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(FE) B X THH KRB FER K L(TRPV])/E A 5 #C-3(PKC-3)/# B 1, Akt & & (p-Akt) 5 & # AR K457
RS JE 4 (PHN) K RO B 1E AALH ik KA & 2 & 2 RE0h 7 (RTX) B 41 A 2 PHN K RAE AL 4 ot oy 2
Mg 24 RK BN A 3 4 AEA 4 (RTX)  FH 2545 4 (RTX+Am B T ) K AT 4L (RTX+ K A7 %), B4 8 R, BRI 8 RiZ
FER BB, KA LE R FIE(PWT) A 48 R AT AR 3 (TWL) 1A k4157 3% 3 PHA K Ry U 2 ; R Al HE 3¢
FAE KRB R A A SR IR AL R Bl TUNEL 26400 5 38 % A GABA #8 #9470 40 L 8 T IF UL ; K Al ELISA Al K BB % A
40 4o B8 IR0 B F—a(TNF—a) o & 48 A Z-1B(IL-1B) B4 ; % Jfl Western blot -3 & 41 K RAfEH A AL P X # & & TR-
PV1.PKC-3.p-Akt &3k, &R Gt B4k, EA A PWT {E B K (P<0.05), TWL 18 7 & (P<0.05) ,GABA 41 jil Al -3 & 3 % (P<
0.05),TNF-a IL-1B 4 & # & (P<0.05), TRPV1 PKC-8 .p-Akt F Ik A & (P<0.05); 5 A A AH th, | FR M 20 4 410 K 4H 41 PWT A 5
(P<0.05), TWL 1 4 15(P<0.05) ,GABA %7 8 1T $ & W 2 (P<0.05) , TNF-« IL-1B 4 & 41 (P<0.05) ,TRPV1 PKC-3 ,p-Akt 5 ik &
K (P<0.05) ; P25 4 40 5 K 4F 40 A Ee  PWT {8 TWL 1A .GABA % it 8 -4 & VL X TNF-o IL-18 . TRPV1 PKC-3 p-Akt K F £
WG EE(P005), G kAT =B H04 TRPV1/PKC-d/p-Akt & 5 W% PHN K F 3% 5 K, #5704 4% PHN J&
Hife,

(£ $RATEWERE; FEETHREF; K4 TRPVI/PKC-8/p-Akt 12 53 i W F R W E F-o; @ A £ -
1B 78 % e

(FESZESIR245 (SCHERFRAERD A (X EHS )doi:10.3969/).issn.1674-070X.2025.07.010

Mechanism of fire needling on regulating pain sensitization in rats with

postherpetic neuralgia via TRPV1/PKC-6/p—Akt signaling pathway

HE Wei, GUAN Jumei, TANG Xu*
Sichuan College of Traditional Chinese Medicine, Mianyang, Sichuan 621000, China

(Abstract] Objective To explore the potential mechanism of action of fire needling therapy on rats with postherpetic
neuralgia (PHN) based on the transient receptor potential vanilloid 1 (TRPV1)protein kinase C-8 (PKC—8)phosphorylated Akt protein
(p—Akt) signaling pathway. Methods A PHN rat model was established by intraperitoneal injection of vanilloid receptor agonist
(resiniferatoxin, RTX). Twenty—four successfully modeled rats were randomly divided into the model group (RTX), positive drug group

(RTX+gabapentin), and fire needling group (RTX+ire needle therapy), with eight rats in each group. Another eight healthy rats were
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randomly selected as the control group. Mechanical paw withdrawal threshold (PWT) and paw thermal withdrawal latency (TWL) were
employed to evaluate the degree of hyperalgesia in PHN rats treated with fire needling therapy. HE staining was used to assess
histopathological changes in the spinal dorsal horn of rats. TUNEL staining was used to examine apoptosis of GABAergic neurons in
the spinal dorsal horn of rats. ELISA was used to measure the content of tumor necrosis factor—a (TNF-o) and interleukin-1p (IL-
1B) in the spinal dorsal horn tissue of rats. Western blot was used to measure the expressions of key proteins TRPV1, PKC-8, and
p—Akt in the spinal dorsal horn tissue of rats in each group. Results Compared with the control group, the model group exhibited
lower PWT values (P<005), higher TWL values (P<005), increased quantity of apoptotic GABA cells (P<0.05), elevated levels of TNF-a
and IL-1B (P<0.05), and increased expressions of TRPV1, PKC-3, and p-Akt (P<0.05). Compared with the model group, both the
positive drug group and the fire needling group showed increased PWT values (P<0.05), decreased TWL values (P<0.05), decreased
quantity of apoptotic GABA cells (P<005), decreased levels of TNF—a and IL-1B (P<005), and decreased expressions of TRPV 1, PKC-9,
and p—Akt (P<0.05). There were no statistically significant differences in PWT values, TWL values, quantity of apoptotic GABA cells,
and levels of TNF-o, IL-18, TRPV1, PKC-3, and p-Akt between the positive drug group and the fire needling group (P>0.05).
Conclusion Fire needling therapy alleviates the inflammatory response of PHN rats by inhibiting the TRPV1/PKC-8/p—Akt signaling
pathway, thereby relieving pain sensitization in PHN.

[(Keywords) postherpetic neuralgia; vanilloid receptor agonist; fire needling; TRPV1/PKC—-8/p—Akt signaling pathway; tu-

mor necrosis factor—a; interleukin—1[3; pain sensitization
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1.1 3ELEzh¥

40 H SPF 2y et fd i SD K R A vk BH 25 R
K MR 220~280 g, fAIFRA Eil 20~24 C,
AT EE R 45%~65% , 't RE/SAREEIA R 12 h, A
PRI PAIK R BRIESE 1R LS N AEE AR5
2o 1| = 24 e A L B A AR I 2 51 2 A At i
(FHIS . 2024-00154)
1.2 FERFISNE

T B 2 2 AR ENF (resiniferatoxin, RTX) (155
HY-101323-15, FIIEFES0 A FRAF] ) s in e mg T
i 3% ([ 24 5 . H20030662 , #14% - 100 mg, V170
B 2 AR AT BR A F] ) ; 20 ML A - 18 (interleukin—
18, IL-1B)ELISA il & (58 % . EK-R30172,
R A DR A PR D) s R IRFE R F o (tu-
mor necrosis factor—o, TNF—a)ELISA 3 H &5 (57
5 :CB11057-Ra, DRI SUHAYH ARG IRAF ) ;
TRPV1 Hifk PKC-3 Hifh .p-Akt Hilf Pk R Aok
& (immunoglobulin G, IgG) 3t BHIEE (B-Actin)
Bk (485 :ab305299 .ab182126 ,ab8805 .ab302644 .
ab8227 ,JL[E Abcam 23F])

PUMNEET (515 . stoelting Von Frey £F4E422
i E RS PR AT ) 5 KB (A :0.4 mmx
25 mm 2 KA NG A, TN TR R T LA TR
INFD) AL (RS . ES-300 1Y | W (EAR A R
HRATD) 26 e (A5 . BXS3LED, H A0lym-
pus A ),
1.3 PHN XREEE

BEALZEI 8 HARFE SD KX IR, Hi 32
HR BRI RTX MR R S 7 PHN K RS AL
1 RTX WA KRG W IZIRA W T 10%
ZIEAT10% Tween 80 A= BEERKIHAATILE 1:1 IRAT
A, EARFRBEHLAGI N 8 Tween 80 LA 1:10 Y HL il
fip A BRER K R ENEE 100 mL AEFIEKHHIALO mL
Tween 80, 78 MR AIE#5 . KR EUB IS N TEST RTX
Rt R 200 pgrkg, YMEEEIK BRI PP IR
] (thermal withdrawal latency, TWL) i 2 Ft &5 . #L
W4 e S5} BI{E (paw  withdrawal threshold, PWT) f
AR B BIE AL, Horr |8 HUR BRAE

RO RE R BET, &3t 24 H PHN KB AA
T,
1.4 SHERT™

B AR 24 2 PHN K EFEHL K 3 41
BRI (RTX) | P 2590 20 (RTX+ I EL S T ) |k
B (RTX+KED) B 8 H, PHTEZGW 4 K AR
G 100 mg/kg MITELHE T ACAERS, JCEFH K
FHBYTHE R E T R S IR, 45 G AR
P2 B LI 7, TEASIESE D R HL L4~L6
JETGHAT KERYT ARG B KR
B ELT 6, B 3~4 R 0.1~1 mm,
1R/, FETF10 2 JE00, Xl R 2H AR 20 K R 38 Bk K
5 R P 24 4 A e v A R K
1.5 FRARE

Y TIRITES 0.4.8.12,16 .20 K HEI 7R
AT A=A s PR A T R 2RSS S | BT KRR
FT 7% (50 mg/kg) RIS T, DR fife 11 B0 11 79 LA~
L6 B, T 4% 22 5 W 81 5 5 %o 310
T AHR AT —FR o 2H A 45 A L )
F A #EFT HE a6 K TUNEL 40, 55 —3R /214
P T T ELISA £l DL K Western blot {4,
1.6 KB PWT Uik

SLHFFAATT 10 min, B K BUE TR N DL
[ EREE . SRJTZ Y Von Frey £F4E4H 4% (4.6 8,10,
15.26.60.100 ) AT PWT a0 | 354 2 5% 32 )ik
RERZE S5 BRI, R YR RS2 6~8 s, M2 T3
KB I PE S 2 ST T B R BRI S,
MR AN 228 2 AS U, (BB 5 min, BHAEFE AR .
Ivi] — il S8 B PR =3 VR BE A S B, IS E SR
U2 XN S PWT,
1.7 KB TWL ik

R HH55 CHE IR (FRETIRE 25 °C) 4T
TWL A, K K B T 3R 3R 18 5 37 RS st i
i, AR B 5 B IR R | R ER ok TN
PR TEI 5% TWL AR, 4 2O R i 3
YO E, BRI 5 min DLk G S ASAE RN
1.8 HE £BTAXREHETAEALARETL

K R AEAT IS U] 7 BRI PR TS M 22, 2
LTI A EE R 4 wm ELY A8
FH R0 S b i 2 B K AR AR 3 TR ARG YL 5 S min,
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PRV Sl Ak 5 W K iR B8 s LT % 3 min;
IR Z: 70% .80% ,95%F11 100% L BEBLK ; —H A%
WAL SRS TP E R ED o TR UL R B2 e
T TERE T AL SRS B R
1.9 TUNEL £BHNEHEL A GABA BEMEZ LA
FUAT 1R

T 56, ST A TR EE TR K A R A A
T 100% 4B 95% L 80% L EEFN 4K ; Fifi
J5 F 50 pg/mL 35 A K SW7E 37 Co&M4F R itk
30 min, PBS Z& iR EL R 3 WK, AR 5 ming %35 N
ATUNEL RNIRGW, BT 45 ClRahEtmE
2 hy EJEAEDOG WAEE T AR, LAAH MA% S BUARRAIE
PEERAACAE A P T B A0 A 1 ) e
1.10 ELISA @M KXRERET AHLK P TNF-o 0
-1 &£

I MG EATE I SPRIG 4 CFRAFT 12 000xg
B0 15 min, RIS B S T M2 R S AL ELISA
R G U B E AR W B AR E A LR A R
AL ARVIM A BUAR AIPAR S bt 6K 5 fe s
i R ALAE 450 nm AT I WO BE(H, @ it
PRAERNZET TR RAE R TR . SC IR AR et
A LA PRAG I AT S
1.11 Western blot e X REWE RELA DX
FH TRPVI,PKC-3,p-Akt Ri&

HAPBRE DA E T RIPA 24252 vl
R e o) IR 30 min Ji7, 13 000xg 250
15 min, YA L5 MR BCA vAI @ B IR B, 1)
RGP IS A R S EAT SDS-PAGE L
WKOTES . WK A E PVDF I 5% i IR 2F 033t 4]
1 hJ5,4 CH¥E —Pi(p-Akt 1:1 000, TRPV1 1:800,
PKC-8 1:500 B-actin 1:2 000)i$7&% ; TBST BE#& )5,
FIWFE HRP FRic —P90 1 h; ECL k2Rt
MiniChemi™ R R Gt RAE IR ; Image] #AT 73BT 5%
WK PEAE, LA B—Actin A NS THRIELL
1.12 Git=4aHh

ARWFFEHIR A SPSS 27.0 #Ef 748 #r ., BT
BIEIR ) “xas " FoR , ZALALA] LR AN R Ty
253 HT, PIR FLBER ) LSD 3, L P<0.05 2253 H
AYitaa L,

2 &R

2.1 REXF PHN XRITAZ LM

I G  JRIT S 8~20 K, SXF IR kL,
FERIZH PWT {EIA% (P<0.05) . TWL {HFHE (P<0.05) ;
SRR EE , BA P 25 9 4 RN K R4 PWT (E T i
(P<0.05) . TWL {HF#(% (P<0.05) ; BHYEZG ¥ 20 5 J 5
2 PWTH TWLAH AL, 22 7 TG00 L (P>0.05) .
TR 1—2,

F1 HEKXBAERES PWT ELLE (v+s,n=8,g)

Table 1 Comparison of PWT values at different time

points among different groups of rats (x+s, n=8, g)

Fisf ] X} A ZH FERIZH P 254 PG
0 K 2235134 2245:1.65  23.78+1.04 20.28+3.01
H4K  2224+1.57 22.63:£1.80  14.24x1.46 14.85£3.41
#8 K 23324256 9.12+0.32*%  12.33x1.67**  11.8420.35%%
512K 2233+141  8.45+1.75%  13.31£1.75%%  13.05+0.95%%
16K 21.12+1.74  6.52+0.36%  15.79£2.45%%  15.44+1.41%°
H20K  21.85£1.64  5.02+£0.60% 17.38+1.42%° 16.98+].46%~

F1i 1.340 320.480 48.420 16.653

PiE 0.267 <0.001 <0.001 <0.001

T SRR LR, *P<0.05; S AL HLEL, 2P<0.05; 5 FHPEZG )
2H I3, #P<0.05,

Fx2 BFHAKRBRAREES TWLELRE (x+s,n=8,s)

Table 2 Comparison of TWL values at different time

points among different groups of rats (xxs, n=8, s)
IF i) X BREH e FRYEZ5 420 KEHH
/0 K 11.99+1.74 11.06+1.57 11.66+1.57 11.26x1.57
4K 1227+155 14.30+1.50 13.70£1.50 14.10£1.50
8K 11.58+0.88 18.01+0.86% 15.74+1.01** 16.08+0.14%%
12K 11.85£0.99 18.19+1.64%  14.96+0.67+>  15.24+0.70%
16K 12.23+1.86  19.45+0.63*  13.95+0.31%°  14.42+0.22%*
20K 12.12£0.65 20.11£3.12%  13.04£1.32%%  13.33£0.43%%
FH 0.294 31.809 12.312 24.583
P& 0914 <0.001 <0.001 <0.001

T S X IR HedE, *P<0.05; SRR LR, 4P<0.05; S5 BH 25
21 e, *P<0.05,

22 XXt PHN KR EHEE AAHRRETLRISNT

5% R L, A PHN K BRUABE TS f 4120
Hh S B 2 A B HE S 2K L | SRAE AR IR T L R 2
JLHE ARG IG ST LL, BH 252 Ak
B A2 AU HES T M | JEAE AR MR AT BT s/
METTHERIMRA Tz , AL BRI, L
K,
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1 BRAKREHEERAL HE £ BRFMERE SR (x400)

Fig.1 Representative HE staining images of the spinal dorsal horn tissue in each group of rats (x400)

23 N§t%t PHN KR EHEREARPHELTAR
BT KRN

S5XTHRAA L  BEAIZH PHN K BRERETT fA 214
H GABA 4 ML T4 4 £ (P<0.05) ; SHEALZH A
L, BRPE 2 A AN KB R RE T FA 212 GABAZ
JRLYE TR i (P<0.05) 5 5 P25 W) ZH A LE , I
AT AP AR TR 2 R TS R (P>
0.05), W73 K2,
24 X5t%t PHN KR EB TS RALR PRI
TNF-o IL-18 B9S2

555 B A A HE , AR 2 K R B AR A1 21
TNF-a IL-1B & & Jh 5 (P<0.05) ; 5B BRI A AH L,

3|

%

DAPI

XJ R H

FHYE2542H

ke

®3 BEXRREWEETRALR CABA ARATHEN
Eb 3% (x5, n=8 , /ALET)
Table 3 Comparison of the quantity of apoptotic
GABA cells in the spinal dorsal horn tissue among

different groups of rats (x+s, n=8, pes/field of view)

2157 GABA 400 T- %55
X B ZH 42.89+21.36
HEAIZH 150.48+35.92%
FHE 245540 71.24231.25%
KEFH 70.07£31.21%
FiA 18.655
P1E <0.001

T XTI, *P<0.05; S AR, 2P<0.05; 5 FH M2y
WL IE#s,"P<0.05,

TUNEL Merge

B2 ®EAAREHEYMAALR TUNEL FERRMEEREBR(x400)

Fig.2 Representative TUNEL staining images of the spinal dorsal horn tissue in

each group of rats (x400)
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BRPE 2590 20 R K B 20 R BB T M 220 TNF-au,
IL-1B & &% (P<0.05) ; 5 FHME 2 AL AR L, K5
ZH TNF-o Fl IL-18 & 22 F g4 L (P>0.05) .
K4,

R4 NHWEAPHN KR EWEERARP TNF-a I~
18 7K FRYELBR (325, n=8, ug/L)

Table 4 Comparison of levels of TNF-a and IL-1B in

the spinal dorsal horn tissue of PHN rats in each group

after fire needling therapy (x+s, n=8, wg/L)

I ) TNF-a IL-1B8
X BREH 18.65+1.34 45.34+2.46
FEAIZH 52.39+4.09* 98.54+6.51%*
FH: 2520 33.57+2.14%% 65.02+4.11+%
KEFH 32.44+2.39%4 63.86+4.97+%
F{E 213.278 174.416
P <0.001 <0.001
T 5 X BREH 3, *P<0.05; SAALA L3, “P<0.05; 5 FHE 254

HH#,"P<0.05,

25 NEtx PHN KBREBELT AEHEA P TRPVI,
PKC-3 #0 p-Akt FiXHIZZ0A
55X R A b, BT 2 K BRUCE R T M AL

TRPV1.PKC-3 Fll p—Akt % 135 FHE5 (P<0.05) ;5
RETRULAH LL | PH P 245 9 41 F0 K 2 BB TS f 4121
H1 TRPV1 . PKC-8 Fll p—Akt 25 FHFEIARIK (P<0.05) ;
S HM 2P A AR B, KB RE TS 48U TR-
PV1 PKC-8 Fl p-Akt B8 R IA 2 R LFIT#E
X(P>0.05), PEILEI3.3&5,

3 T

PHN JZAHPIRATIE foe B WL RIMETA VI A | FLAR
AEVEIR R Z AL A A PEXTE 5 5 B B 57 4 1

XA A REEEGMA KA
TRPVI| 0 S . e |95 kDa
PKC-3 S S . S |78 kDa
p-Akt [ S ., . (60 kDa
Akt D T T 60 kDa

GAPDH| i A S (36 D

B3 RBAXREWESHAELP TRPV1,PKC-5 #1 p-Akt
BXEBRREINEE
Fig.3 Western blot images of TRPV1, PKC-3, and p-

Akt-related proteins in the spinal dorsal horn in each

group of rats

IS5 A 2 B RAEAR , AL 3 29 K
UV R A Vi) R L Eblve s o PR G g IR o s E R 5
PEMZJAE SN, i RS 7R, 29 30%H) PHN
R PIRAIR AT RS 1 AR 7™ 5 R R B IR
JRCiL AT H R ShRE S, T, Ik R B R R T 2
FEYURTE 251 A 2 BE i 24 AR 25 T B (E A%
eGSR RUR BT TR, X — ORI 2 T
TFRBRAT AR YT I7 S MA VIR, M HE S AT 5 Y
SPIRERLEIRZR PHN KL AIPEAL BT 7k 59 0

UEAER e RWTFE R, B 207 1 A0 S
PP AT 7 R B T 5 HorT SR Rk, iR
S RERIE S 4T, HAR P BORBEREFFE BRI ™, HL
WFFEFR I, 38 1 AR A A R BT
V5, AT LA et 2 58 4 TH BR A Bl 2 2 2L
HUIREL , HLBEOS A R0 — RZAEIR, 45K b 58
ML B ORI G LL B UL 25 40 Ak 1 55 ) R
AN, KATT7 i T LG SRy LR B , 3 5 Jey

RS SARREWEHAL R TRPVI PKC-3 F p-Akt HEE A RIKAILLE (v+5,n=8)
Table 5 Comparison of protein expressions of TRPV1, PKC-8, and p—Akt in the spinal dorsal horn

among different groups of rats (x+s, n=8)

A ] TRPV1 [ FBHANE PKC-3 & [ FRiXHANE p-Akt AR IFANE
Xt HRZL 0.35£0.09 0.2320.03 0.3520.06
A2 0.98+0.04* 0.95+0.04 0.93+0.07*
FHE 24554 0.52+0.04%4 0.56+0.11%4 0.57+0.08*%
KEFH 0.48+0.05%% 0.48+0.14%4 0.51+0.07+%
F1H 180.329 83.368 96.970
PfH <0.001 <0.001 <0.001

1 SRR L #E , *P<0.05 ; SRR ZH A, P<0.05,
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PR, PR I R BT KT It [ Wi
DGRE , BETT SRR , AR PHN () AR
EMREPFE R PHN KA PWT 2 PR
TWL 2 T, 1 k5 20 PHN R B 2
JE ., ANBSEA T R S L AT R KA RE
% @25 ThE PWIME FRAK TWL {H, 1 /b 4 5E 41 i iz
T, YA RO K B 200, A 2 A0 i T
PR KBS IE T RE RN IB R PHN KB A
WAEA . BHEE ARG 5L 8 A IR S
FZrul  7E PHN i 5 OCHEVE R, H Rl 15k
SNEG | K A TR I ST 40 L 1) 5 £ 3 486 240 A a0
PEE AR S8 A R F AN TNF—o FI1 TL-18 AORRR , (i
PETHRRZETT I 248 | B R (A SRR 2
MR, JCEH Tk PRI L= TR P Bl SR R
S, A 32 240 B A R 5548 52 45 b b | i ek 8 % A
JE P WJBT | S-FR AT U5 KO AR S ) i 2R A
I, 0T LUA S50 4% PHIN K SRS i SO IR0
AWFFE BN, FERZH &) B4 TNF- TL-18 /K
W R TP ERRYT IS TNF-a IL-1B 7KF
I AR, SR KB TIAZE A PHN 1T BB S RAE R
R DIREIE . SR, A6 PHN AR B JR
WAV E LA REFAE

TRPV1 il )& T TRPV Zjik , fEANAM A R 58
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