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[ Abstract]  Objective Chronic inflammatory pain is a common disease that severely disrupts the quality of life of
patients. The latest research shows that reactive astrocytes can be polarized to two different phenotypes, Al and A2
astrocytes. Type Al astrocytes can secrete pro-inflammatory cytokines and promote neuroinflammation, and type A2
astrocytes can secrete neurotrophic factors and promote tissue repair. This paper aimed to study pain behavior and changes
to A1l astrocytes in the spinal cord of mice with peripheral inflammatory pain, to elucidate the pathological mechanisms of
peripheral inflammatory pain. Methods A total of 16 male C57BL/6 mice were divided into the control group and
inflammatory pain group (eight mice per group). The inflammatory pain model was established by injection of complete
Freund's adjuvant (CFA) into the plantar surface of the right hind paw. The control group were injected with an equivalent
volume of saline. The mechanical withdrawal threshold ( MWT) and the radiant heat stimulating paw withdrawal latency
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(PWL) of mice were measured before and 1, 3, 5 and 7 days after the CFA injection. Reverse transcription polymerase

chain reaction was used to detect the expression of Al and A2 astrocyte markers. Immunohistochemistry was used to detect

the expression of glial fibrillary acidic protein ( GFAP) in the spinal dorsal horn to identify the process of astrocyte

activation. Finally, the co-localization of Al astrocyte marker C3 and GFAP in the spinal dorsal horn was detected. Results

The ipsilateral MWT and PWL had both significantly decreased after CFA injection, indicating that the mice developed

mechanical hyperalgesia and thermal hyperalgesia. At the third day after CFA injection, the expression levels of spinal

GFAP were significantly increased compared to the day 0 (DO) group (1.84 + 0.10 vs. 1. 08 + 0.22, respectively, P<

0.05). On the 7th day after CFA injection, the mRNA levels of Al astrocyte markers Serpingl and Len2 were increased vs.
the DO group (P<0.05), and mRNA levels of A2 astrocyte markers S100al0 and Pix3 were decreased vs. the DO group (P
<0.05). The co-expression of C3 and GFAP in the spinal dorsal horn was increased in the CFA vs. DO group (P<0.05).

Conclusions The reactive astrocytes in the spinal dorsal horn of mice with inflammatory pain were polarized to type Al,

suggesting that Al astrocytes may be involved in the development of inflammatory pain.
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7 days after CFA injection(n=3)
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spinal cord dorsal horn of CFA-treated mice at DO and D7 after injection(x + s x, n=3)



o [ SZES B 2021 4FE 10 A48 29 45 5] Acta Lab Anim Sci Sin, October 2021, Vol. 29, No. 5 583

3 it

A1 JE R A2 B B WL I ARCRE IR 2 — | H PR &
TR EB A7 LA B 515 WL IR AR E S5 B A, FR &l A7
TEMIR PR, ol T e 8 5 1 4, 4k & 0T 0 R di e
W7, CFA 5B JE RE B i AR e A7k
A B Kk 2 A 2T
AT B RMERBRLS | ARBFIE LB, /N CFA 1
SHE 1 d, TS DO RT H IR 7T Ak, 7E i AR S
B51.3.5.7 K, i PWL K MWT 2 & 35 1%,
XA EA G222 5, IR 5 DA
SERAH—3

TENS MR 0 & A R S N R 2 RRE A
INFPRERHLA 22— BT I T A0 5 /08 e ok 4
FRLIRE A B A R kA TR TR A& oT
M2 AR, #2800 2% 75 PE 3 &, 8 SE R AT ol 4
B AW R, S M R AR R R A
JH PR PRS- T, 971 R AR /N B P e T 400 it
g AEARBFSE R CFA 4 /N BU7E T 4 e
553 K, BB N S R T I I A0 i b 7 A s T
1R, TR 25 2 25 5 7 15 A 2 1 I o 200 i 184 A= e
K, 20 UE S P AEAE BT I 0 20 BT

TERFESERIPLT | KON BT I 40 i ml i) AL
HTA2 AP TR B R AR AL, A1 Y R T i o 4
BIE =3 €T Y = s e 1 P S A < 2 =
I% 55 Ty BE A, HE O R T R 28 00 B9 D) AE Bl
LB OHE, T AL BRI 5 40 M #4508
FPER P A 3 B 22, A0 BATJR 2 0 RO L A 4 AR
g A S T A SR LA R, A
5T K BR, P 295 B PO A AL R BB BE 5 M b,
AT TR Sy P A 4 A ) A AR AT
it RT-PCR  AE 9655 77 K B CFA /NEUVA B N
A1 BRI e A abr i 28 Tt i, 3R B AR /N
UG BETEAE A1 SR IE I AN AL

KTIET AL RE Y 5 40 i % AL 1 43 7 AL
il , BRI 5 UE S /0 S5 40 S IS R TL-
la 'TNF Fll Clq ] 7E HAZARSMA T B TP I ot 4 A
WEIT R AL R BRILLISN, B SRAEARS
I A RS AR I IR S, /N R R 40 M T A A R
CXCR7/PI3K/ Akt {55538 %175 T A BE S 1 2 B IE
A A1 R AL R AR5 T Y
CFA e PES /N UL | K SCRRIE S H A 1 458 )5
W ENAF A B /N TR A IS Y L R MR R
BETT AR /N T 200 M B 8 21 A2 5 I 400 e 5
IR AL RIS PR R E I B A etk , dE 2 5

RPN ZE 90 BN, P2 E R VR 1 Ak R R 4R
A1 BRI 5 40 i T BE R A R R PR IR T R T
AL A

2 % 3 #k(References)

[ 1] Ronchetti S, Migliorati G, Delfino DV. Association of
inflammatory mediators with pain perception [ J]. Biomed
Pharmacother, 2017, 96. 1445-1452.

[ 2] Matsuda M, Huh Y, Ji RR. Roles of inflammation, neurogenic
inflammation, and neuroinflammation in pain [ J]. J Anesth,
2019, 33(1) . 131-139.

[3] LiQ, LiuS, Li L, et al. Spinal IL-36y/IL-36R participates in
the maintenance of chronic inflammatory pain through astroglial
JNK pathway [J]. Glia, 2019, 67(3) . 438-451.

[4] LiT, Chen X, Zhang C, et al. An update on reactive astrocytes
in chronic pain [J]. J Neuroinflamm, 2019, 16(1) ; 140.

[ 5] Dixon WJ. Efficient analysis of experimental observations [ J].
Annu Rev Pharmacol, 1980, 20. 441-462.

[ 6] Hargreaves K, Dubner R, Brown F, et al. A new and sensitive
method for measuring thermal nociception in cutaneous
hyperalgesia [ J]. Pain, 1988, 32(1); 77-88.

(7] #B97uK, pasml, TR, A5 P8 58 i A O BUiss & £

JEIMABREF AT 0SS [1]. P ESLE YR, 2020, 28
(2): 167-174.
Shao FB, Fang JF, Wang SS, et al. Observation of the anxiety
and depression-like behavior induced by chronic inflammatory
pain in rats [ J]. Acta Lab Anim Sci Sin, 2020, 28(2): 167
-174.

[ 8] Abboud C, Duveau A, Bouali BR, et al. Animal models of pain;
diversity and benefits [ J ]. J Neurosci Methods, 2021,
348. 108997.

[ 9] HanK, Zhang A, Mo Y, et al. Islet-cell autoantigen 69 mediates
the antihyperalgesic effects of electroacupuncture on inflammatory
pain by regulating spinal glutamate receptor subunit 2
phosphorylation through protein interacting with C-kinase 1 in
mice [ J]. Pain, 2019, 160(3) : 712-723.

[10] Ji RR, Nackley A, Huh Y, et al. Neuroinflammation and central
sensitization in  chronic and  widespread pain [ J ].
Anesthesiology, 2018, 129(2) : 343-366.

[11] Gajtko A, Bakk E, Hegediis K, et al. IL-1B Induced cytokine
expression by spinal astrocytes can play a role in the maintenance
of chronic inflammatory pain [ J]. Front Physiol, 2020,
11 543331.

[12] Bas DB, Su J, Sandor K, et al. Collagen antibody-induced
arthritis evokes persistent pain with spinal glial involvement and
transient prostaglandin dependency [ J]. Arthritis Rheum, 2012,
64(12) ; 3886-3896.

[13] Bjurstrom MF, Giron SE, Griffis CA. Cerebrospinal fluid
cytokines and neurotrophic factors in human chronic pain
populations; a comprehensive review [ J]. Pain Pract, 2016, 16
(2): 183-203.

[14] BT, SRmiM, MRRAE, S AL/A2 SRk Y BT A0
TESR ML A P B /R T (0] 8 r B 2 BE 2 4k, 2020, 40
(5): 445-450.



584

R E S B 2A 3R 2021 4 10 A5 29 %55 S ] Acta Lab Anim Sci Sin, October 2021, Vol. 29, No. 5

[15]

[16]

[17]

[18]

Yu ZN, Zhang LM, Huang ZH, et al. The role of A1/A2
reactive astrocyte in ischemic stroke [ J]. J Gannan Med Univ,
2020, 40(5) . 445-450.

Li X, Li M, Tian L, et al, Reactive astrogliosis: implications in
spinal cord injury progression and therapy [ J]. Oxid Med Cell
Longev, 2020, 2020; 9494352.

King A, Szekely B, Calapkulu E, et al. The increased densities,
of both C3 and SI100A10

immunopositive astrocyte-like cells in Alzheimer’ s disease brains

but different distributions
suggest possible roles for both A1 and A2 astrocytes in the disease
pathogenesis [ J]. Brain Sci, 2020, 10(8) ; 503-519.
Hinkle JT, Dawson VL, Dawson TM. The Al astrocyte
paradigm: new avenues for pharmacological intervention in
neurodegeneration [ J]. Mov Disord, 2019, 34(7) : 959-969.
ZENr, WhSCHE, TRAGIL. AL R IE I IO 40 A 7E i 4505 B IR
TR A BERFR R AL (1], HEPOR R4, 2020, 26
(8):579-583.

[20]

[21]

Li L, Yao WL, Zhang CH. The expression of Al reactive
astrocytes in spinal cord in rats with neuropathic pain [ J]. Chin J
Pain Med, 2020, 26(8) : 579-583.

Liddelow SA, Guttenplan KA, Clarke LE, et al. Neurotoxic
reactive astrocytes are induced by activated microglia [ J].
Nature, 2017, 541(7638) . 481-487.

Li T, Liu T, Chen X, et al. Microglia induce the transformation
of A1/A2 reactive astrocytes via the CXCR7/PI3K/ Akt pathway
in chronic post-surgical pain [ J]. J Neuroinflamm, 2020, 17
(1) 211.

LuY, Cao DL, Ma LJ, et al. TRAF6 contributes to CFA-
induced spinal microglial activation and chronic inflammatory
pain in mice [ EB/OL].[2021-03-10]. https://link. springer.
com/ content/pdf/10.1007/s10571-021-01045-y. pdf

[WFEEHA] 2021-03-31



