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Abstract: We have identified anti-inflammatory quality markers (Q-markers) of Jiangzhenxiang. The chemical
components of Jiangzhenxiang were identified by mass spectrometry and the substances that contribute to its anti-
inflammatory activity, their targets and signaling pathways were analyzed by network pharmacology to identify
potential Q-markers of the anti-inflammatory action of Jiangzhenxiang. The potential Q-markers were verified by

high performance liquid chromatography, and in vitro experiments verified the anti-inflammatory activity and
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the target of the potential Q-markers. The experimental scheme was approved the Guangxi University of Chinese
Medicine Institutional Animal Ethical and Welfare Committee. The results show that 31 chemical components were
identified by mass spectrometry from the Jiangzhenxiang extract. Through network pharmacological screening,
727 component targets, 422 disease targets and 110 targets including prostaglandin G/H synthase 2 (PTGS2) were
obtained. These targets were mainly enriched in 498 biological processes including inflammatory response and
response to lipopolysaccharide, with 101 pathways that included the TNF signaling pathway, toll-like receptor
signaling pathway and others. Isorhamnetin, formononetin, naringenin, glycitein, ursolic acid and oleanolic acid
were detected by high performance liquid chromatography. Jiangzhenxiang medicated serum and 6 components
thereof could significantly reduce the content of nitric oxide, interleukin-6 (IL-6) and tumor necrosis factor-o in
RAW?264.7 cells induced by lipopolysaccharide (P < 0.01 or P < 0.05). These six components are regarded as the
potential anti-inflammatory Q-markers of Jiangzhenxiang. Isorhamnetin was screened and verified from the 6
potential Q-markers as an inhibitor of PTGS2 by molecular docking and in vitro cyclooxygenase 2 (COX-2)
activity assay. The half-inhibitory concentration of isorhamnetin was 9.55 pmol-L". In summary, extracts of
Jiangzhenxiang showed significant in vitro anti-inflammatory actions. The anti-inflammatory mechanism of
Jiangzhenxiang appears to be related to regulation of TNF signaling pathway and Toll-like receptor signaling
pathway meditated by IL-6, RAC alpha serine/threonine protein kinase, PTGS2 and other targets. Isorhamnetin,
formononetin, naringenin, glycitein, ursolic acid and oleanolic acid could be regarded as the Q-markers of
Jiangzhenxiang. Isorhamnetin appears to act as a COX-2 inhibitor.
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Figure 1 Total ion chromatograms of Jiangzhenxiang extract in positive mode (A) and in negative mode (B). The number of peak 1-31 in

this figure was consistent with that in Table 1
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Table 1 Chemical components of Jiangzhenxiang extract

No. Name Formula Mw RT/min mzCloud best match/%
1 f-Asarone C,H,O, 208.1 13.7 85.6
2 Naringenin CH,,0q 272.1 12.3 85.9
3 Isorhamnetin C,H,,0, 316.1 10.9 88.8
4 Ursolic acid C,,H, 0, 456.4 20.5 82.0
5 Glycitein C,H,,04 284.1 11.8 95.3
6 Erucamide C,H,NO 3373 21.7 85.6
7 Genistein C;H,,04 270.1 11.1 88.9
8 Stearic acid CH,0, 284.3 154 86.0
9 Butein CH,,0q 272.1 11.8 81.4

10 Citroflex 4 CH;,0, 360.2 17.6 80.6

11 Vanillin C,H,0, 152.0 13.7 82.2
12 Formononetin C,H,,0, 268.1 133 95.6

13 (+)-Maackiain C,H,,0;4 284.1 13.2 85.5

14 Dodecyl sulfate C,H,0,S 266.2 18.7 88.2

15 Tetradecanedioic acid C H,0, 258.2 17.1 81.2

16 Bis(2-ethylhexyl) phthalate C,H,.0, 390.3 21.0 97.4

17 Myristyl sulfate C, H, 0,8 294.2 14.2 85.7

18 Hexadecanamide C,H;;NO 2553 20.1 81.3
19 Dibutyl phthalate C,H,0, 278.2 17.2 82.9

20 4-Methoxycinnamic acid C,H,,0, 160.1 13.5 84.3

21 Oleanolic acid C,,H,O, 438.3 21.1 89.3

22 Bis(2-ethylhexyl)adipate C,,H,,0, 370.3 21.1 82.9

23 Azelaic acid CH, O, 188.1 8.8 87.8

24 4-Hydroxycoumarin C,H O, 162.0 17.3 80.7

25 Dimethyl sebacate C,H,,0, 230.2 12.2 87.1

26 Hexadecanedioic acid C,H,,0, 286.2 12.6 84.4

27 Dodecanedioic acid C,H,,0, 230.2 11.3 88.4

28 16-Hydroxyhexadecanoic acid C,H,,0, 272.2 14.3 81.8

29 4-Dodecylbenzenesulfonic acid CH,,0,S 326.2 14.2 85.2

30 3,4-Dihydroxybenzaldehyde C.H,O, 138.0 11.7 81.0

31 3,5-Di-tert-butyl-4-hydroxybenzaldehyde C . H,.0, 234.2 16.6 80.1
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Figure 3 Gene ontology (GO) enrichment analysis (A) and Kyoto encyclopedia of genes and genomes (KEGG) pathway enrichment
analysis of 110 potential targets (B). BP: Biological process; CC: Cellular component; MF: Molecular function
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Figure 4 HPLC diagrams of the Jiangzhenxiang sample solution
(A), glycitein (B), formononetin (C), isorhamnetin (D) and narin-
genin (E) standard solution at 260 nm. 1: Glycitein; 2: Naringenin;

3: Isorhamnetin; 4: Formononetin
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Figure 5 HPLC diagrams of the Jiangzhenxiang sample solution
(A), mixed standards of ursolic acid and oleanolic acid (B) at

210 nm. 1: Oleanolic acid; 2: Ursolic acid

5 EBHMBENMBERSIREYX RAW264.7 HHBE
pal:opA)

MTT 45 R E7R (Kl 6), 5 AL, 10% & 24 1
T8 AN R VR P BH M 2 b JE K b AN [RD IR BE Ml B 3 L 5
422 (12.5 pmol- L) 2R {E K (12.5 pmol-L™) Flfig
RIR (25.12.5 pmol-L™) ¥J3%H B E 27 (P> 0.05).
PR AE A LR B R A 24 L3 W AR R E AR B
RAW264.7 i 3% F 5k
6 BHME . EEREMRENIT NOIL-6 1 TNF-a
7K B F2 0

HIE% A, A7 ZH NO L IL-6 F1 TNF-o &5 & &

A 150 B 150
X X
Z100 £100
Z 50 Z 50
3 3
0
0 5 10 20 0 10 20 40 80
Medicated serum / % Dexamethasone / pmol-L-!
E 150 F 150
X X
2100 £100
Z 50 Z 50
) 8

0 12.525 50 100
Formononetin / pmol-L-!

0 12.525 50 100
Ursolic acid / pmol-L-!

Q

F T (P <0.01), FRZAKAT N AT D 74 i 28 e
B, SRR A A LL, PH P2 10% 25 24 137 20 A 52
R AREFR WA E R FEE RN E T
FU I NOLIL-6 Fl TNF-a 7 & 2 & k> (P < 0.05 5%
P<001), H5FIEEMK. H, 5HMEZ (HhEX
Fa) AL, 10% & 25 MG 7 RERA VAR R4
(25 pmol'L™) MINO & &> (K 7). &R, FHE S
24 I3 FH ¥ 75 R br B3 BoR BT AR A T 58
YEH
7 BEREFRSISPTGS2HER SR

2 [ 4% 25 B 22 43 M, PTGS2 42 6 /N 7E i &= A
BP0 3L ) 1 O AT, 1% 0 I g A COX-2, BITE
B R] B AR A A0 T DR T P A R, TS 5 ROE J
LR B AR o PR, HE DU 6 SV 7R TR & AR E A T BE
1 COX-2 95 P o« AL 73 - %6F 2 M 6 4N 1E o
bR A R VR ) COX-2 M. SRR AR
WE R R UL R (ID8 5 AL A S
REZr 1 N-314.318 7.-97.860 6.-133.514 5.-94.079 3.
-166.834 8 kcal-mol”, 57 i &= & 1 45 & 6 ft T IDS,
RO TR GRS WESHIR, RREREA
FETR Bk % TYR355. ARG120 & Bl & 4, 7% 35 38 it Pi
# 5 LEU352. ALA527. VAL349. VAL116 Al LEU531
EH .
8 MBRAEFRIW. . FRFRICOX-2FEMHAFN

DAZE SR A o B PR B 24, A B 1 A B2 U
RZEZ N COX-2MHITER . 45 R 9 Fiow, PR E A4
A B2 2% COX-2 F & & AHIER, HER
[ o JE2 5 [l 2 P SR ) AR OR AR, AE 2 B ) ok B
(half inhibitory concentration, 1C,)) A~ [A], [ B Fr $i& it
W\ R B AR SR N ZE SR B A 1 1C,, 237 9 15.81 mg-mL'.
9.55 umol-L".20.31 nmol-L". A i, 5 2= & X COX-2
M SR BLF, 55 TR R AR

C 200 D 150
8 R
3,150 T =
£ £100
£ 100 3
=~ S
= = 50
3 % 3

0
0 12.525 50 100
Isorhamnetin / pmol-L-!

0 12.525 50 100
Naringenin / pmol-L-!

150

150
g B
£100 £100
8 £
Z 50 Z 50
8 3

0 12,525 50 100
Oleanolic acid / pmol-L-!

0 12.525 50 100
Glycitein / pmol-L-!

Figure 6 Effects on the viability of RAW264.7 cells after treated with medicated serum (A), dexamethasone (B), naringenin (C), isorham-

netin (D), formononetin (E), ursolic acid (F), oleanolic acid (G) and glycitein (H). n =6, x £ 5. P < 0.01 vs the control group
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Figure 7 Effects of 10% Jiangzhenxiang medicated serum (JMS) and dexamethasone (DXM) on NO (A), IL-6 (C), TNF-a (E) of
RAW264.7 cells. Effects of naringenin (Nari), isorhamnetin (Iso), formononetin (FN), ursolic acid (UA), oleanolic acid (OA) and glycitein

(Gly) and dexamethasone (DXM) on NO (B), IL-6 (D), TNF-a (F) of RAW264.7 cells. n =3, x £ 5. P < 0.01 vs control group; ‘P < 0.05,
“P<0.01 vs model group
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Figure 9 Dose-COX-2 inhibition curves of Jiangzhenxiang extract (A), isorhamnetin (B) and celecoxib (C)
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