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Hyperbaric oxygen preconditioning delays exercise-induced fatigue in rats

Y1 Hong-jie, ZHOU Hui-peng, WANG Pin, XU Wei-gang”
Department of Diving Medicine, Faculty of Naval Medicine, Second Military Medical University, Shanghai 200433, China

[Abstract| Objective To investigate the effect of hyperbaric oxygen preconditioning on exercise-induced fatigue in rats.
Methods SD rats were subjected to loaded swimming after hyperbaric oxygen (250 kPa, 903[()2]299%) pretreatment, and rats
exposed to normal pressured air were set as air control group. The time to exhaustion and levels of lactic acid (LA),
malondialdehyde (MDA) and superoxide dismutase (SOD) in serum and skeletal muscle were observed to assess the effect of
hyperbaric oxygen preconditioning on exercise-induced fatigue in rats. Results The time to exhaustion in loaded swimming of
rats in hyperbaric oxygen pretreatment group was significantly prolonged compared with that in the air control group ([56. 134
16. 91 ] min vs [ 23. 13+9. 85 ] min, P<C0. 01). After swimming for 20 min, the LA and MDA levels in the skeletal muscle and
serum were significantly lower in the hyperbaric oxygen pretreatment group compared with air control group (P<Z0. 01), while
the SOD levels in skeletal muscle and serum were significantly higher compared with air control group (P <C0. 01).
Conclusion Hyperbaric oxygen pretreatment can significantly delay the exercise-induced fatigue in rats.

[Key words ] exercise-induced fatigue; hyperbaric oxygenation; preconditioning; swimming

[Acad J Sec Mil Med Univ, 2016, 37(11);: 1422-1425]

12 3 P ¥ 57 (exercise-induced fatigue) J& 48 #l. B JE 4 (hyperbaric oxygen, HBO) 4b B =2 48 15 #8
iz fb B A B RE AN RE AR R — D RAER B v e 4l 4, T B T —
KT B R AE R WE a8 g R B . FEEE SRR R DL £ R R B IR T
PRREVN SR BfE X U5 B2 AN 2R AT O R T4 W98 & B HBO A ik 3% 41 219 R = 1Q 8, el 20 1k
15 3B B PE R 55 1 A A O B B . JEBERIE AR R W i HE B AR 0 48 B S 98 57 IR A Y K
55 A LA OB LR I 2 38 oK P AR W4 G0, ANk = K R HBO A B &
o T B 5 B AN ALK RIS sh R )L WS R R R X HUR G AR
e I 25 3K AF 55 1 58 . 18 TTRE 3 R HIL AR 4 450 HBO 75 4b B %5 K B £ 30 3 Uk 5 1 AH DG 48 br #6417

[WFfmHE] 2016-04-12 [#=HHE] 2016-08-07

[BE€WmB] S -ZFEER¥FEEESRTHEH NS 1% 4. Supported by Initial Fund for Young Teachers of Faculty of Naval Medicine of
Second Military Medical University.

[EEE ] AU W+, B EBEEEE. E-mail: hongjieyi@163. com

“J{E1EF (Corresponding author). Tel: 021-81871141, E-mail: wg_hsu@163. com



S5 11 0. AU 45, e R S TUAL PIAE 5% K BRI S M 07

+ 1423 -

R R0 HBO Ak B 7 B B 12 2l 1 5% 57 i
EH .

1 ##T7IE

L1 %¥sh4h AR TR E W AR (SPE) 9% fi
T SD R B AR BT i 230~270 g, HI 5 B R
gL LE A TR S - SCXK (1) 2012+
000382 Mk, B H IR &, 1 5 K AF A GB 14925-
2010 SEE0Z A RBOK,

1.2 shmpaE

L2.1 24 LI KEEMEIECT RIS R
34 HXTIEL  HBO B H2 R 4. M
SEHOHT 3 d FFAG A K BT I R PRk I 25 B
H 1. &R 15 min, SEEFFIGRET ¥ HBO fikb s
HARBRE T 8% JE A (RDC150-300-6 L, &5 —
BER2) EA T HBO 5258 60 min; 3 R4 L4 BT
SRR N 24 TR s SR X BAE FE60 mins 25
5% BRZAS T 2 g A0 B, AN R AT 0 T I K S AN
HEATIE B I

1.2.2 HBO#i4# ¥ HBO 41 kEUE Fahiwin
JERE N, R A BE R 4EE L 1 000 mL/min 1) i & %
fits s B ARAXL (CY-12C B #7708 22T B 2% )
TRAR N R B I B 99 %0 I I 4R L 100 kPa/min
HRNNEZE 250 kPa (4%} K. F ) . 22 #% 60 min,
WAL 100 mL/min 4003 R 2 XU AR FRAR N
SESHREE =99 00 5 38 20 7E A6 IS 19 B A1 JK W ISR BRI
g CO, I NIRLBEGERFTE 23~25C, ZRERER G
15 min 5J#08 2 H R B, 5K T HBO
SRR 1R,

1.2.3 A EHEKEH  HE 60 cm X 60 cm X
80 cm PUSTFRABEEEFIK I, K 60 cm, K 4EF51E
B0+ C, fERBEHEM 8V Rk, 15
UK 1 H

1.3 FaArkem

1.3.1 As&utlE  HBO HALHIA FH E2s AR
s 8 L WAL G 20 h B #EAT 7 T UK DK R
BB MR IE 3 B IR T T2 SRS AR AK
o ISR 10 s G822 B 3 YOk Ty mpnife il
Tk S B R

1.3.2 A fbdgdr#m  HBO 7 4b P4 AE &
SRARRA 16 L WS 20 h B 47 1
FWEPK 20 min, S B 8] & A= 88 19 K BUS B 41
BEMLECIO 28 (X HR 4L 10 ., #LL 10% K&
FAME300 mg/kg M T SRR A7 0 B 5 mL,
4°C 1200Xg B.0> 10 min f5 B 4325 . —80 C 4
17 U o R R UL » PR 9904 A B R /K o e )i
$e, —80 CLRAF KM B B 50 mg 78 IR 2 PRV VR
WFRFE S . SR AR & (IR P AR R A R
O] DI I B 8 32 0 E FLIR (LA K-,
TBA L 7L & N % (MDA) 7K, SR JE L
200 5 R AL YIE AL (SOD) ZKF-

1.4 %t W SPSS 21. 0 #4750 T
2T FTREUE DL s 2R, Sy v ) 40 ) 2%
FLBCR IS AR AR ¢ K56, AR ARG bRl 1) 22 5 L 4K
R R 27 255007 . KK HE (o) 2l 0. 05,

2 5 R

2.1 HBO fr& s X A A3t ag#ha HBO
FilAh $AH 5 o Fs 25 U2 D7 v I ] 43 350 2R (56. 13 &=
16.91) min,(23. 13+9. 85) min, % FH S it# &
Y (P<0.01. & D,

100

x®
(=}
T

* ok

_|

S
S
T

Jyub I} 6] ¢/min

T

(=]
(=}
T

RS HBO ik ¥ 4]
1 HBO 54t B 3 K 5k vk 7798 Bt 18] B 22 0

HBO: mEH. ** P<<0.01 S EEKALE. n=8, x+s

2.2 HBO s R A AN 0 S50
X B L3R 2 A R B FE VK 20 min )5 s
I3 K B L LA F1 MDA 7KF- T 5 » SOD 7KF-
WA - 22 S A it 78 L (P<<0. 01) s 59 R 25 S 4
FeA, HBO 4k B 20 £ # 3# UK 20 min J5, LA F
MDA JKF- R - SOD JKF-TH 5 - 28 A e it2# 3 X
(P<<0.01), VL& 2,



o 1424 -

SRR 2016 4F 11 H L3 37 &

201
s 15 ok
| DT
<3
d .
=
£ 05 I
&
0.0 ——— —— =
XA F A4 HBOTAR L 4]
300
T"-\ k3
Z 8 200 [
= ¢ *%AA
'S -
= £ 100 —
&
0 == TE= ——
AN AL A4 HBOTARHA]
2000 CeAA
QTA 1500 |
o~
£ 71000
£ T
= 500
& k%

AL W (41 HBOTiab Fi4]

=
(=]
T

* ok

o I
T 08 kAN
on
é * 06} [
=3 |
2= 8 04
" F o2}
00 s g a1z, - g fr g
TR AL 5 24 HBOTAb I 4]
400
T *ok
= 2 300 [
=
E:%L:: é 200 *% AA
e
g

—_
(=1
(=}

[

0 e e
G R4l HBOTAL T

*k AN

AT 600+
QO on
2 £
S . 400f
=2 L
i .

—

0
FAXIRAL  F R4 HBOTAL FE4L

2 HBO FukbiExt 52 Eiff ik A BRI 75 05 8% AL LA MDA SOD #7500

HBO: mJE%; LA: FL#; MDA: N f#; SOD: ME W ALEE. ~ * P<0. 01 578 P I g 24 P<<0. 01 5 = TA L. n=10.

Tts

3 it i

BB T 1 R A A AN AL L, LA HEFR
PHEE LA, B RE T E8ILNNE S LA
Oy FURRAR BB T HT L R LA R AT LU
il BRI HT R 2, AL o A 2 55 v
AR R AL , It 5 Ca®" 35 4 AR A R AT UL
TR VI ol TR AR W A 45 22 P e 1) 0 1 52 o 8 AL
RERLACIT, SBOLAZ shRE I RIS, J4h. i 2
LA AT LUBSHOR B H 3800 PR 420N 1) 976 9 I 32
HFENRRRIE . RNE LA KRBT L
PUARIZ M 57 B RE BE L 28 57 VAN b i T AR Ak
fabrz —*, ARSI R RTINS KB, HBO Wikk 3
AT LA SR 42 = /N BRI 32 BT 7 - 4 s BILAA K S A
FH 0800 WU PR AN TSR A 2 3l U5 1 LA 7K
SR T o AR S 56 A & B K R £ 3 U Uk 20 min
AP LA KEHERR, 117 HBO T4k B0 0] A] i 22 ik 3
X RS AF LA FIAL i 75 0 — 25

H1 T 2052 502 S B0 20 CR 52 B % LD R X
B4, BRI s M9 57 1T REAE 76 45 28 AL S it f5k 4

GBI AR SR R T LT MU SR = 2R
F 3 RO AR 1 8t T BB 7 A 5 s Mg 5 1Y
—AEBEFEFI . MDA SRR [ 5L
ST, FL ik n DA ()42 S WA N i B A 4R
JEEFNGR L H VR Ry iz sl 1A o B o 2o S0 A0 R B 11 A
AR 17 SOD J&—Fh 2 TA By 7E AL 4 B 1%
TEBR A B RPTEAR . ASI & K B I
VK5 L35 AL 59 MDA ZKSE- T . SOD J#i b
1Ml HBO T4 3 5 W9 50 46 br 35 B k3% , BB HBO
AL PRSP R B A P ST I U1 10 » 4R v R BROGE
BBV ST T 3

HBO T4 # B R . 2% 208 F iR SCSER bR Ah i
EEA RO R B IE K T KB Tk ], LA
HilbR TS SOD ik sk, i I §8 5 HBO i 24045
PR FUE NI 2R AP PR 8 o G, FRATTATIA
WFFEIESE , HBO 258 REA 250753 K Bl 25 R 20 i v
PR I RIR IFIERRER JT 18~20 h B A3 &
0 2 O T /118 s A (70 S VAR N M 5 ¢ 2
AbFRISR]_E 5 AT —BobE M A SO R T BE
e HBO $tiz sh P 95 1l 72 v & 48V 1 (EA)



55 11 . AU S5 o IR UAL SR 5K BUZ B M 7

« 1425 -

it — L BIE

5 A 7 1 Ak P It (A 24 P sk AR 11T 50 A+
b, HBO 285 B0 A RN S 8 AN A 2351
PRI SR AE I AN SR A8 A AN AR B L 75
FRAEBAR . RN FIEIA A R 2 1) HBO
TG 3k A [ P25 R B B LA . kR AL B
FEE 4 2 SE B LA e n] LA R IR 4T ey 5
WZRal Al Z A3 - BERE AR A 5y W T 52 B
X IR g S VI R P A (3 57 6 SR T 7 L 4 g
BEARALRE ) Az 8 A 18 S G A AR R
S (L

[Z& % 3 #K]

[1] AMENT W, VERKERKE G J. Exercise and fatigue
[J]. Sports Med, 2009, 39: 389-422.

(2] s, TR Sz ghBEE M. 4 Ji. Jbat dEstk
A AL . 2003 36-39.

(3] Ffadfr.sker it ldl b . fR AR NI SRR R e . 2.
1o P AR K B2 Bl DA S M S RO S R R L) 1. o
32 31 S 24 2, 2003, 22 14-17.

[4] GUG]J, LIYP, PENGZY, XU]JJ, KANG Z M,
XU W G, et al. Mechanism of ischemic tolerance
induced by hyperbaric oxygen preconditioning involves
upregulation of hypoxia-inducible factor-lalpha and
erythropoietin in rats[ J]. J Appl Physiol (1985),
2008, 104 1185-1191.

(5] MiET. 2 . s sl o7 sh R i & m Bk 5 it i
(T, kPR 2 B 224k . 2011, 3: 84-89.

[6] BROOKS G A, HASHIMOTO T. Investigation of the

7]

(8]

[10]

[11]

[12]

lactate shuttle in skeletal muscle mitochondria [ ] ].
J Physiol, 2007, 584(Pt 2). 705-708.
R FLERMERR S B L 55 B S AR LT 1. 1l i
RIKE B4, 2010, 25.:120-122.
YANG Q, JINW, LU X, DAIP, AOY, WU M, et
al. Effects of macamides on endurance capacity and
anti-fatigue property in prolonged swimming mice[ J J.
Pharm Biol, 2016, 54. 827-834.
ZIoz Akt R IV BOR AL X WL 2R A
o A TR X /N BRIZ Bl it 7 i s L. 28 — A K
#2£4R,2006,27 . 62-64.
PENGZ Y, DU J, SUNX]J, CHENX Y, LIU Y,
LIAN Q L., et al. Effects of hyperbaric oxygen
preconditioning on physical stamina in mice[ J]. Acad J
Sec Mil Med Univ, 2006, 27. 62-64.
GRAVIER G, STEINBERG ] G, LEJEUNE P ],
DELLIAUX S, GUIEU R, JAMMES Y. Exercise-
induced oxidative stress influences the motor control
during maximal incremental cycling exercise in healthy
humans[ J ]. Respir Physiol Neurobiol, 2013, 186
265-272.
GOLDFARB A H. Nutritional antioxidants as
therapeutic and preventive modalities in exercise-
induced muscle damage[ J]. Can J Appl Physiol, 1999,
24, 249-266.
B A A I X T E TR AR R
A TR B A PR S R 70 B AR BB A 1
BUBREELT ], B L B2, 2012, 39 £ 150-152.
[(AXHE] I &



