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Effect of hyperbaric oxygen on pain behavior in model rat of chronic constriction
injury
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[Abstract] Objective To observe the effect of early use of 0.25 MPa hyperbaric oxygen (HBO) on
pain behavior in model rat of neuropathic pain (NP) and explore the mechanism. Methods Fifty - four
male Sprague - Dawley (SD) rats were randomly divided into 3 groups (18 rats per group) including sham
operation, sciatic nerve ligation with chronic constriction injury (CCI) and HBO early-treatment groups. The
rat model of neuropathic pain was established, and CCI + HBO group received 0.25 MPa HBO treatment for
60 min per day at early stage, continuing for 5 d. The changes in general state of health, the number of
paw withdrawal responses, paw withdrawal threshold (PWT) and paw withdrawal latency (PWL) were
assessed at different time points after operation. Results Compared with sham-operated group, the body
weight of rats in CCI group decreased significantly (t=4.772, P =0.000) on the 14th day; the body weight of
rats in CCI + HBO group was significantly higher than that in CCI group (¢ =2.411, P =0.029). Compared
with sham-operated group, reduced PWL immediately after operation (¢ =28.345, P =0.000), and more paw
withdrawal responses (t=12.541, P=0.000) and decreased PWT (1 =4.032, P =0.001) from the 3rd day after
operation were observed in CCI group. Compared with CCI group, the number of paw withdrawal responses
decreased (1 =8.077, P =0.000), and PWT and PWL increased (t=2.114, P =0.049; t =7.715, P =0.000) in
CCI + HBO group. Conclusion 0.25 MPa HBO treatment at early stage can ameliorate the mechanical
and thermal hyperalgesia. HBO may provide a new convenient and effective way for the treatment of
neuropathic pain in clinic.

[Key words] Neuralgia; Wounds and injuries; Sciatic nerve; Hyperbaric oxygenation; Disease
modals, animal
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F1 AFAE A KT ARG T 1 8 (3 £5,g)
Table 1. Comparison of rat body weight before and after operation among different groups (x s, g)
Nier ezt
Group N Before operation F value P value
3d 7d 14 d
Sham (1) 18 280.33 +6.19 285.17+7.08 289.00 + 6.48 300.17 £5.42 10.716 0.000
CCI(2) 18 280.17+7.76 282.17 £6.37 282.33£4.50 284.33 £6.19 0.437 0.729
CCI+HBO (3) 18 280.00+6.51 283.33 £5.82 287.67+7.17 292.33£5.61 4.169 0.019
F value 0.004 0.330 1.811 11.384
P value 0.996 0.724 0.197 0.001

CCI, chronic constriction injury , & ¥ Fk il

P45 HBO , hyperbaric oxygen, 5 4

F2  A[AAL ALK BT AT G AT & A PT HEL
Table 2. Paired comparison of rat body weight before and after operation among different groups
Pzl Before operation 3 d after operation 7 d after operation 14 d after operation
Compatisoy ¢ value P value  value P value ¢ value P value tvalue P value
1) :(2) 0.042 0.967 0.806 0.433 1.875 0.080 4.772 0.000
1):3) 0.084 0.937 0.493 0.629 0.656 0.522 2.361 0.032
2): @) 0.042 0.967 0314 0.758 1219 0.242 2.411 0.029
F3  AFAIH KT ARG A K402 R L (x x5, 0
Table 3. Comparison of the number of paw withdrawal responses before and after operation among
different groups (x £s, time)
After operation
Group N ot gquemien Fahe  Pukc
3d 7d 14d
Sham (1) 18 2.17+0.75 2.67+0.82 2.83+1.33 2.83+£0.98 0.602 0.621
CCL (2) 18 2.33+1.03 12.50 £ 1.87 22.33+2.58 20.33+1.97 131.049 0.000
CCI+HBO (3) 18 2.33+0.52 6.17+1.17 6.83+1.17 5.17+1.17 21.616 0.000
F value 0.088 80.813 194.847 262.124
P value 0.916 0.000 0.000 0.000

CCI, chronic constriction injury , 1 14 F 38 P 45145 ; HBO , hyperbaric oxygen , 5 JE %

x4
Table 4.
operation among different groups

AN [ b PR SR AT JR B A 46 1 OB PP EE A

Paired comparison of the number of paw withdrawal responses before and after

3 d after operation

7 d after operation 14 d after operation

Paired Before operation
comparison tvalue  Pvalue ¢ value P value tvalue P value tvalue  Palue
1): @) 0.636 0.722 12.541 0.000 18.687 0.000 21.085 0.000
1):(3) 0.363 0.722 4.464 0.000 3.833 0.002 2.811 0.003
2):(3) 0.000 1.000 8.077 0.000 14.854 0.000 18.273 0.000
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F5 ORI K BT RS 46 2 B A (R s, g)
Table 5. Comparison of PWT before and after operation among different groups (x s, g)
After operation
Group N Before operation Fvalue P value
0d 3d 7d 14d

Sham (1) 18 13.33+2.58 12.67 +3.83 13.00+3.16 12.67 +£3.83 11.83+3.54 0.159 0.957
CCI(2) 18 13.00+3.16 13.00+3.16 5.33+1.63 2.13+1.46 4.23+2.12 26.812 0.000
CCI+HBO (3) 18 13.33+£2.58 13.00+3.16 9.33+4.46 7.33+1.63 8.33+1.51 5.442 0.003
F value 0.029 0.019 8.135 25.663 13.481
P value 0.972 0.981 0.004 0.000 0.000

CCI, chronic constriction injury , 1% 14 F 38 P 45144 ; HBO , hyperbaric oxygen , = JE

F6  AIFALILH R BT AR 4 2 198 P 7 EL R
Table 6. Paired comparison of PWT before and after operation among different groups
rfie] Before operation 0 d after operation 3 d after operation 7 d after operation 14 d after operation
comparison  yalye P yalue t value P value t value P value tvalue P value tvalue P value
1) :(2) 0.207 0.839 0.170 0.867 4.032 0.001 7.164 0.000 5.187 0.000
(1):(3) 0.000 1.000 0.170 0.867 1.929 0.073 3.627 0.002 2.389 0.030
2):(3) 0.207 0.839 0.000 1.000 2.114 0.049 3.537 0.003 2.798 0.014
RT AR KR FARAE 46 2RI (3 £5,5)
Table 7. Comparison of PWL before and after operation among different groups (x s, s)
After operation
Group N Before operation Fvalue P value
0d 3d 7d 14d
Sham (1) 18 18.64 £0.35 18.67£0.43 17.69 £3.16 19.23 £0.46 17.95+£0.56 6.844 0.001
CCIL (2) 18 18.47£0.97 9.11+0.61 8.26+0.91 7.15+£0.41 7.42+0.41 340.524 0.000
CCI+HBO (3) 18 18.44 +0.75 13.11+0.69 11.46 £0.62 11.35+0.23 12.33 +£0.39 157.590 0.000
F value 0.128 405.325 267.869 1561 750.753
P value 0.880 0.000 0.000 0.000 0.000

CCI, chronic constriction injury , 15 14 F5 38 £ 451445 s HBO , hyperbaric oxygen , 5 [k 4

EL NGB PN B N D R N DT s

Table 8. Paired comparison of PWL before and after operation among different groups

Paired Before operation 0 d after operation 3 d after operation 7 d after operation 14 d after operation
comparison ; yalye P yalue tvalue P value tvalue P value tvalue P value tvalue P value
M:@) 0397  0.697 28345  0.000 22756 0.000 55.020  0.000 38.719  0.000
():@3) 0471  0.464 16.498  0.000 15.041  0.000 35.915  0.000 20.689  0.000
2:3) 0075 0941 11.847  0.000 7715 0.000 19.105  0.000 18.030  0.000

20 MDA O L A R T — A R R
B SR e 56 HE DR - CHI 8 989 19 - 140
A1 -1 6 062 G, 3 0 28 A 26365 B VA 22
. DR 5T R 7 T B A 229 B0 A7
A 40— RO (3607 7 5 0 4R T T 06 52 O
T U 2 295 31 o 0 P, B B0
B 2 A S — R
Bl L BL

5 LTI 5 P 45T LA 283 26 T 7

TR R SRBIL B i 1 R B, 0% A R B 2 B
PEIRAEAR , A i PR Ao 22 g B 2 2 A3k — o 19 £
FE R TE AT Ik AR R PL D i 1E
S Je 9 S P i — RS

& £ x w

[1] TASP Task Force on Taxonomy. Part Ill. Pain terms: a current
list with definitions and notes on usage//Merskey H, Bogduk N.
Classification of chronic pain. 2nd ed. Seattle: TASP Press,
1994: 209-214.

[2] Li YS. Interpretation of the consensus statement of the



o8}

[& BRAC Al 28 5 2 75 2013 4E 9 H 55 13 B4 9

Chin J Contemp Neurol Neurosurg, September 2013, Vol. 13, No. 9

diagnosis and management of neuropathic pain. Zhongguo Xian
Dai Shen Jing Ji Bing Za Zhi, 2010, 10:599-601.[ 2544 4. (Hi
2200 BRPE PR 12 R T AL MR . v R BUR R 2 o A s,
2010, 10:599-601. ]

Attal N,
advances and clinical applications.
160:199-203.

Max MB. Clarifying the definition of neuropathic pain. Pain,
2002, 96:406-407.

Merskey H. Clarifying definition of neuropathic pain.
2002, 96:408-409.

Yu SY. Neuropathic pain. Zhongguo Xian Dai Shen Jing Ji Bing
Za Zhi, 2010 10:597-598.1 F /L oC. £ 05 BLAE e 0. o ) 3L
R 2P 2435, 2010, 10:597-598.]

Yu TM, Qi JJ. Clinical characteristics of neuropathic pain.
Zhongguo Xian Dai Shen Jing Ji Bing Za Zhi, 2010, 10:608-610.
[T HEM, 55 b . b 2 I PR 04 I PR s ol I LA bR
2P Z A, 2010, 10:608-610. ]

Li F, Fang L, Huang S, Yang Z, Nandi J, Thomas S, Chen C,

Camporesi E. Hyperbaric oxygenation therapy alleviates chronic

Bouhassira D. Neuropathic

Rev Neurol (Paris), 2004,

pain:  experimental

Pain,

constrictive injury-induced neuropathic pain and reduces tumor
necrosis factor-alpha production. Anesth Analg, 2011, 113:626-
633.

Zhai BZ, Ma Y, Tong XG. Efficacy observation of hyperbaric
oxygen in the treatment of traumatic brain injury. Zhongguo
Xian Dai Shen Jing Ji Bing Za Zhi, 2008, 8:161-163.[ & 1 %,
T, /N, i AETR T LI 3 A T ROWL S o T AR
LRI AR, 2008, 8:161-163. ]

Peng Z, Wang
therapy on patients with herpes zoster. Undersea Hyperb Med,
2012, 39:1083-1087.

Kapoor S. Hyperbaric oxygen therapy and its emerging role in

S, Huang X, Xiao P. Effect of hyperbaric oxygen

the management of non-neuropathic pain. Eur J Pain, 2012, 16:

1204.

Hui J, Zhang ZJ, Zhang X, Shen Y, Gao YJ. Repetitive
hyperbaric oxygen treatment allenuates complete freund’s
adjuvant - induced pain and reduces glia - mediated

neuroinflammation in the spinal cord. J Pain, 2013, 14:747-758.
Thompson CD, Uhelski ML, Wilson JR, Fuchs PN. Hyperbaric

oxygen treatment decreases pain in two nerve injury models.

[17]

Neurosci Res, 2010, 66:279-283.

Bennett GJ, Xie YK. A peripheral mononeuropathy in rat that
produces disorders of pain sensation like those seen in man.
Pain, 1988, 33:87-107.

Chaplan SR, Bach FW, Pogrel JW, Chung JM, Yaksh TL.
Quantitative assessment of tactile allodynia in the rat paw. ]
Neurosci Methods, 1994, 53:55-63.

Tsuda M, Shigemoto - Mogami Y, Koizumi S, Mizokoshi A,
Kohsaka S, Salter MW, Inoue K. P2X4 receptors induced in
spinal microglia gate tactile allodynia after nerve injury. Nature,
2003, 424:778-783.

Liu YQ. Progress of the neuropathic  pain.
Zh(mgguu Xian Dai Shen Jing Ji Bing Za Zhi, 2010, 10:611-614.
[XUAE 5. B 22 5 PR P00 36 7 2 Jre. o I B A 28 8 g
il 2010 10:611-614.]

Xu H, Arita H, Hayashida M, Zhang L, Sekiyama H, Hanaoka
K. Pain - relieving effects of processed Aconiti tuber in CCI -
neuropathic rats. J] Ethnopharmacol, 2006, 103:392-397.

Wang H, Li Y, Dun L, Xu Y, Jin S, Du J, Ma L, Li J, Zhou R,

He X, Sun T, Yu J. Antinociceptive effects of oxymatrine from

treatment  of

sophora flavescens, through regulation of NR2B - containing
NMDA receptor - ERK/CREB signaling in a mice model of
neuropathic pain. Phytomedicine, 2013, 20:1039-1045.

Gu N, Niu JY, Liu WT, Sun YY, Liu S, Lv Y, Dong HL, Song
XJ, Xiong LZ.
neuropathic
neuralgia in patients. Eur J Pain, 2012, 16:1094-1105.

Kroin JS, Takatori M, Li J, Chen EY, Buvanendran A, Tuman

KJ. Upregulation of dorsal horn microglial cyclooxygenase - 1

Hyperbaric  oxygen therapy attenuates

hyperalgesia in rats and idiopathic trigeminal

and neuronal cyclooxygenase - 2 after thoracic deep muscle
incisions in the rat. Anesth Analg, 2008, 106:1288-1295.
Patel RB, Pawar VD, Prajapati KD, Sonara BM, Deshpande SS,
Shah GB, Jain MR. Anti-nociceptive and anti-allodynic activity
of aliskiren in various pain models. Eur J Pharmacol, 2013, 708:
80-87.
Shi XB, Yu SY. Pathogenesis of neuropathic pain. Zhongguo
Xian Dai Shen Jing Ji Bing Za Zhi, 2010, 10:602-603.[ i} % 7K,
TR TG, M2 BV A 0 s AL A b o 4%
&, 2010, 10:602-603.]

(s H 19 :2013-08-09)

doi:10.3969/j.issn.1672-6731.2013.09.022

EIE: &/t

- - M - -

LT R 2 Bl AR AN 2 R R F RS

Erratum to: Clinical and neuroimaging study of spinocerebellar ataxia type 2
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