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KRR 779 —1, RRKRT/—ILEILE B
HILARFL £+ —F mRNA EELUEBERE
MEEHICRI S, BERBRTHD I
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WA, FERR T OB, D, M ERMEIER2H
THRMBSREER G O EN TR TR, E
THEAKEEEMMEY (WER) 12, v~ v R v Ay
(Ganoderma lucidum) DB KK % BIRSHLICER L, TH
RREABENNCERENER U S R L, Bukdh
o BRI b 0T, WEETEY L LCRBER
MmeELTELCHAVWORTWES, = vr v a2 r HEHNTE
DRGE, FEHCIRE R AERMESEE T L TR D, B
ARENTERY CHUBEESERAY, i 1 v 2R, av
A7 a—METIERY, EEELIERT 7o ENRE S h Tk
D, Iz il EFIEIER oW TH W oo
NI N TW58,

Frit, 2HE Tk WER A2 BIERFET A= A
ThHHKK-AL =7 ACBNT, a-7 v a v X —EHEE
A X 2 BEBMESREDREZRT 2P LML T
W50 X5z, WER 28 KK-4" v 7 A~DEHi# 51
R\ CMKE EAMSIERERL, ZOFERA A7 =X a1
BEREGECREBEMBCRT S 7 v a— 2 iExEa
(GLUT) 4 OFEBATREFALD S ELHLMTLT
WD 5, ik ERIENC, B oEE
MWEHEFET 2 ECEEREE R R L WD ELHRE
INTWBH DD, WER DIFIE TOMRERH~OFE
DWW TIERIEHF S T o,

AWFgECix, ElERfE A AT L 2 B RE € 5
B ThHH KK-A =7 A% HT, WER OFFE O
B~ ORE B L.

ME - A

1. BRI HE

AW TIE, WER & L THHAERTHE () kT
Bl X hi IMAK] ZH L7 MAKIX, ZZHERHE
Uy FEAT A (W CRITEE) L BUIE L 7ok
DRABEREMCERE L, 3.5 » AHEgEEE, TEE
FABERNCE S O LR L, RS, 2okl
72h DT, A EEL LB LS, Ay T T Y
7 4 v & — (0.45 mm) I CIGEEE L, 8K OMEBELE
mTH 5.

2. EERENM)

HEE KK-4 w7 2 (68, HAZ V7 (B, HHD
IREE 23 £2°C, WP 55+ 10%, MREEY 1 27 4 12 BEiH
(BHIA 7:00~19:00) DBRET, [EP&EE (CE-2, HAZ
V7 O(BR) BXoUKkE BRICERS et g 18
M DOFHEFAER, Control FEILEIEIERE (Quick Fat, H
Kz vy (BR)), WER #EiX 0.5% WER &7 &1 &k

MR

LL, BHERI Y SBEMAT L. IbixBife
LT, X7y xyy (10mgkg; 77 F A 15 RHE
T E B, KB LI, #b&a v (50mg/
kg; SIGMA, St. Louis, MI) % Control FEOFIH 6 @ H X
1B 1[E, 28N L. TXCoBmERz, 3R
55 oo [ SEBREY) O filFR K OB W ONC 5 DRI B+
% HHE | o X O TP KF B EBHE | i > TT - e

3. MAEEDAIE

v v ADRBEIREL D MBI, MRS ERE O
Re Ut MUBEE O PE /i SR mpE g Ess (57
AR — 71, A T3S, KB AR

4. Total RNA D% & UF Real Time RT-PCR

v A% 8 HEEIFHER, KBS D Total RNA % 7
o b 2 — A2 ¢ - T RNeasy Plus Micro kit (Qiagen,
Valencia, CA) & I\~ TIRBL L7z, ¢cDNA ~ DW= E [k
t%, Prime Script RT reagent Kit (&% F 314 & (¥kK), K
) & A7, 500 ng @ Total RNA % #5781 & L C, Random
6 mers, Oligo dT Primer, RT Enzyme, dNTP mixture f#-7E
T, 37°C €15 5, 85°C € 5 BRI S ¥ cDNA% &
L7z, mRNA #EEOERICIL, SYBR premix Ex Taq
(25755144 (BK) AT 10ng D cDNA % v 7
M7 T4 <— (ZNE1 02 uM) F X O Real Time PCR
SGHE (SYBR premix Ex Taq) # /0% T, iCycler thermal
cycler (Bio-Rad, Hercules, CA) i X » Real Time PCR %
fTote. ROGE, 95°C C 10 BRMLIE L 724, 95C TS5
b, 55°C T15H, 72°C TI15BE 40 v 1 7 LTV, M
JeRmDOWINERERINCHRIL L. i, REOEETT
B-actin & PNIEHE L U CH\ e, FWh 7 54 =~ —%FE
Rl (1.

5. EAHEROE AT
51 ZJ)Lax+—+ (Gek) &

BT B EE B ekt U CoK& U 7 A& BT (S0 mM Tris-HCI
(pH 7.4), 100 mM KCI, 1 mM EDTA, 10 mM 2-2 /A% 7
Ta—n] HOERMZ, BV buvkESF A Y-
THFEL7c. MRBRER % 15,000 x g, 4°C € 1 BrfHhEO
L7, E# 1ou @ RIG#E [1 mM NADP, 5mM ATP,
100mM 7 v a2 — A, 7.5mM MgCl,, 100 mM Tris-HCl
(PH7.4)] iz 1ml B L. &b, Zra—x
6- ) VIR KFEREFE (5.5 units ; FERIZETZE B, K
B &z C, 37°C TS5 RIS X i, KISBHE, 340 nm
DPF OB A JE L 71213,

52 4 O—R-6-kRX7 74—+t (G6Pase) &4

FFEE IR L Ck& Lic A 7 v — 2B (250 mM)
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K1 751 ~—FS

gene Sence primer

Antisence primer

p-actin CATCCGTAAAGACCTCTATGCCAAC

Gek TACGACCGGATGGTGGATGA

Gépase GGATCCTGGGACAGACACACAA
Fbpase CCTTAATGAGGGITATGCCAAGGAC

Pepck TGACCCTGCCTGGGAATCTC

Glut2 ATCAACATGATCTTCACGGCTGTC

ATGGAGCCACCGATCCACA
ACCAGCTCGCCCATGTACTTTC
TGTCAACACCTCTGGCCTCAC
GGTGAATATCAGCCACCATGGAC
TCTCATGGCTGCTCCTACAAACAC
TGGCAGTCATGCTCACGTAACTC

All sequences are shown in 5’ to 3’ direction

20 fEEML, EYV buvkEUF A F—CHEELT.
0.1 ml DHEREBER I 250 mM A 7 v — /1 mM EDTA,
100mM Z4a—= 6-Y Vg 100mM 1 3 £V — 1
(PH6.5) #FhEh 0.1 ml fiz T, 37°C T 15 5HXIG
Xt MG, rY s aalEig: 7 2aare Vg (10
9% :3%, wiv) 2mlinz <, 625xg, 104rfH, 4C T
HEOLK. b, EEImicesy) 7S vigE7rve=v
A (1%, wiv) 2Z05ml, 7 v 2%, wiv) % 1ml
Iz, 700 nm OP R OB A PE L7,

53 HRRAKRT/—=IEILEVEERILARFFF+—F

(PEPCK) S& 1%

FRIs 2 Bt U OOk L i ¥ [0.1 M Tris-HCI
(pH 7.4), 0.02 M EDTA, 2 mM DTT] % 20 f5 &Mz, KV
b a YR E T AV —THF L. EBIRER A 15,000 x
g, 4°C T304 Lz, B 10 W e fGHK [50 mM
HEPES (pH 7.0), 50 mM NaHCO;, 1 mM MnCl,, 0.25 mM
NADH, ImM 1 /& v =) v, 2mM R AKRT /) —L
e V] iz 1 mlCHRE L%, 37°C T 10 5
HIEEet. &big, Vv adgsFe Nayrr—x (7.7
units ; FEAZE T2 (BF)) #Inx, 350nm DR ORK
W A I LA,

54 T b—R16-ERKRR 7745 —+ (FBPase)
T

JFIEE IR L Ck&G Lic A 7 u— AW (250 mM)
2 ERML, RV FuvkEDF A F—CTHFEL T
0.1 ml DFEMBIREWE I IEHE (100 mM Tris-HCI (pH 7.4),
100 mM MgCl,, 100 mM KCI, 1 mM EDTA, 50 mM 7 /L 7
F—26-V VR RYCAEETHE ()] 2z 2 mlicH
Bk, 37°C TSR L. RIGHE, 10% Y 7
v ulEE A I ml Nz, 625xg, 4°C T 10 4MhEo L.
EEsooplice ) 7FvEET vE=Y 4 (1%, wiv) %
250, 7 = vEE (2%, w/v) % 500 ul fnz, 680 nm O
W DY % Pl L 72,

6. 7> NAVIHEEEICK BT ) =4 0N
FFi 250 mg 16 LCoK&G Lz 10% b V) 7 v n g%
500 ul fRz, K THEY b avke v F—THE

L. MHEBRBRER A 1,300 xg, 4°C T 10 0MEOL, b
B 15ml F 2 — 7B L. HREC 5% Y 27 oofE
% 500 ul fnz, FEOOKFTHFEL, 1,250 xg, 4C T
10 5RO L C EEX LB DF =« — 7B Lic. [BIRL
o bRk AL 10m ML ZOBK
500 ul 12 95% =% 7 —A % Iml, KCl20mg &Nz, #
f#+%5 % T 100°C CRIB L. FERE CHHLE,
1,300 x g, 4°C T30 5EiEO L. LE&RER, Wk
1Z80% T x  —A% Iml iz, FE 1,300 x g, 4°C T30
SREEEO L. REERRE, Bo B AE K% 10 ml
Iz B LURABRBKE Lie. KbfTc7 v rn vl [7
viray (02%, wiv) ; ADGHEEETHE (BF) K - B
f=2:5] 2.5ml &FABRIEH 500 Wl Zinz @ik L, Wbk
KB T 10 SRR Lk, 5 sRKkFTHEL T
620 nm D EDORWNEZWE LY, rva—rvE
i, 73— REEC O CEREDERIE R T\, FR
ShBERI VAR L.

7. RS OB R ORR E VTR YT Oy b
FFIE 5 mg 5t LT 500 pl OFEEH [20 mM Tris-HCI
(pH 7.8), 0.5 mM phenylmethyl sulphonyl fluoride (PMSF),
300 mM NaCl, 2 mM EDTA (pH 8.0), 2 mM DTT, 2%
NP-40, 0.2% sodium dodecyl sulfate (SDS), 0.2% sodium
deoxycholate, 50 mM NaF, 25 mM sodium pyrophosphate,
2 mM Na;VO,, 40 mM B-glycerophosphate, protein inhibitor
mixture (FEHIZE T2 (BF)), 0.1% phosphatase inhibitor
cocktail 1 (P2850-1ML, SIGMA), 0.1% phosphatase inhibitor
cocktail 2 (P5726-1ML, SIGMA)] hnz, AKY b o vk
OF A F—ThHFE L. ABREREKE 1,300 x g, 4C T
10 7O L7, L2 12,000 x g, 4C TI15%
MmO L, Sohic BiExfifahbig s L.
BWREKB Y v 7 OB, 30 ug OREfEHHERIC,
19 SDS % X 08 50 mM DTT Z &I iR « wif s
4, SDS-polyacrylamide (10%) gel THRRKE L. W
BACHRE - C PVDF BUCHRE L 7eth, 5% AF A 3427 T 1
WEREALH U, 1 R¥ifk & L CH GLUT2 Hifk (1 : 200; H-67,
Santa Cruz Biotechnology, Santa Cruz, CA), ¥ B-actin HiiF
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1 BB XIE3 WER O 8
1 EREOBIMEE, 7 BERE X 0 o8 1 [BlBEE 2 e U e, OxHEEE
(Control), @ WER #f (WER), At 27 ) % V' v (Pioglitazone),
A~ bRV S VB (Metformin) 7R Lic, &fElk, SEY(E + e
iz (SD) T/RL7z. (n=4-6) **p < 0.01, *p < 0.05 vs. Control
group

(1:5000; A2228, SIGMA), Hiphospho-AMPKa (Thr172) $T
f& (1 : 100; #4188, Cell Signaling Technology, Danvers,
MA), # AMPKa Hifk (1 : 1000; #2532, Cell Signaling
Technology), $ phospho-GSK3p (Ser9) Hifk (1 : 500; #9322,
Cell Signaling Technology), #T GSK3p #if (1 : 200; #9315,
Cell Signaling Technology) % 4°C T 1 FffEIfEFA & w1z, 2
&Pifk & L CHi HRP conjugated donkey anti- rabbit IgG $1T
£ (1 : 1000; GE Healthcare, Buckinghamshire, England) & %
UM EPT HRP conjugated donkey anti-mouse IgG $ifE (1 :
5000; GE Healthcare) % 1 RFfElfEf & €7z, £ D, ECL
Plus VT Ax v 7uay5 4 v 7By AT s (GE
Healthcare) % 3\~ CHERT L 7.

8. fratanE

T2, ECPHEEEREE L CERLE. B
MO R EEY, FoEEoR,  REK XY
WE L.

S

1. KK-AY ¥ Z(Z&5(+% WER mn#E_EFIHshR
KK-4" = 7 21 WER #{EA& Lic@ER R % 8 B
HFRER S 2, MEHEOHERS 2t IBRE & e Lc (K 1).
FAPRHEECRT o MAEEI TR 120 mg/dl TH - 72y, Elel
Rt A MBIk EA L, BRI 4 ERRICH
480 mg/dl Z/R L7z, WER FEICHR\ T H IMHEE D _EF 2
bbb 0D, WERE L g L ¢ WER 81 1 8[H
o EFIMEHARD R, 4 BREF% S O mEE R
400 mg/dl ZHERE LI, —T, €A 7V &2V, A kL
IV ERBRIC 6 BRE% X VIS Ly, FES 28

MR

ff1C Control FE &L B L CHE L KK F LA RAK, 7—
BUITRE TS, RHBEE, WERBER IO A7V 2 v
BEOBEOEELAD LRI oTeh, A bha 3 v
B S HBIL W TERREA L.

2. ERBIEFRELTD mRNA RIEEH L OBERFMHC

R(F$ WER D E

RN RBEFR Gek, WERTAERESE Gopase, Pepck, Fbpase D
mRNA F&3 & % Real Time RT-PCR 1 X b f##r L 7= (K
2). Gckl¥, WERE, v 27V z v vEC-CRIBEE & Mg
L3t 30% AN LY. G6pase Tix, WER %,
Cx 7Y a2 URETENRERN, 31%, 49%, PepckTii*t
nEN32%, 35%FHEICEA Lic. ¥/, Fbpase Tk
WER®, ©A 27V 20Vl A AL VvEETEFRFR
299, 35%, 2WHBEIWCHM LI X bIAEFEOWEN
TN ENOBERIEERIEER I X JlE L (K 3). Gek
TP, WEREY, €427 Y 2V v RECHIBRFE Hig LT
33%, 18%A=EIC LA L. G6Pase iGtEI:, WER ¥,
2 NARAIVEETERERN 16%, 20%EEICEKTF L.
PEPCK {EM:13, WERR, v 7V &2 Vv EECHBR L
WL TEhEN 13%, 28%FEIIKT L. FBPase ififk
Tk, WERFFTA0%HE R LANZD b,

3F/ ) a—4 2 EICRIFT WER O£

gD 70 a—r vEx 7 v b v vEREEEIC X b e
L7cAER, WER FFIIOGTRRE & Il U<y 25% 8 B
miid oo, HEAETCIEELRZIRDLRI,I -
7z (K4).

4. GLUT2 #|(CK(FT WER DL

T C ORI RS 245 5 GLUT2 mRNA (Glut2) B E%
Real Time RT-PCRIEIC L » (K 5A), 2 v X7 HEY v
TRAZVTay MEKICX )L (K5B). Glu2 it
WER BfCxtaHEE i L <R 30%EREcmL, i
GLUT2 # v X 7 BETH ZITRAEOHEIMNED b i,
—7F, WHEFFHETIRIZEA ELTIED DRI - 1.

5. AMP ¥+ —+ (AMPK) (C X (X3 WER DL

WER (%, G6Pase & PEPCK DB {EFFHAME Lz 2
Enb, ZALEBETHRIMENICEES 3 % AMPK D%
{t~D WER DEZEZO\WT, YT AXY 7wy b
X o#E L (K6). AMPK OiEHALM TH 5 V) vk
AMPK &1}, €427V 2V VB A b AL 3 VEEL RRE
IZ WER F THIFRRE & Ll U-C3in L 7z
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(Gépase)
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G6pase mRNA
(relative to control)
=
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E Pioglitazone

B ver

(Fbpase)

20

[
(7]
T

Fbpase mRNA
S
n

(relative to control)
=
-

0

*%

® mRNA FEBL &
TNaA—RAH-FKAT7 5 X —X (G6pase)Y HAKRT ) —L ¥

Metformin

61

N E VIR VAR F v F I — (Pepck), 7V 7 b —R-1,6-E AR A7 7 & — (Fbpase) ® mRNA 7B % Real Time RT-PCR {51 X b fif
Mrlte. #B#3® mRNA &%, Control FEDZh % 1 & LIcHMMETEL, £fEix, TFHMEEEERZE (SD) TRLE. (n=4-6) ¥ <
0.01, *p <0.05 vs. Control group

(Gek)
= 020
£
z g 0.15
.E o0
S E o0
o £
(3 £
£
g 0.05
— 0
(PEPCK)
—~ 030
£
gg 0.25 |
=
Z a8 020}
§ o0
v E 0.15 }
o E 0.10 |
=32 005}
E

|:| Control

B ver

(G6Pase)
E Pioglitazone ﬁ Metformin
—~ 07 ¢
=
* S 06 T
S %
- O
* 5 85 05Ff %%
5
g g" 04 |
§§ 0.3 |
%; 0.2 f
=]
g 0.1 |
~ 0
(FBPase)
E 12 r %
<% b g 1.0 [
=
w* Z & o8}
o o0 T
SE o06f
2 2
g E 04f
= g 02 |
~ 0
B3 B O

KK-# = v 2 DRI T Gek, G6Pase, PEPCK, FBPase [fith %, £ OIEMERIERIC X b JIE L. £ElE, “FISE £ (R
(SD) T/rL7z. (n=4-6) **¥p<0.01, *» <0.05 vs. Control group
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6. GSK3p (CRIXTS WER DEE

WER X, fF7 V) a—7r vELEHENI® b, 7
Va—r v ERBEROERICCES T A7) a—-r v &
REEFEF - — ¥ 3B (GSK3B) DV v (b~ DEEZ O\
Trvzzrzv7ay MERCIOVERE LI (K6). Tk
R, WER FETO R ) vk GSK3B EOMARD b,
GSK3p DRIEMALIC X 5 7Y a— 7 v HIREEE OEN
LR X It

z =

U2 B E LcBERRE LTEAIh T 5
WER 1%, ~ v 3V 2 rBERErERRECEREL, ©
3.5 » ABEER, FTEEREBENNCEMT & Bk -
WBEBE LD THD, v vrvxr L3RRI ER
R e inz, BRI O K 25 045 H
MALED & 520, WER OAEBE ICIL, HEiiE

OJcontra [ WER
E Pioglitazone m Metformin

10 %*

Glycogen
(ug/g tissue)
F S

2

0

R4 7Z7va—rvg
KK-4 <o Ao 70 2a—7 v &%, 7 v b o vk X
DGE Lie. &Mk, SPISME - EEERZ£ (SD) TR L7z (n=4-6)
*p < 0.05 vs. Control group

(A) Control
2.0 D

B R
1.5
1.0

0.5

Glut2 mRNA
(relative to control)

0

E Pioglitazone E Metformin

MR

TEFD, PUBEBIER™, $15 SRIEA e & s h
TWBD, F2i, WER DN a-7 v a v X — Y HEE:
BL, ZERMECEET S 2 LR IERME~ Y 21
BB <A~ —2 ATt o fE Skt L CmEfER %
T EM, Fh, | BERFETATHB AN LT b
Vv VERERF v ADORMEYRET DL LR
BHA LT3, X5, WER 132 BERKF <5
L2 A (KK-# =9 R) ~OEMFEEC L b, Mk
AMEEAERL, TOlEHERFCERT B L OlEMA
BCo GLUT4 DIEBITIREFALD S5 2 L XL T
LTwa Lal, WER D& BEHOHT,
2 FUREIRIRIC I\ B MBS E 57 o 3Hlhie kit Lo E )
IABDTLHER T T L, KR T 2BEEABC L E
HRIETENHERINSD Z Eonb, ABIZETCIE, KK-4

p-GSK3p |

- |
GSK3p I—-—-dl

B6 v vl AMPK, GSK3p & v 3 7 B
KK-# ~ v AFfETco v vk AMPK, GSK3p % v 3 7 H &
B, VIAZY 7y MR DN L. BBEORTIE X b b
W7z v 7B 30 ug %, 10% SDS-PAGE I X - T/ L7z,
Z o, PVDF iz~ a2 » kL, $i phospho-AMPKa Fifk, HT
AMPKo i1k, i phospho-GSK3p #ifk, i GSK3B HilikaEH &
¥, ECL ZH\WCHR L.

(B) e
& &
&
60\ Q’ é.}sb’ ,i\e‘
S & ¢ ¥
. |
B-actin | |

5 GLUT2 #3i&E
(A)KK-# = 7 Af T D Glur2 mRNA #¥BliE% Real Time RT-PCR K12 X b fi# T L7z, Glut2 mRNA #i%, Control FEDZh#Hw 1 & L

MXHMETEL, AL, “FIOE R (SD) T/RLE. (n=4-6)

##5 < 0.01 vs. Control group (B) KK-4" = ¥ AWFIETD GLUT2 & v X7 BRBEY v T A% v 7w v bk X 0 @ Ui, &80 FIE
Lo Licx v 230 pg %, 10% SDS-PAGE I & - THrlfi L7c. =D, PVDFIEC 7w » b L, HTGLUT2 Hiifk, i B-actin $T

RZ2fER &%, ECL W L.
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< U ALK TS WER DB GG DEELY B L.
KK-# < v A%, ESilfEzRic2 L, &, B,
A VAY VIFER L OMAF7 7 4 #5272 F Vv OER T %
TR 2 BRI ARRIEE T A=Y A ThDH. AT
1%, KK-# =7 21 WER % 0.5%iE4 L7 Eighs sk %
8 BHEEm IR & A, MEHHORBICHE > MmHEHE
O EAMENED B, —J, 2 BERBGHERECTH S
A bRV, ©F 7Y RV VYOmBEYRERTIL, &
LIS EE» DBEERMEEOE T 2R L (K 1.
Th b ofER Y, WER AiED EAMGIERZHF 353
DD E DIEAITEYRE L IR L TRt D THY,
REBERY 73BT X > C AWM mBEHE T i X B Sk /s &
DEWERZFHR LICSWEMTHDL I EHREL TN 5.
g 3\ % bl O, FFHRRNSAD 70 2 —=
REDOEEC LD 72— 2DHIFAN~DRIR & i~
DI X - TfThh T 5. B CoMORELA R, B
L7V a—r VAR BROR S v 2D TR
N5, B, BN © 3 2 DR (PEPCK,
FBPase, G6Pase) IZ X h &I S i, MR D Gek & DI
X ERBAHS IR TS EnD, KPF%E T,
CHBEHEER O mRNA BB R L OBERTGHE %
EL ToOKRE WER BT, MHEREEFE Gek O
mRNA FEHEd L OEESNEBECENL T, —7,
WEHT A% G6pase & Pepck ® mRNA FH Bk X OB %
EMEAE B Lich, Fhpase (XA BEICHEML TV
Jo. TRETIL, ©XF 27 )RV bk Vi,
Pepck, GépaseD B A ME+ 2 e nipEIhTE
0 2520 KB CTh Pepck, G6pase nRNA FH & & tic
FIEWENA LTz, —7, Gek mRNA ¥ L O
FEFTEM: &, Fbpase mRNA L& ¥ X OB R 133k
WL (K2,3). ZhbofEEit, WER il
Rr e, HEHEY M5 2 L cmEo EA7
PIHT L ERRELTRY, WEY L IIERBROME
REAETHIENWLNE R T

o<, M EFMEIcs T 7Y a—r VAR
X MR Lic. £O/RE, WERWZ ) a—r v &
FHINX ey, WEPBFE AL LEINIRAD bR
Dot - C, WERIL, EERIC X 2@z Ts
Va—r v LTRSS LT, Mh~ofolkts
MHIL B DEELZBN, Z0ETHEY L ITIEH
NETRL - T (R4). L2AT, 1V A VIRE
BEETCO 7Y a— 7 v SR ORI, GSK3p 2N Y v
EENDZ LWL > TRESEI R, R Y 2—
FuaEBRBRMAERLI B LItk 5. £ 2T,
GSK3B ® Y v{bic oW CHRFI Lz & 25, WER iIT%
WTORY VR GSK3p BEOHEMAED b (K6).
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2 i¥, WER 7 KK-4 =7 2 DIEE FF 2 HH 3 5
WMEDOHFTA VA Y VICHT HREREZMENBKTH &%
BB L TR, WERIZX B 7 ) a—7 v EOBN
(%, GSK3B ORIEMEALIC X % 7V a—» v &R E
DHHECLHLDTHBEEEZDLNS.

FHigE~ ORE DB D sA L, PIRIMb D 70 2 — 2 R
WS TA v 2 Y VIEKIEED GLUT2 2 H - T\ 5
ZhETI, HBEEZLVa—2AFCFMilgo GLUT2 %
BENEINT 2 L OBREDD B Z E0DD, AFRICE
W% GLUT2 @ mRNA BHER X 0% v 7 BRZH
FHlt. FOKE, WER L Glur2mRNA & GLUT2 % v
Ry BaErIcnE e (K5). fif L X 5, WER
R RRIEE T D L E b s Y a—r v EREYITES
B END, BFDH L WER I~ DR DY A
HEEHETHIERAND DD EF 2 bRt

ARFEEB TR 2 BUERIFEE D 2 b R 3 vk, IS
TD G6Pase [HEMEX KT X185 & & b i AMPK ZiEMHAL
X —J, vk 70 &2 EBERCIER LT 5 4
RF 7 F v O R TUHE X & TR Ok 2 IIH 3 %
R, BRI 3\ C AMPK #iEHALT 5 2 L2\ 5
D ETR o TWB, Hhi, AMPK DOTEMAE, HEH4ER
B3 0 PEPCK & G6Pase DFHAHIHTH L &b A v
AV VIR ESE S, ME EFISIER 2R T &
DRE IR TWBD., 22T, APFRICES T WER
D AMPK DiEMALNDEEL KR L L 25, WER 2
) VgL AMPK AN & 4, AMPK AiEHEALT 5 2 &
DL (K 6).

ChETR, T A v =y VIR R L cikss
HREETHREMEGDEEIN T B 4 ) — T DM
i XMt = 2 V) VIR, BEFRIRAE CRE & 70 - 7K
OEFAELZIH LT, 1 v AY) vEZHLETTEIE S &
Ebwcimhaf v A vEEKTI®5 EDWEND B
Fh, hV—EITNBZ A2 I VL, AMPK %iEMAL
T 5 2 & CHEF A REESE O PEPCK & G6Pase iEM: 2K T
DL VA VG BE S SRR
HEMEZRTC EDMEIRTWED, Ebic, £E5
DERHRTIA VILEENRD VAT b u—ik, AMPK
PIEMAL IR CA v A ) VIRFI A SEET 53 L LY
IR AR X85 2 E N B D E o T 53,

= VRV R RS DM DEE ST, TEE
CEINLEEEDOY ) F7 v A BIU B X AI0kE
K FIERPY, 5B 58 HOSHERIC L 514 v A ) Vi
WRAETER®D, o-7 v 3 v & — Y BHEEG#E % 7R3 SKG-3
DHR® 7 ENnBHDH. WER ik, SHs, Tnsit s
Vhy, FAXR)ARFRED< YRV R rERERER
SNz, BRI X B BRSO 5 18 C b B KM
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V7= v W SR AD A AL T & DR A TR
WENEINTWB EE2BNA. 5, kT
A v A Y VPR A LI o LRIEIRN R & % A0
T 5 L Ebic, WER FFOTEMARKAIH G2 LT
WS RERHD EEZ T 5.

DX S, IMEOHECEEY RIF TGO
DERESRCHD N TN D I Ehb, EYES -
LMD FRAY < 1 A KIS o SRS v )
WCFIH U e R ERERGT OB, FERW TR AR BT
»5.

O

WER D REGER 7B E Y, 2 BURE R < 3 1) 5 B Uik
BEEML, FRCOMBERSCEEYS 2, Bitr
W2 & &b IR REI R DL, 7V a—
7 YERER L OB O Oikie A TLE I e, Th
F T WER 25, W% X OlgLRk COREER » iA S D
TUHE S Bl B AT T - T B 2 & 5B, WER (3 2 B FR IR
it U CTEROIER AR 35 < A /L Pl F
R T AR TH S Z EAVRE .
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ABSTRACT

Influence of a Water-Soluble Extract from Culture Medium of Ganoderma lucidum Mycelia
(WER) on Carbohydrate Metabolism in the Liver of Type 2 Diabetic Mice

Shinya KAMIUCHI', Yuri SHINDO!, Yuka UTSUMI!, Naohiro IWATA!, Mari OKAZAKI',
Fumiko SUZUKI?, Hiroshi [IZUKA?, Satoshi ASANO?, Hirokazu MATSUZAKI', Yasuhide HIBINO'
! Department of Clinical Dietetics & Human Nutrition, Faculty of Pharmaceutical Sciences, Josai University

2 Noda Shokukinkogyo Co., Ltd.

3 Department of Pharmaceutical Sciences, School of Pharmacy, International University of Health and Welfare

Objective: Recently, we reported that long-term intake of a water-soluble extract from culture medium of Ganoderma lucidum
mycelia (WER) reduced hyperglycemia and enhanced glucose transporter-4 (GLUT4) translocation to the plasma membrane in
skeletal muscles and adipose tissue in KK-4” mice, a type 2 diabetic animal model with obesity. In the present study, we investigated
the effect of WER on hepatic carbohydrate metabolism.

Methods: Female KK-4" mice were given free access to water and high-fat food containing 0.5% WER for 8 weeks, and blood
glucose levels were assessed every week. At the end of the experimental period, the expression and activities of sugar metabolic
enzymes in the liver were determined by Real Time RT-PCR and each activity measurement method. Also, the amount of glycogen
was measured by anthrone-sulfuric acid method. Furthermore, the expression level of GLUT2 and activation of AMP kinase (AMPK)
and glycogen synthase kinase 3 (GSk3p) was also determined by western blot analysis.

Results: The mice with the high-fat ingestion showed a gradual increase in the levels of blood glucose and body weight. In the WER-
treated mice, the blood glucose level was suppressed after 2 weeks of intake. The gene expression and enzyme activities of both
glucose-6-phosphatase and phosphoenolpyruvate carboxykinase were suppressed, whereas those of glucokinase were increased in the
mice with WER intake and pioglitazone administration. The accumulation of glycogen was increased. Moreover the expression of
GLUT?2 and phosphorylation levels of AMPK and GSk3 were also increased in the mice with WER intake.

Conclusion: These results indicate that WER affects hepatic carbohydrate metabolism, which may derive from the suppression of

gluconeogenesis through the modulation of related enzymes and enhancement of glucose uptake, glycolysis and glycogen synthesis.

Key words: water-soluble extract of Ganoderma lucidum mycelia (WER), type 2 diabetes, sugar metabolism enzyme, AMPK
(AMP-activated protein kinase), KK-4" mice





