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Investigation on the inflammation network mechanisms of
Wutou decoction acting on neuropathic pain
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Abstract: Wu-tou decoction (WTD) was originally recorded in the synopsis of the golden chamber and it
had been widely used for the treatment of neuropathic pain (NP) with exact therapeutic efficacy. However, the
underlying molecular mechanisms still remain unclarified. Thus, in this research, we aimed at clarifying the
underlying molecular mechanisms of WTD against NP by combining network analysis and experimental validation
based on the spinal nerve ligation (SNL) model. Firstly, the network analysis indicated that key targets of WTD
were significantly involved in the MAPK signaling pathway (P = 4.04E-12) and four important components of
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the above pathway, AKT kinase (AKT), MAP kinase kinase 4 (MKK4), c-Jun N-terminal kinase (JNK) and
transcription factor AP-1 (JUN) had been reported to play a vital role in neuroinflammation during the disease
process of NP. Then, experimental validation results proved that WTD markedly reduce the severity of mechanical
allodynia (P<0.01) and cold hypersensitivity (P<0.05) of SNL rats. In addition, Western blot results provided
evidence that the phosphorylated protein expression levels of AKT, MKK4, JNK and JUN in the superficial lamina
of spinal cord of SNL rats were markedly increased (P<0.001), and WTD could improve the phosphorylated protein
expression level of AKT (P<0.001) which was reported to be nerve protective and attenuate the phosphorylated
protein expression levels of MKK4, JNK and JUN (P<0.01) which were closely involved into neuroinflammation.
In conclusion, this study indicated that WTD might exert anti-hyperalgesia action through the inhibition of neuroin-
flammation mediated by AKT-MKK4-JNK-JUN which belong to the MAPK signaling pathway. These findings
also provided scientific evidences that WTD might be a promising candidate for NP. Animal experiments in this
study were approved by the Ethics Committee of Experimental Animals of the China Academy of Chinese Medical
Sciences.
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Figure 2  Anti-hyperalgesia effects of WTD against NP. Spinal
nerve ligation (SNL) induced obvious mechanical allodynia and
cold hyperalgesia of rats. WTD (7.5-15 g- kg™*) markedly reversed
SNL-induced mechanical allodynia (A) and cold hyperalgesia (B),
the anti-hyperalgesia effects of high dosage of WTD (15 g - kg?)
were similar to that of pregabalin (PGB, 100 mg-kg?, p.0.). n = 6,
X £ s. *P<0.05, #P<0.01, **P<0.001 vs control group (Con); "P<
0.05, ""P<0.01, ""P<0.001 vs SNL group
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Figure 1 Interaction network of candidate targets of Wu-tou decoction (WTD) acting on neuropathic pain (NP), and the involved pathways

by these target genes
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Figure 3 Regulation effects of WTD acting on MAPK signaling pathway. SNL induced increasement of pAKT and WTD further increased
the protein expression level of pAKT (A); SNL resulted in the upregulation of pMKK4 (B), pJNK (C) and pJUN (D), WTD significantly
reduced their expression levels. n = 6, x + s. **P<0.001 vs control group; “P<0.01, *"P<0.001 vs SNL group



IR 53K G2 A 2293 SRR (1 9 E M) 4 PR ML T 5 + 1059 -

IF 2 T U MAPK 0% B 5 (1) 2 1 mRNA R 3A 7K
PR, RSP RIS AR B, 53k W] LAFR IE SNL
KRN A BE LS b ik 440 TR AR IE KT R
WRIE. Hh AKT BT 2% R0 R IR E A%, 0
15 AKTUAKT2/AKT3 =FE AL, 25 5 i 4k
e o 1 B RO B R AR S, WE R W, AKT B R 1k
(PAKT) B 17 il] X 2 4 7 1 22 3 i i A B ) i 03 g
4 (MKK4) R0 8 [ R BRI, 28 4545 R AE
I, #2220 2 pAKT (1) 25 AT mRNA 35 7K1 3 7+
&, RIEMAERTER, 4 T AR ER RN A )G
PAKT & HRIAKFE— P BE T mPT. AW [F A
R I SNL K BRA 88 L5 214U pAKT RIEKFF 5, 5
kB 2y Ja pAKT R IE KT B E N, %4 15X
BRAHTT o WF R W, MKKA4 [ 3 5 B R A 2 T v 1 i
INK (BL0E 4b 5 F ) A1 JUN (% % 5 1~ AP-1) T
B2 Ak R 1 1R 3Rk KT, A1 BE pJUN (1 #E L [ mRNA %
LK) B, 2R S B A RGP, MKK4-
INK ] 4 305 R 7 BB G2 R ) LA T A5 5
WO, FE AR RIEIRES N AAAE T4 M o3 b, 78 98 0 B8 7 3
T P T R 2T 4 4 A R INK SE % 31 240 M A% A T B
B L B TR R A ) JUNIBS9L - e A NPUIR & R
INK KB G230 I T Be 2 5 B W I 40 i+ 145
SR g KRR AP, NP KR AL A0 S
FRZZ 50T B 5% 1 MKK4 L INK L JUN B 1L 25 11 1
KL RET G, WEETT S kHe 2 E W BIEIK T
A 3 R Ak B 1 R IA UK, BROR R R BT 5 5k
i 5 P45 AKT-MKKA4-INK-JUN {5 5 Gl 4001 0 22
EHET R SR ATEH (B14).

Astrocyles
WTD

Neuropathic Pain

_ S
i) S
: pINK QS
©pIUN fll;w

—

Figure 4  Simplified schematic illustration of anti-hyperalgesia
mechanisms of WTD acting on NP. In the spinal tissue of SNL
rats, the protein expression levels of pMKK4/pIJNK/pJUN were
increased, however, WTD could reduce the protein expression levels
of them through increasing the protein expression level of pAKT
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