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B E HH: & E EE Rk 5 (pulsed radiofrequency, PRF) 35 4R ## 22 ¥ (dorsal root ganglion,
DRG) #f A F #4733 #4015 (spared nerve injury, SNI) £ A K i, #h 22 J BE M O B0 )T BB 8RS A
A B J& 31 38 [ F -0 (tumor necrosis factor o, TNF-a) # F /% -10 (interleukin-10, TL-10) &k 89 %98 . F5ik:
MM SD KB 140 RIZFENL S 7k K 7 41: Sham 41. SNI4L. SPRF #4l. 45VPRF 4. 65VPRF 41.
85VPRF 41 1 100VPRF 41, 44120 2. Pk Sham 414h, H 4 6 4 %|1F SNI#E A, & PRF 41 7F SNI &
% 7d F7 L;DRG /7| 5 A i 8 & #9 PRF. WLZ KB SNIH[, SNIJ& 1d. 3d. 5d. 7d. 8d. 10d.
12d. 14d. 21 d HIAR 4% 2 R 4 BI{E (mechanical withdrawal threshold, MWT) % 1%, SNI &% 14 d.
21d R A %59 . Western blot £ 4 #1F # TNF-o o IL-10 k4. £5R: SNI 5, 5 Sham 41 b5,
H A 64 AR MWT k. TNF-a &k, IL-10 XA W 5 (P <0.05); 5 SNI4 b3, PRF 5%
PRF 41 MWT #J £ 7. TNF-o &£ 5. [L-10 KA R (P < 0.05); H 85VPRF A X E. TNF-o
FABH. IL-10 RAMEREMAE N T E (P<0.05). &it: F#E PRF AR DRG "4 #] SNI X
RAMY AW TNF-o fykik, B IL-10 kAT R EHERERLRE, L+ 85V 8 PRF KR & f*.
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Effects of high voltage pulsed radiofrequency of dorsal root ganglion on the expression of
TNF-a and IL-10 in spinal dorsal horn of sciatic nerve injury rats *
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Abstract Objective: To compare the effects of different voltage pulsed radiofrequency (PRF) of the dorsal root
ganglion (DRG) on neuropathic pain and the expression of tumor necrosis factor oo (TNF-a) and interleukin-10
(IL-10) of spinal cord in rats with sciatic nerve injury (SNI). Methods: One hundred and forty adult male
Sprague-Dawley (SD) rats were randomly assigned into 7 groups as follows (72 = 20 for each group): Sham,
SNI, SPRF, 45VPRF, 65VPRF, 85VPRF and 100VPRF. The rats in 45VPRF, 65VPRF, 85VPRF and 100VPRF
groups received the corresponding voltage PRF on the left L; DRG on 7th day after SNI, respectively. The me-
chanical withdrawal thresholds (MWT) were measured before SNI andon 1d,3d,5d,7d,8d,10d, 12d, 14 d,
21 d after SNI. The expression levels of TNF-a and IL-10 in the spinal dorsal horn were measured by immu-
nofluorescence and Western blot on the 14th and 21st day after SNI. Results: Compared with Sham group, the
MWT and IL-10 expression levels at all time points were significantly decreased after SNI in other 6 groups

(P < 0.05), whereas the expressions of TNF-a were significantly increased in other 6 groups (P < 0.05). After
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PRF treatment, the MWT and IL-10 expression levels were up-regulated and the expression levels of TNF-a

were down-regulated significantly in the four PRF groups, compared with those in SNI group, respectively
(P < 0.05). The rising of MWT after PRF in 85VPRF group were superior to those in other three PRF groups
(P < 0.05), the changes of descending TNF-a and ascending IL-10 levels were more remarkable in 85VPRF
group compared to the other three PRF groups (P < 0.05). Conclusion: Different voltage PRF of DRG can

alleviate pain through inhibiting the expression levels of TNF-a and up-regulating the expression levels of IL-10 in
the dorsal horn of the spinal cord in SNI rats, of which, the PRF of 85V has the best effect.
Keywords neuropathic pain; pulsed radiofrequency; dorsal root ganglion; TNF-a; IL-10

PR BEVE XN (neuropathic pain, NP) A& T
6 A SRR D P 28 2R 4 1Y) 40 T B i B S BRI OR
PR FREAAE SR R RAE Y, BB R ER
B . HRTilN, NP KA KR EREBENG S
HEEFI AR 2 RGBSR E S )5,
P EMERZAE B AR (dorsal root ganglion,
DRG) ¥ &G NEMT M, WOSEBEE MR
R A 2 MAEYEYEYI R, R L, R
NP BIRA S FE, T /I 0 o 4 e i v
ARG RO B A e NP P, X e ih Ay
i BRI . AR AR A B Y,
HRIE T RE AT 73 NECR ML R 7, BRI 13 WA
fif 983 YK AE [ F--a (tumor necrosis factor o, TNF-a).
IL-1B FIFHRE 4, HURH 7% WA A EK-10 (in-
terleukin-10, IL-10). IL-4 A MR SR 0 IR 745 & B A
2 U1 SRR A N I G A M IR RLAE (R R AP
B RFEEEAEA, BB CUESE TNF-o 7] i3
HoAth ZRE R 1 R AE I OBE, 225 NP BT S 4R,
1M IL-10 WA AR, P8 o8 BAE H DAPRT 4 28
RE 1, R, A FT LVE RE T A IR SORE IR B A )
AR, PRUHIHPE REE M A B 98RE ST 20 NP,
BEAHEENHRE L.

Jik 7 5 Bl (pulsed radiofrequency, PRF) & H Hif
I PRYA ST NP — T {452 405 B4 49 1 b 2 R % A
NFEAR, R I8 A ) f ol A e A SR A 35 R ¢
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ROR B, SR, PRF [ i 57 202 (R )
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PRF R L] FR1AH SC JElt SL A0 L o A S 56 40052 1
A R 28 Oy SCIRBEPE A% (spared nerve injury, SNI)
KA, RAAFHE PRF KR DRG, @it M4
KERIEIRAT N5 SR AP 881 A A TNF-o A1 IL-10

IRk, WEFCAIE & PRF -7l DRG 7677 NP
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TE Y SD KR 140 R, K E 250~
300 g, FHAREEEERNR S S50 S PR AL [V RTIE
S SCXK (&) 2016-0002], = FHBE L ¥ 7 %%
N T A, BH20 H: OFFARA (Sham 4) -
AN 5 53 7 I T A A 28 i i 8 L 4y S IR A 2 R
Moy B @A B AT (SNI4) - &
o G I AR A, T 53 S A I i 25 FL IR A 2 R0 JHE
R, g BY W, OR B O O e 1 HE It 2
(3) SNI + 1 PRF 41 (SPRF #4) : #3. SNIJ5 7d
{VF 7% L, DRG & PRF M, AsZjfi PRF 1677
@ SNI + 45VPRF 41 (45VPRF #41) . SNI + 65V PRF
“H (65VPRF #1) . SNI + 85V PRF 4H (85VPRF 4) .
SNI + 100V PRF 41 (100VPRF 4.) : #% 4 SNI J5
7 dF 7% Ls DRG 43 ISEHEFIN. 45V . 65V L 85V
A1 100 V HEM) PRF /697 . SCIRHRAE N R RFA fR gk
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B KRR A B BRI 5 2 R A AR R R T4 3
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FZ k. Sham 4HAY 5 i 77 J5 I A4 B 10 28 Ji5 i 125 3L
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(2) K i, DRG [J PRFIGIT, T &G
74T, KR4 5 KBRS % # /£ Ls DRG )5,
F5H4A (COSMAN RF-G4, ) 7 G T



* 910 -

KB, SR TEEH (KE 10 cm, #HEEH
5mm) BT DRG I, HUHEHS, AR (LE
D o BEin T RIE 42°C, k& 2 Hz, Bk
20 ms, FFEEMIE] 2 min X3 &R, HLES BN 45 V.
65 V. 85 V. 100 V. SPRF 4. #I#i)55 7d, ¥
7E75 Ls DRG JCE S, TG PRF J877

3. FIRAT N AL E AN

T A A % 2K RS BRI, AR 1 ds
3d. 5d. 7d, PRFJ5 1d. 3d. 5d. 7d. 14d5&
AT 9 2 00 78 FAATUAR 4 /2 S 3 B (mechanical
withdrawal threshold, MWT) & . A I 52 75 &
SE R IA] (8:00~12:00, am) A2 5 A5 N i#E4T

BEhIhEE: WMERHTA SD KR HARRE N &
ITERIPE, RAWAH: 14 EFESE. 2L
Wijt: 2 45 W PSMEHEERIE; 3459 BIE
ARG L N 450 REPRREGAENIE .
FEVES 4 o IR BRI -

MWT il &: LA Dixon 28 " up and down 323l
E MWT, BEVBBAE TSR, KRE
% 10 min J&, LA von Frey £%% (Stoeling A#], 3%
D B REOC RORM 5 2 55, wEF T, Rt
] < 4 s, KR H B 2 8GR R AT A BE N,
BN B RN . e M 2 g FFah, 4% 70 B
ANRE T CPBH M SN, W25 AH AR R — 2% 0 B o ks
BB P s U5 AH AT /N — S 0 BRI, dntk
BT, BEEMIEE 1R RN, FE
SR 4 K, BCPMERNBIE. mKJIERN 15 g,
KT ULAERAC A 15 go BRI 30 s, AFR
AL B e 224 i B R IR, DA OR R e N
A 1R

4. BHELS N TNF-o AT IL-10 [ E&

IS S 14 dv 21 d ML RRS 5 H, K
FH 9% ¢ 6 Al Western blot £ A 5 15 /8 N TNF-a
A IL-10 FRIEIKF o

(1) Syt KRIEEMREE, 2Nk
W 4% Z R 7 BRI L AR A,
R IJTAEAEFARMR — 5 O/EARRE, FEE 12h
&, BEAE T AP, JF, A& S5pm. KA
SEPEREHLIEEE, HHEL S T F T e ot Je . Ji i,
EDTA it J51& & 22 9 (pH 8.0) %1 15 min,
AHE SR, WU 3% I3 TAE B E H 30 min
Ja, FRIE AW, HEEMA—P: RIUR IL-10 BT
& (ab9969, abcam, FL[E) , HHii TNF-a Hiik
(ab6671, abcam, J:[H) , 4CHEE L, WINFE
P =9 1gG CGRIGEGERAEVRFEARAF,
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1 SNI K DRG [¥] PRF 77
(A) SNI K ¥ PRF 76975 (B) SNI K/ Ls DRG
JHCE S B R

Fig. 1 Pulsed radiofrequency of dorsal root ganglion of SNI

rats
(A) Pulsed radiofrequency of SNI rats; (B) PRF on
the left Ls DRG of SNI rats.

ED , Eidd, BAEEME 50 min, B hE
A (PBS) e 3 ¥k, N DAPL B4, #EG =
% E 10 min, I H KK HEE KA S min, HiK
PYE 10 min, HUOROGEEKE A IE A, e BB
(Nikon, HA) W%, {#H Image J A (National
Institutes of Health A ®], FED 7Hr s GoRE.
() EAB R E: KRIEERES,
WEE L, TRORREE M, B TWEP R,
WS, BHA BB SURN S K s, M RIPA &
H 2R 1.0 ml, oK B LB 2 5 R 4 30 min /5
4°C. 12,000 rpm 0> 10 min, /~NCoIEL B3, K
F BCA VAN E B AR MWK E, B RMmEE
FRESL JE WK A8 PE 15 min, SEEARMLZ 10%
SDS PAGE #EfIR B vk 70 B i, 1 AR AR e A%
%2 PVDF i E, 5% B Yk EfF 1 h, IL-10 Hifk
(ab9969, abcam, JL[E) . P-actin Fifk (I FE4E
IREDBEAIRA R, FED . TNF-afifk (ab6671,
abcam, H[E) W H, 4CEEIR, IMABREI
YIEEFRICH I 2E PR 1gG (1:3000, I FE4E R A4
MEHAR AR, FED , ZEFE 30 min, %
RICHFE (Thermo A7), FEED BIHLH AT
FEEE, f#H Image J % (National Institutes of
Health A 7], EED ki b % EE, UHNE
4571 62 T H 5 A N, B-actin 255 ' 28 FE AE ) ELAEL
S I RIK IR
5. itk
KM SPSS 20.0 ZE ik 28 At AT 70 #r, #F & IR
AU E TR LA + ArilE 2 (X £SD) Fox, MWT
KR 2 B 2 & 7 % 4 AT (two-way repeated
measures ANOVA), Ff 147 20 [A] 2% I 18] A5 7 b A
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TNF-a F1 IL-10 FI3RIA8 5 R FH #2577 Z 0 HT (one-
way ANOVA), A H LLHECR H LSD-t k. P <
0.05 RRZEFHG = L.

s =R

1. EIRAT A NS

(1) — AT RS WEE: R Sham 4, HAR6
HOKBRAE SN JG A2 Bl P42 40, AT &
T1, VRN 2 Gy AR S TR SR EE Al 78 1T 2= %
A2 B R AR S AR T4 OK BR 2 TR A E JE R
%5, RESHAKXRAEIEREL, ZFLEGH%
= (P>0.05, WHE2) .

(2) MWT: &7 Sham 4, H4&64H KR T
SNI J5 %5 1 d Bl MWT RF%, 5 Sham ZHLHL#S,
=SB Gt % & L (P <0.05). SNI 415 SPRF
H % A S MWT L, ZR LRI %R L
5 SNI At %%, 4 4> PRF 417¢ PRF J5 & I [a) A
MWT )75 (P < 0.05), {HA75{ikT Sham 41 (P < 0.05).
45VPRF 45 100VPRF A L, MWT Z 5 L4 1t
28 . 5 45VPRF 4 L5, 65VPRF 417F SNI &
8 d Ji %I E] 55 MWT & (P < 0.05), {HEZFK
T 85VPRF 41 (P<0.05, WK 3) .

2. PRI IE R A BE TS A N TNF-o £ IL-10
[rRik

5 Sham H b #:, H A6 HKRAESNIJE 14d
A1 21 d TNF-o ()R B B 395, 17 IL-10 fIFRIE
PIWI RIS (P < 0.05). SNI 415 SPRF 4H.f#) TNF-o.

—0— Sham +~e—SN|I +0—SPRF +=— 45VPRF

—&— 65VPRF

—&— 85VPRF —o— 100VPRF

3207

300+

280

Weight (g)
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240 T T T T T T T T T T
0o 1 3 5 7 8 10 12 14 21

Days after SNI (d)

B2 5541 SNI KK PRF #iJa iR EAELL (72 = 20, X £SD)
Fig. 2 Weight changes of SNI rats before and after PRF (72 = 20,

¥ +SD)
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IL-10 ik /K F1E SNI J5 14 d. 21 d (B PRF 5%
7d. 14d) EZRLGFE . {E SN G 14 d.
21d, 5 SNIZLbE:, 44 PRF 41 TNF-o #3558 S5
55 (P<0.05), 1fi IL-10 Fy B0 R IG59% (P < 0.05).
7f SNI J5 14 d. 21 d, 45VPRF 415 100VPRF 4
TNF-a. IL-10 FIRIELE, ZR LRI FEE L. 18
SNI J5 14d. 21d, 5 45VPRF 41Eb%, 65VPRF 4
TNF-o [)ZR3E k55, 7 IL-10 RIS 55 (P <0.05).
85VPRF 21 Al 65VPRF 417t SNI J5 14 d IL-10 fJFRik
bk, ZRILgiit#E L. fESNIJG 14d. 21d, 5
5 4h 34> PRF 41t %:, 85VPRF 41 TNF-a [ 3% ik
99, 7ESNIJ5 21d, 85VPRF [ IL-10 )ik 58
KEE (P<0.05, WH4. 5 .

3. HE 5 S ERE VAN e B R TS A3 9 TNF-o F
IL-10 [ 321k

55 Sham dHEb#e, Higx 6 ZH K RE SNI J5 26 14 d
F121 d TNF-o (1R BB B 1G5, IL-10 (3R 1I8 3
HH 9855 (P < 0.05). SNI 205 SPRF 4] TNF-a.
IL-10 £iL/KFER BTG %75 L. 5 SNI4LE
%, 4> PRF 4 7£ SNI J5 14 d. 21 d TNF-a £ it
BB TS, 1L-10 ()35 B B 58 (P < 0.05).

—0— Sham +~— SNl +~0—SPRF = 45VPRF

—— 65VPRF

—— 85VPRF —e— 100VPRF

159

10

MWT (g)

0||||||||||
o 1 3 6 7 8 10 12 14 2

Days after SNI (d)

3 N[F 8 JE PRF K R SNI # % DRG X R il MWT
W52 (72 = 20, X +£SD)
*P <0.05, Y5 Sham ZHAHL: P <0.05, 5 SNI 4L
Mt ©P<0.05, 55 45VPRF 41AHLL: “P<0.05,
55 65VPRF 44 LL

Fig. 3 Effects of different voltage PRF of DRG on the MWT
of left foot in rats with SNI (72 = 20, X £.5D)
*P < 0.05, compared with group Sham; “P < 0.05,
compared with group SNI; P < 0.05, compared with
group 45VPRF; “P < 0.05, compared with group
65VPREF.
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B4 syl S a oK ROE$ET M TNF-o F IL-10 [3KIA
055 Sk iy TNF-o0 fi TL-10, 35 (0526 om NAZ . ARR =50 um; JEOKAEEL X 200

Fig. 4 Expression levels of the TNF-a and the IL-10 in spinal cord horn among different groups by immunofluorescence analysis

The white arrows indicated TNF-a and IL-10, while the blue fluorescence indicated nucleus. Scale bar = 50 um; magnifi-
cation X 200.
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OSham SNI SPRF M 45VPRF
M 65VPRF M 85VPRF H 100VPRF
151
9 1 1
o
i 104
5 BTN
5
5 w# o
g ||
g T * >Tk
<
0

14d 21d

B 5 AFHE PRF KRS 14 d #1021 d FEHET f N TNF-o fl IL-10 IRIE AL (2= 5, X £SD)
(A) SNI J5 14 d F1 21 d S KRG BET M N TNF-o [3RIE; (B) SNIJ5 14 d i1 21 d H 4K ECEREL M A TL-10 1)

®ik

*P < 0.05, 5 Sham HAML; P <0.05, 5 SNIHAME; “P<0.05, 5 45VPRF HHEL; P <0.05, 5 65VPRF

AL

Fig. 5 Expression levels of TNF-a and IL-10 in the spinal dorsal horn of rats in different groups on day 14 and day 21 after

SNI (72 =5, X £SD)

(A) Expression of TNF-a in the spinal dorsal horn of rats on day 14 and day 21 after SNI; (B) Expression of IL-10 in the

spinal dorsal horn of rats on day 14 and day 21 after SNI.

*P < 0.05, compared with group Sham; “P < 0.05, compared with group SNI; © P < 0.05, compared with group 45VPRF;

P <0.05, compared with group 65VPRE.

fE SNI J5 14 d. 21d, 45VPRF 41 5 100VPRE 41 ¥
TNF-o Al IL-10 IRIELLE, ZREGHAE L 1F
ARJF21d, 5 45VPRF 41tb#;, 65VPRF 41 TNF-a
IRIRIH S, TL-10 FIRIEH5E (P < 0.05). {E SNI
J& 14 d, 85VPRF 4141 65VPRE 4H IL-10 (&5 L4,
ERTG R L. /£ SN 5 14d. 21d, 5534k
3N PRE 41 EL4%, 85VPRF 41 TNF-o )2 1A %) e 55

7E SNI J5 21 d, 85VPRF 41 IL-10 [k fie i 3%

(P<0.05, WK 6) .

15 .

AW 7 H K B SNI AL, & B DL DRG A
# 5 ST R [H] H S PRF 251 RE A5 202503 SNIT KRR 1Y
MWT, NGB M N TNF-a A1 IL-10 (R,
55 45VPRF 40 A1 100VPRF 4 Lt %, 65VPRF 41 Al
85VPRF ZH1) MWT (3. TNF-a ik N A IL-10
Fik FHENEE, b 8SVPRF A NEH. &
A 582 B IR AR IE A 08 =y B s PRF K B DRG i i 1
A BETS A N TNF-o A1 IL-10 (R IEX —Hi R &%
RIFEIRIER, F8 T mHE PRF #x074F R 74
T R AR AL HE

AW A% F & SD K B SNI AR Y, SNI 4

AL MBI 5~ 7 d IR IR NI 1Ry U I 7 Bl IS
Mg ) Ny 4E R RS e, 1X 5 Hu %5 " BT 0 45 3
—%, KW SNIJ5% 7 d T DRG 5Ljifi PRF 1577,
PRF 5% 1 REIFFGE I MWT I EF, 236975
14 d WAL FEfe e, H¥E2 A L PRF 1) 4 4175
SNI 28 8 d J& &I [f] s i MWT 5 & B 7, &
B PRF %} NP 597 A %. 45VPRF 415 100VPRF 41
MWT ¥R BT, HRAER TG E L. 5
45VPRF ZH A1 100VPRF 4 Lb#;, 65VPRF 4. 85VPRF
A MWT b JHRE B o i 3%, o 85VPRF 4H 11
MWT b s R, W EHE 65V, 85V |
PRF % H T DRG 7697 NP [IRCRILT 45V (iR
J£) , miHE PRF Reit— P87 aksde s
JEZ 100V I, X NP FJSCGERR B R A — 23K,
FHOCHL 75 gk — D A A

NP A5 R Je (1) B B HL I 2 A1 JE 54 A X
1 ™31, DRG 7E4hE ik it FE b e S AR, HlA
NAE NP [ — /N E R A U, PRF -7 DRG fETS
HRUA R NP TP R E IR IR LA S IR IR SE, W)
AW FL ) PRF #E 5 3% % 4 DRG. H 82 K (5 B
FE R ATRE S IWT HAK, 78 HAR B O 5 B A
M, A5 A2 DRG & mshifE N, HKER
fEh & AR, BLCAESE AN E, H
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Sham  SNI SPRF 45VPRF 65VPRF 85VPRF 100VPRF
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Sham SNI SPRF  45VPRF 65VPRF 85VPRF 100VPRF

1agi-to [IRE o e == B B 8 50
2110 [ 0 o & B - -|18kDa
p-actin (D GHID GNP WP /0.

D
OSham SNI SPRF W 45VPRF
M 65VPRF M 85VPRF H 100VPRF
1.0
0.8 1
o
3061 M
g SkHAKRHN
5 0.4+ kit Kt
o ¥ o *
T L
0.2
0

14d

Bl 6 Western blot A & 4H K REHETS A P TNF-o 1 IL-10 & HRIE (2= 35, X £SD)
(A, B) SNI J&i 14 d 1 21 d %41 TNF-a (A) 1 IL-10 (B) fI3Ri%; (C, D) H & A6 % B S5 MR B-actin 25717

D AR LA S Bk B 1R IA K

*P < 0.05, 5 Sham 4IMH; P <005, 5 SNIZME; “P <005 545VPRF 4MHLL; P <0.05, 5 65VPRF

A

Fig. 6 Expression levels of the TNF-a and the IL-10 in spinal dorsal horn among different groups by Western blot (72 =5, X +5D)
(A, B) The expression levels of TNF-a and IL-10 in the spinal dorsal horn among different groups on day 14 and day 21
after SNI; (C, D) The ratio of the optical density value of the TNF-a and IL-10 protein band to that of the corresponding

B-actin band.

*P < 0.05, compared with group Sham; P < 0.05, compared with group SNI; P < 0.05, compared with group 45VPRF;

P <0.05, compared with group 65VPRE.

BET f B XA VIR B M & e (5 S, 5l
A T /DN 2 S5 A0 PR AR TR T S R MR, i
SR NP U RIEBETS A1 P % 4 R NLAE A
R P R E TR, AT 7L S
WS REET 1N B 98 RE B

TNF-o {E R HEEH % K5, @il fs L RiEs
Wi, 4R T%3 5 NP 174 54ER 1Y, KT
RFEW, AIEEHEER PRE BI6EE 2227 NP 2L
R, HAA & H & PRF #0041 SNI K B 1Y TNF-a %
KW FR S A ARE], A DL 85VPRF 4H 41 il TNF-a
KIEHA, 45H5H MWT LRI, TNF-o £iA
TR, £ MWT B E %, X5 A
FAER-H, EHTHBEET AN INFaZ 5T
NP FIJE RN & J€, LR PRF A] A3 i A [F) 72 %
I TNF-o KX M 4% NP

Friwt e, AREY M N TNF-o F1 IL-10 7£

PR PR G B 400 ¢ 4 i IR -  R] R Y #8988, TL-10
A AR 8 I 0 I 28 DR A RRORH R JRM T A 2850 6
NP B, AR, BEFE NP KR, IL-10 £iA
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