0.2 M Tris, 0.25M sucrose, 1% BSA, 10 U/mL heparin, 0.02% nonidet P40, pH 8.3)
0.2~0.3 mLEZ #H7}38t9] glass homogenizer® A 3}3 % &7 sonicationA] 7] t}&
microcentrifuges ©]&3to] 18,000 xgolA 15%%F (4T) ¥4 At LDLEA
ZAS Y8 s AEEHNoew, 5 AL deoxycholateE: FEFA @2
ice—cold buffer®} 1:5=2 3|A sttt A 150 pLoll €4 &48& =437 98l Al
2% 712 150 uLE A7bske] 37CAA 1413 &k wWikAIzl F HR-LPL 24 =4

W Tdd WO R radioactivity® FA 8] AlAbs Tt
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Table 11. Proximate compositions of 5. oleracea

(%/100g)
Item ) .
Moisture  Crude protein Crude fat Crude ash Carbohydrate
Sample
B oleracea 21.19 22.04 12.80 6.25 37.72
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oln| =22 Table 129} 2t} F 15% 9] olv|i=2to] HEH S
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acid, arginine, phenylalanine, valine <=°]1t}.

o] ¥ FFoln AL 272797 mg/100g © = lysine, leucine, arginine, valine,
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Aol Bl &2 56.05% % LEFNE
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Table 12. Contents of total amino acids in 5. oleracea

(mg/100g)
Amino acid Content
Valine 284.90
Leucine 616.57
Methionine 237.68
Threonine 19.00
Lysine 691.09
Phenylalanine 371.20
Histidine 251.42
Glutamic acid 522.35
Arginine 507.53
Serine 85.03
Glycine 259.63
Alanine 126.15
Proline 49.72
Tyrosine 239.18
Aspartic acid 605.74
Cysteine 0.00
Total A.A. 4867.19
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B2 Ao Ak 242 Table 137 2tk 74 AWl & LA
palmitic acid(C16:0)7} 7} ¥ 92 arachidic acid(C20:0), lignoceric acid(C24:0)
behenic acid (C22:0) o2 YEWT. EXIAWALE cis-11,14-eicosatienoic
acid(C20:3n3), linolenic acid(C18:3n3), linoleic acid(C18:2n6¢), oleic acid(C18:1n9c¢)
<o 7 ety E3] AW Fo) A cis-11,14-eicosatienoic acid(C20:3n3) & o]
71 =A dEwt. 2 Azt &k A FEEY Ave EARARE
palmitic acid(C16:0) o] 7} o} & AFoA AL&3 B2 A7 FAF
3k Aol o BXEFAWAE oleic acid, linoeic acid, eicosenoic acid <O &

LHEFS TH(74).



Table 13. Compositions of fatty acids of B. olerace

Fatty acid Composition (%)
Butyric Acid Methyl Ester(C4:0) 0.00
Caproic Acid Methyl Ester(C6:0) 0.00
Capric acid(C10:0) 0.00
Undecanoic acid(C11:0) 0.00
Lauric acid(C12:0) 0.00
Tridecanoic acid(C23:0) 0.00
Mpyristic acid(C14:0) 0.00
Pentadecanoic acid(C15:0) 0.00
Palmitic acid(C16:0) 2.39
Heptadecanoic acid(C17:0) 0.00
Stearic acid(C18:0) 0.00
Arachidic acid(C20:0) 0.40
Heneicosanoic acid(C21:0) 0.00
Behenic acid (C22:0) 0.10
Tricosanoic acid(C23:0) 0.00
Lignoceric acid(C24:0) 0.30
Saturates 3.19
Myristoleic acid(C14:1) 0.00
cis—10-Pentadecenoic acid(C15:1) 0.00
Palmitoleic acid(C16:1) 0.14
cis—10-Heptadecenoic acid(C17:1) 0.09
Elaidic acid(C18:1n9t) 0.00
Oleic acid(C18:1n9¢) 10.11
cis—11-Eicosenoic acid(C20:1) 2.77
Erucic acid(C22:1n9) 0.00
Nervonic acid (C24:1) 0.31
Monoenes 14.42
Linolelaidic acid(C18:2n6t) 0.00
Linoleic acid(C18:2n6c¢) 10.15
cis—-11,14-Eicosadienoic acid(C20:2) 0.29
cis—13.16-Docosadienoic acid(C22:2) 0.73
r-Linolenic acid(C18:3n6) 0.00
Linolenic acid(C18:3n3) 10.90
cis—8,11,14-Eicosatrienoic acid(C20:3n6) 0.00
cis—11,14-Eicosatienoic acid(C20:3n3) 60.32
Arachidonic acid(C20:4n6) 0.00
EPA(C20:5n3) 0.00
DHA(C22:6n3) 0.00
Polyenes 82.39
Total 100.00
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059 mg/100g¥ 0.822 mg/100gel A th. 22 Azstatol &ate F4 Ao H
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0
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Table 14. Contents of vitamin A and E in 5. oleracea

(mg/100g)
Vitamin Content
A 0.059
E 0.822
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BRIy &9 §714 FFL Table 159 2t}h, &= 3F9 F7]4o] AEHA
o, o] F latic acid”} 41875.0 mg/L& 7}%

acid 610.0 mg/L<°] % t}. Oxalic acid, tartaric acid, formic

wolyw, the o 2 malic acidE

27333.0 mg/L, citric

acid, succinic acide= A& A &Yt}

Table 15. Contents of organic acids in 5. oleracea

(mg/L)
Oragnic Acid Content
Citric acid 610.0
Malic acid 27333.0
Latic acid 41875.0
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HE=
], o] F K daFo] 794.160 mg/100g® 7}4 ©wtomw t}g oz Mg, Na, Fe
(3]

it}

2
o

#0913 Zn, Mn, Cusl @%& vlFo|odth Kim $(76)8] nz2eaFe 7714
% B4 A3E K Fe, Mn, Zn #02 @30 vebgd, ¥ a7 dash s
& wEollh.

Table 16. Contents of minerals in 5. oleracea

(mg/100g)
Mineral Content

Fe 6.608

K 794.160
Mg 369.960
Mn 2.363

Cu 0.341
Na 16.240
Zn 5.433




BRFE Ao - ol TS Table 17, 187 2t} Table 1704 9} o] o
o] 22 potassium(K )¢ ko] 2410.0 mg/LE 7F4 2on 0% magnesium
(Mg”)o] 13730 mg/L = % %I Na', Ca’ #olglem, Li's NH, o] && #E
w2 erokrt. &o] &9 A4 Table 187 o] phosphate(POsS )7} 43875 mg/L& 7}

A =9, BeoR sulfate(SO,)7F 357.50 mg/LZ =9kow, NOs, Cl, ClO; &

Table 17. Contents of cations in B. oleracea

(mg/100g)
Cation Content
Sodium(Na') 479.0
Potassium(K") 2410.0
Magnesium(Mg™") 1373.0
Calcium(Ca”™) 179.5




Table 18. Contents of anions in 5. oleracea

(mg/100g)
Anion Content
Chlorite(C102") 0.46
Chloride(CI") 1255
Nitrate(NO3 ) 14.85
Phosphate(PO,”) 438.75
Sulfate(SO4") 357.50




vz 32g Ao G T Table 199 2}, Fructoserx 105.830 mg/L=E 713
3

A3, glucose’} 70.610 mg/L AEHAom 1 thS2 =2 ribose

Table 19. Contents of carbohydrates in B. oleracea

(mg/L)
Item . .
Fructose Arabinose Galactose Glucose Fructose Ribose  Lactose
Sample
B oleracea N.DV N.D N.D 70610  105.830 213.400 N.D

UN.D. : not detected
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39.29 g/100g= A== AUt AAAN L F7A vL A A 45 24.86 g/100g F3t

Aoz Basdr(77).

Table 20. Contents of dietary fiber in 5. oleracea
(g/100g)

It ) )
em Dietary Fiber
Sample

B oleracea 39.29
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Table 21. GPDH(glycerol-3-phosphate degydrogenase) activity in
3T3-L1 preadipocytes treated with ethanol extract of

vegetable sprouts from whole stage

Day -6~8 GPDH/ mg protein, % control”
Treatment (50 ng/mL)
Control 100
Broccoli 67.49 + 2.36"
Alfalfa 80.38 + 3.18"
Barley 90.15 + 2.87
Rapeseed 81.21 + 3.08"
Red radish 80.53 + 1.99"
Red brussels 82.97 + 3.06"
Chinese cabbage 86.13 + 245
Buckwheat 7764 £ 1.28

1)Reported values are means * S.E. (n=6, collected from two independent
experiments performed on four wells) ; difference from dimethyl
sulfoxide(DMSO)-treated control cells.

?"p<0.05 compared to control values(ANOVA followed by Tukey's test).



g QAL @g FE5E0 3T3LI ARATAL] FAAE 5)

TATAEZY] S0 dFS Fo=2A

=

%
24

>~
2
e
ffo
all
e
i
o
wW
—
w
=
—
N

1l

AERs] GFS A Roleke AR dol, AAAL VL FER 2§

Z2o] dojyt= pre-confluent Al 7]l day -6~-2

2
=

)
=
=
o
e
riet
o
fr
Y
b

Al71el 50 pg/mL FE=olA 8F 7o ML Tt FE2ES AYste] Ax

A s A= Table 229 2,

>
il

M

A3 gE el AAAL dwe F2E BE AYAE 57 dzTe] s
of Hglom, 55 nEIe A JHL
et ol 3T3LI AGATALY RHE AAF 4§ 7170 AGALY

42 oARgs] WEe Aoz Arwe] At



Table 22. Cell viability in pre-confluemnt(day -6~-2) 3T3-LI

preadipocytes treated with ethanol extract of vegetable

sproutsl)

Day -6~-2 Cell viability, % control”
Treatment (50 ng/mL)
Control 100
Broccoli 56.23 + 1.42"
Alfalfa 81.72 + 3.09°
Barley 88.13 + 2.46"
Rapeseed 76.31 + 2.84"
Red radish 83.16 + 291"
Red brussels 85.33 + 3.59"
Chinese cabbage 84.29 + 2.09°
Buckwheat 79.12 £ 2.81°

YCells were plated on 96-well plate at a density 1.8 X 10" cells/well in
DMEM plus 10% FBS for 4days. The cells were treated for 24 h with 50
ug/mL of individual vegetable sprouts ethanol extract, and DMSO for
control. Cell number was determined based on the formation of formazan
after 3 h incubation with the tetrazolium salt WST-1(see the Materials and
Methods).

2)Reported values are means * S.E. (n=6, collected from two independent
experiments performed on four wells) ; difference from dimethyl
sulfoxide(DMSO)-treated control cells.

?"p<0.05 compared to control values(ANOVA followed by Tukey's test).
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Table 23. Triglyceride contents in 3T3-L1 preadipocytes treated w ith

ethanol extract of vegetable sprouts from whole stagel)

Day -6~8 Triglyceride contents, mg/dL
Treatment (50 ng/mL)
Control 32.16 + 1.26”
Broccoli 16.25 + 0.49"
Alfalfa 26.31 + 1.02°
Barley 23.18 + 0.94
Rapeseed 2451 + 1.21°
Red radish 20.33 £ 1.39"
Red brussels 25.39 + 0.84"
Chinese cabbage 2154 + 0.84"
Buckwheat 19.21 + 1.46°

UThe cells were treated with 50 ug/mL of individual vegetable sprouts
ethanol extract, and DMSO was included in all cases. At day 8 was
measured triglyceride(see the Materials and Methods).

2)Reported values are means = S.E. (n=6, collected from two independent
experiments performed on four wells) ; difference from dimethyl
sulfoxide(DMSO)-treated control cells.

"p<0.05 compared to control values(ANOVA followed by Tukey's test).
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Table 24. Change of growth rate of the rats fed obesity diet with

. oleracea ethanol extract

G D Initial body wt. Final body wt. Gained body wt.
roups
(g) (g) (g)

N 153.67£2.11°%%  317.17+12.70™" 130.83+4.12
HF 153.67+6.12 340.17+10.93 164.67+7.20°
NBL 154.00+2.93 316.00+7.50" 130.17+5.20"
NBH 154.33+2.60 310.00+8.91" 135.00+6.25"
HBL 153.17+6.24 331.50+5.33* 154.83+7.05%
HBH 153.17+3.03 330.17+8.05"" 135.67+6.03"

Y Abbreviations: See the legend of Table 9.

Values are mean = S. E. of 6 rats per each group

NS : no siginificantly different among groups.

YValues with different superscript in the same row significantly different

(p<0.05) among groups by Tukey's test.
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Fig. 1. FER of rats fed experimental diet with brassica oleracea extract

for 4 weeks.

Abbreviations: FER(feed efficiency ratio) : total weight gain/total feed
intake. See the legend of Table 9. Values are mean =+ S. E. of 6
rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey’s test.
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Fig. 2. Liver weight/body weight of rats fed experimental diet with brassica
oleracea extract for 4 w eeks.
Abbreviations: See the legend of Table 9. Values are mean = S. E. of
6 rats per each group and different superscript letters indicate si

gnificant differences at p<0.05 by Tukey's test.
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Fig. 3. Effect of brassica oleracea extract on epididymal and mesenteric
adipose tissue weights of rats fed obesity diet.
Abbreviations: See the legend of Table 9. EPI: Epididymal adipose
tissue, MES: mesenteric adipose tissue. Values are mean = S. E. of 6
rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey’s test.
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Fig. 4. Serum activity of ALT in the rats fed experimental diet with
brassica oleracea extract for 4 w eeks.

Abbreviations: See the legend of Table 9. Values are mean + S. E.
of 6 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey’s test.
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Fig. 5. Serum activity of AST in the rats fed experimental diet with
brassica oleracea extract for 4 w eeks.

Abbreviations: See the legend of Table 9. Values are mean + S. E.
of 6 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey’s test.
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Fig. 6. Serum activity of ALP in the rats fed experimental diets with
brassica oleracea extract for 4 w eeks.

Abbreviations: See the legend of Table 9. Values are mean + S. E.
of 6 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey's test.
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Fig. 7 Contents of triglyceride in the rats fed experimental diets with
brassica oleracea extract for 4 w eeks.
Abbreviations: See the legend of Table 9. Values are mean + S. E.
of 6 rats per each group and different superscript letters indicat

e significant differences at p<0.05 by Tukey’s test.
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Fig. 8 Contents of total cholesterol in the rats fed experimental diets with
brassica oleracea extract for 4 w eeks.

Abbreviations: See the legend of Table 9. Values are mean + S. E.
of 6 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey’s test.
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Contents of LDL cholesterol in the rats fed experimental diet with
brassica oleracea extract for 4 w eeks.

Abbreviations: See the legend of Table 9. Values are mean = S. E.
of 6 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey's test.
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Fig. 10. Contents of HDL-cholesterol in the rats fed experimental diet with
brassica oleracea extract for 4 weeks.
Abbreviations: See the legend of Table 9. Values are mean + S. E.
of 6 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey's test.
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Fig. 11. Contents of HDL-C/TC in the rats fed experimental diet with
brassica oleracea extract for 4 w eeks.

Abbreviations: See the legend of Table 9. Values are mean = S. E.
of 6 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey's test.
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Fig 12. Atherosclerotic index of rats fed experimental diet with
brassica oleraceaextract for 4 w eeks.

Abbreviations: Al =(total chol. — HDL-chol.)/ HDL-chol. See the legend
of Table 9. Values are mean = S. E. of 6 rats per each group and
different superscript letters indicate significant differences at p<0.05

by Tukey’s test.
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Fig 13. Cardiac risk factor of rats fed experimental diet with brassica
oleracea extractfor 4 w eeks.
Abbreviations: TC/HDL-C=total cholesterol/HDL-cholesterol. See the
legend of Table 9. Values are mean = S. E. of 6 rats per each

group and different superscript letters indicate significant differences

at p<0.05 by Tukey’s test.
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Contents of triglyceride in the liver of rats fed experimental diet with
brassica oleracea extract for 4 w eeks.

Abbreviations: See the legend of Table 9. Values are mean = S. E.
of 6 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey's test.
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Fig. 15. Contents of total cholesterol in the liver of rats fed experimental
diet with brassica oleracea extract for 4 w eeks.

Abbreviations: See the legend of Table 9. Values are mean = S. E.
of 6 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey's test.
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Fig. 16. Contents of triglyceride in the mesenteric adipose tissue of rats fed
experimental diet with brassica oleracea extract for 4 weeks.
Abbreviations: See the legend of Table 9. Values are mean = S. E.
of 6 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey’s test.
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Fig. 17. Contents of total cholesterol in the mesenteric adipose tissue of rats fed
experimental diet with brassica oleracea extract for 4 w eeks.
Abbreviations: See the legend of Table 9. Values are mean +* S. E.
of 6 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey's test.
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Contents of triglyceride in the epididymal adipose tissue of rats fed
experimental diet with brassica oleracea extract for 4 weeks.

Abbreviations: See the legend of Table 9. Values are mean + S. E.
of 6 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey’s test.



30 r

25 ab ab

ab ab

15 ¢

10 r

Total cholesterol(mg/g)

N HF NBL NBH HBL HBH
Groups

Fig. 19. Contents of total cholesterol in the epididymal adipose tissue of rats fed
experimental diet with brassica oleracea extract for 4 w eeks.

Abbreviations: See the legend of Table 9. Values are mean = S. E.
of 6 rats per each group and different superscript letters indicate

significant differences at p<0.05 by Tukey’s test.



[¢]

AAL S7HA71= ez 43zl LPLe BE=Ed A% of

)

Q2
=

e
1z
kI

%

m
o

39 WA x4 ] HR-LPL¥ TE-LPL &4l mx]+= %932 Table 25, 263

rlr

LPLS FAAbo] FX3E} lipoproteing monoacylglycerold} A ¥ako &2 7} 3] 3}

FE BAaE AYARZIA FAEL R H AR WIAEE FEH T
AAE bR v LPL &4 doldH 5 F7kste], AHe thAbel ol st

W g |y A S ALAE TAAT] e = AgetA Erh(98). =3 LPL
ol 4 Al
TH99). LPL Zgell o3 Aduide] 7peEs)7 Asts o] VLDLS F7HA7]a

HDLE #HAaAzo=zs sullAstss Rdts APz v Fo] Hop(100) 7+ %
L

flo

Swli A Zo) A LDL receptor 2883 FyP A= TS =2

rot

24 24e 149% 2 uwdsHEY

<t
M
a5
T
flo
N
>
o
Al
Z
2
=
N
N
i
&
=
=
>
o,
to
[z
fl
by
)
=
%
2
au)
o
T o

FagAzAe] TE-LPL @42 Hlwh2o] F(HF)o] A2 ela(N)ol ulste] freo
st S7beteln. BEEe A

Aol (HF)ol nlste] Aoy BeEe A JdEgs FEes 1dE FoT &

1%
2
!
filo
e
it
il
o
o
%
nt
2
oL
Sk
o
os]
-
i)
an
os]
o5
rlo
Z

(HBH)®o] §o)4o2 7aagn.

LPL &4 %= A8 =, Fuadxwz2 e vste] HR-LPL &4 TE-LPL &4

td

Sgront Azte Y FEY B4 Aolt PaAAYEAN vEH 4L B

o
32

Agre R AQEEe] Age AwzAe Reo WA LPL tAzh T



% =4d(100,101), 82 7

o= ¢

A

A

deol &

Az A mc LPL &

S

ol

390

Ex

uol—

s A

°]

H(101).

?l,

9}

7} A 2L

9 insulin %

I 71deEt= o9

9]

72 3}

o Aelo] o

>~
T

estrogen receptor

o
T

glucocorticoid =
7F A TH102).

o~
T

ZZA Xt} glucocorticoid receptor

7b Avka B aE I oH(103).

«(NBL¥ NBH)

ki3

o]

< (HF) el H]

ki3

o

Wi Fojg F(HBL¥ HBH)

TE-LPLe] &2 24

}

;OL

A ol (N) I v =2

ol

S

o
T

ol

o

A e gE FEE

223

el

ul
=

WA w 22 9] HR-LPL

A oA

A%

=i}
=

a7

of el

Chac

e
21l



Table 25. Effect of B. oleracea extract on HR-LPL activity in adipose tissue
of rats fed high fat diet

HR- LPL activity(Units)

Group epididymal adipose tissue mesenteric adipose tissue
N 8.12+1.67° 6.01+1.28"
HF 1451+1.86" 10.10+1.72°
NBL 8.95+1.74° 7.81+1.41°
NBH 8.57+1.55" 7.30+1.20"
HBL 11.01+1.36™ 8.22+1.13™
HBH 9.25+1.50" 6.13+£1.24"

Abbreviations: See the legend of Table 9. Values are mean * S. E. of 6 rats per

each group and different superscript letters indicate significant differences at p<0.05

by Tukey's test.



Table 26. Effect of B. oleracea extract on TE-LPL activity in adipose tissue
of rats fed high fat diet

TE- LPL activity(Units)

Group epididymal adipose tissue mesenteric adipose tissue
N 14.63+1.40° 7.46+1.53°
HF 24.47+2.01° 1051+1.63"
NBL 18.26+1.58" 7.07+1.56°
NBH 17.65+1.00° 7.28+1.74°
HBL 21.50+1.86" 9.83+1.54"
HBH 18.80+2.84" 8.07+1.13%

Abbreviations: See the legend of Table 9. Values are mean + S. E. of 6 rats per
each group and different superscript letters indicate significant differences at p<0.05

by Tukey's test.
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