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Protective Effect of Hyperbaric Oxygen Pretreatment
and the Expression of BDNF and GDNF Genes in

Hippocampus of Rats after Cerebral Ischemia Reperfusion™
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ABSTRACT Objective: To investigate the protective effect of hyperbaric oxygen conditioning (HBO - PC) on cerebral
ischemia-reperfusion injury in rats and the expression of brain - derived neurotrophic factor (BDNF) and glial cell - derived neurotrophic
factor (GDNF) genes. Methods: 32 Sprague-Dawley rats were randomly divided into three groups: control group (sham group),
hyperbaric oxygen control group (HBO group), model group (MCAO group), hyperbaric oxygen pretreatment + model group (HBO +
MCAO group). HBO group and HBO + MCAO group were given hyperbaric oxygen pretreatment for 5 consecutive days, MCAO group
and HBO + MCAO group were given right internal carotid artery embolization to establish middle cerebral artery occlusion (middle
cerebral artery occlusion). The other two groups received fake surgery. Morris water maze behavior test and nerve function score were
performed on the 7th day after operation. After the test, the rats were killed, the nerve function defect score and 2,3,5-triphenyltetrazolium
chloride were performed, the gene expression of BDNF and GDNF in rat hippocampus were detected by Western blotting. Results: (1)
the neurological function score showed that there was no neurological dysfunction in sham group and HBO group, and there was
significant neurological dysfunction in MCAO group. The neurological function score in MCAO + HBO group was significantly higher
than that in MCAO group (P < 0.05). (2) TTC showed that there was no infarct on the injured side of brain tissue in sham group and HBO
group, and the ratio of infarct area in MCAO group was (25.45+ 8.75)%, and that in MCAO+HBO group was (18.84+10.55) significantly
lower than that in MCAO group, the difference was statistically significant (P < 0.05). (3) Western blot showed that the gene expression
level of BDNF and GDNF in MCAO group was significantly lower than that in sham group and HBO group, the difference was
statistically significant (P < 0.05), but MCAO + HBO group could reverse the effect, the difference was statistically significant (P < 0.05).
Conclusions: Hyperbaric oxygen pretreatment can improve the neural function and cognitive by regulating the expression of BDNF and
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GDNF genes, and play a neuroprotective role of cerebral ischemia-reperfusion.
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(1) Zh: SLEe PRI T i #E 280 - 320 g 1) Sprague -
Dawley KR, FH 55 UL R se i o d2 43t . ARAEREHLEL
FREGEKBBENLSS A 4 41 -5 HEZ0 (Sham 41) | = R A% HRZH
(HBO 41 ) fFEAIZH(MCAO 41) .= FR A iAh B + A7 2] (HBO
+MCAO H), /4 8 K. Wi N =R (231)C 14
50% - 55%, 12h/12h(8:00 - 20:00 ) AR 441 . S22 4 45 DU 22
&R ASBEZE 53 b

(2) EZLRAF AL A :BDNF Hifk (EPITOMICS /Al ).

GDNF #i{&(EPITOMICS /A #] ).,

1.2 ik
1.2.1 REHELHE KRR X (Sham 41) 5
JEANTHEZH (HBO 4H) AR (MCAO 241 ) i R A8 AL 3 + 455

T2 (HBO + MCAO #41), % HBO 41 fil HBO + MCAO #H % 4
BT mRIEATLEE S X, BEEXF MCAO 4 H1 HBO+MCAO
H AT A M SRR, 2 ST K b 3l ik A 2 (middle
cerebral artery occlusion, MCAO )RR | HAB B4 T IR F- A, F
ARIFHE 7 KX KR IEAT Morris 7KK B 47 A 2K Fn A
ZEIREVES KNS5 RS A E K R, ST H 2 T Rl vr o3 B 51
A = 2R 5L PU (e (2,3,5-triphenyltetrazolium chloride, TTC )44 (%, ;
il Western Blot SE46#all BDNF 1 GDNF [ FRIAE N
122 SEEHAERZE SN EEARChERG K
AR FRA T, 845 NG9O-TIC) , 4l 4 BEAE 10 4344, £/
FrA P AR ETE 98 - 100%.,2.5 #6%FE  (atmospheres absolute,
ATA), 3 FR A A E S 0.2 atm/min K BRBCER N 1 /)N
BF, #E2k 5 R i AT W AUk B, REFAR IR BEAE 23 -
26°C 2. X HRAK RAEF —A B E RS R

123 KR MCAO BEF&EH & AL Lz
(40 mg/kg ) B I PR I S5 JRR R , I i 4 00 28 AE I b AR
KEUAIR . BRI IT , B2 588 R B8 A7 N SR s Bk A 354
BRI EEFLIT U o BRI K 73 AR T T Y1 F 1) 350 S ik
i 3 - 0[BT JE T 5 22 4% & 2k (Ethicon, 1893G ), 1 3| X 15}
J 1 375 ( CBE ) AR IR T K1 16% , AT BH ZE K i i 3
Tk BB i sh kRS 2 Bk Sk s S5 2 /e, 22
MR 2z, MRIKE 22 T5%FELEKT- . [ OG5 8 i
1 52 1% (Perimed AB,PeriFlux System 5000 ) 'V il [5]fil] CBF, J:
Wil 3R - (Spacelabs Medical ,90303B), 4 14 35 4 5 7
37.0-37.5°C . Sham Z1& HBO 21K BUESZARIF A F AR, ANHEA T
MCAO

1.2.4 ZhipEENERB IR ERMETIEEITS 4 Garcia
KM EIRETT PR ITAL K B ML D RE S, T I3 1,
R A IRETT 45 R0 3, RESMHEIIRETTr45 0 R 18,18
FIEH T

% | Garcia KERMZINRET AR

Table 1 Garcia neurological scales for cerebral ischemia rats

Project

Expression and score

Spontaneous Activity
Symmetry in the Movement of Four Limbs
Forepaw Outstretching
Climbing
Body Proprioception

Response to Vibrissae Touch

3, Normal; 2, slightly affected; 1, severely affected; 0, no movement
3, move symmetrically; 2, move slowly; 1, minimal movement; 0, forelimb, no movement.
3, symmetrical outreach; 2, outstretched less than other side; 1, moved minimally; 0, no outreaching.
3, normal climbing; 2, impaired and climbing or grip than other side; 1, faile to climb.
3, symmetrical response; 2, weak response than other side; 1, no response.

3, symmetrical response; 2, weak response than other side; 1, no response.
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WGt 60 min, SR X I CAEIE X 3L (4,45 U 5
Z R WEEE %2 2h, #1 1R, {5 ] ImagePro Plus 5.1 £ {4153 A5
T,

1.2.6 Western blot #&  WrkikibZE REUSBUR RS, &
EAMET . I BCA BAFUE LR, FIKEEN LR
40 pg. BEMCHLUK)E K %R 2 PVDF & DL Q25
mmol/L TBS ¥, 5 g/L Ag 45, 1 mL/L nh-iE -20) == & 34
1 h, % TBS ¥k 3x8 min, i# & —+Hi(BDNF GDNF), 4 ‘Cyk4f
T . 8 HZ A 30 min, TBS ¥k 3x8 min, A —#i, %
T E 1 h, TBS PEAR 3x8 min, i I {b2= 5 5], R = A
XOGHE A US98 & S Bl 25 ITdEA 74387, FH Image
T3 454 K BE , 715 1 BDNF Hil GDNF 2577 5 HXT by

H) B-actin £ 1K LU AEL
1.3 Git=ain

R H SPSS23.0 AT BRI M, BRI R axs
TN o £5 4 2Z 0] 1) LU P B IR 2 7 22 004, T P4 LU ST A T
J5 2555 R I, W T U 25 5 M SR Y LSD-t A 36, 7 25 A 55
% H] Dunnett T3 #:55, 1% P <0.05 BPA G275 L,

2 R

2.1 FAKRWENEEITS

Sham ZH R FUCHZ DT RERL DR, AEREZH R IR % 2
KREH 7 RERET I LB R A G E X (P<0.05),K
R AR A2 I REIE ML TR, 22 S BA G4 5
X(P<0.05). W#*2.

2 KRMENRETFD MRIEE TR (v5)

Table 2 Comparison of Neurological Scores and Infarct Volumes(xzs)

Groups Amount(n) Neural function scores Infarction Volume

Sham 6 18.78+1.10* 0

HBO 6 18.56+1.13* 0

MCAO 6 8.67+2.00 25.45+8.75
HBO + MCAO 6 15.33+1.87"* 18.84+10.55"*

Note: compared with the MCAO group, * P < 0.01; compared with the MCAO group, ** P <0.05.

22 TTC 8

TTC et FIEEFE AR5 45 L 7, Sham 20 F1 HBO 41
KIS, MCAO H I KB ILTH AR L (2545«
8.75)% ,MCAO + HBO #H [ fFELL (18.84£10.55) B/ T
MCAO 4, =R AF G4 L (P<0.05), WE 1,
23 &HEKXRIFS M BDNF 5 GDNF fFRiL (&R

MCAO #H BDNF 7K F-H i fik T Sham £ 1 HBO 4 , 2% 7
HAB 25 X(P<0.05), i MCAO + HBO 41 7] )it ix—
B, [l , MCAO £ GDNF 7KW 2 ik F Sham 411 HBO
2, 255 BA G iT2E R L (P<0.05), 1 MCAO + HBO 4 7R 1]
DA —3 0, 25 S A G248 L (P< 0.05) . T 2,
3 PHE

Crp ) i 2 v B YA 4 20 18)MEZEHE HY | TR 1) i & Hh i
fdH S A A 40 2 DL E A v f s 3 1200 J5 AL
b B 196 T3 A R AT, A A o R R
VEYT 5 2 R (5 ) o 2 2 2 T 3 i D R e A A
TRYT AH B ) 6 2, IR B B P I 2 7 LR 189 R ST A 4K
S iR N[O O e e b (= BNt 1 W20 €7 (0) A L
A PG T B BSR4 IR T B 2 5 2 B

AT IR R e M, O T — Stk
B 25 R 2 KGR A 5 2 R 2, BEAE TR R R B, &
R AR T FE AT AR S H R ALK sk TIL-1IL-6  TNF- 45 4%
i B F3RIA 5 40 F I, BOE B S 0 el 2 A
AT, RIEM A RGP E R B EARPLH AT R . 3,

TIRTHARESE o, o e A TAL 2 AT L e MCAO 570 K Ui
REALTHFR KA IIREVE 0P, AR MCAO 4l % Ak

B 1 FHKR TTC FEERMLLE
Fig.1 Comparison of TTC staining in each group

Note: A, Sham group. B, HBO group.
C, MCAO group, D, MCAO+HBO group
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Fig.2 Comparison of the apoptosis of rat myocardial cells among different groups

Note: * P< 0.005, compared withother group.

A HRAE R P e P R A AR L AR 22 D REIT O3, NZH B
Dy fh BEFNIE S D RE A B VPO SR kA o T AR, AR
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o VR AR FIURE PR AT DA S — R0, 5 AR T4 R — 252,
T TR BB, A T T HBO - PC X MCAO
IR B, BDNF £ GDNF /K500

IRIRPE R 2278 3R N T E A T AR R GE R SR
(R IO Rl I EEb i BN S v 1 B R G E2S ot 1
AR S, R T B A R AP I 28 TR IR, iRtk
MM &4 J& ,BNDF TESLIMLIX. 6 /)M N FIRIG 5, 78 48 /N ik E]
IR DR kiR IfL s BDNF 3§ 2 A F] T2t . of
WFFE A B, i SRR YT AT LB w8 S PR ke 16 A8 & 1 ¢ b BDNF
TP, A, GDNF ] DAE MAPK S8 %, (e 75 R T o 40
AR B AN AL, RS 281 200 Y 2 22k A GRS 29 1F S 454
FHWY, ABFFEIR B8 MCAO A J5 BDNF Al GDNF 7K -5 % I8
A LA B R, 2213 HBO - PC ] LItk ix —3it i .

25 TR, AWFSTIESE HBO-PC Xt MCAO #if R EA
M2 ER], X AT AES5 BNDF 1 GDNF JEP KPR 154 5
{HABFSEHA —E B RERYE , R BEAT AN [R] 48U T A [ ek ]
HBO - fiix MCAO HYSZM I, 7RE= HBO - PC [ilifid
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