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1 B AR —RKBEGM HiEFHid 2P, AMPK EH A B BIVE & &G ER .,
¥ 36 X SD K R#tAT— KR EES, IKE 5%, EFHEE 25 m/min, EFHATE] 60 min, A AIE
AT, B3 05, 1h, B35 1. 2. 6hF 6 ANE, 2R Zz0ksg & 502 AMP, ATP % /Z
RIJE; AR EH AN ZHEBILE AMPK & Hag TA; £JA % %78 PCR # A, MZHH
LP MuRF1, MAFbx AR AKX Fay T4, 4RAIH: (1)i23) 0.5 hFiEFE %], AMP RE/E
RKER AMP 5 ATP & B Rk E WAL 3 (P<0.05), 15355 1, 2. 6 h4L, HEAL AMP R &
JERREH AMP., ATP i3 /2 RIR VAL B4 0b8k £ 7R 250 ATP RSB/ RRELA
THARK, ZFEARFR, QAMPK FHEIZEZF 05 h G443, B9/E2 hkFRG, &
) 6h 46 THAZEZ T, 3)5 ZH4kE, i53) 0.5h 41, i53) 1 h 41 MuRF1 mRNA |
MAFbx mRNA %A & £ 7450 %3 MH; i£3)/5 1 h, 2 h 41 MuRFI mRNA, MAFbx mRNA % ik
T EHEEI S, EFAEFTEEMRP<0.01), 23FE 1.98, 3.57 = 1.95, 2.55 4%; iEFH)
J& 6h 41 MuRF1 mRNA. MAFbx mRNA A %5 Z#4Li I3, 2448 2 EMH(P<0.05), &%
B —RMRIREA HiEFH)E 1~6 h, ﬂ’%’%mié/ﬁﬁkﬁm‘ﬁg@f;ﬁ H R B THZ AMPK &1L,
{2 MAFbx mRNA, MuRF1 mRNA & B &k, 123t B8R G o) G,
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Effects of one time high intensity endurance exercising on the degradation of
skeletal muscle protein and changes of AMPK activity in rats
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Abstract: The authors probed into functions played by changes of AMPK activity in the degradation of skeleton
muscle protein during one time high intensity endurance exercising. Method: let 36 SD rats do a one time treadmill
exercise at a slope of 5%, an exercise intensity of 25 m/min, and an exercise time of 60min. Sampling times were
before exercising, after 0.5h and 1h of exercising, 1 h, 2 h and 6 h after exercising. The authors measured AMP and
ATP molalities by using high efficiency liquid chromatography, changes of AMPK activity in gastrocnemius mus-
cle by using isotope technology, and changes of MuRF1 and MAFbx gene expressions in gastrocnemius muscle
by using fluorescence quantification PCR technology. Results: 1) from the moment after 0.5 h of exercising to the

movement immediately after exercising, AMP molality and the ratio of AMP molality to ATP molality increased
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(P<0.05); there was no significant difference in AMP molality and the ratio of AMP molality to ATP molality in
gastrocnemius muscle between 1 h, 2 h and 6h after exercising groups and the calm group; there was no significant
change or difference in ATP molality between various groups; 2) AMPK activity started to increase after 1.5 h of
exercising, reached its peak at 2 h after exercising, started to lower at 6 h after exercising but was still higher than
that of rats in the control group; 3) there was no significant difference in MuRF1 mRNA and MAFbx mRNA ex-
pression volumes between after 0.5h and 1h of exercising groups and the calm group; compared with those of rats in
the calm group, MuRF1 mRNA and MAFbx mRNA expression volumes of rats in 1h and 2 h after exercising groups
increased by 1.98 times, 3.57 times and 1.95 times 2.55 times respectively, and the differences were very significant
(P<0.01); compared with those of rats in the calm group, MuRF1 mRNA and MAFbxmRNA expression volumes
of rats in the 6h after exercising group increased, and the differences were significant (P<0.05). The results indicate
that in 1-6 h after one time high intensity endurance exercising, the degradation of skeletal muscle protein may be

intensified, possibly by MAFbx mRNA and MuRF1 mRNA gene expressions promoted by AMPK activation.
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ZREEABKERG R A FENEATEM R
g, XShnnptaRigEE s . ENRZES RS, 2
FHEAMAERG AR FPEM# . Muscle Ring Finger
1(MuRF1)H1 Atrophy F-box(MAFbx %4 Atrogin—1)13
B TR EEER, 2 ERTRIMN S E RIS
SHRACHOC R B VI NZ R S . A HGETE
B 2 R YU LG R 0 OB PRI
g . MEERAE) T, A S NLZE R BRI MuRFL .
MAFbx FiAmHPI I, HATMRIAH MuRF1
I MAFbx 2B #% LR BT 3 0 b s o D L3RGk
B AR A AT Sz Bl L 1 B P R A A 0

iR 1 R W Ak 85 1 P B (AMP-activated protein
kinase, AMPK)/E B AN ] 2 AE0E , JE LA TR
1R AR UG . - Es L AMP & & T 2 A i
AMPK BUERFER R AHGEYUATESR A . S L
DA R e 2 A L T 0 I L 30 W A M b
AMPK, HJFFLZH T T AMP && . AMP 5
ATP [ LM, f23E T AMPK RS . & T8 3% AMP
TR, AR RS I SR RN, AMP
5 ATP [fH S P E ETHEHY,

2005 4, Thomson" W5 41 AMPK W] G4l 13-4
WU BT, R AR K BRI AR R B S 5
X, HATHUORIB R R BRI IR, Mg RIS
SRR, KBRS e bl 2 F 1%, PRl AMPK
TEPERCIG AN s R B WA 4ERE G AR S R, AERTE
WA 2R, MBI AMPK fiEHm A 255 . BT
R AEIE I 8 AMPK 8 1 () 7 1] g i PR LA
KPR BEYRk 55 1 S PR o TS WS 1) it o AP0 4 R R BR
PR BLREZ TR, N AMPK A] BEA 91 & A
FA R, s A R i A R

HIGETEE s R, AMPK W1 W T e, fiE

MEARA AR, T AMPK (&M et i
WUEE R R OB 8/0, 2007 AEARGET] S-2 350k
W4 H B FR(S  —aminoimidazole—4—carboxamide
ribonucleoside, AICAR)ZLHE C2C12 WIS, WIELH| 3L
H 3—FH 320 22 (3—methylhistidine , 3-MH) & T 5 Al
MAFbx mRNA ., MuRF1 mRNA ik, 3-MH J&—F
oA AR, FEAETEHRI L) & ARG
(29 91.1%), R 8 A o A R e s i 74
M5 3-MH RSB 1T ()42 s LT 24 2 1 A R
KL, BFFEE I AMPK JEAERIEL T C2C12 AL AL
PR AR, BT, BB IR — R KR i
it , AMPK 36 MR s B B LA 1 T R
58 ARWFRAR R R T — UM KR EE it 7732 3))
BEAL, 0 AMPK 3EHER AL, LS K SUHERA AL
H MuRF1, MAFbx SRR IAF ARG, HRTTE—ICR
SR Sz shid firh, AMPK X% LA 1 5 A
YEM.
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T Sprague—Dawley N ﬁ(SPF ?,&), 8 JE, A
190~220 g, Wbt 4 A AL S8 sh R A IR
Hl, Y SR A ST R S Y AR A B £ 2% 51
SR, AR BRI R E R 3l S LE T
17 o BRBE BRI , IR (23 = 2)°C, AEXHIEEE (65 = 5)%,
R WIRG SRR 12 he B8 4 2, HHIRE 5K
Ko
1.2 =54

36 AR 64, 6 N, LHHnFE3 d,
LU RBTAEE . Bl Eshib i 3 d(3% 1 X 10 min, 10
m/min; %5 2 K 15 min, 10 m/min, %% 3 X 15 min, 15
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m/min), RE 1 d, SR AT — IR MEIGREET 77123025
m/min, 5%¥JE), BREFAZS, i28) 05 h 4liz
FIEHEA 0.5 h 4k, HedUEshrtalh 1 h, RIGshY
18 B S A RO B[R] 532 R - &288(C) . 32301 0.5 h(T)).,
123 1 h(Ty), 8315 1 W(Ty)., 8305 2h(Ty). B35 6
h(Ts).
1.3 HREE

M S G LA IO, REFRES, MRS
O 2% 50 ZAR (SR 100 g /KH 0.25 mL)
JLFES TSR PR, R s BKIBUML S, T A A AL
FUHEIZ AL, AR R IR IRAT o BUb 58 U HEFR A
R -80 CUKFERAT, T,

2 FE
2.1 BB AMP. ATP [REEE/RIREBINE

i FH 125 250 A 235 5 (High  performance Liquid
Chromatography, HPLC){WJ;HE AMP  ATP i BE IR E

FEAHTAREE : R FRPRREUNLZEESY 50 mg, H
IRELBTBTRAE , A 0.5 mL BT 4344 0.9%NaCl 78 (1
£ 0.5 mmol/L EDTA-2Na)F1 0.5 mL AF/3%4 3% HCLO,
W, PRSI VR ST . 21K, 4 CRUTER
H @& AT 10 min), 3 000 /min, 4 °C, Bl
10 min, HUEIEW 0.5 mL, JIA T 5040 20% KOH #%
W 40 L, 4°C#+E 30 min, 11 000 t/min, 5 min B5.0>,
B 200 wl, —80 CARAFFRRM,

SIRTARAE: RSO % (Y (Agilent 1100 series,
8 Agilent AH]), 5pum, 150 A FZAHA:(4.6 mm x 150
mm) cat.NO: Vs951505-0, it shiAH B ZZ ih il (50

mmo1/L KH.PO) . FEEEFNES F X0 A BIRA W (W5 R
BRZE wIR N BERORRREL A 76 ¢ 24, IRATRT X
A A FUHEE N 5 mmol/L, )5 pH & 5.8), %1t
PEME, A 1 mL/min, K24 259 nm AR 20 °C,
HERERE 20 pLo MR EARIE v B AHAR B A R 23 T AR
el AR Eh 2, PERIEPREMNZ, TR S MR
14 o i PR R VAR
2.2 AWPK JEMERYIE A%

T 527 SCHR8]IRL
2.3 FEETRAEER PCR AN EMERAAL MAFbx F0

MuRF1 EFE FRiX

T 557 SCHR8]IRL
2.4 Gtk

BAm I = ArifEZEFOR, RAT SPSS Sei it
FHEATRAIN BT 220007 - LA P<0.05 FoR 225934 &1
K, DL P<0.01 Fon 22w AR B

3 HERE5N
31 —RKBEMNEHEE AW REERKER
AMP 5 ATP [REEE/RIRE LLERI T

S R, 30 0.5 h HALEZN 1 h AR EE
AL AMP J5i 2 BE IRV FE K AMP 5 ATP Jii it JBE SR MR
Pl T s, 225908 BEE(P<0.05), B35 1, 2, 6 h
A, ML AMP BTt /R BE 2 AMP 5 ATP i it
IRVREE LB 5 S i L 25 S 0 e ATP it
JEE IR MR FE A 22 F AT . AMP. ATP JTitEE /R
WSS R 1,

£ REAFWIIEE AW, ATP REEE/RIRER AW 5 ATP REERRELE (x£s) TR

28 3 H(AMP)/(nmol'mg™) b(ATP)/(nmol-mg™) b(AMP)/b(ATP)
C 53.64+5.91 252.76+11.79 0.2120.05
T, 77.05+9.57" 239.56+11.63 0.32+0.09"
T, 71.27+2.23Y 245.89+38.80 0.29+0.03"
Ts 61.01£14.30 261.09+25.18 0.23+0.03
T, 54.14+4.57 308.094+29.40 0.1840.05
Ts 52.48+11.38 301.33+47.80 0.17+0.07

)5 G #kdz, P<0.05

3.2 —RKBEMNIENELE AWPK JF IR T L
52284 AMPK 35 1E(1.86 + 0.27) nmol * g+ min™'
AL, 28454l AMPK i PETHR, 250 W tkadE
M (P<0.05 5] P<0.01), Hiz 35 1 h 43k 35,
iZ3lf5 6 h 41 AMPK I§HETFIR T %, 12381 0.5h, 850
Lh, i35 1h, 8315 2h, i83))5 5h i AMPK 1%
PEAFHIH(3.65 + 0.22) ., (5.19 £ 0.87) . (5.90 + 0.62), (5.84

+0.60), (5.24+0.80) nmol * g * min™', &3 0.5h, iz
B 1h, B35 ShEZRARENE, B35 1. 2hER
AARE B EN,
3.3 —RKEEMNIZENEZLH MURFImRNA FA MAFbx
mRNA FTiXE T
Se#ndAARL, 535 0.5h, 1 h 21 MuRF1 mRNA .
MAFbx mRNA ik 22 %A WM, E3F2hd
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MuRF1 mRNA ., MAFbx mRNA ik 5484 i,
EZRAEAER BEMP<0.01), 435975 1.89, 3.57 I
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4 m/e
4.1 RKBEM NIZaEE AWP RE
AMP 5 ATP LE{EL#N AMPK ;ETEARSZE 1L
HE AR FLS S, ATP B R RNAE, FH HL
AMP KE 74, AMP 5 ATP AR THE S50 AMPK (4
WG o A OB RBEE 12 SR YN, AMP 5 ATP
AR S 0 st b THE A AR5 R FH — U P i R T
F1isEh, MEEREE 0.5 h HALEE 1 h 4K EMHzIL
AMP RS /R Ko AMP 5 ATP (- 5 24 A He
THE, Z5A BEMP<0.05), B35 1. 2. 6h4,
JHERZ Il AMP Joit £ B8 JR VR FE S AMP 5 ATP LU {5 &

BEIR KIS

R A e ATP Fiih B R Uk B il
Fefs, 258 BEEOLE 1) AR EERE G
S5 R, AMP B BE RV S AMP 55 ATP
FofE2: A B3, UiiZ e AMP THBRECH, TKIE
EHGE R Z G R %] AMP &, AMP 5 ATP
FUAE 522 LUt T, 18 3015 1.6 h 4L, AMP,
AMP 5 ATP {545 s 5 Wk, 54
WFFTLERAN—2L, LA S,

'ﬁtc*%éﬂﬂﬂ I, iZEh4&2H AMPK T1ET i, ZE5A
AR B TE(<0.05 5 <0.01), Hizzhjs 1 h
HIRFN R, mij 6 h 41 AMPK {f 4G F e, 45
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B AU E i) AMP T HEEE R MR BE S AMP 5 ATP HfiE
FEE BT i E T, AN AMP it EE IRV B
AMP 5 ATP fE TR nTREXHEHE AMPK #4076 HA &
TR, R EEE] AMPK AOTE P EAT SER 1, Mis
B AMP JF SRS S AMP 55 ATP FU{EFEARHT,
AMPK IE AR THR7KF, 5 AMP [T EE R R
K AMP 5 ATP HAHAEMA—E, ARIFFEMELH]Z )
J& 6 h, AMPK {&G AR = T 2704, ZMFR A5 A 5k
FEAE R RARTR, HAF s MR 3]z sh 5 B %] AMPK
TR ETE, B35 | hIKE S EHKFE ., BFRss
RARFETTRE SN S . iz s A RIA G, 7K1
SR GOE ML AL, A BIFFE R S e AL
FILT AL B iGE S shRE i T e AL H
L AMPK FOBERRAL , MR AMPK fOBERR 1L
Fhim" " AMPK B R fb /2 S Bt AMPK 3 14 () — N84,
AMPK BERRAESE TN, FEMEIGR . AU R
WL E LA, PP a e IlS BT R, TR
AMPK i £k 45 22 B[] S8 4 Y D PR o G 5 O 458 %)
AMPK {EHTEIZ 35 BV 255, 7Ei83h)a 1 h Pk )
LK, WUt AMPK 3SR E 508, SAHF5E 0
F2%| AMPK M HA 1R M HAT — 2k
4.2 —RKBEMNIEFNELE MAFox mRNA. MuRF1
mRNA FRi% 2 & AMPK SEEA TS 4L

MuRF1 Fl MAFbx ¥Jj@ Tz 2 FEHRS, 2 Tl
RIS B IR S Ao R B B Iz R
LR, TEhlsh, Zhhse . RS . YURGZF
HRNIZEGRI T, X PRPEGAYFGEI I e
HWFFEINH MuRF1 Fl MAFbx 7] 1 B84 LS 45 1
WIbRAEY), T BR2WINLA Z2 407 TH P o

1B Bh%} MuRF1 mRNA . MAFbx mRNA &3k 52
W AR—, AHGEDIBLZ hE N2 FE 805 24 h Y,
MuRF1 mRNA FikiFE" " Edibiz sl s B 2L
1235 4 h ) MAFbx mRNA F£isETHE" ", SA#H
A THIRZ SR JL/NET P, ik BE LR el 5 PRI,
ol AR (0 2R SE 45 AR MuRF1 mRNA |
MAFbx mRNA Fik iz 31 J5 BN, 7500 NS N B e
F23NJ5 24 h IRE BV ZFRRA . OCT—K M iz
Bh%F MuRF1 mRNA . MAFbx mRNA 3[R 263K 4RE 48
b HRGE N THAE ) 1~4 h ) MuRF1 mRNA
Hahn 3.6 %, MAFbx mRNA H§fi 1.6 f%; i1 7HikH
IZH)E 1~4 h N, MuRF1 mRNA 1 3.5 1%, MAFbx
mRNA RIXAAL, R ks s g5
143 AR DG R Y 2R

ARHFFER AR B — R MRS B iz sy, Wi
253550 0.5, 1 h 41 MuRF1 mRNA . MAFbx mRNA %

NESEEAM L ZEREA B 2315 1. 2hd
MuRF1 mRNA ., MAFbx mRNA ik 52# A0 LT}
L ERAAER BEEE(P0.01), 43HITHE 1.89, 3.57
F11.95., 2.55 1%; 12805 6 h 41 MuRF1 mRNA , MAFbx
mRNA Fikit SLHAMT R, ZRA8E. X
52¥REYIZ 35 MuRFI mRNA | MAFbx mRNA
FRBTHE R, FiY Louis BB B
iZ3J5 MuRF1 mRNA . MAFbx mRNA ik THE i 4s
A —3

KTHIT AMPK 16 M 5588 LA B SR g 5
o 2005 4F Thomson T 5¥4iE AMPK A REAHIE-AZ AL
HEATTA L, HER AR BURBUAE K BRh SE 5%t
%, HATHUMCRIAR R AL AE K, R 2 B A 0%
HRK PN RAF I TR, Pl AMPK Jf
SHE N 2 RS LR Ak Bifi 25 A 8 R KAB LA 22
5, AL AMPK (ISP 225 . DR ARl
BFMAIER, AMPK 5T 50 T BE S 1 PR WU KRR
IS IR A . 2007 A HIE FH AMPK 05 7] AICAR Ab
HEC2C12 WUEE, MUERBISLTH 3-MH 97 5 MAFbx
mRNA ., MuRF1 mRNA R ETE, A AMPK i
R T C2C12 U LA e A B REf#" . 2010
AR ITHSE R R IE T ATCAR 7 5 K SR i TR o154
L AMPK f93E M, WEREI K B LH MuRF1
mRNA Fl MAFbx mRNA ik 5, AN AMPK 5%
T BRI HE A LR 15 A B A

AR — IR KR Sz sl frh, AMPK
TEPEZE(E S MuRF1 mRNA Fil MAFbx mRNA ik ()
KFR, WEREZEHE 1. 2. 6 h 4, AMPK f)iG1E
H1 MuRF1 mRNA 1 MAFbx mRNA Z&3A 8 #9728 1k i —
ok, B AMPK 15 1:FHE , MuRF1 mRNA il MAFbx
mRNA A B THE o X5 Nakashima AT 4518 4H—
., mifezshd g, WhiEsh 0.5, 1 h 4, AMPK G
T+, MuRF1 mRNA Al MAFbx mRNA (k&%
WAL, XS5OI — IR KR 718 sl f
di, AMPK {f#ETHR{E0E MuRF1 mRNA I MAFbx
mRNA FIR BT S A—E LR A AT AE
W7 : ()Rl REEH Ti28h 0.5~1 hidfH AMPK %
P EB W T, E#E MuRF1 mRNA Fl MAFbx mRNA
FERMERTTREA IR, s & T AMPK fEA R
A—EMWRI, B, fEiEghdiEd, Ba W)
MuRF1 mRNA Fl MAFbx mRNA ik EAHNTHE ; (2)
tez s, JUAH TRegiiiz s, vl el e iite,
HEH T AMPK 35 M HE, 2 MuRF1 mRNA 1 MAFbx
mRNA FIRMVER, MHIEa AL SR RERR, Imife
iBsdlE, PURRICRIP N fRRR, AMPK & PEF- S A
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MuRF1 mRNA 1 MAFbx mRNA fYZEik, f28E T B85
JULER 1 3T ) B e 5 EE A

M, AR K R T — R MRS R BT T2
3, AMP JFEE/RUCEE K AMP 5 ATP H{EAEZ s
WEFE, fEsslE R E . AMPK &G HTEZ5) 0.5
h GRS, Rz 85 6 ho TERIREETT J1i2 5)
J&, AMPK 1&METHE il REXTEdE T MAFbx mRNA Fll
MuRF1 mRNA [3%35, {2 T 8585 WLAL 50 R AL
H—EMER,
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