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[ Abstract] Objective To observe any therapeutic effect of repeated transcranial direct current stimulation
(tDCS) on rats modeling neuropathic pain and explore possible mechanisms. Methods Forty adult male Sprague-
Dawley rats were randomly divided into a normal group (n=10), a sham operation group (n=10), a treatment group
(n=10) and a sham treatment group (n=10). A model of chronic constriction injury of the sciatic nerve was estab-
lished in the latter two groups. Fourteen days after the modeling, the treatment group was given tDCS for 8 consecutive
days, while the sham treatment group received sham stimulation, and the other 2 groups did not receive any interven-
tion. Von Frey and hotplate tests were used to test the rats’ pain thresholds 1 day before, as well as 14 and 22 days
after the surgery (i.e., 8 days after the end of the treatment ). Spinal cord tissue samples were taken to detect the pro-
tein expressions of N-methyl-D-aspartic acid receptor 2B, gamma-aminobutyric acid receptor types A ( GABA, -R)
and B (GABA,-R) using western blotting. Results On the 14th day after the operation the average 50% MWT and

WTL values of the sham treatment and treatment groups had decreased significantly compared with the sham operation
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group. By the 22nd day the average 50% MWT and WTL values of the treatment group were significantly higher than
those of the sham treatment group, but there was no significant change in the treatment group’s average WTL between
the 21st and 22nd days. On the 22nd day after the operation the average NR2B-NMDA-R level of the sham treatment
group were significantly higher than that of the sham operation group, while the average GABA -R and GABA  -R lev-
els were significantly lower. At the same time point the treatment group’s average NR2B-NMDA-R level had decreased
significantly compared to the sham treatment group, while the average GABA -R level had increased significantly.
There was no significant difference in average GABA, -R level between the treatment group and the sham treatment
group at that point. On the 22nd day there was also no significant difference in the average NR2B-NMDA-R level be-
tween the treatment group and the sham operation group. Conclusions Repeated tDCS can effectively relieve neuro-

pathic pain. The relief of hyperalgesia is more significant than that of mechanical allodynia. A possible mechanism
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may be the down-regulation of spinal NR2B-NMDA-R to normal levels and modest up-regulation of GABA -R.
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NR2A 5§, NR2B, H: ¥ NR2B =% /0 fii T4 B 15 /1 7%
2 2T SRR AS 28 e C KLYk bt &
Ut NR2B-NMDA-R X #4053 R IR 3t 15 5 1% 8 2= 56
FE | BFSEIESE , M2 B I B BE T A 2ot
NR2B % 2 ik 85 m, i 4 il NR2B A DAy A 4098 A%
R AHIEST S A BE NR2B-NMDA-R #E4T 611
FERIELE], CCL AR 5 i 28 BRPE AR K R i
NR2B-NMDA-R ik 24 =1, M8 2 19 «1DCS Jl3E 5,
ZARTEAEBE R Ak K A BT R T R A I ]
[0 5 B 2 AR 52 28 TF H K S AR S, GABA 21K 7%
BT EIE A GABA -R AU GABA -R PR
R B AR EE R FTR)Z S A ST A A
HE GABA,-R 1 GABA,-R i35, 9145 WL 2% 1) i 2895
RPN, KA 86 GABA_-R Fil GABA -R
IR A tDCS HIEUE AU 3] GABA,-R 7EH
BE Bk Bk —E R LR (H R K E IR H K
V- SRTTASHIF 58 55 A WL 3] tDCS %5 # GABA,-R H
A AR



AR R A 5 AT kA 2022 4F 4 H A 44 4555 4 ] Chin J Phys Med Rehabil, April 2022, Vol. 44, No.4

- 317 -

VIR S, I E X i
(BUAHSR ) , AL AT AE = i 145

Zi L prik , J42 1DCS AT B i st R S 2 BV
SHECPVR ) B R TR AR A
i NR2B-NMDA-

R i 2 fh v 8 PR AR A sl kA BE GABA,-R 1Y

FIR MRV AR

G ZAMHI R . AOFTH A5 25

FBIF 5T ik — 2 LR 1DCS BEL I 500 A 24 437 ek 1) Ko 7
HE P A O EBAL (40 B B 55 ) X7 NR2B-NMDA-R #ll
GABA -R FIE 45 /E FH 5 16 1T 388 0 44 25 o, A PR 24 48 A3
(U AR Bl 24 5 0 B ) G A AT W L B ] 458 ) e B
4 T HAR AR AL

[1]

(2]

[3]

[4]

[5]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

2 % x #t

Zhuo M. Neuronal mechanism for neuropathic pain[J]. Mol Pain,
2007,3:14. DOI.10.1186/1744-8069-3-14.

Antal A, Kriener N, Lang N, et al.Cathodal transcranial direct current
stimulation of the visual cortex in the prophylactic treatment of mi-
graine [ J |. Cephalalgia, 2011, 31 (7). 820-828. DOI; 10. 1177/
0333102411399349.

Beydoun A ,Backonjaand MM. Mechanistic stratification of antineural-
gic agents[ J].J Pain Symptom Manage ,2003,25(5) :18-30. DOI: 10.
1016/50885-3924( 03) 00066-6.

Vadivelu N, Mitra S, Narayan D.Recent advances in postoperative pain
management[ J ].Yale J Biol Med,2010,83(1) :11-25.

Zhuo M, Wu GX,Wu LJ.Neuronal and microglial mechanisms of neu-
ropathic pain[ J].Mol Brain,2011,4.31. DOI;10.1186/1756-6606-4-
31.

McCarson KE , Enna SJ.GABA pharmacology : the search for analgesics
[J]. Neurochem Res, 2014, 39 ( 10) : 1948-1963. DOI: 10. 1007/
s11064-014-1254-x.

Attal N. Neuropathic pain: mechanisms, therapeutic approach, and
interpretation of clinical trials[ J]. Continuum,2012,18(1) :161-175.
DOI:10.1212/01.CON.0000411564.41709.2d.

Dworkin RH,O’Connor AB, Miroslav B, et al. Pharmacologic manage-
ment of neuropathic pain; evidence-based recommendations| J ].Pain,
2007,132(3) :237-251. DOI.:10.1016/j.pain.2007.08.033.

Rosen AC, Ramkumar M, Nguyen T, et al. Noninvasive transcranial
brain stimulation and pain [ J]. Curr Pain Headache Rep, 2009, 13
(1): 12-17. DOI;10.1007/s11916-009-0004-2.

Kuo MF, Paulus W, Nitsche MA. Therapeutic effects of non-invasive
brain stimulation with direct currents (tDCS) in neuropsychiatric di-
seases| J ] .Neuroimage,2014,85(3) ;:948-960. DOI; 10.1016/j. neu-
roimage.2013.05.117.

Nitsche MA , Paulus W.Excitability changes induced in the human mo-
tor cortex by weak transcranial direct current stimulation[ J].J Phy-
siol,2000,527(3) :633-639. DOI:10.1111/.1469-7793.2000.t01-1-
00633.x.

Gosselin RD,Suter MR, Ji RR, et al.Glial cells and chronic pain[ J].
Neuroscientist, 2010, 16 ( 5 ). 519-531. DOI. 10. 1177/
1073858409360822.

Nitsche MA, Fricke K, Henschke U, et al.Pharmacological modulation

of cortical excitability shifts induced by transcranial direct current

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

stimulation in humans|[ J]. J Physiol,2003,553 (1) :293-301. DOI;
10.1113/jphysiol.2003.049916.
Portilla AS,Bravo GL, Miraval FK, et al. A feasibility study assessing
cortical plasticity in chronic neuropathic pain following burn injury
[J].J Burn Care Res, 2013,34 (1) 48-52. DOI; 10. 1097/BCR.
0b013e3182700675.
Takano YJ, Yokawa T,Masuda A, et al. A rat model for measuring the
effectiveness of transcranial direct current stimulation using fMRI[ J].
Neurosci Lett,2011,491( 1) ;40-43. DOI;10.1016/j.neulet.2011.01.
004.
Bennett GJ, Xie YK.A peripheral mononeuropathy in rat that produces
disorders of pain sensation like those seen in man[ J].Pain, 198833
(1) :87-107. DOI.10.1016/0304-3959( 88)90209-6.
RIS 20, /i, 2. R Bl 0 2 A ol 20 40 7 B30I 2
PSSR A (47 2 2 Ko BEAE AN [T b B R 2R 2R A
2013,19(2) :98-101. DOI;10.3969/].issn.1006-9852.2013.02.010.
ZRIE  WREL. T ANHEIR T B 1 )5 P 28 B RO 1Y SE R B T
HEREL )] . Ay s 2 5 A A4, 2017,39( 10) :790-792.
Li C, Jirachaipitak S, Wrigley P, et al.Transcranial direct current sti-
mulation for spinal cord injuryassociated neuropathic pain[ J|.Korean
J Pain,2021,34(2) :156-164. DOI.10.3344/kjp.2021.34.2.156.
Mori F,Codeca C, Kusayanagi H, et al.Effects of anodal transcranial
direct current stimulation on chronic neuropathic pain in patients with
multiple sclerosis[ J]. J Pain,2010,11(5) ; 436-442. DOI.:10.1016/
j.jpain.2009.08.011.
Ngernyam N, Jensen MP, Auvichayapat N, et al. Transcranial direct
current stimulation in neuropathic pain[J]. J Pain Relief, 2013,
(Suppl 3) :001. DOI;10.4172/2167-0846.S3-001.
Brunoni AR, Nitsche MA, Bolognini N, et al. Clinical research with
transcranial direct current stimulation (tDCS) : challenges and future
directions[ J]. Brain Stimul,2012,5(3) :175-195. DOI. 10.1016/j.
brs.2011.03.002.
Adachi LNS, Caumo W, Laste G, et al. Reversal of chronic stress-
induced pain by transcranial direct current stimulation (tDCS) in an
animal model [ J ]. Brain Res, 2012, 1489 17-26. DOI. 10. 1016/]j.
brainres.2012.10.009.
Laste G,Caumo W, Adachi LNS, et al. After-effects of consecutive ses-
sions of transcranial direct current stimulation (tDCS) in a rat model
of chronic inflammation[ J]. Exp Brain Res,2012,221(1).75-83.
DOI:10.1007/500221-012-3149-x.
Datta A, Bansal V,Diaz J, et al.Gyri-precise head model of transcranial
direct current stimulation; improved spatial focality using a ring elec-
trode versus conventional rectangular pad[J]. Brain Stimul,2009,2
(4) :201-207. DOI:10.1016/].brs.2009.03.005.
Zhou Q, Sheng M.NMDA receptors in nervous system diseases[ ] ].
Neuropharmacology , 2013, 74 69-75. DOI: 10. 1016/j. neuropharm.
2013.03.030.
Yang K,Ma WL, Fenget YP et al.Origins of GABA(B) receptor-like
immunoreactive terminals in the rat spinal dorsal horn[ J].Brain Res
Bull,2002,58(5) :499-450. DOI; 10.1016/S0361-9230 ( 02 ) 00824-
9.

(&1 H 199:2022-01-25)

(ARG AT )



