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% 7 #&F (Pre-germinated brown rice PGBR) CHHEF G E e LS
IAT} ehp ehE %P PGBRIE C57BL/G) /| &% x A& 484 o

AFEE -6 4 2 C5TBL/6) /| Rsgi~ 5 = meox 1l ik o ¥4 9>
% 2 Ak & F *5 94 & (highfatdiet- HFD)» % 3 2% &4k & 3 *3 4 & 4 PGBR
4 & (HFD& PGBR) » 4 # 15 iF o

BEERY Lefod 20 1 § 2085 BE D B S PE s RE O g2
Wit & FRARIRME FHEF o A% 2DF nnd BRI L F R4
% % % < M5 F-2 (insulin receptor substrate-2 » IRS-2) ~ %}“Eﬁ‘%s\@:ﬁg o 1
(glucose transporter-1 > Glut-1) ~ %“%fﬁ%@@?]%g 39 4 (Glut-4) f-§ § i p
glucokinase (GCKR) 7 & & ¢+t 4k & HFD&PGBR &% i1 o & %% > & > HFD
KNl I X i AL 7% = §8-2 ~ AMP i ch3-v ;;;rﬁfi ( AMP-activated protein
kinase AMPK) 2 F MR AP e R My d PP B M
HFD&PGBR ‘& ;m % & = fis k& fi= (glycogen synthase kinase » GSK) # 7
HFD&PGBR yg 6o T oREF T e L FIB gt er A e 4 E R s R
a2 CHRFRGE - FT RN BRI R F AR EAIH R AXHA
T2 F 5 MEE 3y chd > T30y AMP s cnded Jafis 2 W5 1 4 PR3
PrfrE R YR VR & X fEgepE £ R o

Fl AR T oL G R B ’?%%ﬁ SFHEhB LB 5D BBRE Bk
BRELIGEZXNM§ 5 B8 ﬂisa] MO B RN S & BT o
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EREPFRBFLIO T ECARFER BRI ERTA  DHBE M1 T
B)e FHUAARHE- FTIFF 2 RA -
Keywords : Pre-germinated brown rice ~ hyperglycemia ~ insulin ~ glucose metabolism

Pre-germinated brown rice (PGBR) was proved had benefits to ameliorate
diabetes mellitus. The aim of the study was to clarify the mechanisms of PGBR in
preventing the hyperglycemia in C57BL/6J mice.

This study was separated two parts. The first part was preventive and the
second part was therapeutic study. In the first part we used normal six-week-old
C57BL/6J mice which were randomly divided into three groups. Group 1 was fed
standard diet, group 2 was fed high fat diet (HFD) group 3 was fed HFD and PGBR
for 15 weeks.

The data were compared with group 1 and 2, the group 2 had higher blood
pressure and heart rate, and higher concentrations of blood glucose, HbAlc, and
lower serum insulin levels. The proteins expressions of insulin receptor (IR), insulin
receptor substrate-2 (IRS-2), glucose transporter-1 (Glut-1), Glut-4 and glucokinase
(GCKR) were decreased in skeletal muscle of group 2. In liver, the expressions of
IR, IRS-2, AMP-activated protein kinase (AMPK), and peroxisome
proliferator-activated receptory (PPARYy) were reduced, and glucagon synthase
kinase (GSK) was enhanced in group 2. The PGBR could reverse the disorders of
blood pressure, heart rate, blood glucose and insulin induced by HFD. The PGBR
also increased the insulin receptor, IRS-2, Glut-1 and Glut-4 proteins, and
ameliorated the proteins expressions of AMPK, GSK, GCKR and PPARY.

We suggested that PGBR had the effects of preventing HFD-induced
hyperglycemia through improving insulin levels, insulin receptor, glucose
transporters and glucose metabolism.
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¥ o (diabetes mellitus, DM) # 21 £ & ¥ = $ A gk o & Fpe = o IR tiEd oo L
£ RARD ORI R A e (Amos etal. 1997, King et al. 1998) - 1 & g F|E_F] 5 4 $gend ;‘—élﬁz
B HF e AL AHNE L2 A F RO RE g opR E B (WHO, 1999) -
90% m}f;, BAGE S 2 ABRp o ¥ = 3B Rop ahE s % 5 & otk (insulin resistance) % %% § % /,}
w7 i F (abnormal insulin secretion) o 73} %% § 4 #mriﬂjnd‘ﬂ By HIWLE 2k R4 o
- )}*‘v’g\#ﬁ - TRRGES F o BARIEH L H g R RN o L FRE SRR 2P
Y § AR AR Y gRURF R e g d insulin-mediated glucose uptake > ¥ 3 %
BEOGTEM A FREFOEAREYE > RAEZRENE FOT R ijﬁg%‘ri’zr’si%ﬁv’f’*
(Reaven 1988) - & % = M /pht R4 s ~ &4 ~ E kipdl K%éhéﬁé} A& TR oA
FEfH A g2 dls g A g LA Faast e A FeniRT > IS ARG
LR e o A RIMEE AL ERE %ﬁ“%ﬁ‘%@ﬁiﬁﬁg (glucose transporter isoform 4;
GLUT4 jilim®e p # 3 w54 6 > # 4 § § 44 F hffe~ (Jamesetal. 1989) - # % & & Fufes 2
PEovL b B ERE®R 4 &8 € 1 downregulation = FUE ML E Z RS M &% 47 GLUT4
IR B FAEE e g R H e A (Maianu et al. 2001; Ryder et al. 2000) - § # %
tp % = Al o it Feve (Dohm et al. 1988; Kelley et al. 1996; Zierath et al. 1996; Garvey et al.
1998) ¢ #y 95 e s (Ciaraldi et al. 1982; Garvey et al. 1991 and 1988; Sinha et al. 1988) A ”13?“1‘%@ b5
ARG e PR Z AR a2 B F Fh &L E a4 @ (Fagot-Gampagna et aI
2000, 2001) » + & FIA KAE Ao 4 v B BT 4 0 AT FRF SO D FRTRAF A LY 4 g
TR RO E ISR -

FIiph B ag e e gisd F § WM e fop e s § A j g 4 (Salmeron et al. 1997 »
Leeds 2002) - & 5 A 3 dp I % - AMRB R F & B - [P FAFIL BRI EF L T
B (Hanefeld et al. 1996) > & s #F &2 & F A Hh® 2 5 % 7 0k % (Amano et al. 2004) - @
DECODE (Diabetes Epidemiology: Collaborative analysis of Diabetic criteria in Europe) 1% # & #&d
% # % (oral glucose tolerance test » OGTT) # 3 25000 = ;ésiﬂ’f P RB AR e F R I £h

= % (DECODE1999) - iz 5% A daRlB o S AR e 2 S BB F g g g R+ - X4 § 3
BRARMEFNI SERRRBEBERT §RETHIRER D

&

FIAIRETF-ALF - ABABAEF UL R MG S8 T L B LE i
FOROURMEFERE L R Ry 39 "2 H A (Low Density Lipoprotein ; LDL) (Simpson et al., 1981) ;
S FAETEIINA BB FES Y FaRANT R (5 pEP50 ) KB A ¥ s
fSiesaE MBS F%E 22 kR (Manishaetal, 2000) > F15 % s B av M 4rd| § § o g r
a2 (Shiyi etal, 2001) RN EGE R T E S R RN et IR A
Tefe® > a e L AR R gl > X% M ¢ B PEFRE 2 LDL #icid (Indu 1992) - A48 %
»waé?imvﬁﬂﬁﬁ1%a®ﬁyﬂ&i%¢£ﬂmﬁﬁﬂo



PHPEmUE ZALIINA T HF 2L oS i&.{*ﬁ 55% A SErd s G 1 BBLKTE L 42
& ﬁﬂﬁ‘éi{ Ko A A B R B RS o A NGNS R AT A LA E
Iy svi*w:h IR SR 4 T K) 60% (Whiting et al., 2011) > § ABHEgd 0 B A koo FALTE R
P AR E L5 ﬁﬁm%&°?ﬁvﬁﬁ¢4wmeWJp—am&%oﬂy%M/%ﬁ¢wr
ek A ReT L WL WA TR ERE G LA oo

73] e F ok (Pre-germinated brown rice, PGBR) A_%F 7 F #{riad kbt » B-H i3tk
¢ Higew 7 (Saikusaetal, 1994) > T p A A g ean T :}: Lo YRR B T AT o
Hpmehpraai a3 E 4424 (toetal,2004)» 4 %24 2%mE 82 38 FHp 5
oK o BFuE vy TR (y-Amlnobutyrlc Acid ; GABA)ZZ Hagmyte R ME o pme
FEPF &I E Y RN T e d o Streptozotocin #7324 o € Bihd 4 (Hagiwara et al.,
2004; Seki etal., 2005) = » F A7 % 45 3 ToREK M EE X B H B 4 8 2 A eha B EAD
oo LR TS OH % R E'm\ i (Ito et al., 2005) c F A B F A B TR RS Alsa
(Insoluble fiber) (Seki etal,, 2005) » ¥ - 7 dp 1%+ 2 e R F E 5 - AMARBEL > Fp =% >
R4S 180 suchd of A T KK 6% 0 B ‘?Jrsiiw‘ SRR RS R B R EIE S PR
F 2 = faH b f; (Hsuetal., 2008) -

Bk p oA i 0k o PGBR¥a #E s e g2 SR AT HE £ 0 B3 PGBR 4oie it i

B PR E T G RRAPRRZI VAR A PTURERTEFTREL LG LR
Wk o RN FE AL OB B B E e Al ’“’"ﬁ*\lf’“*%\ﬁ“‘im‘*’%}
%’Eﬂf RER R R A 4 'io“ff ?«'/‘i‘ﬂi@]ﬁlk% gk ko “Rtﬁ’r/‘?ﬁ: Q%'}—;’}
Fes ot v p tﬁ%—;’— PGBR &_4rie "% M A (s L e 20 P BE- 4 0 fF PGBR
G AR PR 78 S LI H e AR B RIL T a0 A RS SR
M2EF 7 B GLUT4 e £ IFL’){@ 2 |eptin % adlponectln A M2 R B9
*OPGBR #% i %y i 4l F 3 H 2 20 R B D SR TR R AL
CEN.E -

(= )ptse

1R &%E
¥ 1E A h CE7/6 et ] RS & 12 B FFhp s B IRE 0 3R A A 25¢1°C 0 R A &
4% % 554595 - L F en&fd (regular diet) 4% 1% c AFF A L3 A ey - SHPES V-
ok e
P EREE A 5 2 2o A ulh F4) e (Normal diet) ~ % #; 4742 & (high fat diet, HFD, 3 60%
Fa%k) ~ B a3 ¥ kst s (high fat diet & pre-germinated brown rice - HFD&PGBR » 7 60% 7?3 7%5) » =
0 6 & ox R EME R 15 BRI v PRF § 4 £ :#5% (Oral Glucose Tolerance Test> OGTT) ~

-6-



X B gRp A - X 12 ] P BgREE BB R 0 Rl R 2 Y E% § & (insulin) ~ = pe Y W Py

(Triglycerides> TG)~ %, *% 7] i (Total Cholesterol>» TC)o B~ 23wz 358, w2 & = 2L % ;2 (western blotting)
R 39 F & e 5 (B-actin~ IRS-2~ Insulin RB precursor ~ Insulin RB~ Glut 1~Glut 4~ GCKR, PPAR-r -

GSK-3a ~ PEPCK-c ~ G6Pase-a ~ AMPK-a ~ AKT) -



2.7 2R i AW

[ Six week old Female C57BL/6J mice (n=36) J

After one week of acclimatization

HFD &
PGBR
(n=6)
(n=6)
ad libitum for 15 weeks
(Biochemical assay;\ Western blotting A
Body weigh, OGTT B-actin, IRS-2, Insulin R precursor,
IAUC, Insulin, TG Insulin R3,Glut 1, Glut 4,GCKR,
Total Cholesterol, PPAR-y, G5K-3a, PEPCK-c,
HR, SBP, DBP, MBP G6Pase-o, AMPK-a., Akt
N J -




3.8 4 d g AL A A
kb4 F k2 CH7/60 vt | &

\"J,é{]

pgp zaagrﬁfi,; 'f"%iii
L2 48 MF-18 3 #4) mdc & o

;f;:,figgu ,),\75 '
2 AP e et b 5
Table 1 5 4L fie = (HFD ‘4% &
S AW 2897 ~ PEEAR 05 2w e
HFD&PGBR 4x &

B 3.00 2 % 4w 30.80 A 05 2% -

r& > 100

N 2
2 Fu

N

A 100 2 ffie o 5 FREF 5540 2 5

l)v )3 53] 2\5 o &j#‘lj{/}ﬁﬁiﬂ
- AR e A Fesplape s o

» BEHE 30% ~ 4 Fq 60 % ~ F-v @10%0
4, Fuﬁj"‘ v

» MF-18 473 68.10 = 5 ~ =

% 47 39 10.80

Table 1 Compositions of experimental diets
HFD HFD w PGBR

Ingredient CHO Fat Frotein Ingredient CHO Fat Frotein
Normal feed ()  68.10  36.60 3.40 16.30 0 0 0 0
PBGR(g) o 0 0 0 55.40 36.70 1.38 3.48
Sentosasuper o 0 0 0 10.80 0.92 0.33 8.77
protein(g)
Soybean oil (g) 2.93 2.69 3.00 2.76
lard{g) 28.97 26.50 30.80 28.20
Cholesterol(g)  0.50 0 0.50 0 0.50 0 0.50 0
Total 100 36.60 33.09 16.30 100 37.62  32.67 12.25
weigh(g)
% of energy 29.00 58.10 12.90 30.50 59.60 9.90
HFD: High fatdiet
HFD W PGBR : High fat diet with pre-germinated brown rice.
CHO: Carbohydrates

4RG3

(LR E

;\.E"‘—EL':E Eiqiﬁﬁg"lffﬁl-ﬂﬁ’* é‘alf;‘ab—

(2)r PR ¥ % #& 7t £ 32 % (Oral Glucose Tolerance Test

incremental area under the curve for g)3*

R EL2 ) G % g S 40mglkg hE F
”E1\kﬁnﬂﬂiﬂlﬁﬁ°%j*%%k R {5
RIE AR BN U2 2 0 pEs o JAUC

- g%

ERER P PERZ £ A o

B %1 5 BJ 100M -

» OGTT)% IAUC(The

7 0~30~60-~90 % 120 ~ 45pF > 14

¥ @ i 4

AR R EE
» 5 0~30~60-~90 %2 120 ~ 452

7

~

% ®
o



(3)s /& 1l (Blood pressure detection » BPD)

AR o RS G MATEL A F P g e P AR i w BR3EA]5L-BP-98A - i Bk B &
= & B~ g (Heartbeat » HR) ~ 1z %5 /& (Systolic blood pressure » SBP) ~ ¢+ 3 /& (Diastolic blood
pressure » DBP) ~ T 35 /& (Mean blood pressure » MBP) -

(4)s & 2 i« & ( Blood biochemical values » BBV)

EREREHRELR AP RSFERRY S8 LT TR WRLL M %G F 2 kY
W s RERR

(5)*% % # Bl =_(Insulin ELISA)

A B 2§ ALPCO ¢ Mouse Insulin ELISA % ipl & % &lu ¢ % § 2 7 & -

i ok & L B~ 10Ul 3 96 figdt 45 > & 2z~ 75uL Conjugate > r23f v ’JK% ESV e Al IS
B R ARG % 700-900 rpm & F 2 /) BF - 12 Wash Buffer if-i% 6 =t » 4 » 100 uL TMB Substrate -
AT R A IR o e E R Y B R 700-900 rpm 2 15 4 45 0 4c ~ 100 uL Stop Solution > 12
450 nm Pl =Rk E e

(6)d * B % ;* (western blotting) 4# % GSK-3a ' PEPCK-c » G6Pase-a* AMPK-a »

IRS-2 ~ insulin receptor » GLUT1 » GLUT4 » GCK » PPAE-y - Akt

6-1 m¥ B F-v @ §
P A R AR R 4 BB M s 4o ~ 400 L 2 Buffer A (10 mmol/ L HEPES, pH 7.9, 10 mmol/
L KCI, 0.1 mmol/ L EDTA, 0.1 mmol/L EGTA, 1 mmol/ L DTT, 0.5 mmol/ LPMSF) 7k} ix%* 15 &
& o HEfS 0 Bdwre be o 25 plo 20 10% NP-40 2 jiZl3=iF 5 10 §) » £ g dpe 30 f5 0 gk
A7 3] cytolic F-v > #-dwmre FEBP Thod FLBEUHG T o

6-2 TE Fv FZLE:
2 PIERCE =7 BCA Protein Assay Reagent Kit % z_& > 2 BSA (bovine serum albumin) i & #& &.
A E 562nmo e kR NEREY S T Y MR FER o KT EF et 2
7 SDS-PAGE (sodium dodecyl sulfae-polyacryamide gel eletrophoresis) -

6-3 SDS-PAGE :

& F-v Fa+ &+l 12% separating gel -4 % stacking gel, @ #-% % ® & 4% ik g e
molecular weight marker % ** 37 ‘C-kig ¥ 4c# 15 ~ 48 > {5 loading » gel ¢ > & Fv9 o+ &

-10-
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6-4 Western blotting analysis :

F-v F #s = SDS-PAGE 7 A > & F {744 (Blotting) > fI * #& & % (Mimi trans-blot
electrophoretic transfer cell) {= blotting buffer @& ¥ 100V 1 -} P » #-3F-9 F transfer > NC
(nitrocellulose paper) paper, 7+ NC paper » 1 TBS-T buffer 5= NC paper 10 # 4 - £ 12 7 5%
skim milk = TBS-T buffer i& = blocking 4°C overnight- 4c » 4 &% GSK-3a > PEPCK-c > G6Pase-o. »
AMPK-a > IRS-2 ~ insulin receptor ~ GLUT1 ~ GLUT4 ~ GCK ~ PPAE-y ~ Akt #ui8 - #7487t 7 5% skim
milk ¢ TBS-T buffer ¢ » @ = % 1 - p - TBS-T buffer ;-2 NC paper #= - e A~ -
Bkt 7 5% skim milk 2 TBS-T buffer @ » @7 i¥* 1 - pF > 2 TBS-T buffer =& NC
paper #c=t - #{é a5 % 4 » ECL (enhanced chemiluminescence reagents, ECL detection reagent | and
ECL detection reagent Il , 1:1) » %% 1 &2 45 > B30 fc P P33R TRk > F g pEFis ity an
BpAS o FRapte o Lo A P LR TE R

-11-
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d Bl - ¢ HFD&PGBR 2 fr HFD =4 & 7 3 60%%; % > 82 X HFD&PGBR & 4§ 3] +*
Normal diet e $& % #& > {e § HFD&PGBR &% 3] ¥ ;2 3 HFD /& & e ik o

d Table2 2 Fig.1 ¢ >0 15F @ E % > A0k L eMWME L) PELR
5 % 4 v 8% HFD&PGBR & ¢ 3 P 44 £ > HFD %2 (p<0.05) > §® Normal diet
By P RESLE > BAY 12 4o 15 % HFD&PGBR 2§ Normal diet = 3 P % £ B
(p<0.05) > & ¥ HFD&PGBR = &8 ¥ & £ @ & K HFD & (p<0.05)- % 15 @ f# & + =
B A k3t > Normal diet 28 £ + 2 50.37 %> HFD & F 2 116.76 % > HFD&PGBR =
+ < 68.18 % > HFD&PGBR = 4 € P % < * HFD & (p<0.05) -

2.5 AEE & BB

d Table3 ¥ > 15 ¥ 2% 4o # % (OGTT)» 024 % 2 "« # > HFD&PGBR
e p & <%t HFD %2 (p<0.05) 3] 120 4 & ¥ HFD&PGBR & & # ¢ " F| v* 32 4] 2 i< >
HFD&PGBR & p & < * HFD 2 (p<0.05) > & & t & # % ©* % & # (IAUC) -
HFD&PGBR ‘= ¥ & 1 ** HFD %= (p<0.05) - & i % § # (insulin)z £ - HFD&PGBR %=
P & % >t Normal diet = f- HFD %* (p<0.05)- = B % i* > HFD&PGBR & & p* & 33T
Normal diet 2 » HFD = # % v X3 P& £ %2 & SBP -~ DBP - MBP - HFD&PGBR
P A M > HFD & (p<0.05) o

3.i R A iV iE

4 Table 3 ¢ o gkt i d F bR~ RUEF M & HFD&PGBR & Af i€ %
HFD 2 (p<0.05):> @» HFD 2 p % <3 > Normal diet ®2 (p<0.05) -

4.5 = 2 % ;2 (western blotting) 3¢ # I & 47

(L)pep F=9 B 2R A 47

d Fig. 2 # » & F % ¥ % ryea GSK-3a 0 PEPCK-c» G6Psae-a ° AMPK-a » &
Normal diet %= - HFD 2 2 HFD&PGBR = 2 | ¥ 2 3 X P g £ & -

d Fig.3 ¢ » |Insulinreceptor precursor 39 # ¢ HFD&PGBR 2 4= Normal diet
kx5 2% > @ HFD e p & 1> HFD&PGBR & 4 Normal diet ¥ (p<0.05)- &
HFD&PGBR & < Insulin R 39 # R & 3 P & o8 * Normal diet ¥ fr HFD =
(p<0.05) » @ HFD 2 @ % i1 ** HFD&PGBR 2 4= Normal diet %2 (p<0.05) - IRS-2 %
# . ¢ HFD&PGBR % f- Normal diet .22 3 £ % » » HFD 2 P % 1 * HFD&PGBR =
4= Normal diet % (p<0.05) - Glut 1 %9 # 3L ¢ HFD&PGBR = % % »* Normal diet

-12 -



2 4- HFD %2 (p<0.05) - & Normal diet '={r HFD 22 5 # R £ £ - Glut4 3¢ % ®m ¥
HFD&PGBR = p & % ** HFD %= (p<0.05) > 2 Normal diet =2 7 # L £ £ - GCKR 3
v %3¢ HFD&PGBR = P & ;é; 3 HFD %2 (p<0.05)> 2 Normal diet =2 3 # L 8 -
PPAR-y3v # ¢ HFD&PGBR & p % % »> Normal diet & 4 HFD % (p<0.05) - Akt
3¢ % ¢ HFD&PGBR : ﬂ9§7**?NonnMcHMé£ﬁ~HFD§E (p<0.05) -

()5 v F 4 A

d Fig. 4 ¢ - insulin R3¢ # 3 & HFD&PGBR & P % <% ** Normal diet ¥ {r
HFD % (p<0.05): @ HFD = P % « X >> Normal diet %2 (p<0.05) - IRS-2 ¥v % 3 &
HFD&PGBR = 4 M & ¢ % ** Normal metafrHFD m<005)’w HFD % 4 & ¥
% *" Normal diet 22 (p<0.05)°PPAR-y#9v % = HFD&PGBR = 37 P & 3 ** Normal
diet =4 HFD %2 (p<0.05)- Akt 3¢ % 3 HFD&PGBR & P % % ** HFD = (p<0.05) >
m HFD & p & i< Normal diet % (p<0.05) - GCKR #v % 3 & Normal diet =2 P % e
% * HFD 2 ¢ HFD&PGBR = (p<0.05) - AMPK-a 3% # 3R &+ HFD&PGBR & 3 M %
m:s * HFD 2 (p<0.05):> @ HFD 2 p % = 3t Normal diet %= (p<0.05)o HFD&PGBR

@ 1 GSK- 3oc§»n 7 P B 0 > Normal diet 2 - HFD &= (p<0.05) -

(F )it

18 7 RF H33 sdF £ 304
d AP g R2EFRZ2ALISEF HFD 28 3 P v 4] 22 HFD&PGBR &

4 3 15 % & HFD&PGBR & p| § P & o3t HFD & #2 (p<0.05): ¥ % % i % n
HFD&PGBR . Bl § P &1t HFD 2 4 i h % (p<0.05)- & 7 43 1 2 PGBR

Tk R R R I e R e

(Torimitsu et al., 2010) - @ ¥ 3 # % 45 E W Pk ¥ g rgre sk g 4

PRl Bk o T kg Ad g r R s ¢ R E R ER SR S WA (Vettor
et al., 2005; Okamoto et al., 2006) - #5 " g% leptin 2 # & A F 3 45 ~ J £ £ & -~ &
m M & £ (Zhang et al. 1994, Jequier 2002) - A ¥ B F % + - @® H & 0 sk E
leptin sn A FIR & > "% K% leptin A g 4 » ERE NIRFEIEFR ~ WILE B
Fe i (Zhang etal. 1994) » & %3 %% i % leptin 3 % Kach £ R 3L 3 %3 %k % leptin p&
AR L : G- S :"s L pE ek 8 (Pelleymounter et al. 1995) » ¥ & &_7%3 % % %
leptin ¥ 2 ec X 3% f & %ok § 2 AT R ME (Minokoshi et al. 2002) - @ *g %5 K
adiponectin & X © d #j 87« s e G e A H R B R kb 4 M e (Arita et al.

-

A
i

AN

X

A__.*»F_k’m

&%
e

Ed
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1999) « & 2 i s 7 ¢ » HFD&PGBR =i 3] 748 £ #14- #| » ¥ it it 7] L PGBR
g REE g E AR Ea FHL g TN EPA RN FE- HFET o

2.5 TR HOTE B2 BT
EREAN LN Y RS
T A& B tsin 4 IAUC & PO

% HFD&PGBR & 2z % 4 #]P % 1+ HFD & (p<0.05) >

% HFD % (p<0.05): & #% § % ~ 2 ¥ - HFD&PGBR
w &5 & > Normal diet 24 HFD 2 (p<0.05) 2 i x & 2 2 kR F B Fh™ ¥
(p<0.05)iz B B % & AN P R % 3 B T F A MBRADRE D NP RTFT

TR EL A R NT WA E G

2-1 # YR T 8 Mg a R K

ERWH TN LS T RA TN R RERE ﬁ_a—w:aﬂv'zg’e“ MR R
T M SRt ity > BV RGBT AT NPFERMEL  RE S AR
ZEPERF O PEARRT U MR B LRI Tz BRE (1) %
SRV U L PR FREA R T EEOH 2 HIRRTET R L
RN SRR R m-w)ﬁaﬁa?u&@w%ﬁﬁﬁ*’”*‘ﬁ@qi
BORAFERBAEROLF] e PP AT HFL NG RETRER DL BRER

4
I MR = H%ff\rﬁﬁwlg B ofs k% (Panahi et al.,2007) - ¥ 5 &7 7 & & H 4o
FptEa e dsgamy® (59 %> 50 50) @72 %Pk s it
MBS 3% E %2 kR (Manisha et al., 2000) - @ % ¥ k& H S 2L B endr 4] > P
meF TR e A g B alga e a g i ar I A A D R

fheng o (insoluble fiber) » 7 § 4 I #-8 T AL h A KR T N2 8 1 LR
Adp e Bk AP e RBDE R B B e & g TR G R
%45 2k % (Sekietal., 2005) c i u AT f FAMA o F T REF HY L BH LB 0 L
FlH ZEF e aEae -

2-2 3 ¥ 4k #r 5 2 GABA R

Apoar o g T oK AR EME T T R K AL GABA B T R AL ¢ oo
GABA ' v f A m k¥ g > X P AL AT NI S L AT A MR R DY A
% (Saikusa et al., 1994)° FHE YRS ARIAMAHSPEARL S FFE RS
b P ERATEY LG 4 B w4 (Hagiwara et al., 2004) - & % (Mamiya et al.,
2007) ~ P,ufr—s,’a‘ﬁ (Mamlya et al., 2004) ~ % "% H pg ch»c % (Miura et al., 2006) - & 7%

BT s B R R R :+—3 o T OREE 2 1 0 B GO ME S Lok
(Ito et al., 2005) = ¥ - # 7 4% & & & - 4 & d Streptozotocin 7 3% % ¥ fk p % & 4
TRt o T o vI%mﬂ;}afifri"ﬁ_‘fﬁ?#d SRR My B 5 L4 (Usuki et

al.,2007) -
B P s GABA ¥ 2 81 ¥ & R § % A (Gilonetal, 1991) &



Adeghate 2 Ponery # 3 GABA #>» & ¥ ¥ & 4 ¢ icg e G R he s R
B PR3 # 5 (Adeghate and Ponery.,, 2002) - ¥ # 7 45 81 GABA ¥ M 3 & & K
‘e § Mg % % ik B (Cavagninietal., 1982) - iT # chFm 7 4 ¥ GABA $t3t 1
¥ RS A R E & £ B % ke # (Adeghate and Ponery 2002) I SRR 1 !

fworg 4o A g % (glucagon) (Wendt et al., 2004) - & A i enS S B a 8 7K 77 ¥ F
i GABA:> @ % HFD&PGBR 2% § 2 vhn ? kR » TP 38D ¥ o HFD @

ST T OREK Bk MBS % GABA v i HFD&PGBR & 4 ik § % 07 i & 5

B o

2-3 % T RN F#T A & b il

A AW g o ARG TR H L PR

BRI SR e
A AR Fl s W AR L BB B ha B i X o AP L

KB g
i%}ﬁ‘gi’%%i%‘ﬁﬁg\’iﬁ»l’uj’gﬁgéﬂD‘QC’%?E}L'&FJEL’—ﬂkg‘ﬁiﬁ%ﬁgﬁgéﬁ'éjﬁgﬂg
ST ERSAG YT EINVE R RA DR A DL BRF L F AR LS
*%%‘&fﬁafﬁésﬂiﬁ« @ Asm iy o s hx@md P %Y 0 & HFD&PGBR &
ﬂ”% %‘«a e

% 4 HFD & ix % o F] gt 2w g “fft 7 HFD&PGBR & 7 3  #&
3 H o ﬂjiﬁ)ﬁ‘ﬁ’ﬁg‘i oo

e 2008 £ 3 AL Ap I E T A 73 - & A2 FF A T (unknown bioactive
lipids) » = #  unknown bloactlve I|pids Fos B R R AR M e B A
Na+/K+ATPase - homocysteine thiolactonase (HTase) (Seigo et al.,2008) - @ & % 7 k&
¢ #r % B~ g unknown bioactive lipids * % acylated steryl glucosides (ASGs)
ASGs I B F # ¥ i A2 ¢ A 4 o B oE M EF R R P R A
Na+/K+ATPase ~ homocystelne thiolactonase » i B # it P W N ¥ F R E 5 & F 7
#E K 9 ASGs ® o H s $ fE ¢ o7 7 9 ASGs {1 EG3 %M Wrif 29 9 ASGs * £
#2) (Seigo et al.,2008) « BT { § A g 4p I # T oREK &% T EARAE 2 2y -oryzanol
ARk 2 B e Fean 4 7 21 ® (Ridley et al., 2011) - 8 2% + 3% 5 B
y -oryzanol & 3 38 & F gy v B2 E 4 fg o fe e F 3 dp &t o -oryzanol IR Ed
¥ A X RZF A T etsg,i % & % i+ (Cheng et al., 2010) o

BE AR T RN BT n B4 ’i’ “ PO E o RE P oW G T R A
Pidl L EEE S T - K i& Pl T oREF T R gLl 24 & F13 1(insulin-like
growth factor-1) 12 % = # (Usukietal.,, 2011)e @ A P 7 2 & F M7 § L3P &2
& & e e o F 4evva GSK-3a ~ PEPCK-c ~ G6Psae-a ~ AMPK-a »  Normal diet & -~
HFD 2 2 HFD&PGBR 2 # M ¥ X5 P HE AL L - &7 it ok Fl L i LH 4
WEEATA R0 o A BEETATE P A HE A R AFR S T AP R el Y ot R
v g Xy P AL R e

m 3R 7 % % % IR Insulin RP ~ Insulin R precursor ~ PPAR-y ~ IRS-2 ~ Glut 1 ~
Glut 4 - GCKR 3¢ # 3 & HFD&PGBR & ¥ @ & 9% *> HFD 2 (p<0.05) o # " n #
gl 0 P F AFRA R 2 R r w0 BRI G il o R /F*’%#ﬁ LIS
Al o APRLEERNE - > APFDOFL R EETF T R § B AL
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F LRI B L FREXBOLR TNV RL FEme N sk h FRRE
(Insulin RB~Insulin R precursor) % & » ¥ ¢ pF ¢ 34 % PPAR-ye & R o o 3 2 IRS-2>
£ 4 IRS-23 = Akte 3 7 3 4p 1 # IRS-1-1RS-2 2 Akt % A F#]d » ¢ ¢ & % H A
4 5§ % ik (insulin re3|stance) L N R ;ﬁ d |IRS 2 Akt i & @ 3B & i
# 2 2 (Vidal-Puig and O’ Rahllly 2001; Scott et al., 1998; Hanson and Reshef., 1997;
Kahn et al., 1989) - £ £ d Akt # 2 GLUT1 ¥ GLUT4 &R > & 2 d wmie FHH
T w3t i FME BRI Al FABE mrr k(T ;ﬁ;ﬁ; % > 4r 0w P B A fR T
v B 4 f% 2 glucokinase v #& I 4 o jé F g dp 3R w2 Akt ‘rﬁi—é L& 3 4o
glucokinase 2 %] % 3 (Chu et al., 2009) - @ & % = 7] %f%}‘]\;};; Boenvep o 8 d R
Akt e+ 7 '8 (Datta et al., 1999) c 58 & = ﬂfr%ﬁfr‘ ik L R ’ATP Kl
it & cAMP > cAMP 33 & € 3# % glycogen synthase klnase (GSK) » @ GSK-3a ¢ i¢
# % it 4] 0 glycogen synthase #& % = 2£7% it 3] 5 glycogen synthase - %] gt ¢ % i 3%
Wb R o M A AR AR R R FRIFR EF T RN B % E F A~k CAMP
% f % 7% A5 5'AMP & {7 AMPK v £ 3+ 2 » £ R cAMP eh% M % & ¥
% v 4] e glycogen synthase # 1w & = "4 > 0 E P FERF] & 2 MR A 'R M 0 gk
* o@m HFD & %)% § % &~ P & 3 HFD&PGBR & (P<0.05) - #fm # B %3] &
insulin 4~ & 2 & ¥ * T cAMP ¢ 2 # % GSK-3a % 3| - # 5 it 3] 3 glycogen
synthase % = 2L 5 i A a0 glycogen synthase » 7 sy Fl i S L S 4 K @
w o Ao MR A I v R IR e K oE AR OP A N dE R Fls R R
HFD&PGBR ‘e gt B%%*"-a‘ B2 HFD 2% » wfre PR 0 §F 23 5 > ¥ b Pz
I i K B HFD&PGBR i H PG s ’”’—;}% B HFD e #g oo AN P 5 7 7 ok F A
FE R ““{?Fl‘f’y‘f e R

g TR L B AP HR R IR F R FE AL RF TR H A

¥ ferugr B*Fﬁ.ﬁsﬁ,f?%‘: mfe 2 3 Moo Al s BHE

pa )
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Table 2 Effects of experimental diets on body weight in mice during 15 weeks.

Feed time (weeks)

Body weight (g)

Normal diet HFD HFD w PGBR
(n=6) (n=6) (n=6)
0 16.26+0.66 17.90+0.53 17.22+0.30
4 21.43+1.14 24.79+0.92°2 21.44+0.84"
8 22.10+1.26 29.77+1.91° 23.78+1.17"
12 24.70+1.28 34.68+1.73% 28.52+2.04%
15 24.45+1.00 38.80+1.68° 28.96+3.80%
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a: P < 0.05 vs Normal diet; b: P < 0.05 vs HFD.
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Figure 1 Effects of experimental diets on body weight changes in mice. The mice were fed with normal
diet, a high-fat diet (HFD) or a HFD with PGBR for 15 weeks. Each value represents the mean £SE (n

=6). a, P <0.05 vs normal diet; b, P < 0.05 vs HFD.
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Table 3 The blood glucose, lipid levels, and blood pressure effects of experimental mice fed for 15

weeks.
Normal diet HFD HFD w PGBR
Measurement (n=6) (n=6) (n=6)
OGTT
0(min) 86+11.19 197.33+46.91° 108+5.28%"
30(min) 389+47.01 442.33+92.42 4031£96.92
60(min) 301+42.92 334.50+£46.11 334+£77.57
120(min) 197+28.46 281+32.982 171+29.00%
IAUC (mg*min/dl) 32427+1922 39713+3339° 32820+4212°
Insulin (ng/ml) 0.043+0.005 0.056+0.002 0.115+0.03 %
HbA1c (%) 3.97+0.23 4.46+0.092 4.19+0.13°
TG(mg/dI) 71.10+9.42 119.01+9.47 2 66.67+33.10"
Total a b
54.10+4.98 94.01+9.08 70.50+2.89
Cholesterol(mg/dI)
HR 576.08+68.65 632.32+34.77 587.14+58.88
SBP(mmHQ) 102.41+8.62 114.12+3.76 2 90.34+13.492°
DBP(mmHgQ) 70.16+9.47 83.82+12.09° 62.94+12.89 "
MBP(mmHQ) 80.83+8.47 93.83+8.48° 72.00+12.98"

HR: Heartbeat

SBP: Systolic blood pressure

a: P <0.05 vs Normal diet; b: P < 0.05 vs HFD.
IACU: The incremental area under the curve for g

DBP: Diastolic blood pressure

MBP: Mean blood pressure
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Figure 2 Effects of PBGR on gluconeogenesis pathway protein expression of muscle in mice fed
experimental diets. Mice were fed a normal diet, a HFD, or a HFD with PGBR for 15 weeks. Each

value represents the mean £ SE (n = 6).
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Figure 3 Effects of PGBR on glucose metabolism pathway protein expression of muscle in mice fed
experimental diets. Mice were fed a normal diet, a HFD, or a HFD with pre-germinated brown rice for 15

weeks. Each value represents the mea +SE (n = 6). a, P < 0.05 vs normal diet; b,P < 0.05 vs HFD.
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Figure 4 Effects of PBGR on gluconeogenesis pathway protein expression in liver of mice fed
experimental diets. Mice were fed a normal diet, a HFD, or a HFD with PGBR for 15 weeks. Each

value represents the mean £ SE (n = 6).
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