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[HEEY B85 JE & CHBO) Xk BRI S i 53 1 (CCIR) 35 43 5 88 B e 2 25 19 Cx37 223k M 1M Jiki & B (BBB) i
BRI, F7iE 0 240 HAEM: Wistar KR BEAL > BB T AR BB 2 BB+ HBO 21 . HBO 414 60 H,
SR JH 4 A 1 1 4 KRR RGP 3 ik R b 1 A 28 (MCAO) 518, 3 F FR#E 12 1h . 9h.21h.45h .69h #E A HBO #it, 4 [ 47
0.25MPa HBO JA¥7 5 K. 7EALFESYIHT 1h 2 R i Bk e ST 220 07 SO 22 (EB) L SR H Lb 8325 L S B 280 7 & A Tl
55 2 (RT-PCR) , Western Blot 343 B4 CIR J5 0h.4h.12h.24h.48h.72h 204 EB i & & .Cx37mRNA K &
FIRBAAL . 258 : CIR $ 45 J5 AN 6] B [0] s A A 21 5 8 T R 4UAH LU 3 I 20 40 EB i1 75 & B 35 4% i (P<<0. 01) . H:
H EB & & UL CIR 65 f5 4h sy W, BB+ HBO A ik R EB B9 & & 55 [ B (8] 79 858 B 20 A L ¢ W 35 AR
(P<C0.01), HBO 45 [A] e (] i F- AR 4L LL M 41 20 EB 1% AR 2 . Cx37mRNA KFEH M F ik CIR
B4 5 Oh A LT CIR #1445 /5 4h.12h.24h 48h.72h 23k B 21 2 (P<<0. 01), Lk CIR 1 f4i J§ 24hCx37mRNA J %
MR RAEEREE., CIR#HUJE 24h B8+ HBO 41 5457 40 A H 5 41 27 7 Cx37mRNA J& 25 11 /9 2 3k 7K F
B 982> (P<<0. 01) ; CIR #5144 J&§ 24hHBO 4 5% F AR 4 AH LI 20 21 h Cx37mRNA R 1 Rk A k22 R R4 it
R, G50 e R AU AT LR i i P VR S BBB il & P LR E S I AR BE R B 1 Cx37 R IAA K,
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Effects of hyperbaric oxygen on expression of gap junctional protein Cx37 in brain and blood brain barrier after cerebral
ischemia-reperfusion in rats Tong Xue, Zhang Qianru, Zhao Hong ., et al. College of Basic Medical Sciences ,
China Medical University, Shenyang 110122, China

[Abstract] Objective: To investigate the effects of hyperbaric oxygen (HBO) on the expression of gap junctional
protein Cx37 in the brain and blood brain barrier (BBB) after cerebral ischemia-reperfusion (CIR) in rats. Methods:
240 male Wistar rats were randomly assigned into sham operation, model, model+ HBO, and HBO groups (n=60
each). Using CIR models, 0.25 MPa HBO was applied 5 times during the reperfusion period, and 2% Evens blue
(EB) was injected into tail veins 1 h before the animals were executed. The expression of Cx37 mRNA and protein,
and the contents of EB were determined by RT-PCR, Western blotting and spectrophotometer, respectively. Re-
sults: In model group, the EB content in brain tissue was significantly increased as compared with the sham opera-
tion group, reaching its peak at 4 h post-CIR injury (P<C0.01). The expression of Cx37 mRNA and protein signifi-
cantly increased consecutively in different model group as compared with the 0 h group. reaching its highest level at
24 h. There was no significant difference in the expression of Cx37 mRNA and protein. and the content of EB be-
tween HBO group and sham operation group (P>>0.05). The expression of Cx37 mRNA and protein in model+
HBO group at CIR 24 h was significantly decreased as compared with model group (P<C0.01). Conclusion.: HBO
intervention can decrease the permeability of BBB via reducing the expression level of Cx37 mRNA and protein.
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AR TE B B A 2 g — 20 0, N RO
BB (B H AE B Bk i PR 1 (cerebral ischemia/
reperfusion, CIR) 7 4 J5 Xt If. Jxi 5# & ( blood-brain
barrier , BBB) & 4/ ¥ 4 I 19 43 5 HL il w5 A B
BBB [y ek A8 J& CIR 5t 45 5 & 2 09 0 3 A 3 A8 1k,
BBB J2& H PUAN #8453 28 B« 055 PN R A0 B I (8] % i
AN NS b 2 I D e DR 417§
$E 7 11 37 (Connexin37,Cx37) J2 #4 5 41 Jifd [5] 4% Bt 3% 422
(gap junction, GJ) i 8 f F 2 M B A, F 18 TN
N A b, 2K Bk BBB AR 40 45 44 , X 4+ BBB
PR BE e A B Y. CIR i f 5 BBB Al &
e RS 2 | O S A N 1T B = N B v AR P ) Y |
e ARHF g it M EE CIR 40 )5 i 1K 200A 07 e ki
HE Cx37TmRNA K8 By 28 4k . i — 25 1 W] 1 46
KA1k BBB 3 1 9 /E FH LB, il IR B i A HBO 3R
7 i I 9 o B AR 1 R B R 5

1 MBERE

1.1 s B o PREAF fHE M Wistar K
B 240 H, 3~4 F i KT & (250£30) g(f [ B2
BERZFsh A . 240 HOR R HLA R B F AR 4.
IR B+ HBO 40 HBO (R FARHE R ikfr T
HBO Ab#H £ 60 H,

L2 ik il Fe o i s s AL i & il R R
i 2 Jk £ A 92 . K B L 10 96 7K A GEU IS I I R I . R
e i 1 2 M S AR A L AP O 2 )
I ASCHR S LA AW 3000 A 4000 K i w2 Jok AR 1 X 2 21 P i 9
A O s 76 A M S50 U0 FF L 2 68 A O 505 B0 kL A Sk
AN, o5 L3S 3h ik R 340 sh Bk . R oK o R g Y
420 J& i 22 e MR UK 2L S4Bl Jik RN 35 3 ik s o0 i &
R i 22 38 Bl ik 4 A2 118 ~210cm, BH ZE A5 M K i
gk, 120min J5 . 35 H e 2608 B B E T . X HR A
AR T AR ALSE FLBTHD B K - 38 15 S 56 21 (R A )
AR S5 B R R AR AL B HBO 41 5 #EAY +
HBO 4 FARJ5 1h.9h.21h.45h.69h # A HBO #& P
B AR, 7 Hl . dE 5T, 85 GB12130-1995,
Y B A% - 600 X 600 X 900mm) » 75 2h ¥ 1 MR J5 .+ 56
4 VEAR 10min, (AR O, M JE =900, il JE 3 R hy
0.0125Mpa/min, fill £ Z& 0. 25Mpa, 7¢ & FE AR E T
=8 60min, H 8] F 2 4 i < 10min, {5 & 5. DU
20min AR 2 H . BT ARH SEMA T E T
AR L IR R s SOV B Ah 1 28 R AR A + HBO 41
HBO 41 f) e Ab 3 5 7 Fn R 58 45 4 .

1.3 #mldE4x 02U SO 2 (Evans Blue, EB)
M : 2% Hawkins'™ I BE M 2 2 ik EB & &1
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Jrgim Pl . KRBT PSS Oh,4h, 12h, 24h,
A8h.72h Kl fixi 21 21 EB () & &, 7EALSESh AT 1h
2B FIKIEA 2V EB AHER K (Iml/ke) . 78 fif UK 2H
ZUHT 20min £ EHE AL KM EER B E RN
WA R U . Kb HE K BR oK 4 IR 2H 20 H - R F-HE  F
AR H T A L 43 A 3ml R i 55
JG T 45C KB F 48h BB 4), B 0 15min
(3000r/min), B L iE W& 4L EIF @ (r =
623nm), Western Blot % CIR 345 5 i 4H 4 Cx37
AR IR e TR UL 1 E 47 40 20 R B (1 SR IR R
T IPUA A AR R R (50ug) REASHR B = AR R AL, i 2 X
sample buffer (100mmol/L Tris-HCL , 200 mmol/L
DTT.4% SDS,0. 2% M ¥, 20 %0 H i) SR FUE ST
100°C /K Smim, EHINAE, HFL 10ul, TR K. A
KRB T S w ik ma%®, .
SDS- N M Bk B I ) B AR B WD TR B Wb
A 10min, SR J5 T4 B4 B, 100mA X 60min %
B, MUK SRR R R L I Cx37 — 41 (CellSig-
naling Technology 2\ &), Cx37 L E N 1 ¢ 1000)
K GADPH — i (a3 8 + 18 /0 7], GADPH R bt ik
FES 12 1000, 4°C yK 46 ik &, B B, TBST i
T - IR I AR 1 A1k 4 W CHRP) A9 3t (R -+
TS F)) o FH 3 PR B B S — LR B2l 1+ 5000, $t
RPN 1 ¢ 2000, E i N AEH 2h, A Image] [
A SR A 53 B H A S5 13 6 % A . RT-PCR £
W CIR #1 4 J5 Ml 20 21 Cx37mRNA () & ik 2141 54
RNA 4 BRI % 5% 520 < >R 53 0 50 RR DK — 265 B
R AMAL, AT 1 Trizol ZEM W 1ml, 78 3%
B A ER UK AN BB Smin, HiAY A B AS 4 Tr-
izol FEROR UL B iE 4T, i3 8 RNA % T RNA
T R 77 K L BGES 2 B RNA FH 2840 23 6 % B -
E RNA FE RS K 260,280 nm &b i 1 % B (AD 1Y
PO AR ARG I Al 2 L 2 LU EAE 1. 8~2. 0 KB RNA 4
BER o FHBE B L K R A L 58 B P L L -800C R A7
AT R GG 5 . B RNA Sul, 78 20ul {7k 2 o ARG HL
NEWNEI Y. N AMV RS A R 1 BE cD-
NA, W58 - vk & #2250 5 min,
—20°CRAF. PCR 4" 5N B Sml J2 5% 55 7= ) SRy A
B UM AR 3R 4 43 - 10 X PCR 2 B 28 o Sul,
ANTP J8 4 W (2. 5mmol /L) 4 ul, Taq DNA 4 ul,
Cx37 LTSI P45 0. Sul, ractin TS &
0. 5ul i B W& K & 50ul, 78 PCR & WAL P 9E 47,
SCH TSI Y F 8 R GI B Cx37: LN 5+
GACTGGGACTRACTGGAGAAG-3", FiEH 5~
GCTACTGAGATCCTGGTCATC-3", KB K N
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413 bp;s-actin: I W K 5 -CATCAGTAGCTCG-
GAGTCCA-3". Tl 5'-ATAGTGTATGAGACT-
GTCAACA-3", F Bt K B & 308bp, # )3 8 94°C
2min. 2% &R 94°C 555,58°C 45s,72°C 555,43 30
MG f )5 — DEFRAE 72°CHEAf Tmin, 3§78 =YY
HL K 217 - LOulPCR 5 B R FE 2. 0 Y0 Bt i B 26 e v vl
TR B R ANE S AT AU B I BRI TR 4 o T
RGXT PCR 7= ¥y 47 2 € 53 H7, L Cx37mRNA
PR IR BE S Bractin BHGHE YO 85 BE 4 LL A6
FAMI P mRNA fYF£IKKF .

1.4 %it#F %k R SPSS 19. 0 482 8k 3 47
Giitop b B E R L & s R AR 8 b SR
A0, DL P<<0.05 K% RAS 35 X,

2 HR

2.1 HBO stk & CIR 4445 & &~ B & 18] i 28 2+ EB
LF0Hra BIAIA T Bl 4h.12h.24h.48h J 72h fig
HLEB & & 5 8] i R] 5 BT R 20 L I B
(P<<0.0D), UL CIR $iifh )5 4h B il £, BRI+
HBO #1F CIR J§ 4h .12h,24h.48h J% 72h Jfij 20 41
EB 9 & f& B W Ik T [5) B (8] S A B 41 (P <<0. 01),
HBO £H 4% B 6] 5 % 21 48 EB % & 2 5 [7] — i ) o5 4%
FARAWKERTGITFE L, WE 1,

2.2 Western Blot &% #AIZ] CIR # 4 J5 4h.
12h.24h,48h.72h N ZH 4! Cx37 /AR FE LS oh M
A S8 38 (P<<0. 01), CIR 544 J5 24h Cx37 13
KPR, WK 1,3 2,

2.3 RT-PCR#ZX Frfakeam A260/A280 {HITE
1.8~2.0, R W& RNA 4l 45 A R H B a4
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Cx37 37kDa

GAPDH 146kDa

Oh

4h 12h 24h 48h 72h

B 1 CIR #1455 7~ F B 1) B2 A 28 i 28 48 G
8 Cx37 5 GAPDH & 4545 145 (%)
B Al &5, B RNA ZZ VE B IE # f Uk 45 2R B 28S,
18S.5S Fiir MG 2 4878 RNA 2R N 58 % .
R, RT-PCR 253 8R4 CIR 45 )5 4h.12h,
24h.48h, 72hCx37mRNA ¥ ik &g Oh B & 14 i (P<<
0.01), LA CIR #ifh1 5 24h ik &, WK 2.5 3,

Cx37mRNA = . csmme e v, il o . 413bp
B-2Ctin m s ——————— 308bp
Oh 4h 12h 24h 48h 72h

A2 CIR#i4/EREREZNAHALR G]
8 Cx37TmRNA # £k (%)

2.4 HBO 2t CIR #4 /& 24h X & i 28 4% Cx37mRNA
BEG £ iK% s RT-PCR fil Western blot %5 5 i
/NSCIR #1455 5 24h A5 700 21 55 {8 F A 41 M B i 20 21
Cx37mRNA K 2 1 3R 357K 1 214 i (P<<0. 01) 5 17
+HBO 215 CIR #i 44 J5 24h £ # 20 41 I, Cx37mRNA
KA R Gk K P B BEAR (P<<0.01); CIR #i f /5
24hHBO 4 58 F AR b Cx37mRNA K 1E 1 £k 2
SIS W 3. 4,

R4 HKE RS &S EB & &0 U/mg.z+s
21 5 n 0h 4h 12h 24h 48h 72h
BF AR 60 0.11+0.02 0.114+0. 01 0.11+0. 02 0.114+0.02 0.1140.02 0.11+0.02
(R 60 0.124+0.01 1.14£0.07% 0.78%0. 067 0.61+0. 067 0.5240. 05 0.38+0. 06¢
A +FHBO 2 60 0.10£0.02 0.7640. 06" 0. 63740, 04 0.5240. 04b¢ 0.4140.03b 0.2140. 03
HBO #4H 60 0.1140.01 0.1140.02 0.1140. 01 0.1140.02 0.1140.01 0.1140.01
5 [ml i a) i F AR 4 e, 2 P<<0. 01; 5 [ i Al 8 40 e %%, P<<0. 01 5[l [a] HBO 40 b #%, < P<<0. 01
F 2 CIR #4555 A R i [] SA AR 2H i 41 28 G 3R Cx37 5 GAPDH JK JEAH 1 L3 W.xts
20 5 n 0 4 12 24 48 72
ke 60 2.4940. 34 3. 4640. 26 4,514-0. 32° 8. 4140, 62 5.4140. 24 3.4340. 217
5 oh %5, P<C0.01; 5 4h,12h.48h J 72h 45 .> P<<0. 01
3 BIAIY CIR 45 5 A R HA] S22 GI B 1 Cx37mRNA ik 1) i % .xEs
20 51 n 0 4 12 24 48 72
A2 60 0.294-0.01 0.3340.01% 0.494-0.02% 0. 634-0. 02 0.4140.01% 0.324-0.01%

5#iRige CIR 455 Oh beds,» P<<0.01; 5#i%I4H CIR $iif5)5 4h.12h.48h & 72h H#.» P<<0.01
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BFEARE  WBE HEE+HBOLA  HBOLA

Cx37mRNA == cossmese SUEE. <SS, ~sssmemes  413bp

B-actin = m 308bp

A3 448K CIR#ME 24h et G] & &
Cx37mRNA £ ik 2 (%)
x4 AHKE CIR Hi5)5 24h R4 4 Cx37mRNA K TE 4

FTK R ) HEHR %, xts
1 3] n CX37 H A CX37mRNA
% FARH 10 2.4940. 34 0.294-0. 01
IR 10 8. 4140.61° 0. 63+0. 02°
A+ HBO 21 10 4.3640.21° 0.4340. 02"
HBO 41 10 2.4840. 32 0.284-0.01

ST ARHE ,» P<0.01; 5HFIH i, > P<0. 05
3 itig

i it PV A AL A R — > SR AR B R N B A
P A 0 05 A L ARE S I A e 2 T SRR 2 Al O 1
SIRBE, G i T RE B AT S AE R BF 5T £ W], BBB
S8 B T 0 TR I 05 1 K A T A
— IR BBB 4 i B 41 LA BE 5 A 28 i A0 i
{18 I 3 5 0 240 e 22 0 £ 5 B A ek 48 DB 9 I 3 5
0G5 W 2 18 1) 5% [ . BBB 1) 58 88 M AE 4 FE AR A 4 R
ZNABE R E R A EEAEMNY . AR i g
i £E 20k EB (1) & B P4 BBB AYaE i P, S5 W
#| CIR #1455 4h.12h.24h,48h.72h i 41 41 EB i & &
5 CIR #0055 Oh #H FbBA .38 m, LA CIR #4055 4h x4l
Z1EB & it i BLUIILE BBB &2 i 5™ 5 .

Cx37 FEH AL F AR Yo ik 1p35. 1, &K 2727bp,
2 MM RTF5 1 ANE TR RIS EA 333 Nk
21t Cx37 F o g ] B % B2 4 L B 6 4~ Cx37 7 4 ifg
JRE B B — 238 0 L 5 A AR AR R L 1% 55 — A2
Xif 2 B TE T B — A 56 4 A 38 T8, T8 0o 125 T 57 A AT
] ) A5 22 Cx37 MR MHULIA— 2K E R G] &
F1 s T 38 3 A 57 T LA 5 PN B Al i) 1) £ 5 e
S5 Ok R LA PN B2 A0 R ) A R B B L L R B I
(AR e AR 5 3 4Ok, 5 W 9E B Cx37 78 sl ik ils
FERE AL (4 A Nk S b i 5 B PE T . A S
7R AR A5 1T 5 K BRI P R 4 L Cx37 Rik
A I Bk 2K A7 AR BH T R T LA G A kb i AR
FOS U R, A R i R BUIR RS 85 ik Cx37
FEIR A0S R i P A L A R 1 & A PR O
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Cx37 J& M4l 2 GJ 38 18 1Y 32 22 21 W8 1, H Rk 3
AL AE A L R S AL T AR G s E TR R R A H
W) S5 E AN DA s e 2 A B R 45 F g A
R, CIR #4i /5 CIR G 414} GJ & 4 Cx37mRNA
FR 0k S 3, DUFRRE 7 24h Rk By s TR A
A BBB il i P 34 i, i 45 B4R R G Cx37 1
CIR #4055 5wy 0] BBB 18 8 2 14 hn g0 1 7 b & 4%
BLVE . HAE FHPL R T 68 J& — Jr W 5 Rk
Cx37mRNA K F [ o] {3 A 1M %5 P9 B2 40 8 2% 2 85 7 a5
B A 5 S i L 2H R 25 0 ) 45 473 5 3R BBB (1 3 3%
PEREIN . 53— J5 T I3 P R 4L GT B 11 Cx37mRNA
B AAE CIR 5493 J B B0 > 38 308 908 0% i 5% M) It
PN B L T T JUL A L R T A R B DA T E R R A
ML (5 5 38 He 3 — 2 B BBB 1945 473« 1 i BBB i
B HE— R,

HBO P H BB i 5 1 42043 i 38 o o 42 7 it K 4l
A7 I 4L SR I o o R S A U e SRR S 5 R
I S BILAAR 1) ST O 3855 N 5 8 41 ) 50 ke S e i 2
SAEPT )2 L FH I DR 1 It 0 iR g
AT AR AF 5% 2% B 85 T AU CIR 00 bl s 36 G & 1
()26 1k B B BBB sl B PR R R . AHIF9E 7R RiTIY
BFFE Ry el F ok — 2534 HBO 7£ CIR 45145 H [k BBB
3037 P AR LI . A 52 563 o W %€ e TR 40 CIR i
il 24h G20 20 GJ 7 11 Cx37mRNA. % [ 19 3£ 5 K&
BBB 3 i 75 ) 45 3 % 81, CIR $i473 J5 24h HBO fig
BRI ZY GI B 11 Cx37mRNA K [ 2235 A
M {IX BBB i3 % 1 . 3X 0] g & HBO FE{IX CIR i J5
BBB il i P ML 2 — .

Zi | Tk, HBO e A & B ik CIR J5 BBB f9 i i&
PEHAEH T RES F M 221 Cx37mRNA K 8K (4 %3k .
MBI GT 28 4 2 35 %5 V) AH 56 BBk 9% Ry it PR L g
HBO J6& 77 B 15552 9 S At T S50 448

(5% k]
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C ShHI AR
5 3 B e i R BN X A

B TRR (HA) S 45 45 H U RAR B3 - B MR DG T W (SE) R BrE AN i OG0 I RE ) . B3R EoA FU A 1 0 4 BT i A8 A8 i
LT AR R oAb 22 AT IR (PNs) 2 — Pl I W | 16 W 11 JI5d S0 AZ M A% 1 9 TR 5 40 » T 7 UL Y B 6 2 2 v R 1 Tl B9 PR
TCITUHIE 2 K T O 3 P9 T S 22 A% 1 R RIS I T R TR & Y (PNHLAD 5 80l v 5 388 W I iR (HLAD BOY7 3B 4T T g,

WS LGN 100 B2 W7 ST 22 COAD (9 J8 5 BEAIL 23 V3 20 422 52 A PN LR 5 o 1 36 0 43 32 B0 ) HA (A iR & AL, 10mg/
mD F1 PNs 5 HA B35 W GRS WP PNs o RAR M R IR 10me/ml, HA 4 W50 R G 0l - 10mg/ ml, B A RUK S & #E 40mg/2mb)
ZA A R E % 2 mL PNHA 80 HA JBOCH g, SRS 3 W, TRAEEAN | YRy T A TG i@ i WOMAC 3173 F B 635 3T
53 (KSS)ITAG i R I REFNECIR 8 00 . FEIEL TG TT J5 9 J8 I 3447 A A0 A0 S 3 Bl 40 A

7EBE I 1958 = DU J&] (P<0. 05) FIER )8 (P=0. 009) I , PNHA 21 i1 KSS 843 W RAE T HA 2, BEVII P . W20 R /Y WOMAC
IRV 22 R AR AT SR BT BT A SR YOG T RS (5, | T T EE R B OB R B BE VG Y TR
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