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Identification of anti-inflammatory substances in Zhachong shisanwei
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Abstract: The aim of this study was to identify the anti-inflammatory markers of Zhachong shisanwei pills
(ZC-13) and characterize their mechanisms. UPLC/Q-TOF-MS combined with an NF-«xB dual fluorescence reporter
gene system and NO content detection were utilized to identify the anti-inflammatory bioactive substances in
ZC-13. Network pharmacology and bioinformatics methods were used to predict the main targets and pathways of
these anti-inflammatory markers, and to verify the main anti-inflammatory pathways of costunolide. Results
showed that in ZC-13, four kinds of markers related to NF-xB inhibition were identified: gallic acid, ellagic acid,
liquiritin apioside, glycyrrhizic acid, and four kinds of markers related to NO release inhibition were found: gallic
acid, liquiritigenin, costunolide, and dehydrocostus lactone. The above components exert anti-inflammatory activi-
ties mainly through the regulation of PDK1 (3-phosphoinositide-dependent protein kinase 1), MAPK14 (mitogen-
activated protein kinase), GSK3p (glycogen synthase kinase-38) and other anti-inflammatory-related targets, and
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further adjust the PI3K-AKT (phosphoinositide 3-kinase- protein kinase B), MAPK, mTOR (mammalian target of
rapamycin) pathways. Among them, costunolide can inhibit AKT phosphorylation and NF-«xB nuclear transfer.
The above results identified the anti-inflammatory markers and possible mechanisms of ZC-13, and provide a
theoretical basis for standardizing the clinical application and quality of ZC-13.
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Figure 1  The anti-inflammatory activity of total extraction and
each extraction layer of Zhachong shisanwei pills (ZC-13). A: The
antagonistic activity of total extraction and each extraction layer of
ZC-13 on NF-xB; B: Inhibitory effect of total extraction and each
extraction layer of ZC-13 on LPS-induced macrophage release of
NO. TE: Total extraction of ZC-13; PE: Petroleum ether; DCM:
Dichloromethane; EA: Ethyl acetate; NBA: n-Butyl alcohol; W:
Water. A: n =5, B: n = 3, X = s. #*P<0.001 vs control; “P<0.01,
""P<0.001 vs model
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Figure 2 Screening of NF-«xB antagonistic active ingredients from ZC-13 based UPLC/Q-TOF-MS/MS. A: UPLC/Q-TOF base peak
intensity (BPI) in the ESI positive; B: UPLC/Q-TOF BPI in the ESI negative; C: Screening of the antagonistic activity of NF-xB; D: Structure
of NF-«B inhibiting active components. Glu-Api: Glucose-apiose; Glu A: Glucuronide acid. n = 4, x * s. **P<0.001 vs control; "P<0.05,

"P<0.01, *"P<0.001 vs model
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Table 1 Mass spectrometry analysis and identification of NF- xB antagonistic components

No. tz/min Identification Exact mass MS/MS Molecular formula Herbal source

1 1.38  Gallic acid® 170.021 5 169 [M-H]; C,HsO, Terminalia chebula Retz
125 [M-H-COO]

2 5.22  Ellagic acid” 302.006 3 301 [M-H], 284 [M-H,0T; C,HsO; Terminalia chebula Retz
229 [M-H-C0O2-COJ;
201 [M-H-C0O2-2CO]

3 5.68  Liquiritin apioside!™! 550.168 6 549 [M-H]; C6H3015 Glycyrrhiza uralensis Fisch
255 [M-H-Glu-Api] ;
135 [M-H-CH,CH-Ph-OH];
119 [M-H-C,H,0,]"

4 12.04  Glycyrrhizic acid*? 822.403 8 821 [M-HJ; C,,Hs046 Glycyrrhiza uralensis Fisch

351 [M—H-glycyrrhetnic acid]

Figure 3 Screening of the antagonistic activities of NO release from ZC-13 based UPLC/Q-TOF-MS/MS. A: UPLC/Q-TOF BPI in the ESI
positive; B: UPLC/Q-TOF BPI in the ESI negative; C: Screening of the antagonistic activity of NO release; D: Structure of NO inhibiting

active components. n = 3, x + s. **P<0.001 vs control; “"P<0.001 vs model

Table 2 Mass spectrometry analysis and identification of NO-releasing inhibitors

Molecular
No. te/min Identification Mode  Exact mass MS/MS Herbal source
formula
1 1.95  Gallic acid™ ES- 170.0215 169 [M-HJ; C,HsO,  Terminalia chebula Retz
125 [M-H-CO0]
2 10.18  Liquiritigenin*! ES- 256.2530 255 [M-HJ; C,sH,,0,  Glycyrrhiza uralensis Fisch
135 [M-H-CH,CH-Ph-OHTJ;
119 [M-H-C,H,0,]
3 18.35  Costunolidel*? ES+ 2322463 255 [M+Nal*; C;sH,0,  Aucklandia lappa Decne.
233 [M+H]*;
187 [M+H-H,0-CO]*
4 18.92  Dehydrocostus lactonel*? ES+ 230.130 7 253 [M+Na]*; C,s:H;;0,  Aucklandia lappa Decne.

231 [M+H]*;
185 [M+H-H,0-CO]*
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Figure 4 Verification of anti-inflammatory active ingredients from ZC-13 and network pharmacological prediction of the action mecha-

nism of active ingredients. A: Confirmation the antagonistic activity on NF- xB of gallic acid (GC), ellagic acid (EC), liquiritigenin (L1Q),

glycyrrhetic acid (GA); B: Confirmation the suppress release effect on NO of gallic acid, liquiritigenin, costunolide (CT), dehydrocostus lac-

tone (DCT); C: Network pharmacological prediction of the action mechanism of active ingredients. ERBB4: Receptor tyrosine-protein ki-
nase ErbB-4; GSK3p: Glycogen synthase kinase-34; CDK6: Cyclin-dependent kinase 6; PGF: Placenta growth factor; JAK2: Janus kinase 2;
IGF1R: Insulin-like growth factor 1 receptor; IGF1: Insulin-like growth factor 1; PDPK1:3-Phosphoinositide-dependent protein kinase 1;

MAPK14: Mitogen-activated protein kinase 14; PCK1: Recombinant phosphoenolpyruvate carboxy kinase 1; INSR: Insulin receptor;
RXRA: Retinoid X receptor alpha. A: n = 4, B: n = 3, X + 5. **P<0.001 vs control; "P<0.05, “P<0.01, ""P<0.001 vs model
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Figure 5 Confirmation the anti-inflammatory pathway of costunolide (CT). A: Effect of costunolide on AKT phosphorylation induced by

LPS in macrophages; B: Inhibition of costunolide on NF-xB nuclear transfer stimulated by LPS in macrophages. n = 4, x + s. *P<0.01 vs

control; "P<0.05, "P<0.001 vs model
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KEBRNE X EAARE N BESERR 2 80 AU
MAPK . PI3K-AKT.mTOR %515 5 i % % 3% 1 /5 1]
DLVA YT I BRI . ¥ & TR ERACRR bl 4 L
B HER AERANE.ZEARENEFLEWIEN
TEAE T b A BT DA B T L -1 = AL B b it
%, (B NEF], FLpP+ =oAL R B 2, (L
BT A, BRI R AE F AL, S8 & 3 1L, B 2 A
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