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Exploration of Triptergium wilfordii Hook. F combined with Glycyrrhiza uralensis
in treatment of Rheumatoid Arthritis based on systematic pharmacology

CHEN lJin, LIU Chuanxin, YANG Pei, ZENG Qi, CHEN Min, LEI Zhongxia, ZHAN Xueyan
School of Chinese Pharmacy, Beijing University of Chinese Medicine, Beijing 10029, China

Abstract: Objective To explore the mechanism of Triptergium wilfordii combined with Glycyrrhiza uralensis in the treatment of
Rheumatoid Arthritis based on systematic pharmacology. Methods TCMSP database and literature search were used to establish the
chemical constituents Library of Triptergium wilfordii combined with Glycyrrhiza uralensis. The target of components was predicted
through DRAR-CPI, BATMAN-TCM and other online prediction websites,and intersect with disease targets to obtain the therapeutic
targets of Triptergium wilfordii combined with Glycyrrhiza uralensis for Rheumatoid Arthritis. Potential active components were
screened by reverse targeting and verified by ultra-high performance liquid chromatography-time-of-flight mass spectrometry
(UPLC-Q-TOF/MS). GeneMANIA database was used to search indirect targets and protein interaction was used to screen key
targets. Molecular docking technology (Systems Dock) was used to match potential active ingredients with key targets to verify the
reliability of previous target screening and the correctness of reverse pharmacophore matching. To explore the mechanism of
Triptergium wilfordii combined with Glycyrrhiza uralensis in the treatment of rheumatoid arthritis, key pathways were analyzed by
GO and KEGG biological annotations. Results A total of 33 chemical constituents and 47 potential targets were obtained. Among
them, 31 targets of 32 components and 35 pathways were closely related to drug therapy for Rheumatoid Arthritis, mainly involving
the inflammatory pathways such as arachidonic acid metabolic pathway, IL-17 signaling pathway, as well as the immune-related

pathways such as NF-«B signaling pathway and T cell receptor signaling pathway. Conclusion The treatment of Triptergium
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wilfordii combined with Glycyrrhiza uralensis mainly through inflammation and immune regulation.

Key words: Triptergium wilfordii Hook. F; Glycyrrhiza uralensis; Rheumatoid Arthritis; systemic pharmacology; targets; pathways;

mechanism
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MassLynx 4.1,
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Table 1 Chromatographic Elution Conditions for UPLC-
Q-TOF/MS Detection of Tw combined with GR

#/min AC0.1% FFRIK) B(0.1% HF IR ZJ55)

0 98% 2%
14 40% 60%
16.5 2% 98%
18 2% 98%
20 98% 2%

(2) )5 1% 2% A4 % F H s 25 H 55 Y5 ESTL £ 1E L 67
B TR 2 0 EAT RS A I 4> AT . fE AN,
VB DRyl B8 55 v 5 IV 7 AR R SR AR
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kPa, i 75 7 &S A BRI B 900 L/h, 4 £L S RS
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i RE & 40~65 eV, VU H4 75 Bl 50~1 200,
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Molecular Functions. A% & ERIA , i ik A= Wi 1%
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DL K M G 1T & (Rheumatoid arthritis,
RA)” KB, #£ CTD H4i 2 v 4k 3 188 /M id
A “marker/mechanism” [ % 93 4 #5 , TTD £ 5 F¢ A
AN 15 >9850, B J5 18 1 Uniprot 25 4 22 1
UniProt KB 18 2 Ty B2 85 11 4 %% 4k 9 s 1 5 R 50
AL AR EE IR 191 ANEORAE bR . KR
BI) (1) 245 P AE SR A A AR 2R AT LU X, 15 31
P AR bR . o, 33 ML 2 LA BN A2 iR
JT RA [ AE 25 R0 o B ailh , 27 N EAR B N 2 B
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Table 2 Basic information on chemical constituents of Tw combined with GR in the treatment of RA

AW S 1AW 4 OB/% DL KU
MOL000296 hederagenin 36.91 0.75 N
MOL003187 triptolide 51.29 0.68 NI
MOL003189 wilforlide A 35.66 0.72 PN
MOL003192 triptonide 67.66 0.70 A
MOL003196 tryptophenolide 48.50 0.44 NS
MOL003206 canin 77.41 0.33 AT
MOL003208 celafurine 72.94 0.44 HATE
MOL003210 celapanine 30.18 0.82 N
MOL003217 isoxanthohumol 56.81 0.39 FN T
MOL003222 salazinic acid 36.34 0.76 AT
MOL003225 hypodiolide A 76.13 0.49 AR
MOL003229 triptinin B 34.73 0.32 A
MOL003231 triptoditerpenic acid B 40.02 0.36 NS
MOL003232 triptofordin B1 39.55 0.84 AT
MOL003245 triptonoditerpenic acid 42.56 0.39 IS
MOL003278 salaspermic acid 32.19 0.63 AT
MOL003280 triptonolide 49.51 0.49 WA
MOL000422 kaempferol 41.88 0.24 A, HRE
MOLO003656 lupiwighteone 51.64 0.37 B
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HEdm~ ) 4 OB/% DL PSA
MOLO004814 isotrifoliol 31.94 0.42 HE
MOL004856 gancaonin A 51.08 0.40 HE
MOL004882 licocoumarone 33.21 0.36 HE
MOL004903 liquiritin 65.69 0.74 HEE
MOL004904 licopyranocoumarin 80.36 0.65 o
MOL004907 glyzaglabrin 61.07 0.35 HHE
MOL004948 isoglycyrol 44.70 0.84 EES
MOL004949 isolicoflavonol 45.17 0.42 EES
MOL000497 licochalcone A 40.79 0.29 EES
MOL004974 3'-methoxyglabridin 46.16 0.57 HE
MOL003186 celastrol 17.84 0.78 ERA
MOL004876 glycyrrhizic acid 19.62 0.11 HEE
MOL004804 glycyrrhetinic acid 22.05 0.74 HE
MOL004951 isoliquiritin 8.61 0.60 HEE
®3 BAEBREHEERTRANBSMERERER
Table 3 Target information of components and effects of Tw combined with GR in the treatment of RA
5 3 Uniprot ID ¥ kR iz 7t
1 HSD11B1 P28845 Corticosteroid 11-beta-dehydrogenase isozyme 1 27 JEEZA Wi
2 ANXA3 P12429  Annexin A3 25 EARHCER
3 CD2 P06729 T-cell surface antigen CD2 21 B
4 GC P02774 Vitamin D-binding protein 19 JERE7 LY N
5 JAK3 P52333 Tyrosine-protein kinase JAK3 16 AR
6 IL10 P22301 Interleukin-10 16 FLIRALAR
7 LCN2 P80O188 Neutrophil gelatinase-associated lipocalin 15 ELHEAE bR
8 NR3C1 P04150 Glucocorticoid receptor 12 JEE3 N
9 PONI1 P27169 Serum paraoxonase/arylesterase 1 12 BB
10 DHFR P00374 Dihydrofolate reductase 11 IR N
11 AKRIBI P15121  Aldose reductase 8 HIZALAR
12 CTSD P07339 Cathepsin D 8 HEER
13 DHODH Q02127 Dihydroorotate dehydrogenase (quinone) , mitochondrial 7 IERE7E LY N
14 F2 P00734  Prothrombin 5 FLIRALAR
15 MIF P14174 Macrophage migration inhibitory factor 4 ELHEAE bR
16 ALOXS5 P09917 Arachidonate 5-lipoxygenase 4 JERE3 AN
17 TNF P01375 Tumor necrosis facto 3 B bR
18 ATIC P31939 Bifunctional purine biosynthesis protein PURH 3 HEAER
19 PADI4 QIUMO7 Protein-arginine deiminase type-4 2 HEEbR
20 PTGS2 P35354 Prostaglandin G/H synthase 2 2 JERPR RN
21 PTGSI P23219 Prostaglandin G/H synthase 1 2 IERE3 LY N
22 MTHFR P42898 Methylenetetrahydrofolate reductase 1 ISP N
23 GDF5 P43026 Growth/differentiation factor 5 1 H AR bR
24 STS P08842 Steryl-sulfatase 1 BB AR
25 CALDI Q05682 Caldesmon 1 HEH bR
26 BMP4 P12644 Bone morphogenetic protein 4 1 HAESEAR
27 GART P22102 Trifunctional purine biosynthetic protein adenosine-3 1 HREbR
28 CD36 P16671 Platelet glycoprotein 4 - EIEE73 a7
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(£E43)
¥ £ Uniprot ID HEFR g FA
29 COTLI Q14019 Coactosin-like protein - B B EE AR
30 RBKS Q9H477  Ribokinase - Ji) 42 L b
31 DDT P30046 D-dopachrome decarboxylase - EIEE73 a7
32 TKFC Q3LXA3  Triokinase/FMN cyclase - [ 42 FE AR
33 TLL2 Q9Y6L7  Tolloid-like protein 2 - [ 422 ¥ AR
34 TYMS P04818  Thymidylate synthase - [ 4 b
35 GGA3 Q9NZ52  ADP-ribosylation factor-binding protein GGA3 - [ 422 ¥E A
36 GREM2 Q9H772  Gremlin-2 - [A] S bR
37 GZMM P51124 Granzyme M - FIEE3: 450 7
38 IARS2 QI9NSE4 Isoleucine--tRNA ligase , mitochondrial - ()4 A
39 IL19 Q9UHDO Interleukin-19 - ) B AR
40 1IL20 QI9UHF4 Interleukin-20 receptor subunit alpha - ] 2 FE AR
41 LMLN QI96KR4 Leishmanolysin-like peptidase - [ 42 ¥ AR
42 LPP P69776 Major outer membrane prolipoprotein Lpp - [ 422 #E AR
43 MRI1 Q9BV20  Methylthioribose-1-phosphate isomerase - [ 422 ¥E AR
44 PAICS P22234 Multifunctional protein ADE2 - [ 422 ¥O A
45 PFAS 015067 Phosphoribosylformylglycinamidine synthase - B B AR
46 PROZ P22891 Vitamin K-dependent protein Z - B B AR
47 PSAP P07602  Prosaposin - ETEE73 b 7N
23 BeRHEEE-CTIEIRIESER P57 A FEBCAR H 555 , i@ 1 UPLC-Q-TOF/MS ¥ /g

S S5 IR, i H R 1Y) 33 P AE T M Ry far i, BB L ILR 4 B 1.
x4 ELEMAEEARTRANFEERSEEER
Table 4 Mass spectrometry data and identification results of Tw combined with GR in treatment of RA
F5 {RBiIE ESI &) AT HESTE ENSTE O ORE MS/MS

1 6.033 [M+H]" triptolide CyH,,0, 361.1651  361.1654  0.83 361.1[M+H]
343.1[M+H-H,0J
345.0LM+H-CH, ]
279.0[ M+H-3H,0-CO "
303.0lM+H-CO-CH,0]"
251.0l M+H-CH,0, ]
249.1[ M+H-CH,0,-H,]"

2 11.779  [M-H] triptonolide CyH,0, 3251440  325.1451  3.38 325.1[M-HJ
309.2[M-H-CH, T
297.1[M-H-COT
281.0[M-H-CO,]-
267.0LM-H -C,H,0]
265.1[M-H-CH,-CO, I
251.0lM-H-CH,-C,H,0, ]

3 7.078 [M+H]" triptonoditerpenic =~ C,H,O, 3452066 3452043 -6.6 313.0156 [M+H-CH,0H]"
acid 327.1224[M+H-H,0]"
235.0739[ M+H-C,H,0,]"
4 17362 [M-H]  wilforlide A CyH, O, 4533369 4533383  3.09 453.3383[M-HJ

409.3[ M-H-CO,
435[M-H-H,0J
208.0lM-H-C ,(H,,0, ]
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F5 {RERE ESI &Y aFA RS TR SSllSTR O ORE MS/MS

5 16.003  [M-H] tryptophenolide CyH,,0;  311.1647  311.1664 546 311.1664[M-H]
295.0[M-H-CH, T
283.1[M-H-COJ
267.0LM-H-CO,
265.0LM-H-CO-H,0]
253.1[M-H-CO-CH,0 ]
251.0[M-H-CH,-CO, I
237.0LM-H-CH,-C,H,0, ]
201.0[M-H- CH,0, ]
199.0[ M-H- C;H0,-H, T

6 11.196  [M-H] licopyranocoumarin C,H,0O, 383.1131 383.1125  -1.57 383.1125[M-HT
366.1[M-H-OH]'
368.0[ M-H-CH, ]*

7 7.597  [M-H] kaempferol CisH, O, 2850399 2850392 -2.45 285.0392[M-H]
256.0LM-H-COJ
228.0[M-H-2CO T
210.0LM-H-HCOOH T
184.0lM-H-C,H,0,
168.0[ M-H-C,H,0, ]
150.0l M-H-C,H,0,-H,0 T

8 16.046  [M-H] glycyrrhetinic acid ~ CyH,0, 469.3318  469.3333 320 469.3333[M-H]
425.2[ M-H-HCOOH |

9 5.692  [M-H] liquiritin or C,H,O, 417.1186  417.1181 -1.20 417.1181[M-H]
isoliquiritin 255.0[l M-H-C4H,,05 ]
135.0lM-H-CH,,0,-C,H,0, ]
10 7.150  [M-HT liquiritin or C,H,0, 417.1186  417.118 6 0  417.1186[M-HT
isoliquiritin 255.0LM-H-CH,,0,

135.0lM-H-CH,,0,-C,H,0, T
11 10726  [M-HJ] glycyrrhizicacid ~ C,HuO, 8213960  821.3947  -1.58 821.3947[M-H]
645.2[ M-H-C4H,O,
469.3 [M-H-2CH;0,
12 8202 [M+H]" hederagenin CyHis0, 4733631 4733625  -1.27 473.3625[M+H]"
455 3[M+H-H,0]
437 3[M+H-2H,0T
419.1[M+H-3H,0 1
329.1[M+H-C,H,0,]"

13 15.689 [M+H] isoglycyrol C,H;Oy 367.1182 367.1172  -2.7  367.1172[M+H]
311.0527
339.1217

14 7.540 [M+H]" triptonide CyH»O4  359.149°5 359.1480  -4.17 359.1480[M+H]

341.1 [M+H-H,0]"

331.1 [M+H-COJ*

313 .1LM+H-CO-H,07"
15 16948 [M+H]" triptinin B CyH,,0; 3151960  315.1948 -3.8 2431

219.1

205.2
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(L)
F5 {RERE ESI & aFA RS TE O SSllS TR ORE MS/MS
16 17.118 [M+H]" hypodiolide A CyuH,,0; 3192273 3192291 5.6 319.2291[M+H]'
255.1,131.0
17 12944 [M+HT licochalcone A C,H,0, 339.1596  339.1582  -4.13 339.1582[M+H]"
307.0lM+H-CH,OH |'
283.1[M+H-C,H, ]
271.0LM+H-C,H, J*
18 9.083 [M+H]" lupiwighteone CyH05 339.1232  339.1225  -2.06 147.0{M+H-C,H,,0,]
119.0l M+H-C,H,,0, ]
19 7.832  [M+H]* licocoumarone CyH,Os  341.1389  341.1382  -2.05 353.1,284.0
216.0,182.0
20 5726  [M+Nal" celastrol CpH 0, 4732668 4732637 -6.5 473.2637[M+Na]’
405.2[ M+H-HCOOH '
257.0 [M+H-C,H,,O, 1"
201.0 [M+H-C,(H,,0, ]’
21 7.683  [M-H] canin CsH 05 277.1076  277.1075  -0.36 277.1075[M-H]
259.0lM-H-H,0 T
22 11217 [M+Nal* celafurine CyH,N; 3921950  392.1937  -3.31 392.1937[M+Na]’
0, 374.0[ M+Na-H,0 ]
325.1[M+Na-C,H;0 ]
23 5841  [M-HJ] celapanine Cy,H:NO 5682183 5682164  -3.67 568.2164[M-H]
» 553.1[M-H-CH,
523.1[M-H-HCOO
24 12.589 [M+H]® isoxanthohumol C,H,,O; 355.1545 355.153 1 -3.9  355.1531[M+H]*
338.1LM+H-OH]
337.1[M+H-H,0 ]
340.1[M+H-CH,]"
25  12.034 [M+Nal" salazinic acid CH,0,, 411.0328  411.0345  4.14 411.0345[M+Na]’
394.1[M+Na-OH]*
26 15.889 [M+KJ* triptoditerpenic C,H,0; 367.1676  367.1641 -9.5 367.1641[M+K]'
acid B 321.0[M+K-HCOOH]*
27 18265 [M-H] triptofordin Bl CuH,,0, 4772277 4772279 042 477.2279[M-HT
28 8209 [M+H]" salaspermic acid CyHi0, 4733631 4733633 042 473.3633[M+H]
427.1[M+H-HCOOH ]
29 12738 [M+H]" isotrifoliol CieH, 05 299.0556  299.0554  -0.67 299.0554[M+H]"
282.0lM+H-OHJ*
30 11.487 [M+H]" gancaonina C,H,Os 353.1389  353.1379  -2.83 353.1379[M+H]"
336.1[M+H-OH '
338.1[M+H-CH, "
31 12710 [M+H]" glyzaglabrin CH, O,  299.0556  299.0555  -0.33 299.0555[M+H]"
282.0[M+H-OH "
32 12454 [M+H]" isolicoflavonol CyH0s 3551182 355.1180  -0.56 355.1180[M+H]’
338.1[M+H-OHT*
33 12582 [M+H]" 3-methoxyglabridin C,H,O; 355.1545  355.1536  -2.53 355.1536[{M+H]"

338.1[M+H-OH]'
340.0lM+H-CH, "
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Fig.1 BPI of Tw combined with GR UPLC-Q-TOF/MS
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Table 5 Topological parameter analysis of protein-protein interaction

HLAR i 3 BC cc TC HUbR i3 BC cc TC
TNF 17 0.556 7 0.5556 0.143 1 IARS2 3 0.000 7 0.274 0 0.733 3
IL10 12 0.122 4 0.454 5 0.200 0 IL19 2 0.000 0 0.367 0 0.805 6
PTGS2 9 0.114 0 0.476 2 0.2370 BMP4 2 0.050 0 0.2312 0.500 0
GART 9 0.074 6 0.360 4 04127 HSD11B1 2 0.050 0 0.2899 0.500 0
PAICS 8 0.0422 0.3670 04219 GC 2 0.000 0 0.303 0 0.666 7
ATIC 8 0.066 5 0.384 6 0.402 8 PROZ 2 0.000 0 0.303 0 0.666 7
DHFR 8 0.049 7 0.360 4 0.4250 PONI1 2 0.000 0 0.396 0 0.568 2
MTHFR 8 0.178 0 0.449 4 0.2857 CD2 2 0.000 0 0.367 0 0.805 6
TYMS 6 0.003 2 0.3509 0.5222 GDF5 2 0.184 6 0.388 3 0.500 0
F2 6 0.1019 0.4255 0.3333 COTLI1 1 0.000 0 0.283 7 0.000 0
DHODH 6 0.001 0 0.303 0 0.6111 1IL20 1 0.000 0 0.274 0 0.000 0
PFAS 5 0.004 0 0.296 3 0.618 2 PSAP 1 0.000 0 0.272 1 0.000 0
ALOXS 5 0.050 0 0.3922 0.442 1 TLL2 1 0.000 0 0.188 7 0.000 0
MIF 5 0.080 3 0.4255 0.3750 RBKS 1 0.000 0 0.266 7 0.000 0
PTGS1 4 0.000 0 0.388 3 0.5375 DDT 1 0.000 0 0.300 8 0.000 0
NR3C1 4 0.097 4 0.396 0 0.487 5 CD36 1 0.000 0 0.226 0 0.000 0
AKRI1B1 4 0.0753 04167 0.358 7 DAK 1 0.000 0 0.296 3 0.000 0
LCN2 3 0.002 6 0.373 8 0.561 4 GZMM 1 0.000 0 0.228 6 0.000 0
CTSD 3 0.050 0 0.370 4 0.3922 LMLN 1 0.000 0 0.3150 0.000 0
JAK3 3 0.050 0 0.373 8 0.5370 PADI4 1 0.000 0 0.360 4 0.000 0
GREM2 3 0.144 9 0.294 1 0.3333 IARS2 3 0.000 7 0.274 0 0.733 3

®
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Fig.2 Network interaction map of targets of Tw and GR in treatment of RA
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Table 6 Results of docking of compounds with TNF

K7 HLEMSILI0MEER
Table 7 Results of docking of compounds with IL10

P A LR 3y Wtk

=
S

P A4 R o it KR

1 hederagenin 5.103  H4y A
2 triptolide 5.499 By ERAN
3 wilforlide A 4937 A AR
4 triptonide 5.480 Bhr HATHR
5  tryptophenolide 5.821 B HATE
6  canin 5275 B R
7 celafurine 6.122 B4y HAHE
8  celapanine 5.692  HF A
9 isoxanthohumol 6.929 U  EAM
10 salazinic acid 4823 H HATE
11 hypodiolide A 4912 K HATH
12 triptinin B 5.022 Bk HATHR
13 triptoditerpenic acid B 4.980 A S S
14 triptofordin B1 5.035 #af R
15 triptonoditerpenic acid  6.332 3% 4f R
16  salaspermic acid 5.066 4T HAHE
17  triptonolide 5.697 HF A
18  kaempferol 5.831 E4F HARE, HE
19 lupiwighteone 6.732 BT e
20 isotrifoliol 5.186 4T H 5
21  gancaonin A 6.622 Uf B
22 licocoumarone 6.664 LT EES
23 liquiritin 5.564  Af HH
24 licopyranocoumarin 6.577 BT e
25  glyzaglabrin 5223 By HE
26 isoglycyrol 5303 BT HE
27 isolicoflavonol 6.703  #hf HE
28  licochalcone A 6.277 HE
29  3'-methoxyglabridin 7.392  GEZY HE
30 celastrol 5.906 UF HATE
31 glycyrrhizic acid - - HE
32 glycyrrhetinic acid 5.099 BT H
33 isoliquiritin 5.556 Bl e

1 hederagenin 4911 H RPN
2 triptolide 5.130 AR
3 wilforlide A 4847 AT
4 triptonide 5.065 Bl FNiS
5  tryptophenolide 7.858 R AW
6  canin 4987 H N
7 celafurine 6.245 W4T G-
8  celapanine 5.090 E4F A
9 isoxanthohumol 7692wl EAHE
10 salazinic acid 4410 H AT
11 hypodiolide A 4687 H AT
12 triptinin B 4979 K AT
13 triptoditerpenic acid B 4.846 f HAME
14 triptofordin B1 4728 H HAOME
15 triptonoditerpenic acid  6.637  H4f G-
16  salaspermic acid 4860 H A
17  triptonolide 7.999  5EZ A
18  kaempferol 7171 #RE EARE, HE
19  lupiwighteone 8.005 GEZ HE
20 isotrifoliol 7361  HRZ H 5
21  gancaonin A 7.960 AN HE
22 licocoumarone 7.870 BN EE2
23 liquiritin 5222 Wy H
24 licopyranocoumarin 7.787  uERA HEE
25  glyzaglabrin 7219 5RA T
26 isoglycyrol 7.571  Z HE
27 isolicoflavonol 7.981 %N HE
28 licochalcone A 7.751 AN HE
29  3'-methoxyglabridin 7.182  5RAY HE
30 celastrol 6.411  #hy HAOME
31  glycyrrhizic acid - - HE
32 glycyrrhetinic acid 4820 H I
33 isoliquiritin 5499 B HH

2.6 GOXEMINTE KEGG BB

# T Metascape A1 CPDB 1§ /™ 7E 2% B4 B i3 47
GO A7 Hr 5 KEGG i@ #% 73 . £ GO 73, &
V)& 1% 618 3] 20 4 Go-terms, & % ¥ & “de novo'
IMP biosynthetic process” - “response to inorganic
substance” fll “response to acid chemical” #H ¢ /F F ig&
1% A 4 3w &£ 13 2 10 4 Go-terms, F 2
5 “ficolin-1-rich granule lumen” . “specific granule”

F1“endoplasmic reticulum lumen” % I& 1% ; 4 T D g

Ho# 3K 11 A4 Go-terms, F E 5 “cytokine
activity” . “cofactor binding” 1“lipid binding” %~ %
D) s KEGG Jt & Bl Al % 8 ¥ 35 %%, E H W
J “Arachidonic acid metabolism” | “IL-17 signaling
pathway” . “NF-k B signaling pathway” %5 5 78 Jift #H
RETEES , LL & “JAK-STAT signaling pathway”“Purine
metabolism” 55 HH KB W] BE 2 55 1 25 00R I 5
R, H AR H R 7T RA B GO MTKEGG &
50 M L] 3, KEGG Ji 2% 70 At W% 9.
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Table 8 Results of docking of compounds with PTGS2

Fr5 &M FR By IETE SRR Fr5 AL (E5 T P
1 hederagenin 8319 mmZl  EHAHE 18  kaempferol 6.375 BT WA H
2 triptolide 7.099 HRZL CEAE 19 lupiwighteone 6.903 Bt H=
3 wilforlide A 8.278 sl WA | 20 isotrifoliol 6.524 By H
4 triptonide 6.854 bt EHARE 21  gancaonin A 6.975 Baf HE
5  tryptophenolide 6.413 ur  HAME 22 licocoumarone 6.428 L3/ss o
6  canin 6.929 Uy WA 23 liquiritin 6.542 L3Q/3s HE
7  celafurine 5482 BlIF  HAME 24 licopyranocoumarin 6.908 By HHE
8  celapanine 8.194 % A 25  glyzaglabrin 5.859 Br HE
9  isoxanthohumol 7.000 5RZ EAME 26  isoglycyrol 6.553 Ut e
10 salazinic acid 6.117 Bl  HAR 27  isolicoflavonol 7.035 iEdl HE
11 hypodiolide A 7.491 smEl HATE 28  licochalcone A 6.234 Bt o=
12 triptinin B 4988 A AT 29 3'-methoxyglabridin 5.822 L3 es HE
13 triptoditerpenicacidB  4.953 H EFN S 30 celastrol 6.838 Bf N -
14 triptofordin B1 8.372 Al HAME 31  glycyrrhizic acid — — B
15 triptonoditerpenic acid 5.950 #4f  FHAME 32 glycyrrhetinic acid 8.160 Gigdl B
16  salaspermic acid 8299 mZl  HAM 33 isoliquiritin 6.682 BT HE
17  triptonolide 5984 BT HAR

A ]| GO00GIS0: de nove' IMP iyt prosess C

1 GO:0010035: response to inorganic substance GO:0005125: cytokine activity

] GO:0001101 e id chemical
response (o acid chemical | GO:0048037: cofactor binding

1 GO0002274: myeloid leukocyte activation

1 GO:0010469: regulation of signaling receptor activity | GO:0008289: lipid binding

] GO:0031384; response to glucacorticoid

GOD006690: cosanoid metzbolic process | GOAM2020: protease binding
fll GO019372: lipowygenase pathvvay

GO-0008202: steraid metabolic process ] GO:0016879: ligase activity, forming carbon-nitrogen bonds

GO0006520: cellular amino acid metabolic process |

GO:0016860: intramolecular oxidoreductase activity

GO:1900180: regultion o protein localization to nucleus

GO0035630: celular response t drug | GO:0004252: serine-type cndopeptidase activity
GO-0006766: vitamin metabulic process :
GO:1901657: gycasy| compound metabolic process ] GOU31406: carborylic acid binding
GO0048732; ghand development

GO:0002532: production of molecular mediator involved in inflamatory resporise ] GOA001955: cytokine binding

GO-0030310: regulaion of BVIP signaling pathway N i

GO032963: collagen metabolic process ] GODOLEE2: lynse ectivity

— GO:1901654; response 0 ketone | GO0016741: ransferase activity, ransferring one-carbon groups

GO:0044282; small molecule catabolic process

“log10(P)

| GO:1904813: ficolin-1-rich granule lumen

| GOMM381: specific granule

| GO:-0005788: endoplasmic reticulum lumen

| GOMSI2L: membeane af

| GO43202: ysosomal lunen

| GO:0072562: blood microparticle

GO:0097454: Schwann cell microvillus
GO-0030478: actin cap
GOAI45335: phagocytic vesicle

2.7

GO:0055037: recyeling endasome

Tessplasmesz - Homa tapiers thume

logl0P)
A-GO :Wi&4% s B-GO A L4143 s C-GO 43 T T it s D-KEGG 3 % 73 7
A-GO Biology Process; B-GO Cellular Components; C- GO Molecular Function; D-KEGG Pathway Analysis
B3 BFRARGREAHERT RAEREIRK GOTKEGG EESH
Fig. 3 Enrichment analysis of GO and KEGG of targets of Tw combined with GR in the treatment of RA

BAREMEHERT RAN“AX-HY-HE B MCEBKEEE S S A Cytoscape AT 415

FOAR-E)REEAR- M R BR- K KU M XTI R IR S IFEAT MR A, 45 R LI 4,12 4 124

&y

BS54 T, 439 2T AL B AT DA A A R C AT H
B d A BRCALH %R T RAME SR EH BT RA BA 2 8000 2 8UAR L 2 3l B R 11 A )
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Table 9 KEGG Pathway Analysis

FaE) T 44 R P1A H

1 Chagas disease (American trypanosomiasis) 0.048 6 disease

2 T cell receptor signaling pathway 0.047 7 immunity

3 Pyrimidine metabolism 0.047 7 metabolism

4 Amoebiasis 0.042 7 disease

5 NF-« B signaling pathway 0.0419 inflammation

6 Chemical carcinogenesis 0.032 7 disease

7 Pertussis 0.028 4 disease

8 RIG-I-like receptor signaling pathway 0.024 4 immunity

9 Adipocytokine signaling pathway 0.023 8 insulin resistance, inflammation, immunity
10 Tuberculosis 0.023 6 disease

11 Fc epsilon RI signaling pathway 0.022 5 immunity

12 Inflammatory bowel disease (IBD) 0.0212 disease

13 Glycerolipid metabolism 0.0189 metabolism

14 Steroid hormone biosynthesis 0.018 3 metabolism

15 Regulation of lipolysis in adipocytes 0.0150 organismal systems

16 Ovarian steroidogenesis 0.012 4 metabolism

17 Lysosome 0.008 8 cellular processes, transport and catabolism
18 Allograft rejection 0.007 2 disease

19 Toxoplasmosis 0.007 0 disease
20 Serotonergic synapse 0.007 0 organismal systems
21 African trypanosomiasis 0.006 1 disease
22 Fructose and mannose metabolism 0.005 8 metabolism
23 C-type lectin receptor signaling pathway 0.005 5 immunity
24 Asthma 0.004 8 disease
25 Hematopoietic cell lineage 0.004 4 immunity
26 IL-17 signaling pathway 0.004 0 inflammation
27 Folate biosynthesis 0.003 6 metabolism
28 TGF-beta signaling pathway 0.003 2 fibrosis inflammation
29 Purine metabolism 0.003 0 metabolism
30 JAK-STAT signaling pathway 0.002 3 inflammation
31 Leishmaniasis 0.002 0 disease
32 Arachidonic acid metabolism 0.001 3 metabolism
33 Malaria 0.000 6 disease
34 Cytokine-cytokine receptor interaction 0.000 5 immunity \inflammation
35 One carbon pool by folate 5.91x107 metabolism

5 R 33T 5B IT RARCAE D), I ik — 2D
3 it YEFF TNFIL10.PTGS2 %5 4% o #E kR , AT 1 35 A8

RA & —Flilfi PR 25 & 1 LA IR 5 B 9% 715 Jo [ 41 41
Ik JOAE N T EER I B B e EBR . H T RA
1 A9 LA A5 A D T e 55 4 R R T R L L O
R A A R K B OB T 4 I e e e T AR AT
A RE R,

AT 78 i i S 1) G a0 B o e G AR H

I I RA. BT RA LB Z 0T, 5 2H A
R LA H HIE 9T RA I 2 /Mg PE sy E LR O
ROy T W4, A TG T 2 N EVThRE, X
Sk R T R A2 Y A ERIBET
o 47 MNIBAERE B B8 2, W0 SAE AR DY A IR
ARGHE B IL-17 15 5 18 B NF-x B A5 5 10 B 55 0
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Fig. 4 The network analysis of Tw and GR in the treatment of RA is "drug pair-component-direct target-indirect target-re-
lated pathway-RA"
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YRR T A S F A

MRS (0 FE AR, B A R TP IR 2 NS
PERL AT 5 FPT 5 R S e 30 1) 55 ) 250% DI AE 0%
B RR AR AER e R R .
AN B 41 & (celastroD) 5 75 A i & (triptolide) & &
ANTEREBEREER S . AMARNEFARELER
A T 9D TL- 17 85 K PR 400 ] ML 2 s A i 7
PUORgE A 26T RA IIE AT Qiu R B,
A TR R R TR e 3 B AR G 2 A ]
3. EVINPFEEERR LT 2 HE P EE R Ctriptonide)
A A1 ) O i P B0 BRCEE B 28 0E A T R P B0 4H
/87 3853 1 XY 3G 00, B PR AR FH I HoX 3ERE 57 1%
G 9% A VR G 9% L A G 2 T R S BH R A A0
YEH .

H A T A R LA # D) sk Y, L
HE WP RAEHBESER. |5 (glycyrrhizic
acid) & H 5 HT 28 N 1A BV 2O0E 1% VE B A0
Wang %243 1 LC-MS A1 NMR (1) 48] 2H 2 J7 5 0
% T EEROINAT 2535 o BT R Ay, g R R
A (liquiritin) R A HRIEH . Kao & R I H #E

(1) 3 BN ) ot T BE IR IR (glycyrrhetinic acid,
GA) Jz H AR 72 4 18a. 18B - H X I (18aGA .
18BGA) LA FT 48 AR AT U8 5 S % - B LA K 47t
W EAE M. kRS R IH A
A(licochalcone A) 1] $1Ji il 48 4= DU 45 FR A 4 H 1) 5-Hg
AL, Xt BT 2 R R R0 (= 2 Rl SORE A R A R
AR A o H R R AR AT ) 22 R
276 | i) NF-xB p65 #% % 6 K 1 1) W f2 44 , BT LPS
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F% (arachidonic acid, AA) /& 3 4 B (COXD Fl I %
il (LOXO ) R4, AT M Ak A Bl 2 0E A 5~ PGE2
I A = I 2% (leukotriene , LTs) ™, 3 1 4 if 4 47 5K
I /87 38 1 1 0 L 2 2K, T HL AT DUOBR 9 B R
LRI e A 8 ) A AR P ) S0 L 4 i G e AN
A0 IS TR FA4EBE-1/2(COX-1/2) /& PGE2
7= A Y B E E  $ 1) COX-1/2, REME IR R 98 IR
AT K BLER A BRI H O bR R
glycyrrhetinic acid. triptoditerpenic acid B 1E ] T
PTGS1 (COX1) #E # H , glycyrrhetinic acid.
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NF-kB 15 5 18 5 A2 8 KR I 17 28 18 8 48 1tk I 7
RAE VKB — % BEER MG THFERES.
NF-«B 3 1 3 25l L B i P65 VP50 2 [ #E A1
W% ARG SR R 73 A AT A%k PR 81 4 TNF L IL-
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T BERIR T RARCRFA DI, A5 F & AE R 5
AREM . I ARSI E R SR
Z—, BEANE 423 B BL B N 105 9 E T R
T H B WO AT E o i AT LG AR R o R B R
PREABM TG, Ear A TIRI7 RA.
PRUR A B g 1w o R BUR 459 v R 0d i 2ok ik
TRAT U5 A L O T LA TR B SR 2% 1) A 8 Y
Z G0 JO0E BT b Kupffer 40 it , B K & TNF AINO
Sl E s FMHEMEA R mWE T HER
H (SNMOC) ] g 5 B 18 Lo A4 JBE L 100 40 Ji €3 3K C
FRE T % caspase-3 V& A4, AT BH W7 FHF 240 Jf 3 12
H BB 2R TR A R ) LA AR T AT SR AL
B 1 FETE BR A 0, B AR 45407 5 1 B0 RE A A
JFHIE iNOS , # ] S e 45 05 . A 7€ T30 1 ) TGF-
15 5 30 I 5 4 20 L 0 08 B L O L A R R A
H 7, 1 H & o glycyrrhetinic acid 7] f¢ 38 i 75 F T
BMP4 B85 [ 335 1 U8 15 TGF-B A5 5 3@ i 4 il i 40 i
8§ T ; glycyrrhetinic acid 7] & 1@ i fF H T
PTGS! (COXD) . PTGS2 (COX2) # & H , 3"
methoxyglabridin. isoglycyrol. licocoumarone i i /£
H T ALOX5 (LOGS) #E 8 11 32 11 I 9 1€ 4= DU A% R
X141 38 % , glycyrrhetinic acid. liquiritin 25 i 4 7 fig
AL Y IL10 TNF #E 8 A AR 1 IL-17 45 5 38 B%
glycyrrhetinic acid 1 fg 1@ i /E A T PTGS2 (COX2)
L ER F R T NF-«B 15 5 38 B 55 2O 8 R FT R
glycyrrhetinic acid. liquiritin 55 B 43 7] G838 i 1 17
IL10 f£ H-F TCR 15 5 il i . CLRS 15 5 il i ) Janus
/A T e T T A SB0E T (JAK/STAT) i 1255
5 A D B B T A R R TR A .
4 LR

KT T RGP @ L TR A AL T
ERTT RA [« 2550F - o) - LR B A - (B AR - AH 5%
i % -2 KR VR DG 8 7 M 48, WD s TR A
FCATLH 2R 9T RA 2 145« 2 51 A 22 30 B 1 /R F R
mo BEFURIN 33 MEAEVE T 31 ME T AR AN
35 5k AH R I 5 T A BRI H 5987 RAH B V) K

%, 313 T UPLC-Q-TOF/MS X} it {Ti J& F B 43 1 47
TIUE . BT R RN« LSRR AR T8 A Y M
i AR I8 6V IL-17 15 538 B% A NF-xB {5 5 18 % F1 DL
G AR B T 4 2445 5 3 @ % C BUBER
R Tl T E A .

I A & B H B R Glycyrrhetinic acid %5 % 7
TR T TGF-BAS 5 38 B 30 ) 20 B ) T s i 3% 4
Az DO A TR AR U 38 %, 4 FH T IL 10 TNF #8285 (175
IL-17 {7 5 18 B , NF-«B 15 5 i 5 25 7% iF @ 8ok 1
# ;I /E M T TCR 5 5 i #% . CLRS {5 5 18 #% J¢
JAK/STAT 4% 55 5 o 5 A4 Qi 16 210 57 A T 1)
fRdEEH .

RG220 DL AT PO 5 48 7R 25 1)
YRR 28 , 23 B B0 A5 5 388 2% B A T LD, b 1
2 VA PR A WL ST RS E 1, X H 2 3 1
S FAIRLH TR E — B R L R R
T A B AR A T RA TAE R AL, D e 4t
15T 2B Rt — B I 5%

SE R

(1] SAROGHE, BRI, EM, & . 5 ARG T BB IS TT %
B RIR I R GLUF A 1 Meta 4347 [J/OL). H [ 24 44 3
1-10 [2019-03-26]. https://doi. org/10.19540/j. cnki. cjc m
m. 20190305.004.

[2] Amalraj A, Varma K, Jacob J, et al. A novel highly
bioavailable curcumin formulation improves symptoms
and diagnostic indicators in rheumatoid arthritis patients:
a randomized, double-blind, placebo-controlled, two-
dose, three-arm, and parallel-group study [J]. Journal of
Medicinal Food, 2017, 20(10): 1022-1030.

3] W, ¥ 3, 7 T, & AL R IE TN R TT
R DG S IR [3]. WAL GE R 24, 2018, 14(9):
100-103.

(4] Lk, B % BT RGEHE AP 0T AR R
[J]. thF R 24, 2013, 8(7): 801-808.

[5] JASCHE, FEH &, Tk AE, &F . M2 253 22 JRZGY [
ACHLLG ) R L A (0], b G e R AR
2012, 26(1): 4-9.

[6] XUEME, FhGEUE . 2% 2 3 5 15 24 AL I BT LA
[7]. Z52£244R, 2012, 47(6): 696-703.

[71 Zhang Y Q, Mao X, Guo Q Y, et al. Network
pharmacology-based approaches capture essence of
Chinese herbal medicines [J]. Chin Herb Med, 2016, 8(2):
107-116.

[8] Ml &, & A2, & Bk, S5 4R 25 B2 AE rh 24 450 P )
W 503 Jie R B FH 5K B [J]. W RE 24, 2019, 50(10): 2257-
2265.



“assaa# Drug Evaluation Research 84255 98] 2019498

< 1721 -

[10]

[11]

[12]

[13]

[14]

[16]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Zheng C L, Wang J N, LiuJ L, et al. System-level multi-
target drug discovery from natural products with
applications to cardiovascular diseases [J]. Mol Divers,
2014, 18(3): 621-635.

0, PR, £18 8 . & T BATMAN-TCM £ £ 53 #7
G A T 2 AL (). HREH S B A B AR
Jiix, 2019, 16(1): 89-97.

BRI, A U rpy =l B LA 28 B 23 1) 190 2% 24 3
SRR AL D], B PRZG AR, 2018, 45(4): 288-294.
FLAERR, AR BA R, TR, 45 T A S AL KR
AR BRI 2 (1], 92 A R N R4k &, 2008, 22(5):
71-72.

EuE, BN, EEEE, 55N BRI H SRR
P 1R AQT 38 2% £R T [0, 25 %4 %44k, 2017, 52(7): 1077-
1084.

RS, RIS aE, RIFNE, 45 . T F ) 2% 24 38 2 07 VR 7
SEFE AT HE PR B AR RIALED [J]. s E 2555, 2018, 29
(19): 2656-2661.

Wi R, 2R, SR e, S OB T 4 2 B A K Gy kE
F5 53 M AR SRR 038 KU M 5 55 R B 2 7L [J].
SEHG T A4k, 2018, 24(18): 207-214.

R, R, BR L, 55 T 2 MCT 2 [K] RNAI X
O TR S R AR A R RS (D). 25 5 AR
2018, 53(8): 1209-1214.

FIoAE, B JF, ek A, ST ECE U AR B B
[7) R0 B M 0 L B O PR R 9T (D). 252 AR 45 ST AT, 2017,
17(3): 218-222.

HMGRLL, 2 TR, R3S, 45 . T ROIG 7T S8 KGR 1R 56 Y
9 G EE RN [J]. 25257244k, 2005, 40(2): 127-131.
Veldhoen M, Hocking R J, Atkins C J, et al. TGFp in the
context of an inflammatory cytokine milieu supports de
novo differentiation of IL-17-producing t cells [J].
Immunity, 2006, 24(2): 179-189.

Mangan P R, Harrington L E, O'Quinn D B, et al.
Transforming growth factor- B induces development of
the TH,, lineage [J]. Nature, 2006, 441(7090): 231-234.
Qiu D M, Kao P N. Immunosuppressive and anti-
inflammatory mechanisms of triptolide, the principal
active diterpenoid from the Chinese medicinal herb
tripterygium wilfordii hook. f. [J]. Drugs in R & D, 2003,
4(1): 1-18.

BN, T3 M, FRIE, 25w T P R IR R 98 0 A
95 Ty e (0 52 m [J]. o R B 245 % 4k & 2006, 26(6):
695-697.

XIEERE, £ 5, IR Ewh, 55 . TR TE 2 B X BSER 1)
AU 2 3 B [J]. oh 1 S8 5 71 24 2 3, 2016, 22(19):
70-75.

Wang S F, Wang H Q, Liu Y N, et al. Rapid discovery

and identification of anti-inflammatory constituents from

,EE»
=4

(23]

[26]

[27]

[29]

[30]

[32]

[35]

[36]

traditional Chinese medicine formula by activity index,
LC-MS, and NMR [J]. Sci Rep, 2016, 6: 31000.

Kao T C, Wu C H, Yen G C. Glycyrrhizic acid and 18-
glycyrrhetinic acid recover glucocorticoid resistance via
PL:K-induced AP,, CRE and NFAT activation [J].
Phytomedicine, 2013, 20(3/4): 295-302.

BT, VLTRSS | R i 1 B2 0 8 5 T R AL
Wit [J]. AR SIEIR, 2011, 26(4): 261-268.
Furusawa J 1, Funakoshi-Tago M, Tago K, et al.
Licochalcone A significantly suppresses LPS signaling
the inhibition of NF- kB p65
phosphorylation at serine 276 [J]. Cellular Signalling,
2009, 21(5): 778-785.

Santana M A, Rosenstein Y. What it takes to become an

pathway through

effector T cell: The process, the cells involved, and the
mechanisms [J]. J Cell Physiol, 2003, 195(3): 392-401.
FraaE HBUR, 25 M. ANCA. IL-1. IL-6. TNF-o /Y
TURGE DN 42 W 288 X 1k 50 1 R RO B ek e (0. [ B 3%
B, 2019, 40(4): 448-452.

Gao H C, Liu L, Zhao Y L, et al. Human IL-6, IL-17, IL-
1B, and TNF-a differently regulate the expression of pro-
inflammatory related genes, tissue factor, and swine
leukocyte antigen class 1 in porcine aortic endothelial
cells [J]. Xenotransplantation, 2017, 24(2): e12291.
Abdollahzad H, Aghdashi M A, Asghari Jafarabadi M, et
al. Effects
inflammatory cytokines (TNF- o, IL-6) and oxidative

of coenzyme Q10 supplementation on
stress in rheumatoid arthritis patients: a randomized
controlled trial [J]. Archives of Medical Research, 2015,
46(7): 527-533.

Choi J H, Jeon H J, Park J G, et al. Anti-atherogenic
effect of BHB-TZD having inhibitory activities on
cyclooxygenase and 5-lipoxygenase in hyperlipidemic
mice [J]. Atherosclerosis, 2010, 212(1): 146-152.

MR 95, 5K B 0BTV IEA DR RS M E
FHIRFE [J]. HEHiZ44 5, 2015, 24(22): 2622-2626.
Pivorait¢e U, Jarmalavic¢iate A, Tunaitis V, et al.
Exosomes from human dental pulp stem cells suppress
carrageenan-induced acute inflammation in mice [J].
Inflammation, 2015, 38(5): 1933-1941.

Park 1Y, Son K M, Kim H A. ABy,, PEP-1-FK,BP,,
inhibits matrix metalloproteinase expression in human
articular chondrocytes and in a mouse carrageenan-
induced arthritis model [J]. Ann Rheum Dis, 2015, 74
(Suppl 2): 922-923.

Qian Y C, Liu C N, Hartupee J, et al. The adaptor Actl is
required for interleukin 17 - dependent signaling
associated with autoimmune and inflammatory disease
[J]. Nat Immunol, 2007, 8(3): 247-256.



<1722 - %usgaati  Drug Evaluation Research 5426598 201998
[37] Z7RIbe. B2 S Ty R SRR 28 5 IS T - essential component of the innate immune response to
1715 5B [D]. 52PH: SePEH AR, 2015. candida albicans [J]. J Immunol, 2008, 180(11): 7404-
[38] JuJ H, Cho M L, Jhun J Y, et al. Oral administration of 7413.
type-II collagen suppresses IL-17-associated RANKL [43] # U, B TN, BEAEA]. C ALBEEE K A2 K CLRs 5 [H G %
expression of CD4+ T cells in collagen-induced arthritis 9% (0] MRS 1Rk &, 2009, 25(5): 476-478.
[J]. Immunology Letters, 2008, 117(1): 16-25. [44] Willment J A, Brown G D. C-type lectin receptors in
[39] & B, XD, ¥, 55 . HPAA £ X R M KR antifungal immunity [J]. Trends in Microbiology, 2008,
TR AR A SUNF-KB (5 S s i/ [0). & 16(1): 27-32.
FIHFFT, 2010, 35(3): 198-203. [45] T 7%, %] ¥ JAK-STAT1 1% Sl i k4R A 715 5
[40] A, sUBNIE, £ 7K, &8 TIPE2 7628 XU I 567 4 SR e AN A -1 7R 28 X 50T R Y BIF T RE R (0],
AR IE B S NF-kB {5 5 38 B (520 [J]. o = 3 TR 5 51T 4%, 2014, 3(4): 66-69.
REZZE, 2014, 24(4): 34-37. [46] Migita K, Izumi Y, Torigoshi T, et al. Inhibition of Janus
[41] Kim S H, Bang J, Son C N, et al. Grape seed kinase/signal transducer and activator of transcription
proanthocyanidin extract ameliorates murine autoimmune (JAK/STAT) signalling pathway in rheumatoid synovial
arthritis through regulation of TLR4/MyDS88/NF- «B fibroblasts using small molecule compounds [J]. Clin
signaling pathway [J]. Korean J Intern Med, 2018, 33(3): Exp Immunol, 2013, 174(3): 356-363.
612-621. [47] EIME, B, FHAE, 5 AEBURSU ST
[42] Wells C A, Salvage-Jones J A, Li X, et al. The O AT R AL R (K WF FE B (0], P E 224 & 2015, 40

macrophage-inducible C-type lectin, mincle, is an

(13): 2537-2541.



