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Research progress on the role and mechanism of endothelin-1 in pain
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Abstract: Endothelin-1 is a peptide derived from endothelial cells, consisting of 21 amino acid residues. In recent years, research has
found that endothelin-1 not only plays a key role in vascular tone regulation but also participates in the occurrence and development
of various types of pathological pain, including inflammatory pain, neuropathic pain, and cancer pain. Endothelin-1 binds to its recep-
tors and activates multiple signaling pathways such as protein kinase C, calcium ion channels, and the phosphoinositide pathway,
thereby influencing neuronal excitability and nociceptive information transmission. This article briefly reviews the current under-
standing of the mechanisms and potential roles of endothelin-1 in the development of pain, as well as commonly used endothelin-1 re-

ceptor antagonists, aiming to provide clues for better utilizing endothelin-1 and its receptors to alleviate and treat pathological pain.

Key words: endothelin-1; pain; endothelin receptor

M 2 -1 (endothelin-1, ET-1)2& — /N 21 N4
FEMR TR FL A BB, 2 — Bl oA 280 i A i 4 )0,
R ALK R I A i 1 R0 B0 S e
BEfg @I R . PRI IR RN R R
g, 2R A TR, ET-1E T ANk
MR R, HFRRAEEREA R ER-2, WEER-3,
W -4 FIBERI B R . ENIES M EHS N R &A1
FAAL, (HHT 2 B A 20 40 S5 1 R A 1 ok IR IR e
PP, ET-1 N 4 =4, R R R B,
WH NN E-1. BEETAREN, BRBLET-1 /R

EAT N R 4B A, Hn] e A Al e A, n ks
FEAAfL . CVLAEM. I 2H R B R A
ET-1]7 2040 T A A2 R 88, TR R4S
WA DRSS, HAEHBRZRER, #5550
WA (AT 3 WA 1) ET-1 /6 F - 4RI 40 ) 55 5 23 WA(ET-1
BT A e i i) T O E T . R AR
JH S TR) 8T B 9% B Y B2 B e 4 T (endothelin
converting enzyme, ECE)IfV P& f#" . ET-1 ¥4 BRI
B BAE B R BT . LR, BERE 0
ET-1 724 R = A4 NOL /i #1152 FC s R ik

This work was supported by the National Natural Science Foundation of China (No. 82074564, 81860410).

‘Corresponding author. E-mail: jinglei 2000@126.com



BNSREE: P BCER -1 AR B T AL BT T i e
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ARKET. MERKRIL ZHE EREX. Nk
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., 43 FR N N 2 %2 4K A (endothelin A receptor,
ETAR) 1 § % & % #& B (endothelin B receptor,
ETBR). fEAMEIIZ RS, ETARFESME R K1
FORSZ AR ME Bl R AN AR M 42 5 (dorsal root
ganglion, DRG) 1 () 1 T & 32 40 il B35 Kk . HH
lbZ K, ETBR HA77ET DRG H 1) T E W2 i 5 41
AN E B A T REAE AR, FEHAR A RS,
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ET-1 2 5 5% 4% AL M2 5,
WS 5H, BT HAERMAL, WEMS5MZ
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Table 1. Distribution and function of endothelin-1 receptors in the central nervous system

Receptor . .

Location Function Reference
type
ETAR  Smooth muscle cells of spinal cord and cerebral Mediates vasoconstrictor or vasodilator response 14 13]

blood vessels

Noradrenergic neurons,

adrenergic neurons,

dopaminergic neurons, and

non-catecholaminergic neurons in the hypothalamic

paraventricular nucleus
ETBR Purkinje cells of the cerebellum; choroidal epithelial
cells, glial cells, ependymal cells lining the ventricles;
brainstem astrocytes

Regulates potential neuroprotective effects on neu- M

rotransmitter systems

Regulates release of pituitary and hypothalamic ™7

neuropeptides

Promotes differentiation, proliferation, and migration !*

of nerve cells

Regulates inflammatory activation of astrocytes 1)

Participates in regeneration and anti-regeneration of "

astrocytes after brain injury

ETAR: endothelin A receptor; ETBR: endothelin B receptor.
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ETAR & 5N E5 10T, ETAR B 5 = 9
1% 5§ C (phospholipase C, PLC), T #NIEE =W
(inositol triphosphate, IP3) A H Vi — i (diacylglycerol,
DAG)IIF™ A, 4l A A7 1) Ca® o KEREITY, W
FUK DL, £ DRG 4l . V54T ET-1 51 241 g A
Ca” W Z T, ETAR #1577 BQ-123 REW A X il
Ca® Wi, #E— PRI, 18 H PLC #li 7
AL B RE S FEAR Ca® W TH R, KW ETAR 5 PLC
£ Ca® W FE T i i i F& R B A v] 2R P

ETAR 8 5268 18 i B0 & 1 1R AL B (guanylate
cyclase, GC), ¥ =& % 1 (guanosine triphosphate,
GTP) # 1k ~ ¥ B & & & (cyclic guanosine
monophosphate, cGMP), c¢GMP A] DA% & [ 3
G, FEEPUIEME RN, REE T ET-1 1A K
2 i 2 THV T L I B P B VR R T, LA Ca K
FE AR A B 2 W00 (48 ET-1 4 5 ) B R I = fe] 3
o, ERERZETET-124h)5, A5
TR 2 52 24N, X AT RS2 40 MRS IS o = AR 1)
R AR P

B-endorphin

Bl 1 BT-1 R L
Fig. 1. Mechanisms in ET-1 in pain regulation. ET-1: endothelin-1; ETBR: endothelin Receptor B; ETAR: endothelin receptor A;
PLC: phospholipase C; IP3: inositol trisphosphate; DAG: diacylglycerol; PKC: protein kinase C; TRPV1: transient receptor potential

Vanilloid 1; ASIC: acid-sensing ion channel; TTX-R Na channel: tetrodotoxin-resistant sodium channel; P2X3: purinergic ligand-

gated ion channel 3; PKA: protein kinase A; TRPA1: transient receptor potential Ankyrin 1; +: hyperalgesia; - : analgesia.
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1.2 FFEPKC

ETAR # 1A N2 G E M2, Kk ETAR
BN 1 AR H 2 PLC S, X2 S EIP3 fI
DAG 74 . BEJ5, DAG £ i#7% PKC. £ DRG
o, 10 PKC [F] THg#S g Al 2], PKC RetE s+
PEH 2 5005 B2 2R B0, Rk,  PKC #il57) #g
W R R ET-1 38 i A 5,

PKC fE4MEE 5/ 3 FEA WS SH A,
— AR 52 A H A A BRI /Y 1 (transient receptor
potential Vanilloid 1, TRPV1), PKC REW EL 8 & 1L
TRPV 1 4o 3 (1 9 > 2 J e ik &L, 33 TRPVIL
VB FH 20 488 i ol R PR 3 I, B AR, ET-1 R
fi5 i@t ETAR 45 TRPV1 [ Zh g i, PKC #0171
BIM X Ae % 52 & i AE H, ET-1 1938 58 4F A 72
PKA #1177 H-89 AF7E G 0L T IR AFE . XK
B BT-1 8 1k PKC A 5 19 R0 3 5% TRPV 1 1935 P
X ET-1 77 AR 58 A o i ) YR 2 — P,

PKC 57 — AN 5 48 55 2 0 K 55 & W 2
(tetrodotoxin-resistant, TTX-R)4AiH i&, TTX-R #4i#
TE TE A% T I8 52 2 BB S JE 5| S 1R 98 i it A i
FEEEH, B LIRSS TTX-R A R 58] b
PKC AN 7M k10, 78 R B0 ET-1 38 3 B4
DRG # £ 7t H I ETAR, 8 TTX-R 4418 3E ™ A4 HLU%
WA O AB AL FE AT, X2 BT-115 545 K2 38 %
L 2 —P,

1.3 HEBRS R E T @8 (acid-sensing ion channels,
ASICs)

ASICs J& 5 ¥ AH G I B T i@ 18, i pH A& JK
#% o ASICs 7£ DRG 4t ff f& FlUgk ot 4 i 3 R I8,
Mz 5k ¥ KR RE 54 S 5 TRPVIAFE,
ASICs = 24 T 4M & pH 5 T (& B v, pHE
BLYE 2 6.0~7.0.  ASICs # A L2 2H 2318 o 240 0%
KR EES SR T, WRAE. A0, B
Jiggg e,

WA B, ET-1#5d ASICs # i1 1 K B ) 2k
AR TG pHAE FLIRL, R ASICs 38 78 BH 71 g
% 58 A PELITiZ% F i . ET-1 3% 9% DRG HEL L /R B0 AE 7
AT, DI ASICs /v S L, 2)38 o4 i ok
B RS K s e A B . R, A S0 RIS
F PKC #1551 AT ETAR #1771 35) fi % FELBT HRLUR, 3K
FKIH G E H M PKCIKHi M B % 25 T ET-1 X} ASIC
I3 &L, T ET-1 X% ASICs [ 3% #0/E F i# i ETAR 4
S, PA R Ui ASICs fE N ET-1 HE A2 —, B
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1.4 & B 52 {4 B 4L PH & F & i8 Al (transient
receptor potential Ankyrin 1, TRPA1)

TRPA1 J& — M 250 A T IR P 4 To I R 4%
PEPH S il 75RO AR TR TR 2R 11
PER, BN P E . TRPAL o] 4 2 Fh 5| ik
IR PN R R AR ) RS, TRPAT
WS F K248 LAk, I Bh T R
RSN . BEAh, TRPAT IS IE 1 m 4 48 9 A R S0
A5G WK . TR R B AN R 4 A K R T (nerve
growth factor, NGF) ¥,

R AL, ET-1i@il ETAR Al PKA /S5 5
PR TRPAL 8. JFH, ET-1 A&7EDRG#WE
JCHE AR Ca® {5 5, (H2{ SIS 1) TRPAL
IHIEIETE A, BHIBT TRPA1. ETAR A1 PKA ¥Ju] &
U ET-1 75 3 AU 1 98 v i 8, % B TRPAL
& ET-1 B9 — A8 B9 40 + #8510, HJ TRPAL J&@ i
ETAR-PKA i #% 175 T 7 2B MU O o 3k . o 410
il TRPA1 fl ETAR-PKA Jf % 1] #8 2 N 22 fi# tH ET-1
18 A TR R AL BT (VR T SR
1.5 HIEEN R 4 17#% & Fif 18 3 (purinergic
ligand-gated ion channel 3, P2X3)5{%

P2X3 J& T P2X MR W 2 AR 50, 72 B ATP 3UE
AR 1) 4% B I8 T8 KR o 7E P2X KR I i
P2X3 524 O A N 24 R A NI E Ay,
‘B EERIE T DRG FIM F A E TC. 2AE I,
P2X3 SZARM IS I HARE I N, P2X3 324K i
SEUE AP BURML . P2X3 R ARFE T CARAIE
TE A 7] 0 9 9 R0 9% R 14 9 9 85 28 o ke P A5 3 1
PER™,

ET-1 53 KRB Amd g, HSRSMES
2y AL ) B NIRRT g g . ET-115 %
I D Ik RO T8 I O I N B 40 i B i ETAR AN
ETBR, J< & HINLARN T2 T 35000 M a2 A iU 1
., RS ZERE, FECATP R ATP # R
TG AR 45 2 2% B P2X3 A2 A, Jin &
BT I, ET-1 9 FE AR b 1 58 K B DRG i 42
TG P2X3 SZ AR F I AL, FF H FH BT ETAR 23 3 55
P2X3 A F M HLAL, PKC #fil e r= A A R
{HET-1 "3 P2X3 SZ AR B 58 (1) 43 7 LI AT 75 2k —
ARG, 48, ET-1 884518 i ETAR B0 40 i P
PKC 55 8k, #8558 P2X3 24K/ S/ DRG #1140
HL,  FE BN 5 P ) 7 A
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1.6 RIBREZZFIE

WA ER, ¥HNATET-1 AT ETAR B3
B ARG A 10 20 350 20 5 FLASE L /) ERTLAR P 7 35 2 A
PR, ET-1/ETAR 7228 B AE ) 2 22l ET-1
EA Bl y- 2 T ER AR 42 0 1) ETAR 45 & DAL
PKCS, Rt Xt dEH L LS
(histone deacetylase 5, HDACS) 1% i %48, T2
Z LML Gadl R Gad2 RN JA 5 FIX 4L HE A 3
TE R R 9 1) £ WAL (2 Tk 3% -H3KO) 3% T, fi &
Gadl 1 Gad2 W% 5%, W0 78 5645 2 R I 72 1
(glutamate acid decarboxylase, GAD)65/67 ] % iX ,
GAD "] LU R & IR -2 5 TR, AT 1
P AT S AL
1.7 5 p-BJ K 3 4k (n-opioid receptor, MOR) 1 &
ER

W 9% Sox, FEHR I ET-1 M1 ETAR % 3% /K F IF
=, ETAR FIMOR 7E# #fi. DRG Fl 7} i #f 8 v 3L
[k, 20 RG I 7T 45 R R ET-1 K i 2 1
HITETAR/MOR S 544, AT B AR 17 1) e (1) R0 23K
R, A BT eEEURE 52 P B A2 . ETAR ] 77
At g o e SR AR A, BT 252459 5 ETAR 44
171 (Compound E)IK& 45 2 1T DLy /b 8495 it 75 14 Bl
FRZIM A E, T LB A 28 i e R A

2R B,

2 ET-1 ERE B RRER

W ER, EFZHRBEIRSF, gk r&m.
PG P < A 205 Bk P U R A%, Ak
B ET-1 (9 BE Tty o IR AE B AHW ET-1 a8 ik i Fl oA
[F 1N R 2k S 5 0 B K R 0 7 A R 4
FF(#2).

2.1 KYERE

RYEFEI AL SRR, RANEY) ot R 2
E NG LY, SR BEUR, M5 S ER
MR RIS T, WIRTEET-1 RN 4y
WA RSN, WA A ET-1 381 ETAR i & K & B
PRI . DRI, 1RSSR 2|,
T4 A8 A ETAR #1177 BQ-123 fig % 45 24 BH 7 K 5
ET-1 £S5 90 min PN ) #R i id B, 1IX K B ETAR
TE K BRI 98 S 1 Y 9 RS i e B 1) 7 AR i e b i
BAEFRY,

AFF ETAR, ETBRYE % V&0 o ) 85 XN
ERT, HAMNBEF= A, Wmaer~AEmiEH, 7
KB 58 4 30 IRV TR S I OE VR, TR R E K
I ETBR ¥ 3) 71 F1 ETBR 5 HU 771 32 7 BRAK 28 5 75 &
BRI . B2 RERNEYET,

R 2. AR F 1R TR ISR 69 1F
Table 2. Roles of endothelin-1 receptor in pathological pain

. . . Involved .
Pain type Manifestation Receptor action Reference
receptors

Inflammatory Under inflammatory conditions, inflamma- ETAR Induces thermal and mechanical hyperalgesia ©'!
pain tory mediators stimulate primary afferent

nerve fibers, leading to excitation or sensiti-

zation, causing pain or hyperalgesia ETBR  Induces pain and also exerts analgesic effects [*”!
Incisional The complex response generated by an inci- ETAR Induces primary and referred pain 8]
pain sion may involve reactions to local injury and

inflammation
Peripheral Caused by damage or disease affecting the ETAR Inhibiting ETAR can alleviate pain caused by #7-***]
neuropathic ~ peripheral nervous system, including neuro- peripheral nerve damage
pain pathic pain associated with peripheral

neuropathy

Cancer pain
of tissues, and by skin, nerve, and other
changes resulting from hormonal imbalances
or immune reactions, or pain caused by treat-

ments and diagnostic procedures

Caused by tumor compression or infiltration ETAR

In tibial cancer, inhibiting ETAR can effec-

tively alleviate rat tibial cancer pain by sup-
pressing activation of the PI3K-Akt signaling
pathway

ETAR: endothelin A receptor; ETBR: endothelin B receptor.
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ETBR fi¢ % [7] I 4 3 2 45 35 A4 35 0 EAE A,
ETBR /5 9045 35 1 FH 55 A 5% R34t e ke P
PEBAT 7 R ——B- A MEE A OC o AN [F)5 A7 1) ETBR 4
WO, AT I8 T A T 6 52 4 R B A2 7 AR A A Y
&M[M] .

gi b, PR BT-1 75 20 208 1A 18] 1 #4036 A0
MU o 3 B b e 6 EEE A . ETAR BUE £ 25~
ARG FEAT N, ETBR S fE %G 20 il #498 F AL
PRI B, SR ETBR 7655 AU 80y
RS AR (1 DU A FH o
2.2 Rt

YL B 08 S 2x S B E, (AR 2R A
55 2 FECR R4 F 2 5 O8N, (HEAT
WEHILFE A, A FTa 05 & 2 = A i ik 5
PINIEPEET-1 % IO RBL, AlRES I
XF e AT RN SORE IR B, B EEAdOR A i, 3R
G AN, R THCA I R A0 F A 40 BRI 7R ) IR
PEEER ke AT A (1) R R AE 1Y) 11 5 1) R A e B
BAOBH PR JREAS[F] . Mujenda Z5H ) B 7] 19 K R
BRI, BRI OB ET-1 S80S 16 E
A2 A%, Bl R R M R SR L g, R
KR P A 1 e Ak Bz Bk 1) S M 9%, ETAR A
il FR0T T R P e B i R e Es, B 4k R
PEYIE REE = AR A R . R, RS R
ETAR #1fill 71 RE 85 45 2008 R J5 &, $2 i AR
JE HEAE TR &
2.3 AEMEREMERE

JE Bl £ 995 FE v 9 E RS ) ) LA 2 R G )
sk oI, GLFE 5 A Bl 205 AR A DG ph 4 9
HPETREY, RIS LR HL AT A
(035 R 0 S IS 448 T o ) BB e 22 B P A AN
TC BB C 21 4E 1 AS £ 4E 1 A1 A i 52 B B 2 4%
BEE . 2490 4R IR AN oA 8 RE A R RS
%, WEHRZRE GG, EiE. SR, KE. I
SFPORI AL 2245 0 S5 A R

B PRI BB N A A Y R R L& S8R
D 3o R R R P B A SR IRRE IR, W R M e
229578 5 P 48 1007 L3 k2 AR P B DR 2 A A
HK, SHEANZAL 2. v TR R IE
i TC IR R SO, e R PR A 4 0 AR ) L IR R
RECY . Jarvis ST B PR K SR A 22 1 e A A
ORI, M BE T ETAR A8 9% 5052 08 PR % K B fih
SRR, M2 R, MERENES ETBRIERE
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PEFE DU BAT 3 SOR Al R MR R, X R
ET-138id ETAR /50 IR AP 280548

NTWFFE ET-1 {4 PR 20 1OV I & B,
Fi38 I A SNL AR LA 75 KBRS JTCHL BT 0 A0 1 42
1, BT-13 5 208580 K B¢ N 7= 25 VA RO R
[ B P A FA  B,  AF ETAR 01 77 R 6% 4%
ZARPIR T B AR BLAE K B #EH ETAR Al
ETBR £k hn, 76 ET-17:41 5, DRG F1Ca®'Jx
REHEAN, IXA]ESE SNL #i4% f5 ET-1 75 4 il (1)
JRER, X EeRE T A SUE B TN R S AR IS P R AR
JE L B 1 o 22 9 R 2 R ) AT R

T2 53— BT Fe b, W 5638 K B0 A 5 300K
B P, KRR A R A AT S 9 0 R i
(74 S0 PR, R IRAE G R TSt A8 ETAR #%
P BRI AG 25 ] VD I 7 AR AU o 1k
PRI, HUCAXT 0, 785258 T X Ah E ETAR #H4T
AL BE, R OE G AR MR L A A S R R
I, X T AUBRE S R VR AR BN o R it
B, ET-1VETAR/FHIE&ES M A ST 5e A 1)
T BRI 3 PN R MR R R, T B
AT S 10 % 525 10 R AR R R R 2 A B
ETAR /. &4 R, @id b FAE s 1E R,
ETAR $5 P S TR T 55 19 AR A AL
B 98, R W ETAR /£ YD R 5 1 #p 4 19%
S IITER, AT RES N A B SR SR LB 1R T
%H}%[ZQ]D
2.4 &

e WG O R SR T B, X T e A e
P 1 e SR E A A5 RS ), e O i B S
SO BIE R . fRZ A AR ARk, BT RS
FEF 51 RS IR o i IR AR VR AR B2 () ] 49Dy
SRR . SRR AR, 9 R
H &b RI7 T . 1002 1 7 9 1 S 0 B o B
B, RERFS K Bl sh, HXE 16T AU I M
B FEP,

ET-1 2 51 2 Mg A KA E, ET-11)
ZARBOEA BT MR A M G . R B T BT
AR R R B R, TR P &R
T R IR e AR RIS i RIS .
FE I 70% (1) 0 5 L e B R0 B e S o R IR #
PR, B AT A iR g AN L R R I L
A1 ET-1 185 ETAR 0B 40 j o i 22 70 3
TER FEHE TR iR A2 10 ET-1 3 58 558 40
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MOt sE, DB A IR OAIE B, S BN 4
N e R A, T 3B b B RCE gE AT P R 4 By
WHEEE R F-(IL-1. TNF-a fE LA KN F-pE), X
S R SO e A L AR 2 R ET-1 Y. [k,
ET-1 J¢ B2 ARAE IE I it Bl g bl 5 QB E FH, ml LA
T B b R AR

EF R, ET-1@% 5K ZU% WA K, Tang
SOOI K BB g A B R R R L, A P R
BQ-123 8 BQ-123 k& HLEF S BE 5 A3 R 2/ LW
PR, I S O E B PCR ORI A& 1 53 B 325 Ao
o ¥ WL 3) & F (a-smooth muscle actin, aSMA).
ETAR. P-f l5 it JL I 3 4 i (P-phosphatidylinositol
3-kinase, P-PI3K) fil P- &5 [ (i B (P-protein kinase
B, P-Akt) ) & ik, K I BQ-123 4 Al 3 B 41 1)
aSMA. ETAR. P-PI3K Fl P-Akt Ik [ i, i 7E
BQ-123 Bk HEHA, HARIA/KF AR, Xeegi 3k
B BQ-123. HLEFBY BQ-123 & B A Al fi i o 4101
PI3K-Akt {5 5 i % )90 K P Ik aSMA F1 ETAR (]
Tk, ARBORBEK BRI .

XFTANE A, WERZENZS 5EEA—
Ff, Pickering 5™V &% IR 41 Mg J& (squamous cell
carcinoma, SCC) & H {7 3 J87 2 2 MEE /)N BRI J5 T
SRR, JFHEERIEE. R AT ET-1 & &
45 JE3 W R 00 2R 2E v e MR S IR AR )
FHRMES 58, HET-1 B ERAR T SCCAH, fiut 5+
W AL SCC AL i . BQ-123 43 il v 5 3l
PN BRI AL, A SCC 1 fi i M 5 Y A
R AR WPREAE PR I B B W] B S R I ET-1 2 &
FHIG, AN IR RN, T H ETAR /% SCC 9%

i, (AN T B R ORI AR, (AR AL
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Table 3. Applications of endothelin-1 receptor antagonists in pain

Receptor Inhibitor Specific action

Reference

Alleviating thermal hyperalgesia induced by spinal cord injury by inhibition of ETAR

ETAR BQ-123
Akt signaling pathway
Atrasentan
to reduce kidney damage in patients
Compound E
of the ETAR/MOR heterodimer
ETAR/  Bosentan
ETBR

Alleviating pain caused by diabetes in patients, while allowing the use of common analgesics

Restoring the diminished morphine-induced analgesic effect of ET-1 by inhibiting the activity

Inhibiting the production of TNF-a and IL-1B induced by superoxide anions, increasing the

Reducing the expression levels of 0-SMA and ETAR by inhibiting the activation of the PI3K/ "

[65]

[66, 67]

[46]

[68]

production of IL-10, reducing oxidative stress, alleviating footpad edema and leukocyte re-

cruitment, and reducing mechanical and thermal hyperalgesia

ETAR: endothelin A receptor; ETBR: endothelin B receptor; MOR: p-opioid receptor; ET-1: endothelin-1.
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