BEA&EZ &3 394) 1 323~330, 2006

A AFs o] vt A9 ded U=}
2ATY s B DA Bl vlAe I
LA -G - B - B E
FTA Gt 2 x4

Effect of Rhodiola Sachalinensis Administration and Endurance Exercise on
Insulin Sensitivity and Expression of Proteins Related with Glucose Transport
in Skeletal Muscle of Obese Zucker Rat*

Oh, Jae Keun® - Shin, Young Oh - Jung, Hee Jung - Lee, Jung Eun
Department of Sports Medicine, Korea National Sport University, Seoul 138-763, Korea

ABSTRACT

Peripheral insulin resistance in obese/type II diabetes animals results from an impairment of insulin-stimulated glu-
cose uptake into skeletal muscle. Insulin stimulate the translocation of GLUT4 from intracellular location to the plasma
membrane. Soluble N-ethylmaleimide-sensitive factor attachment protein receptors (SNAREs) is implicated in media-
tion of fusion of GLUT4-containing vesicle with the plasma membrane. Present study investigated regulatory effects of
Rhodiola sachalinensis administration and exercise training on the expression of GLUT4 protein and SNAREs protein
in skeletal muscles of obese Zucker rats. Experimental animals were randomly assigned into one of five groups ; lean
control (LN), obese control (OB), exercise-treated (EXE), Rhodiola sachalinensis-treated (Rho), combine of Rho &
EXE (Rho-EXE). All animals of exercise training (EXE, Rho-EXE) performed treadmill running for 8 weeks, and
animals of Rho groups (Rho, Rho-EXE) were dosed daily by gastric gavage during the same period. After experiment,
blood were taken for analyses of glucose, insulin, and lipids levels. Mitochondrial oxidative enzyme (citrate synthase,
CS ; B-hydroxyacyl-CoA dehydrogenase, 8-HAD) activity were analysed. Skeletal muscles were dissected out for an-
alyses of proteins (GLUT4, VAMP2, syntaxin4, SNAP23) . Results are as follows. Exercise and/or Rhodiola sachalinen-
sis administration significantly reduced body weight and improved blood lipids (TG, FFA), and increased insulin
sensitivity. Endurance exercise significantly increased the activity of mitochondrial enzymes and the expression of
GLUT4 protein, however, administration of Rhodiola sachalinensis did not affect them. The effect of exercise and/or
Rhodiola sachalinensis administration on the expression of SNARE proteins was unclear. Our study suggested that
improvement insulin sensitivity by exercise and/or Rhodiola sachalinensis administration in obese Zucker rats is
independent of expression of SNARE proteins. (Korean J Nutrition 39(4) : 323 ~330, 2006)

KEY WORDS : Rhodiola sachalinensis, exercise, obesity, insulin resistance, homa, skeletal muscle, glut4, snare protein,
zucker rat.
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cose transporter, GLUT) &} Ql&d AT Hdof] Hojah=
Ao Qiakzl 2 9 MY Friake] Ao o=
sl wAsA He Ao2 A ok

SFIAL FEAE v 2Z0A B o] F GL-
UT4E Z232, APLAIES) ATl Solzog o] &
3t XA —;L—Er:'/\ %A (facilitative glucose trans-
por) ol g FFIAE AZUR W= V)5S S
GLUT4+ ¢l&d }—Ur 2FE 3 wsAl 283t
T Rog d4yA Qe olg 22 A=l gg GLUT4
o AiEetoz el AY (translocation) = soluble N—ethyl
maleimide attachment protein receptor (SNARE)
Q1 v—SNARE (VAMP?2), t—SNARE (syntaxin4), SN-
AP23 59 o8] 71| A% duido] Hojshe -t §
3} (vesicle—membrane fusion) o8 A8 4= QJr}s”
2 MPAFNAP? Q& AP SNARE whad
2y Alele] AR disted g stz X% AEo]
UASHA] ¢x olA7A] Es THEo] olHA|A] Rt
A7) AEol o] ATelA vt HE e r Aun uxt
3}.0:1 01::] 1:1:3]- 6‘]—1:]]13]— EJ,}J]. 1= _:j__I olng]J_ 9\1__
334 F2EY AFAY A3 250] o8] vAE o
ol| diaiiAr Asrazt 0}914.

£7334 (Rhodiola sachalinensis A. Bor.) & 31AFX|toll
A ARs thaA 2B A58 SUR3 (Crassulaceae) 9
S%% (Rhodiola) ©ll &étx FEolghs HHE ztn
o B9} 2715 RGO AMESTEYY wizleA =
A, NGA|, THAZ 2507 FHTofM= 73k
A Ak &9 (8F) ol antEolgtn €

HAAR WY 7 9 PG spEeko

ofHel A4l U SAHE, A, ”7—
3ol A= AR AMEHT YTk &
| thet -2 (adaptogenic agents)i/\i g%
A5 AT Qe AOE BuEHT ) 9
AP old TAHY 3=2A 715S GL-
T4 287} GLUT4 A9l #olsh= SNARE @93 %
& SHolM AuE 1t S5t

oL 2

Ori

o o o

oft
kr
OE

r>4' W, E 2 odm 2 yo

k

oy
=]

oft Job 2

iy
riu: Lo
o 1 i

2

{1 RN rlo o ot ¥

2

o O
~

1. HEEE NS
& A= Al 7~-8FH ] T FA Zucker rats (Had-
Hir: Zucker—lean, n = 10) 3} F3xPA3 B4t Zucker rats
(HadHIr: Zucker—fa, n = 40, LN)-& HarlanA} (Indiana-
polis, U.S.A) 2R F&ido} o] 83131t} 23U A%

l;lé -hﬁﬂ 7(1*

D el w9

718 AX F 40719} vigt HELS op] FAY 2 v o
ZT (obese control rats, n= 10, OB), &% (exercise—
trained obese rats, n = 10, EXE), £33 $J7 (Rho—
treated obese rats, n=10, Rho), %323 A (ex-
ercise & Rho—treated obese rats, n=10, Rno—EXE) &
2 Hﬂx*ﬂ%iv} HEAETES &5 22+ 27) ¥ A

= (55 £ 5%)7F @A FAEI, 12 1 124)7F light—
dark cycle®] FAIEE & AN AFH o0 AF
She THALE 9 o) ok AldekA] gistrt AdelM A
23k 18 AlRS] 2 Hokk THE)EL B3E 57.5%

A 5%, 18]a wlA 18% (Harlan, Co, USA)OI‘;’i
oH, BE FEEY AFL F9 134 43} o)

FE 8ISt 854 niA|ut 5 & 48417k At I')r—
sodium pentobarbital (60 mg/kg BW)& 27} el F314)
A wEA R dEEHe2RE A (6 mL) & ARy,
7E] 2 (soleus, SOL) #F FA|4Z (extensor digitorum
longus, EDL) & A&3] SA] A3} Aiel F& WYFAA
5 #4o] o)HF m7kx] ~80TeA iﬁo}“‘;} A8
% M ol 2zt v vle]e] FEo] g2k 9 3Aig o]
HFHoF Aok ooy FA =3l

2. 25 D21

534G (EXE, Rho—EXE) ol 43 485552 157Y
T4 Edsd AE7ke ARl ¥ Hx, AL 8%, &
% 10 m/min®lA 10 min/day #+5-& == 19tk 453

of Ax ZAlEE 1P¢ A EUEY SE9F 5
ARH o7 F7AIA HFAORZ 22 m/min, 90 min/day
o o]2TE FAUT o] F 4F Eek o] AL #As] 8F

39 EdTY 258 IS Sgik

3. A TN B £

Ao ARGE oAl AE ey skt Jxg
T 7Y ARSI A hEEAFM YO £EY A
Aol F3oith ¥4 488 g& FF4 3000 mLo} &
7l round flaskell B3 WZ71E ¥-35t A97]0A 2411
Bt AR & 13} o7t o uklE- rotatory evapora-
torZ 7SS 3 oA B8 KA AF A7)A 68.3
ge A3tk AEFE FoAT FAFE 30 mg/100 g
BW=4 2 mLe] & %91 1Y 13 Z75F] si3ich

4. HF oo YR 2
g Al AP AE EDTAZL Hjd 2AF A wo

7131 2ulE Q4R (3000 rpm, 158) 3t s 2
3 T Aded W AAYEES SHsh=u] ALEsHT)



Q&Y FEE enzyme immunoassay ELISA #4148 kit
(Mercodia AB, Uppsala, Sweden) & o]&3to] £4135}%]
o FEIAME BEE 543 RS B8 814 (colork
metric method) & ©]4-3t NEFA C test kit (Wako, Japan)

2 AHglel 23l 8% A4 (1C, TG & AFeLR
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A719% (120 V) ¥ #29 @¥AEL nitrocellulose
membrane (Millipore, USA) © 2 F&(Bio—Rad mini tran-
sfer blotting system: 120 V, 2 hr) H1, A= 1, 2
Z} &4 (anti—GLUT4, anti—-SNAP23, anti—syntaxin4,
anti—VAMPZ2, anti—goat, anti—rabbit; Santa Cruz Bio-

2437191 COBAS MIRA (Roche) & ARE3te] HE-A3519th

5. D=0 Mo} 24 TYE

2% 242 (10~12 mg)e Zehd 3 1008 F3
o] g8 (0.175 M KCl; 2 mM EDTA) & ¥1 4%
Aol A AT FEAS At ol & BTA]

technology, U.S.A) 2 B|¢=3ith o] & membrane en-
hanced chemiluminescence solution (ECL, Amersham
Pharmasia Biotech) #8] ¥ X-ray filme] ZFHES
3GitE. @A filme A ¥ on|AEN T2 IYE

o1g3ke] ST,

I A 37T AFA7IE S A o REES § d 7. NEANE

AREsta AR s 2o 48R (CS activity, 2 E dio]ElE means + SESZ EAIEIT) AL A

B—HAD activity) &7 o] €3It} CS 8A%e &4 & 7+ ZJo)& dolr7] 93| one—way ANOVAS A5}

< CoASH7} 5,5,—dithiobis—2—nitrobenzoate (DTNB) 11 #24do] & 7% Duncan’ s multiple range test®
&

olo] vhe-& F3 AAEl= Mol W3S spectrophotome-  AMEASFE SISt BAE F42 p<.05E ARk
ter (412 nm) & o} g3} AT oZH JF L f-hy-
droxyacyl—CoA dehydrogenase (3—HAD)S] B =+
S—acetoacetyl-CoAE 7]AZ Ag3lo} NADHS §3%
W3}LE spectrophotometer (340 nm)E o3l #ad
ozx PdojRt”

6. Western blot

2E 429 #dY (homogenates) S ©¥a g
(BCA method, BioRad) $t ¥ & @2} (50 pg)o] &
EE 3} sodium dodecyl sulphate—polyacrylamide gel
electrophoresis (SDS—PAGE, 10~12% resolving gel;
Bio—Rad Mini—Protein Electrophoresis System) 3}33ith

o Ea

1. N3, Ao X Alo|2 S

8F F [k ol AFs}ellA] F2sk A}o)7} L
Aok v u] A ARG vl AFo] BF St
HAA 1 F 258H 3BH AHE 95 = 5
2oz AAIR Al A TR A vl vl mde] v &
s AFe] ZaHUTE BEFH R ARG FdelA 7}
4 wo] AFo] FAHYT LY, EAH ARG &
o2 AFo} 74=HUe} (Table 1), Table 10 VRt A}

Table 1. Changes of body weight, food intake, and food efficiency ratio among groups

N (n=6) OB (n=6) EXE (n=6) Rho (n = 6) Rho-EXE (n = 6)
Initial body weight (g)*** 2801 + 3.7° 3384 + 81° 3390 + 66° 3421 + 37° 3434 = 4AI°
Final body weight (g)*** 369.5 +10.5° 6245 + 97° 5507 +180°  s5ggg + 94° 5232 + 7.5
Food infake (g)*** 10231 +255° 16022 +33.1° 14385 +27.4° 1497 +315° 1423 +29.7°
FER*** 0.09 + 0.02° 0.18 = 0.01° 0.15 + 0.02° 0.16 + 0.01%® 0.13 + 0.02°

Mean + SE. x++: p <. 001 of the ANOVA fest. The values with different superscripts in the same row are significantty different by Duncan’s
multiple range test. FER: (body weight gain, @)/ (food infake, @).

Table 2. Blocd insulin, HOMA, and metabolites among groups

LN (n=6) OB (n=6) EXE (n=6) Rho (n=6) Rho-EXE (n=6)
Glucose (mmol/L) NS 427 +0.18 512+ 0.33 430+ 019 453+ 020 445+ 0.30
Insulin (pmol/L) *** 7.56 = 0.55° 103.64 = 9.96° 66.20 + 10.27° 650 + 898" 6555 + 7.84°
HOMA*** 1.43 + 0.10° 23.96 + 3.46° 12.87 = 2.3¢° 1314 £ 2.39° 13.32 + 2.13°
TC (mg/dL)*** 86.50 + 6.20° 179.83 = 3.13° 120.83 = 9.48° 164.67 + 12.54° 153.00 + 10.21™
TG (mg/dL) *** 52.75 £ 4.17° 600.50 + 52.77° 298,67 + 29.63°  343.83 = 25.81° 278.83 = 38.42°
FFA (mmol/L)*** 1.04 £ 0.12° 1.86 + 0.19° 1.29 + 0.07° 1.31 = 0.10° 1.11 = 0.05°

Mean = SE. #+x: p <.001 of the ANOVA test. NS; not statistically significant ot a = 0.05. The values with different superscripts in the
same row are significantly different by Duncan’s multiple range test.
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20l SJ5jut o)g} 2L AF Aht
o w2 HoluAF Aast Holxgel
o Yehton], $43439
& wuch WIS W B
vehge,

2. g% Ol oA 1|1 R X Piell DIt

Table 2014 Bi= uls} o] 3 SF3AE AT ¢t
A A BF Jed 2 dirt 71 A Fe 3 zpelvt
veRdt) dede Al v vk ) Fd 25
A FAEHA wA JeERA T 25 243 A3 o)
g WEE 295 veRiolch €93 8% Asde) §o
2 Yojx]+= homeostasis model assesment (HOMA) =
Jed A3dE vehdl=t v ] Adke] Ak el H]
3 HOMA A7} 528k 3R 258 343
AHE 95 £ e A foleA ZasHE Aoz
veltt), s 9% QEd3 HOMA FFoM %55
At TAA 432 BEHA Aols YERER] sttt
7 2 A2 b)vk u] A gl {f203 zlelrt e
o= vepgth TCEy ST 7 W& o=z
bty TGS FFAE 25583 3743 AHE Hgst 4
ol 7 E& Ao 2 VERiith

3. DiE3CS|of Mot 24 TYE

v EFZ=glo} §491 CSs8}t S—HAD 84EE A3
o vja] virt BlRAG (OB) oA 25 F7HeE 43S B
R E3] FRAIZANA F2FE F7PF ST AT

ﬁ,,
o
lo

Ol
S
X

£5% (RHo, Rho-EXE) 9| CS%} -
a]g WA (OBl vla) 7hhml 2ol
Folahl Z7HEE BB s ZaE 2
o2 vehdth $RUWE AT PR ulw vlwAUs
MUE Aol g ol Wskth (Table 3).

4. GLUT4< SNARE SH4{& 23y

GLUT4 @i utgde] Qlojae 74 % 8] GL-
UT4 @984 S Fo8M S7H71E Aoz Yepgrh
7} 2o e 253 (EXE, Rho—EXE) RS04 1]
ok v @Akl ¥]s) GLUT4 Wd o] Z7181iy &
AN A S5 T4 AHE AT AT
GLUT4 @7 drdo] F71siivh 343k A3 A

- SollME GLUT4 @iz whado] 7l A Hilo

v AR FY4L et (Table 4, Fig. 1).
VAMP2 @82 93 e Table 4, Fig. 194 B& uke}
2ol 7 =242 BEFolA oAl Ak Thell Apo)7t Gl A
o= vl AT % F¥E 234 g3 A2
7 Ak 2ol VAMP2 @iid B8 S ta Z7M7 e 7
|= Bt BAAA FoAd-2 glditt
, syntaxind A WL 7iRpo| 2o 25T &
1HE BEA o2 $3s dellM f2lskA F7HE S
sToloIt A AFV dEAoR Jie FA &
e AR E FARE A BolY|
IR A AL odSlth SNAP23 el A
7 RfE]|2ellM 55 F 2go] f-43kAl Frkst

s
e
°
2
A

0,

=

1)

o 2
)

ol
e T O

)
o

o

o rfr
)
b

o]
RNE

Table 3. Citrate synthase and 8 -hydroxyacyl-CoA dehydrogenase activity

Tissue LN (n=¢6) OB (n=6) EXE (n=¢) Rho (n=6) Rho-EXE (n=6)
i SOL*** 29.55 + 1.75° 34.64 £ 1.75° 51.42 £ 4.53° 33.38 +1.97° 62.35 + 1.86°
CS (gmol/min/g)
EDL*** 36.15 £ 1.27° 43.28 +0.78° 36.62 £ 1.25° 49.78 £ 2.13° 3597 + 1.68°
) SoL*** 8.68 + 0.37° 10.76 + 0.54° 14.69 + 0.46° 10.69 + 0.64° 15.60 + 0.34°
B8-HAD (zmol/min/g) . a o o o
EDL*** 490 £ 0.20 8.42 £ 0.16 6.08 = 0.25 871 = 0.54 6.95 + 0.44

Mean = SE. *x*: p <.001 of the ANOVA test. The values with different superscripts in the same row are significantly different by

Duncan’s multiple range test.

Table 4. Expression of GLUT4 and SNARE proteins (arbitrary densitometry unit)

Tissue LN (n=6) OB (n=6) EXE (n=6) Rho (n=46) Rho-EXE (n=6)
GLUT4 SOL** 7.04 £ 1.05° 7.12 £1.37° 13.42 + 0.66° 11.60 + 1.13° 15.44 + 1.54°
EDL* 6.23 £ 0.77° 6.19 + 0.69° 8.07 + 1.43° 7.73 + 0.66° 11.07 + 0.86°
VAMP2 soL™ 6.23 +0.45 6.48 = 1.14 6.77 + 0.67 7.64 + 135 8.24 +1.04
EDL™ 2.84 +0.12 2.12 0.1 2,62 * 0.49 2,62 +0.71 3.05 + 0.47
) soL* 21.58 +1.17% 15.74 + 1.46° 21.12 + 1.70% 20.26 + 1.54%° 25.24 + 3.25°
Syntaxind e 223 + 0.16® 207 + 0.18° 2.23 + 0.16% 237 + 0.25° 2.88 + 0.26°
SNAP23 SOL** 9.38 + 0.76° 8.47 + 0.64° 13.53 £ 1.12° 7.58 + 0.18° 10.09 + 1.05°
EDL™ 626 +1.25 5.42 + 0.04 596 % 0.51 5.60 + 0.83 5.84 + 0.36

Mean = SE. «: p <.05, *+: p <.01 of the ANOVA test. NS; not statistically significant at a=0.05. The values with different superscripts
in the same row are significantly different by Duncan’s multiple range test.
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Fig. 1. Western blot showing the expression of GLUT4 (A), VAMP2 (B), Syntaxind (C), and SNAP23 (D) in soleus (SOL) and extensor
digitorum longus (EDL) of five groups. LN: lean control rafs, OB: obese conirol rafs, EXE: exercise-trained obese rafs. Rho: Rho-freated

obese ratfs, Rho-EXE: exercise & Rho-treated obese rats.

Aejeti Hohe st WARR] WSke} (Table 4, Fig. 1).
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FA] 25 Ro8
EZCgole] @A3E 58 ouA
7] Bop= g diil A2E B8 AF/AAY el 4
B85 o)X= Aoz Azbet

o] AT AxjolM, 72 HQI F 3fo] FAZY GLUT4
clA s Z7AT)E AR UelkT A AFE
3t Aol 9 fostA F7tksle Aol BRI v
o HZRAEY] GLUT4: F 242 Bl B7olA B4
Ay FARE Aoz yepyttt, o)7L 317} vl
A28 Gl o FAZY GLUTS FEelA 19
& AJo)7) Yidlche AFEXY I AR)EIAIRE v TtellA
F3 232U GLUT47} Zasisivhes A7 Rads kel
&, 2ol Y&l GLUT47} #stAl 571 22 Gan
#'#} Goodpaster 5772 2ol YX|FIGiT. FAAQ] &
F3o] 23l FAZoAA Q& AFo] FPddo] B
Foll A RIECET ol9} 2 el dis] 2 7HA|
A (mechanism) Q) o]&0] AA| HIEH 1 Fole
F32 #EAQ GLUT49 wale] ZFrte] 7]Qlgch
o] F2 glolSoix|m ok & AW $7}
GLUT47} gt A& AZAAE BAdste] 273
29 AZYRS 48 FIAZIHE: Aol o]RL Q)
&3 M-S FHe=d GLUTS @3d 7 ded
BFE RO 2HN o] AFATs} X8k
$HA, GLUT4 9= 23] 255387 3234 437} SN-
ARE ©hiizl o] n)3l 32 ERge ZoF ek
t}. GLUT4 = H3AIet 38 Aol AZvlel] 2 &gt
Aol oJs wEA AEE ®
FFINE FFgoEN 2FIA G
SIEE dh=tl] MEUlA AlxeoZ o] GL-
UT4 Aol #2302 SNARE @adEe] #s 3
B R0 BuHy J3* GLUTS A9 it e
B AT BRdo] Q= AR BuET Q1Y) wiEe
o} AFeME AR vnk T4 e SNARE w2l
ES vws] 21 3 AFe AR &50] olsel
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Acte] SNARE whilz] 8 ulvt vl
FEA0 2 {AstHA F7HEE Ao] A=t A+
9F S A Aol syntaxind 2
A Tk BTl SNAP23 2
FeetA F7He Ao2 Jepsdtt Rt olegh WA
e AZAFOAMT 2ASUT tSo] dad w3l
o] VR ] Gobr] 58T} 3734 457 SNARE &
WA Bl nX|E ke BEHE| Bold, uebd Qe

o

¥ YIS /X3 SNARE @) oF4 wig} Alo]e] 4
TAE Q= Z o Algd

SHH, MEAY F i IS AFE o] A7 g
2] MEY FFoA olE2 UiE B ATES
= A7E ¥ 1 sk Majer 572 Q&9 A3HAo] 9l

BTk B Zucker ratsS Ui OE ATE Aol Fd
Aol vla] plezwe] AEehY GLUT4 52
FrAFEEAF SNARE whizlel VAMP2$9} syntaxind 7} &
25kl 7150} 9l rosiglitazonedl] s dF zHo] H
) VAMP29} syntaxind7} 2-43H} 1 819311 James ¥
Fgh AlEd AFe] UE 1Y A (stroke—prone spon-
taneously hypertensive rats) 2 o2 A2 Ao)A]
d) A el vla) FA2W VAMP2$} syntaxind 7} #2435}
Al F7F=o ek Busieick v 31 02 Rk Zucker
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