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To explore the quality markers of Huangqin Qingre Chubi capsule in
the treatment of rheumatoid arthritis based on network pharmacology
combined with pharmacokinetics and target verification
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Abstract: As an effective prescription for the treatment of rheumatoid arthritis (RA), Huangqin Qingre Chubi
capsule (HQC) is still blank in quality control. This study aims to explore quality markers (Q-markers) for HQC in
the treatment of RA by integrating network pharmacology and pharmacokinetics. By constructing the visualization
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network of "pharmacodynamic ingredient-target-pathway", the potential Q-Marker of HQC treatment for RA was
preliminatively predicted. A rat model of rheumatic heat obstruction syndrome collagene-induced arthritis (CIA)
was established to elucidate the dynamic quantification law of pharmacodynamic components of HQC in the
disease state of rats. To establish the inflammatory model of RA synovial fibroblasts (MH7A) induced by tumor
necrosis factor-a (TNF-a) in vitro. The effects of active ingredients on protein expression of sphingosin kinase-1
(Sphk1) and p-SphK1 were detected. The network pharmacological results showed that baicalin, geniposide,
luteolin, coixol and amygdalin were the important active components of HQC treatment for RA. Quantitative
analysis results further verified the measurability of these five components. The expression of Sphk1 and p-SphK1
was significantly inhibited by geniposide and baicalin by Western blotting. The above studies determined that the
above 5 components could be used as Q-markers in the treatment of RA by HQC. This experiment was approved
by the Experimental Animal Ethics Committee of Anhui University of Chinese Medicine (approval number:
AHUCM-rats-2021049). All procedures were conducted in strict accordance with the principles of animal use and
care.
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Analyte Molecular weight Precursor ion (m/z) Product ion (m/z)  Declustering potential/V  Collision energy /eV
Baicalin 446.36 4452 269.0 -60 =31
Geniposide 388.37 387.2 225.1 -80 -12
Luteolin 286.24 285.4 133.0 -120 —-44
Coixol 165.15 164.0 149.0 -60 =20
Amygdalin 457.43 456.4 323.1 -60 -17
Paeoniflorin 480.47 479.00 120.6 -80 -30
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Figure 1 Network pharmacological analysis. KEGG pathway enrichment of the anti-rheumatoid arthritis (RA) effect of Huangqin Qingre
Chubi capsule (HQC) (A); network diagram of "components-targets-pathways" (B). PI3K: Phosphoinositide 3-kinase; AKT: Protein kinase
B; MAPK: Mitogen-activated protein kinase; Ras: Rat sarcoma; Rapl: Ras-associated protein 1; FoxO: Forkhead box protein O; Th17: T
helper cell 17; IL-17: Interleukin-17; AGE: Advanced glycation end-products; RAGE: Receptor for advanced glycation end-products;
VEGF: Vascular endothelial growth factor; HQ 31: Baicalin; TR 23: Amygdalin; ZZ 11: Geniposide; YYR 7: Coixol; WLX 4: Luteolin
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Figure 2 Expression of p-SphK1 and SphK1 protein in MH7A induced by TNF-a and intervention of five active components of HQC.
CCK-8 was used to detect the proliferation of MH7A treated by different concentrations of TNF-a (A). n = 6, x * s. Effects of coxiol, genipo-

side, amygdalin, luteolin, and baicalin on the expression of SphK1 and p-SphK1 protein in MH7A induced by TNF-a, respectively (B). n =

3,x+s. "P<0.05 "P<0.01 vs TNF-a group; "P < 0.05, P < 0.01 vs control group. TNF-a: Tumor necrosis factor-a; SphK1: Sphingosin

kinase-1
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Figure 3 Results of global index evaluation in RA rats. The paw observation of CIA and FSR rats showed swelling (A); pathomorphology
of synovium in CIA and FSR rats (B); global assessment of CIA and FSR rats (C); arthritis index of CIA and FSR rats (D); paw swelling of
CIA and FSR rats (E). n =6, x £ 5. "P < 0.01 vs control group; “P < 0.05, *P < 0.01 vs CIA group. CIA: Collagen-induced arthritis; FSR:

Rheumatic heat environment; S: Synoviocytes; A: Angiogenesis; I: Inflammatory cells
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Figure 4 Results of heat attribute evaluation in RA rats. Hematocrit of CIA and FSR rats (A); plasma viscosity of CIA and FSR rats (B);

whole blood viscosity of CIA and FSR rats (C); joint surface temperature in CIA and FSR rats (D). n =6, x £s. P <0.05, "P < 0.01,

0.001 vs control group; "P < 0.05, P < 0.01 vs CIA group
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Figure 5 UHPLC-MS/MS chromatograms of 5 compounds and IS (paeoniflorin). blank plasma (A); blank plasma spiked with the

5 analytes and IS (B); plasma sample after oral administration of Huangqin Qingre Chubi capsule at a dosage of 324 mg-kg' (C). 1:

Baicalin; 2: Geniposide; 3: Luteolin; 4: Coixol; 5: Amygdalin; 6: Paeoniflorin

Table 2 Regressive equation, correlation coefficients, linearity range, and limit of quantitation of 5 constituents. LOQ: Limit of quantita-

tion
Compound Regressive equation Correlation coefficient (R?) Linear range/ng-mL" LOQ/ng-mL"
Baicalin »=0.0289x-0.0493 0.999 2 21.88-2 800 10.94
Geniposide »=0.003 58 x - 0.060 7 0.998 7 20.55-2 630 10.28
Luteolin y=0.013 8 x +0.000 614 0.999 4 0.812 5-26.00 0.8125
Coixol y=0.0128x+0.036 3 0.997 9 0.429 7-55.00 0.429 7
Amygdalin y=0.004 01 x+0.0136 0.999 3 0.804 7-206.0 0.804 7
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Figure 6 Mean plasma concentration-time curves of 5 compounds. n = 6, x £ s. A: Coxiol; B: Luteolin; C: Baicalin; D: Geniposide; E:

Amygdalin

Table 3 Pharmacokinetic parameters of 5 compounds in rat models of FSR. n =6, x + s

Parameter Baicalin Geniposide Luteolin Coxiol Amygdalin
t./h 0.42+0.13 1.08 +0.20 0.46+0.10 0.58 £0.20 1.00 + 0.00
C, . /ngmL’ 2179.7+196.9 77.7+11.2 149+23 12.0+4.5 12.8+2.0
t,,/h 6.0+1.0 55+0.5 56+1.1 46+1.1 45+1.7
AUC, /ug'h-L! 15564.1 +£891.1 203.9 £23.6 39.6£11.0 59.3+£19.8 36.6 £ 8.2
AUC, /pgh-L’ 15764.5 + 867.1 204.8 +23.6 39.9£11.0 59.6 £20.1 384+7.4
MRT, /h 7.0+0.5 3.09+0.16 54+0.5 59+1.0 4.8+0.8
MRT _/h 7.6+0.5 3.29+0.2 5.7+0.6 63+1.5 59+1.1

A= %} SphK 1 Fl p-SphK 1 A 3 o2 (P> 0.05).

Wie

vh 24 52 77 o T 4R i R T ) L ELARAE, PRt
FRABHE G T piETBOAEERE . AP
T 2 24 B 2 2 < 2 By o N SR IR IR, 4R FE HQC it
RA HI U FR S AHE 708 il 70— 48 i -3 i 7 v
AL 28 53 Hr, R ILHQC 5 A % ji 73 v g il i 52
M Sphk1.S1P %54 fU1G T RA

TR JRE A O RA R {5 BURR AL, B F R W, 2
Tolr 98 M IR 7 W] AR DA 41 Bl AORE AN I K Jee 1 4 A i e
SI1PE Ny — 3 BN i 7 1, 183 SphKs 7 W2 10 0%
AL R, 455 N B IR b S1P 2462 5 il 4T 4k i
T R A R E R 4/ 3 (interleukin, 1L)-6 %
T, A5 RA RAE SN A SLIRUE S8 24 S 11
BE 0% W52 4001 41 o R p-SphK 1 A1 SphK 1 28 [ %1%, 2%
it R RE R N . 41 AME 5 8 15 B 1/2 (extracel lular
signal regulated kinase 1/2, ERK1/2) 1% 2 5 RA 1 42
Z4 )5 3 4k B B (mitogen-activated protein kinase,
MAPK) /™3 I 2 i 38 B AT G 15 B IR0 2, 7E S PEER
Bir, TNF-a 2 5 #0% ERK1/2 3 #% 3+ 5 F 7 IL-6.
HE o < e £ g -3 R T, N EL T I RRE, T Ah R I
R AR, 0 S R p38 MAPK [A] R i IL-14. TNF-a

FIIL-6 55 2 PR 28 48 i (Kl -1 W 90 B 30255 1 v
A WA p-p38, FHIT 78 i 0 P, O 7 ML Y. R
L Z I T 1) MAPK G 2%, #0 NOD &5 ¥4 384 52 14 3
RN INR RO, RIEEPT RS 3-8 BR UL B U g/
B H I B (phosphoinositide 3-kinase/protein kinase B,
PI3K/AKT) il B% A Pp B IL-17 2 IL-21 8 1t PR 450 &
ER . Hou S5 I 58 R AR R R 35 i p-AK T
p-ERK 8, Zf# CIA K BRUIH A0 M3 i o 1t 7 35 %5
T A 8 I R U A SR O/ ER K/ Akt 3 [ R I
o P 45 1 96 K RRUEIR™

WF 52 7 SphK1 2 5 RA I & 4=, I o 2 4
KK F (vascular endothelial growth factor, VEGF) fiit &
SphK 1 fif B A6 AL i g, /v 5 VEGF-SphK 1-S1P i %
B2 5 RA M H AP, ERK1/2 Al %8B VEGF it i
p-ERK1/2 5 SphK1 (1) 45 4, V3% L% 7 4. Deng
GRS B, B - B A SphK1 AT p-ERK 1/2 45
&, WD STP R, I A k. %S T28ERS
N L 4 6 ) AR OGB4, A BF 5 A6 R 5 B 003 IE AR A
FSR K FRBEAY, i 0 i ) 6% 245 B 5 T 00 £ S o v
4 o

2% L RTIR, A T I R N A S IR SE B A AR
TH EH O ORREE R ETE L HQC HLRA i
AR EY, F PR EE T 5 A E N HQC F Z s



O [ ST LR A A

2585 AL IR UE AR JU R AT PR EROB A B IR T R XIRR T R BU R AR S

1429

4 p-SphK 1 A S1P B, 1677 RA

B STBK: H 0 [7) 47 5T 58 JROM SR S R ST T

P H IR BRI el PR AR R0 5 e ORI SR 4R SR AL X
2o TR 5B,

FEERSE: ASCHTA & 1 W TR i o R

References

(1]

(2]

(6]

(7]

[10]

[11]

[12]

Wang RH, Dai XJ, Wu H, et al. Anti-inflammatory effect of geni-
poside on regulating the functions of rheumatoid arthritis syno-
vial fibroblasts via inhibiting sphingosine-1-phosphate recep-
tors1/3 coupling Gai/Gas conversion [J]. Front Pharmacol, 2020,
11: 584176.

Wen JT, Liu J, Wang X, et al. Effect of Xinfeng capsules-contain-
ing serum on TNF- a -induced apoptosis and inflammation of
fibroblast-like synoviocytes in rheumatoid arthritis [J]. Rheum
Arthritis (KR 5 5575 %), 2021, 46: 436-443.

Zhang TJ, Bai G, Liu CX, et al. The concept core theory and
research methods of Chinese medicine quality markers [J]. Acta
Pharm Sin (£57%%7%4i2), 2019, 54: 187-196.

Lee HJ, Ryu J, Park SH, et al. Suppressive effects of coixol,
glyceryl trilinoleate and natural products derived from Coix
Lachryma-Jobi var. ma-yuen on gene expression, production and
secretion of airway MUCS5AC mucin [J]. Arch Pharm Res, 2015,
38: 620-627.

Xiao Z, Ji Q, Fu YD, et al. Amygdalin ameliorates liver fibrosis
through inhibiting activation of TGF-f/Smad signaling [J]. Chin
J Integr Med, 2023, 29: 316-324.

Wang Y, Wu H, Deng R, et al. Geniposide downregulates the
VEGF/SphK1/S1P pathway and alleviates angiogenesis in rheu-
matoid arthritis in vivo and in vitro [J]. Phytother Res, 2021, 35:
4347-4362.

Zhu M, Ying J, Lin C, et al. Baicalin induces apoptotic death of
human chondrosarcoma cells through mitochondrial dysfunction
and downregulation of the PI3K/Akt/mTOR pathway [J]. Planta
Med, 2019, 85: 360-369.

Zuo W, Liu N, Zeng Y, et al. Luteolin ameliorates axperimental
pulmonary arterial hypertension via suppressing hippo-YAP/
PI3K/AKT signaling pathway [J]. Front Pharmacol, 2021, 12:
663551.

Spel L, Martinon F. Inflammasomes contributing to inflamma-
tion in arthritis [J]. Immunol Rev, 2020, 294: 48-62.

Baker DA, Obeid LM, Gilkeson GS. Impact of sphingosine
kinase on inflammatory pathways in fibroblast-like synoviocytes
[J]. Inflamm Allergy Drug Targets, 2011, 10: 464-471.

Arthur JS, Ley SC. Mitogen-activated protein kinases in innate
immunity [J]. Nat Rev Immunol, 2013, 13: 679-692.

Wang XL. The Mechanism of IGFBP2 Regulating the Biological

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

Behavior of RA-FLS Cells Through ERK1/2 Signaling Pathway
(IGFBP2 il it ERK1/2 15 5 J % i %5 RA-FLS 41l fid A= 91 547
HLHIHTF7T) [D]. Guangzhou: Jinan University, 2017.

Machado CRL, Dias FF, Resende GG, et al. Morphofunctional
analysis of fibroblast-like synoviocytes in human rheumatoid
arthritis and mouse collagen-induced arthritis [J]. Adv Rheuma-
tol, 2023, 63: 1.

Beyaert R, Cuenda A, Vanden Berghe W, et al. The p38/RK
mitogen-activated protein kinase pathway regulates interleukin-6
synthesis response to tumor necrosis factor [J]. EMBO J, 1996,
15:1914-1923.

Lee JC, Laydon JT, McDonnell PC, et al. A protein kinase
involved in the regulation of inflammatory cytokine biosynthesis
[J]. Nature, 1994, 372: 739-746.

Fang F, Xie Z, Quan J, et al. Baicalin suppresses Propionibacte-
rium acnes-induced skin inflammation by downregulating the
NF- kB/MAPK signaling pathway and inhibiting activation of
NLRP3 inflammasome [J]. Braz J Med Biol Res, 2020, 53:
€9949.

Hu Y, Zhou Q, Liu T, et al. Coixol suppresses NF-xB, MAPK
pathways and NLRP3 inflammasome activation in lipopolysac-
charide-induced RAW 264.7 cells [J]. Molecules, 2020, 25: 894.
Hou Y, Wu J, Huang Q, et al. Luteolin inhibits proliferation and
affects the function of stimulated rat synovial fibroblasts [J]. Cell
Biol Int, 2009, 33: 135-147.

Bi WP, Man HB. Baicalin inhibits inflammation and apoptosis of
interstitial cells of Cajal by targeting the NF- xB-mediated
AMPK/ERK/Akt pathway in an ulcerative colitis rat model [J].
Neuro Endocrinol Lett, 2021, 42: 528-537.

Sun M, Deng R, Wang Y, et al. Sphingosine kinase 1/sphingosine
1-phosphate/sphingosine 1-phosphate receptor 1 pathway: a
novel target of geniposide to inhibit angiogenesis [J]. Life Sci,
2020, 256: 117988.

Pulkoski-Gross MJ, Obeid LM. Molecular mechanisms of
regulation of sphingosine kinase 1 [J]. Biochim Biophys Acta
Mol Cell Biol Lipids, 2018, 1863: 1413-1422.

Wang Y, Wu H, Gui BJ, et al. Geniposide alleviates VEGF-
induced angiogenesis by inhibiting VEGFR2/PKC/ERK1/2-
mediated SphK1 translocation [J]. Phytomedicine, 2022, 100:
154068.

Deng R, Bu Y, Li F, et al. The interplay between fibroblast-like
synovial and vascular endothelial cells leads to angiogenesis
via the sphingosine-1-phosphate-induced RhoA-F-actin and Ras-
ERK1/2 pathways and the intervention of geniposide [J]. Phyto-
ther Res, 2021, 35: 5305-5317.

Ren JL, Zhang AH, Kong L, et al. Analytical strategies for the
discovery and validation of quality markers of traditional Chinese

medicine [J]. Phytomedicine, 2020, 67: 153165.



