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[F#ZE] B8 BITAEBE (GLN) XA Mg Sl P g0 )5 1 L B 240 s 1 2 % B R oc-
cludin FRRIFZM , LIFSE GLN XHAZEEAAT ER LS . 3% FIH Caco-2 ANMEHEST B4/ 5 EAEAL
15 R i FEVEVE SR J5 FH & A AR GLN RYRE SR 4k 3% . A MTT K 4 i 55 ¢4, 1 B RT-PCR Al
Western blot £ occludin AR L E ., £R  MTIT 452 55,5 0 mmol/L GLN £4H (0. 635 +0.041 |
0.690 +0. 032 ) #H Lk, M 78 GLN J5 4 il OD B B .34 i (4 mmol/L GLN 41.0. 716 = 0.040 0. 904 = 0. 089,
8 mmol/L GLN £H.0.768 = 0.040 .0. 856 +0.073, P ¥J <0.05), RT-PCR %5 i 7%, 5 0 mmol/L GLN 21
(0.244 +0.037 ,0.591 +0.031) #H k., GLN 81 occludin 75 1 mRNA A% A XF 38 % & (4 mmol/L GLN 4.
0.371 0. 057 ,0. 799 +0. 054 ,8 mmol/L GLN £1:0. 714 0. 030 .0. 547 +0. 064 , P %] <0.05) , Western blot %
PR, 50 mmol/L GLN 41 (35. 056 +2.313 74.309 +1. 528 ) AH LY, GLN AJ LA IS %5 14556 [ oceludin 3¢
35 (4 mmol/L GLN £ :63.432 +0. 649 .101. 759 + 1. 214 .8 mmol/L GLN £H:99. 453 +0. 526 .99. 573 +2.082 ,P
¥1<0.05), &5 GLN{E#E LB i3858, [RIEHE S PR AR K L S HE 8 1 oceludin HFRIE,
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[ Abstract )

cells and the expression of tight junction protein occludin in ischemia -reperfusion injury in wvitro. To study the

Objective To determine the effects of glutamine ( GLN) on the activity of intestinal epithelial

mechanisms of protecting intestinal mucosa by GLN . Methods The experimental models were made by hypoxic /re-
oxygenation ,then cells were cultured in the culture medium with indicated concentration of GLN . The activity of cells
were measured by MTT and the expression of occludin were detected by RT -PCR and Western blot. Results MTT.
compared with 0 mmol/L(0. 635 £ 0.041,0.690 +0.032 ), GLN increase the OD of the intestinal epithelial cells
(4 mmol/L:0.716 +0.040,0.904 +0.089,8 mmol/L:0.768 +0.040,0.856 +0.073,P <0.05). RT-PCR:
compared with 0 mmol/L(0.244 +0.037,0.591 £0.031 ), and the relative expression of occludin protein mRNA
was promoted by GLN (4 mmol/L;0. 371 +0.057,0.799 +0.054 ,8 mmol/L;0.714 +0.03,P <0.05). Western
blot ; compared with 0 mmol/L(35. 056 £2. 313 ,74. 309 + 1. 528 ) , the expression of occludin protein was promoted
by GLN(4 mmol/L:63.432 +0. 649 ,101. 759 + 1.214 ,8 mmol/L.;:99.453 +0.526,99.573 +2.082,P <0.05).
Conclusions GLN promotes the proliferation of intestinal epithelial cell , and up-regullates the expression of tight
junction protein occludin at the level of gene and protein .

Glutamine ; Occludin protein
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Caco-2 41, it 48,/ 52 4800 7 v B AUAIG IR b i) iz ke
IFEE 38 I e R AR &2 48U, GLN Xt 1 iz 4t e
HILHREIETE N X occludin 8 F FRIA A2, K451 GLN
X1 L K RIS P AR s e Ko B T PR E AL
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1. SEBRRE R FEHAH) : Caco-2 4UAIRR, W H FP AR
e b 40 M s it N\ occludin 22 TEREHUAR, W B & H
Invitrogen 23 A ; FITC FRicFHife IeG Pk, g [k rh
K42\ s DMEM SR ( SRR ) | a2k
M35, AT &= FERR , GLN, W) B 32 [# Sigma 23 7] 5 SEHT
FE 1 PCR (real time quantitative PCR , RT-PCR ) 357 &,
W H K& =AY TRA R A BUR A )
(HRP) #RicE PR TeG ik, Wl A B = RAEYHE ARG
RN ] s MINIVE HE BL 8 (LKA, 14 [ € [E Amersham
Biosciences 2NF]

2. AHMLE IR ALY 200 ml/L G A i
10 o/ LAR WIS 2 HE IR AN 75 25 2 -1l 25 3 SUPLIIR Y DMEM
SRR IR, NaHCO, 8717 pH fE, AIMETE 37 °C 5%
CO, £ FHEATRER . At 7 d,1: 24648 165
7 d A KRR AR

3. Caco-2 MBI/ &2 EREH R T J7 i  HUEAR,
Ja 7 d A RKIABRA Y Caco-2 ZHAE, W B At 335 75 3k |
WA E TIRERE AP (1% 0,,5% C0,,94% N,)
FE 90 min (B, BUE I RRE R R, HE T
JREEFRHE (5% CO,,95% Z5/3) TEE 30 min, AR
AARFYRIE GLN BZNER T, dhe izt

4. MTT. JRIFC A0 M2 70+ 96 FLAk L, £ B
oA 5000100 pl/fL, R A K IR Bl A RS G 15
RGOS TA] ¥ B2 B9 GLN (0 mmol/L, 4 mmol/L,
8 mmol/L,12 mmol/L,16 mmol/L)AbH_ 435724 h |
48 h, [ BNLH A MTT(5 g/1)20 wl, T 37 C 4
AR 4 b, /NO W FEFLN RS LI, AL
HIA 150 wl ZHEEEAR, 385 560 nm K, 7E2 A 3
BB AT AE

5. POt RT-PCR S5 S0 2H 40 1 RNA K 4
A RNA B HUT g SO 550 eDNA, #4726 S
E PCR W, oceludin FI51H1°4 - oceludin-F . 5'-AGT-
GCCACTTTGGCATTATGAGA-3', occludin-R ;: 5'-CTTGTG-
GCAGCAATTGGAAAC-3’; GAPDH-F . 5'-GCACCGTCAAG-
GCTGAGAAC-3', GAPDH-R: 5'-TGGTGAAGACGCCAGT-
GGA-3’, PCR W 2195 °C,30 5595 C,5 s;60 C,
20 s, JEHF 40 ¥R 4 C45

6. Western blot ; 73 HIWCHE 25 SC G 2H () A, 368 7 il
PR B E 1, R Bradford vE#EAT &, BUE EARE
A 174 FRFRE 5 x Loading buffer bFEZE M, T
WK AW 3 ~5 min, B30 wg AN FEEAT SDS-
PRI IR BE B LUK, B 53 B I SR 1 e B8 RS IR AT 4 R
M b 5% WiRg W8y 4 °C HF P 3 7%, T-TBS 2% wh i
(10 mmol/L Tris-HCl, pH 7.4, 150 mmol/L NaCl,
0.05% Tween 20 ) JHEME 3 YK, B 5 min, A Z FElE
HBL N occludin TR (—H0) WFH 4 h, PEE 3 Ik x
5 min, A HRP FRic M IL=EPT o 1eG( —H0) 55 2 h,
VRS A ECL A2 26, AR & R A 1 min
JE R R,

7. GEIT2Eor AT B DIE £ bR (x 25) R,
NEHT SPSS 19. 0 Geit2# 8- 70 4 , 48 5 25 55 Rk
Ja R 22500, AL I LR ¢ K5, B 3
PR K HE o =0. 05,

& R

1. GLN X4 i A 20 . 5 0 mmol/L GLN 21
ZAMIAH G, 4 mmol/L.8 mmol/L GLN #H OD fH BH i 4%
539 8 mmol/L GLN 4 4H I, 12 mmol/L 16 mmol/L
GLN 41 OD {EPH R FFE(£ 1),

R1 AFEHSE GLN X0 {2 85/ Ff
(OD{H,x £5,n=6)

215 24 h 48 h
0 mmol/L 0.635 £0. 041 0. 690 =0. 032
4 mmol/L 0.716 0. 040" 0.768 0. 040"
8 mmol/L 0.904 0. 089" 0.856 £0. 073"
12 mmol/L 0.781 =0.045* 0.719 0. 043"
16 mmol/L 0. 730 +0. 020" 0.758 +0. 0521

H:5 0 mmol/L #HAHLL,*P <0. OS,IJP <0.01;5 4 mmol/L ZH
I, P <0.05;5 8 mmol/L ZUAH L, P <0. 05

2. GLN %I occludin mRNA A%} Fik B 520 . L
0 mmol/L mRNA AHXf k&R 1l HZIEHAKIE,
R A 410 mRNA AHXRiAE (£ 2), 24 h, 5
0 mmol/L GLN 21 40 4 #4H ., 4 mmol/L #1 8 mmol/L
GLN 41 RER {E P W 3% &, 48 h,4 mmol/L GLN 45
0 mmol/L GLN ZH X} [t., RER #H & I 7+, /4 8 mmol/L
GLN 215 4 mmol/L GLN ZH#H I, RER HH B [%(%, 5
24 hHE#,0 mmol/L GLN ZH A1 4 mmol/L GLN £H 48 h
RER B @325 (P <0.05) ,8 mmol/L GLN 41 RER H] i
R (P <0.05)
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occludin (64 kDa)

B-actin (42 kDa)

48 h 4 mmol/L 48 h 8 mmol/L

1 #49Moccludind AR A&

F£ 2 GLN X occludin 55 [ mRNA AHXT & 809

M (% +s,n=6)

251 24 h 48 h
0 mmol/L 0.244 +0. 037 0.591 £0.031°
4 mmol /L 0.371 £0.057" 0.799 +0. 054"
8 mmol /L 0.714 £0. 030" 0.547 £0. 064"

: 45 0 mmol/L HAIIL,*P <0.05,°P <0.01;'5 4 mmol/L ZH #f
It,°P<0.05;5 24 h ML, P <0.05

3. GLN X occludin £ AL A0 . F|H] Western
blot 7 X I T /3T, occludin 2 FI 4> F
YK 64 kDa, Z5 R WITE 64 kDa i B A W W 5541 .
24 h, K& GLN B RIS IN, occludin 85 )& &390,
48 h,4 mmol/L .8 mmol/L GLN 25 [a]HF[A] 50 mmol/L
GLN AR, 25 11 & &3, fHJ& 4 mmol/L 8 mmol/L
GLN iz m =S A (E 1,%3),

%3 GLN X occludin 25 FARIE R MM (x £5,n=3)

i 24 h 48 h
0 mmol/L 35.056 £2.313 74.309 +1. 528"
4 mmol/L 63.432 +0. 649" 99. 453 +0. 526™
8 mmol/L 101.759 = 1. 214" 99.573 +2. 082"

.5 0 mmol/L 4HAA L ,"P <0.05,"P <0.01; 5 4 mmol/L 2 #H
H.,°P <0.05;5 24 h #HH, 9P <0.05

i

Caco-2 AN N &5 B e 40, ] oAl AT 1 1
(il LR 400, B Caco-2 AUMAELSH - JSMNIE
(Wl b B A, 76 40 M A R Bl & )R 2 BE LT
/NGB RAERIGE , 7RSSR ML UK, I H.
A AL R Y BRI TRl B ] LA i 5 AR AR
LRI AL 72 R ARG 5 1A SN i 268 5 S5 PR S 2
FEAEAE T S BB ST bl iz T R
RN 1 B B ) B AR Oy, AT 2B 2
it TR )3 4 T [ P i 2 ) 4 445 M L Bz 4 A
PE, P I R B I, PR AR (5 S e S S
ARG SN T, 2 5 b R A0 5 oA S AR

HI™T . occludin 5 P J2: B B 4 i — 1 DU vk B iR 7R
H, HAF R0 64 kDa, BT RERZS X B %% 22 LU
Ko - F A0 M iR AR A 2 FBEAE 2 H TR N,
2 Z G R TRIT IR . X occludin 28 1 AR
DN AT DATE — 2 R B I g it 5 %85 32 422 R0 g 85 6 I s 1Y)
‘%%{9] A

GLN J& A ZH 20 i 1) T 2L A8 IR 9 o, R A% 1T R
BB EERY) , [ BB IS A 18 A e R g
P E AR O, 0 2 B Z NS U HE B I8 B A R
VER'™ . ZIURNBTFEN , GLN = 7] S 807 B
Z45 , SUEMB, 20 0 IR) % R IR B G TR I 1) fig A7
#, EHI GLN BERMSAEIEN L K 8T I/ D AN B 5 o, [
i IRL X 248 B R AR B 8 3 R 2 2
MTIEIRIGTT , (A ELARAVE FALE % AS B8, occludin
EARBS S5 H bR WHE ",

ARSI AR B B R AE RSN AU TRT
FEHY St MTT AR, %50 GLN 25 48 a3 v B i
fm PARESHN GLN A A0S PE . Wi fin GLN e i i) 44
/ig,8 mmol/L GLN 41 OD {H B & % F 4 mmol/L GLN
21, ULHH GLN RV EERE AR U is I i A a3 o, H B
A R HAE |

AT — A GLN X B % 8 H occludin £
SRS, FRATNH RT-PCR B J5 TR occludin
HH mRNA X &, 75 A GLN #9481, occludin
FHH mRNA FIRBBHm, [FR, RATEFH Western
blot #4782 AN, 5 R TS I GLN ZAH EE, A
GLN HZH MY occludin 5 HFREIEMN,

ZE TR, A TAEARSMAEE T i IRI AR | Jf58 1
MAE GLN He 2 K GLN i i b Rz 918 2 AVE 5 oc-
cludin EFARISCHR,, FRAVE ) FEMARSE, X5 T8k 1P
HER R L Rz 4L, GLN ] LAGE SE 40 34 5, $52 o= 40 M
P, IF HLAE 7+ A K B3N oceludin 28 AT
ik, GLN BBEmE RN A T, GLN X in%;
BER L4 I AT BB JE f1 T2 (1) GLN ] LASRfit 25 4t iy
DNA A R 24T 75 2L R &5 (2) GLN A LS k25
MG U RN 5 (3) GLN RY¥G At 74 e H
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JR BB B, T2 e A2 4 e PR %) 2 A e R AR SR RN
A H HERIERRA, AT LAOR AP 40 iR S a2 48 H R
(4) i f — E Ak A A B (inducible nitric oxide syn-

thase ,iNOS) , %8 FI FHFE A9 AL,

A5 R 25 A

RSN IRT B i —25500F GLN X L% IR1 5
HIVER

(1]

(5]

(o

% x ot

Ismail M, Wenxuan Y, Marc W, et al. Ischemia-reperfusion injury of
the intestine and protective strategies against injury. Dig Dis Sei,
2004 ,49:1359-1377.

G, Erik H. Complement-Mediated Ischemia-

Gwendolyn D, Thomas
Reperfusion Injury. Ann Surg,2009,249 .889-899.
Yuxiang H,Fei Q,Carl A, et al. A Novel Targeted Inhibitor of the Al-
ternative Pathway of Complement and Its Therapeutic Application in
Ischemia-Reperfusion Injury. J Immunol ,2008 ,181 ;:8068-8076.
3%5)19 /ST TS Tﬁﬁiﬁﬁﬁﬁﬁﬁk B 0 I 1 B A i
HEHE 1 20-1 0 BB A AR (R [ 1/CD ] v A il PR 2 i
R HLF T ,2010,12:2546-2548.
Ying C, Chunmin Y, Qingsen L, et al. Effects of simulated weightle-
sness on tight junction protein occludin and zonula occluden-1 expres-
sion levels in the intestial mucosa of rats. ] Huazlaong Univ Sci Techn-

0l,2011,31:26-32.

Masafumi W, Hideki S, Yoshiyuki SH, et al. glutamine stimulate amino

[10]

[11]

[12]

[13]

[14]

& 2 R R R B ST AR S B bk e BB fn B ARG 6 oceludin & & Rk
2627.

acid transport during ischemia-reperfusion in human intestinal epothe-
lial cells. J Surg Res,2005,123.75-81.
Manuela N, Bruno L, Rossella B, et al. Cell Growing Density Affects
the Structural and Functional Properties of Caco-2 Differentiated Mon-
olayer. J Cell Physiol,2010,226:1533-1543.
Luca P, Laura T, Cristina V, et al. Structural organization of the tight
junctions. Biochim Biophys Acta,2008,1778 :646-659.
Nicole H, David A. Regulation of tight junctions and loss of barrier
function in pathophysiology. Int J Biochem Cell Biol, 2004, 36:
1206-1237.
Katherine G,Simon H. Intestinal barrier function ; Molecular regulation
and disease pathogenesis. J Allergy Clin Immunol ,2009,124 ;3-20.
Shimizu M, Son D. Food-derived peptides and intestinal functions.
Curr Pharm Des,2007,13 :885-895.
Assimakopoulos SF, Nikolopoulou VN, Scopa CD, et al. Beneficial
effects of glutamine on intestinal barrier function in obstructive jaun-
dice. World J Surg,2005,29:935-936.
Karinch AM, Pan M, Lin CM, et al. Glutamine metabolism in sepsis
and infection. J Nutr, 2001, 131 2535S-2538S; discussion 2550S-
25518.
Potsic B, Holliday N, Lewis P, et al. Glutamine supplementation and
deprivation ; effect on artificially reared rat small intestinal morpholo-
gy. Pediatr Res,2002,52:430-436.

(ke H 91 .2012-02-23)

(A i)

v [ J/CD]. ¥ A lE R EJF & . & F & ,2012,6(10) :2624-



