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The role of microglia in hyperalgesia priming and electroacupuncture interventionfor pain
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[ABSTRACT] Objective To explore the mechanism of hyperalgesia priming (HP) and evaluate the intervention
effect of electroacupuncture (EA) on HP. Methods Fifty-nine male C57 mice were used for four separate
experiments. In the first experiment, the mice were divided into a control group, a sham sensitization group, and a
sensitization group, with 5 mice per group. In the second experiment, the mice were divided into a sham sensitization
group, a sensitization group, and a sensitization + electroacupuncture group, with 5 mice per group. The third
experiment consisted of a sensitization group and a sensitization + minocycline group, with 7 mice per group. In the
fourth experiment, the mice were divided into a sensitization group, a sensitization + electroacupuncture + PBS group,
and a sensitization + electroacupuncture + colony-stimulating factor group, with 5 mice per group. A HP mouse model

was established via consecutive intraplantar injections of carrageenan and prostaglandin E2. EA was applied to bilateral
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“Zusanli” (ST36) and “Kunlun” (BL60) for 30 min, once daily for 8 days. Mechanical paw withdrawal thresholds
(PWTs) were measured at different time points to assess pain transition and the effect of EA. Immunofluorescence was
used to detect the activation of microglia (lbal) and astrocytes. Intrathecal injection of minocycline was also
administered, and its impacts on Ibal activation and PWTs were tested. After the experiment, skeleton and Sholl
analyses were performed to analyze the morphology of Ibal. To further examine the role of CSF-1, the factor was
administered intrathecally to assess its influence on the effects of electroacupuncture. Results In the pain
transformation mouse model, the PWTs at various time points decreased significantly (P<0.01). After modeling, Iba1l
were activated (P<0.01), but astrocytes were not. Electroacupuncture increased the PWTs in pain-transformed mice
(P<0.01) and suppressed Ibal activation (P<0.01). Intrathecal minocycline administration inhibited Iba1 activation,
reduced Ibal expression in the spinal cord dorsal horn (P<0.01), and effectively reversed the PWTs reduction (P<
0.01). Subsequent intrathecal CSF-1 injection promoted Iba1 activation and blocked electroacupuncture’ s analgesic

effect in the model mice (P<0.01). Conclusion
hyperalgesia in HP mice by inhibiting Iba1 activation.
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Fig. 3 Effect of electroacupuncture on the pain threshold in pain-transformed mice (5 mice/group), the immunofluorescence

expression of Ibal in the SCDH (3 mice/group,5 slices/mice) , as well as skeleton and Sholl analyses (T+s)
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Fig. 4 Effect of intrathecal injection of minocycline on the pain threshold in pain-transformed mice (7 mice/group), the

immunofluorescence expression of Ibal in the SCDH (3 mice/group,5 slices/mice) , as well as skeleton and Sholl analyses(z+s)

2.5 SN VRS CSF-1 0] #10 il H B 2508, i BT W 5B R, 3 20 /)N B A e B il PW T's 22 5% L 48
K%, IT IS Thal TR X, % 1R Car 49 )5 48.72 h, 58 {b 4140

CSF-1J& 2 #1) Thal #0757 o A F 5% #2 [/l 5A FU, SAE - R B R £k 2% e 4 Ak - LA
FIT 715 IR 1) A5 84 P 1 9 CSF-1 i3 Thal 164k . 45 LR T4/ RS AR PWTs 3 [ JIH(P<



Bt BT 5

0.05,P<<0.01) , R ML & T HIA &L . % 1K Car {E
$HE 7 d, 341/ B B R PW Ts ¥4k & 2 3 ailf K
Vo HES TSI E X 2K PGE2HESE , &
YCHL &R T AT 15 min ¥ 85 9 2 5 CSF-1. 268 2 1k
PGE2 415 1 h, S /N ISR R PWTs 8.3 T [ .
952 PGE2 45 4 .24 h, #fk + e B + 48 76 00 0%
PR 21 F0 Ak 21 3 455 PW Ts 24 0 1K T [ 3 4
b+ A+ BE R Eh 2 vP il 41 (P<<0.01) ,CSF-1 14 4

A

15 miks min
TR
PGE2EL P T T 1T T T T T TT1
PWT BL 4h 24h 48h 72h 4d 5d 6d 7dl1h4h 24h

19 3 BELUBTT 7 PR XA 7R ) i 1 U A

FATHE— 2437 T W S CSF-1 )5 3 41/
Fl SCDH b Ibal G fLIEHL . SEH 25 R Won , 58
A 21 T AL 4 A BT - B T R R A LG Bfk -
HLBF - W iR £ 22 ph i 41 1.3~1.5 SCDH 7 Ibal PH ¥k
40 i B .3 F R (P<<0.05,P<<0.01) , W8 N 1T
) CSF-131% SCDH 4b i) Thal, i &b 25 BT T
FrvsmiEH . WK 5C. D,

Zoom in

CSF T N ey b+ g+
EIKTESE B9 E) SERRIES  pegskhsmuhon
EA ! a i AL
b+
ARV IR 741
b
-o- f b+ EL AR ERZE I A 500 —
B & Al B TR 2R D "
1.5+ v 400+ "
]]EH i v. v a*ga
e = 300 '
= = 200 -
?@ = 100
i§ . 0
SRS
@' p‘f& 3%\&,.
D
5 e
"%“‘W xﬁ@
HUERI T 2 & W
JEi A HTa) & ‘&\\p
&

1 : Car A LM, PGE2 MRS R E2, PW T N HURAE /250 B (5 , CSF M AEIE LK 7 EA gt , BL SR, Tbal /)
JE AN, SCOH B 86T M . A 528607 Bt 4l . B34/ BRI ] S 5 PW Ts o C 328 /0 Bl BEMI A% (1) 3~1.5
SCDH 1 Ibal A fE 52 A0 B (BR L 2 200 pom s R AR 0100 pm) o D2 85 4/ RIS LI 1.3~1.5 SCDH Hf Thal BHE 20 Jif 5o
giit. SHULAAE L, P<C0.05,"P<C0.01; S8k + s+ BEFREh 2% b 44 1L, ¥ P<C0.01,

El5 $RES CSFBEXNRBR(SRAR/A)MSCDHA Ibal RiX(3ER/A,5KWH/AR)

508 (Tts)

Fig.5 Effect of intrathecal injection of CSF on the pain threshold in pain-transformed mice (5 mice/group), the

immunofluorescence expression of Ibal in the SCDH (3 mice/group, 5 slices/mice) (7+s)

3 iFig

oA TP TR 18 R AR R R R A I R R LUK
iR 7 Ak C Bl IR B O H B T NS R Y AL 2
— P A M 2 2R G v I T 20 B 0 T ALK B B
SR 15 M AR 7 AR R A R 0 R AR 2 L R ) R
SCDH &b i) Thal #1 GFAP™, B4 KW 5E £,
Ml SCDH Jie 5t 20 Ml 7% b J2 ri &1 T 10 2 Fi i 9%
TR 1Y) OGS ALY AR AT 5 AE AT BA TS BIF 5 1 B

e, DAL R X Thal 3 Ak (4 3 i 4 A VDA T
PR BT X9 2% A6 T S50V FH B AR AL AR B o
SCDH 4t Thal 1 GFAP i 1k 78 18 1k i 4 5 1
KE R R RS, H00F50K SCDH 4 Tbal
M GFAP T A6 A0k 18 M 7= (0 A 2 ™ A
LA WG AN VE A R T A R S 2 S Atk
)12 MR A Ak . BEAA BF 5T 3R B, Tbal 1 GFAP 4%
22 HAEF , Ibal 976 1k J2 GFAP 1f 1k 1Y 51 22 5
A, AW — LR OR R % 4k 5 SCDH



« 10 -

Acupuncture Research

BDNF [y 2 35 3% = % ) AH 6271 7% 1k 19 Tbal 2
SCDH 4t BDNF fy 243 i i 22—, DL B #fFoT 3t
] $2 7% , SCDH 4b Y Thal % GFAP ¥ 1] it 2 59§ 5%
e & A . ARWF 98 WA 3] Car B & PGE2 FE 4T, 7
T SCDH 4k 9 Thal 3% fk o 1% K #9 Tbal fig 8 of 5 &
Pl 2 5 P B 1% RN R T A 245 545 3%, sl SCDH %
P22 T W BBCLIR S DT 7R i B AL AR b R iR
BRI, AHE 5T A 56 B 5 JF R W% B SCDH
GFAP W&k DL g5 R AL s | 769 e fh iy 7
W B Thal R H N CHMS 5, T Rk
) Tbal & 7517 5 GF AP 1% £k M i 20 F:548 1 P8 , 17
Arfik— LR E

PR 2 W 58 2 B, F T i BEL D HP A5 78 5 47 119
T A, B0 LR RE IR, A G E SRR B, L
S A AR PR 2 AR S Ce(PKCe) 16 6T
R AL . 1 PKCe G (L AU TESNE M & RGN 7
SUTE R 1) 2 R R 1 % Ak [ I & SCDH Ak 44 5
HP RS M EE 70, OF KRBT R, B e
il SCDH 4b Ibal i fk /& W B 55 19 55 22 AL i 2
— B W o W g B A AR AT R G 2L B
SCDH " BDNF- i 22 2 57 1K i s B 38 B 1 190 g 7%
A9, [F A 58 B SCDH Ab Thal ifif 4 GFAP
T A L e A R A Y DGR IR T o itk R AT E
UL T LB R BRI R 4% Ak /N B SCDH Ab 1Yy
Ibalo, HHOCHEST 45 2 B, o 5 B 25 I I 7% 1k
/N ELSCDH &b /I8 J5¢ 57 28 B A5 75 97 (Thal) i) 38 1k 7K
AR Car BEA PGE2 FEHHA S = £ W
Tbal 1% AL B G2, DA 7E 95 % Ak 11 57 91 B B A 44 G
B4 BEL B 7 FH o B AT 1) B R 5% 3, 36 SCDH 4k (1)
Ibal R &k 35 BH VT #EL B X0 98 26 Ak /DN RO 1 7 o 35 A
FH o FH G 25 5 3¢ B ol &3 i ) SCDH 4k Tbal /)
O i T ER TN R SR PR S DI NS U BN
M AE i % Ak 1 & A R R v R G R R R AR AE
XA #E— A IE 52 T Tbal 76 H BF 4 A 9 B AR
FH A Sk 3 A oL AT 0 AT 52 e i B AR B AAE T BT Y 4
AR UE R o R, FE A SE ] Ibal T 16k BH B
i e AL ELR ML RIS A 1 — 2D PR 5T

BT AWFFE W], 1 SCDH Ak 4 Thal AE 1 #2 ik
3 S 0 AR PR FRATTAE PGE2 7 5 110 1 45
PN T B K R B Thal 51k . PGE2 v S w5
BT KGR ALBHW T 588 PGE2 1 45 = 1)
SCDH 4k Tbal ¥ 1 , HLA7 84036 5% 9 % Ak /N B PW T's
[T B, 2 B 24 Thal ¥ fb 4 B0 J5 L 20k 8 1 AN B
B g VR o X — g5 R AR E T AT RE JE A S

SCDH 4k iy /)5 J58 5 41 i 336 Ak 1+ 500 5% 1k

TR AL AT R G0 LA A = R OR TR E T A A
i [R)5: [ Car 7 33 5 FF AR R4 2 PGE2 W05 1Y 42
AR A A A B B B AR Car TE BT S
PGE2 13 $} 8/ A BT X PGE2 v 5 J5 708 (19 48
BN AN W5 5T PGE2 1 53 5 4 A H & B RE #UR (H
BN AN A Be A A o i DR UE A BIF 5 10 IR 5 2, 3%
T $t T 2B e AL AR R FEAHE T h 3K
119 oK Be B BH Oy A1 2 #E A0 R R P R S
PGE2 3 4815 & SCDH Ab #4219 Thal 1% 1k .

25 LRk ARSI AR T TR B Ak R I B B
SCDH 4t Tbal {if fk i S HEVE T, IR 48 /R T HLF+ 10
i 7 Ak B A B D A Thad A/ AL, hy 9 % Ak 09 1 IR
TR SR T 52 50 ARG AV A 09 IR T SR
FIRE ST A 1R & A R LA TEF 25 v ge

S % 3k

[1] QASEEM A, MCLEAN R M, O’ GUREK D, et al.
Nonpharmacologic and pharmacologic management of acute
pain from non-low back, musculoskeletal injuries in adults: a
clinical guideline from the American college of physicians and
American academy of family physicians[J]. Ann Intern Med,
2020, 173(9): 739-748.

(2] Thi i AR TEPSR B 25 i T ik SR L] I IR B 2 SOk L 7 A%
&, 2020, 7(81): 192-193.
MA Z X. Progress in drug treatment of chronic pain (in
Chinese) [J].
(ElectronicEdition), 2020, 7(81): 192-193.

[3] JOSEPH E K, PARADA C A, LEVINE J D. Hyperalgesic

Journal of Clinical Medical Literature

priming in the rat demonstrates marked sexual dimorphism/[J].
Pain, 2003, 105(1/2): 143-150.

[4] BICAN O, MINAGAR A, PRUITT A A. The spinal cord:
a review of functional neuroanatomy [J]. Neurol Clin, 2013,
31(1): 1-18.

[5] LIUJ L. Research on mechanisms of acupuncture analgesia -
The most impressive field of acupuncture medicine [J]. World
J Acupunct Moxibustion, 2023, 33(1): 3-5.

[6] LIT, LIUT T, CHEN X H, et al. Microglia induce the
transformation of A1/A2 reactive astrocytes via the CXCR7/
PI3K/Akt pathway in chronic post-surgical pain [J]. J
Neuroinflammation, 2020, 17(1): 211.

[7] HAN J S. Acupuncture and endorphins [J]. Neurosci Lett,
2004, 361(1/2/3): 258-261.

(8] XU A, Jr&ldr, Jriy, &5 . AP CFA 18t & M K LR
05 AR 281 NR1 R 22 24012 890 o mi W IR AL Y 52 M (7],
WIVL A R 25 K24, 2015, 39(4) : 247-252.

LIU Y J, FANG J Q, FANG F, et al. Effect of
electroacupuncture on NR1 and phosphorylation of NR1 at
serine-890 site in ispilateral dorsal root ganglion of rats with

CFA chronic inflammatory pain (in Chinese) [J]. Journal of



Bt BT 5

11

[10]

[14]

[20]

Zhejiang Chinese Medical University, 2015, 39(4) : 247-252.
Zhao Z Q. Neural mechanism underlying acupuncture analgesia
[J]. Prog Neurobiol, 2008, 85(4):355-375.

Wei H, Liu B, Yin C, et al. Electroacupuncture improves
gout arthritis pain via attenuating ROS-mediated NLRP3
inflammasome overactivation [J]. Chin Med, 2023, 18
(1): 86.

ZHANG Q X, ZHOU M M, HUO M Z, et al. Mechanisms
of acupuncture-electroacupuncture on inflammatory pain [J].
Mol Pain, 2023, 19: 17448069231202882.

WANG S'S, DUJY, XI DN, et al. Role of GABAAR in
the transition from acute to chronic pain and the analgesic
effect of electroacupuncture on hyperalgesic priming model rats
[J]. Front Neurosci, 2021, 15: 691455.
WANG S S, SUN H J, DU J Y,

electroacupuncture on pain transition and content of protein

et al. Effect of
kinase Ce in dorsal root ganglia in hyperalgesia rats [J].
Acupunct Res, 2018, 43(11): 677-681.

CHAPLAN S R, BACH F W, POGREL J W, et al.
Quantitative assessment of tactile allodynia in the rat paw [J].
J Neurosci Methods, 1994, 53(1): 55-63.
SCHULTE A, LOHNER H, DEGENBECK 17,

Unbiased analysis of the dorsal root ganglion after peripheral

et al.

nerve injury: no neuronal loss, no gliosis, but satellite glial
cell plasticity[ J]. Pain, 2023, 164(4): 728-740.
SCHINDELIN J, ARGANDA-CARRERAS I, FRISE E,

et al. Fiji: an open-source platform for biological-image
analysis[J]. Nat Methods, 2012, 9(7): 676-682.
YANG L, LU J S, GUO J P, et al. Ventrolateral

periaqueductal gray astrocytes regulate nociceptive sensation
and emotional motivation in diabetic neuropathic pain [J]. J
Neurosci, 2022, 42(43): 8184-8199.

FERREIRA T A, BLACKMAN A V, OYRER J, et al.
Neuronal morphometry directly from bitmap images[J]. Nat
Methods, 2014, 11(10): 982-984.

ALEY K O, MESSING R O, MOCHLY-ROSEN D, et al.
Chronic  hypersensitivity ~ for  inflammatory  nociceptor
sensitization mediated by the Epsilon isozyme of protein kinase
C[J]. J Neurosci, 2000, 20(12): 4680-4685.

LEEJY, PARK C S, SEO KJ, etal. IL-6/JAK2/STAT3
axis mediates neuropathic pain by regulating astrocyte and
microglia activation after spinal cord injury [J]. Exp Neurol,
2023, 370: 114576.

ZHAO L P, LIU L, XU X B, et al. Electroacupuncture
inhibits hyperalgesia by alleviating inflammatory factors in a
rat model of migraine[J]. J Pain Res, 2020, 13: 75-86.
FULOP B, HUNYADY A, BENCZE N, et al. IL-1
mediates chronic stress-induced hyperalgesia accompanied by
microglia and astroglia morphological changes in pain-related
brain regions in mice[J]. Int J Mol Sci, 2023, 24(6): 5479.
SUN J, ZHANG C, WANG Y F, et al. Electroacupuncture

alleviates hyperalgesia and anxiety-like behaviors in pain

memory model rats through activation of GABAergic neurons

[24]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

and GABA receptor in the rostral anterior cingulate cortex[J].
Mol Neurobiol, 2024, 61(9): 6613-6627.

LIU Y N, CAI X T, SHI B W, et al. Mechanisms and
therapeutic prospects of microglia-astrocyte interactions in
neuropathic pain following spinal cord injury [J]. Mol
Neurobiol, 2025, 62(4): 4654-4676.

MOU W Y, MA L L, ZHU A F, et al. Astrocyte-microglia
interaction through C3/C3aR pathway modulates neuropathic
pain in rats model of chronic constriction injury [ J]. Mol Pain,
2022, 18: 17448069221140532.

NORDEN D M, TROJANOWSKI P J, VILLANUEVA E,
et al. Sequential activation of microglia and astrocyte cytokine
expression precedes increased Iba-1 or GF AP immunoreactivity
following systemic immune challenge[J]. Glia, 2016, 64(2) :
300-316.

SHI M T, ZHOU J, HU R, et al. EA participates in pain
transition through regulating KCC2 expression by BDNEF-
TrkB in the spinal cord dorsal horn of male rats[J]. Neurobiol
Pain, 2023, 13: 100115.

DING H L, CHEN J L, SU M Z, et al. BDNF promotes
activation  of contributing  to

astrocytes and microglia

neuroinflammation and mechanical allodynia in
cyclophosphamide-induced cystitis [J]. J Neuroinflammation,
2020, 17(1): 19.

YIMH, LIUY U, LIU K, et al. Chemogenetic manipulation
of microglia inhibits neuroinflammation and neuropathic pain in
mice[J]. Brain Behav Immun, 2021, 92: 78-89.

LT Y, YANG M X, WU F,

et al. Mechanism of

electroacupuncture on inflammatory pain: neural-immune-
endocrine interactions[J]. J Tradit Chin Med, 2019, 39(5) :
740-749.

CHEN W H, CHANG Y T, CHEN Y C, et al. Spinal
protein kinase C/extracellular signal-regulated kinase signal
pathway mediates hyperalgesia priming [J]. Pain, 2018, 159
(5): 907-918.

LIANG Y, DU J Y, QIU Y J, et al. Electroacupuncture
attenuates spinal nerve ligation-induced microglial activation
mediated by p38 mitogen-activated protein kinase [J]. Chin J
Integr Med, 2016, 22(9): 704-713.

XUE M, SUN Y L, XIA Y Y, et al. Electroacupuncture
modulates spinal BDNF/TrkB signaling pathway and
ameliorates the sensitization of dorsal horn WDR neurons in
spared nerve injury rats[ J]. Int J Mol Sci, 2020, 21(18): 6524.
ZHOU L J, PENG J Y, XU Y N, et al. Microglia are
indispensable for synaptic plasticity in the spinal dorsal horn
and chronic pain[J]. Cell Rep, 2019, 27(13) : 3844-3859.€6.
WANG S S, DUJY, SHAO F B, et al. Electroacupuncture
regulates pain transition by inhibiting the mGluR5-PKCe
signaling pathway in the dorsal root ganglia[J]. J Pain Res,
2020, 13: 1471-1483.

i i H 59 :2025-06-30 &[] H 1] : 2025-08-11



