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Abstract

AIM: To investigate the effects of simulated
microgravity and intravenous moxifloxacin on
intestinal mucosal barrier in rats with abdominal
infection.

METHODS: Sixty healthy adult male Wistar
rats were randomly divided into six groups (n
=10 each): microgravity + abdominal infection
(MAI), microgravity + abdominal infection +
moxifloxacin (MAIM), microgravity + sham
operation (MSO), normal gravity + abdominal
infection (NGAI), normal gravity + abdominal
infection + moxifloxacin (NGAIM), and normal
gravity + sham operation (NGSO). Tail suspension
was used to simulate the weightlessness animal
model, and cecal ligation and puncture (CLP)
model was used to mimic abdominal infection.
The CLP procedure was performed in rats under
simulated weightlessness for 48 h. Moxifloxacin
hydrochloride (30 mg/kg) was injected via the
tail vein for animals in the MAIM and GAIM
groups at 0, 24 and 48 h post-CLP. At 60 h post-
CLP, blood and ileal samples were collected for
measurement of serum diamine oxidase (DAO)
and D-lactate (D-LA) by radioimmunoassay,
portal endotoxin by kinetic turbidimetric limulus
test, Occludin and ZO-1 expression in the ileal
mucosa by immunohistochemistry and Western
blot, and Fas, Fasl and Bax mRNA expression by
real-time PCR. The pathological changes in the
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ileum were observed under a light microscope.

RESULTS: Light microscopy revealed interstitial
edema and vascular congestion in the ileal
mucosa and submucosa with focal necrosis
and inflammatory cell infiltration in animals
with abdominal infection upon simulated
microgravity. The pathological alterations in
the MAIM and NGAIM groups were alleviated
compared with the MAI and NGAI groups.
DAO activity, serum D-LA level and portal
endotoxin were significantly increased in
the MAI and NGALI groups, but significantly
decreased in the moxifloxacin treatment groups,
with the lowest level in the sham operation
groups (P < 0.05). These parameters were
significantly higher in animals under simulated
microgravity than in animals under normal
gravity (P < 0.05). Immunohistochemistry
showed that Occludin and ZO-1 proteins
stained as brown particles were mainly located
in the cell membrane and cytoplasm with a
continuous distribution in the normal intestinal
mucosa. Their staining was sparse in the MAI
and NGAI groups, which was improved in
the moxifloxacin treatment groups, especially
in the MSO and NGSO groups. Western blot
analysis showed that Occludin and ZO-1
proteins were expressed at a low level in the
MAI and NGAI groups, up-regulated after
moxifloxacin treatment, and highest in the
MSO and NGSO groups (P < 0.05). Real-time
PCR showed that Fas, Fasl and Bax mRNAs
were expressed abundantly in the ileal mucosa
in the MAI and NGAI groups, down-regulated
in the MAIM and NGAIM groups, and lowest
in the MSO and NGSO groups (P < 0.05).

CONCLUSION: Simulated microgravity aggravates
the damage to intestinal mucosal barrier in
rats with CLP-induced abdominal infection,
and intravenous moxifloxacin could exert an
unambiguous therapeutic effect on the pathological
changes in the intestinal mucosal barrier.

© 2015 Baishideng Publishing Group Inc. All rights
reserved.
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i 2
B: AP RAEI L TR AT R K R
FEIE B 6 3 F AR R AR Fe 6 7 BOR.

ik R S R Wistark £60.%, ML
S A6 (n = 10), 4 A AR K T IEE
B A (microgravity+abdominal-infection,
MAT), MK EHF MR EEITA
(microgravity+abdominal-infection+moxiflo-
xacin, MAIM). Bk EFEERF KA
(microgravity+sham-operation, MSO). E#
& /) IR B 2 28 (normal-gravity+abdominal-
infection, NGAI). E% & H R L L
J7 ¢A(normal-gravity+abdominal-infection+
moxifloxacin, NGAIM)#= £ & H I
18 F K 4 (normal-gravity+sham-operation,
NGSO). RARLEFZFEIHEME TFHY
B, B ML F LR (cecal ligation and
puncture, CLP)# 3 i i B B A AR 3B 440
TR, RE T K FA8 hit, & 271 &
F B MR . MAIMAFNGAIMAL 3445
Al FTCLPJEO0. 24%48 hZ A BiES M
82 FZAIESH RGO me/kg), L4
EHF R A EK. CLP/E60 hiAH,
R A e ik A T = e BALBE(diamine
oxidase, DAO). D-3LE(D-lactate, D-LA),
AW EE RIS W 1] AR A A
F, F Ik LR AT FeWestern blotixin] & 7 b
2 %57 3% % 8 Occludin#=Z0O-1 %4, Real-
time PCRA& M 1% #6 £ Fas. Fasl#»Bax mRNA
FAART, S RBLT VLIS i R L R 2
Ak,

ZER: MAIANGAIZ X R E 5 4612 Fo Bh 2
T B B IR R84 8] R e e R o, b
JEE K bk omieiziE, Mk EHES TEL, AR
LR BLE, 2R FEIE B A B IR AR B kM 3R
5t. MAIMANGAIMZL K R, = M 56 % % 4%
MAIF#NGAILB 2. X R iEDAOE A
D-LABRM#HRNEEZLELERETRALEA
RE. BITAT R, BT KA RAKP<0.05).
#H, MAI. MAIM. MSO#Lf;5DA0
AN FZ ST H TH R E
FE N AP<0.05). HIFEALAFLER DT,
OccludinfeZO-1%& & % &, % A A7 &80k, 15
T = R BBt b Ao 2l R B P, W B £E
B bk E 5. EMATANGAIZ & W 46
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JEEEH Y, MAIMANGAIMZL 4 &, iR,
MSOF=NGSO%H & iK. Western bloti] & 25 %
B, MAI#A=NGAIZL X & & W 5 8% Occludin
F270-1% & k£ & J Ak, MAIMA=NGAIM
k¥ EF, MSOFNGSOLL & ik &% 5,
BLLR) £ F B % (P<0.05). Ak T &4
OccludinfeZO-1% & £ A B AR 569 EF £
Jy B4R 84 KA B B F B (P<0.05). RT-PCR#
M Z I, MAIAANGAIZA ) M%) 45 f8Fas. Fasl
#Bax mRNA A % 3% &, MAIMA=NGAIM
20 % ik ¥ T %, MSOFNGSOZH & i% ¥ 1K,
4R £ ¢ B (P<0.05). RMSO#NGSO
89 Fasl, BEdlk £ &2 09Fas. Faslf»Bax
mRNAF X BRAIT M6 EF T H & E0 &k
ik B 2 _EE(P<0.05).

Gt B R IR -FHCLPHT BRI R 3
R BRI B 1 4R F 3t — 3 m B, # Bk R 2
B35 1 Bt H R e T AR
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DR KPR A, B K TR T a9
R e B B 0 — 7 3 R R IR B FE 3 ARARR,
A 7 = B ALEE(diamine oxidase)#E M A=D-FLER
(D-lactate)E & IT#I N FE SR FI 5, &
W £ 2 F Occludinf=ZO-1% & £ 3% T 1%,
Fas. Faslf#Bax mRNA %k bifl, 2% pk&2 0
B E TG 28T )G BT B AE
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TN G KR EIAEE T MR s G K BB Ge a7
o v i 28 5 e A AR PR A I R
WARIE. A% 520038 ok iF 70 ek AR AL 2k E SR
s SR G K BRI — 2 AL B (diamine oxidase,
DAO)FID-FLFZ(D-lactate, D-LA). | 1§k N 2
%, FpEiFEOccludin, ZO-12E AL S Fas-
FasiFBax 3 K 31k K, 456 I 3 20 24 21
AR, PRUTTEASUN G o PR I s R K BR
o o B I s 457 T A8 D0 S U YR TT R, i
R R AR5 R R G M B 1 B TR AR R S
KA.

1 MRASEA

1.1 A4 ShPscie 2 B2 B de B 2 oy o fibit Jm it
7. KRN SPFYARRE & BUAFE Wistar K B
605, PR 260 g+20 g, % FHEERIER
LIV, SRR AT 9N TR
(23 C+2°C), fRHF12 B BEASH, A
WA YUK R\ EMNIERTRT d 5, SKHBE
WUEEER LR E P 73 6 (a = 10), 73518
% 5 I 1 s B YL 2H (microgravity+abdominal -
infection, MAT). 2K H I g s B 4s iR y7 A
(microgravity+abdominal-infection+moxifloxacin,
MAIM). K= G s F AR 4H (microgravity+
sham-operation, MSO). 1E% 5 /i i Ji
Yt (normal-gravity+abdominal-infection,
NGAI). 1EH EIEEIEGETT 4H(normal-
gravity+abdominal-infection+tmoxifloxacin,
NGAIM) & IE% & /R F AR Hmormal-
gravity+sham-operation, NGSO). 5246 FH 24 i
RS B FAE S (moxifloxacin
hydrochloride and sodium chloride injection)’y
Bayer Vital GmbH/™ /.

1.2 7%

1.2.1 EHAERNGZE L ERM: 2 Morey-
Holten®5 ({77 VA", SR Rk i i g SL AL K
HOCRBA, A RKREHARM, BF
BEIREE e, ff0l K B 48 hg, 4% 4L B REAT
FARER, KA E WS L2 fLAR (cecal ligation
and puncture, CLP)% 37 JIi i J e R i s
AT 10%/K & & B (300 mg/kg) BRI, %
B R, KR IETRPT I, #EE SR E W,
oy R, RS FENE. KMERARD
2= 5 Wi, 765 Wi 58 iR s 1/24k
M528540, BT 2, H20 GiFk
TE T Wi 25 o 5108 2 2%, B W A
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Wi, CARE 2 FLAF . PR . BT ARAH
TR JEHREE W, AMEL LA FL, Hh kb3
M b KRG &H s E ddk e ioK, K RE
SARGT CHAERLEK(G mL/kg)Fh A, 1
002k 51 40 B P 15 R I 5 B I 4k 452 8 B ) A B
EITHD BT ARIG0. 24 5248 hZ R kiES
RSP VD B A ENE (30 mg/kg), HAR
HiE i SRR A K. CLP/E60 hiltfT
SEIGHUM, SRR e 22 SR U0 D R, AR BREX
A Fy (1B, S BT T Rk L, B[R E S emAd
IR i 22324, Bedd, 730l E-80 CUKFELRAT
AR T4%% Bl (pH 7.4)7 [ 52 4 F. 1idx
A4 Cit 7, 3000 r/min 0> 10 min, 455 L3,
-80 CIRAE#H.

1.2.2 &% BEnE oA DAO. D-LARI
HAR N AEFAE: WUMTE, 505000 r/min
X3 min, B EIER, BUR Sk E g
HFDAOFID-LA, s E s A% (kinetic
turbidimetric limulus test)t& I [ & ik ML 73 & &
. %D AOFD-L AJH b a5 6 (R 1 2 A4
TR T AT LA R i 0 R (B 1] 4 )
3o PR A BB AR HEAT Rl

1.2.3 #9354 Occludin, ZO-1%
B A B E T4% 2 K R /N iR A,
SRR CIENK S R A, 5 pmiELY)
R BT TSP IR, kPR IE &, 3%id
A SR 0T A 4L L DLRH W Y5 P R
APt MR LT I — T, 4 ClRET I E
A, PBSHBEYI 3R, BR3 min, IR S
Vs, 37 CHEE 20 min. PBSH Y] F 3
R, BER2 min, WINBAR I ALY EE bR iCH) —
PilgGZ AR, 37 CHFH20-30 min. DABYR
T, K, RAREE YR, BoK. B
Occludin. ZO-15 H R EFHMEHE: MR -
3 L 1) G g € R 1, O B T
A,

1.2.4 Western bloti & #% £ Occludinf=Z0-1
&G F&ak: R4 E A RRIGAR & UL BT
[ fi7p o0 M 2 1 S BRI E B OE S RIPA R
KM, WEARES, S50 ngklhk
F IR 2 7 F R L] 10% 1 PA GER FL K.
¥ TR VR I ok e g e 10 B 1 TR O R R RS O
EPiC 2 Rl 9 I (P VDR, 2 5% i
Wik I TBS T IR IPVDF R, % IR 7% IR ES
P12 h. FRREAH BB —$L, fEPVDFERIE T —Ht

3206

E W, 4 CHE K. TBSTR VLK PVDF
JEES-6K, BERS min. FH 3t AR R AH B [ HRP
Fric e, MR U UL R AE LA A, =
RREAREE2 h. Y5 B EEYS. BandScany
IR IR AR
1.2.5 Real-time PCRA&M = % &5 Fas. Faslf=
Bax mRNA & ik /KT il i kA5 2 A Genbank
Lext i3l 9, 51407 515354 Fas Ljf:
5-ACCTCATCACTAGAAGCCACCAG-3', F
% 5-GTGGTACTTGGCCTTGGGTTTA-3',
¥ A B K116 bp; Fasl Lif: 5'-CCGTG
AGTTCACCAACCACA-3', Niff: 5-CGGGGG
TTCCCTGTTAAGTG-3', ¥4 Jy Bt K 120 bp;
Bax_Eij#: 5-CAGGCGAATTGGCGATGAAC-3',
R 5-CCCAGTTGAAGTTGCCGTCT-3', #™
1 F BeK 134 bp; B-actin EJif: 5'-CACGAT
GGAGGGGCCGGACTCATC-3', Fiif: 5'-TAA
AGACCTCTATGCCAACACAGT-3', ¥ # ¢
B FE240 bp. % BERNAFEEUR T & i B 42
I ZUSRNA, MERNALIE ., & & K e¥
P % B SN @R E UL & e DNA, LA
cDNANBERHEAT 92 HERT-PCRY 1, 4 il A&
Fas. FasIfllBax mRNAZKIE. PCR W %1
NTAEPEYS “C 10 min, ZE1E95 C 15 s, IBK
60 °C 15 s, ZE{H172 °C 15 s, B35 MEFF. &5
FIXS AR 24, PR FIZE A BICHE, A
Ct = Cygoy-Cly ey TRIGANACE = ACtygpy-/\
Cysar, 752 SLI0 2 H B0 R A AR RS B B2 22
it #E A RASPSS20.040 it # 4 ik
1TEHE AT, s Hmean+ SDER IR, L4FE
A H IR FH K 3K 7 2 90 BT (One way-
ANOVA), 41109 LR FHAS SR, LAP<0.05
NEFSH G2 L.

248

2.1 KR E RS AL MAT. NGAT4L K
R 1] 7 86 FEE R 86 5 T ) 0 A S ) T Joig 7K
A A FE A, A A AN IR, R E
VIZEL, mBEA—, MoK, s, MRt
I i BRL I, bR b R B i, 50 R R A 2
I EEPEIRSE. MAIM, NGAIMZLK 5 5] f7 %4
FE R R AR ke . MSO. NGSO4L K B 7
P R A AR R IR EHE A 5%, AL
A /D Bk T 0 AE e 98 AR . AR
LHANIE & B A2 2 A R 0E .
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B
(MAIM); C: BHUUREHIEREFARAMSO); DEH E DGR (NGAT); E: 15 E IIEEERIETTH(NGAIM); F:
IEHEDIEEEFAREANGSO).

22 KA MEDAOEM., D-LAKITHIk R F
FA= UM S E K R MIED AOVE 1
D-LARTH KN 5 5= & 2485 R B2
&, EIT AR B, B AR A RKP<0.05). [FI A
I, MAL. MAIM. MSOAIMiEDAOTE AT
Ik N BE 2R R TR R IR R A
(P<0.05). MATRIMAIMALIMED-LA S & = T+
X6 ) IE B 7 2H.(P<0.05)(F& D).

2.3 %A EALFEREM OccludinrZ0-1% 8 £
A Occludinf1ZO-175 [ s I B PTIE VI N
R RIORE, A7 T T 1 6 F5 200 e 5 R 24 )it
W, IR A B L R S AT SR A 41K R IR
Az L3945 OccludinflZO-158 Rk, MAI
FINGATAL [ 52 O ccludinf1ZO-1 5 A &Ik
Fiiz, MAIMAING ATMZH B4 iR, MSOA
NGSOH IR, BKEHA S IEH H ) H 2 7
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HETZEOAFIEERIBET(HE x 100). A: UL EHIEERIME MAL; B: B EHIEERINETH

(1) 22 57 AN B 2 (112, 3).

2.4 Western bloti| & £ & 5256 4% 2H 2% 0]
& EOccludinflZO-14 [ Rk 4 S 3k A
— 3, MATFINGAIH R IA T &K, MAIMA!
NGAIMAFILE FF+, MSOMINGSOH KA
B, S 2R (P<0.05). B E
HH M OccludinfZO-15 A R IA A X M
1E 5 E ) & A R L B 2 R B (P<0.05)(E14).
2.5 Real-time PCR#& & % 46 £Fas. Faslde
Bax mRNAZ X frill 45 R EoR, SLie & 4%
FiIFE# G Fas. FaslfiiBax mRNA#IA, MAIAI
NGAIFIEE R, MAIMAINGAIMAL £ IA
N %, MSOMINGSO4 F A T fik, &4l
#5753 (P<0.05). EMSOAINGSOZfFasl,
TRk B %M Fas. FaslfiBax mRNAZRIA
BCORE R L) IE ) S R R IE R E R
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2 SEWERBEFIYERHLALRDOCudinEBZRIEIPV-9000 x 200). A: LI EIFIEEGLYH MAT); B: B E g
RIS ETTH(MAIM); C: Bl EFIEIEE T ARAMSO); D: 1EH EH JIEERGLH (NGAL; E: 1FH & ISR ETT

ANGAIM); F: IER HIEEBETFARANGSO).

R 1 KBIBEDACENME. D-LAKIEBXASESE (mean + SD)

DA DAOSE/I(U/L) D-LAZE(mmol/L) RS R(EU/mL)
MAI 61.095 + 1.266° 1.939 +0.034° 0.395+0.012°
MAIM 48.889 + 1.836° 0.920 + 0.037° 0.261+0.010°
MSO 26.652 + 1.563 0.424 +0.028 0.157 +0.009
NGAI 52.619 + 1.354° 1.295 +0.030° 0.325 + 0.009°
NGAIM 35.635+1.251° 0.669 + 0.026° 0.201 +0.008°
NGSO 15.263 + 1.363 0.305+0.022 0.104 +0.007

°P<0.05 vs MSO; °P<0.05 vs NGSO. MAI: BINEEFERRRA; MAIM: SIS H ISR
SBITE; MSO: BB HIERBTFARA; NGAI: [EREIBERAA; NGAIM: [FEBIERER
SAIT4H; NGSO: [EEE NEIRRFAA. DAO: _REIES; D-LA: D-3ER.

(P<0.05)(K5). ) A, 82 B ARG SGHE. MR Rk

W, ERBEIRGT RS RGE RN — RIIA

3 e R FR AR DA R G AR R B0 1 R R,

LR AR TR I B 85 v RS PE IR I R T R s 2 P 50 R0 S0 it v SR T Pk, s I
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3 LWRAZYOFLALLRDZ0-1BERIEPV-9000 x 200). A: FHIKE ISR (MAL); B: BHbIk EH AR
UG MAIMY); C: B B R T AR MSO); D: IEH B DIEERUYH (NGAD; E: IEF B DIEERAGETT4H

(NGAIM); F: IEH HIERETFARANGSO).

eI R b 5w L —Fh 2 BERE™, — BR
RAEFTR AT R R ARG B, i T3R5
WRARRIA, 5 175 T8 AR 70 T R L, RO kAR
FESZRR, 742 A 24 00 7 2 g oK R i e A A=
i, MM RAL S, W& EALE, SRR
T,

W TR ESE, S B B P Bl IR R T g
RS e, R R AT AR AL O E K
B 1 R A S R PR T AT, R R R IR RE
W b B H BB S PR B e, B 4 i
K E Rk EHESI AL MRS, WX
ol B 1 4 5 AT e 5 M 1 I8 1 O % DI
5%, HEW S AR E SRR, 2R AR gk
AT R B M SLLs, R IR R B AR
BB, KER A R I 20 2 A% K T« B(nuclear
factor kappa B, NF-«xB) &5 [ 3R 1A /KB Z 355,

Baishidenge  WCJD | www.wjgnet.com

NF-« BT FF 42 T, m]Be A0 &
RN BF R S OB 2 — . BRIESENT IR UK
B, B AR ADLR K B/ b I P DL B AT H
CREE SORTINAN RS SR € S SR T
ARFEARTE, R, /N R R R &
HRIEWD, Np R IEE RSN, AN
R0 BP0V 45 K40 1) 5O T B A 3 LR B E A
2 RATH LIRS . K SR AL AT R’
RER AR B LR PR 22—

I 2t 5% e o 1 A0 R SR e i R A
BB, PR KA B S R e
, HLASREBOR S48 M X7 R o, % i
RV BRIRE . HUMOGE R A0 B R A e 5
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