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2 ZAHe EHRE EQ9S. 71 A¥E4 H dn BFog HDL-Ed2HE, HIR ¥
apo A-1 X7} HFDZ) ]3] SoFez Z75E G506 AAHILS
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SUMMARY

1. Studies on the anti—diabetic and anti—obesity effects of the functional molded rice and

brown rice

1—1. The obesity inhibitory effects of the functional molded rice and brown rice obesity

— After 3T3—L1 cells were differentiated into adipocytes, cells were treated with functional
molded rice and brown rice. Then we found that treated with functional molded rice at high
concentration only significantly reduced the fat accumulation, whereas and brown rice did not

show any effects.

— Both functional molded rice and brown rice did not show any significant effects on

glucose uptake in adipocytes

— In order to determine the fat suppression effect and its mechanisms of the functional
molded rice and brown rice, we investigated the expressions of enzymes (LPL, HSL, and
ATGL), transcription factors (PPAR—v and C/EBPa) and lgene (aP2, adiponectine, FAS,
perilipin and FABP4). We did not find any effects on the expressions of these factors.

— Based on these cellular results, we found that the functional molded rice and brown rice

did not show significant diabetic effects,

1—2. Effects of the functional molded rice and brown rice on anti—diabetic and anti—obesity

effects in diet—induced obese mice

— The objective of this study was to determine the effects of the two functional moelded

rice and brown rice on lipid metabolism in type 2 diabetic animals

— The unctional molded rice and brown rice—treated groups showed significantly lower body

weight and white adipose tissue weights than the HFD—treated control group

— The unctional molded rice or brown rice—treated groups significantly decreased plasma
total cholesterol, APO B levels and increased the plasma HDL—cholesterol/total—cholesterol
ratio (HTR) compared to the HFD—treated control group

— The unctional molded rice or brown rice—treated groups significantly reduced the fasting
blood glucose (FBG) levels

— Taken together, these results of the animal experiments showed that functional molded
rice and brown rice reduced body weight, feed efficiency and body fat, and improved plasma

lipid and fasting blood glucose levels.



2. Anti—inflammatory and anti—oxidative effect of functional molded rice and brown rice

— Qur results indicate that functional molded rice or brown rice do not inhibit the

production of nitric oxide (NO) and prostaglandin E, (PGE:).

— Functional molded rice and brown rice do not suppressed iINOS protein expression, and

the transcriptional activity of NF—kappaB and AP—1 at non—cytotoxic concentration.

— Functional molded rice and brown rice do not show any radical scavengering effects

using DPPH assay.

— Based on these results, these functional molded rice and brown rice do not show any

effects on anti—inflammatory and anti—oxidative effects
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Loy 34, 383 QASET

O HZ 58 A¥AT T2 AArE dFd 3338 7143tz e, 2249 A48
=1

R AEFH EAMLRE A3 A3 FE AW s st 9lo o= AZwd
R ABEAZL AR Fez2 A3HA e

S2uEte] 49 F HAFEF T AYFY A vie AA 14%04 HiT o 20% olFLe
B F7HEAL, BE FHLE ste AESE dF @r3E AHAVEE & HY. oHT
A £uF7E FA R F WA HdHME F BE AFH Sk vT, F, AT
= T dASFTY YHI7IE =S A+

O AIZZ Z(metabolic syndrome)d] A9] @ 7]& £ ol x AY WA o, ER vy
(&Y 542 18T =8 71ER] F8)o] JdovA 1FHAAYESE, *2 HDL-Zg &
HE 18¢% 33 (Ee 52 TEED)Y 4714 AL ol F 27 o4& 74, AeEd
A AL ZakstE B3 QAT E FF (2004, 5. International Diabetes Federation,
IDF).
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21A417] B A 4.
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getd] A4 FEJ R FL# 229 23U €4 A % BAPD I BRE
o e RHES e RoE BuYT e



13

A& FHoz Fe UL FFIEAFFC) & UHd H§ sonE HAMARE o
HE 5 A=e 7154 & Ade] ey

3. A7 WaA
7). AEEA &

O AL M g M7 44 F3 ' AN 2Ef A 71F T2 d3 F
Hi Qe 4F A8 A 2 AdFoR ARV HE AL g8 Aol dFHNS.

O olHF ALBE A7 Al dAEAE-S AY/AAE7] A HF9 AL 2 A
7 F7HE I glow, olgt A FAEe VIx Frkstn e F A=, 2002d T4 Tl
oE 479 HH ¥ W7T FAE doA AFF 9 URE AF0S9'S R, F5
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H2& =ue 7l 88

O 33} caffeoylquinic acid A &3} gw|gta s}

HIYEE 18, FHEE, 9=l F RFdslle|EmE AAZFoE 9oFEtE ;Ao o7
AFEHD Jot. A" o] e nZEgHolE shd nAFF W vivte] dojuta 45ty A
Eg 29 dFo] Z7}8)w 3t} (Dandona et al., 2007), v]¥lo]A] ot 317 2EH A
= reactive oxvgen species (ROS)&] F7}d| 7|3 @R, 1ed] 2 2F&4E Fds=
F A9 proinflammatory cvtekine®l tumor necrosis factor (TNF)—a, interleukin—6 (IL—6)& <7}
AlAH dZFo] dojdr}(Dandona et al.,, 2004), ¥, macronutrient intakes AF3}& & AZA A
Ef ~(oxidative and inflammatory stress)& §E8t3, o|AF olHEA FTHAF
(atherosclerosis)®} Q1&d A e AHAAMo] 1A v} 1t}d.(Dandona et al., 2007) 4514
2E# A7} atherosclerosis, hypertension, hyperlipidemia, diabetes & €2 7)1} vitamine E&}
Ze FAsAE AFGsdE YA 9ol ZAHon FoH Kunitomo et al, 2007).
Antioxidant supplementation® #HH|F9 FL A4 £Fo2 4558 A3F AEHAE A
A ZITka B aiE v lod(Vincent et a., 2006). Hogan®(2010)& anthocyanin, flavonol,
catechin, procyanidin & &= 13z ZH &9 grape pomace antioxidant extractZ} 4]
o]Joz fxd ulgt AFA FFH plasma C—reactive protein(CRP)E ZH3GS w AF
FLaIHE 7oyt FEFAEFHE UYedtn RaFth

caffeoylquinic acid(CQ)E& gH-i3dl= A3 F¢ 7HR.ZEH(Choi et al.,, 2005), peroxynitriteds
A&F(Nugroho et al,, 2010), &FAZH &3} (Folch et al,, 1957) 5 HaH v} i) 3= g
A5 CQ ggsol 791§ peroxynitrite AAEFRS JENe Aoz FAREHLD A FE
S B2 FH5 AAZFER olF AYo=E wEo] 44 E8Y § 3= dietary supplement
Zx9 AY Aol dasit EF 4o A BEES f5ly EHEED 1T8F FEE A
H Fde] B sttt 28 AR o] Y 1m Y A&:BAo|( Aster glehni, Compositae)e] 30%
Ngg FEE] CQE IEF3E A HPLC EAo =2 Qg9 (o8 w|AA]). HPLCE
AGYPLS o] AEAFT FgFe = 3,5-di—0—caffeoylquinic acid, 4,5—di—0—-caffeoylquinic acid,
5—0—caffeoylquinic acid, 3—Q—caffeoylquinic acid, 3—0—p—coumaroyvlquinic acid F&E =2] &
FOoE A o 38.8%0|ULBE, o] CQ7l FHEF 30% EtOH F2ES o] &34 AW dF
AA AF, AEF, FHH3} AZAST € FAsgAd A= A dFHA

O =37 Ligularias: 22 Az]@4

I { Ligularia stenocephala (Maximovicz) Matsumurales 58] 2@ XA A st=
NgzA Z8%e) iy 2RNBT. ZuHlE 53 95 qagd ST 42
ol &I 7] HES o] AH9 FriAA AL Ut} o] AFoAH ZHHEEA AR
o] &= YPe AL ZFH{L. fischeri (Ledeb.) Turczaninow } &+ Y (&)=, L. fischeri var,
spicitormis)7F YKo, 2003).



THAE o AYdA 71 g AAZ o&HI YL FE v d A= A=
ol £H I Yrt. =Y ojF d& AHE H &9 EFHOE olF: =H AR FL
F RY, 34 ¥ 599 T ¥oz AEH7x doh(Kim 1996).

ZEHIE FF S e FHEEHE UE FEEE DA% & 9 olv] 4HA HAEE
8] 71E5Ha od Wang 5&(2000) 39 eremophilenolide—type sesquiterpened] AE S
223 v en, Hwang 5(2000)& F71Ho g 3F9 HAF AEE s 53] o F
furanoligularenone AJ¥o] LPSE H%3 ua=sx Mo NO A dAEAES
vebdcln 39k Choi 5(2007)2 T3 &80 ZHdoz f=3 AFAG AR 134
2EHAE dHagn Bad b . 9 Y AEd disiAe oln] AAEo] acyclic
diterpene AR O 2 gpiciformisin a & b, triterpene £ & monocyclosqualene (Lee et 1., 2002),
sesquiterpene ©. & 6—oxoeremophilenolide(Park et al.,, 2000)¢} 99y M¥Eeo] 3 FoiyE
el £ intermedeol B2 X318 1} Q3 (Jeong et al., 2002). 28] 32 YFH 9 dicaffeoylquinic
acid A¥-o] RS A%, AAHA4S] JAAEHAE et SFES Ao R (Choi
et al., 2005 Choi et al., 2004).

ol¢t Zo] FFHe HAHA disiMe HmA A3 dAFEHo Ao o]e ZAHER

Zgu e AE3 A AFAAE e AF FE benzofuran FEHEA monomeri—, dimeric—
@ polymeric benzofuran o] T BREYAT, Aol UiFd JdFE HiuE
gl cH(Toyota et al., 2005 Yan et al, 2005), ZLEH|E P HFHF 2kx] =
ARNTAHANELRE ALsly] f8e 4 2EHERENOR {EF BJ=W 2 P
AA ] FEIAE &7 AT ATFE V= SR

O 97198l 9} peroxynitrite A~A A3

of) 71 o] ( Euphorbia supina Rafin)E 32 dA] AABst= AE 2 )23 (Euphrobiaceae o] &
st 194 22 &0t o] AEL vy, 4 gd HF Agte HEZ wulgg V9 &
We| £ A5o0|t}, o]le] 2R S22 WHU(E Aumifusa), RN (E maculata L)7F &
Y 2o e |71tz 78 £33 Cha et al, 1996; Ko & Jeon, 2003), d) 719yt e] A
ZE YA71BAY, 28, FAHAAEATEN AF B, Fdd A7 dAL A, 9449, oE
o &F7}t otz ¢l A JTHAn et al, 2007; Cha et al.). BA7A f7FN 2 2e &
H 3AFEZE scopoletin, p—hydroxybenzaldehyde, methyl gallate, gallic acid, quercetin,
avicularin, juglanin, astragalin 53 & AFo] Qu}(An et al., 2007).

Peroxynitrite(ONOO™ )& reactive nitrogen species(RNS)¢] dFE o Z A superoxide anion
radical(eQ; )3} eNO2| wl-3-A3 ML F U= ¥H-&-Ao] & AR o]t} (Pryor and Squadrito,
1996). Peroxynitrited] ot Ao A A Ao A5 HEEA AAZEA L& 298 &5



b

Jdom nZHAEHE EF, FHAS v7 G 5L Y4oF 4 vy Fop(Patcher et al.,
2005; Drel et al., 2007: Korda et al., 2008).

53] HZde f348 gdste AFAAAME 2§ NO A4 R Helicobacter pylorid
og NO Aite g ofe] #oigt Ao A8#AHA S dode Aoz gy t(Jang et al,
2009). 7 N1HMo = HA] NO7t «0; 9 AF3te] ONOO E HAAF|H o] AL A&t 2§
5§ ¥ oNO; ¢ «OHZE 7]gslH, o] F FA7} 2AEAS Yo7z A5 AGY 24
olo] E32 )t} (Radi et al., 1991; Rachmilewitz et al., 1994), §J£9o] ONOO € E&A 5=
endogenous enzymeo] A5 917] W Zd (Kim et al., 2004) ONOO™ 2AA ¢ L& Fa 35

ageE, HJIde A FE JAA AMEEE cimetidine, ranitidine, famotidined 22
Hs—antagonisty} omeprazole, rabeprazoled} & proton pump inhibitor ©]&)ef] peroxynitrite
scavenger®} & AFAHAY ABAE Ak =¥El= FA7 Aot 53 =EF, €7, A"
7], X5, BE A Fo 2o] i3 ellagic acide(Alvarez—Suarez et al., 2011; Silva Beserra et
al,, 2011) NO A3} cytokine—induced ROS generation Y& 71 H ¢ oj&] A UFAL el
iz By o] goi(Silva Beserra et al,, 2011). Z#BZ peroxynitrite scavenging effect7} @
A% EHE Gehie 22Boh} SEY WA oj§e 284AY AREHE vehlE
FRAGANE F2l8ic}.

Ellagic acide 5 gallic acid7} o2e|2 A%3 polyphenol®] J}EA 4788] phenolic
hydroxyl group2 7}t & B A3 F acylated flavonoid glycoside?l astragalin 6" —gallate
¢} isoquercitrin 67 —gallateg o /|G 2 BE Loy EFIgrt 2zEg B A
= A71gRIte qrd EHHE AR £2HE #9]7] A B A7 F5E B B
dre ArERIdERE ZdHsE ALY FH AF € 2 EAHY validation ¥
peroxynitrite Z2A &I W3] 7|t & Q7GRS F2UHHY F58vd W& FEFE
7 o E8HE AE9 peroxynitrite £2AARIAE HAF B opzt ZF JE9 FE2-84 4¥
#Ad d3A 7ledd.
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H 3 & dijgsd s f 24

H1# =39 4= H ddx FE=r5d59

1. 4Z:34o] Caffeoylquinic Acid 23H FEZ9| nvtd F a3}

7 A 2 498

g Agele CQ/t F2F MERA 30%-EOH 2&8¢ FEAP Agstart. & &
Fo WM A%5APels FUAM, A7), 4F T AHD 9] AR o) F2E] T
A Ao PANA o F&Bo] M, TAVF, TAFY AWAF AW EAE QeA 4
Sk,

A9 M FES Ast o 672 Table 19 Ze ZANEES ALHRAT AeFAAE
DAY Qo 232ARE 477 oral jondeE ATEFAZ AF, TAYF D VB 2E 2o
de w4E BRI,

y. 4394y

AR A3, Table 26 AAIF vt} ko] Control #& HIA T H8] 3FAREEH {4
e AFF7IERE BRI v {5 AF A ABAF £ 65 AFo| FAdtd vs)
18.5% Z71axst Jelgd.

30% EtOH F&&-& 100mg/kg B 200mgkge] AT FAE EESHY AFHLEHR7) 1}
Bttt 53] 200mg/kge] Foje] o&) 6FA 9.0%9 AFHFLERAI YETh

Az A MaAY BN DAY olFe FAF A%EAY $u@ gz
o FAE EF3 F7HA7 AL & T ANeH, AHFAAE FEYEFHLE ol FTFHFS
#HEAZ Aoz vegth

AREA F=E ZAME @FA5) Table 39] vehlidcd. 84 total lipid, phospholipid,
triglyceride®] ¥x7} AL Yol2 Frlaioy FEEY FoE HRaHE S B
o]de] 4847 HEFAo] FEEL 402 FEHE HWH nAFF FES RAoZ e
et

A, 1A EF L 2N FAHAAZDY F4F chylomicrond] EH|F7}E 7HgA S
9] ¥Ad=7}, VLDL, LDL—cholesterol®] $4 9 ®u]|=7}, HDL—cholesterol®] 4874 9
lipases] @AZAE AP B2ZEHAM SR AAZL 71Q@ Y Table 1614
el v} o] A Ao & total cholesterol, LDL—cholesterol, VLDL—cholesterolo] &7}8}
3L, HDL—cholesterol& 433t} o251 H &d FHFE AFAF7E A4F 71 04104



Zo] control TAME 1.988 ul$ =7t=2ch 100mg/kg # 200mg/kg K FoME 1.637
1092 FY 733 A@AF7E dA3% AdEHe ALE YeiRt. HolE f=d Hve 4F
FH74s 2N & Aoz dob

U Eg e g AEHEE HIHY, 434 2EdLe gy &2 HgUZAde
reactive oxygen radical (ROS) 522 <13 o}, o83 @& AT = A|2HoR
= mitochondrial electron—transfer system, NAD(P)H oxidase, xanthine oxidase, cyclooxygenase,

e

lipoxygenase, NO synthase, myeoloperoxydase o] ¢t} #Y antioxidant defense systemdl]+=
superoxide dismutase, glutathione peroxydase, catalase, peroxydase o] ¢la, 2
non—enzyme 2] 8A4F8}A| 2= tochopherol, ascorbic acid, B—carotene, glutathione, flavonoid
5 sttty agEE, CQ 18F 2220 nANYoE 2uE SUAS JPALE Ta
A7l A& 3 ek o8 fEeE Agd.

A8 AEdAD ROSE 5] AXY BE8 Aol Busate 2o &4HE A2
FA&FE A A}, o)#F A} E Q18ke] malondialdehyde(MDA)S}F 2 thiobarbituric
acid—reactive substance(TBARS)g] BEE Ao 24 233 AEFHAE Hohdd 4+ Ao
Fig. 39 el 2R Ho] #olA A AT} hvdroxyl radical $EE 2A) 37
HRT SOD BAE FAHGL o9A DAY Yolz 34D 45y 2Edze) thste] 4%
$A4o) 28 100mghee] FI2E FAAUE P FAL FoHL 200mg/kge] Fol
ANE BAEHE YehhAch

@A v FDAGIA <d Ho| UARH vITAAAR ephedrinedm} caffeineo] ki 3t
olg] Hg§o m=EE FFEo] HA 4. = AA ALEAN AL lipase JAAHAE ZE
orlistate} 2| &-F3 AAAAE Z= sibutramineo] A|FHL ot o] FEEE F-FEo] 3
. QBN HielAA] Akl B3 xHE o AA green teas) T Fuwhazhe] #
3 A47 A 2ol o]F o)A U}, Green tead| FFEH caffeined} catechinfFzl g2 X
& Hio g ALsla 1 Igu|vtar Jebdola 9, epigallocatechin gallate(EGCG)$} 2
£ green tea cateching7} SEEdoA E3r} o, 0|73 A= A H adipocyte £33},
A &4 2L lipogenesis, 23 719 B-oxidation®} T@Ee] Yoz o I o=
Cucurbita moschata®] water—soluble extract, licorice®] flavonoid oil 5 W)Yt EH7} H 515
o

T3 Hogan $(2010)& grape pomace antioxidant extract$} &-& L3 A Fo7) Aoz
F=8 HT A A3E AEG 2 dFd EF7 Moy AFFLEEFAE v vl &
Aot 28y, B A¥dAE CQ 2eF FEE FHE 2AYHo|RE 1% AF, AWRIF
A, 2ADF, FAHE A3ATF & AFF 2EH 29 F7HE EF JASAG. CQRE 38
B} ALSL A 2 A free radical—scavenging effect, NOA A A &, peroxynitrite—scavening effect
S Ueille RALE 484 oB=, o|HF 7|Fe] Ho]doE vHRH FHAHY HFA
&, AEE 2ed 2 Y AFHAAEIC 743 AL E o H U
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Table 1. Composition of basal and high—fat diet

Ingredient Basal Diet (%) Hyperlipidemic Diet (%)
Casein 20.0 20.0
DIL-Methionine 03 0.3
Corn Starch 15.0 15.0
Sucrose 50.0 345
Fiber" 5.0 5.0

Com oil 5.0 -

AIN-mineral Mixture” 35 35
AIN-vitamin Mixture” 1.0 1.0
Choline Bitartate 02 02
Beef Tallow - 205

: Cellulose : Sigma Co. LTD., USA
? Mineral mixture based on the pattern of Rogers and Haper(1965) contain the following (g/kg diet): calcium phosphate

dibasic 500.0, sodium chloride 74.0, potassium citrate monohydrate 220.0, potassium sulfate 52.0, magnesium oxide 24.0,
magnesium carbonate 3.5, ferric citrate 6.0, zinc carbonate 1.6, cupuric carbonate 0.3, potassium iodate 0.01, chromium

Potassium sulfate 0.55, sucrose, finely powered make 1,000
? Vitamin mixture(g/kg diety: thiamne HCl 0.6, biotin 0.02, riboflavin 0.6, cyanocobalamine 0.001, pyridoxine HCl 0.7,
retinyl acetate 0.8, nicotinic acid 3.0, DL-tocopherol 3.8, Ca-pantothenate 1.6, 7-dehydrocholesterol 0.0025, folic acid 0.2,

methionine 0.005, sucrose, finely powered make 1,000

Table 2. Effect of the Asier glefini extract on the body weight in rats fed basal and high—{fat

diets
Treatment Dose 1 2 3 4 5 6
(mg/kg) Week (g)
Untreated 135.7£2.1*  158.6£1.5% 179.6+1.3° 1963126 2359+19° 261.6+3.7°
Control 138.651.7°  161.242.8°  200.7+1.5° 2418433 261.2+32° 309.7+2.4°

30% EtOH ext. 100 139.242.2" 158.741.6® 192.8+23% 2397426 2583+2.1%° 291.243.5°
200 136.3£1.8"  156.9421%  193.641.7° 231.3445% 2502438% 281.842.6°

Rats were rendered obese by high fat diet for six weeks and orally treated with the extract for consecutive four weeks.
The assay procedurs was described in the experimental methods. Values are mean + S.D. for six experiments. Values

followed by the same letter are not significantly different (p<0.05).

Table 3. Effect of the Aster glehni extract on the concentration of serum lipids in rats fed
high—fat diet

Treatment Dose Total lipid Phospholipid Triglyceride
(mg/ke) mg/dl

Normal 231.4450.6° 116.4+21.7™ 57.248.54°

Control 391.7+49.3" 146.7420.3" 164.9+7.16"

30% EtOH ext. 100 385.3437.6" 139.4+19.2% 160.7+8.25°

200 337.8440.8° 113.2415.3° 141.849.16°

The assay procedure was described in the experimental methods. Values are meantS.D. for six experiments. Values
followed by the same letter are not significantly different(p<0.05).
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Table 4. Effect of the Aster glehni extract on serum cholesterol and atherogenic index in
rats fed high—fat diet

Treatment Dose Cholesterol (mg/dl) Al
(me/ke) Total DL LI VLDL
Normal 60.4+1.97°  42.8+2.16" 6.16£1.71° 11.4£1.71°  0.4140.019°
Control 10632957  35.6x1.43¢ 37.746.63"  33.0+1.43° 1.9840,143"
30% EtOH ’ . . . 1
" 100 95.247.25 36.241.39 26.9+44 48 32.1£1.65 1,63+0.119
200 82.6+6.19°  39.4+2.11° 14.8+3.03°  28.4+1.83 1.09+0.087°

The assay procedure was described in the experimental methods. Values are meantS.D. for six experiments. Values
followed by the same letter are not sigmificantly different (p<0.05).

Al({Atheroscrelosis Index) =(total cholesterol - HDL cholesterol) / HDIL cholesterol

LDL-C = [Total cholesterol - (HDL-C + Triglvceride/5)], VLDL-C = Total cholesterol - (HDL-C + LDL-C)

2. 29 FE2E9 ¥3= A7

7t AEws, & 9 Al 45T VA= 9%

= FAEA AFFTEY AFL F2eH, EF Hole HAZol FVisiA Hrh
Table 59 YehigiRe]l STZE R4 FA= FostA] &2 AZF v AFo] AsA 24
Holew &3 2ole HFFo| ws FAJ Frlstitt. LYY FEES FAT TAAME
olFF FAAZ YFAALH FELEHC] BFHAUY.

1}, 8F Glucose $3Fd| v &= 9T

Far 1 Fad EAL ¥Y F TR T WS A3 FetE Aot
STZE Fo% FFAE %5 EET FE71 V5 2o AL & & UMD 24 100mg/kg,
200mg/kgS B3 {FA= €5 L2939 FEE 77 21.2%, 419.3% ZAAEAZY. o] 482
2|7l d=dd 97} S & 4 A Fig. 1),

t}. Oral glucose tolerance testo] v 93

£ 4349 34 439 d3=A 73] A0 W 2o AXY FFEEE S
ddolry, 72 EE=FRE FoF #HF Y T A Frste 12084 A9 @7

B -
=g FEE9 A LoA ¥nFH 1E FF FL2F TEE Yo 2o AL 3
T 46.0%¢) BRASHEAE, A 34.9%¢) WRAHEHE Ep)QHFig. 2).

g 83 F $444 §Fd A= 9

IAEFLE FYANFY AFEAN 2N FTAHAAZAY FAAF chylomicrond] EH|ZF7E,
AFANA AR §FA &7} VLDL, LDL—-Cholesterol @4 2 ®u|Z7}, HDL—Cholesterol
o] A HA @ lipased] A ZLE AF TRZFHAAMY FAANY AA Fid 7]19F%
Ao tH Miller, 1978).

B AoAME STZ2 gxA 2AEF5L =8 FFH A total cholesterol 5 ko] &
AE Z7HEW Aol Y| F2E Fojm 4Pt €H 200mg/kge] T ¥H
FAAYL FAEI}E 67.3%= W% 2 A8 YUY
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v}, @3 % Cholesterol 33 FHAAs AAA S0 A= 9
AgHEHEFS AT FUAE dod)7] HAE AL=E ¥8A Ut £, LDLY e
lipid peroxide®} oxygen free radical& &7}A17]3 o] 5 EAREL endothelial celld] EAL 1)
A, 23tE LDL2 @ddd 44 FFHo FRARXE &4AA A3 g |31 H F
Ao HEE AEe BEE A A FHY 43 LDL, AR B® macrophage7t 8¢ ¥
¥ 44 23528 Fevtn g8A Arh(Steinberg, 1997). $8, HDLL ZE 26 E thitol
7193t Ao 2 EEA A 2HER 8% LDL 3= o] &5, HDL & #o] g5
2 E973 dRAFE SolA Hot.
STZE @522 A3 #+& A total cholesterol®} LDL—cholesterole] wj-9- & A 3| F7}
F o0, HDL—cholesterol® ¢FzF 7171 AA = Ao
TgHle 59 Fol olF @NFH. 4 FEEY 100mg/kgd] Fode FAH &9
Ao] BA=E A gokor} 200mg/kgill = A UA A total cholesterols} LDL—cholesterol
ZarFH o EF HDL-cholesterol®] & W3le YelA] @43ttt F9 A3 @A,

=

59 Foz 34 &3,

o no

450 - a
400
o 0 b.c
= i
= 300
— c
@
o 250 - T
o
3
= 200
(o))
T
S 150
e d
m
100 T
50
0 |
Normal STZ 100mg/kg  200ma/kg

Fig. 1. Effect of the MeOH extract of L. stenocephala leaves on the blood glucose

concentration in the STZ-—induced hyperglycemic rat
Y ¥alnes are expressed mean £ S.D. for groups of six experiments. DValues sharing the same superscript letter
are not significantly different each other (p<0.05) by Duncan's multiple range test.
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== Normal
—i=-3T7
b =i
i 100(mg/kg)
230 =
200(mg/kg)
=l |
180 ¢ 100(ma/kg)
=g
i | 200{mg/kg)
ot
0 . . - Time
o] 30 60 120

Fig. 2. Glucose tolerance by MeOH extract of L. stenocephala leaves in the STZ—induced

hyperlipidemic rat
Dyalues are expressed mean = S.D. for groups of six experiments. alues sharing the same superscript
letter are not significantly different each other (p<0.05) by Duncan's multiple range test.

Table 5. Effect of the MeOH extract of L. stenocephala leaves on the gains of body weight,
water consumption and food intake in STZ—induced hyperglycemic rats

Treatment Dose Body weight Water consumption Food intake
(mg/kg) {(g) {ml/day/rat) {g/day/rat)
Untreated 70.6 + 6.8 36.7 + 9.23° 223 + 624°
ST - 280 + 7.407 118.7 + 20.9° 38.7 + 7.26
MeOH 100 - 104 + 5.01° 938 + 826 312 + 735%
extract
200 13.0 + 8.60° 796 + 10.3° 28.8 + 3.47%

Bifty mg/kg of STZ—in 0.2ml 0.01M—citrate buffer (pH 4.5)—was Injected into tall vein. Rats were ocrally
administered with the MeOH extract at 100 and 200 mg/kg dose daily for consecutive twe weeks after
STZ—induced hyperlipidemic state. The rats were sacrificed o weeks later for the last administration, The assay
procedure was _described in the experimental methods; "Values are expressed mean®S.D. for groups of
sixexperiments.” Values sharing the same superscript letter are not significantly different each other (p<0.05) by
Duncan's multiple range test.

Table 6, Effect of the MeOH extract of L. stenocephala leaves on the serum triglyceride
concentration of STZ—induced hyperglycemic rats

Treatment Dose (mg/kg) Total triglyceride (mg/dl)
Untreated 763 + 7.28%
STZ 137.7 = 627
MeOH extract 100 103.8 + 5.34™
200 96.4 + 429"

Y Values are expressed mean T S.D. for groups of six experiments. ~Values sharing the same superscript letter
are not significantly different each other (p<0.05) byDuncan'smultiple range test.
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Tahle 7. Effect of the MeOH extract of L. stenocephala leaves on the serum total—, LDL—,
HDIL —cholesterol and atherosclerotic index in STZ—induced hyperglycemic rats

Treatment Dose Total LDL DL Al
mgkg mg/dl
Untreated 65,346,277 14.1+3 49° 35.7+3.06° 0.83+0.09°
STZ, 147.4+5.19* 76.2+19.8" 43.342.25% 2.41+0.25"
MeOH 100 123.8+4 59 56.9+15.3" 46.543.11™ 1.67+0.48™
extract
200 104.6£5.17° 38.2¢11.7° 50.3+].43° 1.08+0.40®

7 Values are expressed mean £ S.D. for groups of six experiments, © Values sharing the same superscript letter
are not significantly different each other (p<0.05) by Duncan's multiple range test.

3. d71Evidle] HPLC #4 2 peroxynitrite 47 &3

7l. #{ES 3

AAGRNE FFFEE 9L MeOH FEHEL E33le ether £, EtOAc £3 &
BuOH £8& #}7} QolA HA] £47 assavE 93 A5 2 ARSIt} EtOAc £Fo 25 F
A 5318ta By E E3f gallic acid, gallic acid methyl ester, avicularin, astragalin, juglanin,
isoquercitrin 6°"—0—gallate, astragalin 6”"—0—gallate (An et al., 2007) % ellagic acid(Cha
et al., 2003)2 At} o5 FJFEL gAH MFx © 'H-NMR B “C—NMR spectral datas}
Hxsle] Y 4 YU ol B H IAFEE YA HPLC B3} peroxynitrite scavenging
assay ¥g A ANRE AedRud B BHdge 59 9™ FHE Y= ONOO
scavenging assayel AFRE 4% FFE-(quercetin, kaempferol, isoquercitrin, hyperoside )] &
& Fig. 39 vephid.

885 33 5% acylated flavonoid glycosidee] &£3t= IFEEZ FHYUY. Acylated
flavonoid glycosided]|+= phenylpropanoyl, galloyl & acetyl?] ¢} & acylr]7} Fof dAg=
A%l FslEe dFE AASLE Liu HF (1997)&  astragalin, astragalin 27" —gallate,
astragalin 6 —gallate, astragalin 27,6 —gallate®] “C—NMR spectral dataZ W3}
YC—NMR assignment3}gc}. 8E 5= Liu 5(1997)¢] B¢ wlg} astragalin 67 —gallate 2
golg g}t o] FFEFL kaempferol®] 3W YH|o] D-—glucoser} AJFSIa gallic acidz}
D—glucose®] 67— A3 g3Eo|H.

H¥E 39 'H-NMR datag} "C-NMR data® UehiRxol SRE 58 w$ fAIR
chemical shift & YeWPlev 2 aglyconeo] kaempferol t&le]] quercetine]t}. |
B-ringol|A] § 7.44 (1H, d,J = 1.8 Hz, H-2"), 6,73 (1H, d, J = 84 H, H-5"), 7.57 (1H, dd, J
= 1.8, 8.4 Hz, H-6")o| A catechol Z&]¢] &g HA=2E 2z & 4 vt 2822, IJFE 3&
isoquercitrin 6" —gallate® FHFHgPger =2 I NMR assignmentE Ag3gd] Jehf il

_llm

(\}) HPLC ¥9] AAs ¢ €34 AF

HPLC Hol & A= 4717 #F, F o|F4 24, 7|&7] &9, Zd 2= ¥ UV
B4S n@ste] AAHUT. {9 =4 H.0, MeOH, CH:CNe] EFES 43 2, HF9
o]F4d, 2L HE AAFHo|n FAIEAHY 8WE L] fd =ARIEY. olFA
£ 24 Solvent Ax H:0,SolventBe= MeOH—CH3CN(60:40)& AIE38& v ¢ U2 £&8 57



=z 2S el gloh Solvent Ak Solvent Bell 0.05% TFAE A7gL o gL 5L
A= ol EE HFHEY ol23F U7 W& Zeg 4449,

oqei7tx] 71&7] &8 ZEOPE o83ty ZHE SFEY Y2 9499 IA4 Z7E
e #3HES HPLC chromatogramel| A AE8 1A 33t} ol& FAES = Fd (A)/(B) =
85/15(0min) — 35/65(35min, hold for Smin) — 0/100(42min, hold for 5min)#] gradient elution
program¥ 1.0mL/min®] £84£%E @ #HA &% 40°C7} Ad=EHe). o]¢) & xAo] B}
ge s Ry 94% WRE ARS FseA sgnh 3% Bgom 254, 280 B
360nmE o] -&3st EA3AL W 254nmrt FAENE f8 FET A2 ey i
254nme] 1 H o] FFE AL 98 A9HUG-

Table 3¢ Y Ee], £ HPLC L& FHA, ZI= YA, Y 2 FFAE
Ao zR FAZHYD. 67 X9 HOHZRE 4&d RGeS 0.99970)40|enz
WA e FAAAol ARFHU-

Table 904 Hxo|, dUiflF AlFdA= s=awWAe RSD X7t 0.26 - 1.83% g0
AR =z FES] FE3 AT JF&0] 94.02 - 102.38%] URLEZE o] o]
i8] AT Ag FrlEY. 2T, 2 WHE dr1EEid Y FAERAE fF 0182 F e
Aoz FEHAU

(1) Z8 8= §F9 F28 9 peroxynitrite 2A w3

Table 10e]& F&4-0, FE2PH qe} dojxl 5FoaRE E43te] A& 3F sFPE
FHL Jed Aol &, Fig. 4& MeOH FZ2E3 2 BFE9 HPLC chromatogram<
vetd  FHeoloh, $4 EEHE FHE E o FFFEI UL MeOH  extract7}
60.94mg/go 2 7} F(UTH 2S¥ FE}H 4L FESEL olHY FFoly Hgto I
X Hi:Oextract (43.94mg/g) > 70% MeOH extract(33.25mg/g) > 30% MeOH extract
(32.99mg/g) > MeOH extract (30.57mg/g) > EtOH extract (27.84mg/g) .2 YElyc,

oA A ZLuFEA HO0EE Loy} H07} H7FE 70% MeOHUY 30% MeOH7}
WA g2 Az,

AHFFEde] d& MeOH FE2E S+ ellagic acid7} 15.64mg/g, isoquercitrin
6°"—0O—gallate7} 16.99mg/g, astragalin 6'—Q—gallate7} 13.72mg/ge2 Ao = ¢
=4 859 At} o] F ellagic acide gallic acid T B} &%sle] FAH
33Eo]9, isoquercitrin 6 —0—gallate®} astragalin 6~ —0—gallate 22} isoquercitrina}
astragalin®] D—glucose®] C—69] gallic acid7} d|A®|2 A3 3FEo)c). Gallic acide} gallic
acid estere= 22} 5.40mg/g, 3.12mg/gl 2 dFHo] AR, A 3F 3§E<] avicularin,
astragalin, juglaning ¥n3 A£F gF5H e A= Jelyon isoquercitrin® AEEH A
gt EHEZ F FHdE S vud] B o EtOAc £ 232.3mg/gezA 71
F83 BuOH E-Fo 103.3mg/ge] ot} ether & FJuF o2 uf P e FFo|T.

Table 11e]& 0.08, 0.40, 2.00, 10.0pg/mle]lA] ONOO A2AEAL Jehd Aot} IC; =
¥ 25198 W] Ether 28 (7.88ug/mL) > MeOH extract(4.43ug/ml) > EtOAc £8(1.53ug/mL)
> BuOH E3E(1.55png/mL)e] o2 eyttt o] F EtOAc 83 BuOH EE&
FANZFEQ L-penicillamine®t} ¥e ICXE et o F B3I F&
ONOO 2AEAL EgveYy =2 T3 #d0] e JALE JF4r
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(g}) AR 9] peroxynitrite 2 A&

ONQOO scavengingassayo] AMEgF SFFEL B A7 F o7gdidaA L9 3% HE
o]]e]| kaempferol, quercetin, hyperoside 2 isoquercitring 4Afe] Aldslo F 12F
B§Eo] § peroxynitrite scavenging assayE AHdY 2 AFE Table 59 YA
53] ICooF wg/mlZ vEld AL FEE F EFEY [Cogtd vz + UEF T
Aolleon, uM &2 Yehd AL F2-84 AHBAE ¥Iud 5 AUAEF & Aot

1220 g2 2= ecllagic acide 0.89uMe] ICsoX& Mol ONOO AAZTI} wlL #s
B E=E g5t} astragalin 67°—0—gallate®} isoquercitrin 6”°—0—gallate8] ICsp= z+2}
1.43uM3} 1.75uMe] $+8L B o] FA]& astragalin(B.66uM)3} isoquercitrin(2.52uM)<]
R o} gallic acid(7.23uM)RTh e ot} = 5 flavonol 3—0—glucosided] gallic
acid7} AT =H ONOO &2AHEAE #AsA vebdth o83k gallic acidzy 2§
ZZH ol 33E Z o = 2] o] A Bl x]e] ( —)—epigallocatechin gallate,
(—)—epigallocateching} & 3 3Eo] A 2 43 axds 3 4214 ok

Table 9oy E Ao AR IFPEE  gallic acid—type, kaempferol—type &
quercetin—typel.2 1FrojA vYelPT. o] F EZlREY B-ringo]l querceting
kaempferol BT} 4718 3} ¥ 7FA catechol ringg A§3EE ¥ EEAdo] 743 AHo=
FZFHt}, Pyrogallol #]E 7}A & gallic acide] A% 2 84L ¢& =24 sl Aoe=
M= At

Peroxynitrite®] AAJAHL IFHY2HE EF, FTUAS ¥Y, deddg e FAWE
g o 7 Bol]a}(Patcher et al., 2005; Drel et al., 2007; Korda et al., 2008) ¢# %<& v £3§
&84 A%k (Alvarez—Suarez et al., 2011; Silva Beserra et al., 2011) 2 Crohn's disease$}
2o dFAA #A%e nEd 2383dBL(Rosillo et al, 2011) falE Aoz gdalAd .
E3], ellagic acide o2 #AY LH Edd FHEFT A= d3iA & B oY} (Silva
Beserra et al,, 2011) Chron’s discase8} & t)AAAAY X 5= EFA7H Rosillo et al,, 2011)
A Aoz A Uk NOY HAopA Ao} old mE ONOO ¢ IHog4 A A34H
A%e 907 & Yohx FHA U7 WE) E AWM WHA ONOO 8 AAXTE
AT AL A5G A {YE AL gAY E fERIgrE RN
AZBAYY FE5EF o= 4HF AL ZEH=Ey =2 §F =& ONOO- AAFA
71¢1% Aoz ZZFr}
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1 : R =H (Gallic acid)
2 : R = CHj; (Methyl gallate)

HO o]
OH o]
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Table 8. Linearity of standard curves and detection/quantification limits for the standard

compounds
No  Standard Calibration equataion Linear range R® LOD" LOQd
. compounds (linear model) {ug/ml) (ug/ml) (pg/ml)
1  Gallic acid y = 145.021x+33.587 1.56-50.00 0.9997 0.80 2.68
2 Gallic acid methyl ester y = 228517x+56.229 1.56-50.00 0.9997 0.41 1.37
3  Isoquercitrin 6”-gallate y = 170.598x+42 468 1.56-50.00 0.9999 0.63 2.10
4  Ellagic acid ¥y = 389979x+72.816 1.56-50.00 0.9998 0.13 0.44
5  Astragalin 6”-gallate ¥ = 255.632x+54.871 1.56-50.00 0.9999 0.37 1.24
6  Avicularin y = 247.289x+65.751 1.56-50.00 0.9999 0.34 1.14
7 Astragalin ¥ = 460.649x+65.398 1.56-50.00 0.9999 0.18 0.61
8 Juglanin ¥ = 182.691x+58.731 1.56-50.00 0.9998 0.50 1.67

"y, peak area at 2b4nm; x, concentration cf the standard (pg/ml); K correlation coefficient for 6 data points In
the calibration curves (n=4); °LOD, limit of detection (S/N=3); ‘LOQ, limit of quantification (S/N=10).

Table 9. Precision and recovery data of each analyte

Precision test Recovery test

Intra-day Inter-day :
Al G RNy me an CWRaGen” ey

tr Area Ir A;e (pgim) (ue) Expected Measured
Gallic acid 416 033 085 084 283 7.019 6.250 1327 13.58 102.38 0.89
Gallic acid methyl ester 911 020 160 105 259 4.057 6.250 1031 9.86 9565 1.98
Isoquercitrin 6”-gallate 17.73 003 0.71 140 1.07 22.09 25.00 47.09 45.83 9732 0.93
Ellagic acid 1979 006 026 134 120 20.33 25.00 4533 4492 99.09 0.40
Astragalin 6”-gallate 2156 013 072 129 121 17.83 25.00 4283 4023 9402 0.77
Avicularin 2218 012 148 131 233 3.892 3.125 7.017 6.89 98.12 0.76
Astragalin 2287 011 1.37 127 2.88 2.724 4.375 7.099 6.90 9720 0.52

Juglanin 2550 015 1.83 081 471 1.281 1.563 2.843 2.77 97.34 1.00




Tabel 10. Content of analytes in the lyophilized extracts and fractions of E. Aumifusa (mg/g)

Extracts

Analyte :
MeOH* EtOH* 70% MeOH*  30% MeOH* H.0* MeQH** Et

Gallic acid 2.62 (0.67) 1.38 (0.30) 2.87 (0.90) 551 (1.60)  29.03 (10.31) 540 (1.33) 8.50
Ssﬁll}c acid — methyl 5 17 hgpy 1.22 (0.26) 634 (2.00) 1011 (2.93) 844 (3.00) 312 (0.77) 10.76
Isoquercitrin 6™-gallate 5.67 (1.45) 6.40 (1.38) 7.98 (2.51) 2.88 (0.83) 0.72 (0.26)  16.99 (4.17) 3.53
Ellagic acid 11.16 (2.84) 1195 (2.57) 1023 (3.22)  10.20 (2.96)  3.56 (1.26)  15.64 (3.84) 10.37
Astragalin 6-gallate 0.96 (0.24) 0.68 (0.15) 0.57 (0.18) n.d. n.d. 13.72 (3.37) 8.14
Avicularin 4.82 (1.23) 4.31 (0.93) 3.78 (1.19) 3.26 (0.95) 1.63 (0.58) 2.99 (0.73) 2.56
Astragalin 1.25 (0.32) 1.20 (0.28) 0.87 (0.27) 0.75 (0.22) 0.36 (0.13) 2.10 (0.51) 0.68
Juglarin 0.93 (0.24) 0.63 (0.13) 0.61 (0.19) 0.36 (0.10) 0.26 (0.09) 0.99 (0.24) 0.89
Total 30.57 (7.79)  27.84 (5.99) 3325 (10.47) 3299 (9.57)  43.94 (15.60) 60.94 (14.96) 45.42

*Extracted on an ultrasonication, **Extracted under reflux, Values in the parentheses are content of analytes in the dried plant materials



Table 11, Peroxynitrite—scavenging effect of the MeQOH extract of Euphorbia Aumifusa and its

fractions
Sample Peroxynitrite-scavenging (%) ICso(11g/ml)
0.08 pg/ml 0.40 pg/ml 2.00 pg/ml 10.0 pg/ml
MeOH extract 3.7546.08%* 435+1.71 36.11+2.45 81.76+0.45 4.43
Ether fraction 0.98+1.56 3.2941.65 16.11+5.20 62.144+3.32 7.88
EtOAc fraction 7.87+3.14 12.99+0.05 65214434 95.60+0.35 1.53
BuOH fraction 9.804+0.02 15.71£2 81 63.164+3.74 91.17+£0.23 1.55
L-Penicillamine - 31.0140.08 517942 .50 76.05£1.05 1.86
*Value represents mean = S.D. (n = 2). — (not tested)
Table 12. Peroxynitrite—scavenging effect of the phenolics in £ supina
Type Compound Peroxynitrite-scavenging (%) 1Csn
0.(;8 IH 0.40 pg/ml 2.0 pg/mL 10 pg/mL pg/ml pM
g/m
Gallic Gallic acid 5.66+1.13*%  30.53+4.80 68.01£0.97 96.77+0.37 1.23 7.23
acid- type Gallic Me  18.82+6.89 33.15+4.17 79.85+1.07 97.68+1.22 0.97 5.27
Ellagic acid 18.01£4.62 52124731 78.76£6.99 94.4441.12 0.27 0.89
Kaempferol-  Kaempferol 358+1.88 28954618  92.5041.45 99414011 0.92 321
type Astragalin 23774629  36.66+4.64 42.50+£2.02  74.38+1.18 388 8.66
Tuglanin 11.03+2.40 19.76+1.00 3504+2.21 51.39+2.86 932 22.3
Astragalin 25.69+4.29 40.16+£2.62  73.93+£1.58 96.11+1.48 0.86 1.43
6-gallate
Quercetin-ty Quercetin 6881422 47444890 §2.6843.79 94.82+1.49 0.51 1.69
pe Hyperoside 997+1.58 26944329 75624485 95704027 1.15 2.48
Isoquercitrin+~ 3.97+2.57 25174411  76.714£3.55 94.58+1.49 1.17 2.52
Avicularin 1595+4.13  19.63+4.93  5924+020 90.48+1.53 1.62 3.73
Isoquercitrin =~ 32.014+7.31 36.55+14.04 69.42+1.31 96.49+0.58 1.05 1.75
6-gallate
Cysteine-typ  L-Penicillamin - 44 894385 7247212 90.85+1.89 0.69 4.62
e e

*Value represents mean = S.D. (n = 2).
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M2 A 2k AR Y AU
(]

L 2gA & # Adx 4E THF 7164 29 ¥ oA 314
7l Az ¥ 4334

(1) 3T3-L1 AgMxe] dig Mx54 37}

3T3-L1 AATAEE ATCC2EE FYstgon, ALL-st A= DMEM H#]A ¢ 10% FRSS}
1%2] 1%2] Penicillin(100 U/ml)/Streptomycin(100 pg/ml )& H7pa F, 37C, 5% CO, 28 3}
A aeFsl e, 3T3-L1 AEPATAEE 96 welo] well @ 5x104 /W B=251m 24A7F a3t
%, dv] g g FE2ES FEUE AYSS. 24417 Wi o) MTSE9] 20 ul/well
S AE ujgFde Hrete] 4X|7E T MFIHAS. 490 nmol AN FREE SHTOEA AE9

AELS SIS

(2) 3T3-L1 AgAx9 £3 %=

3T3-L1 AAFAEe A AEZe] B3+E 60 mm dishe] 5x10° XS B389 A=
7} 83 23 A 9gdFge. 249 F 0.5 mM IBMX, 1 uM dexamethasone, 10 gg/ml insulin
(MDI solution), 2 10% FBS& Edsl= DMEM )R ¢| A 29 Eol ujkslozn B32 A
3k ohg, 10 wg/ml insulin ¥ 10% FBSwHE ¥38= DMEM A2 w3Hsle] 29 EoF Bilg
AYPAH S 1 o]FZEZE 10% FBSTHS EF3h= DMEMuR| e A oo za AE o AH
(lipid droplet)S A3 AWAZE EsAZFon, A Ax £33 HAEE 0il Red 0F A}
B3t FQleH+

(3) Oil red O €44 2 AYZFA 54

60—mm dishel|l A EAE Fxe v EE F=f FEE7 FAd MDI solutiong €] &}
3T3-L1& B3lA) 7] &, PBSE M A3}, 4% paraformaldehyde2 RAI}F L. Oil red O 0.5
g8 100 mle] isopropanold]] 3¢ stock solution & wHEo] A}REH L. 0.5% Oil red O {43}
isopropanol&6:4¢] H|&2 343 FNNL TAH XA Fo AFstA1IATE gHgAIZ] F,
60% isopropanol2 AM¥g o5, D.W.E TA] A&t 35 Av|FeE AFSIGHE. £, A
Ty 23E AL AFEr) Y93t oil red 02 AAF M X isopropanol Hr7hste] A
25 &84 I+ oL, 490 nmolA el FFEE spectrophotometerofl Al 4T o2 H
AE Wl 239 AL FFHAL

(4) Glucose uptake &3
dr T G 225 Fgd wE 3T3-L1 AWAFAEY glucose uptake H3}=
glucose uptake colorimetric assay kit (Biovision, Milpitas, CA, USA)-& 0] &8l 3842,
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3T3-L1 MXE 96—well platesel] 1 ¥ 10° celle/ml2 BZ3 5 24X71 SoF vl st & FBS7}
FEHA g2 vjA 2 mA| o] 24A17F 6 S FE AES 2% BSA 7 ZEH
9l+= KRPH (Krebs ringer phosphate HEPES)2 WA|SHS. 408 F, 1 uMe] ¢leds o)
e dud 3282 AFsty 20 £2F 594 ¢ ¥ obF 10 mM 2—deoxy—glucosed 208
2t AEGE9-e. MEo] Assay buffer 8 W enzyme mix A 2 WE A3 F 37ToA 1 A
F ¢t S H F extraction buffer§ o &3] AEFESE EHFHHAS. SHTAA 4083t 7}
g% ¥ A4A AFOow neutralization buffer® HF7F8FgEch 500 rpmo)A] 1023F A EE 3}
A A AL FIHon, Zkzbe welld| glutathione reductase 20 pl, DTNB [b—5h"—dithiobis
(2—nitrobenzoic acid)] 16 ul, recyvcling mix 2 uE H7}g F 408 T v18-L Algedy
spectrophotometer& ARE 8t 405 nmellA] FFE=E &4 S

(5) Real time—PCR Al g

Basy Blue®kits(IntronBiotechnology )& o] &-8le] Kite] protocole]] wha} A cellular RNAS
289t 422 Al5oA MulV reverse transcriptase, 1mM dNTP 28] 3 random primer
0.5 ugii S o] 48] 500 nge] RNAS HAA} 844 DNAS Aok cDNA 100 ngo] SYBR
premix Taq polymerase®} 5@} 3 primers 0.2 uME FEFS AA Ry 20 plg ABE
thermal cycler dice real time syvstemB o]83d}a] PCR ML 3lge-. g2 349 a3
GAPDH #d o2 nA3sd UL

v d9ds

(1) 3T3-L1 AgAxe] o g HESA F7}

3T3-Llo] Buds Hud 2HEL Sx9(1-500 gg/n)E A8 F 24417 Fo+ wf s
o AX EAL Hr8IYL. dud 2252 100 pe/mod G 22EL 500 pg/mlo A3
B @A MESAAE KIS (O b)) AEFH H/IERE AEs 94 84 AN 558
1, 10, 100 pe/nl @3 3 48-E AR5+

MTS MTS
150+ 150

Figure 5. Effects of @v]® and FX8 on cell viability in 3T3-L1 cells. Cells were treated with
various concentration of @U|¥ or P& extracts for 24 h. Cell viability was determined using
MTS assay. Data represent the mean + SD of three independent experiments. *p < 0.05 and **p <
0.01 vs. the control group.
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(2) YulB5] FcBe] ARYx §3] A4 &

A3t Fxege] AGAE E3d ¥ Z9F F87) S5 3T3-L1AR Avjds
4 TEEE 540 glve =08l 10 pefnl, S 1, 10, 100 pe/nl) MDD} FA)d A
glata] APAxe Fije vlale JHE AUHNE APHER B3 AEE Ol red OFHL.
2 A4 H& 443 &, isopropanol® &8 AFAAS. 2 A4 AvE&S M AL F
949l JARAAE AL T 5 UGS T FL 100 pe/vl A ol A 2F 30%8] FAEL
F HYg(19 6)

150-
E3 Blank

E3 MDI
E 1ug/m
@ 10ug/mi
100ugml

100+

#*

Lipid accumulation
2

(OD at 500 nm, fold)

Figure 6. Effects of Pv|W and FE=® on intracellular lipid accumulation in 3T3-L1 cells
Confluent 3T3-L1 preadipocytes differentiated into adipocytes in medium containing  different
concentrations of V| ®/ and FB exiract for 7 days (from day 0 to 7). Oil-red O staining was
performed on day 7. MDL fully differentiated-adipocytes (0.5 mM IBME, 1 oM dexamethasone,
10 pefml insulin), Data represent the mean £ SD of three independent experiments. #p < 0.05 vs,
the control group; *p < 0.05 vs. the differentiated group

(3) #Mu] 83 PPy glucose uptake =3 By

AWMEAA glucose uptakers W NEAGA A ols] AEXHoA MEGLZE o]F
= glucose transporter—d4(Glut—4Jofl 2] o1, 2). AFH XY 2/ A A Glut
isoform9] Glut—13} Glut—47} &2 &858l glucose uptakes]] Fed§ Glut—1& AL E, &
A2, 281 g & HIdE EA3=d gleds] &Aoo @Al METd £A§
o]9} 8] Glut—de AXAd FE=H o7l dade EA A AEHOZ o] F3 glucose
uptakem fo]3tA e Aoz dlA & (2-6). ALAMES {98 TrFE SFAAL B
& tdzlycerided] AFEAQY  glyceraldehyde—3—phosphates AA43A Hi o4
dihydroxyacetone—phosphate® A& glycerol® FAWHA HH o)7L Awix Ao
triglyceride® @AES AHTE ¥4A 2. g4 AYAE |2 T=F 9 FYHE ALA
e ol MEY Al £330 F88 48S & B 9794 @vEsd g AH
A B A Qi B8] 98 2—deoxvelucose(2-DG) o] MEY 2XFL 2 Fe =R
glucose uptake®d Z2AdF9E 28€ 3T3-L1 AGAZgM AX U T=39] 43& 559
el M5 Wzl JehdA g8 (3" 7).
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120 -

E3 Blank
100 1 % 3 bl Insulin
80 - E 1ug/ml

3 10ug/mil
B0 100ug/ml

40
20

Glucose uptake (%)

MUY

0

i b= Sl

Figure 7. Effects of ¥V ® and F%® on glucose uptake. 3T3-L1 cells were serum-starved for 24
h in DMEM, and then challenged with ®0]& and B extract or with insulin (100 ndd) for 20
min, and thereafter assayed for the uptake of 2-deoxyglucose by the cells. Data represent the mean
+ 3D of three independent experiments. #p < 0.05 ws the control group.

(4) Gufs] AYEs 52 43 Y= 9F

S @e] AL, 100 pg/mloA FoFHY AW HFo] AE HYdl: I glucose
uptakeo]E FFE vAR @ A= v|Fo Hol Fge] FHp AXE W g EE
ZF5= Aoz oAy, AW Al #odls AWES 4= LPL, HSL, I8]3 ATGLY 3
7HA Ax= A gIS(7—9). 3T3-L1 AYAXEegA LPL, HSL, T2 ATGLE mRNA W&
< B9P A3, =4 Fod e $dES/ e JeEhA ggheiag 8

1.6 -
% 12 |
- |l -
E § mLPL
% 0.4 - §
= HANEN

0 1 10 100

Figure & Effects of Tx® on adipocyte-specific gene expression in 3T3-L1 cells. 3T3-L1 cells
were freated with wvarious doses (0, 1, 10, and 100 pgfmly of B extract After 7 days, the
mENL expression levels of HSL, ATGL and LPL were measured using qRT-FCE.

(6) Fx@|o] A xs FAACLA (adipogenic transcription factor) %3 =48 &%
AFATFAZ AGAZE E85he g AR FaA4 HEY At dojd £
B dA| A AGME Fo] FARIAES - 83 we) 4@ 3] H3st Jeg
E3]. peroxisome proliferawr—activated receptor gammalPPAR—v)8} CCAAT enhancer binding
protein alphalC/BEBPo)E AYAFAZAM g T2 E3d o] 71F 43R 719S
g3y 43A 9t FAE=AAANU10, 11). Fxde] AuAE B3l 94 7Ae g5
71 #1# PPAR—vS} C/EBPas] el v HFS F8FE AIHE £33 fx A
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PPAR—v$} C/EBPag] wde] 2713149L. x|yt yeds 9gxadL sl AETdqAe &
237 vehtA 43S (24 9)

MDI - + + + +
S¥(ugm) - - 1 10 100

PPARY | s ws S S5 s
CIEBPQ | g =l=-!

Figure 9. Effects of 3Fx=% on major adipogenic transcriptional factor expression in 3T3-L1 cells.
3T3-L1 cells were treated with various doses (0, 1, 10, and 100 gg/ml) of B extract. After 7
days, the protein expression levels of PPARy and C/EBPa were measured by Western blotting using
specific antibodies. a-Actin was used as an internal control.

(6) FumBo] adipogenic §Ax ¥d =4 §%

Aulz2 Eo| GAAR YA fatty acid binding protein(aP2)& PPAR—v8] BAFAR=
Az A AYFAe] #osh= adipogenic enzyme F SGE F g A QS(12-14), EJ
adiponectine, fatty aclid synthetase(FAS), perilipin, fatty acid binding protein 4(FABP4) 9] ©
HAEo] APHME £33 A] THHE AAQA 98] dEo] F7io] AWy 84 o
Aol BdgH15-17). wabA] aP2, adiponectine, FAS, perilipin, 2 FABP4 2] o] wizslo]
U X 9FE #Qst7] H3 RT-PCRE AL, AWES A] aP2, adiponectine, FAS,
perilipin ¥ FABP4 mRNAZ} @AE Z713lger) g F&£E FF A 2592 Ho)A
B (2H 10). 47 249 T 2 v dx=89 vt o4 AF(= AA L A= #
2!

1.2 4 1.4 -

S 1 S
g ] g T r § F ,;”
oy o maP2 oy § e, % % BFAS
f—é 0.6 { Oadiponectine % \ 4 \ ; \
% % % gi % E § @perilipin
5 02 5 N K- N N
[ [ § ] i N \
- - N ZINDZIN
MDI - + + + + +
S (ug/ml) - - 1 10 100 S (ug/ml) - - 1 10 100

Figure 10. Effects of @4 on major adipogenic gene expression in 3T3-L1 cells. 3T3-L1 cells
were treated with various doses (0, 1, 10, and 100 gg/ml) of =¥ extract. After 7 days, the
mRNA expression levels of HSL, ATGL and LPL were measured using qRT-PCR.

2. A J3HEe] FELAHE |88 FI=/PMIT A §Q)
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7H Alg 2 4399
(1) TE4Y tAd 2 4340 =4

(7}) TEAFS 4AA|

ARFEL 1AL o] HF A, v € Frerl frHe FERDY C57BL/A] v
(d, 4%%, Jackson Laboratory, Bar Harbor, USA)E ] BLAEALS 53 $Uste 43
of AMR3IHN FEAY YA Figure 113 2L 157k pelletF e 9] lab. chow 2]o]& A
Z o AFSE A FH-LAZ] F I (randomized complete block design)ol] o]3] AT FE
L A2 o] (AIN-93 diet)E Fo% normal diet (ND, 7~10)3=, H]9ka} vlok 28 HF 237
ga mAHAe] (60% fat)E Fod hish—fat diet (HFD, #2=20)F, 7154 AI&2F
(IHFD-+reconstituted brown rice, RBR, #n=13) 2 &#w|# (IFDtbrown rice, BR, n=13)22 H|E
st 2t7he] AYAOE 1252 FAW AR BE A DAL g (25 1 20), 7
4 (50 £ 5%) 28]a 6A1HE 18A|74A) 8] dark—light cycle® dAS 2AE A2, 7|7
9] cage QtollA ARESIG o, AP ole A5 AFFA AANEF YL (ad libitum). 2
o] AF#FL vid JIE3 1 AF L 159 HHoE &3+

C57BL/6) mice from Jacson Co.
(&, 4 weeks old, n=56)

Adaptation for 1 week

|
[ | | |

ND HFD RBR BR
(n=10) (60% fat, n=20) (HFD + 5% RBR, n=13) (HFD + 5% BR, n=13)
I [ | |
12 week

Sacrificing animals

Figure 11. Experimental design for effects of reconstituted brown rice and brown rice in high-fat
fed C57BL/6] mouse

(ND, normal diet (AIN-93); HFD, high-fat diet (60% fat); RBR, HFD + 5% reconstituted brown
rice; BR, HFD + 5% brown rice)

ND#, HFD#, 7154 4387 2 v dPHole 24L Table 133 2L, FEALY
272 7154 =2 9 rje @Fgvle] oA A FWol nA Aol 42 5%¥ A7)
o v Holg FelAYE



Table 13. Composition of experimental diets,
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ND HFD RBR BR
e (n=10) (17=20) (n=13) (n=13)
Inpredientis) I\{?Afﬁl\]aigdé%t Hi%go—;aft diet HFD + HFD +
pfat) 5% RBR 5% BR
Casein 200 265 259.3 260.2
Corn starch 397.486 0 0 0
Sucrose 100 90 89.7 89.7
Maltodextrin 132 160 121.2 120.1
Cellulose 50 65.6 63.3 63.9
Sovbean oil 70 30 29.9 29.9
Lard 0 310 307.6 307.3
Mineral mix(93) 35 43 475 47.8
Calcmrréibggli(ésphate, 0 3.4 34 3.4
Vitamin mix(93) 10 21 20.9 20.9
TBHQ, antioxidant 0.014 0 0 0
L —cystine 3 4 4.0 4.0
Choline hitartrate 2.5 3 3.0 3.0
e : : :
Brown rice 0 0 0 49.8
Total(g) 1,000 1,000 1,000 1,000
Total energy (kcal) 3,800 5,100 5,033 5,035

ND, normal diet (AIN—93); HFD, high—fat diet (60% fat); RBR, HFD + 5% reconstituted brown rice; BR, HFD + 5%
brown rice,

b N243
o AR B 2FHhT 1247 B
& 239

¢ ALS 2 AFH vl 2AEL 12417 AAAZ] F isoflurane (Baxter USA) F9& 53 1
Z} ofHE A)Fa BEE S AW (inferior vena cava) S ZHE FE AL F349S.
AFHE YL heparin® 2 A E AP H2 3734, 1,000><g, 4T A 1583t
QALY T 8PS £YRYT A7 £4 A7A 70T nasde

+ Z} AEEE A =xF (7} AF 9 Z-& )& PBS (phosphate buffered saline) 8-<§o
FaE A7 £ E71E AAS IFSIES. T2 YA (epididymal white adipose
tissue), A15¢] WA v} (perirenal white adipose tissue), ZAZF=7F WA 2| vl zHA) x| 0}
(interscapular white and brown adipose tissue), ZAZF2r @A =¥} (mesenteric white
adipose tissue), 33} WM 24} (subcutaneous white adipose tissue) W X HE.Z7} wi A x4}
(retroperitoneum white adipose tissue) ZF % A& slo] PBS £94) sl F 7|5 A A
3l 44 AFEde. T 2L 4F 548 54 80= Y £33 44d4
o WA F AR E4A7A] 70T RA}AS

T, ok flo] A Agsle BF AP v= # ¥
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(2) 388G A3 L glucose tolerance &7
¢ AH7ZF 123 B 23 Ao ZE 1247 A4 F mEAA L 53 de FE 9L

glucose analyzer (Glucocaard test strip, Arkray, Japan)& ¢|-&3ld F& €38 =3 3}9
o]

h =]

o 12713 BY F X293 898 AF kP 0.5 gB EF Y= F493% F Z2 0, 30, 60
2 1208 AF Fd maAYL B3] 9L 53Rt glucose analyzer (Glucocard test
strip, Arkray, Japan)® €332 Z359S

(3) 83 A4 &4
(7}) Total—cholesterol &%

83 F e 2HE FFL Allain F (1974)9] EAHE 38T AL A (oA < kit)
& A3 e R 28 S cholesteryl ester (CE) € f8Z2H2HS F = =43}
B2, olg AAE A7) 939 CEZ cholesterol esteraseo] ]3] A ats f-3 3 2H)
2 A|AZLE. o¥A FEE FAZHZE|EL cholesterol oxidased] 23] H:0.8F A
‘—cholestenon© 2 AFA 7|3, o] & H.0:Z peroxidase B phenol, 4—amino—antiptrine} &%
3t Ao g dAMAIZ] F, 500 nmojA FREE SHsY FH2HE EELY (300 mg/dL)
7 vlarste] A @S

(W) Triglyceride A%

8 FAAAL McGowan & (1983)¢] AAHE o] &3 &AY ded w2t AL =
A8 Ao (oA} kit)2 AMEete S48 3S. €4 i S4AZ 2 lipoprotein lipase (LPL)
o 93] FEAEF APite g EIE. o] F FEAEL ATPS} glycerol kinase (GK)e] #-&
O 2 L—a—glycerophosphateZ A3}, o] A& 0, & glycerophosphooxidase (GPO)$} wk-3-3}
o Ho028 WA L. o 7]9] peroxidases} 4 —amino—antipyring X 8] 3} HAo 2 Al A7)
% 550 nmo|A FRFEE S5 ST A E EEFHAH vwste FAFHAS

() FAARE ZF

2 #FYAHEe 52ES ol8% TAY dgd mE fEAT 38 AY
(Non—esterified fatty acid, NEFA kit, Wako, Osaka, Japan)& A}g38le] SASHS. -4 4
F2] X ¥FALe| acyl coenzyme A synthetaseE Z-8A1#H Acyl—CoA, AMP 2 pyrophosphoric acid
£ AAAF] F, d7]9) acyl coenzyme A oxidaseE #H7}8le 2,3—Trans—enoyl—CoA & 34+3}
FAE AWAAALE. olF peroxidased} 4-olp|x=StE|H@ 2 N-ethyl-N—-(Z—-hydroxy—
3—sulforopyl) —m—toruidine © 2 g sle] ZMo 2 WwMA|Z] £ 555 nmo| A FFEE 243q
SRS B2TAD nmste] A FALL

(8}) HDL-—cholesterol &g

A HDL—cholesterol (HDL—C)-& HDL-C &3-& Al (o}2bA)of kit)2 AFR-3le] &34351R
= 8% 100 uLE Fotof Qg2 YESF 500 pugd d3vtavlg 1 megs A3tE QAR
A4t vl el FHEoeE AW F apo BE E#I= LDL 2 VLDLe] AR
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(Warnick, 1982), o] H4E=T = 4594 P& HDL F9 FZH2HE & Yo
HAGRE-A]A 500 nme A FEF= Asta, EG2HE ¥ 49 (50 mg/dL)F v wsle] A
oA

]
A

(m}) Apolipoprotein A ¥

A apolipoprotein A—1 (apo A—1) & apolipoprotein B (apo B) X+ apo A—I13} apo B
244 kit (AFEGEHARNGH, Japan)S A148t9 24349 €4 3 ule] R—1 A1 300 ul
g spstm 37CoA 587 wgAl7)Z R-2 Ak 100 L& 7}ste] 37Co| A 587 ukgA)7l
F A s o3 AP SAEY HFEE apo A-1 & 800 nme]A apo BE 600 nm
(VERSAmax, Molecular devices Co, USA)ell X FF =& 23} apolipoprotein ¥-8-} 1)
st A FI AT

(8}) nonHDL—cholesterol, HTR, LDL—cholesterol & Al (FWAZFAS) ALt
2% nonHDL—cholesterol 3F& BF % Zdl 26185} HDL-Zd 2H 89 2o S A3
31, atherogenic index (Al, ¥ A& AF) & HTRL G- F4d 935 ALHUS
nonHDL—cholesterol=(Total—cholesterol) — (HDL—cholesterol )
Al = ([Total—-C] — [HDL-C]) / [HDL-C]
LDL = ([Total—cholesterol] —[HDL—cholesterol]) — (triglyceride/5)
HTR = ([HDL-C]/[Total—C]) x 100

(4) 2+ =4 549 29

ZF 24 0.5 g& 0.1 M triethanolamine, 0.02 M EDTA (ethylenediamine tetracetate, pH 7.4),
0.002 M DTT (dithiothreitol)7} £§H $F-&Aez F48} (Glascol, 099CK44, USA)® &,
1000>gof| A 1687 94 £33l 4399 Al 10,000<gdA 15870 94 EF359+.
o] & 4593 £d8 332 FHE mitochondria EF o] $F8-o4-& H7}3ke] 10,000xg (4T)
oA 158 T ALY EISAL. AFAL 105000xg (4C)oA 147 2944 £
(Beckman, Optima TLX—120, USA)s}e] A2 AIXA 3L AL ojuf SOD BAE 1A
82 9N F¥3 G449 B P 5Y9A AAS FAAFIZ] A8 ehtanol:chloroform
(6:3)& %9 799 2/67} H=F A7Fste 10,000xg (4C)eA 102 F< 94 £ F
HadE Heto AAS. microsome L G5 Axd B EEZE pelletd] T
$F8Ae HA7F3LA 105,000xg (4T)olA 1AL B¢ Al 244 2T F pelletS 1 mL
AF L4994 Ho -70Cq BA3NYLS

(5) AdUAl 54 FHE =3
(7}) B—oxidation A& &3

B—oxidation B E &AL palmitoyl—-CoAL 7)A2 sla] NAD 7} NADHZ 395 E J=E
Z2-FH L. 50 mM Tris—HCl (pH 8.0) 940 uL, 100 mM KCN 10 uL, 0.33 M DTT 5 uL,
1.5% BSA (1.5g/100 mL) 5 L, 2% Triton X—100 (2 g/100 mL) 10pL, 10 mM CoA 10 pL, 1
mM FAD 10 uL 2 20 mM NAD™ 10 pL ¥k8-olo] mitochondria B8 5 uL& A7kste 37C
alA 58 A Al £ 5 mM palmitoyl—CoA 5 uLE FA71sld 37C, 340 nmo|A] 5& F
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ole] F4 5 WaE =33 YL, B—oxidation BAE W mitochondria protein 1 mg & 18
7t 4% NADHS| nmol2 JehFlL.

(1}) Patty acid synthase (FAS) A% =3

625 mM potassium phosphate buffer (pH 7.0) 200 plL, 20 mM EDTA 50 ul, 20 mM B
—mercapteoethanol 50 ul, 165 uM acetyl—CoA 200 pL, 500 pM malonyl—CoA 200 uL &
500 uM NADPH 200 uLE #7}1stz MXEA 23 (50~100 ng) 100 uLEd 4o 30T A 2
B7l vigAl7l & EFE A4 24349E. FAS Y5 9 E cytosolic protein 1 mgg 1
E7F 4hst® NADPHS] nmol2 Yehf &

(t}) Glucose—6—phosphase Dehydrogenase (G6PD) 4% &3

G6PD A5 & NADP 7} NADPHZ 9=+ ASEE ZA5HE (Pikanen, 1997). 3.3 mM
MgCl:& 83k 55 mM Tris—HCl (pH 7.8) 900 uLe) 6 mM NADP' 40 pL, 0.1 M
glucose—6—phosphate 40 pl, 283 &4Y 20 ul. (50~137 nge @¥lzkk)E £ AqE H 3
F 340 nm (25 C)o]A 90% %¢F NADPHS] E%4% H3IsS ZA39L. G6PD 4= B
cytosolic protein 1 mgg 1837 AAE NADPHE] nmolZ R &

(2}) Malic enzyme (ME) 84 E &3

ME (EC 1.1.1.40) &84 23&& Qchoa (1955)¢] We] &3] 2FJFL. =, 04 M
triethanolamine (pH 7.4), 30 mM malic acid, 0.12 M MgCls, 3.4 mM NADPE €53 w54 1
mLe] 2 mL¢] cytosol B&-& 713t &S AASAS. 27CA 287 ¥gA F 24
340 nmolA FF=F SHSAL, £4 AL 18T A48 NADPHY o= el

(6) FdAI 54 VY =4
(7}) Glucokinase (GK) A& &4

GK 84 EE NAD'7} NADH=Z $95E &8 &4549L. 83.33 mM Hepes—NaOH (pH
7.4) 600 uLe] 1M KCI 100 uL, 2.5 mM DTE (dithioerythritol) 100 pL, 75 mM MgCl: 100 u
I, 10 mg/ml BSA 50 ul, 50 mM NAD" 10 ul., 1000 unit glucose—6—phosphate dehydrogenase
10 uL, 1 M glucose 10 uLE 71§ & Mxd BF 10 uLE 7}sto 37C, 1083 Ad-S-
AlZl & 500 mM ATP 10 uLE H7}8F & 340 nmoA 1087 F3x #slE =F59S
GK 8A4%x @9+ cytosolic protein 1 mg% 1827F A8 NADHE] nmol2 JeEh) S

(W) Glucose—6—phosphatase (G6Pase) 4% &3

G6Pase AT &AL Alegre T (1938)¢] Wb & 44 - 23} 131.6 mM Hepes (pH 6.5)
765 uLeo] 183 mM EDTA (pH 6.5) 100 uplL, 265 mM glucose—6—phosphate glucose
dehydrogenaseE 2Z}z} 0.6 1U/mLe} 6 [U/mL HEF Frlsted 37ColA 487F Aurg A HE.
o7]d microsome #& (15 ug) 5 ulLg 7}8te] 37TeA 487F ¥AZ F- 340 nmojA
3= WIS A HS. GbPase BAAE @Y+ microsomal protein 1 mgd 187 AAH
NADPH®] nmol2 el S (nmol NADPH oxidized/min/mg protein)
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B 479 EE AY Ade AFY 54 Z2a¥d F el SPSS package program
(Statistical Package for the Social Sciences, SPSS Inc., Chicago) & AM&3le] A2FHAL. 2
7o) gaEztolo] g folA AAL one—way analysis of variance (ANOVA)E AASE 2 o
7] A}o]l= Duncan's multiple range testo] 28] p < 0.05 o)A F+FAA AIEAAS 4
Algten, =g NDas} HEDZZS froAd AA3& 93] Stwdent's t—testE AA3RE. Z&
A= meantS.E. (standard error) 8 E A &Y S

v 493+

(1) Yol g nigtEENA 71548 488 3o AF & Yoladd vA= 9%

¢ Final body weight ® body weight gain® 2X|Halo] & F4F th=xF (HFD)o] NDFte] H]
3 fe3es wA JERen, Jled 484 € @Av|FL HFDF4 ¥ls] final body
weight ¥ body weight gaino] $¢&o 2 3A ZA43F}AL(IHL)

o 1Y FHF HoJdFH(g/day)2 BE T vlmdA zol7t e, MFE7tEFe] {44
po|&E s Aol EE(FER, food efficiency ratio)& HFDi+¢] ND#o] vl&] foxoz &

T, 7154 4¥8E R @£ FERe] HFDd] Mg fodes FLHJYST(THL2)

. . 40
Final body weight N lpdipweeighbmdt;
a
50 -
EE S 30 | o
b b ERE
N =i = ND 25 w i
— b
5% 1 BHFD | F20 i b m HFD
= RBR & RER
20. 9 mBR —
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Figure 12. Effect of reconstituted brown rtice and brown tice on changes of body weight and FER in
C57BL/6] mice fed high-fat diet for 12 weeks. Data are mean = SE. t-test between ND and HFD groups:
< 0.001. ANOVA among HFD, RBR and BR groups: “Means not sharing a common
letter are significantly different among groups at p < 0.05.
ND, normal diet (AIN-93);, HFD, high-fat diet (60% fat), RBR, HFD + 5% reconstituted brown rice; BR,
HFD + 5% brown rice. FER, food efficiency ratio = body weight gain / food intake.

*p < 0.05,
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(2) Aol HHFEAA 7154 T BFo] AAFAd AAE 9%

. BHAFY 223 FAE NDEw HFDZIe] Ajol7t §I9e, £ HFD, RBR R BR ¢
RAAE 2H RA Aol ARL(2F 9)

o BAAFT A% TAE NDFo) W) HEDZoIN oAz adgon, Arzs A
F RAE HEDZ] w8 #9802 (29 9

¢+ BAAFY & TAE NDZO) He] LA FHE Be HFDFo] Helgo2 gasge
o, 154 AYED AuTe 2% AL HIDF ¥ fIHo2 2499 (2
13)

45 4
4.0 4

Organ weight
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Figure 13. Effect of reconstituted brown rice and brown rice on changes of organ weight in C57BL/6] mice
fed high-fat diet for 12 weeks. Data are mean = SE. t-test between ND and HFD groups: ***p < 0.001.
ANOVA among HFD, RBR and BR groups: ®Means not sharing a common letter are significantly different
among groups at p < 0.05. ND, normal diet (AIN-93); HFD, high-fat diet (60% fat); RBR, HFD + 5%
reconstituted brown rice; BR, HFD + 5% brown rice.

o l237te] AYEA Fo) ¥ AWRAES wme AW HIDPL NDZEO ¥ AT,
Rag, AFY, ALY, BR 5 % FEZ WS B BT fHoz B}
Sdglon, dRHes £ WANY T =@ NDZo| ws) HEDZOA $eHoz Egw
A7 E 2AXWZE EAXE HFDEe] NDel vls] fodoz2 F%(Table 14)

Table 14. Effect of reconstituted brown rice and brown rice on changes of organ weight in
C57BL/6J mice fed high—fat diet for 12 weeks.

ND HFD RBR BR
Organ weights (g/100g body weight)
Liver 3.38+0.04 3.19+0.20 3.16+0.08 3.08+0.05
Kidney 0.98+0.02 0.7840.02" " 0.84+0.02" 0.86+0.02"
Muscle 1.06£0.02 0.73£0.02" " 0.77£0.02" 0.80£0.01"
Interscapular WAT 1.5120.10 3.31£0.15 2.93+0.09" 2.97+0.09"
Interscapular BAT 0.36£0.01 0.48+0.03 0.4040.02° 0.36+0.02°
Epididymal WAT 3.37£0.17 6.43£0.29 " 5.70£0.13" 5.5120.15"
Perirenal WAT 0.41+0.04 1.10£0.07 ° 0.83+0.04° 0.78+0.03"
Mesentric WAT 0.78+0.09 1.994023 ° 1.2140.11° 1.0340.06"
Retroperitoneum WAT 0.95+0.06 1.55<0.11" 1.50+0.06° 1.49+0.04"
Subcutaneous WAT 1.3320.10 3.57:0.24 2.5940.10° 2.3240.09"
Visceral WAT 5512033 10.27£0.77 7.70+0.80° 8.39+0.45"
Total WAT 8354046 17.1540.95 13.2240.77" 13.68+0.46"

Data are mean = SE. t-test between ND and HFD groups: **p < 0.01, **%p < 0.001.

ANOVA among HFD, RBR and BR groups: “Means not sharing a common letter are significantly different among groups
at p < 0.05.

ND, normal diet (AIN-93); HFD, high-fat diet (60% fat); RBR, HFD + 5% reconstituted brown nice; BR, HFD + 5%
brown rice. WAT, white adipose tissue; BAT, brown adipose tissue. Visceral WAT = Epididymal WAT + Perirenal WAT
+ Mesenteric WAT + Retroperitoneum WAT; Total WAT = Interscapular WAT + Visceral fat + Subcutancous fat.
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(3) Hol4 HWEEAA 7|54 F=& B30 §F T= Wld vA= 9

o HF AgP2e] 549471319 129 FEYIL HFDTo] NDTel vld foldez gt o
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Figure 1a5. Bifect of reconstituted brown rice and brown rice on changes of blood glucose
concentration in CS7EL/ET mice fed high—fat diet for 12 weeks. Data are Mean £ SE. t—test
between ND and HFD groups: =+=p < 0.001. AMNOVA amonzg HFD, RER and BR groups:
®Means not sharing a common letter are significantly different among groups at p < 0.05.
WD, normal diet (ATN—93); HFD, high—fat diet (0% fat); RBR, HFD + 5% reconstituted brown
rice; ER, HFD + 5% brown rice.

(4) 4ol HUFEAA 754 F=¥ BFo] glucose toleranced] Y= A%

¢ ARETF AGE FA3(AA 494 0] Fo 11FA ] FH3}FA}L (glucose tolerance test)
B HAsgor] A3 &4 zero timed ¥F F=F 10002 7158 2} A7e] dGsF
& Yehiie(2d 19)

+ BE Ho|7e ¥t FEE 0E Fo] AnXS ey F 608 1208 Fo Fx 32
FlPon, Ao FHFENDIE A WA e] HRE(HFDI] ¥# B A% €9 Asks
HEE 1ot {43 Aele RS

+ @9, HFD, 71%4 494 2 AvZE AAAE A% €47 Assy) Aol 2i=A
ok
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Figure 15, Effect of reconstituted brown rice and brown rice on gluicose tolerance in
Ch7BL/6J mice fed high—fat diet for 12 weeks. Data are mean * SE. t—test between ND and
HED groups. ANOVA among HFD, KBR and BR groups: Means not sharing a common letter
are significantly different among groups at p < 0.0b,

ND, normal diet (AIN—93); HFD, high—fat diet (60% fat); RBR, HFD + 5% reconstituted brown
rice; BR, HFD + 5% brown rice.

(5) Yol HRFEANA 7|54 T8 HEo] §F AAFFE A= 9

¢ AY4o] Fo717 B¢ ¥F HFIFHLHE = HIE A¥Ad, NDEL A9 9F
TEE #FAS=H wsfl, HFD, 7]54 A2 9 A6TEL HoF977e] AL£E4Z
Az FrEe #MAE BRYS(a2d18). Holg9 125539 FEZA2HE v HFDF
ND-ol Hl&] fre3os Fton, 7154 =8 9 #HvFE& HFDZC vis FZ2H
€ Fo7t 4o FAhHe Ao= AAHUS
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Figure 18, Effect of reconstituted brown rice and brown rice on plasma total cholesterol and
triglyceride concentrations in CH7BL/6J mice fed high—fat diet for 12 weeks. Data are mean
+ SE.

t—test between ND and HFD groups: #=2p < 0.001. ANOVA among HFD, RBR and BR groups:
®)\eans not sharing a common letter are significantly different among groups at p < 0.05.
ND, normal diet (AIN—88); HFD, high—fat diet (80% fat); RBR, HFD + 5% reconstituted brown
rice; BR, HFD + 5% brown rice.
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AgAe] FAVIZE Bete]l WH FAAY B Wse Yo|FAv ALESE Y 24
AW ¥Est BE FEAN RolAE A4S RRAS(TD16). ¥4 FAAL FEE 2
foFel Aol BRHA Ao} Aol Foi7|Ee HEDZAAN NDZol Hls) =3t
on, Aolgdsl A&P4E A54 494 D A2 HIDZE & X7} e}
Yshe

1257 BEAS 32 F AYEEY HAAUAYIN AP F) ADEE Mary
AxE Table 153} &

BRGNS &5 A F FZH2HE T vndds 44 AFH YL 53
8% sxvz A9 fAMEHA HEDFeo] NDEd Hls] f9FHez =i 7|54 4388
(RBR) ¥ @v](BR)T2 HFDT Hl&)] foFezs HAise A4S BJYS. od,. 8F F
AL 4 KA = APTED Aol7t S

HFDZAE 8% 22492 E 2 olgt LDL-C, nonHDL-C/HDL-C, T A8 A]4¢1 Al
(atherogenic index) & Apo B 50| NDZ*d] Hl8] 25 Fod o2 Fgtey, HFD| Al H
FEAA7 B35E REBR B BRFEANME ZE EFAAFFo| HFDF Hl3] FeFo =z 7

2HAE

Table 15. Effect of reconstituted brown rice and brown rice on changes of plasma lipid

profile in C57BL/6J mice fed high—fat diet for 12 weeks

ND TID RBR BR
Organ weights (g/100g body weight) |
TG
(mmol/L) 1.27+0.09 1.03=0.08 1.75+0.08 1.58+0.11
FFA
(mmol) 0.680.04 0.50-0.03 0.97:0.05 1.06-0.03
Total-C 3 48005 4.69-0 11***b 43840.10° 4902008
(mmol/L) ' . . : . ; ; .
L.DL-C ek a i
(mmol/L) 1.83+0.08 2.69+0.10 1.98+0.06 1.87+0.05
HDL-C 5 b
(mmol) 1.6520.09 2.00-0.05 2.30-0.08 2 4140.05
nonHDL-C/HDL-C 1.05+0.08 1.3520.05 ¢ 0.87-0.02" 0.78+0.03"
HTR 49.28+1.79 42732099 53 44-0.46" 56.31-0.80°
Al 1.05:0.08 1.35:0.05 ¢ 0.87:0.02" 0.78-0.03"
ApoA-1 g b b
(mg/dL) 29.91+0.38 30.75+0.47 31.16+0.16 34.58+0.20
ApoB b a i
(oAl 8.45-0.56 0.8140.97 53510.41 4.70-0.72
ApoB/
ApoA-I 0.29+0.02 0.320.03 0.18+0.01 0.14+0.01

Data arc mean + SE. t-test between ND and HFD groups: ***p» < 0.001, **p < 0.01, *» < 0.05. ANOVA among HFD,
RBR and BR groups: “*Means not sharing a common letter are significantly different among groups at p < 0.05.
ND, normal diet (AIN-93); HFD, high-fat diet (60% fat); RBR, HFD + 5% reconstituted brown rice; BR, HFD + 5%

brown rice.
Total-C, Total cholesterol;

TG, ftriglyceride;

ApoA-l,

apolipoprotein

A-I;,  ApoB,

apolipoprotein = B;

([HDL-C}/[Total-C])*100; nonHDL-C=(Total-C)-(HDL-C), Al, Atherogenic index, [(Total-C)-(HDL-C)]/HDL-C.

HTR,
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¥4 HDL-ZH2HE € apo A—1 FE& HFDFo] NDZd vHl& feFoe Zy5 9,
A¥2(RBR) 2 @v](BR)7& HFD Hls| HDL-Ed 28 &, 28 &) g HDL-
Y 2HE B&(HTR) ¥ apo A-1 F&°] FAFHLE F7IHo] HYUS. olHT 4F&
(RBR) 2 #nr)(BR)TY 715e2 T 43R AL atherogenic index) AR ZHAA| 7=
AR AFHE FESFAT

(6) ol HwtEEA 758 Bx=d BFol AAYA & 54 s WA= IF

L

*

Zt24oN &A% ALdAL FH AAFAHE vlw A= Table 166 AAHUYE

vz 7 B-oxidation AT+ NDiEx HFDEZF 2Fe] 7 glley}, A3 A (RBR) 2 #v](BR)
ol A& HFDFEA ®l& B-oxidation BAE7 FoFog Folx] A4k A3y F7id
AL E AANFHAF

9, 7127 A FA o] Beste FAS(fatty acid synthase) BAEE RE AYFE7
zlo)l= 1913, G6PD(glucose—6—phosphate dehydrogenase) @ ME(malic enzyme) FAE+
HFDie] NDifol]l Hl8] fe&ez iy, nAYHe]#E(HFD, RBR 2 BR)ZE 2}o]
© ¥FHA &%=

Table 16. Effect of reconstituted brown rice and brown rice on hepatic lipid—regulating
enzymes activities in C57BL/6J] mice fed high—fat diet for 12 weeks .

ND HED RBR BR

[-oxidation (nmol/min/mg protein)

63.3949.14 63.55+4.70" 92.91+46.44° 97.46+4.82°

Fatty acid synthase (nmol/min/mg protein)

8.14+1.75 6.71£1.62 7.01£0.29 6.934+0.33

Glucose-6-phosphate  dehydrogenase (nmol/min/mg protein)

10.07+£1.32 R 64+1.17 11.2941.65 9.83+0.56

Malic enzyme (nmol/min/mg protein)

41.03£2.44 25.4742.85° 22.3741.42 21.79+1.37

Data are mean + SE. t-test between ND and HFD groups: *» < 0.05.
ND, normal diet (AIN-93); HFD, high-fat diet (60% fat); RBR, HFD + 5% reconstituted brown rice; BR, HFD + 5%
brown rice.

(7) ol HAFEANA 7|54 F=8 HIFo] FuA 48 &5 X VA= 9

*

L

*

x4 548 FAiA A E48HE vn Ads Figure 179 AAHSS

024 FAAY) BASRE B9 GoPase BAEE BE HYFED A7t A
A9 glucose uptake$} glucose Q14F& | Fodhe= B4 ¢ GK(glucokinase) 4%+ ND
o] ¥a] HFDZAA felFez F7HReH, 715 423 drjT2 HFDZ A H
3 frelHoz AAHUST
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Figure 17. Effect of reconstituted brown rice and brown rice on hepatic glucose—regulating
enzvmes activities in C57BL/6] mice fed high—fat diet for 12 weeks. Data are mean + SE.
t—test between ND and HFD groups: #=xg < 0.001. ANOVA among HFD, RBR and BR groups:
®\eans not sharing a common letter are significantly different among groups at p < 0.05.
ND, normal diet (AIN—93); HFD, high—fat diet (60% fat); RBR, HFD + 5% reconstituted brown
rice; BR, HFD + 5% brown rice.

3. 3YPA FE R Adx JE ¥ 714 29 F9F 5% 7N
7t. A5 9 43939

(1) AMX WY
RAW 2647 XEZ 10% FBS & penicillin (100 ug/ml), streptomycin (100 U/ml)e] &

Dulbecco’s modified Eagle's medium (DMEM) #jR]e)A 37 T, 5% COZAL A
i 3L A&

(2) RAW 264.7 )2 Xo] O AX54 s}

RAW 264.7 MEE 96 well plates] 1 x 105 cells/mlz B-Za}e] 24471 WFH F o7 &
Eo] N7 g9g vjAo] 45 FAHHE. 24417 F MTT Nef (5 mg/m)E 50 wl#
A% F 4AZ B¢ ABE RN WEBHRL. Well F DMSO 200 W HAHde] 44
MTT formazangd =<9 £ 490 mmo|A] FHEZE SASES

(3) Nitrite 2] &4

RAW 264.7 M|XE 24 well plated]] 2 x 105 cells/ml=Z BFsta] 24412t vigt ¥ ol &
=9 AR £9& WiAd A3t HrEEES 24 AT F OAXE dFYE F£FSY Griess
reactiong o]§8fe] RAW 2647 MEZERE AAE NO9 4E AX #Igd Fdo SAs=
NO:—2] Be|= A &A3ELS. AXE vk 100 ule} Griess reagent[1% (w/v) sulfanilamide in
5% (v/v) phosphoric acid & 0.1% (w/v) naphtvlethylenediamine—HCI]E 100 wW# & g}
96 well plateo] Al 10 F¢t ¥H8AIZ] F 540 nm A FHEE SA}RS
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(4) PGE: ¥2] 24

RAW 264.7 M¥EE 24 well plated] 2 x 10° cells/mlE B8] 24 A3 MFst F o8 ¥
T A £98 vAd HAso FANHAL. 24 AR F AE ol F9E FF3o assay
design kit®] A|Ale| ma} PGE: Y AFSAS

(B) DPPH radical scavenging activity &7

A BoA-& wE Diphenylpicrylhydrazyle] 32r3kAof &]3] Diphenylpicrylhydrazinee 2
FUHREA T2 w2 F AFo] AlgAle AL 517nme] RPN EREFRAS
o] §-3te] #AEAH. F. DPPH= Z+E 3tn f4ksiAE aAHE 2 of,

7% + AH — ZH + Ax

9 & T 2329 P48 R AL 5 Y& g2 = 150 uMe DPPHE9&
o8 Pud 3E2E 450 weh 30830 HedA vhgAF BERFRAZ 517 nme] B3}
dA ] F3xS 2458 L

(6) A% 24
AR 2] gL mean = 5D. 2 Ve Z4L2 Student’s f—testE #& A& HERARL
.

U d8ds

(1) YN EX NEZY Y7

RAW 264.7 A A XM st Av|ge] AXEHL H7157] A8 o2 g9 B
43 g F2ES A F F MTT assay® TEHRAE Bdd @ndL 250 pe/nld A
AAY ME S4E RS IH 18). o] RS vlgea F4¢| gl ¥=E 4% &F
Hds A A4E TS A

140 140
120 | 120 |
o =]
S 100 | e 100 |
E 80 | E 80 |
o o
) 60 F = 60 [
= =
= 4t T 40}
Q Q
20 20 |
0 0
g (pg/ml) 3.9 7.8 156 31.2 62.5 125 250 500 Hoj(ugiml) 3.9 7.8 156 31.2 625125 250 500

Figure 18. Effects of 3% and @r]& on cell viability in RAW 264.7 macrophages. Cell
viability of RAW 264.7 cells after incubation in the presence of various concentrations of %
54 and 8v) for 24 h. Cell viability was measured using an MTT assay. Data represent the
mean £ D of three independent experiments.
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(2) =47 dvjd FEE NO 44 94 &4

RAW 264.7 A A Ee LPS A A Fd 95 WA EFE9 Y48E f=3] 945 &
4& dozgl NOE dEZFQ 4% WA E2=A 43y 2EH2E fx3te 23 &4, #
A7 el 2 473 £3& dodle AR ¢8A S(18). dx43 Al FE2ES 474
15, 30, 60 wg/mlg HAAD & F dFH= EXEA LPSE AFSUS. FAHUETLEE
L-arginined}e] 7172 ZF A 28] INOS AAZ & L-NIL-& ALS3A 5. LP5Se o] M=
A5 W) NOS QAo] A3 Frlstden, dxdd #rd FEEE AIH F-f 60 we/
mlel] A 2 256 %e] NO Z4AREAE RPGS(2F 19)

k5
#

o 2 I g 20 1

o 3 =

R g%

B ]

3 _ 3

B u T Wt

a a

o o

Ea Z 51
i (pgiml) - - - 15 30 60 60 #0] (ugimi) = y : 15 30 &0 0
LPS (1 pgimi) * * * * * LPS (1 pg/mi) z + + + + +
-NIL (20 x
HIEN ANIL@20uM) - i +

Figure 19. Effects of F=% and #1] on LPS-induced NO production in RAW 264.7 cells. Cells were
pretreated with or without the indicated concentration of f&‘hé and ¥@w| for 1h and then incubated with
LPS (1 pg/ml) for 24h. NO levels in culture media were determined using Griess reaction. L-NIL (20 pM)
was used as assay positive control for NO production. Values represent the means = SDs of three
independent experiments. ﬁp < 0.05 vs. the control group;

(3) =431 Fv|A F5E9] PGE: 44 9A 53

o FEE FEEY A&7 -2 prostaglandin AL JA 3} FFE ARAAH, o]
= COX—29] A4 2 A4 &4 Ao 3 A= 43A A= (19). G &S] PGE,
A A g Hrielr] A8 RAW 264.7 iAo Freia v FEES 72 15,
30, 60 gg/m-g AAY ¥ F IS HE EA=2A LPSE AFSHHE. LPS 93] PGE:9] 4A
o] AASA S8 e s AvE FEEL F9F FAEAE Ro|A IR (2

20)
T 7
® | g

i B T ; - B} | T

E | E

o 5 o 5t

£ &

S, 2

3 e |

a , a .1

uff o

o

g ‘ . O
Ou¥ (ugml) - . : 15 30 60 60 #0| (ugiml) - . . 16 30 60 60
LPS (1 pgiml) - + * + * + . LPS (1 ugiml) - . . B . + .
NS398(3 uM) - . + . : - . NS398(3 pM) - - .

Figure 20. Effects of @xx# and #©] on LPS-induced PGE; production in RAW 264.7 cells. Cells were
pretreated with or without the indicated concentration of Fic# and v for 1h and then mcubated with
LPS (1 pg/ml) for 24h. PGE; levels in culture media were determined using EIA kits. NS298 (3 pM) was
used as assay positive control for PGE; production. Values represent the means £+ SDs of three independent
experiments. "p < 0.05 vs. the control group;
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(4) Fx83] @v|d F&E9 INOS mRNA ¥d =4 &3

dF A 4F vz 21 NOg AAL INOS el o) ZAP(20). G <
A duid REEQ NO A4 A Ayt INOSE L@ #EAo] A=A &7 A3
INOS mRNA €8S Folslge. LPSo] o3 Ealsld =8 INOSe] mRNA wio] Pl
Anjgd FE2EL AL Y 1Fx ZdA FelFos JAste AL ARSI (1 21)

12 12 -
= # < #
E 5 % 1 L
E £
8.5 08 8_5 0.8
o w
£8 g5 28 45
=2 - 28 =
s 04 = 0.4
& &
02 02
0 0
SHo % (pgiml) - - 15 30 60 0| (ugiml) - - 15 30 60
LPS (1pgml) - + + + + LPS (1 ugml) - + + + +

Figure 21. Effects of ¥ and Er] on LPS-induced iNOS expression in RAW 264.7 cells. Cells were
pretreated with or without the indicated concentration of B and ¥1] for 1h and then incubated with
LPS (1 ug/ml) for 4h. iINOS mRNA expression was determined using qRT-PCR. Values represent the means
+ SDs of three independent experiments. "p = 0.05 wvs. the control group; ***p = 0.001 wvs. LPS-stimulated

group.

(5) B3} |An|A FEFE o] NF—«Bo} AP-1AANA fAo| v 4

NF—xB$&} AP-1& ME £33}, 94F 9%, AE 53 T #d49 o7 FAAEY ¢
713 F8F 48L = AAAY. E48E NF-Bg AP-1& ¥ oA EF {AA9
promoter regionse]] Agd}e] INOS F¢ o7 €5 dl/] A #ALE FHFH21,22). wa}hA
83 HuBe] LPSe| €3 NF-«Bs} AP-1¢ #BA43E A=A Solrs] 39
luciferase assays 8 3HE. RAW 264.7 th M E o] YA|F o= pNF—xB—Luc$ pAP—1—Luc
plasmidE transfection A]F ¥ Frdi A FS2EL A He. =243 grd =25
£ LPSe) o8] 55 NF—«Be} AP—1 o]&&¢] luciferase A0 S#d o8] JTE v XA
RS2y 22). A G Huld 22 EL NF—«B9 AP-19] AAEAL 7AAF] A
28-S FA3 9

25
) = 10}
= 3
- 8 8 by
C
ol L1 mekE
= e (5] ca
g2, | oo SE R
a L=
= = 4k
o -
¥ '
E 5 H % 2 H
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Testdrug (pg/ml) - - 15 30 60 Test drug (pg/ml) - - 15 30 60
LPS (1 ygiml) - + + + + LPS (1 pg/ml) - + + + *

Figure 22. Effects of G4 and #v] on LPS-induced NF-kB and AP-1 trasncriptional activities in RAW
264.7 cells. Cells were transiently co-transfected with kB-Luc or pAP-1-Luc plasmid with phRL-TK
plasmid using lipofectamine. Cells were pretreated with ‘5‘.‘1@' or o] extract for 1h and then stimulated
with LPS (1 pug/ml) for 18 h. Luciferse activity levels were determined usmg Promega luciferase assay
system. Values represent the means £ SDs of three independent experiments. p < 0.05 wvs. the control group
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(6) @it Wv# 2289 Pt 53

P43} AHg 2289 JFAA AT AA $HL 17) 99 DPPH assay® F93
9e. o A% EINEL =L FUT AA $HES HPoY Fusd ANE 2FHL 60
w/ldNE & % A RHe (I 23). & AYS B9 Puaw dug 22EL I
Uze ddes AASKE Rae Aoz BRHUS

100 ¢
80 |

60

40 +

% of DPPH inhibition

20

0
S (pg/ml) 16 30 60 - A - g
S0]’E (pg/ml) - - - 15 30 60

Toco (10 pM) - - - - - a +

Figure 23. Radical scavenging activity of T:x#l and ¥ U[# extract. Scavenging of the DPPH radical: The
reduction capability of DPPH radical was determined by the decrease in its absorbance at 517 nm induced by
antioxidants. Due to rapid hydrogen donating ability of DPPH, it reacts with antioxidants and gets converted
into 1, 1-diphenyl-2-picryl hydrazine and hence shows decrease in absorbance. a-Tocoperol (10 M) was
used as a positive control. Values represent the means £ SDs of three independent experiments. *#**p < 0.05
vs. the control group.
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~ A4 H 78 gdEy] 28] e AF

—FHZ 6718 ol F£& HH A= B+

—AY 3|40 Zol FFE AFH ol s A

— A% 9 AR 43l gIae 7ed HF HIALEE Hn2I)7L oHE B Y

@ AANR E5AG

— Zoi7|7 £ Fo7 Y BAL oY 28 F ok 5
— o] 3o AN SHE WAAZT A Awo] §ahodo} &
—Zo] W% 27} 15]e] HEZA] $5Holo} &

- AT 717 B¢ AWHE TUE T A48 gelstolof

() AAAE 942 2 2UHA

O 97 7154 23 H4349 AT % ¥€F 23 5% AE L A% JANF2E,
42-664) Atol9] FAAF Ex HITo| WA FEFGO] 100 mg/dl o)4e] wrzAZel 4 &
dgdes 87 o|Fdd, FAY A4, AGdEE APHAS. ddA= F 378 S FAN=E
AR, AF7IE T WRTOA 190 AAFQ AHfe 88ty 2t £9 1igez 43
o] APHPL (Figure 24). FF A ¥ FEE 0|8 B 4% 2 /A4 55724 245
FE5te HAARFS 2% B AAAH FEeq, 19 AFHFL Table 173 23
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Figure 24. Experimental design for human experiment.
BMI: Body mass index, FBG: fasting blood glucose, VFA: visceral fat area, BFP: body fat percentage.
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Table 17. 44X 2 449 19 AA#F

1
Group =24 - bl H| 32
setving (g} k-]
WE — placebo
Ale (white rice, ¥]) 0% e
A 2% | (Reconstituted brown rice, IS 754 4R 180~200 g 2
7154 7 4[4 = ° ™ 19 28 43
BEZ 30% g@m] +
AsE {(Brown rice, @w[) 70% edln)

O & 47 AAAE A8A, A9 T4 Y MEA H9E R FRE] FEd 4 E
T Q1A A1E A9y (IRB : Institutional Review Board)oA] 419] R 491€ ¥ AA S
=

O GARAES A7 85 F< €439 44% 2 AREHAE FASIES A5 A
H A9 EUEPL 2F 13 ASE MY AFY 43 o8 AEZE F UEe F e §
g = BUANY (BAL AstE B4, oA, B TE )& A

(2h) AAAE WA FE H AEFF

O wEL4
F 38 (0, 4, 35) HES B8 QUFUEASG 2427 HARLA A, JAAF, AGE F4,
s =% 490 =4 54, ¥4 FHEEE FAH{NE

@ ANEFY

AE A (0F) 9 AN F (3314 12X3t F8 F FEEAH A2HE AH68S A9 9y
€ Fadoz ME AYR uv=2 F£H3EL, 1000xg, 4°Col|M 158 04 3o &
ZE& BE® F AR Y AMA -70°Cd RA3HEE.




ob

(3) 4% £4 ¥ 54 ¥

(7)) AERA ARAE
O AEZALUE ARAFR A, T8 £ 238])
- G%A AR 2422 HAAY, 393 HAIE A F @59 AFHFAIEAS oS
HES JF AHAE, UL AAHH & T2 B,
—F9A AHAF FE4E, 5795 AE, §8F £F 8718 A ¥4, /1€, &5
A=

O AAAFRZAF] e dERA 2AH I £ FAAHE Can Pro (FFFFE3])
¢} AA =Z2aPL olfste] A H7 # ANOVA FA AR E-

b 34 A% L A4E &4
ZAuTEA} (§5)9] X-Scan AAE EX471S o83 AP

() dg ast 24
OMRON DALIANAL (33)¢] WetAIE ol &3t 295192

(2h) 43134 utolevtA 53
O RE biomarkerg9 B2 As) A1@71# FES T3l ABAA A, FE F 239 2A
AE, A= & ASL A5 42 FAZ AAFH

O a7 Ad 54
Zb Total—cholesterol =%

83 & FY 288 AFE Allain 5 (1974)9] EAHE §83 S8 A1 (o}4bA 9F kit)
L A183YS. A FH 2 2L cholesteryl ester (CE) 2 F#]E#2H 2 F F2 EA3
ng o)l5 AAE AFsts) st CEE cholesterol esteraseo]] 93] A wats} 3 Fd 224
£82 AFBANZHELE olg2A ASH FYZH2EHEL cholesterol oxidased] 23] H:0:9F 4
‘—cholestenon®. @ AFAF| AL, o] & H:0:5 peroxidase @ phenol, 4 —amino—antiptrines} E ¥
3te] Ao wAAZ F, 490 nmoX FFEE SAH s ZHY2EE EEEY (300 mg/dl)
¥ vaste] A RS

U Triglyceride =

8% FAHAEEL McGowan F (1933)9] AAHE o83 TAY fg)d gt FHAAT &
AE Al (o}4AeF kit)& A8t SH3AS. EF W TR FL lipoprotein lipase (LPL)
of g3 FEAEH Aoz B, o] T FEAEL ATPS glycerol kinase (GK)9] &4
© 8 L—a—glvcerophosphate 8 A3}, o] AL O: ¥ glycerophosphooxidase (GPO)$} ¥H-&-3}
o] HoOxF RAAFHL. o 7] peroxidase$} 4—amino—antipyring A gsley Aoz WA
F 550 nmoA FFEE S SEME REFTAY vuste] FFSHS.
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©) HDL—cholesterol &=

A HDL—cholesterol (HDL—-C)& HDL-C &8 AlY (o}abA| ¢F kit) & Al&sld S35 H
. 8% 100 uLE H3lo AY26l YEF 500 pgdt d3etadlag 1 mgE A3td "2
dita viadlg goled] Loz Adwld F apo BE X §3t= LDLi VLDLo| FHE
(Warnick, 1982), o]Z2& QAEE S & 244 Fe HDL F2] ZHY2HES 229 2uEF
2L e g TANg AlA 490 nmdA FFEEFE SAsta, FHZHE EEFLY (50
mg/dL) 7} Wlwale] A a5

@ Free fatty acid (FFA) A%

2% FFAE BAHS o &3 T o ozt FHAPE FHE XY (Non—esterified
fatty acid, NEFA kit, Wako, Osaka, Japan)g AFE3le] SAS RS 4 & 8 A4t
acyl coenzyme A synthetase& A8 A]H Acyl—CoA, AMP ¥ pyrophosphoric acidE A 7]
F, o7]9] acyl coenzyme A oxidaseE A7}8e 2,3—Trans—enoyl—CoA & #2344 F AAA

L o]Z peroxidase®} 4—o}m|x=0re]H & & N—ethyl-N—(2—hydroxy— 3—sulforopyl) —m—toruidine
L2 A#ste AMo 2 LAMAZ F 555 nmiM FFE=E S FEALLY REJHA
wlmste] B FHAS,

D otEA N A7

A} apolipoprotein A— 1 (apo A— 1) % apolipoprotein B (apo B) 5+ apo A—1, apo B
ZA& kit (HEHERREN, Japan)& A3t SA3A+. 84 3 plo) R—1 AJeF 300 ul
g 7istal 37°CellA 5E7F §EEAIZI R—-2 Alef 100 wlE 7p3pe] 37°ColA 5&7F w-EA7)
F 3398 vked o3 AAPE 2AEY 55 apo A—1, apo B 22} 800nm, 600nmelA
+2EE SAIRS

&) Phospholipids (PL)&4
g7 AAA &L A|Y (SICDIA L PL reagent, (L2 R kA&, Japan)& A}4-5}e]
S35 9 5.

&) Non—HDL cholesterol, HTR @ Al (SHASA5) A4t
& Non—HDLEH AHE 5+ total cholesterol X4 HDL—cholesterol =& A5t
AdHA, FHAHAL 2 HTRE g3 F2d g8 A4H UL (Yamajaki, 1990).
— HTR (%) = [(HDL-cholesterol)/( Total—cholesterol)] > 100
— Atherogenic index, Al = [(Total—cholesterol)—(HDL—cholesterol) |/HIDL —cholesterol

Q@ FEEIFZY

FTEEZ TEv 1243 243 fIAEY FE AYES AHd}d E@A9FFEH7]
(Cholestech LDX System, USA)E o] &-3le] 2R3lgon 8 A/ ¥9 234 (2232
&4, (F)2Av ) E o835t 12417 A7 HPAEY &£FA FEEFE SHSIHEH
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® FaEAA (HbAic) &3

HbA:c 5+ Alere Afinion HbAlc test cartridge (FdEoj@2Ao])E o] 83} 05 U 8
Zo AEF FE €4oF &A1Y L. HbAic= hemoglobin —chaini} N—terminal valine 2
X =3Fe] carbonyl groupte] 7}93d =%l 98] A7l schiffbaserz} Amadori AHEZ HEH
AN, oA TxE VF ExY Tx¢ 49 AHFAE A, 2-34L1e] ¥ =2
AEHE Bdd £ AUS

@ ¥8F TvF 5 (plasma glucose) &3

24 X7 FF 4L 93 FYE glucose FAHE A (Asan kit, Korea) & AH-3H5-
Glucoses glucose oxidase®] #8-o] 28] gluconic acid®} hydrogen peroxide’} i hydrogen
peroxidex peroxidaseZ AAJs}3 phenold}t 4—aminoantipyrine2- A3lA 07 ZJFA|H 7| =38
AN NAE AT o|HF YIHE o] &t FH 200 we] BAAY 3 mlE 78t 37°C,
SEZ ¥hEAIZl F 500 nmol A AAE F1=F A 449 FFEE S48 glucose EFE
A3} vaste] FFHae.

® FAl @8 328 9 XE: Insulin, C—peptide, Glucagon &3 R << 44 AE

(HOMA-IR)

—¢1&# 7} C—peptide proinsulin®] EA A E&HIEZ A C—peptide FHFHL JEd 2 AA R
o ¢lgdl Eu)9 J1x e ARE HuH3 9L, A Insulin, glucagon, C—peptides
Multiplex detection kit (Merck, USA)E AFsle] A 519 2.

—¢led 44 NS HOMA-IRE [FEQ1Ed (uU/ml) XFE X e (mmol/L)]/22.52 A 4ks}t]
5k

® @& adipokine 3% 4
&4 adiponectin, leptin, resistin, IL.—6, TNF—q, MCP—1 &2 PAI-1¢] &g =42 Multiplex
detection kit (Merck, USA) B Luminex 200 Labmap system (Luminex Corp, USA)& A}&-314

]

o

@ 8% GOT ¥ GPT 4= &3

54 AFolR} ZHAIE &43 AHF FHe] e glutamic oxaloacetic transaminase
(GOT) ¥ glutamic pyruvic transaminase (GPT) A E+ Reitman F (1957) 5¢ 849 & o]
% GOT & GPT &AE AlY (Asan kit, Korea)& AME3l9 Z2F&HAE. GOTY A
L—aspartate$} a—ketoglutarate, GPT#2] A% D,L—alanine®} a—ketoglutarate 71&-& 37°C, 5&
7t preincubationA]7]3, & 10ulE 718l 37°CeolA] GOTE 608, GPTE 308 ¥i5-Al7]
A d@Ze] Bl o) 7]He] pyruvate® HEET, o] pyruvated 2,4—dinitrophenylhydrazine
B 2087 Ao WeAA 04N NaOHE 71sid wldoz Wa=m, olg W=En Fe
FEHA54 vadte] 505nmel A BHAZE FANAS.

AZ 71% #¥ A8 BUN, Creatinine, Albumin
AA 7153 2HS #BEo] 9= albumin 2 blood urine nitrogen (BUN) A x+= albumin
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R BUN £ 8 Al (Asan kit, Korea)& AME-3te FAF I, £ creatinine  creatinine
248 A9 (Asan kit, Korea)2 Al&s gL

© 3arsl B8 AF: FHYF SOD, catalase, GSH-Px, GT BAE € A A #4188 (TBARS),

Hydroperoxide (H:02) &3

— Superoxide dismutase (SOD): &Zg] Ae] oA pyrogallold] XFAk8Hd| &8 448 o] L3
Marklund®] W (1974)0 2 EFA%. 5484 d9= 498 24 g3 9843 pyrogallol
S8 AFAEE 50% JASE e P Fo= FF

— Catalase(CAT): Abei (1974)9] ¥ & o]&35}o], Hy0:0] FF = W39} Ho0:9] BEFBFASFE
H:0.9] B2 73 o8 743 H:0.8 nmol/min/mg protein® & ARl I AAEAHE
2 53¢

— Glutathione peroxidase (GSH—Px): Pagliag} Valentine2] Wy (1967 )2 2 A3} glutathioneo]
glutathione reductases} NADPH| 93l 842 o NADPHY FF %7} 340 nmo] A 24§
t AEE $3Y. 5484 99 = 18 1 nmol9] 4k3l8 NADPHE AAses a4 do
2 ey,

— Glutathione reductase (GR): GSSG7} NADPH®} GRe] &80 2 GSH=Z ¢35 uj, NADPH7}
ZHAEE AEE 340 nmof| A &3 g

— AAA5HE 7 S (TBARS £4) A8 AZANSE IF 4L Tarladgis F (1964)
9] L o83 MDA HFLEHL tetramethoxypropaned 7R St 2A 3}
TBA-MDA chromopore ¥&J4E i, o] FHLzRE TBA ¥EE29 ¢S MDA
equivalent® A9},

— 343 A 3 54 (Hydrogenperoxide, H202): H8F #44dled #%F 4L Wollf F
(1994)2] WYL o)&3. IASE2A(hydrogenperoxide, Hi02)E ferrous(Fe®') o]& &
ferric(Fe’') ol@ o2 A3A]Z). FOX reagentS o] &3} 560 nmoA H,0, A Ax= =
A%

(5 $A4) 24

E AT RE APAAE SPSS BA 228 Ao ZF AQ97EE Hod TF A
2 Vel i, 2+ &7k BaRteld diEd {94 AAL one—way analysis of variance
(ANOVA)E o] 839 S, th7re] Abo]+= Duncan's multiple range testo]] 2)8te] p < 0.05 &
A HAA3HS (Steel and Torrie, 1960). =g 2 348 A|g A-F 9 FA U H =740
) did 7154 A3&F fue £AHEE $3) Student's t—testE: HAISFHS. P Fkol
0.05 vvrd o] FAFHLZ ou|rl Qe Aoz Basigoen, RE S meantS.E.
(standard error) &} 7 A8t JeER RS

(b a7 94

ol d7de 482 s ANANPL ARG om A B3 4Fvio R
PE Aol BE 9790 Fostde. UAA BE A, ARRA), WY 24, 44 AF, ¥
F 59 GBS Yol AANFL 283 AWsRed 250 BUHP L AN AL
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U 97 59 a5

(1) A AZH va

IAAIE AR A, WR (Hu], ti=F#), RBR (7154 Z3 A¥94) 2 BR (&dn]) #9
baseline XA A& AIE= vha Table 189 5. AAAIA 4A] A A= dH, AF, A
A#gA 4 (body mass index, BMI), MA & (Body fat percentage, BFP), &2 4, guo] &
¥, dlg)l/ygd o] S v (waist—hip ratio, WHR), ¢ B ZEE (fasting blood glucose, FBG)

& T F3 Aot vEA] $ghE

Table 18, Baseline characteristics

WR (Placebo) RBR BR
N 12 12 12
Age 55.64+]1.82 52.56+0.85 56.72+1.66
Body weight (kg) 67.00+2.92 71.58+3.21 68.06+2.05
BMI (kg/m®) 25.70+£0.74 26.98+0.80 26.0140.65
BFP (%0) 32.01+1.07 30.20+1.99 30.63+1.57
Systolic BP (mmHg) 131.5046.34 130.73+:4.49 132.67+4.76
Diasolic BP (mmHg) 76.75+£3.60 77.55+£3.95 76.50+2.56
Waist {cm) 82.1342.78 88.71+2.49 84.88+1.36
Hip (em) 98.13+1.36 100.74+£1.84 97.79+0.96
WHR 0.84+0.02 (0.88+0.02 0.87+£0.01
FBG (mg/dL) 106.75+5.10 113.45+13.39 107.17+3.23

Values are the meantS.E.

WR: White rice (Placebo), RBR: Reconstituted brown rice, RB: Brown rice, BMI: Body mass index, BFP: Body fat

percentage, BP: Blood pressure, WHR: Waist-hip ratio, FBG: Fasting blood glucose.

(2) A8 E2 435 A% 9FAF =4

AAAF A2 A F, 2447 330 m2t 2AHE B 4 AAFLS 242 Table 19
(MA@ A)FH Table 20 (N F)7 23, AFERL 47 A% 2 2§9 A=A, @94, A
4, g3tE, F8 HERH 771d, EHEEHE # HoldRs AR FAFHA o)t &l
A
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Table 19, Nutrients intake in subjects with metabolic syndrome by 24h dietary recall before

the trial
WR (Placebo) RBR BR
energy (kcal/day) 1609.77168.75 1543.80+£105 .66 1558.10£96.51
protein (g/day) 48.09+4.63 50.42+5.91 53.91+6.07
fat (g/day) 27.17+1.91 30.62+6.71 33.43+3.74
carbohydrate (g/day) 272.07+14.79 251.22+12.59 266.68+18.02
fiber (g/day) 5.5740.56 4.83+0.75 7.00+£0.75

Ca (mg/day)

469.01453.25

344 34442 83

423 63154 89

P (mg/day)

696.35+68.42

621.12+68.19

809.85+98.84

Fe (mg/day)

8.94+0.89

10.28+1.34

11.85+1.26

Na (mg/day)

242279428916

2511.944279.53

2540.834254.19

vit A (mg/day)

745.314253.17

657.07+129.81

742.25+126.41

vit B1 (mg/day) 0.77+0.09 0.61+0.07 0.86+0.11
vit B2 (mg/day) 0.76+0.09 0.62+0.09 0.8540.11
vit B6 (mg/day) 1.4040.15 1.26+0.10 1.540.18
vit C (mg/day) 94.97424.00 81.48+24.39 110.04+23.73
folate (ug/day) 1813042134 150.33:23.19 151.50+18.94
vit £ (mg/day) 6.5740.77 738+1.70 11.01+1.42

cholesterol (mg/day)

167.654£35.12

204.16+53.68

206.88+44.92

Values are the mean+£S.E.

WR: White rice (Flacebo), RBR: Reconstituted brown rice, RBE: Brown rice.

Table 20. Nutrients intake in subjects with metabolic syndrome by 24h dietary recall after

the trial
WR (Placebo) REBR BR
energy (kcal/day) 1794.94+103.19 1751.08£158.56 1801.92495 49
protein (g/day) 54.60+4.55 60.79+7.54 62.27+4.81
fat (g/day) 32.12+7.76 32.66+5.50 34.71+3.98
carbohydrate (g/day) 311.93423 34 291.63+£22.28 302.06+14.05
fiber (g/day) 5.69+0.65 5.26+0.69 6.67+0.64

Ca (mg/day)

411.65+39.79

400.01+45.11

527.96+£103.86

P (mg/day)

720.86£58.20

820.55+82.11

058.984+75.93

Fe (mg/day)

13.20+£3.11

10.86=1.66

13.184+0.96

Na (mg/day)

2996.45+£538.20

3087.27+460.16

342312428787

vit A (mg/day)

556.99473 43

618.77+93.95

598.75+71.77

vit Bl (mg/day) 1.14+0.18 0.84£0.12 1.02+0.10
vit B2 (mg/day) 0.78+0.11 0.67+0.10 0.84+0.09
vit B6 (mg/day) 1.6840.18 1.43£0.18 1.83+0.15
vit C (mg/day) 109.00+17.95 773341278 90.36+14.89
folate (ug/day) 203.8630.06 234.45432.05 216.07427.39
73941 57 7.8941.06 10.68+1.14

vit B (mg/day)

cholesterol (mg/day)

176.51441.50

169.164+46.80

157.76431.87

Values are the mean£S.E.

WR: White rice (Flacebo), RBR: Reconstituted brown rice, RBE: Brown rice.
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(3) A8 24 45 A-F AJASF & AA S A3}

827 AEEE A3 A-F, dAAEY AF, AAYE (Body fat percentage, BFP), A=
A (BMD), 3] =4, 9de] =8, 2 §g/dde] vl (waist—hip ratio, WHR) S dH =
& Table 58 &5, AF, AALE, AdHFAF, 38 2 4] 99 WHRE 31 7954
2 Zol7t YeEA &ty 7 & WA= AIREF HAH AFY Aole vEA %S
(Table 21).

ARED 44 F dAAEY BE YZFAW 493, oF
Btz Fgta, 7 ¢ JAAME AEER AHF A3 E]'—E—
(Table 22). =3 tqARES Y SHAFNAE v, 7
T 7t 949 Aole WveEhA| @gks, 7 7 ] H-FE
A 9kS (Table 23).

AL 2 2§98 Aol 1t
BED z}om et s3ghe.
B Aga g Ao A0 ge
AME #eH 2|7t heht

B Oll‘ :|° n

Table 21. Effect of reconstituted brown rice (RBR) supplementation on changes of body
weight, BFP, BMI, and WHR—related body measurements in subjects with metabolic syndrome

WR (Placebo) RBR BR (ﬂgﬁfi)

Before 67.0042.92 71.58+3.21 68.06+2.05 0.478

Body weight (kg) After 67.36+3.03 71.00+3.08 67.95+2.09 0.609
p-value2 0.932 0.897 0.971

Before 32.0141.07 30.20+1.99 30.63+1.57 0.705

BFP (%) After 31.88+1.04 30.79+1.77 30.68+1.52 0.820
p-value2 0.930 0.826 0.982

Before 25.70+0.74 26.98+0.80 26.01+0.65 0.445

BMI (gk/m2) After 25.7640.78 26.59+0.62 25.9040.61 0.645
b 0.953 0.703 0.905

Before 82.132.78 83.7142.49 84.88+1.36 0.142

Waist (cm) After 80.3842.41 86.17+2.15 82.88+1.25 0.138
p-value2 0.639 0.449 0.290

Before 98.13+1.36 100.74+1.84 97.79+0.96 0.293

Hip (cm) After 97.25+1.86 99.33+1.73 97.17+1.35 0.584
p-value2 0.708 0.582 0.710

Before 0.84+0.02 0.88+0.02 0.87+0.01 0.164

WHR After 0.83+0.02 0.87+0.02 0.85+0.01 0.195
p-value’ 0.715 0.621 0.426

Values are the meantS.E.

'ANOVA among 3 groups, L test between before and after trial in each group.

WR: White rice (Flacebc), RBR: Reconstituted brown rice, RB: Brown rice, BFP: Body fat percentage, BMI: Body
mass index, WHE: Waist —hip ratioc.
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Table 22. Effect of reconstituted brown rice (RBR) supplementation on changes of fat area
and muscle weights in subjects with metabolic syndrome

1
val
WR (Placebo) RBR BR (gﬁ%%;)
Before 88.0840.43 110.9249 55 102.83+4.40 0.149
VISC(“V%A&#)&W‘ After 87.00+10.37 114.58410.17 103.33£6.13 0.114
p-value’ 939 795 948
Before 40.8242 21 459742 67 43534221 0312
Muscle weight (kg) After 41.03£2.16 452342 .56 43 43+£2.12 0.099
p-value’ 0.947 0.844 0.974

}«Talues are the meantS.E, 5
ANOVA among 3 groups, "t—test between before and after trial in each group.
WR: White rice (Flacebo), RBR: Reconstituted brown rice, RBE: Brown rice.

Table 23, Effect of reconstituted brown rice (RBR) supplementation on changes of blood
pressure level in subjects with metabolic syndrome

WR (Placebo) RBR BR (ﬂg‘\ﬁ)
Before 131.5046.34 1307344 .49 132.67+4.76 0.967
Systolic BP (mmIlg) After 131.4246.33 138.754:4.24 126.25+4.19 0.224
p-value” 0.993 0.208 0.323
Before 76.75+3.60 77.55+3.95 76.5042.56 0.975
Diastolic BP (mmHg) g, 76.50:£3.00 80.08:3.97 75254313 0.589
p-value” 0.958 0.656 0.760

Values are the meandS.E
TANOVA among 3 groups,’t—test between before and after trial in each group.
WR: White rice (Flacebo), RBR: Reconstituted brown rice, RB: Brown rice, BF: Blood pressure.

(4) A8 E4 45 A% 945 AF ¥= 4

AFEZ A wE ¥E HDL-FH2HE, LDL-FeH2H &, FZH2HE 2 F4AAY
574 AT o Table 8% &, 8353 9], 7154 A4 € &v] 434 9% dF LDL-
Y 2HE, FEH2HE B FAAY FEL F93A HEe YA g9y, RBRTE
8% HDL-F82HE TEc 7|58 434 43 8F ¥ F7s6te 2%S 29 (p=0.057)
(Table 24, Figure 26).

AFEE 43 & 8F AF F= #dle 93 Table 25 ¥ Figure 278 5. A8 &
d AH AFx 8F FE AL 44, FEYL2HE, nonHDL-FH2HE, Apo AL, Apo
B, @ Q1X& (phospholipid) #F& WRT, RERFT 2 BR#EZF F24Q o)z} vex] &3k
I, 44y AFEE AF AF v A= {23 Zelrt S WE, 3F7ke] AT A
3 ¥4 A= 84 HDL-FH2HE & S7M7= AL Bgen (p=0.063), ol
¥ HDL-E#42d & dH9dE FAME Aoz vebd. 59783 A4 (atherogenic index, Al)$}
ZFZY A S0 3 HDL-Z¢ 28 Z9) ¥& (HDL-C/Total—C ratio, HTR)& A1 &4 43
A% FoFA Aozt ERYA F%E.



Table 24. Effect of reconstituted brown rice {RER) supplementation on changes of whole blocd

lipids concentrations in subjects with metabolic syndrome

WE (Placebo) RER BRE (ﬁ%&i}
Before 52.2743.05 48,9043 .49 48.0045.50 0.696
HD L -cholesterol
(mg/dL) After 55.44+1.97 57.5042.40 49.83+4.87 0.217
pvalue’ 0417 0.057 0.808
Before 119.80+£12.26 115.40+% 36 129264605 0.661
LDL-cholesterol
(mg/dL) After 109.10£14.74 117.20413.96 125.33£7.34 0.677
pvalue” 0.584 0.916 0.696
Before 131.14+11.46 156.38+11.28 153.14418.10 0.393
Total cholesterol
(mg/dL) After 140.14£11.29 144 3042216 159.50414.63 0.789
p-value’ 0.586 0.659 0.795
_ . Before 191.36£12.38 186.2047.78 204.00+6.82 0512
Triglyceride
(mg/dL) After 184.60+11.07 185.804+12.17 197.26+3.97 0.697
p-value 0.691 0.978 0.409

Values are the meantS.E.

'aNovA among 3 groups, ‘t—test hetween before and after trial in each group.

WR: White rice (Placebo), RBR: Reconstituted brown rice, EB: Brown rice, HDL: High density lipoprotein, LDL:

Low density lipoprotein

HDL-cholesterol {mg/dL)

80

(]
o

£
=]

W]
o

O before
H after
0.057
0.417 . o
-
= T e
WR RBR RB

Figure 26. Effect of reconstituted brown rice (RBR) supplementation on HDL—cholesterol level

in subjects with metabolic syndrome
Values are the mean=+S.E.

t—test between before and after trial in each group.
WR: White rice (Placebo), RBR: Reconstituted brown rice, RB: Brown rice, HDL: High density lipoprotein.
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Table 25, Effect of reconstituted brown rice (RBR) supplementation on changes of plasma
lipids concentrations in subjects with metabolic syndrome

WR (Placebo) RBR BR (ﬁg%i)

Before 0.36:£0.04 035+£0.09 0.3320.05 0.950

FFA (mmol/L) After 0.25+0.04 0.27+0.03 0.26+0.06 0.953
p-value” 0.069 0.443 0.388

Before 1.75+0.17 1.59+0.15 1.8140.17 0.611

(mm(ﬁfi%ly"eride After 1.65+0.12 1414016 1.66+0.14 0.432
p-value’ 0.306 0.817 0.135

Before 4704032 4784024 5.2540.20 0.253

ggﬁgf}ﬁg’les““d After 4.64+0.30 4754025 5.04+0.17 0.488
p-value® 0.891 0.942 0.422

Before 1.09£0.05 0.98£0.07 0.9620.06 0.334

(mrlgglﬁh"lemml After 1 12+0.08 114+0.03 1.04+0.07 0.617
p-value® 0.703 0.063 0.947

Before 3.74+0.31 375024 4194022 0.402

(rrrll‘;n“lo{l%":hc’lef’terd After 3.58+032 3.77+0.28 4204017 0.228
p-value’ 0.721 0.973 0.972

Before 128344330 1263543 81 116.4043.95 0.065

Apo Al (mg/dL) After 124.1743.62 127.734.01 120.1943 68 0.380
p-value’ 0.404 0.806 0.490

Before 73.0045.26 73.2844.10 84.88+2.99 0.157

Apo B (mg/dL) After 69.7945.99 71.47+4.00 81.57+3.60 0.170
p-value’ 0.691 0.755 0.514

Before 22.50+1.69 21.81+1.92 18.06+1.62 0.186

HIR (%) After 23.8242.00 23.07+2.10 18.33+1.34 0.096
p-value” 0.631 0.662 0.898

Before 3.49+0.40 3.05+0.42 4.05+0.33 0.582

Al After 3.51+0.39 3.70+0.47 4.28+0.32 0.428
p-value’ 0.963 0.701 0.790

N Before 2704012 3.06£0.19 3.1640.20 0.158

?ﬁ‘;ﬁgﬁﬁgmld After 2524008 2754007 2.8610.15 0.080
p-value” 0213 0.150 0.238

Values are the meantS.E.

'TANOVA among 3 groups,’t-test between before and after trial in each group.

WR: White rice (Placebo), RBR: Reconstituted brown rice, RB: Brown rice, FFA: Free fatty acid, HDL: High density
lipoprotein, Apo A T: Apolipoprotein AT, Apo B: Apolipoprotein B, HTR = (HDL-C/Total-Cyx100, AL Atherogenic
index, [(Total-C)-(HDL-C)|/HDL-C.
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Figure 27. Effect of reconstituted brown rice (RBR)} supplementation on change of plasma

HDL—cholesterol level in subjects with metabolic syndrome.

WValues are the meantS.E.
t—test between before and after trial in each sroup.
WE: White tice (Placebo), EBR: Reconstituted brown rice, RB: Brown rice, HDL: High density lipoprotein.

(5) A1g €4 435 A-F ¥F 24 #d AR ug

AAAE A-F FE 9%, FaEML (Hbale)E WRF Fil 44 A# &4 HAie o
& Table 263 £F. 353t 9|, Ze4 28 J¥& R ] A3 2§ FEEF T
=4 2 T A93 HEY) T € X2 FE ET AEEE 434 o wHs)
vehgx] ebgke w3 €3 14", 2712, C—peptide, B HOMA-IRE T3t -F9 3¢l *}o]
7t vehdA] gtz 4 o ] 43 AF dmdAz @izt GeERR S5ts

W, FEL Fre 337 V54 A8 ARE A3 o3 48 Ho v 48 &
folHew A2 gT (p = 0.009), o] HAH olHM= FHPAS T} FolHod i
S (b = 0.035).
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Table 26. Effect of reconstituted brown rice {RBR) supplementation on changes of fasting
whole blood glucose, HbAle, and HOMA—-IR in subjects with metabolic syndrome

1:)-'Jalue1
WE (Placeba) EBE BR (ANOV A)

Before 106.75£5.10 113.45£13.39 107.1743.23 0.813
FRG (mg/dL) After 115.50+5.86 108.0945.88 111.8343.66 0.612

pvalue’ 0.272 0718 0.350

Before 6144019 6034011 5.9540.10 0.619
Hbalc (%) After 5.83+0.17 5.58+0.11 5.68+0.07 0.391

pvalue’ 0.229 0.009 0.035

Before 5.5240.28 5354013 5.45£0.12 0.619
plastia ghivges After 5.9240.25 5.29+0.20 5.66+0.07 0.120
(mgfdL) E

p-value 0.308 0.817 0.135

Before 0.6440.09 0.58£0.11 0.6540.08 0,844
Insulin (ng/mL) After 0.92+5.86 0.70+0.10 0.76+0.10 0.398

pvalue’ 0.117 0.438 0.393

Before 55.60+3.93 65.5445.14 66.64+£7.76 0352
Glucagon

After 48.8643.57 64.2049.99 64.85+7.94 0318
(pg/mL;) 5

p-value 0.223 0.907 0.876

Before 1.6140.19 2.26£0.73 2.06+0.12 0.629
C-peptide
i) Afterz 1.8240.24 1.91£0.25 2.0240.14 0.814

p-value 0.517 0.657 0.824

Before 0.140.02 0.15£0.03 0.164£0.02 0.897
HOMA IR After 0.23+0.05 0.19+0.03 0.2140.02 0.693

pyalue’ 0.119 0.272 0.138

Walueg are the meant%.E. ;

'ANOVA among 3 groups, t—test between before and after trial in each group.

WER: White rice (Placebo), RBR: Reconstituted brown rice, RB: Brown tice, FBG: Fasting blood glucose, Hba e
Hemoglobin &jc, HOMA-IE: Homeostasiz model asseszment of inzulin resistance.

i O before
W after
0.229 0.009 0.035
E N ) T — P uli
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Figure 28. Effect of reconstituted brown rice (RBR) supplementation on HbAjc level in

subjects with metabolic syndrome.

Valueg are the meant3.E.
t—test hetween before and after trial in each sroup.
WR: White rice (Placebo), RBR: Reconstituted brown rice, EB: Brown rtice, Hb& ! Hemoglobin Ajc.
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(6) A9 £4 435 AF 4%/ cytokine ¥ W3}

AA A1 A-F APH TN o= 54 cytokine]l MCP—-1, IL-6 ¥ TNF-u®] ¥%
WHEl= Table 279 28 & IL-68 TNF—a $F& AIFEA 437 95 H37) JehiA
2 9, MCP-1 &2 AFEE A 8F F A 43FdA ARFL 2 Frlees S
Holg 7kl WREA e 4o & f-H o2 Frrstder (p=0.024) ¥F PAI-1 &
FE WRZA Frtete Age] vebd (p=0.053).

Table 27. Effect of reconstituted brown rice (RBR) supplementation on changes of MCP—1,

IL-6, TNF—a and PAI-1 levels in subjects with metabolic syndrome

WR. (Placebo) RBR BR (ﬁg%i)

Before 127+0.12 1.160.10 1.12+0.21 0.780
IL-6 (pg/mL) After 1.6540.18 1.4120.26 1.40+0.18 0.667

p-value’ 0.134 0.377 0.329

Before 162.15420.21 164.29422.29 163.11+14.46 0.997
MCP-1 (pg/mL) After 255.90431.25 246.67+34.36 249.85+40.32 0.983

p-value” 0.024 057 064

Before 2.5240.41 2.07+0.17 1974021 0.370
TNF-a(pg/mL) After 3.63+0.46 3.35+0.32 3.310.92 oferisl

p-value” 0.090 0.067 0.208

Before 50.6247.72 58.2244.92 58.1743.79 0.979
PAI-1 (pg/mL) After 84.2440.16 69.99+10.15 67.93+3.34 0.362

p-value” 0.053 0312 0.073

}«Talues are the meantS.E.

ANOVA among 3 groups,gt*test between before and after trial in each group.

WR: White rice (Placebo), RBR: Reconstituted brown rice, RB: Brown rice, MCE1: Monocyte chemotactic protein
1, IL—8: Interlenkin—6, TNF—a: Tumor necrosis factor—a, PAI—1: Plasminogen activator inhibitor—1.

(7) A8 24 A7 A-F AgAxEn 328 5 us

N

A WA LA EHEHE 32841 leptin, resistin @ adiponectin®] 8% 4F& )-8 Table 12
¢} . A leptind} resistin FFL& BE oA 48 AF o7} giFed AFFIF 2}
o]= vhEhIA] @kS (Table 28). 38, (WA XA Soloz Feste] BuHEs 5250
2 922 HUstd Ful, SUARE 9 He qusts Aoz ¥uy adiponecting
mE A WRElMT gAsE A%S Bgow (p=0.052), RBRFH BREIAE 4882
AFH A% F93 "3y FFHH R Fg+.




68

Table 28. Effect of reconstituted brown rice (RBR) supplementation on changes of leptin,
resistin, and adiponectin levels in subjects with metabolic syndrome

WR. (Placebo) RBR BR (ﬁg%i)

Before 5.160.72 5.21+0.92 5.53+1.18 0.957

Leptin (ng/mL)  After 8.36+1.63 5.18+0.82 7.9642.11 0.325
p-value 0.080 0.982 0.340

Before 47.8243.68 56.8246.27 55.07+7.86 0.173

Resistin (pg/mL)  After 43.78+2.61 50.8148.40 50.81+10.16 0.774
p-value 0374 0.579 0.743

Before 39.3843.99 24.8245.37 29.8246.08 0.230

Adiponectin -\ p. 27541338 20414372 2690777 0.653

(ng/mlL)

p-value 0.052 0.507 0.770

Values are the meanxS.E,

'ANOVA among 3 groups,’t—test between before and after trial in each group.
WR: White rice (Flacebo), KBR: Reconstituted brown rice, RB: Brown rice.

(8) Ad &4 H4 A-F 2 2 A% 7% A¥ Ax g

54 ARO|A THAE &43 DHT AEo] e 8F GOTS GPT A vl A, ¥
v} 7154 AE A¥E AH 93 F4FA ¥ige JEhtA @S, 9, BREL ¥y 3F
AF d&f EF GOT FEo| fFAHoz2 FAHJD (p=0.016), BF GPTE Fisle FFS
Heo} (p=0.054), Al & BF GOT, GPTE A FFo2 veid. A% 7|5 44 AEY 8
A albumin @ BUN 4253 urine creatinine£ 3F7F A|E§EA HFHd 23 F7+FU F2Fel
ol BAHA 23S (Table 29).

Table 29. Effect of reconstituted brown rice (RBR) supplementation on changes of plasma

GOT, GPT, albumin, BUN and levels in subjects with metabolic syndrome

p-value’
WR (Placebo) RBR BR (ANOVA)
Before 16.79+1.24 17.86+3.07 19.61=1.73 0.652
ol After 15.27+1.29 15.51=1.11 14.910.66 0.926
(Karmen/ml) "
p-value 0.406 0.479 0.016
Before 11.58+1.42 12.9843.13 14.70+2.35 0.675
GPT (Karmen/ml)  After 8.25+1.49 9.45+1.04 9.164+1.50 0.806
p-value” 0.121 0.297 0.054
_ Before 4.59+0.03 4.69+0.05 4.68+0.05 0.143
plasma_albumin After 4.69+0.06 4.76+0.04 4.8240.03 0.172
(mmol/L.) 5
p-value 0.712 0.067 0.448
Before 15.40+1 .46 14.3142.02 12.17<1.11 0.348
BUN (mmol/L) After 13.8741.50 13.04£2.25 13.86£1.60 0.934
p-value” 0.472 0.678 0.391 0.934
- Before 9.57+1.45 8.45+1.91 5.3940.58 0.118
g;‘;a/ng)He After 6.92+1.21 6.28+1.13 6.7041.03 0.922
p-value” 0.671 0.691 0.306

Values are the mean+£S.E.

LANOVA among 3 groups,’t—test between before and after trial in each group.
WR: White rice (Placebc), EBR: Reconstituted brown rice, RB: Brown rice, GOT: glutamic oxalcacetic
transaminase, GPT: glutamic pyruvic transaminase, BUN: blood urine nitrogen.
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(9) A9 E4 47 A% 333 54 8= ¢ AN E §-F W3

83t Ald 22 HF % HET FAS B4 FYE S Table 309 AAMSHE.
A B2 A3 A FEL FHEE A I3 F43R0 Aol7t vEhtA 9ty 857
AR =4 44 ¥ @vE 4HA BREE ¥rE 4HF WRTRY SOD 84%7} #eA2
2 F718AR, 7154 484S A4FY RBRTL WREET SODBA=7 S718te A% B
Fe. EF HujE AHF WRT 2 49 A-F vl HETF catalsedt GSH-Px 4= &
o FAH Ao #FFY (Table 30, Figure 29). AP A Fa15E (TBARS)H
H:0: &g 54 85, A AFdEZ & AAHY dste x| gts (Table 30).

Table 14. Effect of reconstituted brown rice (RBR) supplementation on changes of erythrocytic
antioxidant enzyme activities in subjects with metabolic syndrome

1
_val
WR (Placebo) RBR BR (ﬁg‘\l&)
Before 2074011 2.02+0.06 2192004 0.361
(mitjsrggDHB) After 2.0240.04" 2.10+0.09™ 2204006 0.030
p-value’ 0.713 0.132 0.272
Before 0.1240.01 0.10£0.01 0.1020.01 0.166
&ﬁﬂﬁgwmg Hb) After 0.09::0.003 0.1140.007 0.11£0.010 0.273
p-value” 0.001 0.438 0.645
Before 7.4540.20 6.99+0.35 6.86=0.99 0.390
GSH-Px .
Afte 6.6040.25 6.38+0.38 6.94:031 0.473
(nmol/min/mg Hb) f
p-value” 0.038 0.253 0.847
Before 4524037 454025 4.8420.48 0.803
GR
+ + +
(rmoliminng Hb) After 4414024 4.77+0.29 5.010.24 0.274
p-value” 0.788 0.564 0.756
Before 0.174£0.00 0.16:0.01 0.1720.00 0.347
22
(nmolimg Hb) After 0.1740.00 0.170.00 0.1720.00 0.240
p-value” 0.482 0.092 0.592
Before 0.32:40.00 0.310.00 0322001 0.219
TBARS
itiiolls A After 0.3140.01 0324001 0.3320.00 0.198
p-value® 0.204 0.171 0.105

1Values are the meantS.E. 5 .

ANOVA among 3 groups, ‘t-test between before and after tmal in each group. “Means not sharng common letters that
are significantly different between groups at p<0.03,

WR: White rice (Placebo), RBR: Reconstituted brown rice, RB: Brown rice, SOD: Superoxide dismutase, GSH-Px:
glutathione peroxidase, GR: glutathione reductase
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Figure 29. Effect of reconstimited brown rice (RBR)

GSH-Px activities in subjects with metabolic syndrome.

Values are the meantS.E.
t-test between before and after trial in each group.

supplementation on erythrocytic catalase and

WR: White rice (Placebo), RBR: Reconstituted brown rice, RB: Brown rice, GSH-Px: glutathione peroxidase.
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I The Effect of Brown Rice on
Obesity and Dyslipidemia in High
e -Fat Diet-induced C57BL/6] Mice

20159
84 24¢

& H Ao}
Ay dd

Efficacy of brown rice that is rich in dietary fiber with various bioactive
components was tested using high-fat diet (HFD)-induced obese mice.
Male C57BLIEJ mice (4-weeks-old) were fed HFD (60% keal fat) or HFD
supplemented with brown rice (5%, wiv, BR) for 12 weeks. The mice were
supplied with the food and water freely during experiment period.
Interestingly, food intake was not significantly different, but final body weight
and weight gain were significantly higher in the HFD group than in the BR.
gmup Inlsrscspular white adlpuse tissue (WAT) and visceral fal including
I WAT, perirenal WAT, retroper
WAT were also dramatically reduced in the BR group compared with the
HFD group. In addition, The BR group decreased the levels of
ide, total and in B in plasma, while it
increased apolipoprotein A-1 and HDL-cholsﬂerol levels. From these
resulls, we suggest that brown rice can i obesity and dyslipi
via the reductions of body weight and tal accumulation as well as
improvement of plasma lipid profile,

Introduction
Recently the number of obeslty is steadily imed by hlgh I‘at diet.
Obesity causes like diak and

make a trouble in people’s life. Brown rice has a nch dietary fiber with
various bioactive components and has the effect of preventing obesity.

Materials and method

l Adjusting period 1 week

Results and Discussion
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Conclusion

From these resulls, we suggest that brown rice can improve obesity and
ia via the of body weight and fal accumulation as well

aa h'nprwamenl of plasma lipid profile.
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