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W OE HBY: WEEAATTARMZ Y (dorsal root ganglion, DRG) #4: % £ (chronic compression of dorsal
root ganglion, CCD) # & X B AHARF| % 45 & R4 B {E (mechanical withdrawal threshold, MWT) & DRG B#
B AW AL F F B A 1 (transient receptor potential vanilloid 1, TRPV1). P 4t (substance P, SP). 45
Z 3L # K K (calcitonin gene-related peptide, CGRP) & 3A & mi . Joik: 41 RN SD A B H 5 % 14
WA FABFARA (1R ) HEAL (152 ) BAA4 (152 ), BAABAREMN “BR=8” “R
D7 RFATIET, FEH 1K, ETR. BUEBA KR FEHELEN MWT, X F % &% AN K
A &M DRG # TRPV1. CGRP. SP [A V40 i & 345 1 0, o0& B9 78 7% 4 1 K B B Il DRG #* TRPVI.
CGRP. SPEH &k Tk, GER: HHEEF | RE4ETH, SRFALM L, BA 4 fod 44 K R
MWT B Z %A% (P <0.01); BABTES 1. 3. 5. 7K, BAAKRENMWT 225 TREEAS
(P<001). 5BFARAAL, HAH KR EMDRG F TRPVI. SP. CGRP [ 40 i $ %k & 2 7+ &
(P <0.05); TRPVI1 #1 SP. TRPV1 # CGRP [H P+ a3tk k7t (P < 0.05). SHAHAth, w4T4
KB &M DRG # TRPVI. SP. CGRP %k #[41% (P < 0.05); TRPV1 #2 SP. TRPV1 f CGRP [ 4 40
i3 R K AR (P < 0.05). SEBFARLALL, #AH KR EM DRG ¥ TRPVI. CGRP. SP & H &k ik
FE (P<001), SHEALAML, 84 THE, w44 KR EM DRG # TRPVI. CGRP. SP & A %
KA (P <0.01). Z5ig: ®ATET TIME MWT A%, AH&IME CCD A BOR w8, HEREH T
# 5 T DRG % TRPV1. SP 1 CGRP t &k H %.

KEBIA WAD APRIEH, BHZAREAFEERTA 1 PR, BRI EME XK

Effects of electroacupuncture on mechanical pain threshold and TRPV1, SP, and CGRP
expression in rats with chronic compression of the dorsal root ganglion model *
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Abstract Objective: To observe the effect of electroacupuncture on the mechanical withdrawal threshold
(MWT) and the expression of transient receptor potential vanilloid 1 (TRPV1), substance P (SP) and calcitonin
gene-related peptide (CGRP) in dorsal root ganglion (DRG) of rats with chronic compression of dorsal root ganglion
(CCD). Methods: Forty-one SD rats were randomly divided into three group: sham group (72 = 11), model
(CCD) group and electroacupuncture (CCD + EA) group (72 = 15). The CCD + EA group was treated with
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electroacupuncture at Zusanli and Kunlun points on the affected side of the rats, once a day for 7 days. MWTs
were detected at different time points on the ipsilateral side of rats in each group. The expression of TRPV1,
CGRP and SP-positive cells in the ipsilateral DRG was detected by immunofluorescence. The expression of
TRPV1, CGRP, and SP protein in DRG of the affected side were detected using Western Blotting. Results: On
the first day after modeling, before electroacupuncture intervention, the MWT of the CCD group and the CCD +
EA group was significantly lower than that of the sham group (P < 0.01). From the first day to the seventh day
after electroacupuncture intervention, compared with the CCD group, the MWT of rats in the CCD + EA group
was significantly increased (P < 0.01). Compared with the sham group, the expression of TRPV1, SP and CGRP-pos-
itive cells in the DRG of the model group increased (P < 0.05). The number of TRPV1/SP and TRPV1/
CGRP co-localized positive cells also increased (P < 0.05). Compared with the CCD group, the expressions
of TRPV1, SP, and CGRP in the DRG of the rats in the CCD + EA group were significantly decreased
(P <0.05). The number of TRPV1/SP and TRPV1/CGRP co-localized positive cells also decreased (P < 0.05).
Compared with the sham group, the expression of TRPV1, CGRP, and SP proteins in the ipsilateral DRG of the
CCD group rats was increased (P < 0.01). Compared with the CCD group, the expression of TRPV1, CGRP,
and SP proteins in the ipsilateral DRG of the CCD + EA group rats decreased after intervention (P < 0.01).
Conclusion: Electroacupuncture treatment can increase MWT and effectively inhibit pain sensitization in CCD
rats. The analgesic mechanism may be related to the down-regulation of TRPV1, SP, and CGRP expression in the
ipsilateral DRG.

Keywords electroacupuncture; acupuncture analgesia; transient receptor potential vanilloid 1 (TRPV1);
substance P (SP); calcitonin gene-related peptide (CGRP)
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MO E R P TRk, Bl AR 7 s,
HoRm EOER, mEPE NERRE Y. H
A IR IT FEAFARIT RS IRT Y, R FER
BT B, BRI BHIR T ARBGST KRS &,
Hort 10%~40% 13 A9 NKCIR 22 52 K 18 M B TR

(RIEMEAR GG , HAGN SR 7T —4
E R A ER P A 8 ), TR 35K A R I8 TT 572
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H 80 C A 2 ik o BEME (8] 4 5% Rl p0 2 AR
RIBHLH A B RE AL, b AR AR5 (dorsal
root ganglion, DRG) f £ 5% J& (chronic compression
of dorsal root ganglion, CCD) K R 815 45 1 Hi A%
NI PR M 18] 4 5% 5| S ) 2 PRk, A2
[ R B O AR . DRG A2 A5 3% 40
BEME R EIEZ R, RS2 A7 75 SR
AP 1 (transient receptor potential vanilloid 1, TRPV1)
FEAT] 5 PR RS2 IR B 1) A% 32 NI 15 o S B AR A
DRG ' TRPV1 i, A 51825 @k ¥, TRPVI
118 T (1) 305 T P 45 (substance P, SP).
F% 15 2 55 [K AH 9% JIK (calcitonin gene-related peptide,
CGRP) %1% ¥, [t TRPVI. CGRP I SP 7E fif

LN B PR P A R AR R IR .

REHE N —FE R Wi, TRERIE - KGIT
Fa, HOREZ BTG . A IR 7R B
BHIRIT AT A R () 43 5% L R A AR 3 B
MRS U, SR H AT B B AT @ 4% TRPVI
Wik 25 CCD AR FL. FET bk, BT
B I PR AR AH BL ) CCD M5, Wi gR Bt “ 2
ZH7OCRAT U CCD ALK SR ALOR 48 2
J 5} BI{E. (mechanical withdrawal threshold, MWT) &
DRG 1 TRPVI. SP. CGRP KA M, M4
JA Ak A R A LA YR 9T CCD S AL, DU
it — DS r A FH T A 1] £ 5% HRE 55 4 20 03 AR
IR RIATT -
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1. SEEX

15 Vi 2 e M K B, Sprague-Dawley (SD) K i 41
R, HE180~200 g, MWH ik st sha
BRAT, YWAES [SCXK (') 2022-0004], HI#T
HH R 24 K S S IR ATE 5T O i 2R, VR RTIE S [SYXK
(#7) 2021-0012]. 44 M5 4 B PR AE TR R SR, DOK,
12 h ERAT S, iR (23+£2)°C, fEEWE, HiE
S B ERAE, JEEWT R E 2 RS e B R
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F A KB P TRPVI £ 78 [ Hifk (LA
.51 Alomone, 77/ % 5: ACC-030-GP) ; ¥
CGRP Z wf#difk (3£ Cell Signaling Technology,
FEan B 14959s) 5 AL SP Z wBEHUE (db
HEAED AT, P bs-0065R) 5 1IEHT
JAK B IgG H&L (Alexa Fluor® 488) (35 Abcam, 7
i B 5 abl50185) 5 1l % Pt & 1gG H&L (Alexa
Fluor® 594) TR it —#1 (3£ [E Abcam, 75
ab150084)

C# W A& W6 BB (18 [H % §] Image
M2) ; fHIEFAREG (EE Harvard AF]) 5 KT
Rrep A (B R B 3 B AR BRI R A
FR/A#], HANS-200A) ; von Frey fili s £F 422 (3%
Stoelting) ; B — IS 2B (b [E 500 =
ST ABIRATF, 018 mmX 13 mm) ; L B4
Wz GEFD .

2. ik

(1) 43R A RSB EE 775K 41 K SD
KBENL MR T AL (Sham) 11 R #H4] (CCD)
15 H. H4H4H (CCD + EA) 15 K. CCD 4541 CCD +
EA 2175 BB FE T SO AR M) KL CCD 413kt
1R, @Bk 3 H, CCD+EAHMT:-2 R, i
P 2 H o

(2) CCD By 2 37 4% B 4% STk 7 925 &
B O R T L 3% [ L4 (40 mg/kg) JE G R
I, SIBREMIER, HEENRERESY, HE
BIEFLRBF R, T Ly Ly BHEAM 0.5~0.7 cm
A1 FF L, S S) B Kbk, 2 5 (A1 Ly Lo TR AL,
RIGHA1TIREKZ 1 cm, B4R 0.6 cm ) L AU E5 40
22 BEHE AL B LS IER &k 300, LAk YS
BT KL R 10° 171375 J5 il N L #E TR FL,
2 L RV K A % DRG B, AT LK SRR i R
WA FARM IR 8 R, SRR b
J DRG &M, WAL B IEM, k94 NI A
TR i 58 Ak N METRIFL, %0 s B 1 HE (] LA
L, A B Ly 8 fG, IKIREEA G DAL, Rk,
I fs 0 5 B R T A RS, TRUE AR & A I
IRE, TRNEF . BT ARE K R 2 T MER L) 4%
A WUAA R R, HREER L. GBS 1 RBEET
AT, MWT R % 30% Mis s ',

(3) HEFT Pl A 24 h YRS IR SRR )
MWT J& 7 UL T HUA YT, (RS E,
KRBRMNRALE S, B RSP rT BLE
G5, BB ERARERIEERS) . SR E
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WU R (SERGE R R R EHT RS U
MIEAL, R — RS 2k, R 5 BN & B i
WAV GEZY NV E R h PR S G <
2 Hz, BJA] 30 min, 538 1 mA, ESATT 7 K.

(4) MWT A& "7 SR F i it 2T 4 22 460 0 K B
AT, GRS 1 R AT LA ERIZ . BT
Ja% 3. 5. 7T RANABITE] A MWT. K BRI B 3R 5
30 min J5, M4 RRA G, Za44s
M S, #HRRBIgEGE . 2. 2NN
HNFEBATE RN, JIE M 4 g FFER, & MWT > 26 g,
M E R 26 g m £ 85 R, WEA IR 2 5,
& H

(5) Hyudeik: AR 7 KJa, SONE
v, BUEEML,. Ly DRG, #4415 R, BIZIEN 4%
Z RHEEE 2 4 hy 15% BERERBLK 12 h, 30% I B
it 7K 48 h, Bi/K GBS, R EGE
G N -80°C VKA A7 . ALV S, VKiERD)
FOEE 10 pm,  AE I 2o 2SO0 T B b
FH TBST ¥ iEde, V1R B 10% (11 2 i i& ik
A 37°CHEIEFEM 1 h, B E Pt TRPVI (1:200).
SP (1:100). CGRP (1:800), BN 4°CUKA % & 172,
%2 RE 1 h, TBSTHWIEDE. WE —bulit
JK 5% 1gG H&L (Alexa Fluor” 488) (1:200), L3t
IgG H&L (Alexa Fluor® 594) (1:400), 37°C e i 4 it
JEFE 1 he TBST VWG GG, Ry T a8,
TEF G RAMEE T IV o 18T Image J
HAESE i DRG o TRPVI. SP. CGRP B4 41 it
FIBHPELI M B AR, BHEE B S S vl s H,
FRAHEE 3 REuiH I B AR .

(6) GIFEIILAM: HEEIT 7 KE, BN
B L,. Ly DRG, &5 H, WHEZEEPEF,
TN RIPA 223, TN AL EIB WA A B3k 47 21 52,
4°C 12,000 r/min, 20 min 2500 E3ERR, BCA 74l
EEAWREG, T -80°CHIVKA -7 520 pg
HAEFFEUFEREAEARER, I 2x loading
buffer, 98°CHI# 5 min. KM FEAT 5%~ 10%
SDS-PAGE fiz B T HIK, 5% AWk i1, 43 51
F % $0 TRPVI (1:1000). CGRP (1:1000). SP (1:500)
— PPk 4 CRIRIFE IR, MAFELF 1) HRP-2F
P 1gG (1:5000) =¥ F 2 h, A ECL & 5
JE BT, {6 Image J BIMGSAEBEIT JK B 4047
B-actin /£y N Z. Kiill DRG * TRPV1. CGRP.
SP [ ERIL 4k
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{#i i GraphPad Prism 8.0 # {4 /- #rseia 25 8, £ 4
[) AR FH B DR 3R RO R 35 T 22 90 i, B DRI R T 22
N7 A ALK ) Dunnett's 22 85 LURAG IS s XK
FEGTHT G 4L R FH Tukey's 2 B LLEAGR:, P < 0.05
RNERAGIFE L.

& R

1. ASTRJ S ] 245 4K RRER M MWT LA

BT AR BRI MWT 23 L4153 X
ARJG 24 h, BERAK R BN MWT 2 2Z KT [F 3
FARU (P <0.01), FIRZEFEEEASCER B 45 Rk
B8, $2R8 CCD KRB Rl s ar U151, Hagf
BITIESE 1. 3. 5. TR, HEFAREEMN MWT &
FZETREMA (P<0.01, LK1 .

2. KB DRG ' TRPVI. CGRP [ E4H
P bl s

S5RFARANS L, BAH KR &M DRG H
TRPV1. CGRP [ 4 4f j %5 32 18 7t = (P < 0.01),
TRPV1 1 CGRP B4R IE £ T = (P < 0.05);
SRR, B4R BN DRG H TRPVI.
CGRP [ 4 4H g 2 = 18 9k 2> (P < 0.01), TRPV1 Al
CGRP FHME4R LR A HO > (P<0.05, WWE2) .

3. FZ 4 KB DRG # TRPVI. SP A4
b

5M/\F AR, B H KR &M DRG H
TRPV1. SP BHPEAHMIE R IA T & (P < 0.05, P <0.01),
H TRPV1 Fi1 SP P40 M I R IEEF =1 (P < 0.05);
H5EMAML, BEH KR EMN DRG H TRPVI.
SP BH P4 41 i £ R 3k B& K (P < 0.01), TRPV1 Al SP
FH P20 P e R IAEL PR (P <0.05, W3 &

4. &K #0 DRG 1 TRPVI. CGRP. SP
H 4 41 i B A% L A

N7 MR A RS SN B A AR, A
WE 7843 #r 7 K B & fI) DRG # TRPV1. CGRP. SP
FHPEgr i B 42 (WL 4) , #] i DRG * TRPVI,
CGRP. SP FHYEANM F £RA TR/ NE ARG, H
%41 & DRG H TRPV1. CGRP. SP [ 40 i B
BofmzER TG EE L.

5. % 41 K B H ) DRG * TRPVI. CGRP. SP
HAREENL

KA BN T (B S, SEFARAML,
A 20 K B B DRG A TRPVI. CGRP. SP & H
FiLFHE (P <0.01), SEERAMLL, ZHE TS,
HLAFZH K BRI DRG A TRPVI. CGRP. SP K H
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B SAKEEN MWT 21 (2= 11, X £5D)
(A) B TRIGERE D (B) 4K SRANIFIAT 18] 2 800 MWT
Lz
P <001, HERFARLAMIL: “P<0.01, SHAL
AHLE

Fig. 1 MWT on the affected side of rats in each group (72 =11,
X +SD)
(A) Time flow diagram; (B) Comparison of MWT on
the affected side in rats from different groups at vari-
ous time points
**P < 0.01, compared with sham group; #p <0.01,
compared with CCD group.

FEEFEIC (P <0.01). S5HLEH, AT 06
CCD X &l DRG #* TRPV1. CGRP. SP & A
ik,

Wi

Bt LA A5 77 ek Be AT () 48 5% 1 45 5
(RIS 418 22 4 W PR PR A0 SR R
HARRa TR, FHREK, WEERE, &
T N AL o B A B o BT R TSN, PRI X L
BivE A2 H TR . B R 32 305 F A ONT ¢
REAGI, e 51 RS FEAE 18] 485 5% H 5 418 B e 200 HO
TG . CCD B — R BENS B MR IDUREAE (7] £
% HYRE 51 76 AR e A AL 2 IR A . i PR
iR T REHE IR 2 R HUE ) T iA 2 N F ARG, (HIEA
HARyT A HFAR R B, IFRAEZ, Btk
I HEBN BT S IR NTR T T 1A RE AR A R LR I R
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Sham CCD CCD+EA

HHKEEM DRG ' TRPV1. CGRP PHYESH T HLE 3 (72 =5, X £SD)

(A) B R EM DRG H TRPVIL. CGRP 5t (HHI RN 50 pm) , ZRE556 R TRPVL FHPERMY), 41
5% 2 CGRP FHME S N, 1657 L Fids TRPVI/CGRP PHYEILRIL, (B-D) B FHE, Wi 5645
ST =R RUEM DRG T TRPVI. CGRP FHTEZRE ALK TRPV1/CGRP FHEAR S b % .

*P<0.05, **P<0.01, SEFARLMLIL; P<0.05 "P<0.01, SHERLHMLL

The counts of TRPV 1-positive and CGRP-positive cells in the DRG (7= 5, X =5D)

(A) Immunofluorescence images of TRPV1 and CGRP in the DRG of rats in each group (Scale bar = 50 pm); Green
fluorescence indicates TRPV1-positive reactants, and red fluorescence indicates CGRP-positive reactants, white arrows

T T

Sham CCD CCD+EA Sham CCD CCD+EA

23]
o

Fig. 2

indicate co-expression of TRPV1/CGRP; (B-D) Following electroacupuncture intervention, the number of TRPV1-
positive and CGRP-positive cells, as well as the number of TRPV1/CGRP co-labeled cells, were analyzed in the ipsilateral
DRG of the three groups of rats using immunofluorescence.

*P < (.05, **P < 0.01, compared with sham group; “P < 0.05, P < 0.01, compared with CCD group.

P R A EE A PR AN (B A A 2 R PR
{E A 50 1 S # O7 CCD B AL, #R 90 L EHIR T

AR A2 oe, Al A & & AP, DRG Lk
RIK TRPVI 25 % Pl i 82 4K, R4 N SR 2L
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CCD [WB 43 MLl . B4 RER, SHEFARUAMLL,
PR A KRR R MWT FRAK, $27% CCD A il 4%
DAz

BEAEWT 7t R W] DRG i T35 675 M A s & 2

DR B WLAORDSsS , O R N, 55
MR B PR R AE S 4ERE B, TRPVI %463 5
RFEZEA B ZE & AR, 4MNEE TR
BN A T TRPVI Ff 5 MEAE PR, AT DURH
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TRPV1 SP Merge Enlarge
Sham
ccD
CCD +EA
50 um
B C D
#
40+ * 40+ 15+
” 1 HH E "
E: | © e 3 « T
o 30 8 30 T g
;§ g £ 104 I
a 2 2%
E 20 ;L 20 5 §
o @ 2
5 o 8F 54
= 104 10 kS
3 £ 5
0 L T 0 L T Z 07
Sham CCD CCD+EA Sham CCD CCD+EA Sham CCD CCD+EA
B3  #4HKEEM DRG ' TRPVI. SP FHPEANHEUEN (2= 5, X £8D)
(A) KB EM DRG H TRPVL. SP Gz el (LB 50 pm) 5 LR 42 TRPVIL FHYER B, 406
Wt SP BHPER N, HEE kAT TRPVI/SP FIYEILRIE; (B-D) AT, 18 Je st 4 hil o i =4
KEEM DRG 1 ) TRPVI. SP FHIEZNIELL K TRPV1/SP BH AN Lbr L
*P<0.05, **P<0.01, SEFRHAME; P<0.05, "P<0.01, SHEMMAML
Fig. 3 The counts of TRPV I-positive and SP-positive cells in the DRG (72 =5, X +S5D)

17 CFA BRSOt T LA BT 7 WL,
9 TRPVI USSRV, 1405 T HUbRIE .

(A) Immunofluorescence images of TRPV1 and SP in the DRG of rats in each group (Scale bar = 50 pm); Green fluores-
cence indicates TRPV1-positive reactants, and red fluorescence indicates SP-positive, white arrows indicate co-expression
of TRPV1/SP; (B-D) Following electroacupuncture intervention, the number of TRPV 1-positive and SP-positive cells, as
well as the number of TRPV1/SP co-labeled cells, were analyzed in the ipsilateral DRG of the three groups of rats using
immunofluorescence.

*P < (.05, **P < 0.01, compared with sham group; “P < 0.05, P < 0.01, compared with CCD group.

HE S Fh 2% FE A M AR AR R oo o ik B TRPVL
A ek CGRP. SP [ & AR P72, TRPVI i
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DRG £ o 147 il SR R 2 e A e] ik — 20
Yil 73 Jy i 22 B BE AT AR R BE A /42 7T, CGRP 7
UG R U2 R E3ETE 5 e R At 7/ e S-S L R T
PRz 28 B, SP i — Rk, HAZ 54 SR

T8 O T 3 CGRP AT SP A B 48 i B,
TRPV1 5 1 7 7 #1] TRPV1 %3k F1 SP B i BV,
AWt R E/R, CCD KR EM DRG # TRPV1,
SP. CGRP PH M40 o B A i R8I FH iy, R
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A B C
[JSham MW CCD M CCD+EA [JSham MW CCD M CCD+EA [JSham MW CCD M CCD+EA
60 80 80+
S X 60+ < 60
o 404 [0) o)
o (=) (=)
@ @© @
< S 40 T 40
Q Q (9]
o o S
& 201 & &
20 204
0 0 0+
10~20 20~30 30~40 40~50 10~20 20~30 30~40 40~50 10~20 20~30 30~40 40~50 50~60
Diameter of neurons (um) Diameter of neurons (um) Diameter of neurons (um)

4 FHKFEM DRG # TRPV1. CGRP. SP FIVEANM B AR LLEE (72 = 3)
HAEF TR, B ki =41 K R 20 DRG # TRPVI (A). CGRP (B). SP (C) P4 E R, &4lFZ=
FILGH AR L.

Fig. 4 Comparison of the diameters of TRPV1, CGRP, and SP-positive cells in the dorsal root ganglia of rats in different groups
(72=3)
Following electroacupuncture intervention, the diameters of TRPV1 (A), CGRP (B), and SP (C) positive cells in the DRG
of rats in the three groups were analyzed using immunofluorescence. No statistically significant differences were observed
among the groups.

A B C

Bractin | mem——— 12 KD P-actin | sem——— | 42 KD p-actin |WEGRGEG— | 2 KD
Hit
#H
kk

1

- - H -
25 o 3 . 25
1
2.0- 2.0-
< o 2
‘g 1.5+ ‘g % 1.5
S 3 ¢
> 1.0 % § 1.0
x o "
0.5- 0.5-
0- 0 04
Sham  CCD CCD+EA Sham  CCD CCD+EA Sham  CCD CCD+EA

E 5  H4KR AN DRG F1 TRPVI. CGRP. SP & A EEHM (72=6, X +SD)
T G g BNV IR TR 2 . BT . B BRUE M DRG H TRPVI (A). CGRP (B). SP (C) & FAZRIEHIMR
RERGTE.
P <0.01, HSETFARLMEL; “P<0.01, SHERAMLL

Fig. 5 Changes in protein expression of TRPV1, CGRP, and SP in the rat's affected DRG in different groups (72 = 6, X +.SD)
The protein expression of TRPV1 (A), CGRP (B), and SP (C) in the affected sides of rats in the sham group, CCD group,
and CCD + EA group was detected using Western Blot.
#%P < 0.01, compared with sham group; “P < 0.01, compared with CCD group.
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