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Research progress on the regulation of JNK signaling pathway by traditional Chinese medicine for
intervention in central nervous system diseases

WANG Hongwei', QIAO Mingliang®, ZHAO Chenyi*, ZHU Pei', WEI Zilong', MENG Yi*(1. Second School of
Clinical Medicine, Henan University of Chinese Medicine, Zhengzhou 450002, China; 2. Dept. of Geriatrics,
Henan Provincial Hospital of Traditional Chinese Medicine, Zhengzhou 450002, China)

ABSTRACT The c-Jun N-terminal kinase (JNK) signaling pathway, a key member of the mitogen-activated protein kinase
(MAPK) family, plays a central role in the pathogenesis and progression of central nervous system (CNS) diseases by regulating
core biological processes such as apoptosis, inflammatory responses, synaptic plasticity, and autophagy. This article sorts out and
analyzes relevant literature published domestically and internationally in recent years, summarizing the mechanisms of action of the
JNK signaling pathway in common CNS diseases and the research progress in traditional Chinese medicine (TCM) interventions in
CNS diseases through the regulation of the JNK signaling pathway. Studies have shown that active components of TCM, such as
berberine, paconiflorin, and astragaloside IV, as well as compound formulations like Heixiaoyao san, Ditan tang, and Buyang
huanwu tang, can exert neuroprotective effects in various CNS disorders, including Alzheimer’s disease, Parkinson’s disease,
cerebral ischemia-reperfusion injury, and epilepsy, by inhibiting the aberrant activation of the JNK signaling pathway, thereby
alleviating neuroinflammation, oxidative stress, and neuronal apoptosis, while improving synaptic function and cognitive behavioral
deficits, regulating autophagy, and maintaining blood-brain barrier integrity.
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SRIEAE o c-Jun 24 3 % P B (c-Jun N-terminal kinase,
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JFEA M S A LURE A IRV EE 2 5 ZFh bl 205
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B ARSCRIT T AR E NSRRI
DRICHR, 25 T INK A58 A H UL CNS S i VE
BL, I T v 2 B A I 52 T i a4 INKCf 53
T 90 CNS % (B 52 3E i, 5 78 R 25 Bl 7 CNS 5k
IR AT SRS
1 INK{ESEENAR S REETE

INK J& T2 7 24 I 3% 46 9 28] 11 52 3% 5% (mitogen-
activated protein kinase, MAPK) ZZ Ji% i b1 2 — , X K%
FEI R AT, Hod g )z AR i 22 MR R 2 p38
MAPK i L 758 5 38 (extracellular regulated pro-
tein kinases, ERK) Fll INK", JNK H JNKI,JNK2 .JNK3
FE PR G i , 3 0 5 PRT S 2ok A [ 18 35 422 7 A 10 B S Aa 44
SRR S WAL S MAEEZESR . FX/NR
mRNA 52K, INK] 5 INK2 534 Bp¥E 43 A (2
INBE, T JINK3 1R8N 25 5 4 TINZH A, A
JUE | SE AL AT A 2 AR KT R
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PEMUL FEALHE A T7 T  H— 2 A A B-TE A R
(amyloid-B, AB) 7 # JLBUFIE A& BE, H— 4 i
H 3k E W IR AE Tau 2 FAS) J00 i) A 28 Ji7 2T 4E 48 25 (neurofi-
brillary tangle, NFT)™, INK (551 J& INK3 &) (14 52 5
5165 AD &R HLEI B VIAR G : —J7 T, INK 38 3 iR
Ak 3E K3 FE BT A 25 1 (amyloid precursor protein, APP) [
Thr668 {3 s IE i H N A, TG 5 T B-43- 1A% APP
P 40, R b 28 B MR T 9 1Y AR )™ 2E 5 T AR 5
AR B KBS INK IR JSOE R BIEER . 53— 7T,
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RO AR UTRR, Bl 5 i 28 T 4 3 B P 48 98 RE RV o
Wang 55" IF 5T A B0, 410 H AT 38 o 10 INKAF 5
PP , LT FEA S 1 R JH 17 5 4% B « B (nuclear
factor kB, NF-kB) AR4E 57 , TRV 175 7 (1) A #51:
XPH TRy . BRI ERCH A CER S - oRHE
L), i SO A AL . R SR &
PR, 3 R AT A b 22 S T 2 1 R TR T 1
(mitogen-activated protein kinase phosphatase-1,
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RAEHF HAAEA 2 18 (interleukin-18,1L-18) . IL-6 i
988 IR BE. IRl F o (tumor necrosis factor-a, TNF-a) fi 157K
-, DTV A 28 AT SN , A% Tau i FRARFAE . A SR
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B WA I R B, PR RE N IR INK MR A ph3
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FET SR i 2R (AN BT R 50 7 ) b 11 A e
JRi A 4 DL R R 1) B RaA , AT R
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B TS . AN, a- 28 il 25 F (@-synuclein,
a-syn) 5 i R U % Ty /IMAA S 8K 5l PD 2k e
AL 2 — , RAEAY a-syn AN AT 3 38005 ERK 1/2
5 INK A58 5 T N M 2 ocii T i Re 4
Jil 22 CU R RE PR T, FEZE 1-H Rk 0E-1,2, 3,
6-P0 S E (MPTP) L FH A PDBERL/ N B, INK2/3 1]
2 A 7z 53 38035 PRI F 2 (activating transcription factor 2,
ATF2) {1 Thr69 i ., 107845 2 1 i e A 22 e i 1ol
A BEAb, 2 AR EAE FH & FH B 1 (receptor-interacting
protein kinase 1, RIPK1) i1 33k 23 il 22 T4 g pf 28
JUIRT KL JAE [N ROS =4 FZ ki AR Dy fig B i
T ) TN A% 538 g ] 8 7310 e RIPK( i 3 38 e o 5
R ZE TR, % PD BAA MR It
3.2 HZGIFE INKIESEETHPD

He 5" 5T & B0, AT 251 RE 8 1 4 ] INK/p53 15
5308 5 A S, 1 I 00 PD BRI B CAL R CA3 TG I
P2 TR T, IR S 5 2R 1 95 o fil 31 A 3Rk
AT EAE MPTP 175 Sl 2205147 . Bai S5 “"iIF58 & 2R,
S H R AE ] INK & S B NF-kB 55 CHEHE
SRR AL, T S A AL A G R COX-2 1Y 3R
ik, TR PD AL/ N BRI A 28 50T SO, e Uil 2
CLERE sl 220 B R IF el iz s Dhhe . Wang 55
JEBR 52Ty b VR U BE A 38 2 410 ] INKY0E 51 1 (acti-
vator protein-1, AP-1) {5 58 % , B AR 85 /2 1k INK (p-
INK) BEfR 1L c-Jun (p-c-Jun) M R4k c-Fos (p-c-Fos) 1Y
Feik, 5 B 40 ik IV 98T 2 (B-cell lymphoma-2, Bel-2)/
Bel-2 15 X 25 H (Bcl-2-associated X protein, Bax ) FU{H.,
I/ i U b R 25 1 3 (Cleaved Caspase-3) Y 75 i,
i ZE A PD R AR BRSO A A 28 T T,
38 2 FEAT , HLILELON 5 INK 0 71 SP600125 AH 2 .
JE2 LT RS BRI L 2 T 5, B ER LA B
LB TO M RN AR S YR LM AL, RIS
IR &I, i 245 L TR 2 2R L AE I 2 ol 35 PD BIAL K R
[32 Bl B, Ul /b R 5T 1% 22 R % {L ¥ (tyrosine hydroxy-
lase, TH) FHPE #f 28 50 2 %, #0412 4 7 2 H Bax ., Cas-
pase-3 B ik, FIMPLIT-8 1 Bel-2 3R, IF T 4
p38 MAPK/INK/ERK 15538 i i Ak /K, $im HonT
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PHER . BRI ST e L, AR & R 0k AT 38 2o 10
il AT 1) 7 3R AL AR i 1 98 1o (inositol-requiring en-
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W2 4k IRE1a (p-IRE1a)/IRE Lo 1 p-INK/INK FE AR,
/PR 5T X IR [T dnb 25 14 in S8 5t TH BH A b 28 oo 8kt
PR A R 2 RS 2800 8 i Z2iR A T AR
HIVEF 5 ELA G R 58 3R], A2 TR FUREIEG 45 75 24 2k
filyayT Al B 2 ek PD B iz sh D ae S AR @ sk, 1
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475, B CIRIT.  CIRL T K iy 40 I AE T 07 s 5 P 1
INBEHN W, A AT T 248 Y A2 il F (] | e AR B
AR A, AT ARSE A, FEBR NP S INK
1 Y RO L 2RI JH Beclin-1 5 Bax Rk,
[Fi) Fsf 490 8 e 0 T 28 1 E A 0 1 00 1 (miyeloid cell
leukemia-1, Mcl-1) 335 , B[R IRI R 28 o045 005, 12 H
INK FESEE 1 77) SP600125 1 A7 %55 % | i 2 11 1 5
IR, IX 7R INK A5 538 % AT fid i 95 4% Beclin-1 5
Mcl-1 (A EAEHT, 520 A W 5 08 T 0 A PR, 3
[i] 10 ) INK A5 538 26 A B2 AR el % CIRL 1Y W FETR YT
Mg
4.2 HZiEE INK = SiE T CIRI

Yu SEBIESE e B, v RS O RE A 3 I p-INK
BH3 %5 #4 1 J8 1= 175 % 5 1 (BH3-interacting domain
death agonist, Bid) Al (428 C . T2 FABEAGE I+ 1
Caspase-3 M Cleaved Caspase-3 [ 335 , I/ 4 e id -
5 EESEAR TR, s ph 2 DI Re i 07 , $7m B EE T Rl e
1ok BHL T INKY/Bid Ze bz (A 8 1%, il sh 22 oo BEPR T
RIEWRYER . S0 58 & 8, NS 517 Rb, Al
JE AR INK B RR Ak , 810 T I8 55 5T 43 2R 11 2 (ma-
trix metalloproteinase-2, MMP-2) \MMP-9 ) ¢ i5 , DAV,
B e G S S BN Re s S Tib] o e 2 S DR (1]
Bt B 3 91 T JH RAE R Ko A HIE H RS
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KA ) T i 24 7 22—, 27 Bl 35
B I PR 204E Y I8 AT 2 K ek 2
ARG M2, TR G 5T B, 4 BH A F37 7T 38
i 4 IRELo/P 1215 5 98 75 ¥ % 1 (apoptosis signal-
regulating kinase 1, ASK1)/INK {5 5 i % 2 5K S 7, 2
& T 8 CIRT A 7 A B2 15 417 X IRElac, ASK 1, INK
Bax . Caspase-3 [ £ ik , [RI A I I8 Bel-2 B9 %35, DT ik
DR TTI TS A8/ MESLAR BT g v 2z sh g, 37
7 AR P22 1 52 A 155 BH T IRE1/ ASK 1/INK A1 311
PAT PR B VIAOC . — IR BB SR R , A T 1
FARGRRLZE %M BHIE A6 G MR 2 A] lnb 25 R st 1l
Pl A o S8 L B U MMP-9 55 TNF-a 7K F-
IR E T = IS N AR SHAE R B &,
11T B A 205l A I YR 2 A A O 2 i 22 ) BER
S, FLRIG AN B SO0y e A= 5889 iR FR A e S A BR o
A HE TR 0k M 2 2 Ty . SR ST
Rty v 2y Jik P 2 P AR A R BRUIE S YR R &2 T fig il
RLAE INK 150 Bel-2 BERR 1L , BELIWT Beclin-1 ff# 25, [
TR R DGR 1 1525 3B (3-8 , DT HI 55 P08 1 fir
A3 B8 W 0 TR, e U i A 245 1 AR e ol
ZIIREMR A -

i b, W S B Rb AMHIE B R
JU 7 A Y R S A v VA A INK {5538 1%, DI IR) & 44
MR TTI T AT W AR I A e e e R A
ZEHRRE SN A5 22 AR, DT S XS 2290 BP9 1) R 4
PETI, S0 T 2 Zam A BRI T IR TR 6
5 JINK{ESEEERMHIIERRPLETM
5.1 JNK{5 S8 B e + B 1E

T S e UL AR 2 RGP 2 — , H L
Tl V5 B b 28 70 2 A -4 ) SR AT L 5 fik o] SRV Sl SR AE
JNAFEZ AR AR SE , INK {5 -5 3 B TR0
RN G 3 WO |, R S PR 57 SP600125 W] FEAIG
S A% 41 %38 1K 1 (equilibrative nucleoside transporter 1,
ENT1) (335, BT HA IR N A, A2 T+ 5
ISP A I T30 A3 2 B BT, SRR A VR AR
WIE 5 R AR B D | IZ AT 535 75 T INK-ENTI- i
/AT R 2 VR BT A ) EE B Y, et
T s PR INK A T e s O RS, Hos itk
TR A EARIA 5 TE AR G 5 0 TN 375 4 AT 0] s At
WD F MR AR, B ISR AT B, AR
5 MG 25 P15 =R AH Y SR INKOZ R R
rHbl EL Y T AR R
5.2 HZGEE INK 15 S8 B T FUEm

Hsieh S5 98 & B, KKK S 9 78 2138 24 R (kai-
nic acid, KA ) 175 5 A0 B AL R B, 38 e 3 ) 9 45
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INK 15 53 B A 5 i AP-1 il 23k , AT 22 #6500 18
Fo BRI, KA FESTRT B 45 T R IOK 22 B
T INK {5 538 B IT 58 o-Jun F3K , L1458 #2850 7 1
i 52 5 1 KA FE SR 16T T 4A T RS 0 REHD il KA
5 5 1) INK 5 5380 [ 28 B2 35 AL A e-Jun 35T, BRI
AP-1IH PRI B AR IRIRIFFR 3R, RIfRER
55 bR K i 2 BB fH  7E B PR Jr 58 S
S Bl S P S i R RV SR it e i (1 R =B A
B H BLIL-2 M IL-6 7KF, LR (4EA R B & i
IR AR [) 78 > e 2R K SF-, DT 8 4 i S N7 9k /2 1
ik R AEAI I B AT fg , Y7 AR T B O 24
Yy, Hae etk R, Zhang 9 WF98 & B, Bk £ fit &
W o LRV T MKP-1 3235, BEREMEM & INK B R 1L
FHLIBT MAPK 4 iF i % , #F 1M B2 1K IL-18 . TNF-ou 7K, il
2 Y R I 0 A BRGNP R RRE S R AR
Pang 55" 1 1 VU U755 1 18 PR IR AR AR R BRUR B, R
2 ZMERIE R R 2 A BA BEPURRE R, o]
RSN SZ AR FRIE I MAPK (553 g rh 2 ga T
R F p-INK Flf 2 b p38 MAPK Y33k , #2 FHAR G R
+ B ® 1k ERK (p-ERK) 1 Bel-2 7K °F , F& ik Bax #l
Cleaved Caspase-3 7K1~ , T AEK & VETE IR i et & 1B
FELL T R] 10 2R 0 S B O U R B 2
AT BRI G SR T SRR I & B, IR
T R AT 2 A o R R D - B SR R A
NSRS A RN S v NS =R RV E R N B NN S i B
21 79 A B b 0 ) MAPK 2% BB6 I, [ I p-ERK/
ERK 5 p-JINK/INK [ AH , B[R] oo 36 95 9 AH 5C 8 24 Ay 47
Sk BN ¥ OB T 38 o B AR R B ] MAPK {5
S R AR T TR A B

i b RIRE AR R Z W A R
7 25 1 A T SR v T INK (5 5 % S | R TRk
PRk 28 0 B 2 DR SRR NI S i 2 R
REL VBT 21 080 T, 300 5 e AP i R A %8 B R AR TR AR
WIIE s AN T BE , AR RS 5506 R A
PR PB4 22 T T IR TR R
6 HiEE5RZE

ARLER RGBT INK {55538 % 7£ AD .PD ., CIRI
S A5 CNS B 1) SRR T, & IR i 1o 1 45
AR Al Tau i B 22 L e A0 2T IR T L 1 W/ T -4 K
MATCATMEF R OA TS 5P R, Ji4h, IR
Y /INEERR AT 241 R AR A T 2 B AR KA BHIA H7
57 b R A 2 U 7, B RESE S A ) INK (-
I EE RS R E LR T Pa Y A WSR2 AL
TP VEFT, BRAC 2 27 2 1 B R T 25 240 57
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