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We previously developed the fermented extract of rice bran (RBFE) with Lactobacillus brevis
IFO12005. RBFE is rich in y-amino butyric acid (GABA) from L-glutamic acid produced by L.
brevis. In the present study, we demonstrated that RBFE reduces the accumulations of adipose
tissues and normalizes the serum ftriglycerides and cholesterol level in high-fat diet fed rats.
Furthermore, RBFE reduced the lipid synthesis and secretion from HepG2 human hepatoma cells,
by attenuation of the expressions of lipogenic and cholesterologenic enzymes in the cells.
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BEREENSHFHEINI KM, BOVBOEBER
EMOVEDT, TOEDFIAREERMETH . Kk
i3, HFEOBETRICBITAEXITELTHIH N,
KHKOSNERID S 30% (wiw) DESFORBIZTTH, £
DORIILETEMIFT N IZHETS. 5T, BRANYE
BRLTWIEXDERIZIBN TSN 2 XKEEED
BERRBEHRENS. KBTI REME, &R
VB, E¥ I, BYEMIL EOHEERIVEBEICEE
NTNBA, TO—WMHKEFEL, HIE, KEmEREI
FAINZICEEE STV, BIITBNT, B2 KM
OEPFIAZENIC, ARBEICISRBIEEZE v-7
X /B5®: (y-amino butyric acid, GABA) Baf KRB R
BEMOBRBICRDIL, BLOBRBICEALTVS .

—H, BOBKILZSNTGERICKZBEREE (B

HRBRFIAE/2 5 NI H O L AT 0 —)VfLE) BE DM
B, THhCHESHEX OSHREBZED, tRMEICE
TRELTWS. TIT, AWATIE, RKRARRBERM
DE/22 AR ZBNIC, XKREBRMICSENDIE
BEARBERERCDODVWTRAMNL .

2. MEIBIUHE

2.1 RERFLERFE B HY ORI S

KRR BRIIEIE VIRV L, NaOH T pH7.0
ICHRB L7051, BEEREITY, R THWEXE
HEEF B (rice bran fermented extract; RBFE, Table 1)
& L7z 723, RBEF 137 X/ BAHREREL D Y, 100 g
9.12g M GABA 28K T 3.
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FHRRLETOERIONT, EREMOFRKRVORE
WRTERERICET 2R RESBIY #PE
BROBIE/ZREIZE T2 HA R4 > (AEHREE)
REFLED ATITo 2

Sprague-Dawly 7 b (SD J v F, 6 BRIz, MIEHE
(HE2Z V7 HF-32)%45 L 2 BAREFHEHATL . Fi
BELT, BIEBREOAHERBFEE 2.0% (WWIRE LT
BlERS & (Table 2)% 3 AMI#GS L7, 3 BRMRICAER
ERICHETIL, TREER, BREEEEY, BRERE
FFERZERE Lz FRICRE U /2 ik 25580 5 i,
Mg HHERERE, 2L AT O0—)VHE, BRE, 7 AN
SX BT I ) BB EEFRE (Aspartate aminotransferase,
AST), 7 9 =27 X ) BB BE
aminotransferase, ALT), 7JV 7 I UEIZDWVWT, RS54 4
LYVATL (P74 NVLHBASHERWTRIEL &

(Alanine

23 HepG2 fifak O T NBUREY > /XTI BDREIK

HepG2 bt MAFREAIAR (1x10° @)% 10%4-05 V2 i %
(fetal calf serum, FCS)% &40 Dulbecco’s modified Eagle’s
medium (DMEM, 1 ml) IZ%E L 24 ST, 2 HRERD
EEZITO-. #IE PBS T 2 EEERIC, BREE
0.1% (WW)HmiE7 N T3 >
BSA) Z&% DMEM (300 p)ic33#l, 5iz 4 ARG
#LU7-. HIRRESFEIKIS 15,000 x g, 5 DRIRELDEEEZT WV,
VIRE NI BRTIZHEL .

(bovine serum albumin,

2.4 UREY >IN0 BT
HepG2 MEfiuiE % LB D 3BEEY SRURY /N

B, BIEFEEY RY 2 /XJ'HE (very low density lipoprotein,
VLDL), {EFEE U RS /N B (low density lipoprotein,
LDL)B L UBEBE YRS > /N2 & (high density lipoprotein,
HDL)D 53 B2 5 DN E RIIBERICE > Tiro 72 2. il
B2 E3E (80 wW)Z &)V HPLC S A5 L TH#EL,
P el OBIEIZ1Z Diacolor Liquid TG-S 231 A5 0—)b
{Z¥X Cholescolor Liquid Kit for cholesterol (ﬁﬁ%#ﬁﬂ%iﬁ%
HEER L. 3BEEISAURYNNIEBFDO TG B
Va2 Fo—)ViBER, ERmnE (GRREEFY >
W) EFERE LT, A0 51 b NAFF v 74
HOO>Ea—y—TnrShERNTRITLE Y.

2.5 RELBRIRTFREHT
HepG2 #ifR % (2.5x 10°f@)%E 12"%17 07— bz

\EL, 2 HM 10% FCS Z& %> DEM K TRliEERE,
1.0% BSA B XX 750 uM F L1 > B, RBFE (&iBE 1.0
mg/ml)ZFRML 7~ DMEM IZ3# L, =517 2 BRgE#%
BilF7=. # RNA X Total QuickGene RNA cultured cell kit S
(F2 74 VLR EZRWTEIL, 855 cDNA &5
13 PrimeScript RT reagent Kit (¥ 71 7/)N1 AN 4) % A
WTHERL .

U7 )V& AL RT-PCR BEERICHE-> TH o7~ 2. HY
BEFORBARIL, p-7 27 F > mRNA (forward primer,
5’-CATCCGTAAAGACCTCTATGCCAAC-3’; reverse primer,
5’-ATGGAGCCACCGATCCACA-3") 2§ 2 MBEE
TRL, RUEORZE 100 & L7k,

2.6 #atae

TRTOREMIL, FHELEERZE SD)TRLUE.
FREEREICE, TRDOY 7 MY L7 GraphPad
Prism5.0-J (GraphPad Software #t)% fi VT, -8 5E (Table 3)
72 5TNT Tukey 5D ZEHLBMRTE (Table 4 B XU Fig. 2)
21T\, FEKEER SUELFE L.

3. RERBIUSER

3.1 BIBRAR T v Mo d 28

Table 3 iZ RBFE O®IEHEHET T v FOSEREBER
RO MEE MBI T L EEE2 D/, RBFE %
20 %X THEBEHRRSHEOBRRIIEIN 2N -7, SD
Zw Mg, 3BRIOBIB &7 5N RBFE BAEEN&
EHRE LR, —BdH0 DEERM 7.0 gflkizs

I 71 gETHD, FREERRD SN2 o L

NLU72A5, RBFE IRIERESICL S HBRER, BE
BEAEERERZSNC, ERARBHEROHEMNEE
FITAH L7z, 2517, MERAEZERIEL 72# R, 2.0 %
RBFE B& L =®mEEHEHEEGXDO T v M, BIEHEDOA
EEZRELBLT, P FHEHEZSCIZIL R
TO-VEZERREBERARRD SN (WThd
p<0.05). LM L7225, RBFE 135 v b OMmESEIZ TR
EEZIM o 51T, FEREY—H ThH D AST, ALT
BOIWRTNTI M EREEREN 2. ZTHhED
#FRL 0, RBFE IZI3, BB BER T v MoBiF 2 RS
FERFHEBIC BT IEEREER T 2EALZ ST, o
FIREE (BB L AT O— )W) EEELT
HYERMNSH D EAHIBAL 77
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Table 1. Composition of RBFE

Composition (g/100 g)
Moisture 34
Carbohydrate 67.5
Crude protein 14.6
Crude lipid 2.0
Ash 14.5

Table 2. Composition and nourishment analysis value for the

experimental diet

HFD HFD+RBFE

Composition Milk casein 244 24.0
(%) Albumin powder 5.0 4.9
Cystein 0.4 04
Beef tallow 15.9 15.5
Safflower oil 20.0 19.6
Cellulose powder 5.5 54
Maltdextrin 8.3 8.1
Lactose 6.9 6.8
Sucrose 6.8 6.7
AIN-93 vitamin mixture 14 13
AIN-93 G mineral mixture 5.0 49
Choline bitartrate 04 04
RBFE — 2.0
Nourishment Moisture (g/100g) 6.1 39
analysis value Protein (g/100g) 254 25.7
Fat (g/100g) 32.7 328
Ash (g/100g) 3.6 3.7
Carbohydrate (g/100g) 322 335
Fiber (g/100g) 5.5 5.6
Energy (kcal/100g) 524.7 5323

Table 3. Body weight, tissue weight, and serum parameters for SD

rats
HFD  HFD+RBFE
Food intake (g/day) 183+ 19 17.0x 1.6
Initial body weight (g) 3134x16.1 311.2+14.6
Body weight gain (g/day) 71+ 1.3 7.0t 1.0
Liver weight (g) 170 25 139+ 09 *
Adipose tissue weight (g)
Mensenteric 7.6x 2.7 49+ 0.7 *
Epididymal 113+ 2.8 7.8+ 0.9 *
Serum triglyceride (mg/dL) 121.2+%34.6 71.2%£199 *
Serum cholesterol (mg/dl) 87.2% 8.1 62.6+t16.2 *
Serum glucose (mg/dL) 173.2£575 165.0x47.6
AST (UL) 99.0+£17.2 81.2+19.0
ALT (U/L) 25.8% 8.1 23.0+ 43
Serum albumin (g/L) 3.7 0.3 3.8 0.2

Data represent mean = SD (n=6, * p<0.05)
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Fig. 1 Effects of RBFL on lipoprotein profiles of HepG2 cells
Following HepG2 cell precultured in DMEM containing 10% FCS for
2 days, the cells were cultured in serum-free DMEM containing 0.1%
BSA without (a), or 0.75 mM sodium oleate (b), or sodium oleate plus
1.0 mg/ml RBFE (c) for 4 days, and the levels of TG and cholesterol in
the culture medium were determined. The data are mean= SD (n=4).
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Table 4. Effect of RBFE on levels of TG and cholesterol secretion from HepG2 cells

RBFE Fenofibrate
0.1 mg/ml 1.0 mg/ml 10.0 mg/ml 500 uM
sodium oleate (mM) 0 0.75 0.75 0.75 0.75 0.75
cell number (x10%) 2.7%0.1 2.8+0.3 2.6£0.2 2.9+0.2 2.8+0.2 2.6+0.3
triglyceride (ug/10¢ cells)
total 2.3+04 12.8%+0.3 13.8+0.3 7.6£0.3%* 1.3£0.4** 5.1£02**
VLDL 0.2%£0.1 2.0£0.2 21+04 1.5+0.3* 02£0.1** 1.0+ 0**
LDL 1.5%0.1 74+0.8 8.0%0.7 3.5£0.1%* 1.0+£02** 2.1+£03%*
HDL 2,7%0.1 2.8%+0.3 3.7%0.1 2,6=%0.3 0.1£0.1** 2.00.1*%*
cholesterol (ug/1096 cells)
total 32+04 4104 40%+04 2.7%0.1** 0.4£0** 1.9+0.4**
VLDL 0.5%+0.3 05+ 0 0.6%+0.1 0.7%0.1 0 £0** 0.6x0.1
LDL 0.6+0.1 15+0.2 1.5%0.2 0.7 0** 0 £0** 0.5£0.1**
HDL 2105 2.1+0.2 1.9%0.3 1.3%0.1** 0.44£0** 0.8+£0.2**

Following HepG2 cell precultured DMEM containing 10% FCS for 2 days, the cells were cultured in serum-free DMEM containing 0.1 % BSA with
or without sodium oleate, sodium oleate plus RBFE, or sodium oleate plus 500 uM fenofibrate for 2 days, and the levels of triglycerides and
cholesterol in the culture medium were determined. Data represent means + SD (n=4, * p<0.05, ** p<0.01).

Table 5. Gene-specific primers used for quantitative real-time RT-PCR

Gene name Forward Reverse
GUS 5°-CATTATTCAGAGCGAGTATGGAGCA-3’ 5.TCTTCAGTGAACATCAGAGGTGGA-3’
SREBP-1¢ 5’-CTATGGAGCAGCCTCAACGTCA-3’ 5’-CAGCCAGTGGATCACCACA-3’
SREBP-2 5°-CAGCAGTTCACGGACATGGAG-3’ 5-CCGTAGCGACAGTAGCAGGTCA-3’
FAS 5’-GTATGCCCTGGTAGTTGCAGGAG-3’ 5’-CGGCACGCAGCTTGTAGTAGA-3’
SCD 5’-TGAACAGTGCTGCCCACCTC-3’ 5°-CGGCCATGCAATCAATGAAG-3’
HMGCS-1 5’-TGTGTACGTGGATGTGCTCAAAGA-3° 5-TGTTGCATATGTGTCCCACGAA-3’
ApoA-1 5’-TGTGTACGTGGATGTGCTCAAAGA-3’ 5’-GTCACGCTGTCCCAGTTGTCA-3’
ApoB-100 5°-TCGCCTGCCAAACTGCTTC-3’ 5’-CATTGGTGCCTGTGTTCCATTC-3’
MTTP 5°-TCTCTACTCGGGTTCTGGCATTCTA-3’ 5’-GCTGCGATTAAGGCTTCCAGTC-3’
*k
ke
ek
i'_ *k
200 - 7 g
£ 7 - .o
:os-l é /i B .13 2 e
g 150 - Z 2 a
& 2 7 %
> 4 -
£ Z Z Z
* 7 Z
£ 100 o 7 7 % ; |
$ Z Z Z Z
™10 4 -
o A Z Z 7 |
> %z : 7 Z 7z i :
) Z 7 Z 7 i i
© 7 A Z 7 | i
7 Z Z /? ! «,
0 A A % % i

GUS SREBP-ic SREBP-2 FAS SCD HMGCS-1 ApoA-1 ApoB-100 MTTP
Fig.2 Effects of RBFL on mRNA expressions of responsible for lipoprotein synthesis in HepG2 cells
HepG?2 cells were incubated without (:), or with 0.75 mM sodium oleate (| , or sodium oleate plus 1.0 mg/ml RBFE ( for 4 days,

and mRNA expression was analyzed by real-time RT-PCR. Data are expressed relative to untreated control cells and represent means = SD (n=4,
*p<0.05, **p<0.01).

(36)

NI | -El ectronic Library Service



The Japanese Soci ety of Pharnmacognosy

3.2 FRMIARIC N T 2

RBFE OB REAM T v N ORISR SR BER 72
ST, M HFEIBHEESCERD AN X LBHO
7%, & NFREHINE HepG2 DIFENRBICHNT 8%
Bt L7 &7, fix ORED RBFE 72502 500 uM
fenofibrate % HepG2 MALIZIRIL, MW INZEEY R
N BHROFEEN SN a L AT o— ) H1EIz
TR EE P/~ (Table 4). HepG2 #fRIE, 0.75 mM OF
VA48T MNIDLAARICEYD, BERICQWINIRA
FHERRRHEAY 5.6 4%, RO L AT O—)WEMK 1.3 %12
Mmd 3. BHENKRELUTERLX fenofibrate 134 L+
BRIz XS REE2SNICa L A7 0 )L 05k
BREZNHLZ. 2N LT 0.1 mg/ml OFRINBET
I3, RBFE3F L1 > EfHmML 7= HepG2 KA S D HfE
a5 a b A7 a0— VR nBICiE LA LREES X
7o 7298, 1.0 mg/ml AL DIBETIX, F L1 BRI
EBHRSMEOSNMEE ZBERFRICERICHHFL 2
(Table 3). F7=, 1.0 mg/ml ® RBFEHRMIZK S HepG2 #
fak 0w NBEERFOFEREZSNICA VAT
O—)L 70771 )VE{L%E Fig. 11ZRL 7= HepG2 MRl
F L1 BARICLD, 82 VLDL/LDL EIZEENS
s REN LR LA (Fig 1b), 1.0 mg/ml @ RBFE
Nz X0, VLDL/LDL B4 @ FHERHE O L R idHH X
N7z (Fig 1c).

RIZ,RBFEIZ &% HepG2 fillN 5D 1.0 mg/ml ML
7z HepG2 MiRRICHBIIZBEARICEEGT 2 BETH#
(Table S)DHBEOEILE U T7IVF AL RTPCR IZXD
& #F L 7= (Fig. 2). Housekeeping Bz ¥+ T dH 3
B-glucuronidase BI=F (GUS)RERIZL, T L1 CEBUED
%W RBFE BMICEHST—ETH - 7= BHBER
ROEBERTTHS sterol regulatory element binding
protein-lc (SREBP-1c)/n S TNIZH MBS RBERE TH D
fatty acid synthase (FAS)3¥ X R steroyl-CoA desaturase-1
(SCDREETFORBEIIL, a2 ho—I)VREREL T, + 1
1 UBERKTE, &2 124 12825 2.1 1512
WMl UL L7AS, FEFIZ 1.0 mg/ml @O RBFEFNKX
T, LA U BANRKEEBL T 44.7%, 574%B LN
6.0 %iIZWHEI =N/ (A2 ho—)LENKE LEHEIT,
53.7%72 5 TN 73.7%, 12.5% OME). =52, aL X5
O—&RROEERTTHS SREBP2 BLUILZF
O—)VERFBDERTH S 3-hydroxy- 3-methylglutaryl-
CoA synthase-1 (HMGCS-1)B=FORHEIL, F L1 BA

FIZEOR 1545, L6 FITENZFN ERL /=28, RBFE %
FLACBEFARIEMLEZR TR, L1 U BAHK
CHELT, ThEh 331 %& 198%F THIH SN~
(> ha—)VRD 48.2%7%5TNZ 32.6%). VLDL/LDL @
BEY > NIVBETHBT7RIYURY NI HE
(apolipoprotein: apo)B-100 OFREIL, I ho—)L &kt
BLT 720% A1 ERAFRRKEEEL T 528%FT
WEEni 512, URY NV BIZ, FiEE2EDR
IEZI 0V —LHHEEHESS > /X2 HE (microsomal
trigtyceride transfer protein, MTTP)?D mRNA L ~)Lid4 L
A VBARICED, 14X THEMTS. LHLANS, [A
BFiZ RBFE IiRIIL7ZR T, REEN I ho— VR E
A% THo/k. —5, HDL DRI NIV BETH 3
apoA-1 ORBIZIY, 7L 1 P BAHOEEIRD SN T,
¥ 7z, RBFE OHIfZIR bR s iz o 7.

INET, XKROBERFERSIERICEALTRED
NERENH . ALV AT O—I)VEEEITKEEZESL
REBEMRE LR, ¥ DL oL XFo—)lizsn
IZ apoB-100 L R)VDETFARBIN-EFR 90, 2 B
RBFRETINS Y MZBWT, kEHERHEICESL
=& %, @ HDL I L X5 0—)\Oighnie s o if
BOKILVATO— I EDER EEEREICHTSIE
BEBSED N 9. £/, KRIAENDIRAEL T,
E& 3 ER™Y, phytic acid 272 &%, IEER B EMEA
EETZEAONTNS. B2, ¥ EO—®T
# 3 tocotorienol VINERFHARIDHMEMBIT 2 - & T, BB
EWMEHET 22 SERREO—TIRHAINTNS 19
RBFE 13, ZH5KBERREMTINA T, LB EREBE
WEVHIBED GABA 23FITHHEMTHS. 20
GABA IZ b BB BB REBEAVHEINTNS .

BHRRTIE, EE2BRERZORIEICIIE > TRV
M, ZRRICBITDRERERIET 2 L, XKRILBREREY
Td 5 RBFE 3FBMIRICBII 2 IEEARBETORE
k0, BEHRAR I Y rOLPIEEEEEREL
L, BREIIINBIB SR MK 5 LR &
®I3, EEE OB - SR EED 5 LI, BB
BEARMBMOFBICB T 2RERRETFHEFTZITY, ER
FRBRERLIZ 09 2 V6 & OMBEBRRZRRTHERN. -

4. WEE

AR O—IRIRFERE IS RIRE A U ERREE
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