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Abstract

Pain, as a subjective human feeling, causes a series of physiological, psychological, and behavioral
responses in different degrees, including increased heart rate, increased respiratory rate, vaso-
constriction, anxiety, and fear. For patients in the perioperative period, it may lead to circulatory
and respiratory regulation, endocrine regulation disorders and neurological dysfunction, which
may affect the rapid recovery of surgery. This paper summarizes the mechanism of perioperative
pain generation based on the current status of related literature at home and abroad.
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1. 5|8

2020 4, [F BRI TT 2R 2 1) 18 D2 5 S A BB AR AL R A 59, BER AL A B
RGEANE ARG 1], I DA G R A PR FI 2R . WP, MR I 2 PR TR AR dr A
MAREAD 2 ERTE , PR NOTEEPR . SOEEPOR . MBI, ] DURYE IR KA
NENVEPIRAEPE PR 2]. R F R BE 0 AR AL A7 AN 28 R B, SR A0 A 2 R M ey
AR E AR TAESIR RN, X NREABREDIRA TR BRI, S 2ES A
HIDHHREAE WIRGEA R3] BIE, AT REBGE B RIAT RN XL E DL, Hh V25 O0RT
REfE S e W LRI OLE, HRBOR AN, Xl R SRR, RS AR, R
F AR I X LA R I A, SR BUR N, IS BURR R & TR BETUE RS
PER, R TR RN, EAZESS. N m L EUF, XA DA SE A AL i) — R ORIt . 914,
RS S M ) DI A I RS PRI, R TE S RIS A BRI . R PR (— A R A
TR I BR ), B % AR OR35S 9 R A A (PR O e i B0« AEMm R DL, B AN S ok
FIff, AR R AR2 2R B N 2 1R R B W R SR O, XA A B
O, IR REFATRER . (HICIRMRI SO0, AR B A A A R AR f e L A A B AR ] R
PSR
2. EREERS AN

PERRANIE — AR L 52 R G AR, AR R AT S O TR R B Al AR I . A EGA L HLRR
BE S R S B A B VG BRI, ik ORI R A, AR AN B EE R R AR
5 HEHONA RGNIE S (RS 9)IEr AEsE AL, ALIBRPEBEM A& In, A EE R AT
S B AN i, P ERORMN R S, I RS S AR AR BRI . 5 IR AR AN R A A A ) —
ANTEFE,  FLYN AL T S04 (1 15 MR A0 22 55 (DR G RIS BEBE 7T = X AW AL (TG),  FH47 41 b 28 S R0 b kK
RN B AVERE, AW RS F—R/A S, YR, B0 RIFIHBEHE A 4EAs 2),
IR EAR HA TG RICE OB i) A S A A4 (AR FO)FRARAFE: B2 EADN. 1B,
SENIIERI I ERE MR T 4E(C 28); T RS2 3 RIBMAR 10 3244, Bl n#vgusife ARIE TRPVI, A
JAE N1k TRPMS, £ 17640 1 % 52 3 0k TRPAL, i v] Rk #13E@E ANBIE(NAVL.7 F1 NAV1.8) [4].
Xof AL IR I 20 TN IROR B T MR 2R A e BE RN Th BER I, B RIAR DG I 7 24 AL A il i Bt
B 2R TRPV SR EMAL C Al AS Ji B2 28 I RE e TERE, AT P2 A2 #09 . TRPMS & — A B
FORIEIE, MARE(<28°C) MAMA IR BE . AR L) S0, 15X VA B i A 1A AR A TR o
oK BT VR R R AR I, AU U S VA I3 5 RS R B C 2R AR 4 Rkt N S PR [S] [6]

MR SR AR A B e BE 9K, 1 Ak SR AR B T AU, IX s T I — AU U Y B S 18
EE|RPE LA . MR RIS, D& T DEG/ENaC GBRALE FI(HFR ACCN1)Y/ EfZ Na'i@ig
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(ENaC; tHFR SCNNI1)). B2 /A A7 (TRP) AR F AL, #3 K (K2P)il 1 2 [ i A6 sh 74 P9 i B LAk
RERERE TR . EREA PR BT S DU A B A S, B K F S 2R 1 (MseS) I LB U E
[7]0 TEIRSURIFFTASERE 1, & IR AU I8 (ASIC) i 4 TR N 454 5 finh i K 52 B8 4145 70 R R IA ) mecd
Al mec10 HifLh, 252 dirh & ESENLINEE T . ASIC A SIS 2 BRI IEE T . TR
RN, Bz ASIC R TR SEEMK. B, 4. FaKk5 . #hks 2 SR iR S5 211
PRI S BA[8]. —IUF LR, TRPV2 J&J@ T TRPV il F k) —Fh 525 [ 5 1818, 1
PTG, WA NI 5Je RGP A I e g, DL e R (s 40 i p A s R IA, AU
WC52°C I, T ELIE R B 533 RIS 9] -

540 T PR R T SR AT A N A0 O AG IU A B P 7 A B B RAORT P R P DR R I R . AR,
TRP 3 AR A R H M/E R, — e 70l 6 F TRPAT = (/NG IE B 73X NI I8 2 7 1 A CER
BOE A AL NERR G TT 77 A JOE P PR A ME— B 5 [10]. AEARVE TR P74 i — B R B w2 8 id. TRPAL
N5, Gl NEEEQ-R), EAAETHET 4R BRI b A5 (4 00 55 (A AR bRk 5 FI 2 )
TR R A 2 R PR R (R B s I SR AR R ORI S U TG ) it ) IS s AR o7 T T
AL TC, FEAPIRAISIE, X —47 AT BN R Ll £ A I L e ek g o Al i 358 8 F N = A R 1)
FEH ) JE A BRI Z Ah, TRPATL 2 — S84 BR 2590 (n S e ) B4k 7 24 W P A B 7 P CUn A Bl Tk Jie ) H A7
XA RESRIX LR 2P ) — LN R EIE 2R, RS SRR RS ZI AR SR . Bee, TR EE
RS (LA SR L) [ S B, A A R A B 2 R PR AR o TSR T DA Sk s A A
FH A Sk 52 248 5o S AN (B AU R BBURR T AR 0 BRI o X — AT A 0 45 SRR A 52 40 J I ) < 1
TRV 11]0

HMEEALTE B WL 25 SR R 2 2 A E IR BRI AR OGR4, W S EUEN OB S R,
EH WS T 03 T I 2 SR AR M AN SRR, BLHEAE R AR . PEBRIERIE M . /MR BRI, PR
YA, PN RAERL. TR AR R AT AR . R T ELEE SR . Ak, BEIR. ATP. iRiF. P
VI BEES R FEFMCIK(CGRP) k. RIFIMRER . k2R, A=, WM RE . MEEKEF
(NGF). RRSER T--a (TNF-0))« FAIEAR-15 (IL-18). 404N E ABEA R T[12]. X it 55—
ANERE R AR SE& BEAEH T E B2 8%, M ARG s eh & 2 4 06w vk, AT B i 6 LS
BUBR A2 RB I U, IR 2 ARG G B BB Z /R (GPCR). TRP i#i&. ASIC i@id. K2P i#iEF
SARES R R A (RTK) -

P80 JEE VE P IR R I D7 V22 ) 98 0 DR 1) BORAR B, A i LU 55 R B0A s 25 A5 A S AR SR %
2y, I A TR0 BT R B B, SRIBAR S PR IR AR D B T 5 — P U A
FPE B A BRI JE K1 75475 T MR 2 2 R IEAVE R, 90 NGF BHHEHTE C R & 7 4t F B2 2%, %
JEZ A RIEFSE N )] NGF 52 AR B 2 BRI TrkA, ULARARSER e &8 3R K 15244 p75, NGF @i Ff
ANTR] BT IR TRDATL R FIALBR ™ AR IR R A BU B, 1%, NGF-TrkA {ERIBOE NS 5@k, i
BENEEE C (PLC). 222 TE 0 FMBE(MAPK) MR ERULAT 3 WG (PI3K). X F 2541 I i S 52 455 R i
HAMIIREE, &R E TRPVL, 3EEBUSHE I POEARR[13]. B TIX L PuE/ERASh, NGF i&n]
DAIAT 618 B F IR Z 8 iz, P (e iR 2 B A RIA, A% P Y. TRPVI Al Navl.8 HE
IR B TV 5 X A 5 R] Rk ) 5 s [ 3 e 4 T RS2 AR I M I, FRIOR T MR YR M SOE IR B[ 14] 6

3. ERAEHPIENSF

PEAHICHT FLR MY, TR B A A RIS AR A2 70, g S A AE ) £ o ) o 20 2T R 12 3 R
HAKAFE T Z, TR Z 5 0B Lo il Ad fl C i 04 4045 3 VERIECE Sy, C KB
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11 JZ (B IR EE T6 9 H bR, T 3IA G Cy AL 11 2 S M A A i v 2 Jn Xl I AB P4
YR FEERIE RN, AR BN EA F R 2 12 RIE UL IV EWEIG, V 2R
ZILRE AS. AR MAFHEMRIN, J5E MM TS EVE ML 0(WDR), @ % WDR A %R {4 &
P HO A N EAT B B 0 AR O, R R AR MRS . WDR AR E BB & e 2 A T — s _FAT @ IR A kE Uh
b, 0GR i AR BE IR B, 1) Fe R i T AR AR AR T R e A R AR R S, 1R
IR TR R ) o B AN R A5 S, H A B3R A 22 ol i I (8 55 %) A A A A% I e 2 5 410y [ml f B
IR, 5RO I By X R AT AE B AR RN SEBERE O A i K E F B KR &G, 55
TR RS, WATEREH[15] [16].

LML HE Jo 3 6 g M AN PR R T A 2 0. N-FE-D- K AR 52 AR (NMDA) 0 LA T R AT 7
W, A AT S0 AT ORI RIS G PR . TEMP AP BT 25, X R R D A PR M A
AL P RE A A AR, I8 H FECE MR TOE NG S BIE 3, I8 mm R, X —
LRI AR AL, o

1) ZAENFHBEAIEH . G B AR A3 IR 32 AR (A3 AR) ) 7 1E 22 M B 1 1l PR R PR 85 b 2
7 R AR . BOEHIEYE R, R A3AR 305 CI-IB-MECA FLgi A mrik £#40 A3AR 307
MRS5980 Il MR 4 28 45 2 e (N B FERAR A ME Ca® Hidit, X2 —Fh DRI PAH S P . LA
H IS AR LS D A0 R T 172 A e AR T RO, DA R I8 R P /0N FE I 4 R 2 T o 4
R, XA A3AR XL E MR SOV[17]. FE5RAURIEEEF Se 8 )5, AT C AT Ao 11 3 K
ZRARRE M1 EmEME oA ERR . P Y. CGRP Ml ATP L M. Kk, 715
JEHRETCHIE T TR NMDA B 2R 2R BE T LUK HAE S, BOIN4H i 985, FHE0E — RPNV ES RIS
SIEEE A S, EEE AR C (PKC). S EAEF A (PKA). MAPK. PI3K Al Src, 1X—% & {1 4F
SN AR T R P, (R IERIRAE B R A 3 . RE TP B AR T NMDA /5 1 R i f5 1
Z It Ca” TR . NMDA A2 /R F 10 32 ZEHL A 2 24388 18 s i 45 B3 K R . S5
TG FACEHE S Z R P A5 52 A% 14D [R] B IS 0 T 8 3 5 485 o A 65 T o s g i S 4 AN A AR B
It A Sl Es, 3 ik R 2 47 26 4 I s B (BRI AE S B ik 80 (18] [19] [20] 6

2) Eil. EEELT, HHEES AL AR -2k T ER(GABA) /B H 2B (Gly), FRMK 1
EH AR e A, TR RIS . SR, TEZIRIIEOLT, XM T RE ek, FEURN IS B
BeAh, e DAE AR E A RER AB VIF AL NG S 5L IE R, XA T8 3 R e
REHUNPERR . IXE— EFERE Al R PRCy WAL 11 JZ S AR DS A o E Ba v 22 o0 i R &1 . 4b
JAH5 5 BOR T AR SO M I Al S R T B, B UG AR R 8 L R S 3 R G 2 T ) Fe Ak
RN AT[21] [22].

3) YHATEAL . PR AN IS M2 T AR EAE R S BUS AR M BB R R . BRI A RS
(CNS)H, BT PRI RN . 2 T 5 0 M R /N J o 4T M o 224 0 o 2 405 4R 8 /0 o 400 O B8
B ATP. IL-1 SEAH A1, —Smf SO /NI B 4B MO AT A2 1) TL-18 K B RE 0% 18 0 1Y 5 % 2 M AMPA Al
NMDA 15 (¥ 5 flo A% 33 5 [R1 N ) 25 U EBE R 2 19 GABA REFIH 2R BE#H 2 A5 1 K 7= R IR [23 ] 1M
ATP i K I P2X4 SZARBCE 23 755 /0N e 7 240 BB FEOIG 6 14 4k 4278 3% (K -7 (BDNF) , M T8I A A 41 i Py C1
Faok SR FEMT M e K40 /NI 2 05 B S0 G R T A R M S A
T, FERTA I R G T SR RSB i R S 7 A ) ) S R v, I M M P B DR g R iR 24
BT T 20 M S R R REIR Y, HARSR K, RSB R R D 5 AN H BRI R
9 MH, —/NATRNER BRI AN R 4E R R L, A AR B R R I 5. BEAR
TR AT 32 38 1 i 205 i) B 2 2R 143 (CX43), SUVFLEFHRIRAS FAEARIE A 2 [ 28 e B 1 K RVIN T F o

DOI: 10.12677/acm.2024.143778 837 I IR = =23t e


https://doi.org/10.12677/acm.2024.143778

Mg, THEE

CX43 [A] S IEE FLAN NS, PASSVRERIRAE [ E M8 N AT 2, fEMZifiJa CX43 LLICX 3L
AL XA, RVFRBUNAIDTEEA B, B A AR AL (CCL2. CXCL)BEAYH
JaghasIal, AR BABATA] DL EEOS i FVER 2 T . BAh, CX43 i3 ATP BJBGE T LAME N B IR
2 R R /N IR 5 200 L 2 T) YA B S ) — Tt = B [ 250 A/ A 450 AN 0S8 3 b R e R B 4, 3 380 i
TR AR, 20 JI 5T A B A B P e R L RS B AR, R BLR BN AT (R A
o A0 G A ARG e SR, AT AT AR oK BT A R B2 ) S s 3t o BRI 8k, A1
Jil B WL AL 5 /N R A, BEBOKE R 7 MR 1, 40 TNF-on IL-14, IL-6 Al AT B T
MR DR, RO SR B X AR [26]

I KRS PR LRI AERT T, BE TN B IEAE
AN AR AL RIE B -

SE

[1] Raja, S.N., Carr, D.B., Cohen, M., et al. (2020) The Revised International Association for the Study of Pain Definition
of Pain: Concepts, Challenges, and Compromises. Pain, 161, 1976-1982.
https://doi.org/10.1097/j.pain.0000000000001939

[2] Orr, P.M., Shank, B.C. and Black, A.C. (2017) The Role of Pain Classification Systems in Pain Management. Critical
Care Nursing Clinics of North America, 29, 407-418. https://doi.org/10.1016/j.cnc.2017.08.002

[3] Weisman, A., Quintner, J. and Masharawi, Y. (2019) Congenital Insensitivity to Pain: A Misnomer. The Journal of
Pain, 20, 1011-1014. https://doi.org/10.1016/j.jpain.2019.01.331

[4] Middleton, S.J., Barry, A.M., Comini, M., ef al. (2021) Studying Human Nociceptors: From Fundamentals to Clinic.
Brain, 144, 1312-1335. https://doi.org/10.1093/brain/awab048

[5] Green, D., Ruparel, S., Gao, X., et al. (2016) Central Activation of TRPV1 and TRPA1 by Novel Endogenous Agon-
ists Contributes to Mechanical Allodynia and Thermal Hyperalgesia after Burn Injury. Molecular Pain, 12, 1-9.
https://doi.org/10.1177/1744806916661725

[6] McKemy, D.D. (2007) TRPMS8: The Cold and Menthol Receptor. In: Liedtke, W.B. and Heller, S., Eds., TRP Ilon
Channel Function in Sensory Transduction and Cellular Signaling Cascades, CRC Press/Taylor & Francis, Boca Raton,
177-188.

[7] Chalfie, M. (2009) Neurosensory Mechanotransduction. Nature Reviews Molecular Cell Biology, 10, 44-52.
https://doi.org/10.1038/mrm2595

[8] Chen, C.C. and Wong, C.W. (2013) Neurosensory Mechanotransduction through Acid-Sensing lon Channels. Journal
of Cellular and Molecular Medicine, 17, 337-349. https://doi.org/10.1111/jcmm.12025

[9] Kojima, I. and Nagasawa, M. (2014) TRPV2. In: Handbook of Experimental Pharmacology, Vol. 222, Springer, Berlin,
247-272.

[10] Bautista, D.M., Jordt, S.E., Nikai, T., et al. (2006) TRPA1 Mediates the Inflammatory Actions of Environmental Irri-
tants and Proalgesic Agents. Cell, 124, 1269-1282. https://doi.org/10.1016/j.cell.2006.02.023

[11] Basbaum, A.I., Bautista, D.M., Scherrer, G., et al. (2009) Cellular and Molecular Mechanisms of Pain. Cell, 139,
267-284. https://doi.org/10.1016/j.cell.2009.09.028

[12] Pinto, E.M., Neves, J.R., Laranjeira, M., et al. (2023) The Importance of Inflammatory Biomarkers in Non-Specific
Acute and Chronic Low Back Pain: A Systematic Review. European Spine Journal, 32, 3230-3244.
https://doi.org/10.1007/300586-023-07717-1

[13] Hirose, M., Kuroda, Y. and Murata, E. (2016) NGF/TrkA Signaling as a Therapeutic Target for Pain. Pain Practice, 16,
175-182. https://doi.org/10.1111/papr.12342

[14] Ibanez, C.F. and Ernfors, P. (2007) Hierarchical Control of Sensory Neuron Development by Neurotrophic Factors.
Neuron, 54, 673-675. https://doi.org/10.1016/j.neuron.2007.05.023

[15] West, S.J., Bannister, K., Dickenson, A.H., et al. (2015) Circuitry and Plasticity of the Dorsal Horn—Toward a Better
Understanding of Neuropathic Pain. Neuroscience, 300, 254-275. https://doi.org/10.1016/j.neuroscience.2015.05.020

[16] Todd, A.J. (2002) Anatomy of Primary Afferents and Projection Neurones in the Rat Spinal Dorsal Horn with Particu-
lar Emphasis on Substance P and the Neurokinin 1 Receptor. Experimental Physiology, 87, 245-249.
https://doi.org/10.1113/eph8702351

R FE A A2 AR AR AR 4R M A

DOI: 10.12677/acm.2024.143778 838 I IR = =23t e


https://doi.org/10.12677/acm.2024.143778
https://doi.org/10.1097/j.pain.0000000000001939
https://doi.org/10.1016/j.cnc.2017.08.002
https://doi.org/10.1016/j.jpain.2019.01.331
https://doi.org/10.1093/brain/awab048
https://doi.org/10.1177/1744806916661725
https://doi.org/10.1177/1744806916661725
https://doi.org/10.1177/1744806916661725
https://doi.org/10.1038/nrm2595
https://doi.org/10.1111/jcmm.12025
https://doi.org/10.1016/j.cell.2006.02.023
https://doi.org/10.1016/j.cell.2009.09.028
https://doi.org/10.1007/s00586-023-07717-1
https://doi.org/10.1111/papr.12342
https://doi.org/10.1016/j.neuron.2007.05.023
https://doi.org/10.1016/j.neuroscience.2015.05.020
https://doi.org/10.1113/eph8702351

Mg, TR

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Coppi, E., Cherchi, F., Lucarini, E., et al. (2021) Uncovering the Mechanisms of Adenosine Receptor-Mediated Pain
Control: Focus on the A; Receptor Subtype. International Journal of Molecular Sciences, 22, Article No. 7952.
https://doi.org/10.3390/ijms22157952

Kreutzwiser, D. and Tawfic, Q.A. (2019) Expanding Role of NMDA Receptor Antagonists in the Management of Pain.
CNS Drugs, 33, 347-374. https://doi.org/10.1007/s40263-019-00618-2

Latremoliere, A. and Woolf, C.J. (2009) Central Sensitization: A Generator of Pain Hypersensitivity by Central Neural
Plasticity. The Journal of Pain, 10, 895-926. https://doi.org/10.1016/j.jpain.2009.06.012

Khan, A., Khan, S. and Kim, Y.S. (2019) Insight into Pain Modulation: Nociceptors Sensitization and Therapeutic
Targets. Current Drug Targets, 20, 775-788. https://doi.org/10.2174/1389450120666190131114244

Benke, D. (2022) GABAg Receptors and Pain. Current Topics in Behavioral Neurosciences, 52,213-239.
https://doi.org/10.1007/7854 2020 _130

Lu, J., Fan, S., Zou, G., et al. (2018) Involvement of Glycine Receptor a1 Subunits in Cannabinoid-Induced Analgesia.
Neuropharmacology, 133, 224-232. https://doi.org/10.1016/j.neuropharm.2018.01.041

Kawasaki, Y., Zhang, L., Cheng, J.K., ef al. (2008) Cytokine Mechanisms of Central Sensitization: Distinct and Over-
lapping Role of Interleukin-1beta, Interleukin-6, and Tumor Necrosis Factor-Alpha in Regulating Synaptic and Neu-
ronal Activity in the Superficial Spinal Cord. Journal of Neuroscience, 28, 5189-5194.
https://doi.org/10.1523/INEUROSCI.3338-07.2008

Trang, T., Beggs, S. and Salter, M.W. (2012) ATP Receptors Gate Microglia Signaling in Neuropathic Pain. Experi-
mental Neurology, 234, 354-361. https://doi.org/10.1016/j.expneurol.2011.11.012

Donnelly, C.R., Andriessen, A.S., Chen, G., et al. (2020) Central Nervous System Targets: Glial Cell Mechanisms in
Chronic Pain. Neurotherapeutics, 17, 846-860. https://doi.org/10.1007/s13311-020-00905-7

Chen, O., Donnelly, C.R. and Ji, R.R. (2020) Regulation of Pain by Neuro-Immune Interactions between Macrophages
and Nociceptor Sensory Neurons. Current Opinion in Neurobiology, 62, 17-25.
https://doi.org/10.1016/j.conb.2019.11.006

DOI: 10.12677/acm.2024.143778 839 I IR = =23t e


https://doi.org/10.12677/acm.2024.143778
https://doi.org/10.3390/ijms22157952
https://doi.org/10.1007/s40263-019-00618-2
https://doi.org/10.1016/j.jpain.2009.06.012
https://doi.org/10.2174/1389450120666190131114244
https://doi.org/10.1007/7854_2020_130
https://doi.org/10.1016/j.neuropharm.2018.01.041
https://doi.org/10.1523/JNEUROSCI.3338-07.2008
https://doi.org/10.1016/j.expneurol.2011.11.012
https://doi.org/10.1007/s13311-020-00905-7
https://doi.org/10.1016/j.conb.2019.11.006

	围术期疼痛产生机制的研究性进展
	摘  要
	关键词
	Investigative Advances in the Mechanisms of Perioperative Pain Generation 
	Abstract
	Keywords
	1. 引言
	2. 疼痛发生的外周机制
	3. 疼痛发生的中枢机制
	参考文献

