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Abstract

The last two decades have witnessed the rapid develop-
ment of China’s manned spaceflight industry. Studies
have showed that the weightlessness environment
has a series of adverse effects on the human body.
Due to the complexity of the structure and function of
the digestive system, the impact of weightlessness on
the digestive system has certain particularity. How to
ensure the steady state of the digestive system during
astronaut’s space mission and in the training under
simulated weightlessness needs to be studied urgently.
This review focuses on the progress in the research of
digestive system trauma, stress injury, and repair under
microgravity environment.

© The Author(s) 2019. Published by Baishideng Publishing
Group Inc. All rights reserved.

Key Words: Microgravity; Digestive system; Trauma; Stress
injury
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B _EHEZEO0EAR LK, rh B AAR Flk A i i, il
REEABT TR L. BFTTIESK, SR EIAEXHL
WERGEE LT RIS REH. BT HIL RS
FMITIRE R R 2%, KREXNH L R G B A —E 4
FRAEN PRIBIIR SIFE AT RIRAE S S 2 It 2k 5
R R AL RGN IRAS, BRI A0
RGO 5 R AR5 b8 R RS O AIHLEE R BOx
1, MRAFERNBF T, A5 Gk IR AL R 40 81
PR BCA55 BAE R IR FURT 2 e A — iRk,

1 KEMEXNOREIE

P12 WAL R SRS aa AL, 1 i e TR 1 ok
Vi S B PR ST S b T AU R A R 9 43
WG BRER 1 A(salivary secretory immunoglobulin A,
SIgA) ik frsEm, 1444 551 E R AR -6 BN %
30 d, S AITESERGHI3 R B3R, 15K, 30K JsLsb )G
PRI 3R 2R KA 10 minfE T, I3 SIgA & &I
SSTgAZM A, RIS MR SR I H S P Rk
SR A MERSIg AMRFEA 3 Wb A2 W] 3G I, 32145 K
JE ST B 2R FT K, W 7045 RAER 2 X k%
FEERBE A s RIS B 2 . Medniek sEEEF 5T
TCEEL o0 R R 4 A B P PRS2, R S e S [ 7 ) kAT
A5/ BRU PR R B 1 2B R A AR A EAT A0 AT, ISR /N R
UL 24 L 206 P o il R i 2 R R B B 1 ) RO
HRZH W L PAIR, 20 A n] e S B R SR BN c AMPIE 5
VTR A O, FFIARRER MR I AR A A I AT A
23 [8) KAT B CHb T PR RO T e AR e . 2T
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WA E A5 Smads{E 5 18 B0 A JE JIEET- 40
BCE A AR, R ISEER2HSmads 2+ 3+ 4 mRNA
A 0 HEZHAH LU B SR 38 0, 752 hik BIIEAE, BE s
B R p-Smads(fR L Smads)RiA & & s,
2 hikIEAHE; Hi A Smads#Ifill 7] 5 p-Smads#iE T %, [F]Hf
B AR SR EE A 1(collagenl, COL). Bl P ik & i
(alkaline phosphatase, ALP). & %5% (osteocalcin, OCN)
FAR W TR, A RRW, FERGE ST,
Smadsfs 5 IH K Z 5 IR N A 8 548 M B8 v 43
1h, X SIS TS5 R A B BT R IR, B
TEE ISR T NS F BE T 20 B 1 1 G FORG B e 0 1 5,
AT RE IS, R, 5 Koo, BE RS,
BERBL. EHOEEABRL. IS A RCERIEHE
THEPL FAh, ZR RS RS R A RS @R
WAL S A A2 K (R F-B 1 (transforming growth factor-p,
TGF-B1). c-fosf T MIVERIFEEEA R, FHHL
HHR DR, RIKRE SR AT AR, 1.5 GXf
P Tt e 5 O S AR 230 W o AR i SR AR 52
i, FEUCNTGF-B1. c-fosFIRJE T 7 bid/ & T8
WA R EEJE K. RaiZ @ B 4% 104 £ 8 E-6°
SLARAZ EMAR30 diRBGHT 78 R I, Joie 5B P E ot AlEr
HUFREE B BT B Y50 & A H N AL
EHIFK, MR HAES. BEA. EReEE
HE-8(matrix metalloproteinase-8, MMP-8)F13E 5 4 )&
(A fi-9(matrix metalloproteinase-9, MMP-9) &5 & 45 %5} i
HiRFEWE, N HSAES. BEEA R SHE
TR G EUE B RA K TR & )8 & H BEMMP-8 A
MMP-9E WA B 1, Ho 238 sl 5e S50 )30
B S BN I 1IN 2%, 2R R U C E
Ji P N SRR 2 e, R ISR 130 d)E
R B PR Of A R ZH 2R 5 R A DL B S SO, R R 2
i1k R F-CCL20(chemokine ligand 20, CCL20) % #41k K]
F52146(chemokine receptor 6, CCR6)ZE 1k i 14558 Jifi
FMEEIE 7230 d3k AR AL BMA KT 53 0 7 i 8 R O 5,
SrAAESEINHTS dy SEEREE20R . BE30 K KSR E 53
R WU e B RUR B R I R, R B SEBR AR L, 7R
SEE 1) 5520 R A5 30 Y 125 i A B 2 iR AE B S 2%
i SN, XU B g AT 51 R O ER s SO5E. TRILAE
U AL O FE K R LR AR S R PO i, R B S
HR BRI 4EAE L whkis] B T S8 VA L 4., 1
W JULVES AR 0 AE S 2 A Bk e, T 284 B AR 2, A
R R SR B AN A5 50 K B PR L ol P 457 A7 o B[] S8 < T
KA, —RINFFRY], KREX DS MR
Bor AERAZ. HIE LA B, (H AR
AR TH— DA
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TR IR (VISR 2= RSN VA T R K BB i 1AL 2k
S, RO SR B A T g R U iE R4 23
¥ A F--xB(nuclear factor - kB, NF-kB)f) ik 481k f H
B AERRP0S5d 1dy 2ds 7 dR21 dEHIR AR
BV ZH ZANF-« BRIA /K-35 . 3 T, AUk E0.5 d
i HZANF« BRIA TG THE, 2 d4lik &g, FER,
2 BN [H] A ZE G, NF-kBRIAZKFARIK R F%, 21 dZHA59R
T A RO AL 250000, RE MR K B e
HIINF-« BRIZ/KFII R F, 3R iEHSINF-«BE
IEAE A O N R RN R EL T 2 A B R R #R%
AEUVRRE 50 R I ABEAUL 2 PR B K BRI 1S W R
BN B X R 5 8 1 70(heat shock protein70,
Hsp70)F&IiEA8M, KINE& M B B JR b2
B B R R A B I RO A, TR 2R B R R S PR
ZJEHVR AT I8 IS 22 B Lo ok B4R DG . 1 — 2 i
FURIN, Rk B 2R FOGE R bR B R I A 28 T & 1 A
AL SOBCIRAS 7R = A B g, E S L R T R R
TR 2R B K B I R0 T 20 IR 4 M R S A Wi T, G Joaiak
ARINTE . LRI TR, VAR SR VAR
T A R L, SER AR IR R ELH 2 NOS2 A1
COX2Fik £ I H — M3, HENOFE BRI E
WA, X ReS B A S e S R E Y
SO [ PR R SIS R PRI 3, 76 SO FE S T
LRI F 2 (8] N 5 RO R 2 AR AE S 2
CRARBLIR ZR. G5\ N, FRE R 8 1 mI i A P
I A HERR, B 2 S i R 2 ) LR B S A
A2, HREZART, Sy s N B BEAE D Re e, HETA AT A
FERAN T R W SRS, R 55 2 5 K SR Sz et
FUR R RGN RE R A0, WSRO B 261 oK
B R 2 N R AR RIR AR, RIS %
A G2 I E P 2R 2 23 A T B SRR R R R X A, BH
YD E L AT AU AR A BT, I FLASSHOUR EE KRR
B R0 2 e S N BH PR A SRS R I, R
28 dJE Rk MR H AT SR B B RS 3 2 i R
RN, P R T Re S Sk B R B Th RE L
.

B W TE A UE AR ISCE FRY S, T R B
RO BRI, BEFCUESE, REXT B R AL . B
hfe. BB, WA ARG R B, RiveraZs
HEAT MO AR S AN S B it 7T, IR I B
B WG 2N 2 LA R B R AL, MR BE R 52 B 41T, FE
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i PR /N BRSO R g S, i L R B R ) 2% 1 5
FUNR BRI, JERETE I 2, AT IR D, S5
TR RS R AE AR, bR A R BRI, MR
S ES D, B AR 98 RE SORLAH DGR R R pR D, A
JiEnE EF AR R AN (1) i b R AR sk e G N, B s 11525
Wal, BF B D RESZAR, 450 98 2 RAESE AN, DAL R i S A
8] AT I R Al LR 53 T8 S AR A AR E IR 2. ifd
I B S SR A 0L 2 A5 o s e e K R 28 B o
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