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1 E. @4 SD KR4 AMPK # 3 #] AICAR, &5 KRB HILF AMPK #9750, 3%
Wt AMPK &M T AT B RIE G R G EegE R . SRR B ZH RN Z HEm LT AMPK 769 %
to; R EER K EE PCREAR, MEHEMIT MuRF1, MAFbx AR RAFe) T, LRI
AICAR Z41)5 1.2, 7h, AMPK &5t Ratast 3, 25548 25 RIEF 2HFEE L(P<0.05
2 P<0.01); AICAR Z41)5 7h, AMPK FMH A4 FH, AICAR 415 1, 2h, MAFbx mRNA

MuRF1 mRNA &k &5 xRkt 3, 4593 245, 223454 2,67, 2304, 2/ AEF R
F M &L (P<0.01); AICAR 415 7h, MuRF1 mRNA 2 &5 7 2.01 4%, ZFARHFHEL
(P<0.05); 7@ MAFbx mRNA %A A A G4 H, (22 F%AF BH K, 3-MH R85 RKE LR £
FEABERETL, SR (HKRR—KEESH AICAR &, LR EFRZHFHIFT AMPK #97E
M, AMPK &M 697t Z 484 MAFbx mRNA #» MuRF1 mRNA &) & A, 18t B R#ILE & R o) %
fif s (2)HE] e R me B RS LA & J & R 7 @1, MAFbx mRNA #= MuRF1 mRNA ¥ 3-MH #4942 % %
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Effects of AMPK activation on the expression of MAFbx mRNA and
MuRF1 mRNA and 3-MH content in skeletal muscles
MA Yan-chao', ZHU Rong”, XU Shou-sheng’, WANG Rui-yuan’
(1.School of Physical Education, Luoyang Normal University, Luoyang 471022, China; 2.Wenzhou Medical
College, Wenzhou 325035, China; 3.Beijing Sport University, Beijing 100084, China)

Abstract: By injecting AICAR, an AMPK excitant, into SD rats to boost the activity of AMPK in the skeletal mus-
cles of the rats, the authors probed into the effects of AMPK activity changes on the degradation of proteins in
skeletal muscles. The authors measured the changes of the AMPK activity in gastrocnemius by using isotope tech-
nology, and measured the changes of the level of expression of genes MuRF1 and MAFbx in gastrocnemius by us-
ing real time fluorescence quantification PCR technology. Results: 1 h, 2 h and 7 h after AICAR was injected, the
AMPK activity increased as compared with the control group, and the differences were significant or very signifi-
cant (P<0.05 or P<0.01), and 7 h after AICAR was injected, the AMPK activity started to decrease; 1 h and 2 h after
AICAR was injected, the levels of expression of MAFbx mRNA and MuRF1 mRNA increased respectively by 2.45

times, 2.23 times and 2.67 times, 2.30 times as compared with the control group, and the differences were very sig-
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nificant (P<0.01); 7 h after AICAR was injected, the level of expression of MuRF1 mRNA increased by 2.01 times,

and the difference was significant (P<0.05), while the level of expression of MAFbx mRNA increased somewhat,

but the difference was not significant; there was no significant difference in the 3-MH content between various

groups. The results indicated the followings: 1) after AICAR was injected into the rats once, it can significantly in-

crease the activity of AMPK in skeletal muscles, while the increase of the AMPK activity can boost the expression

of MAFbx mRNA and MuRF1 mRNA and the degradation of proteins in skeletal muscles; 2) the authors conjec-

tured that in terms of reflecting the degradation of proteins in skeletal muscles, MAFbx mRNA and MuRF1 mRNA

are more sensitive than 3-MH.
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iR 1 B2 W 4k 85 1 B B (AMP-activated protein
kinase, AMPK)/E ELRZ AN ] 2 AE0E , J8 22 AR
/ INERFRE IS - 2005 4F Thomson"WFFEHE AMPK
FRESD R E LR A BT A R, HER T AR R BRI AL
AER RSt 4, A TR (R BRIL IR AE R
pukzS:1ltiE-ga St =7 I BN R TA il R
WLH AMPK JEVE ST A0 5 R VIS LT 4 fifi 4 A 08 5
KIEKRAELBA ZE 5, N AMPK BTE M A 22
5o WFREHE NI 1 B AMPK 15 PERY T 5 T RE 2
T8 PR LR AR el 555 1% i A

T EEABKRS R A FE N E A TSR
4, XTSRRI Eos . LRSS, 2
FHEAMAERG LA R TE# . Muscle Ring Finger
I(MuRF1) F1 Atrophy F-box(MAFbx tiFRA Atrogin-1)
¥ilg Tz 2| EER, 2HITEN S E8IE A
T AR e R BN B VIZ R R . AR
W] MuRF1 Fl MAFbx XA B #ENLh L, TENLA AL
Forf Rt A s MuRF1 1 MAFbx ks, Haj
WFFEIAN MuRF1 Al MAFbx 2B % ILEE 1 R A (0 b
Ao M ARG AR Ab AT S i B LR 1 5 A e i
T

3—H 4] %R (3-methylhistidine, 3-MH)J&—F{#
AR, FEAAE T amILeILshE B ALEEE B
WA 91.1%), JEHZAFRTEIE M 2 BE-tRNA 5 k4
HEALI P, HAE A B G RY 3-MH, A
REVE R (RNA APt s &2 R & ORIV
s aHEt . L, M 3-MH BB A )42 S
WA 42 R, B R B LEE B B oA
RO RAFFEAR" ", 3-MH HEH I 2 £ 2L F4M
YGRS L. A HCETER R N B L, g
F| 3-MH & HTHE, 2008 AR D RN ZE
girh, KRR NAHLRIBTSER) 3-MH &2
449",

Hilizshid e, AMPK W& R TS, GEM
HIEAERA R, T AMPK JG T st E-a5 L

E R BIERIITTRD, 2007 A HGE ] 528 Jipkms
—4-F A% R (S
ribonucleoside, AICAR)ZMFE C2C12 LA, WAL F|FET
H 3-MH 4 T+ Ml MAFbx mRNA . MuRF1 mRNA
YK, I AMPK 3R 1T c2C12 WLAE LT 4
FERIREREY, HRT, BB WEER B R4 i
S AICAR, DRI AMPK 6 P78 b Xt - % LR 11 B f
RIS . ASBFFEAR R B — IR MRS AMPK S
7 AICAR, $&& 8 ULH AMPK 364, SR RHE
WLHT MuRF1 . MAFhx J K 335 8 1 3-MH & & 19281k,
PRIT AMPK 6 P T+ i 6 BB LAR 1 B R /R T, LA
JHET MuRF1, MAFbx JEPR 63k 5f1 3-MH & #1762
B LR 1 B e rh 0 22 5

—aminoimidazole—4—carboxamide

1 HRS5AEE
1.1 SR

8 JElUR MR MEYE SD K (SPF 2%, 1FATIES
SCXK(5%)2007-0001, sh¥4'5: 0068277), WFIbiT
@ R LSRN HARG R T, /KE 180~200 g, it
B SR, W23 £2)°C, FIXHEEE (65 + 5)%, &
ARG ASEE ) 12 0/12h, 564 B, ARKES
ROK (G - b S 2 3 ) A 52 56 3 ) 4 AR A R 2
Al)o
1.2 ESAE

REE#AFE 3 d, DEENFIAEE, 24 RS
NAad, B 6 N, MK EIHZE B 53
AICAR VESTE 1h 41(A1), AICAR VESHE 2h 4(A2).
AICAR {55 7 h 41(A3). ABHE/KXTHRAL(C2), C2.
AL, A2, A3 HREBYAESMH(200.4 + 8.0), (200.0
+11.0).(200.0 £ 9.0).(198.3 + 9.0) g. TESTZH LA 0.5 mg/g
FIEAE R UG R BESMU B N — R PSS AICAR %
WA 75 mg/mL, 7€ 37 CAKETHfE), EH
RSB, . I [R] AICAR,
1.3 #mbl&E

KEGHHIT AICAR S5 1.2, 7 h B[R] SR EE
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FAR AL 2% S0 L2 4RI s T R, T 7
4 0.002 5 mL/g, 5 EShPKEUNIG , 2R A R
JEWLP, BREERALL . AL, HSacmer, #A
WRARAT UM 58 UG RS A 5578 22 — 80 “CUKA IR
e

1.4 3-BRELETERNE

%ﬁﬁl{&ﬂ‘ﬁﬁlﬁf(hlgh performance liquid chromatog—
raphy, HPLC)KZI & L 3- 1 320 2R 3-MH) & &,

DULAZH SRR

FREL 50 mg Z2 A WIBERA LS, INAZIA 500w L
TR E AR (i 450 3.0%)8 1.5 mL B0
P, R RL B G BT R, K R AT 3K (32 000
r/min)10 s, 14 000 g, 4°CHE.L> 25 min, PUREHEM, #
W RV, RIS — BB 5.

RERIRTAE

50 wl FIEWRE 1.5 mL B0, A 125
w L 0.2 mmol/L B AN (SRl 0.2 mmol/L iR, FHA
SAALER pH IR 2 12.2), TEiRY, ZEIA 125
p L CRE(EDOEHE 1.6 /LIRS, #E 5SminJ5, fIA
B MO T0% AR 18 wL, MEEOE, 80 C
KB 1 he BHEZRE, MABHAF 3 mol/L 1
NaOH(MOPS & 0.5 mol/L) 50 wL, flirAi pH
1 6.0 ZiAi, B EHLAES . K,

K)JaiNr 2 S L

TLSIAHR A 10 mmol/L BEFRENZE il , 2% i
A CHECRPh CRERFR 0k 30%, pH 7.5),
SRR, I 1.0 mL/min, BEEER 100w L, £8 Zorbarx
SB-C18 #:(4.6 min x 150 mm, 5 pm, G )/ E,
YOI IINE K o #% 365 nm/&Hf 460 nm
Kot AR R, TR NGB, BRI
JEAE

4) oo

3-MH A9 A [A] 202 5.2 min.

S)ha i i R ATAG IV P

Beil 3-MH FRiER IR 3510 2.5, 5.0, 7.5,
10.0. 15.0 pmol/mL, FEHEMACET M TINE . F]
FH 3-MH ARSI R (o mol/mL)5 4% [ %R (1)
U AT RS, @i E R A
RS R 3-MH Y&

1.5  AMPK JEMEBIME £

1)AMPK AY$ZEL .

BE-T0CHAFRY B BN A OB R . 29K
FREL 100 mg SJHAEN, AT S 1.2 mL,
R U RN BTRE R 3 Uk, RRIR 3's, [HIRR 6 (ki FE
FERR UK s BERRSS | ST R RE LA A TS B 08

T 4°C. 48 000 g Z5F T 50> 30 min; W BV,
B mL EHWPIIABEECN 280 wg (NH.)SO.,
VKIS FART% 30 ming 4°C . 48 000 g 44 T B5.0> 30 min;
F5 FTE, FULEE A TARE L 2R R (T AR TR R Y
1/10), RETTE ; T 4°C . 48 000 g 454 T 5.0 30 min,
Wt EIEWCE T -710°CI-A745

2)AMPK THHERIINAE .

W AMPK i R &% M K K W
SAMS(HMRSAMSGLHLVKRR) i FR 1k () J5 2, DA
—32P]ATP A Ay B AL (ARSI il g 3 1

EP &N AMPK SR 2R 10 wL. JEY
SAMS JK#E 10 wL@2 w M/ LHI[ v -32P]ATP IR &K
10 wLO.5 wei/pwL), 30°C/K¥ 5 min, BUE, A
AMPK #ESL R 10 wL, 30 C/KIA 15 min, W4
F5, WL 30 w L N T Whatman P81 JE4T
(lem’) b, FRIEACTHS , BA 500 mL BT 53450h 1%
BERR SR 3 WK, BHK 5 min, SR UEACEL NG
200 mL PN B RS SR ML EEYE 5 min,

AR TS, A C 45 BN, A 5 mL
NIRRT, S EIFH PACKARD TRI-CARB 2000CA %3 [A]
THES 5 TR B R AT B, RDAS ot %5 B (AMPK
R R A A i 22 IR RSN y —32P]ATP X iE
([ y -32PJATP R AW AN vy -32PJATP /Y ATP
W), #AER L

AMPK &350 30°CEAFT, A434K 1 nmol
WS A SAMS FURGERD 1 ASBALIEES . AMPK 375
PR B CPM 3 A28 FIXTHIR CPM 2Rk
PL 1 nmol B CPM IR, FHBR LUEE St BB 1Y 26 1 25

5 S IR, TR AR PR I
ST Hf

1.6 FAXRRNE SRS &M AN E M

AL MAFbx %0 MuRF1 EE[E B 3Rk

DRNA F4HU 50

JH Trizol & RNA 2B G AL U WLH 7 &
RNA, 7ERHGIFEH, AT DNA [, L11EBRE
RNA "' DNA 2205, {F40F RNA U4 SIS R,
U1 L BEEUW R RNA, AR MR B I e (X (R ),
Ay BISE R KR 260 F1 280 nm HIMOGHEE(E, THA
Asol Ao FIE,  DISETEPTHEEUR) RNA RO4ERE, &1
Asool Ao (HHFTE 1.9 LAEZEAT, AT TR LT RNA #5
afi, "IN,

P

K HI TOYOBO 2\ Rl i SO sfidfl & . 78 0.2
mL B0 HIA 5 x RTbuffer 4 L. 10 mmol/L ANTP
Mixture 2 L. RNase inhibitor 1 w L. Oligo(dT)1 pL,
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Reverse Tra Ace 1 pL. 1 pg RNA.7~14 L), N
IKRZE 20 p Lo WRBERS], RIGESC, 42 CHFE 30 min,
85 CAM: Smin, 4 CEEF 5 min, RIGHFEFEY),
-20 CHRAFFF.

3) MO RE RS WU

SEMPOLE R A BN Y 25 F: 7E 0.2 mL
BAETAIA cDNA0S wL, FTRIESIE 05 nl,
K85 wL, 94 CHIHVEM 4 min, 94 CAPE 20 s,
62 CiIBK 20s, 72 CHEMH 105, 1T 40 DMEH, K
UAEFR 72 CHEMH 5 min, 4 CIRAF 5 min,MAFbx 75 bp
(GeneBank accession AY059628, 5° TCC TGG ATT CCA
GAA GATTCA AC 3,5 TCA GGG ATG TGA GCT GTG
ACT T 3°); MuRF1 167 bp(GeneBank accession
Ay059627, 5> ACA ACCTCT GCC GGA AGTGT 3’, 5°
CCG CGG TTG GTC CAG TAG 3°); GAPDH 177
bp(GeneBank accession BCO59110, 5’gga tge agg gat gat
gtt ¢ 37, 5’tge ace acc aac tge tta 3),
1.7 GgitFaeE

BRI R« FREZEROR, R SPSS et HifF
LA TR TT 225307 LA P<0.05 FoR 225 351k
KF, LA P<0.01 FonZe A s,

2 ZFERESH
2.1 AICAR —XHiE 5T /5 &4H AWPK JE Tk

AICAR 155, C2. AL, A2, A3 4" AMPK
TPEZR2(0.34 £ 0.16) . (0.89 +0.14), (0.98 +0.21),
(0.58 +0.22) nmol/(g * min), AMPK 35 4= FHER /K X}
TEAAEE TR, A1, A3 4 S5XHRA KA RE
P (P<0.05), A2 A S5XFHE 2 A AR B TR
S(P<0.01), AICAR 355 7 h, AMPK iG I 44 FF%,
BT i %o RE AL
2.2 AICAR —R'HE5 /5 %40 MuRF1 mRNA. MAFbx

mRNA FRiXE T 1k

A PER KRR L, AICAR {515 1. 2h,
MAFbx mRNA Kk T}E(2.45 £ 0.80), (2.23 £0.59)
15, ZSAARH B EER X (P<0.01), AICAR TF5HE 7
h, FFE(1.46 £ 0.65)f%, (H2E5 WA WEMHE L,

S K B LA, AICAR VRS 1. 2 h,
MuRF1 mRNA Fiki55IF4E(2.67 £ 0.64), (2.30 +
0.30)f%, 2ZAARH B X (P<0.01); AICAR I
U5 7 h, MuRF1 mRNA FikET1E5(2.01 + 0.69)f%,
25 B EER (%0.05),

2.3 AICAR —XMF/EE4E 3-WH REBE/RIREH
Tk

S E KX R b, ST AICAR 5, &4

3-MH [k EA FREESE, C2. AL, A2, A3 4t
3-MH Y E /R 732 . (0.53 £0.12), (0.40 +
0.20). (0.32+0.18), (0.42 +0.21) wmol/mg, {HIEZE5R:
WA W E TR L(P0.05),

3 ihig

AICAR J& HETW HEZ 1) AMPK S5, &2
R, JFAANRS ZERR ATl 0 /E T 64k
ﬁ@i@ﬁﬁﬁ@—aminoimidazole—4—carb0xamide—l—D—
ribofuranosyl-5-monophosphate, ZMP), ZMP J& AMP
I, © RS ARG AMPK A1 I Ji# il
AMPKK(AMPK kinases), J&i# 4kimiii% AMPK.

AICAR J& AMPK HYA RIS, X 24P KA 5L
B PTuEsE" B AR S B R B ST AICAR J5 1.
2. 7h, AMPK /&M ET R, fEHZ)E 7 h, AMPK
THPETT 4R R R, ULWATEST AICAR J&, 27t T AMPK
MR T, UEBHEE RS SRR ), R AR

MuRF1 F1 MAFbx ¥JJ@ Tz ZHE EHRM, F%
TEE ARG, JE B AT R BN S5 B WUE A 5o
R R B VI ZEEREM, TIIRARN
Tl v S WS LR 1A SR A R . 7 FRAE R AE il 3
FERZ | JEER . DU SR BB PR G . I |
BEAE) S E O T 5 B LA B b, MuRFL
MAFbx FAmHPIRIEE"", SARE MuRF1 5
MAFbx PSR /N, RIAIBRIES, {H 2 F/h
FRAE P2 0 B BT, a4
2, Sk BUEANH] MuRF1 5 MAFbx B[R 19555,
AR S LR 2245 2 5 | S LR 2545

AHIESE 7R, AICAR {155 1.2 h, MAFbx mRNA |
MuRF1 mRNA FikiFte, Z5AAE% BEEE X
(P<0.01); AICAR 71:4})5 7h, MuRF1 mRNA FiA& Tt
B, S BETEE X (P<0.05), T MAFbx mRNA %
ERAETEER, AEFEAREEEL., X5
Nakashima™ [ WF 524510 40— 2, HI AICAR H4))5
MAFbx mRNA #l MuRF1 mRNA k&I, 4B
WMEEH]: AICAR FESHE , A8 A AMPK iEH:THE 5
MAFbx mRNA il MuRF1 mRNA &ik 8T+ 728 kit
PAH—Z, HEW AMPK 3EPETHR, ATRBIEE T MAFbx
mRNA I MuRF1 mRNA F)33k, fedt T8 WL F %
R B it

3-H R AR 3-MH) HAEE T4, L
YR A RS, RO 3-H A AR A RS
AR A I, SO i T TR S LT 4 2 T 1Y)
WEff. (EAMIT . B . BROFEENIIE LT, 3-MH HEH
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Wiz, WOPEBE 2R B R RN E R L I AR A L2 2
3-MH (& it, DURHI B LR s R g Ol . AR
EARTEREIR A B 3-MH & & B2 THE",
AT MEEE K RIES AICAR J5, B8 AL+
3-MH EAFE, HA RS, AR50 D3
Y, X5 Nakashima® i858 2—3, HH AICAR
AbBE C2C12 (VA , MEREFE P 3-MH ¥7H R, W5
H N AMPK 3 AL T C2C12 WU P ST 448 1
FRIREAf o ARBIFSE A ATCAR B33 581 K SRR R S ML
A, W23 AICAR VESHE K EUHE L 3-MH 34 22
fbo FATAN: AICAR {ESE, 3-MH %A Tl HE
BRI . (1) B AT 3-MH 2 J7 s 0 BUSE T R
o, TR AR, 3-MH AR (B ANRE
PEAGIE] . 2009 4F Hansen Z5P4R3E , 2 #3647 210
Wi B KB DAz g, —4MBH R, J—5%
R R pt shiz oy, SRS [ J sh R L]
Birh 3-MH =75z 5 R0 20386 I ARk, (E e
PRIz 20 5 B 20 BB L] B b 3-MH 2 L 1 [z Sk
TR . DA R RS AR T LY
Jaidls, % R LR S AR, it 1 S BhAIL
WX BB WLVE I E 3SR 0 . ZREM, T REXT Bk L
BB A A, T AT AR S B LY 3-MH &
HI7EAL, 2008 4E, Vary ZEEWFFEiEHs rh B
TR AR R A, WEEX 3] MAFbx mRNA il
MuRFImRNA FEH AR, HIBAWEEE] 3-MH
AR, FFEAXE3hE 6 h N, BRI A%
fif ) —LEf s, WA SR BB 3-MH YR
6 UL LA TR A O, AT R LER
FEEEALR 3-MH =3 AWFFAER— P
AICAR #2755 AMPK {5 5585 L UM A 11y
SR HUAR LY, Ao BB LA P TR A VR AT g
EEGUE R DUGIANE] 3-MH 7281k, QFERA LR
MV AEER AT RE A 52 e - AL 3-MH U Y ) — A
FLF N . Nakashima® B 78 25 MELE] c2C12 ALE
3-MH #F45, WREZ M TR MM ENE c2C12 AL
B, NEEMBAEAMER, AR RS, L
3-MH MHERRATRER Z, (TR, ABFR A EHE
HHSHUEA, BN 3-MH 0] BERE M RE IR
B, sl AR 3-MH &0, B AIASHES A
I 15 L 3-MH i AR 4k , ARt sk o 3-MH
MR AT RE TR o ASIFSE A ARSI R BRI sl PR
3-MH &, FrLAARERfE AICAR )5, Bl
3-MH 9781k, X —IK AICAR {5 )5 e i
WLH 3-MH 2 id Fs 2 — 2 e
ARHFFEMELF MAFbx mRNA . MuRF1 mRNA %34

TEE AICAR VESE 3 7 11 3-MH s 51047 A2 1k,
4548 Vary HIBFFE A 3] MAFbx mRNA \MuRF1 mRNA
kBT, 3-MH @Ak, TEE KL R
BRULE R % )7 1, MuRF1 mRNA ., MAFbx mRNA
Fk 5 3-MH B A—8, s AT S Bk
WL [ B M%7 T MuRF1 mRNA . MAFbx mRNA It
3-MH W] REFEHURE, D EAR LT 3-MH 93 S e
VR SRR ) R T B e — 20 e 3, S L
S )RR AR I YR B S o 285 SR A s

B2, AN KR — K TS AICAR J&, 6

PR AL AMPK 89351, AMPK J5HEAG T
5 X AEfEE MAFbx mRNA Fll MuRF1 mRNA fJZik,
AR B LR 105 A AR A
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