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3hxt HBO AR A A4 & ERET . ABMAFTARRRFTHEZAIR TS GEAETEH 1,2 AXA
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FEBRBEAAPIR Y EMRBFREAS; SEAEFH2 A, 55 A MLk E B Map-2 & Map-2
mRNA £k BB F KA A AR 83, GFAP & GFAP mRNA Ak & A AW B V{2 B F KR g,
Lt B RS, TR A & ERE T TR AL A KR B o Ak, SF T 38 i 4% 3 Map-2 A R 3y
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Influence of hyperbaric oxygen treatment on neural
plasticity in experimental rats

MA Ming-ming, ZHANG Le, LIU Bao-qiong, HU Zhong-yang, FU Peng-cheng, YANG Qi-dong

( Department of Neurology , Xiangya Hospital , Central South University , Changsha 410008 , China )

Abstract: Objective  To explore the influence of hyperbaric oxygen ( HBO ) treatment on
neural plasticity and it’ s mechanism in experimental rats with cerebral ischemia. Methods Ninety-
healthy male adult Sprague-Dawley rats (3 ~4 month old) were randomly divided into a pseudooper-
ative group, a model group, and an HBO therapy group. The middle cerebral artery occlusion model
was duplicated with suture methods, then we used beam walking test( BWT ) to determine the motor
skill of the rats and immunohistochemistry method to detect the distribution and location of microtu-
bule -associated protein-2 ( MAP-2) and glial fibrillary acidic protein ( GFAP ). Quantitative real-
time PCR was used to detect the expression of Map-2 mRNA and GFAP mRNA. Results Immuno-
histochemistry showed that the fluorescence gray scale value of Map-2 in the HBO group was the
highest in 3 groups at 1st week and 2nd week ( P <0.05). The value of GFAP was lower than that
of the model group but higher than that of the sham operated group ( P <0.05). Real-time fluores-
cence - quantitative PCR indicated that the Map-2 mRNA of HBO group was the highest in 3 groups at
I st week and 2nd week (P <0.05) ; but the value of GFAP mRNA in the HBO group is lower than
that of the model group,but higher than that of the sham operated group at 1st week and 2nd week
(P <0.05). Conclusion After cerebral infarction, giving hyperbaric oxygenation treatment can im-

prove the limbs motor function, and hyperbaric oxygenation treatment can increase the expression of
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Map-2 and decrease the expression of GFAP, which promote neural plasticity.
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s il 7 N i AN S o = 7SI )
Fe [ 3 4 4% R E 29y 200 5, Hoh 70% LA B
e L PR A AT, R AR R R A U R R S R I 2 e
BRI ls T EERE, B T REZEEENS,
ik 2 I o 5 T A B e TS S A . iR R 4
S5k 5 T RE Y AT 98 M 2 T 20 AF Ok & R W ce oF
€A T Y LA I, 0 Al 4R B O 4 S P 4
E IR EE oy i S I 2 S R O e R
B, DUFE B9 B 95 3R B, B JR 48 ( hyperbaric oxy-
gen , HBO ) & 7 okt IffL 11 fidi 25 v B8 A3 25 184 it 94K
M5 SR BN A R AR R, DR A & R G AE R,
HE UG o H H ETOC T HBO 36 97 il sk i /9 5 U)
B8 AN+ 5096 2 o

N BRI iR s 48R T 8 2 ol ot 1 N A v JS b
2 n] IR VE B R W, R BIE 5 R BB A G -2
(' microtubule - associated protein-2 , MAP-2 ) £l i Jii £F
2 2 Pk 25 [ ( glial fibrillary acidic protein, GFAP) 7%
AN T8 AR 23 1) DI BB IS B JZE R 28 T Al O AR R Y
P AR AR IR B T 40 M A R A T S O TR 04 v TR
SN R 22 ] VAR B R, O 9E — 2B B 58 HBO IR Y
B BIL 1 B 1A A B

1 #MBE5FE

1.1 A4

1.1.1 % SPF 2% SD X B 90 H, ¥ 4y i
PE,RIE 3 ~4 D IR E (315 £20) g SR
Sl A R R IUHE R e SR 56 sh ) 0 2
i, K )5 & .

Lo12 R MBS B Map-2 5 5 B 4
& H1 28 [ Santa Cruz 23 w) $2 it , /N BL4T K Bl GFAP
BV BE P h 36 1F Sigma 2 W) 4R R S BT/ B
FITC fy 35 [E Santa Cruz 2 &) #2 fit ; RT-PCR & 7| &
Hi 8 [E QIAGEN 724 w] 42 it .

1. 1.3 & YC32190/0.3-22 %I = JE 4 6
MG vKES IR AR A R ] AR 77, TmageScanner
IT TG B 22 [ Sigma 2y &) 2 i, LEICA CM1900
(RIS ERER 7 R 7] I | N 3 S 7 G S/ K2 SRS = v
¥R O L AVANTI J - 25 & 3£ BECKMAN 4
7L 9 E B PE 7000 42 H 3 %Ot & i PCR Y

F EH Perkin Elmer 24 ] 7 i, WOGH R R L B
B FV300 F H A Olympus 24 ) 4 7

1.2 %

1.2.1 ZHypara 90 HR BLURE AL 20 A A
FARY B4 HBO 4, 541k 30 Ko (1)1’
F AR« AL B3R I BAh 3h Bk, AN I AR B 4R
iU R R s Bk (2) BEARL A . o R, R AR HoAh
JEFR 5 (3) HBO 41 : i M 5, #EAT i FE A6 9T«
1.2.2 BAH% W A R 4 K HBO 41 K L
60 B 2k A 1 A B K R Bl ok R T A R L
KB BT Ah Bl Bk 43 AL 45 FL 8 Ah 3 ik, 78 O i 45
FL A B Bk, 7E BUE B KR B | 34 3 ik 4 X
W8 —/NE K e R (E 42 0. 188 mm) JIit # 27
1 45 A K A Bl ik, DT R SE K Bl kR 4R O
M I3, R 5 LA JE Je 4Rk 25 FL R B k. R RLUOR
T 5 1] A5 e e s A 00 T A4S S e U] R Oy A 3 R

1.2.3 ZHEAL® ARE 3 h e, 5t

FH 40048 3 4% VE BB 30 min , B £ 40 A7 K IR % 0k
CO,, #% 100 kPa ( 1ATA )/min # X jil [JE &
0.25MPa, EE E T8 1 h, ZJ5 1L 0. 25ATA/
min 5] 3R B E IR AR E S, BROR 1K,
SR8 W BT R 4L KB 4 B TE R I B

8L E S8R Bl
1.2.4 XKAMBIKFD TS5 TE K i H 3 Bk A

FEARJGH 5,10, 14 KX AL K HBO 2H K Bl i#F
1T BE KR 47 & iR % ( beam walking test, BWT ) Jf #F
G DA A o i R AR AR

1.2.5 AAe g TARES 1,2 J 535 )\
AP ECH 6 HR R, &4 0= 1 3 ki
IR HETE SO mL 4 C A K, 4 CHY 4%
Z R Pl 29 200 mL, Z J5 JF o BB, [
3hIGIKIK AR IE R 10% ,20% ,30% () 15 E V%
Wb, W e #EA T KRV . A 1,2 JA R LA 5
ZHHCH 4 S B AE AL JE 3 mm o x 3 mm §ig [ Y
ki 25 23 £ 50T WA A OB s T

1.2.6 #EMBRILFELEE kKA A B
U BRI R R o MU R O T, BRUMK [ K . vk
WY R, A8 40 wm, JE 17 AH I AY A 4 U4
e, 1 H0: /N BUPT K B Map-2 557 B BT 44, /)
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BUPT K Bl GFAP Busg B Ak . I 41 : P/ Bl FITC
F O AL 3R A TR A I 2

1.2.7 S8 3 %2 F PCR #&al HUREAE KL A
Bl BT fF o 4 20, $2 B S RNA, Map-2 5| 9. I Jif
5’'-TGA ACT TCC GAG AGC ATG CA-3', Fif5'-
GGC GAC TGT GTG ATG ATC TCA- 3'; GFAP 35|
Y. FiE 5'-TGC CGG CTT CAA AGA GAC TCG-
3" N 5'-CTGCAG TTG GCG GCG ATA GTC- 3',
Hi 148 58 2k DY Wl R H il B B U B ( glyceraldehyde
phosphate dehydrogenase , GAPDH ) 7E 2 il P ¢ 3 5
B TE AR DA b o DB E Y, 2R R
SR L/ G A RN TR A b BT A B
HE PR 2H B B 0N 2 Bk B GAPDH A A 4% LU
TR AR R AT 5 x & 7 PCR buffer ( 3% [E ABI
A1) 10 pL E334 F(10 wmol/ L)1 L, F i
5% R(10 pmol/ L)1 uL,dNTPs (25 mmol/L, 3
Sigma /A ®] ) 0.5 uL, 2 6B 4 (10 pmol/ L)
| L, Taq /5 (2 [E ABL A7) 1.5 uL,cDNA 5 L,
ddH, 0 30 uL, B AR F K 50 uL, s b 2 93 C
3 min,#RJ5 93 C 45 5,55 C 45 s, 3L 40 {35,
1.2.8 B 5 K &l B & o3 e B
Image-Pro PlusS. 0l i€ 455 B UJ Fr /9 Sz L 7= ) B
PEAE 5 (5, BIAR B 0 3 X B A 19 K B 9 GA AT
FRCm+n) b BHAE B RL 7= 9 o AH B9 K BE 9 Goo A
T A e BIAT SRS A B (PU )

1.3 %itzam 4 B I 2K B OSPSS 13,0
Gt A AT G e o B J7 22 03 A A K B
GOriE, WA B R 2 | X B 4 Ephrine-AS 4 i )2
ML FH 1 AE o fH & RT-PCR R I 45 2R, DL x + s £
N, P <0.05 B EAGIFE .

2 % ES

2.1 REXRAEAKRG TS Fie BEOP- 7 AR i
W AR MR IR, REHES REMAY
HBO A1 /r 2 5 Gt 2 L (P >0.05) , B#
05 HBO R gk E L2 7 RJE % 10 X
FI 14 KBB4 E HBO HIE4 £ R H i % &
X (P <0.05),HBO 41 % 14 Ty fig ¥k &2 % A% 7Y 41
4. HBO 4 I 8 240 R J5 55 10 K 3F 43 8 Ik
WA S RIFHERFARITHER(P<
0.05) ,% 10 REKEIIREE S 5 KA Pr ik % ;
RIGH 14 RFEDHILHASE 10 RIFH R
Aot ¥ 25 (P<0.05),5 14 REKI6E
B 10 KA BT 3% .

F1 FEFEKREERKLTESD (X £5,n=30)
Tab. 1 Scores of balance-wood experiment for rats after

cerebral infraction(x +5,n =30)

JEARTH RETT 43
215
ERIDN 510 K %14 K
R 4.43 £0.22 3.20+0.36*%  2.80+0.14*2
HBO 41  4.38+0.34 2.41 £0.36* 2.05+0.312

5 HBO 4iAHIL, * P <0.05; 5% 5 KA, #P <0.05; 5% 10
KA, AP <0.05,

2.2 RBAABALFHMNLER

2.2.1 Map-2 £ 4% & J5 R F ot & & 4% 58 1 A
4 R0 Rk HEAE 5 45 1 J& . HBO 20 A% 4E 4t
Map-2 fHYE(E S EH MmN 21.32 6. 11, B & &
TR Sl T AR (P <0.05) 5 i T A 4 A5
JEJE Map-2 BHPEE(G S BB R4 & (P <0.05),
FEBE J5 565 2 J& : HBO 41 4% 5 kb J& Map-2 FH {5 5
B 14.95 0. 31, B g i PR 41 KR T
ARH(P<0.05) ;& T A 411 5L &t JH Map-2 FH P
HFEEBRBEAHAZ(P<0.05), fILEH2 M
255 1 J8 HBO 41 4 € &1 & Map-2 FH {5 5 H A
PrBEAR (P <0.05,81,%2),

2.2.2 GFAP £ w4 L& 1 B Bf ) & 42 58 it A
4 R0 Rk AL G 55 1 A . A5 Y 21 A A kb JE
GFAP PHME(E B & &~ 14. 63 4. 73, 5 HBO
M FARAAMLKZRHAES I EE XL (P <
0.05) ; HBO ZH #li L &k il GFAP Bl 1 {5 5 (0 & i T
ARAF(P<0.05), FHILIEHE 2 J& . A& AL 2H F 5
ki JE GFAP PHIE(E S (A b 18.81 £0.36, 5
HBO N FARAMU ZFHARITFE L (P<
0.05) ; HBO 41 f# 3¢ b J& GFAP PH 4 5 5 {5 %2
FARMAR,(P<0.05), HRES 2 HEHILE
% 1 J& HBO ZH A 3L &t J&] GFAP [ ¥ 15 = (6 A v 7t
E(P<0.05,2,%3),

F2 REHRNFE R ERESEXR Map -2 FRiIAH
#EB(x+s,n=30)
Tab. 2 MAP-2 expression in brain of ischemia infarct rats

by immunohistochemistry(x +s,n =30)

4151 %1 552 JH
R FARH 11.93 +4.26* 10.68 £2.34 "
Ve 7.65 £3.22** 4.21+0.36**
HBO 41 21.32 +6.11 14.95 +0.31

5 HBO 4L, = P <0.05; SRFARYIMLL, #P <0.05,



1116

H R R 22 (224 h) ,2008,33 (12)

1 Map-2 ZEESE/FHESE EHRRIRE AL 1 A2 T ARLL;BL A B2 yFILE ;C1 Fl €2 0y HBO 41, Al,B1 fil Cl
IRESEIEHE 1 S5 A2, B2 F1 C2 gAREAEIE AR 2 A (AR 10 um) .

Fig. 1 Expression of MAP-2 around infarct tissue after cerebral infarction. A1 and A2 belong to the sham operated group; Bl

and B2 belong to the model group; Cl and C2 belong to HBO group; Al,B1, and Cl belong to the 1st week group after the

infarction; A2,B2, and C2 belong to the 2nd week group after the infarction (Bar =10 pum).

F3 REHSNEE NGRS KET KR GFAP RILXH
#RB(xxs, n=30)
Tab. 3 GFAP expression in brain of ischemia infarct rats

by immunohistochemistry(x s, n =30)

20 53] 1 $52
BFARA 7.53 £3.06 " 8.08 +2.34*
R 14.63 +4.73** 18.81 £0.36 **

HBO #2{ 11.02 +£5.41 14.85 +0.31

5 HBO AL, = P <0.05; S{EFARLAMEL, #P <0.05,

2.3 B RAEZZ PCR &N LR

2.3.1 Map-2 mRNA £ Ji& A2 58 )6 R F) B 18] & AR
e JE B 4R 4R 4 KA EZE 5 45 1 Ji . HBO 4
BEkt JH Map-2 mRNA ik & F & h 127. 32 +
26.41, Wyt 5 TR KR T R4 (P <0.05);
i T AR A ABFE L o] Map-2 mRNA 2 3k i B0 6 R 4
F(P<0.05), IG5 2 J& : HBO 4 £ E Lt &

Map-2 mRNA ik K 103.25 +12. 31, B i 55
TRERLH KA T ARH (P <0.05) ;i T AR ZH A 5L AL
Jil Map-2 mRNA &3k ft B A B 4 = (P < 0.05) ,
FEAE 5 46 2 JE 855 1 J8 HBO 44 # 3E & J& Map-2
mRNA KB A PIEMR(P <0.05,5%4)

2.3.2 GFAP mRNA & 5 4% 58 )& R F) B ] & A2
5o dk B4R 4R 8 R ik BEFE 5 55 1 JA] - A5 R 4 A
Btk B GFAP mRNA 3 35 & &% 55 F 98. 23 =
11.36 ,8] & & T HBO M T ARHA(P <0.05);
HBO 21 1 3L 4+ Al GFAP mRNA ik & B T AR 4
F(P<0.05), MIEJEH 2 J8 . #5540 20 4 50 &t 5
GFAP mRNA ik & & &0 120,31 +10.36, B i
& T HBO M MR AR (P <0.05) ; HBO ZH A AL At 4]
GFAP mRNA iR BT ARHE (P <0.05) . fist
Ja 56 2 A48 1 & HBO A5 48 4 Bl GFAP mRNA 3
kEA TR (P <0.05,%K5),
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2 GFAP FEfu1E5t

; : et B % G2
BRI EARRIE, Al F1 Al NETF- R4 ;B1 FI B2 A4 ;C1 F1 C2 2 HBO 21, Al,B1 Al Cl
RIS 1M A2, B2 F1 C2 ARG 2 A (AR .10 um) .

Fig. 2 Expression of GFAP around infarct tissues after cerebral infarction. Al and A2 belong to the sham operated group; Bl

and B2 belong to the model group; Cl and C2 belong to the HBO group; Al,B1, and Cl belong to the 1st week group after

the infarction; A2,B2, and C2 belong to the 2nd week group after the infarction (Bar =10 um).

4 RT-PCR il Gk M 1% X 4E 5L KX R Map-2 mRNA 7E4&
FEA B RIEHLER (X £5,n=30)
Tab. 4 MAP-2 mRNA expression in brain of ischemia in-
farct rats by RT-PCR (x +5,n=30)

4151 S 1 %2 M
BFARA 88.13 £32.76 " 86.68 +21.34*
L EiE) 56.25 +22.32** 43.41 £17.56 **
HBO 4 127.32 £26.41 103.25 +12.31

5 HBO ZHAfLL, * P <0.05; SETFARLMLL, #P <0.05,

%5 RT-PCR il fn 14 f 48 8 X L GFAP mRNA £
TEIBARIEMLER (X x5,n=30)
Tab. 5 GFAP mRNA expression in brain of ischemia in-
farct rats by RT-PCR (x +s,n =30)

5 %1 2
BFARL 39.3£6.21" 36.18 +5.24"
BiRIZH 98.23 +11.36** 120.31 £10.36 **

HBO 41 66.51 £11.29 92.35 +22.31

5 HBO 4L, = P <0.05; SRFARYHMLL, #P <0.05,

3 #

[ETEEE =N g o 7 1 R e S D 7
IESE HBO 6 97 20 P wl I M il 25 v B R, o ol 2
a5 I P 3 A T A S T X T ORI AR K AP
BEL 2 55 80 1y 97 A0 0 A 4 U o BT BT O BE S
Fe SR T Sk sl vk A R B BLERD A 2 R
SECRT DA S o s e o 20 X, R AR A i 2 L
B AR A R A 8] BB e 0, 2 5 4 2H 2R 45 ok S i A AE
9 WU 0 E TR 2 800 PR ISR I K 78 43 E
ST TR BE TS R RUTR T IO A P o A B
FE VAR A Tk B W A il TR 2l kA ZE R L R S
3hJFIRS T 2 W kARG )T, K BB 5
10, 14 K i J5 460 41 L K5 RS 41 69 #2480 RE K A2 3
I o UESE TR T A 0 AR T BE 98
KR A Bl ko AP ZE R B2 D RE L X5 Yin
ATy R A — B

MAP-2 J& T4 IEME M REARK, 25
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ML RH R E R B 5 fil 7T 9
T, O A 28 T Bl o R R Y AR RE K R AR E
ABAEEEMN, U2 R 58] 85 5> 5 4r
AT KR g TN S K i 4 41
MAP-2 ik i3k 2, TA O MAP-2 J2 i dif if. f) 45 &
GAR o ASHT g8 o S 0 Pk A B KRR SE S 4
U, 2 JH A WS R B BEAE 5 26 1 J], 6 R 4 K
SEAE JE AL 2 Map-2 R B BAR T AR 44K, 1 HBO
M AL A 4180 p Map-2 R T R4, %
SHA G EE S, A HE 2 JA BB 2 A AE
S A 21 2 Map-2 Rk BB T R 414K, T HBO 41
REAEAL il 4 20 Map-2 SRR BR T AR 4L, 25 5+ 1
ALt 3 X UL I AR AL IS 45 T TR AR T
A RLH e i Map-2 1 22 35 39 IR 2 18 2 RE 1, A
T 36 AR B L Jo L 22 20 2 i) T 38 v i L X A A
FATEREFEJ5 55 1 JR A W] B, AR 5 55 2 Jo] 22 i sl .
X BRI TR T IR FE S A BE 6 ek 5 Gk 1 20
AR T B 280 B ER A DL R A A ) L a5 I~ G
AFLLZU | R T 5 S AR A T AL L R 2 0 S Y
AR, IR B G IR RS IS # 2 T RE IR & .

G ke 1 i A BB kb 2 S DX DL e e B I DX R
AR BRI BT A0 . A SR BIF 9T R B i Gk i
39 1] e i 30 2% DX B doke o 00 T OR B R 5T 40 S
A0 38 B, 2ok B 3 Ak B e BT 4 B AT AR i 9RO B
Wy (INF) AN R TIMRFAFH T FHR
K PE M 4 SCHE T2 ( delayed neuronal death , DND) , 53
JEE 8 B A R AR M T G S R TR IR Y S B AS A
A5 W) ) B2 T ik 98 B A R R SR Ak ) E A, 5B ]
L BT i 210 250 G0 B o s W el o S 5 E Y
JoT 40 i 3 A= B G B Il S PR 22 B Be g H bR Y
HERKZ —, AUTRAERICEH 1,2 J K
FEBE kL 6 Hl GFAP 1) K3k & B BEFE J5 55 1 4,
HBO £ 51 58 &t J] 2H 21 v GFAP 3 3k B 455 AU 4 Ik 5
BIRFARAS, ZRHA RT3 E L. HIEES
2 i, HBO ZH £ 5L AL i 2H 21 vh GFAP 3k 3k ) A 4
RAMBERERFARAR, 27 YA S E L.
TEBE J5 265 2 Ji HBO 4 ke A5 Y 41 4 8 AL Jil 2H 41
GFAP KR4 M J5 45 1 J5 A B 4% fn, {5 HBO 4]
GFAP 3% A K T 2 2% 18 03X 1t B i A 4k )i A2 JE
JIE J5 440 i T M e A T AR M Y Y B R s A
] R R R 5T A0 B A S R A A Ok 4 R il AR SE )
REE KL J] [ P 22 L 2LR] B, DS 2 T RE

g BRI S T i RE AT IS 40T IR TR A
RYTRE U8 B 35 4R i ik B AT IS R BB b 22 T e O
gy BE UG . MRS 4 T AR T AT L

3 32 38 1 AR B AL R B w25 T W O 18 R RE ) 0
UL b RO R 2l pied ) O (i L A =l S
Ty
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