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Prediction of the mechanism of Shentong Zhuyu decoction in treating neuropathic pain based
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Abstract Objective: To explore the mechanism of Shentong Zhuyu decoction in the treatment of neuropathic
pain by network pharmacology and molecular docking. Methods: The principal components and corresponding
protein targets of Shentong Zhuyu decoction were searched on TCMSP and HERB, the targets related to neuropathic
pain were searched in GeneCards and OMIM databases, and the intersection of drug targets and discase targets
were obtained. The "TCM-Active ingredients-Target" network was constructed by Cytoscape 3.8.0. The coincidence
target was imported into STRING database to construct a protein-protein interaction (PPI) network. At the same
time, the Analyze Network plugin in Cytoscape 3.8.0 software was used to calculate the topology parameters of
nodes in the network and filter out the core targets that play an important role in the network. We further performed
GO and KEGG enrichment analysis on these targets. Finally, molecular docking study was performed using the
AutoDock Vina 1.1.2 platform to predict the binding degree between these core targets and active compounds.
Results: One hundred ninety-nine active ingredients and 478 targets of Shentong Zhuyu decoction were
obtained. There were 1902 targets related to neuropathic pain and 122 intersection targets between drugs and
diseases. Among them, STAT3, IL-6, MAPK 1, MAPK3, TNF and other targets play an important role in the bi-
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ological network of Shentong Zhuyu decoction that interfere with neuropathic pain, mainly involving MAPK, cAMP,

IL-17 and other signaling pathways. Molecular docking results showed that the active compounds of Shentong
Zhuyu decoction had high binding ability with MAPK3, FOS, IFNG and other key targets. Conclusion: Shentong
Zhuyu decoction can produce an analgesic effect on neuropathic pain through multi-target and multi-pathway, which

provide a new idea for the mechanism of action of Shentong Zhuyu decoction in the treatment of neuropathic pain.

Keywords Shentong Zhuyu decoction; neuropathic pain; network pharmacology; molecular docking; mechanism

b5 9% )8 %% 2> (International Association for the
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2 2R 2R E S 5 i F 6 (Tra-
ditional Chinese Medicine Systems Pharmacology Da-
tabase and Analysis Platform, TCMSP, http://tcmspw.
com) XJ % HH A HTEPE RO AT &R, DL EIREED AR
FHFZ (oral bioavailability, OB) = 30%. Z5#j¥% (drug
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Fig.1 Venn diagram of disease targets in different disease
databases

2 2 A ERE 5 Venn

Fig. 2 Venn diagram of drug-disease intersection targets
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B S BTE 85 1 3 (signal transducer and activator of
transcrlptlon 3, STAT3). 4/ % 6 (interleukin-6,
IL-6). 22535 1k 85 B 5 1 (mitogen-activated
protein kinase, MAPK 1), MAPK3. [fiJ& 35 3t [A 1
(tumor necrosis factor, TNF). RelA J& J& 3& [&] (RelA
proto-oncogene, RELA). T# % -y (interferon-y, IFNG)+
IL-1B. Raf-1 J5if#3E K (Raf-1 proto-oncogene, RAF1).
c-Fos JilJ& #£ [Fl (Fos proto-oncogene, FOS) K& {H
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AIREARTRIT NP [ E 2R
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7T T NP [P FEE S8 K AR R 2100 2%,
FERNXREZ RN 15 SRR XTI T
(SN X R PR S L et 7 SR 38 e I 45 5
WRRI MM s 98 2k, FEONMEEE. BERLIX.
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176 %55 1@ %, UL P {H PRk LS 9% %5 U1 AH
K 20 245 @B HAT AL T (B 6) ,
PSRRI A -Z A EAEH . MAPK 15518
. cAMP {5 S %, IL-17 {5 58 % . AGE-RAGE
5 I B AR RO I ACE HR AR A . TNF {5 5l 2%
Th17 401504k T 402445 Sl B . toll FEAZ 4K
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Table 1 Topological parameters of Shentong Zhuyu decoction active ingredient nodes

WA Compound 7134 Chinese name JE{H Degree  'EE O Closeness  FA 014 Betweenness
Quercetin it e % 43 167.53333 14820.0111
4'-dihydroxy wogonin - ESENE R R 28 152.05 10613.67685
Waulingzhic acid L RARE 23 150.21667 9102.9876
5-methoxy-7-hydroxycoumarin 7-Fdk-5- AT T HR 21 116.48333 3129.61338
20, 190-dihydroxyursolic acid ErEdi 20 147.6 5129.33346
Trihydroxy isosterocholenic acid SRR (S R IR R 20 147.21667 4243.12844
Ursolic acid e LR 19 146.93333 3994.12398
Beta-sitosterol -7 S Pt 18 150.96667 4164.52236
Stigmasterol oA 17 148.2 2956.7338
Luteolin N 17 143.16667 2474.54421

T2 RITHAT SIS

Table 2 Therapeutic target node topology parameters

L A5 Target J {8 Degree 'E % rhu0 P Closeness FhA eyt Betweenness

STAT3 34 35.26071 552.49185
IL-6 32 34.21071 518.51969
MAPK1 30 34.17619 478.73391
MAPK3 28 33.67619 519.82323
TNF 26 32.84405 381.08198
RELA 22 31.51071 48222264
IFNG 22 28.6373 93.13822
IL-1B 22 29.8873 99.20715
RAFI1 20 30.67619 340.33237
FOS 20 30.07619 173.93703
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Fig. 4 PPI network
The larger the node, the closer the color is to red and
the higher the node degree value.
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7. 3 F R IRAIE

KRG R, 4- AR NES R,
HRIGIR. 7-F25E-5-HAREEF T R, BREXR.
SREREFSHEIEGR. ERR. B-AHE. T
B, AJRE R S50 5 STAT3. IL-6. MAPKI.
MAPK3. TNF. RELA. IFNG. IL-1B. RAFI.
FOS @A77 ¥4 (WE 7D o Z5REW 10 ™Mb
A5 10 M ZE oS R RIFNS S S, H
W R I 4 AR S R R ER
5 MAPK3 ) 4 & (-9.4 kecal'-mol™). HU 4% & fE &
MR (HEA R 6 AT AL, ol B
SR 5 MAPK3 (-9.4 keal-mol™). 4'- — & 50 3 %
% 5 MAPK3 (-9.4 keal'mol ™). Z& % 3¢ 2 1 IFNG
(-9.4 keal'mol"), AR 5 MAPK3 (-9.3 keal-mol ™).
#it i 2 5 MAPK3 (-9.3 kecal-mol ™). &% 38 5 FOS
(-9.3 keal-mol™), .14 8.

Wit

NP 3 5475 B 500 £ g 350 oz B 7T 23 9 o
NP RIHHX NP, 2 i 3 b ] B A w42 R SE IR
A ATREVS X NP, M T sn o B,
= M2 YRR RO B AP 2R AR L IR
ZIaMasE. A R R B m AR R e

v [ R B 22 44 & Chinese Journal of Pain Medicine 2024, 30 (4)

(T

P CRRJRE . TP B A R TR IR B Mok 55 B R L A A ]
EAR G S5 0048 LSRR« i
A, 2 RS RS, NP — H
B, 8 2R N SR R 1 R ) RE R A
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HIET “HRIE” OEURE” SubE. BRI H E
HREBER CEARSEE) BT, T (FHELE)
R S HMFEIL. E. . 4. HE,
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LI UMK AEENE G, WAL, il
2. )15 HRMG . 2. BN, A,
PAIE L FP4EE IR RO, BIGAIKEY, #
ABRWE: HHEONEZG, AREZ . AL
MAESE FERBRIE S EUR 2 T, FT R Tk
BH £ 28 B B30I T AR L el ) 5 % - AR I PR F 9
CUIESE B IZ AR TT NP A 80t K2z 4k 1O,

AHIE TN G I 1B 3 T i R R 4
R ER R, LRI, 7-RiE-s-PEEET R,
TR —FREEF HIRIGR. RERR. B-&
MM, TSR, KRR RGBSR, FLEE AT
FEN STAT3. IL-6. MAPK1. MAPK3. TNF,
RELA. IFNG. IL-1B. RAF1. FOS %5 5 s AH S 41
B, EESRIE SR, WEIES T KR, A
SN GRS EREE <) & St/ N ST d YN
JERLIX . P TupR. SEARTTRE . oM f5 B2 40 i
s IERIR R KBRS KRR A
RURBHEE . HAEMEN. ILRMIEEESS T
At SRS VI 20 4415 58 % E AL
2y YRR R -2 PR M BV . MAPK {5 5 8%, 26
MR IR (5 5 18 % (cyclic adenosine monophosphate,
CAMP). IL-17 {5 5 % 5. 40 1 042 K 0 DA
B A-EAENEE R BRSERSE NEAA N
5 MAPK1. MAPK3. MAPKS8. IFNG. FOS % %%
WE AT o T AR, IR, b
MEAER. n- btk n-o Z45&RefaE, YD KIE
T BZZIRIT NP ] RE T AL

KE TR, ML 3T Dl id b A0 R
B T - R ik R - R R R R
ANSHTIHE S EEE TR, KEEML. Bulb
. PURRE. DU AR O SR B,
L et B OB ENERZ — M 424
BNES R, ABREREHIRMAMEAR LRI
W P, DU, sR AT SR, Ei
Xf STAT3. #% #% 3% A F-xB (nuclear factor kappa-B,
NF-kB) S5 R F IOV, S8 SO0E i S 4% Fh
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Fig. 5 GO enrichment analysis
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proliferator activated receptor alpha, PPARa) i 7= 4E
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TNF signaling pathway -

Th17 cell differentiation -

T cell receptor signaling pathway -
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Insulin resistance -
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Fig. 6 KEGG enrichment analysis
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RELA. TFNG. IL-1B. RAFl. FOS %, TL-6. IL-1p.

TNF. IFNG 0 R A0 R, KR g 120,
IL-6 Z 5 | A5 #2218 P & 18 451 495 A% 2Y (chronic
constriction injury of the sciatic nerve, CCI) FI3 74
B EEFLUBY (partial sciatic nerve ligation, PSNL)
PRV RINLE], EX AR S, PR
105 AL TL-6 H 9% IS T 8 22 (8] A7 76 AH O 1

IL-1B 7R £ NP HiEfE . 7£ CCI B AN B, 4T
X TL-1 8 52 A4 () b R AA sl 2D 17 /) B FR 5 AH Ok
17795 TNF A3l 1 UM i PR - A0 A K DR 1 1R R Bk
BOE, BOEW EES S ) U2 5000 15 8 1 % e 7
A, AEA AR AL/ B A W 82 3445515 3 TNF-a
mRNA FHE H 352 (1) 3 05 95 o ke 85/ o 1 850
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Gene ratio
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ZRIERFIE, BRI STAT3 HIM0E e 18 Mk
R JEHREZE/EM P, MAPKI. MAPK3 ¥ T
MAPK K j#&, H 1 MAPK3 B ERK1, MAPKI EJ
ERK2, #fU4ME 575 (extracellular regulated
protein kinase, ERK) /215 5 % T JE 1 i 2 —,

Z 54 R PRk . KREFFFURY], ERK #ikPer:
T IR A AR A 25 R i P 20K B o i AL
ERK (p-ERK) £IA T Jf 4% NP ), ERK #i () 3- 2
% 1% /& Ras/Raf/MEK/ERK {5 5 i I, ‘& /&2 MAPK
S HELR NGB JE AL, Rafl 2&iZI&5E 18
IrF, WEFCR BB 9 7 5 Rafl siRNA AJ A5 24040 1
Rafl RiE, Z2ff VbR S 0K ROUBR SO ¥4
JH, A% p-BERK %A Y. RELA BJ) NF-xB p65,

TEAH IR S0E ISE . H 3 2 S i A ke A DG B
YEFH, NF-xB 7EM &R M bl 2 0 E 2
(IFEFT, A IH] NF-xB (%A 22 NP ™. Fos
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S, & NI PSR, A0 R EE
MAPK BT (MAP kinase kinase kinase, MKKK).
MAPK %M (MAP kinase kinase, MKK) F1 MAPK iX 3
FhiE . MAPK J& T 22 JR- 75 2 IR B M X %, &
}5 ERK1/2. p38. c-Jun Z2E K Uil (c-Jun N-terminal
kinase, JNK) Al ERK5. ERK. p38 il INK ft % 3 #
ANFIAE S HER, e SR R )
12 A R A T AN R AR A S 8L, ERK 7
BN A 22 oo i) e rh iR 26 B EE . p38 I INK
AT 98 240 it DR RN 240 e S 7 T T SORE RO
PR PEFIAN MU FE T P EAEH ;. MAPK B %S
S RAMF A NP ) i, A KEMIFER
BHAE 98 RE AP 2 PR A, MAPK #4177 24
IE B AT D2 i g o ok ORI BB R, 1X SR B MAPK
5 2H 2R3 RN 22 451477 )5 92 e et B S I 1) R e R L
EAE . [EIEFEE P9 7R 5 MAPK & 48 1 328 46 14 400 1)
FUTTTE JORE 14 28 14 4 I AN e 1 ik 5 sh A 2
FEAE R TE T BT cAMP 15 5 % SURR PKA R
4t (protein kinase A system, PKA), &4f/ME 55
FHRLSZAREE A, e T 20 N 38 A5 cAMP 1
KT 51 S RE PR S Il s . cAMP-PKA i it (1 #F
SRS RT DAYE R B 4 48 T I B Y A AT 9 it ik
. cAMP-PKA 18 % )4 F O 78 Al JL o % 0 A
b AT THEFT, BFE PSNL. Bl JR 5 14 i 20 0 2L
P4 7 Jf (diabetic neuropathic pain, DNP). 1 #& 61 1
(spinal cord injury, SCI). #VEJRSE, WFFEEKH cAMP-
PKA MIBUEZ 5 7 NP AH K ) LA b 50T Ui i
"o £ LIFES £ ST, BRMEAT (dorsal root
ganglion, DRG) 1 i) i 1] il & E2 (prostaglandin E2,
PGE2) P cAMP-PKA i 11 75 2 A2 3E 475 35 P ) o
R A 2 FR DR R DL-6 [RIEFIREL, G A
1HIEZ K 3 (G protein-coupled receptor 3, GPR3). K
J#k 2 224K (human cannabinoid receptor, CB). HUIR5%
% & 2 (parathyroidhormone 2, PTH2) 52 4 {1 i it
CAMP-PKA {5 Sl 2 5 NP (K JE. 1E N5
&, cAMP BURHI N FLIL T (h) AT cAMP 2%
BNAE HLAT BRSO R A AL BOE PR A% E R (hyperpolar-
ization-activated cyclic nucleotide, HCN) i 75 & T i
BN S E R R EE P, TL-17 Hfl
Bt T W E 4 I 17 (T helper 17, Th17) A1 Al
Je R e A=A, S ARG R IL-6. IL-1PB
A1 TNF-a, #4LKF CXCL1 F1 CCL20 A% 4k A4 K
“F B (transforming growth factor-B, TGF-B). 7& £
T2 M PR AL, IL-17 324K (IL-17R) 7€ DRG
YIA K 2 i 4 50 B e 35 77 1 DRG #4 t s
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MR, HIL-17 339f m%iE, fonHE R BEMait
5 IR E R, 25 NP [ 4ORE [ AR & 27,
HWFFERM, IL-17/IL-17R {5 5 4% S 0] LB T A A
FHEE Z2 40 R Ji] [ #2240 ) 48 e - JIR B AH ELAE
SRR B R A A B

— MK, GG RELAHERR S, 45A SRR
o WHESER)1-4.6 keal- moL" /A5 R RE I ALE 4,
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AW IR I 73R DUR BB RS2 AR P45
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NP W67 I N A — 2 K R, A e Skt 7
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