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Effects of Endurance Exercise and Ginsenoside Rb; on AMP-Activated
Protein Kinase, Phosphatidylinositol 3-Kinase Expression and
Glucose Uptake in the Skeletal Muscle of Rats

Hyun-Lyung Jung, Young Ho Shin, and Ho-Youl KangT

Exercise Metabolism Laboratory, Kyungpook National University, Daegu 702-701, Korea

ABSTRACT This study investigated the effects of endurance exercise and ginsenoside Rb; on AMP-activated protein
kinase (AMPK), phosphatidylinositol 3-kinase (PI3K) protein expression and glucose uptake in the skeletal muscle
of rats. A total of 32 rats were randomly divided into four groups: CON (Control group, n=8), Ex (Exercise group;
25 m/min for 1 h, 6 days/week, 2 weeks, n=8), Rb; (Ginsenoside Rb; group; n=8), and Rb;/Ex (Rb;+Exercise group,
n=8). The Rb; and Rbi/Ex groups were incubated in ginsenoside Rb; (KRBP buffer, 100 pg/mL) for 60 min after
a 2-week experimental treatment. After 2 weeks, the expression of phosphorylated AMPKa Thr'’?, total AMPKo,
the p85 subunit of PI3K, pIRS-1 Tyr*? and pAkt Ser*’”® were determined in the soleus muscle. Muscle glucose uptake
was measured using 2-deoxy-D-[*H] glucose in epitroclearis muscle. Muscle glucose uptake was significantly higher
in the three experimental groups (Ex, Rb;, Rbi/Ex) compared to the CON group (P<0.05). The expression of tAMPKa
and pAMPKa Thr'” was significantly higher in the Ex, Rb;, and Rbi/Ex groups compared to the CON group (P<0.05).

The expression of pAkt Ser*”

the expression of pIRS-1 Tyr®'?

was significantly higher in the Rb; group compared to the CON and EX groups. However,
and the p85 subunit of PI3K were not significantly different between the four groups.

Overall, these results suggest that ginsenoside Rb,; significantly stimulates glucose uptake in the skeletal muscle of
rats through increasing phosphorylation in the AMPK pathway, similar to the effects of exercise.
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= Aol F8sth 25 W @9
7 Z(signal pathway)® Y=
F de=d AA, dEd Y& 23574 Z(non-insulin
dependent signal pathway)24 &% 93 2&5%S
%8 AMP-activated protein kinase(AMPK)¢] &4 3}A] A
M3 U GLUT-4 AXAl(vesicle)E A >E=3 TAH (T~
tubule) & o] FAA TS +F UE o] 5(GLUT-4
translocation)A] 71 ZAo]1(8-10), EAlE 2d&d o&EA
A&7 Z(insulin dependent signal pathway)ZA4] Q& ¥
o] Az 4=§Aoll A3t M=ol 1= phosphatidy-
linositol 3-kinase(PI3K)e] &4 E7} F7t¥ o] AxE Ul
GLUT-4 2% A S Alxo 7 o] F(GLUT-4 transloca—
tion Al A & k= 3lojth(4,11). AMPKE A& 4
249 A Al Fagt 9T st aaE P

T as
gl o} 9] 2317 o] W3} (exercise, stress)oll thak AlE2] 4
& TAEhE duA ZAAT] AEe e Ao deA
ATH12-14). B3] AT E Ak Akake) glucose
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ATHB,15). 2 B2 AgAFol A= AT &5, A714

A=l ofgk 25 5 5 Fd AMPK 2438 57 W
GLUT-4 translocation®] <7}% ] glucose uptake7} =
7he = Ao R BalEal QThH16-21). B3k Alek 3] Ak A]
i AMPK signal pathway7} #1230 G 7} H]wke] <1<l
of #ojat= Aoz defAHA 2o BEE ARAE T
S A% B2 A7 ol FojA AL dvh(1,22,23).

FH 2= A4 FEE 5 ginsenoside Rbie 5E9 A=
A, U 7HH ded 55 T7HA71H(24), Shang
= 3T3-L1 adipocytesolA] glucose
ZJE‘ri Hudtar Qok. =3 in vitroMinG
cell) -9l A= ginsenoside Rbjo] #e] ol&d Euj=
S7HAIZIGkaL Barskal QJuk26). ol M ® FHZ A& Aol
] ginsenoside Rby ¥} 8|7 72231 s g gt
AT7t sz 9o, A2d Gt fdel A4 7)o
v T4 e AP g A7 HaEA &aL 9l
o} b E Aol EA 2 ginsenoside Rby ¥ 53
7} 254 insulin signal pathway % glucose uptake©l
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B AFE 438 SD £7 A 32ng 2 v HAE
3+ 7 ]Xl 20.7x35%X17 cm)oll 1v}g]® Pof AMg3le e
W, AR L] 2EE 21°CE §A8H. W79 V& 7
ZF 12/ 0.2 2-deglom Qe TAI~19A1 &= sl
157318 84 A& 717E 7130 F 230 fA44 5
AAS AL, AR W] Juo 2 Rt He e
= e

« Bl H(Control group, CON; n=8)

» 5 HwH HExercise group, Ex; n=8)

Ginsenoside Rb;H % (Rb, group, Rby; n=8)
* Rbi+ %53 &(Rb+ Exercise group, Rbi/Ex; n=8)

I AFS.(Harlan Teklad, Indianapolis, IN, USA)
% h=] o] 01:9. ]_Oiﬂ] }\J_zqs}ti g}o:h;}.
H) 2 3 oo} gmsenos1de Rb; A #9133

F5S AN Y. +5e A AEEE
(Quinton Instrument, Seattle, WA, USA)< 0]
AALEAN A T 63], 25 &< AT fFAkk &F
Aot B SE9F A EAI7H 25 m/min, 30
TS B 90 7tAow HEHow Z7}lahe],
259 = 25 m/min, 60% &t @Y =5 S5tk ZE 3
S A% 100 g 6.5 mg? sodium pentobarbital(Hanlim
Pharm. Co., Ltd., Yongin, Korea)2 &7 FALE wp3 3k

o2 &x4 " &3t =3 soleus muscle ginse-
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noside Rb;9l incubationdt %ol phosphorylated AMPKa
Thr'™, total AMPKa, PI3K p*’, pIRS-1 Tyr®", pAkt
Ser'™ ®A 2A7pA] AA Aol WZEA A -70°C(DF-9007,
[IShin Lab. Co., Busan, Korea)ol] X #3}t}. Epitro-
chlearis muscle< glucose transport rateS £413}7] ¢

3 incubation & ZA] 43} T},

Muscle incubation(ginsenoside Rb1)

Epitroclearis®} soleus muscle <%} ginsenoside
Rbi o] &3& dolr7] & 25731 &5 & S5
(muscle incubation)& AA|a . A &8 &% Krebs
Ringer Bicarbonate Buffer(KRBP, 117 mM NaCl, 4.7
mM KCI, 2.5 mM CaCly, 1.2 mM KHySOy, 1.2 mM MgSQOy,,
24.6 mM LaHCOs;, 2 mM pyruvate)ell B3} 3L, KRBP
= 37°CE FA181 95% 0.9 5% CO.9 7125 Al&H o
2 FY3A . =58 KRBPo| 4047t pre incubation@t
% ginsenoside Rb1(93537, Sigma-Aldrich Co., St.
Louis, MO, USA)9] &35 o] 93] Z5& 7o
2141$ KRBP®l| ginsenoside Rbj(absence or presence,
100 pg/mL)¥} A 6033t viFate] SA] HA D aol
A 7R -70°Col A B#skgl)

Muscle homogenization

THL 7R GEN(20 mM tris-HCI pH 7.4, 1%
Triton X-100, 50 mM NaCl, 250 mM sucrose, 5 mM
NasP207, 50 mM NaF, 0.5 mM PMSF, 2 mM DTT, 0.1
mM benzamidine, 4 mg/L leupeptin, 50 mg/L trypsin in—
hibitor)¥} 87 1:20 B] &2 £33+ t}-2- polytron homog-
enizer(Kinematica, Littau, Switzerland)Z 23} 3151
o A3 2F I 71 dL 16,000 g9 A 4°C, 40+
7 QAE2] 39§ (VS-550, Vision Scientific Co., LTD,
Bucheon, Korea) 4298 &8 3sk3lth

Western blotting

s 59 F8E FT AL o]83+9 DC protein
assay(Bio Rad Laboratores, Hercules, CA, USA)E ©]-&
o] whulza AEES &t Laemmli sample buffer(125
mM tris, 20% glycerol, 2% SDS, 0.008% bromophenol
blue, pH 6.8) 1:2 8]43}e] 95°Coll A 5837t THI &
22,000< gl A 13+ AAE e ste] AT HE Ee o}oﬂt}
Gl o] s-F-3F AZ NS 10% SDS-polyacrylamide gel
electrophoresis(PAGE)°] F%3 t©}e 79 % Mini
Trans—Blot Electrophoretic Transfer Cell, Bio Rad
Laboratores)d % transfer bufferE ©]&3}4 PVDF
membrane 2.2 ©]5A| A, Membrane< T-TBS(3¥ X
108)= *ﬂﬂg}—’ 10% skin milkE ©o]&3Fo] 60E3F
blocking3F & 13} A (#2531, #2532, #4257, #4060, Cell
Signaling Technology, Beverly, MA, USA; ab66153,
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Abcam, Cambridge, UK; 1:1,000 dilution)el]l 2o} in-
cubation(4°C with gentle shaking, overnight)s}$th. T—
TBSE o] &3t A& e ¥ membrane 22 FA #7074,
Cell Signaling Technology, 1:2,000 dilution)¢} 34 60
¥ &t incubationd} il thA] Al # &} T} Proteine X-ray
filmell ECL. Western blot detection kit(RPN2106, Am-
ersham, Arlington Heights, IL, USA)S A}-&3}o] A]Z}b3}
&tk X-ray film A1Z3lE wi== ~70 % [mage J
(http://wsrnih.gov, Image Processing and Analysis in
Java) ZEIHE o] §
internal density and gel peak analysis) ¥ o2 #4135}

Art.

3}l densitometry analysis(gel

Muscle glucose transport rate

I HFES H]hAE- 2 Q] glucose analog 2-de-
oxy-D-glucose(American Radiolabeled Chemicals Inc.,
St. Louis MO, USA)E o] &3l 54313t SAHS 93
#9-% epitrochlearis muscles A&33th <54 glu-
coseZ A|A37] Y& KHB(32 mM mannitol, 8 mM glu—
cose, 0.1% BSA)°l 30~60&3F A&ttt A& F 32
mM mannitol, 8 mM glucose, 0.1% BSA(1,000 plU/mL
insulin, absence or presence)’} &% KHBo| 20%3F
w3kt oAl 1083 36 mM mannitol, 2 mM pyr-
uvate, 0.1% BSA®| A% % deoxy-D-glucose, 2-[1,2—
SH1(2.5 uCi/mL)¢} 16 mM["C] mannitol(0.3 uCi/mL)e]
S35 1.5 mL KHB(36 mM mannitol, 4 mM deoxy glu—
cose, 0.1% BSA)(1,000 plU/mL insulin, absence or
presence)dl 30°C, 203t At} AlX W2 2-DGY
g4 == scintillation counter(Wallac 1220 QUANTULUS,
PerkinElmer Inc., Waltham, MA, USA)E o]-&3}o 10%
7F SA AT

ol Wi Aab= Fet I F5 9 AHmean+SE)
= J—%s}‘ﬁgﬂ], FAIA 42 SPSS 18.0 BAZZ 1
(SPSS Inc., Chicago, IL, USA)S o|&3}5it). SAIAE =
49 4 AR 5 ARE dour] A3 JARARAY
(one-way ANOVA)S o] 831331 AFSAA 2 Tukey W9
& olgaladrh. BAH Fo5ES a=0.052 3.
Aot 2 oy
HESe| Hat
Aol ke 19 13 &% 243 A ASMETTER
PJ6, Metter Toledo International Inc., Seoul, Korea)<
o]-&3}o] ¢ Zﬂ%% =78t om 253ke] AP A 5
Y Feke] AFE Table 13 Zoh AFL S5 HEX,
Rbi/Ex)o] H]&%5 - Y(CON, Rbydl| Hl&) f2]3F 2}o]7} ¢l

Table 1. Changes of body weight (2)
Pre Post
CON 98.6+1.2 210.9£2.3
Ex 95.8+1.0 192.3+2.7*
Rb; 97.9+1.2 207.7+1.4
Rbi/Ex 98.6+1.7 191.1+4.2*

Values are means+SE. CON, Control group; EX, Exercise group;
Rb;, Rb; group; Rbi/Ex, Rb;+Exercise group. P<0.05 vs CON;
P<.005 vs Rb.

+ Ao® e THE=13.083, p=0.000).

Muscle glucose uptake

25°37+2] 23% X ¥ non-insulin condition®} sub-
maximal 21 ¥ F%(1,000 plU/mL)ol 4] muscle glucose
uptakeE A 3ATH27).
muscle glucose uptake Ex(3.73£0.36 pmol/mL/h),
Rb1(3.99£0.21 pmol/mL/h), Rbi/Ex(3.71£0.39 umol/
mL/h) F¥o] CON(2.3440.10 pumol/mL/h) el B3|
et =A YeElth(F=6.611, 2=0.002, Fig. 1). L&
Y} non-insulin condition®lA+= 4] Bw7F muscle glu-
cose uptakes 23t xol7} gl Ao Z YEIHTHE=
1.681, P=0.194, Fig. 1).

Submaximal condition®l] A

AdATtel] oty A AFHe 1 -] afAel A
o2 BuHa 9Jom(24) 23 P, A, dx FH
s At ®Basiar JQoh28). 53] Htolle
ginsenoside® o] &3 I 2do] th3+ A7 APw 1
I tH24-26). Xiong 5(24)& aix|wk2lo] Hwk H = thAat
O 2 in vivo 24N 4F7 E7F Y Rbi & Tl Ay

S Al @ A A o] A E AT Baskgl

T3k B AEAYE jn vitro A79lA ginsenoside Rbl%
3T3-L1 adipocytes®} C2C12 myotubes celld| A glu-
7tk Baskar ok, ol & el

cose uptake&

50 )
40 | . 1 _L
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il Kl
0.0 ‘

CON | EX ‘Rb1 ‘Rb1/EX CON‘ EX ‘ Rby |Rby/EX

submaximal insulin concentration non insulin condition

Fig. 1. Glucose transport rate under submaximal insulin concen-
trations and non-insulin concentrations in epitrochlearis muscle.
CON, Control group; EX, Exercise group; Rb;, Rb; group; Rb/Ex,
Rb,+Exercise group. Values are means+SE, n=8. "P<0.05 vs
CON.
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A S A A EAd 3t 9% GLUT-13 GLUT-4 protein ex-
pression?} M| AXA FEje] GLUT-47F Alx2vto =
translocation 5 7}7} insulin-sensitive cell®] dd *19H&
A%k Aol Bt oh(25). =3 Kong 5(29)9 <
TN = HAAZ(hypoxic)d cardiomyocyte cellol] T
%3l 5% 9] ginsenoside Rb;S * X](incubation)dF 23}
glucose uptake®} GLUT-4 expression®] Z7}3F Ao &
Bkl B Ao A3 25719 &% 3 epitroclearis
=49l ginsenoside Rb;(100 pg/mL)<S ¥ %(incubation)
3t A3} vl erel] vls] &4 W glucose uptake’} 23}
A 713 Ae & 5 A tHFig. 1). o)& AaPAe] A
A8 %3 ginsenoside Rb°] &5 W GLUT-4 trans-
locationd F7}AA glucose uptakeS F7HA71 Ao 2 A}
S AR 2 AP AT S T ZET A
ZUH(sarcolema)E £E]ste] GLUT-4& A3 &4
o] e}ttt A 23R g, incubationdt
20~40 mgo.2A th& 43 FAl9ll membrane purifi-
cationg 3}719ll= o R0l ANUTE WA FF Aol A
= sarcolema ¥-2]o 213 GLUT-4 tfg A7} o] Fo] A
oF & Aoz FekE ) T & AFolA HE}HAE g
Rbi/Ex Fe9] glucose uptake”} ©H5 3 %] Hekel Exo}
Rby A3} Hlwste] fofgk 2po| 7} gl A o= el
o] A, APAT Rby A= & Aol vz o
A incubations FAIZF A 21}(24,25), A E A
)

H

L

+ cell culturex] 8 &A17F incubationg 3}7] 9l
o7 AFA AL JoBR o]Flo] E A A
A7 JERA] 22 Flol| digh Aol d 4= 9l
Al ET 28R R 3% olge A¥e AeA
A& o] AAE o] incubation Azt that 7} S HA
871 S Ao R Amd. A4, AFEAAE tEA
A} A A7) ¥ 523 Borst2t Snellen(30)] 910l
4] exercise®?} metformin Y53 X glucose uptakeE
T2l S718F3 1} exerciset metformin &3] X] ol
A glucose uptake©lA] additive effect:= JER}A] ¢k
t} o] 3 A o] o2 T 9] signal pathwaydl| 4] x}o] 7t
grgt= HZF v biological effect?l glucose uptake
ol = frolgh zto]7t giAl vEhd AAFH B AFE o|¢} &
ALl o] froll ol&] BEA X azrt YElA] @2 o=
AT

>
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Total AMPKa , phosphorylated AMPKa Thr'’22| t&izé

257k A3 A F total AMPKa:E CON(54.3+
0.2.2%) 8l nvla] Ex(69.844.9%), Rb(69.8+3.9%),
Rby/Ex(70.5+5.2%) ddto] fFostA =4 JESTHF=
3.516, P=0.028, Fig. 2). pAMPKa Thr'"?¢] & CON
(39.242.0%) Ferh Al JeHEx: 52.944.2%, Rby: 53.1
+3.4%, Rby/Ex: 51.31£3.2%)°1 4 2384 =A velgtt
(F=4.154, P=0.015, Fig. 3).
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Fig. 2. Expression of total AMPKa in soleus muscle. CON,
Control group; EX, Exercise group; Rb;, Rb; group; Rb/Ex,
Rb;+Exercise group. Values are meanstSE, n=8. P<0.05 vs
CON.
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Fig. 3. Expression of pAMPKa Thr'™ in soleus muscle. CON,
Control group; EX, Exercise group; Rb;, Rb; group; Rbi/Ex,
Rb,+Exercise group. Values are means+SE, n=8. "P<0.05 vs
CON.

Glucose uptakeol] ¥ojsl= AMPKE =24
cose uptakeZE 33}, #F2] B-celld A= <
H|E F7HAIZIth e Baskar QIrk(3,15). ATt
AMPK®] 2438} GLUT-4 @aS 7 =43}
AE Y glucose uptakeE Z7HAA <5 U g9
w237 dvkar Baskar 9l em(22,29,31,32). Ed
ot AT GLUT-4 282 &5 U AMPKe] &4
7MY e Baskal Qti(16-21). #H+ ginsenoside
Rb; ¥ AMPKell #3h & d+5 43R, hepatic cell&
0] 83 »=5 ¥ (5~20 uM) ginsenoside Rb; & A x| 3t 23}
107} 20 pM ®%=oA pAMPK7} S7Fstsdviar Barsksd
3L, 10 uM Rby A A 4A13F §- pAMPKZ} S7FeFivkar Woar
SFATH33). Hg ux v|gk HE Ul O.2 ginsenoside

y =
[‘Eo&
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ol
o

K

)

2 N
ol m r{d
% & © b E

)



AA Aol = Rb 7 5 W) 89 =24 1201

Rb1(10 mg/kg/day)< Foig A7} ko] pAMPK7F 571
thal ekl vh(33). Kong 5(29) cardiomyocyte cell
S ©]&3F ginsenoside Rbi= * %3t & AMPKa, pAMPKa
Thr!'™ 2 AMPK activity7} Z7}8tQickal B askic), &
Ao M= 2572 &5 % ginsenoside Rb(100 pg/mL)
of =5 Wl IAZF AX|gF A} vlal Jeks A2 Al F el
2] tAMPKa, pAMPKa Thr'™7} 3718t 218 & 4= Atk
(Fig. 3, 4). o]+ AgdAF2] Ay 3¢ ginsenoside
Rb;2 % Ul pAMPKE F7FA17]131 AMPK &4 8loll &3}
7F = Aoz AZhsn AMPK 843k GLUT-4 trans-
locations T7HAA 25l T o5l £3471 e A2
2 Azt

pIRS—1 Tyr®"2 PI3K p%°, pAkt Ser’?Q| di5izt

257kl AF A F pIRS-1 Tyr®2ellA CON(71.0+
3.5%), Ex(69.3£5.0%), Rb1(68.2+5.0%) 18] i Rbi/Ex
(68.0£2.1%)+= H7F frol g ako] 7} gl Ao = e
tHF=0.155, P=0.926, Fig. 4). %3+ PI3K p**°] A% CON
(72.8+2.7%), Ex(70.1£6.1%), Rby(75.6+4.3%) 12|
Rbi/Ex(73.0£3.5%) Atolell B fofgh xfo]7t §le 2o
2 Ueth(F=0.266, P=0.849, Fig. 5). 8kA2t pAkt
Ser*™el A= Rb1(64.2+£2.8%) H o] CON(50.5+£2.8%),
Ex(52.4£2.9%) Aol vlal] frolstAl A JebtehF=
4.777, P=0.008, Fig. 6). 18]t} CON, Ex, 18] i Rbi/Ex
At 7tol= F23k 2ho)7) gle Aoz YeltHF=4.777,
P=0.008, Fig. 6).

CON EX Rb

Rb1/EX

pIRS-1 Tyr®'?

PI3K p®

pAkt Ser*”®

GAPDH

100 - OCON  mEX

Rb;4 Rb/EX

80

60 -

40 |

20

0

612

Fig. 4. Expression of pIRS-1 Tyr
Control group; EX, Exercise group; Rb;, Rb; group; Rbi/Ex,
Rb;+Exercise group. Values are means+SE, n=8.

in soleus muscle. CON,

100 r OCON  DEX
Rb;4 BRb/EX

80 T

60

40

20

0

Fig. 5. Expression of PI3K p® in soleus muscle. CON, Control
group; EX, Exercise group; Rb;, Rb; group; Rbi/Ex, Rb+
Exercise group. Values are means+SE, n=8.
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ERb; B Rb1/EX

80 r
* #

60 I

40

20

0

Fig. 6. Expression of pAkt Ser’”” in soleus muscle. CON, Control

group; EX, Exercise group; Rb;, Rb; group; Rbi/Ex, Rb;+
Exercise group. Values are means+SE, n=8. P<0.05 vs CON,
P<0.05 vs Ex.

Ginsenoside Rbyj< I&Ed S AAE AsAA adi-
pocyte2} A7 M| Eo| A GLUT-4 translocations &7}A]
A =% U glucose uptakeE F7MA71thal Ba1skal )
(24,25). &3 A& AEAA F PI3KE AlEZ U IRS-1,
ol 4849 B submit tyrosine residues® auto-
phosphorylation®} IRS-1, PI3K¢] downstream signal—
ing(pAKt)ell ofeff gdstevta warsa 9ltk4,11,24,
25). Shang 5(25)2 1 pm ginsenoside Rb; ¥} 100 nM ]
ol ¥1S 3T3-L1 adipocytesol] A X A3} &d 2%
o &= pIRS-1 Tyr®?, pAkt Thr*®, pAkt Ser'™, PI3K
activity7} £7}8F% 21, ginsenoside Rbiol A+ IRS-1,
pAkt Thr®®, PI3K activity?} Z7}8Fgitta Raskgich

Xiong 5(24)& ginsenoside Rb1¢] PI3K signaling 74 &
o A= &35 dolr ] 98] Al/d3HE- neuronal cell
o] 83l FZ=H(0.1~100 pM/L)Z A x| F pAkt E4&
A 23} 10, 100 uMell A pAktZF S7Fl e, 10 uM
A= 2A17F ¥ pAktZt bR Bkl gk A
Aol vk HAE iAo 2 457 ginsenoside Rb; #]X]
S NG 22 A% pAkt &3 S YA sk
Aot a# U B AT AE 25719 % & ginsenoside



1202 EEER

Rb1(100 pg/mL)el 60% <+ +42
1 Tyr®?¢} PI3K pell A= Wl g} vjarste] fof g
zol7F Yl Aoz Yergtl v pAkt Sert™& ginse-
noside Rb; ©H5 x| 8 Rby Hekol| A f-2JskAl =41 vebst
o1}, Con, Ex®} Rby/Ex A A7 drol A= #-2]3F xpo] 7} ¢l
= AS <& 5 A o] AL ginsenocide Rb; incubation
o o] F7¥ = pAkt Ser'™e FHE o] oAE =
Aoz A7 5= gt} o] AL AA, pAkt Ser'™e] F7h=
muscle glucose uptakeol] §-2]3F FS XX k= Z o
2 A7 4= 9 o ginsenocide Rb; incubation®l] ¢J 3k
glucose uptake® %7}+= AMPK signal pathway°l] &%
St Ao® B Adde Agkstar ot AT 2 AT
9] ginsenoside Rb; W% A|7to] A dfal ol H]3)(24,25)
doA o gol © A5 AMPK pathway 239} &2
PI3K downstream signaling(pIRS—-1 Tyr®'2, PI3K p®)o]
FEFS A A Fstel A glucose uptakedl| #9]7 FEFS
] AR FZ ASRZE AZE 4 Q) 1R F% 2
T A= vlg o 7 ginsenoside Rb1 9 %, A XA 7L
ﬂ A e 2glsle] PISK downstream signaling ¥}
muscle glucose uptake 77} D3 Ao 2 AR EHT

o OF

e =
2 ATE 25779 AT 57 ginsenoside Rbio] F
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