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20 tH2 £ MRIFFARBNE X # Z IR AR D T AMX
IEHABSER, BIfHBEFBSFARAMERALNREK
EiE#HE TARSSHSKE. RKBATEMFNIMRK, &)
WEBRAREPZEENESAIEHNTELI. EINERR
BRRRREHERENDTEVERANETEAS. EBAR
IENIPIRERMANBERKENBE, HEEMFEXKENRE.
BPEEHEBRFRARETEZNARKFZNERNE
1, W2 REA RT-PCR BARIES TR mRNA X
ENTH., BRER (DNA FImRNA) BRIEERFERMR
IXFEEE, B mBNA TCHARERERMRIMLEBESRK
ERNTE, BiE (mRANA BIEOR) ERAERENESE
HHFR, MENRZEAREERREARENERERT. AL,
ENBFRAENEZRNBHRARELFERIINFEFBEN
SRHATE. :

REMNEDEWANRELK, ARIEIHEEDRBHASE
SRR, MEBREERNETNREK. BRSF
EDPNNEEDIFNHESEHARABRE. NAEKNEEEE
BRABRKE SR FAE, E3NBENRAREER
ENREKNEE-IR, BUSIERRENNSTE. BREW
BFRFARNMBEI, EaHNHENRIZERSIETRER
BIHOxE, BUKNSIERETERERESZIRE, HE
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E-FHNBTHRENER, REBT—BHASHN, B
IMARX —iRE, RABNE M. PFENEER
AR, BRI EERAFEZER, BEFLHILTRESE. B35
mTOR ESNXA, BRNEEMIEIHEZSFIN#T T FHEIM
MR, BRNNCEAREETRINBIEEM. EHEEE
THEESZIN, RNRFNSHNRSRRRE.
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B8: AFINEHFNEENSBNECREHNEWH
BiENEH, AXHRITEHNREINAEKNERRBER
F IGF—1. Myostatin Fi&#] PKB/mTOR {SSiBEENEN.

BHik: ASD KB RHAARANR, BHIOREEXRAE.
FoiEE. RESEANEFRVIANKRE. REREH
RAABXBLEESRE 13.6% NEEALAARERE 12 /)0,
BRAESENENENERERELN. GBHHLAIEES ,
g, &EE 20m/min, X 60min, 1R /X, 6k /B8

BIEE). BETIEHGE 1 /NWEEE) B4 THRES
B 120\, BEiEsE. SFENEAs3#T 1 X, 28 XA
(3) E|7XNEH () KERE. RART-PCRA
iA. ELISA #) western & 755543 21480 X B HEBAAN D IGF
Myostatin, PKB. mTOR. p70S6K BY&RIAKFE,

Z£R: (1) BRXEEJINEXKEBESHNEBIREEE
T, SERNEBECSEFTRER. (2) 8XEFERINES
B2AN IGF-1 EEREEE T (p<0.05), Myostatin BB
RIEEELEFH (p<0.05), (3) 28 XES| =) ABEEANBEER
{£PKB . mTORF] p70S6K BBFKIAE R E EF(p<0.05),(4)
28 XS EEIILEEEN MTOR RLAEE TR, p70S6K BB
RETTI, MEK T XERILHALESBLHA (p<0.05),

$gig: (1) EpNRERENFHSENESEN, HN

o



HTTRESEBETET mTORSSER#HTN, (2) IGF-110
Myostatin IIBROVERRBZ 5 HNREEIHNESEA
£ KANBORKBNIBE. (3) EHFERK\[IE MTOR 5
OJBESEE IGF—1 3 58 PKB/mTOR ®12F03E IGF—1 £ 589
Hig:2.

Xx8i19. BEiEs): £kBF; 8FRE; NREK
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Abstract

Aims: To study the effect and mechanism of hypoxic exercise on
protein synthesis in skeletal muscle, it tested the effect of exercise and
hypoxia on IGF-1 and Myostatin expression which are positive and
negative regulating factor of muscle growth, and the influence on PKB/
mTOR signal pathway.

Materials and methods: SD rats were randomly divided into
four groups: normoxia control group, normoxic exercise group, hypoxic
exposure group, living high training low (HiLo) group. Hypoxic
exposure treatment consisted of intermittent hypoxia with 13.6%
02 for 12 h/day under normobaric conditions in hypoxic chamber,
and the training protocol consisted of treadmill running with 5° incline,
20 m/min, 1 h/day, 1 time/day, 6 days/wk. One hour after the exercise
under normoxic condition, the HiLo group rats were exposed to hypoxia
under normobaric condition for 12 h. 1 day. 28 days of exercise and
intermittent hypoxia exposure (13.6% oxygen concentration), 7 days
of reoxygen and exercise are carried out in the HiLo group and the
normoxic exercise group. IGF-1. Myostatin, PKB. mTOR. p70S6K
expression in gastrocnemius muscle were tested with the method of RT-
PCR. ELISA. western blot.

Results: (1) Afier exercise and hypoxia exposure for 28 days, the
HiLo group rats body weight, muscle mass and total protein content had
been the decreased tendency; (2) After exercise and hypoxia exposure
for 28 days, IGF-1 protein expression in muscle decreased significantly,
myostatin protein expression increased significantly in the HiLo group
(p<0.05); (3) After 28 days exercise, phosphorylated PKB protein.
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mTOR and p70S6K protein expression in muscle increased significantly;
(4)After 28 days living high training low, mTOR protein expression in
muscle had no change, but increased significantly after 7 days reoxygen.

Conclusions: (1) Exercise followed by hypoxia repress muscle
protein synthesis, and its mechanism may be the regulation of exercise
and hypoxia on mTOR signal in skeletal muscle. (2) In the condition
of exercise and hypoxia, IGF-1 and Myostatin expression have complete
contrast changes and involed in the regulation of exercise and hypoxia on
muscle growth and metabolism of muscle protein together. (3) Exercise
and hypoxia regulate mTOR signal via PKB/mTOR pathway maybe
involved in IGF-1 and others pathway not involved in IGF-1.

Key Words: hypoxic exercise; growth factor; translation regulation;
myostatin; Mammalian target of Rapamycin (mTOR)
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EETE B LE (R A . BESh B LA R R ARk
AR /1353 . W RESh N B B A &S 5 St AT s il
HHEAHER". RSENEHLSBNABARSR TR, —ik
KB} IR SE B A A SRR AR AR . A% B AR
BEBMOHRIER L, FREERRHE, KEIBREFKEAE
FRMEERN. KEESEINBELURSROTLMAYE—AE
RENTRR, AWHASBKAEE, S—BEE, WLEME. SKEE.
R, BEESHTHESR NERSTFKTEE SEHRIERA
S F R F BRI S %,

REVLER ZENHBGE ES GRS 8. KA
MR EEARE: H5EESTR RS RENE. BEEE.
BAEBSSHUATEIEREINSE TR, RIEZHIILE L F LR
1) SR PR L SR AR 8, R 70 1 AR R\ TR U SR B A M BT =
HE B RRAE 2N | LA E SN SRR ML I BREE S | DL DA
PIEIHLERHE 7, TRt — R 5 R T3 B8 3 A8 7 ISR B B A T8 R
FoERL , BT A BIRENE ARG B 8 . S5 TRE IS5 A2k 31 22
MELHROLHE T AROMYE, WREFESEMAHE, HES
BXBEE. SHRAERE (EPO). MAEESKT: HREEI%
SRR R REVI G5 A E B R M 1 26 R B SIRE %
(R O 23T A IE2E AT IR N T, TN 250 28 1 R AR BHA S
IR RAEE RN

ERFAEKRE AR S RN — EKE T+, IGF-1 —H3|
AKiE. IGF-1 AHEHMPEKHIBEERER Y. BHEWEHRIF
IGF-1 H/KF, FE /18305 IGF-1 K1 ™, W F13E3h%t IGF-1 K
ERRRW ™. HREY, IGF-1 1S3 E SR PREREER.

Myostatin £ — F 37 1 40 fg B 7, X% UL PO B0 26 AR SO 1 4E A
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Myostatin % 35 T 1 5 BUUL A #9 AE K, Myostatin & K 5 B 8 7 B
BB AREERFAERPRN2~3 FU L, E—FRANAR
% i R I 35 4 (Belgian blue) 157 /R 3 45 4 (Piedmontese) H7,
Myostatin 3£ & 4 =2, WIAHEHEIN. Myostatin Fi& _EiF 2 H
RELE, WEREAHT"". TR KITREY, BMRARE"Y. &, B
ZhE W Myostatin I RiX . HARER, BEIEFE LB LU S H
Myostatin ] # 1% T %, 3 H Myostatin FIRIE SR KR EMER, N
HEEmE. EASEEIAMERLT,
B 8T’ A £ HH XL EIZ 5% IGF-1 Fl Myostatin KIHF LR iE .
BT EA M RN EBRIESNEZNS IGF-1 f1 Myostatin A%,
WAREEZ P EEARE BB §ES IGF-1 AT Myostatin RIEAZBUE
Ko
KL HIEERY, WAIMENEREERS (mTOR) E#F
WEF SEFOLHMAEY, AHTEANENELS, RESFIIAEKY
BEFSHT™". Bil, mTOR 5 SBRLKARPE =K —&4E
KAFEIE?E. IGF-1 5E%Z/K IGF-IR &5 RAREZEREEMWE,
WS R 5 B 2R (IRS). PI3K. EHEA B (PKB). mTOR
BM1Lid#E, B PI3K/PKB/mTOR £%4 . —REETHWEMER. 7
VAR FERE &8, AMP/ATP LB I8N, S#H mTOR WEM: k2
N mTOR §I#5 #. mTOR X e B RS KK Z IEFS AMP BIE W E
H B8 (AMPK) MR, AR AMPK S8 M ERZ
8. =R —BEER (AA) B% mTOR MgR. ATEeHE LMER, B
EHFREAKEE ™. mTOR I FHHEAELHHF, B 4E-BP1 M
p70S6K. 4E-BP1 H1 p70S6K &2 B i & i i H Z i # ¥, 4E-BPI
18 oL B BR A SR Y T eIF4E B #E Y F S M eIF4F J¥ 5 il 1A 17 38 R 1 &
., p70S6K HIBKER LA N RIBEBIERENXBREE. HarxHAY
mTOR {EH M HM T E SR RTREREZ P, WRERE. #FL
2%,
Rl BAE RS HARE 7231518 mTOR 55 KiEHE, HHE
BLEIERER . (K8 E 413300 mTOR 15 5 HIRNAE R RIRIE .
2 LA BB . BRI = . AR N R
ML, Eahh—HBE, WLRME. EKEX. BYSEREET.
B EFREZL; BIFREEHTG]E ATP/AMP MKE; B3

| > eSS



FEEHIFHRE. AEESHAETL. XETRAHNEERES
AR EAARN mTORES M LIFARAEHHRHX R X R, EHik
mTOR {55 §E7EE5) . KEESFFANEQ G RE P RENER.
18 B0t B R R IA 1) R £ BRI FK RIS EKER
WiE. NEITHHRE, SXERBERNACSHERE, TEXRA
RT-PCR /5 EHF RIEF T m mRNA /K PRE. BR¥EF (DNA
F| mRNA) AR EFMNFHRZAZAHEM, B2 mRNA B4
e R LEARKFEHENL, WMF (mRNA BIEAR) KT
FAZHRENREABENEER Y. ATEAH¥XNESESERA
IEEREMB A ARG, ENERSIHTWFRABIET XHE.
1999 4 Baar % “ B R T M /1@ 30 5 B F K F 8254k, 2002 £E Chen
% P xHEFh LR REKEER R T SR T R 7 BRI .
AEHREEN EARARH AR, FR>=Z8H>: —
RIKEMEH P EARABEZRIL; —REEMEs &8I IGF-1
A1 Myostatin ] mRNA f18E HRE; = IKEMEs0 5 88U PKB/
mTOR {5 S HIZ&4L. HAEEBIHESSE. WHENAE. ZEH mRNA
BRAMEARER mRNA BIFKFRZNGE S S A RBRES
B KREFBRINAKAERE, Fitx—dRPEKASEFERL
RELEHBFATSS mTOR KL,

TRy |



2 SCEREA

BHIEEHEEFH RO —EMEZRE. FRINGEREEME
FRANEERE. WNFREFERRTVIAEASENER, A
BEHRVADGRAEEPITE. WRMBZEESIRENRYRSEED
TR, WHEBIFAE 10% HEE RN B E A FRRAN TR, MRS
LM BEESLMILESERREARRTER. BHRIERAKEA
BHIBKEFE. BaiBEAERARMEHCHERESHA, HEBIED)
MEEHAHZEFHEAEEAER. BREJXEARNREEZES THLH]
—EANER, HRLAHARVESNEARNBETERLFARE
H.

ZHEHFHRIEBSR, 3 H IGF-1. Myostatin Z4 K iFZE
TFHIRIE KB ¥ H PKB/mTOR 1§ @K S R AEMMN AL, #
Nz s E LB R R AT fRiE i IGF-1 i1 F (8) PKB/mTOR
B5Nn2.

REEGEHINEORRNBHROYHEART R, KEEHEREE
FRANFANATREETHRIEANERWE, KEEBHXT IGF-1.
Myostatin F4 K F#ERE T L &R #BiFHZE S PKB/mTOR MWL E4
AEE.

2.1 R|EHNEBEAECRNEIRE

2.1.1 BEARNREREFRE

ARERKBENAEFENUARE B KNE, TREWY
HHRBAF RO TEAMRMZL, BEARABEKERE. IREA
RONHEEEAREGRATBERANTEH. EEARMEREREER
EREBMR, B mRNA $iFLRE, SEEFRG. K. &1L REH

L+ EEERS



LI, MUE=FRNA 4 FH2E, CHSHETHEH FUSFEES
BErgmss5. RARNMEREREEARE—REAKRENSS
THARREER, EERE SEERAERE, o8 RESRE
Afi. EARNREREIRRTFERMFBUER, SRATOREA
SEEN, MERTEREATERED.

EENANRARAHEEZRATEH K. ERABRATRERE
SRR AT NOBRARWHAEYT. EAERPHANEENEAEGK
B, EK. Kb BHSHRNHEY. EAS8NETEENER
KRR, EERNEML. FASHEY.

EANREBEREZAIBEFRINER. EOREVWERRBELE
BHBEFIE, RERRENE -ANE. MR, EERRENERE
BAEEFNABIEFN R, ZMEYENTFEZRERCHIT TR
BRR, BOL 10 FRFNRABHALFHRZREN. dBTHIRELE
AEFAMEQHMIFE, FEHFRABNHREFEENENL.

iR EFEQRES. ML=/, XPRamBR
RNER. SEZEYARR, EBEY mRNA BE R RENRBFH,
i 2B AR EZ mRNA i E AUG EIEFSF: mRNA K15 ' E8#
X NixFEk 40S W&+, FHBIME /N AUG, REBNREN
fEH, BJE5E 60S WH—HE4 R 80S HIEE &Y, HEMEFLRE. —
™ AUG Bl FRETBENBHETERR TR FINAR, MEFFI
HEAES TEE, WHEERHEBT A AUG L. XHEERE
FIFREPAFHEE (scanning model) ™.

SRBFET—MBREFLEFENE, BHEIMEL, BHREAK
HERREcE. BiRREY, BAEENIANSHER: mRNA B
M. BRENAR. S25RENEGETFIERS.

Hit5 mRNA 5 ' 23 ' R ST BiFRGREY . MEHRK
Ay LLE X mRNA REIFEN S ' 53 KB AR &RELH.
BFEA S mRNA 5 ' R4 &7 DA G F XK RNA 44
HATE A, XEFHRERAERN RNA E8EAEFEARRESR, £
BEHHT. BdEARKS mRNA 3 ' KK S AT RS HLE
BAKER. BHER=Y LN E S8 E NS 7@ R R H
FHEIEEATE.

B BHEREFHTEY. BEAREYMEROATEENET

CEedy 5 |



| BREREHHESBRIPKB/mTORESBRNRN

R EAETHBRAET. ERAYEEENAT SEREE
F elF-2 fll elF—4F, ¥&E. FL R RBEKRA FES BT EATHNB
Rk, EmEEE. F2 BT RTYH =M S EFRE (GTPase) HX
e, TTLASE R R - RIAF -tRNA TR 4 408 WAk, M
K eIF-2*GTP 45 & IR &R - #4A T —tRNA Fl mRNA KR T4,
FFEA7A mRNA HH#i. — B8 3 AUG FLT, 44K GTP # KAk
GDP, 53 elF-2*GDP M 408 &%tk FAEE . ELIEHEH eIF-2*GDP
AR TE K] eIF2*GTP B E eIF-2B K G- R B HE T, 85
WHHEEAYMEAEEEEY, SNUBRLNERXRTEEN
Wk, elF4E BIEMEFIHF 4 EE&Y), G5 elF4A. elF4G SE K
elFAF . elFAF E&¥x TEFER R UK. elFAE MRERIZE &
VIR REMEREE T, BB R mRNA B 5 ' IBHEZ &4 HMEH
.. H1F 4E-BP1 5 eIF4G 7£ eIF4E F &S M A EMES, Ak
IR AFE S e 52 454 . 4E-BP1 = BRI BERL R AT elF4E 75
P . 4E-BP1 ¥ BEBR{LIT, 4E-BP1 3t 5 eIF4E 454 ; 4 4E-BP1 #
mTOR B4k, eIF4E 35 2 BRI K H 5 elF4G BB TERE A
elF4F, Jazhi#itiE.

B RTE BT . S6K1 R BEk 40s /N EE S6 TR AR, H
ThRE R 40 M A 40s A% BEIAB O S6 BEER4k, T S6 MIBEEE LA K
REEHERNRAXEBEE. p70s6k & S6K KM — 4 R S6K1 .
S6K1 B —FhEEREMEH, FTUHEEMHARSSENK, LPaH
mTOR {5, ,

mRNA FEHRET7. mRNA 2 EWEMRAMANGEREERE
R EEEEEH, WP EF mRNA s IEE R, WL
F| 24 /NEFASE . mRNA X RKEE T EEERERTHAFEE
FIVER, REREBIRARKSEMMER . mRNA 85 R IR /E A
T R R AMEREFRE

— /N 4rFH RNA (miRNAs) HiBid 5 mRNA F45& Sk ) 3
L2, miRNAs 2 —REFH, 420 MEEFBRKEKR /N RNA, B
i@ TETE S mRNA 15 1B FE&MM 37 EBEXMER, N
B R AT, BARBMHREEEFRRIEMNE K. mRNA S#FFEsE
RSP ZAE, FEANRZHAREYRENEERTH
T

| o RS



