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Neurotrophin-associated mechanisms of delayed-onset muscle soreness: research
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Abstract: Delayed-onset muscle soreness (DOMS) is a common phenomenon that occurs following a sudden increase in exercise
intensity or unfamiliar exercise, significantly affecting athletic performance and efficacy in athletes and fitness individuals. DOMS is
characterized by allodynia and hyperalgesia, and their mechanisms remain unclear. Recent studies have reported that neurotrophic
factors, such as nerve growth factor (NGF) and glial cell derived neurotrophic factor (GDNF), are involved in the development and
maintenance of DOMS. This article provides a review of the research progress on the signaling pathways related to the involvement of
NGF and GDNF in DOMS, hoping to provide novel insights into the mechanisms underlying allodynia and hyperalgesia in DOMS, as
well as potential targeted treatment.
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Bk s hy i A, ET Sl Ca" i3, H&A
JRBRAR AR A v B B RN,
SIS OK BAE B OB B fE 1~3 R H BLLAR P R i
B, (HEANRIGMRAEL SR, HAYiaTiRD
1 BhF I R B ML M i i 5 DoMS B,
PL BB R, 133l JE WL BB 10 0 28 0 J 3 2
YA BETE MR DOMS &4

LR, #E A KK T (nerve growth factor,
NGF). )t 4t a5 14 i 2278 772 R (glial cell derived
neurotrophic factor, GDNF) Al fix J& 1 4 28 & 7% [K] 7
(brain-derived neurotrophic factor, BDNF) 251 455 5
K732 5B r= A M4ERF . £+ NGF 5 GDNF
TER BV h RS E HEAEH, FFOANANS 5%
WA RIEMYAERE. B %R, NGF 5 GDNF
SV LA R B, 25 DOMS 1R 4
MYERF, ENIREE LR T DOMS HBIGER
(B R 1, AR S8 X+ NGF 55 GDNF 2 5 DOMS [
FHRAS Tl B B FE 0 R A — 2500k, DA B B b i
B DOMS 72 A (1) 73 AL FF 9 A 50 R 97 # B
1) L

1 NGF

1.1 NGF5%&

NGF & 20 4 50 44X Levi-Montalcini & IX7E
X IR i 22 2 2300 5 S 5 R R I — Rl i M & T
AKWEAR, BTHasnmmrxEsn, Bf
XE YDA, VB FRME AR R K T,
AR, MUK 9SSRI NGF
AKF B, Fon HAE PR R A ks A B
T IE LT NGF H 28 P4 4H (0 200 il A0 FIE K
AR ) FRAE, G R AR R B sk i B e 22 R A N
NN AT =42 NGF. 0, &g ie =
0123 Ja i UL B2 324815 FAZ R 1 kB (nuclear
factor kappa-B, NF-kB) i% 14, f& i NGF i, 2
BeE BN Rz 8%, BRI E AN,

NGF A @26/ 7 JEUER 8 A 32 R 3 A (tropo-
myosin receptor kinase A, TrkA) 1K 3 Fl JJ p75 4
GBI T 324K (p75) WA s2 AR U A1 45 K
o ] ARG S FAERHLIR S RS, 77 A TR
JNGF, NGF A 51753 RS2 453 1 1 TrkA 44
4hty, BOFBENSEE Cy (phospholipase Cy, PLCy). 4H
A ZME 5 U 15 P (extracellular signal-regulated kinase,
ERK) /i 73 % J5 35 A0 25 1 R (mitogen-activated
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protein kinase kinase, MEK) DA & % & JUL B 3 ¥ il
(phosphatidylinositide 3-kinase, PI3K) =~ F B 5
T GIE P, TS R PR OV P NGF-TrkA &
B — 77 TH AT DA 350 25 R 52 25 R ot PR B B 52 1
FELA 7 BLER 5244 1 (transient receptor potential vanilloid
1, TRPV1) i Rk, BRACH A mahfE o fr BAE, 5l
AN R B N 5 55— 5T, NGF-TrkA H &
YUaT i 2 R T A R, (R s
FRITREIG, I 118 5497 5 1 B2 AH O (19 40 fif 3% 1 52
P B Il TE )R IE, 4 IR AE A JE i R
A2 540 A, T AR AR i R TSN R 5 K
B R U, A, NGF 5 480 41 i 36 1 1)
TrkA ZRAHLE A, BT S SOREAN U E % NGF A
BRI AR IERBET " BT R
8 ELREEUBORR IR RN A, NGF i ml 3 3o o) 45 £
WAL e ZE, R
1.2 NGFEDOMS

NGF 7ESIR 7= F b B B ER .
&, NGF 5 DOMS # VK, A5 DOMS
R R SR AR A G, T LT I e A e A
Pt R IEE EEME M. Murase 2 AN RHL, K REE
KARLAE B R i fa 12 h U 3t i B, [+
i NGF mRNA FlE (i ot as iR, HfFREg: B
2K, Hizgha 6 h fENLA TS NGF Hidsm] BH KL
W L 8, (Hissh G 2 RiES Bk a4
P2 AR e A M. Malik-Hall 28 A 78K B S T
R RS NGF, vES G 10 min K H IU B AL
MR B, ESE 3 h iR B KE, DR
96 h ", DL E#FFEUER T NGF /£ DOMS H [ &
BAER, H NGF i (i 18] 5 LR B P 6 o
B TR AH AL, BB AERE 7 DOMS HY 30 4E 3R 1) AT g
JEIA .

p75 #1 TrkA B AR#L & NGF (324K, EIf 7 &
7 NGF 7E TrkA i F w5 /N B A G 75 S AU R
I BUT AR, T p75 DR R R PR /N BRAT) H AL
g e A . NGF 5 TrkA 52 A 45 & 7T 0% ERK/
MEK. PI3K I PLCy = 4K i {5 5 # S g, X
= 2% % TR A 7138 B D 55 NGF 75 5 19 i 1o
SN, R TrkA 52 A4 5 HURE P R o i R K
I I 1 42 7% NGF 7 DOMS A §)/E F BL i 7T &g =2
NGF 5 TrkA Z & 454 J5, BUE ERK/MEK. PI3K
M PLCy =25 K15 5 % Sl %, ff TRPV] &1
T T VS VY SR SR 1 A R R R, B R L AE C-
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MU 58 o i U Fujii £ A K38, TRPVI 54
FIRI T2 5h fa U e g U DL A T 4
FAEW, TRPVI AJfgfE NGF Fiif/K°F-2 5 DOMS.

B E — Rk, ENLAIE B 1) AT LLE
O L N B RS2 AR R, BRI, LA i
75 3 08 B 5 T DL R OW 22 Ok B2 ki S
NF-«B %1k, 2t NGF Lifl, 25 DOMS". Murase
LNT B OIE B A ATE K B 30 R i 4 SRk
B2 ZARFEPIA, R RIK R A WL 8 E, FH
IR BLNGF Ly s ], ERH 7 ikt 45 &
ZEHk B2 22 4Afi Kk NGF _Lifi 5 B4t ZsSesit Kk
Pl DOMS KA J5 45 T 2Bk B2 ZARFEHIHRIA K%
1EF, RHEEIK BN BEE G ARA (&
Z 1 h) B, S54RI SE a .

A CLIR A, NGF nJ 75 i B[] P 5 45 3 1 52 3 b
JE A 3 ) TrkA 454, B TRPVI, #ik C- & A
2h4E, BlENMIEREES . Murase 2 N KI, 1E
DOMS K i 93 §f /b & NGF iR 7E 3~4 h 355>
WU S B, ByES NGF J5 10~20 min C-
2F 2 5 HUACRISOR R 3 B, IXHIE B T NGF 4 B[]
MR EANE B, %S DOMS M. phah, BEELL E
20 2% X B R AL T BE A DOMS i A RF 8214 AL
SRR 2 — . WEALRE, ANE A E R
A LI a2 A A 205 S S e o A 5 P i i P R
WEER, Ho B IR A A% (ventromedial nucleus)
175 I #% (mediodorsal nucleus) A2 5 5l #b J& #4 i
ORI EE NS B0 3 1 R R 2%, Lk
T 5 53 ) JE B AN G R B R TR AT AN 5 A
FEAER S P LRI N =50 2 A NEF4EN C- 27 4k,
P B ATTHEMN NGF nT A ENLA N C- 27482475,
7R A SR AT S AR O, e
A WL A HoF 420 S T AT LA 9 7 A e o b skt

2 GDNF

2.1 GDNF5&&E
GDNF & Lin 2 A\ T 1993 4F & X M K K B49
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28 12 J5 4 L TG L 37 355 7 R 43 B Al A LR 1 —
WM EFRH T, BT HEMEKET - (trans-
forming growth factor-B, TGF-B) i 5 % 1128 5 A%
AP FEARFDIRAS R, #H& oA RORIFI ] GDNF
(=AM, TR BDIRAS T, GDNF H & BR ) A
SRS G . GDNF BE1BE . R AIEI7
X AR AR ST IPE R, SRR — N 4
TG AL A% T AT I, AFAR AR AN [] 7R 2 AR
KB R AFER R, BRI AT EEH,
WEEH R FIEM . EMEHIEMIEY, GDNF 5
Hxdialn, MdAFRBEEEZMMax, K
PERURIER . RV, GDNF REfgiE I I
WAERK BB A Z O RO EUR L, 2 5 PRI A B,

GDNF [ U T 5 2R 1 45, T Al
TR HRE A Hrh— 2
GDNF ZK %54k o (GDNF family receptor o, GFRa),
10 3L W R Tl I T U 4 E AR A MR b, R
M ZER I, A RERMMBHTE ST s
& Wi 2 R W N R 2% A T2 RET (rearranged during
transfection) 25, A MM GMIR, HA&EE 2 R
Wtk W5 GFRa Zh6, FLFEAIEME . GDNF 4
# GFRo/RET 2165 &), ff RET AR, B
& L RN R (L R A B i SN &
GDNF W IhRE Y By T8 55400 52 1k RET 455 41,
GDNF 17 5 %% 5t ] U I 0% 40 A Sre 22
WG, BRGSOV oA & H E R B
AR RAE AR *
2.2 GDNF5DOMS

GDNF 7£ & B h A58 HEAEH, AMS
Lyl R = A, T HX A0 R AR N SR 48N S L
PE/ N BAT SRR . fERZ o, GDNF /EHT
GFRal/RET Z B2 &Y 5, A5 IET Sre KR
% (Src family kinase, SFK). PI3K. ERK/MAPK.
CDKS5 A1 PLCy Z /b TR AN [A] 1 2 A5 kA% 15
7. Bogen ZE AT TR R, Ik T A A A 410
)25 8% GDNF 353 (AT UA e o i i, R W)
KT —E MBS 2S5 7 GDNF & U
LA P SRR, GDNF Af LUd i il
B4 (isolectin B4) 1% -GFR1/RET 14 1 & 52 8% rh
R K B G405 R 4B (large conductance Ca®'-acti-
vated K channel, BK,) HLIit, 75 SAHUE R o 1 8.
Alvarez 55 N AT H 1B4- 72 55 2 i 5 1% AR KR 1Y)
1B4 PR A2 5%, RILKRAE B0 383 5 I HL
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TG i it ) TR 45 9 B Hendrich 258 A ) K SUHER
JULVE S BK e, T8 H00 7], S PILARI B0 &
(19473 5 PR B SZ 2R R N, T 45 T GDNF Ji5 BK,
L2 BP0 P, DRSS IUE R, B4 BH R IE
(1 5 1 R 2 95 2 5 GDNF 5 S WL 18 i
A

A0 JE A 5 VIR 2 B AR R 22 IR DR AR R T I
WY NW, —IFKIE TrkA 324K, ¥ NGF #3%,
7 —2K KA RET 2244k, # GDNF #0365 NGF
J51th, GDNF 2 5 DOMS HL M o ik f%, 38
I SR PRI A7 T P 2 B BRS  dE  A S A S L
W IR W O PR AR . Alvarez 28 N R I LNV O
GDNF 1] 5 5 K B ™ A RF 21 M 10 WL bk E 8 i ik
i B%, Murase % A A B BEK AR LEEAT B 008 3,
UL GDNF £ B .02 3l 5 12 h~1 RN B &,
H VLA ¥ 55 GDNF $1 44 &6 7 30 % 125 038 3 5 1)
DOMS P, iR 51K B, GDNF £ DOMS 1 &
P& EEERH, H+ GDNF %R it /2 DOMS
HIER )RR 2 —.

UE Al (cyclooxygenase, COX) /& & 1 Hi 41 i
% (prostaglandin, PG) FlIflL#2 2 A2 (thromboxane A2,
TXA2), VAARUHTEAVUJAER (arachidonic acid, AA)
PR EEES, 5 COX-1 Ml COX-2 B MR, COX-1
AT AEBEIREMIER, T2 AETHALH,
M COX-2 2 5 JNE Jx BAI5 FMEAE B A T, R4
HURS FHEARRIE, RUR i N 72505 S
Hkik P, W E, COX-2 25 DOMS K4,
H. 5 GDNF L& 5% P, B A2 45 B 5w, AL
S OISR JE COX-2 AMBEYEB RS ULAN IR / 5 T A
ARy w112 R T (T = = = R 1
I H ) T 2 4T i L At 45 44 2H 2R 4 e b B A7 7
WP, BFFT B R, COX-2 mRNA 7E 5 0 iz 5 B
Z) L, s LR EES)E 120, HEZSE
1~3 KA WG ", W58 E7~, GDNF mRNA Fik
AN E DI85 12 h~1 K L 7~8 £, X
Foft 11 T Bl COX-2 41 ftl 1) 39 Ack 2 BEL BT BV DAL AFF
FEEREKWY, COX-2 25 J33) GDNF ki i) 2 Bk
RN, {HATREAE 5] #E DOMS I E R F . AA 1E
COX-2 25 HIEH T 2E AT 71 i & E, (prostaglandins
E,, PGE,), H COX-2 LifJ5 PGE, JL-T-Ep %3 n .
Bh 4k, PGE, th &4 1E B 5 6 3 i 80 2% BV, Ota
2 NRIL PGE, 5244 2 (EP2) PR 1/ BRAE B 0B 3
J&, 3 GDNF L% 240, ARE5 S DOMS K
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A B PLE R AT SRR, COX-2/PGE,/EP2 155
5% 5 GDNF L. Ota 25 NAEIEH /N EULA A
B EP2 sl ), KB COX-2 ik LiH, R
EP2 ¥ J& vl i i OE i B COX-2 (i Fkik, it
— BRI MR v B R A Y TR, 2%
WUIRAE B Oag Sl R ORI, BT SR Uk Re 8 3
456 K B2 K15 5 ERK1/2 Al p38 BER L,
1L NF-xB, il COX-2 ik P,

W Fi B, GDNF nJ#ft As- £F 4k 3 I ML
PEJ L, BT C- 4F 4N T 1 S v e B BT
Murase 55 N &I, £ K BCE 88 UL A GDNF 1 h
J5 Ad- A 4E ML B AE B AR, HxE RS
DOMS MU it o B 1 00 B — 8 Y Fujii
G NHEF R, BREUK B 7B 1 (acid-sensing ion
channels, ASICs) #% 1T 771 Bl K % | 7] 100 7% GDNF i
S HIHL MR It B, R B ASICs 25 DOMS #l
BRI B e A Y. Bk Ah, TRPV4A B 5
GDNF i T ALk 12 9 0 3k it 278 TRPV4 3244
Bra s RAER MY PA BT R B, GDNF nf i
1 AS- 1 4 5] 2 1) LA M R e i B, TRPV4
ASICs & FiHiE¥) 2 5 GDNF % S DOMS il 2.
Murase %5 A\ 7E 75 — WA 78 o & B GDNF 7E &5 4R L
PR FP B TT i S AU PR S e i, i B A
FHRZ A YE G AN B, RoRANENLEI S S
GDNF % 3 (LA U A e 8 B el T Fio
vt R R, FrLA A REHERR GDNF 558
18 5 A B8 LA 2 R AR A 28 0 1R AR BT A 5 ) AR A
BN, WO EARHLHE FHF g — P 5.

Zi b, AWNRESS DOMS HIF=E 5 YEF:
ZEWUIK B2 %24k /NGF {5 5 18 1% 5 22 Uk B2 5244 /
COX-2/GDNF {55 i@ (&l 1). #F7tin, KRR
B0 IS BT 4 T UK B2 32 7K 45 P 7 HOE140,
iz 5 NGF. GDNF LL & COX-2 [ L i 54k BELIKT ,
H " GDNF L fHWr /2 T COX-2 j5 ¥ (123 )5
12 hy b B 5 80w BY, R R ERAT A I I
P& 2 [MAFAE— Bk, e S0 sh S A
COX-2 il 71, 7] BA 52 4= FH Wy DOMS & J&, [Alit
A 2 D COX-2 75 18 #% ¢ B b ke ¢ B 1
T8 0 38 Bl 5 (R 22 30k B2 3244 /NGF 15 5 38 % 5
MAER, AL B C- 47 4115 S LB 9 3t
Mg, FREIE T B COX-2 KIth A2 5 BV, b,
W50 % 7~, NGF 5 GDNF 43 5 4E F T 41 2 AL N\ 4
2 5t _F (1 TrkA F1 GFRal 3244k 3 W 7 80 Y. 5
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Fig. 1. Signaling pathways of nerve growth factor (NGF) and glial cell derived neurotrophic factor (GDNF) participate in delayed-
onset muscle soreness (DOMS). Two signaling pathways, bradykinin (BK) B2 receptor/NGF and BK B2 receptor/cyclooxygenase 2
(COX-2)/GDNEF, are involved in the induction and maintenance of DOMS. (1) The BK B2 receptor/NGF signaling pathway: Skeletal
muscle cells release adenosine after eccentric contractions, and then promote the increases in the release of BK. Afterwards, BK binds
to BK B2 receptor, resulting in up-regulation of the expression of NGF, which binds to TrkA receptor, activates transient receptor
potential vanilloid 1 (TRPV1) ion channel, sensitize C-fibers, causes mechanical hyperalgesia, and induces DOMS. (2) The BK
B2 receptor/COX-2/GDNF signaling pathway: COX-2 is produced mainly by skeletal muscle cells and/or satellite cells after muscle
eccentric contractions, and COX-2 is also produced by smooth muscle cells in the blood vessel and fibroblasts or other connective
tissue cells in the epimysium. COX-2 can activate the COX-2/prostaglandins E, (PGE,)/EP2 signaling cascade, thus up-regulating
GDNEF, and EP2 can also up-regulate COX-2 expression associated with positive feedback regulation. GDNF activates TRPV4 and
acid-sensing ion channel (ASIC), sensitizes Ad-fibers, causes mechanical hyperalgesia, and induces DOMS.

PR E IR, 2 25% WG AE AN ICRIBS  ShRREsi R, I 0 fe i yIp Bz sl # L4k 4
Fik TiKA F GFRal 5244 M, &4 TrkA Al GFRal — #EAT 25353, P DOMS [T FIvE 7 7 G B 5,
SARKIAE NZ TR 55 TRPVL A ASICs 55 13 BERGIZ. 29Y6T7. P ET RG4S
B, ERFAEY, NGF 5 GDNF 2 5 DOMS  ¥JXHZEff DOMS A — & 3% .

SR WL 2 A6 (X 3 S (1), 3.1 DOMSHITAR— ESEA I
. DOMS £ — 5% i [ 7 W 5 56 42 A [ 2 20k
3 DOMSHITREIFAETT 8, SO A 11 5 8 S AL g B 5

H1T DOMS "R THRIEH AM H RGN RS HB T2, 400 84 4 200 5E L
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K. AP A K B F(NGF) AR a i ForeAn 22 72 77 B -F (GDNF)A-F-2E 3R M UL P B2 8 (DOMS )AL A2 o 2t 22 4F Y fn 3 T30 38 449 Bvh)
Table 1. Effects of nerve growth factor (NGF) and glial cell derived neurotrophic factor (GDNF) on nerve fibers and ion channels

during the mediation of delayed-onset muscle soreness (DOMS) process

Neurotrophic ~ Signal pathways Sensitized nerve fibers Sensitized ion channels References

factors

NGF Bradykinin B2 receptor/NGF C-fibers, afferent nerve fibers with ~ TRPV1 [o. 16,381
both TrkA and GFRal receptors

GDNF Bradykinin B2 receptor/COX-2/GDNF  Ad-fibers, afferent nerve fibers with TRPV4, ASICs (1o 16,371

both TrkA and GFRal receptors

TrkA, tropomyosin receptor kinase A; GFRal, GDNF family receptor al; TRPV1, transient receptor potential vanilloid 1; TRPV4,

transient receptor potential vanilloid 4; ASICs, acid-sensing ion channels.

R A, K B2 ZAREGE T i NGF (5 5i@
%, 25 DOMS. WitiExw, KRS _igshs
NGF 1 FIAUAR M S Bos /b« 75 B0 as alr,
75 X BRBE KA LIV P9 3 5 22 B IE B2 52 Ak 5 i 71
HOE140 ( /EFAXFFEEEUINGS ), RILFE — IR E iz
15 K FRATUPE SR S BORUL A NGF - 18 4 BELIT
55 R LB B JE AU e B 55 BV NGF
R, R ZIRE OIS S TER K B2 ik
() L kA& N, Bl NGF B, EakidE B
I G AT B A LA = A R IR B A, SR B
WL N B P A R R B i 72, L RRIE
B2t g
3.2 DOMSHIETT
3.2.1 Z4ETT

g b, SR B2 SZ24RFEPUH] . COX-2 il 7).
NGF Hifk J GDNF Hiffxtjkiz DOMS #1246 # b .
HAr, Bl —iE AT AR 24 & CoX-2
PO, FACR BT 45 25 10 i R Y Paulsen %5
NEBL, FekBAm (B COX-2 #fiI7) ) T AZEf#R
A IE B E N RRR IS, B UL Y 6e
WK\ JIE AR DA K 3 8 (B A RN 0 PR SR s 12
Singla 25 N[ 7S48 i, TEIESNARIREVIAIEE 3 h
IR 1% SRS BN IE I ( P25k B COX-2
), s 24 h, B TIEES DOMS Y,
3.2.2 $RETT

FE Gkt % UL FAT ARG T DOMS 5 — 52 3L
Fo RIZNES FRATE AT W] LU 22 il DOMS,
RHENIRThRER S, HiaT R B FeAE, HIE
NG 72 h 7 ROE E g . Aloe 5 NI, i@
T S NGF 75 i i i B30 K R aE AT (R A0 FL
AT, AR OR B eI SO S, HK BRIk
JERAEAT [ P YR TRPVI 1) 8UE T 1
w3 WA R A o e % O PRI NGF 15 $ 1

PR A AN S B, 3R T 982> NGF 51 (1) 98
el N W dE L, A B E AR B A g i
YT NGF S HZ AR R IE % 2, 1A FVR YT DOMS
IRCR, BRI T — P 5T .
3.2.3 7

PIT IR IR T A PR BN WL BRI
k. W ER, #9575 DOMS H — & 12 ik 1
H ¥, Tsuboshima 2 AWF4T 8 ~, WLAITEB.LEE)
J& 23 A SEAL PR S (R IIRES ), ZHZR Th 2K
NGF #I GDNF = [K 57K~ _E 3, 1fif i #4403 7T B
VAT UL AR AR Ak D> A R B, 18 3 NGF
55 GDNF 5K 7K1y B, 3w fn B.00E 30 fa
UM S U R R, 2% DOMS M7,

4 REEFRE

DOMS &1z S 5 IR WAREIR, #2R I N
fiok T R AN LB R R i . H RGBT EE W], NGF 5
GDNF ¥} [6] 2 5 DOMS 1774 54k £F, (HIH H 4k
VEFAHLH AN 78 A A . oA SR AT i 4 238k B2 2%
i INGF FIZE# K B2 5244k /COX-2/GDNF 15 5 i@ %
BEAT IR N BB T, [FIR RS DOMS KA. K
RS A A ERNT2Y, UHNIRREG
J7 DOMS #4151 BB Fr#f 5, 83697 DOMS
(0 2 A SR AR SO Hr
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