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Abstract: Objective To explore the pharmacodynamic effect and potential mechanism of Biqi Capsule (FHL %) based on type 11
collagen-induced rheumatoid arthritis (RA) rat model and network pharmacology. Methods SD rats were modeled with type II collagen,
and the successful rats were randomly divided into model group, Biqi Capsule (0.05, 0.10, 0.20, 0.40 g/kg) groups, prednison (10 mg/kg)
group and Trjpterygium glycosides (10 mg/kg) group. Rats were continuously ig for 15 d, body weight, foot swelling and arthritis score of
rats were continuously monitored. Hematoxylin-eosin staining was used to observe the pathological changes of ankle joint in rats, and the
content of cytokines in serum was determined by ELISA, so as to preliminarily evaluate the therapeutic effect of Biqi Capsule. A total of
39 compounds in Biqi Capsule were selected as the research objects, and the targets of the compounds were predicted according to the
reverse pharmacophore matching method and databases such as TCMSP and Uniprot. With the help of database platforms such as
Omicsbean, STRING, etc., the interactive targets were analyzed by gene ontology function and Kyoto encyclopedia of genes and genomes
(KEGG) pathway by interacting with RA-related targets collected through OMIM, DisGeNet and GeneCards, and “medicinal material-
compound-target-pathway-efficacy-disease” network was constructed by Cytoscape software to predict its possible mechanism. Results
Compared with control group, the activity and diet of rats in model group were reduced, the toes were swollen, the joints showed acute
inflammation, the arthritis score was significantly increased (P < 0.01), and the levels of rheumatoid factor (RF), interleukin-17 (IL-17),
tumor necrosis factor-a (TNF-a), IL-1f and interferon-y (IFN-y) in serum were significantly increased (P < 0.05, 0.01, 0.001), while the
level of IL-10 was decreased, indexes of spleen and thymus were increased (P < 0.01, 0.001). Pathology showed that synovial cells were
proliferated, inflammatory cells were infiltrated and bone and cartilage were eroded. Compared with model group, the pathological changes
of ankle joint in Biqi Capsule group were improved in different degrees, and the foot swelling and arthritis score were significantly reduced
(P <0.05, 0.01), and the levels of RF, IL-17, TNF-0, IL-1p and IFN-y in serum were significantly reduced (P < 0.05, 0.01, 0.001), IL-10
level was increased, indexes of spleen and thymus were decreased (P < 0.05, 0.01). The injury of ankle bone and cartilage tissue were
reduced, inflammatory cell infiltration and synovial connective tissue proliferation were reduced. According to the prediction of network
pharmacology, there were 371 targets where 39 components of Bigi Capsule intersected with RA. Protein-protein interaction network
analysis showed that 124 targets such as IL-6, albumin, TNF, vascular endothelial growth factor A, matrix metalloproteinase 9 and
chemokine ligand 8 may be the key targets of Biqi Capsule in treatment of RA. KEGG pathway enrichment analysis obtained 80 signal
pathways, including IL-17 signaling pathway, Toll-like receptor signaling pathway, Th1 and Th2 cell differentiation, VEGF signaling
pathway, inflammatory mediator regulation of transient receptor potential (TRP) channels, Wnt signaling pathway, platelet activation, etc.,
which were related to immune regulation, anti-inflammation, inhibition of pannus formation, osteogenesis/osteoclast balance and other
processes. The analysis of the network showed that Biqi Capsule had the characteristics of multi-component, multi-target and multi-
channel, among which the monomer components of strychnine, notoginseng saponin Ri, ginsenoside Rgi, tanshinone I, tanshinone Ila,
salvianolic acid B, isoliquiritigenin, rosmarinic acid and ferulic acid may be the key pharmacodynamic substance basis of Bigi Capsule.
Conclusion Biqi Capsule has a good therapeutic effect on type II collagen-induced RA rat model, which may play a therapeutic role
through anti-inflammation, immunomodulation, angiogenesis, bone formation/erosion balance, etc., reflecting the characteristics of Bigi
Capsule in treating RA with multiple components, multiple targets and multiple channels.

Key words: Biqi Capsule; rheumatoid arthritis; immune regulation; vascular hyperplasia; inflammation; analgesia; strychnine;
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RVRIT 7732, BT RA BVETT 24 3 B0 T E 8544
PR 25 BEE SR . ARG, (HNERGTT Tk
RN . AR B IR R G FHBORE, 2%
AR RA T AR AMRHEHS 73 8 AR o1 B 055
KATEIL T RE, SRFARATHIPEAL B ™5, K5
A REAFAEIECE I IR RORE, W, B0 B AR
501, RA FERERAPFRA “BHIE”, HEEZIATT RA 1E
BRI PRAEIR . 25 AN R SONE /N 7 T E AT AURR (1)
. FHRELEH DT . AR, 1Z. K
LR ML I =BFTH T 10 BRZGM A AR
IR 2270, B 2GR AR RERIE . Lk
JITER, IR B TAUAE . RIBHERE . LR
TR S TR AR IR T BN 2 48 . R = 05
K RA, ENLZT 0, AL 8 Rk g1,
SIS ARG IR ERIH B P T R AEH, W
TR, EARETE TSGR EQ
(osteoprotegerin, OPG) /#% KT «B 524K ¥E ¥
(receptor activator of nuclear factor-kB, RANK) /#%
F-xB ZARVERFHCHE (receptor activator of nuclear
factor-«B ligand, RANKL). Janus {if§ (Janus kinase,
JAKD M& 55 S A% (signal transducer and
activators of transcription, STATs) {55 B AR
TR AE, PR TR S RSO, AT R I
JRi%E ST 4 (collagen-induced arthritis, CIA) K
FRABE IR K i 2% 245 381 2 7 320 OVt 5 S e B A R A )
YIEEAL R0 RA K BRI 24525 FH AR RERILAR o
1 #H
L1 4

SPF 2tk SD KRR 120 2, A& 110~130g,
A AE 50 DU AR BRI A w324, YFAliiE S
SCXK (5%) 2019-0010. aFRAER R WHT 25 1PN
BIRA R S BEE RS [AHIE SYXK ()
2021-0008 1, I 2« #RJE  H B R R G H )
Zi, BEERE 20~26 C, FAXEEYERRE
40%~70%, J8RIKECH 10~15 /AR, G
J9I12h BlL 12h B HEEETOK. SRl
FA 2 R T e 8 25 v PAN G BR A W SE e s it
B Gttt (HEHES No.2021031803)
1.2 Am5iH

FAHRZE (0.3 gk, #t5 311574) HIRHEEAA
AN A TR A FRME: BiRRIRER T (5mg/
Fi 5 21020162) 14 B # 2 T SR 2547 BR 5T
ANEl EARBBTE R (10mg/f, #tS 180502)

H BiEE BEEZGIAERA R 39 1B E &AW
H 3% [ Chondrex 2 & ; K F 408 /% -1
(interleukin-1p , IL-1B) ELISA Xl & (it 5
P261453). JEIRFEIA F-a (tumor necrosis factor-
o, TNF-o) ELISA i{ifl& (k5 P254162) H 3
R&D Systems A F]; K IL-17 ELISA 5fl &
(#t'5 2104251) W H EHFPEEAEDRHEA R A A ;
KB IL-10 ELISA 77 & (b5 227225 ExCell
Bio A#]; ZEXIEH T (rheumatoid factor, RF) 1
MARF & (S 20210407) W4 H e 5 A TR
WEFEAT: KB y-T4 & (interferon-y, IFN-y) ELISA
Rl (b5 B303835) M4 H Biolegend A .

1.3 Y&

YLS-7B AU Q2R 28 B B 22 B s a8 3l )
SpectraMax M5 ZURfAR1 (3£ [E Molecular Devices 22
F]); ASP200S B H B B HL B /KHL; EG1150H &Y
A 24 W 2V L RM2255 4] L (2 Leica
NFED; Ci-L BUEHE:S (HA Nikon AF]).

2 7k

2.1 . EESHT

211 P I A IR AT B 0.1 mol/L VKT
BRI 10 mL 538 1T UK R 20 mg, TR e ial55 R
W, VK FRMIREIES), BEREABZURIG I ALK
JR 58 A TOKBERR N, FE T SRIG T InN 36 IR 5E 4 e
I TR FUAk, XS 11 2 S 5 S A 1 mg/mL.
2.1.2 CIA KRBHGIE 120 X SD KRIEMN
MEFE 1, BEALEL 10 RAEAXTHRA, AR A KR
B ei il | QY e S ey W st [ e A P Er D G |
VESSRS T BRI (0.1 mL/R), S S S
Y5 R BT AN 5o HRZEL R B, DA IR 7 3 S 54
FUEM R AKE SR . 7E55 | RS s 7 K,

FETS ERAE SHAR F AL 0.1 mL HEAT ISR g, I
SR FROIRAS 2G5 15 d 7 128 XU 5 57 HH 3 28 S Jie Ji
B EAT 43 4.

213 4%)  EBUER ) K R E AR L S B
MBI AR A JRJERS (10 mg/kg) 4. BA
JiE T (10 mg/kg) 4 FHRAL e 28 4% 775 (0.05. 0.10
0.20. 0.40 g/kg) H. FHHEZAH ig HNZY), XTI
PRI ig 0.5%FR F BELF 4 RN, 1 1K/,

S 15d, HAMYS T SPF sl skl A oK o

2.2 FEFRINER R AG

221 EFENE 45255 1. 3. 5. 8. 104 12,
15 K, AR KBRAREITRE, THEEHKR
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222 GEREIPAKREDE 4255 1. 3. 5. 8. 10,
12315 K, Fi A2 Jee JH ) e 45 K B A J TUP IR
223 KRV AJEES TAKRE 15d )5,
FJE NSk KT 4, WA 2555 1. 34 5.
8. 10, 12 15 REYKTT RIGHEF U, 0 4R IE
R 1 ARER B BEZ I 2 RS BRI 2 AT
Jis 3 A ARERMIK BT LR s 4 AREREANZEN
SEA, AR . KRR KR 4 RE S5
FIE AR #1550, B R KERE&EAS R 16 4.
224 5 RF KARER PRI RIRG AR
MEK12h LR, TRIRGHASEE R 1h G, KDL
I L LG AN AT BRI fE MR 32 B R I TR 1ML 48
H, 4 °C. 3000 r/min £50> 10 min, 43 &3 3 i
FEob, MG &I 2 kil RE. 1L-17. IL-

10, TNF-a. IL-1B Al IFN-y 7K°F,

225 . MRS EONE  TRIRGHEWR 1 h
MEEENCRILE, 70 S SR, FRoE
R I AR A

2.2.6  ERCHTHGUR BRI UK BRAT TUER 5%
FER Y, K 10%2 R E 5, KBHRE
FIR PR IR A5 VAL B S, R AN [RIIR B 1 B 9 R
BEREK . ZHRER . g e, Y, fkikg
HARRMPLLGe, B R EE N WS RS AR
RATIIEIG A, RUEANMRIE, KW ERE . K
BCEIR . 4SS DL

2.3 WEAEZS

231 HirLEWRIE 456 AR A R
gt 4 L P RS AT A I R R B 39 Mb G
VIR R, VEAIE B ER 1.

*1 BHREBHLEY

Table1 Candidate active compounds in Bigi Capsule

s WwEW eS| ¥ AN I = KR
1 ENE EX/NTES C21H22N20: 334.42 B
2 R BTN C14H120;3 228.24 LT
3 AR B IR I Tk s 25 Ci6H24010 376.40 e F
4 el EEpINiES CoHsO4 180.16 OEEF. AR NE
5 2R EEpINIES C7H1206 192.17 T, AR INE
6 SES Hek C20H2sNis 396.48 e
7 WSH AR C9H42018 678.71 5
8 WS KFRERHK C17H2409 372.37 WS
9 HAR S 1 WHER CisHis02 230.30 HAR

10 HAES 1T WHER Ci5H2002 232.32 AR
11 SR NSLERII RN Ci15H2003 248.32 AR
12 TR 2l 2 Ci5H200 216.32 SR
13 A7 e C31H5004 486.81 REE
14 IR R =Mk C33Hs205 528.85 R
15 LE LR =ik C31H4804 484.71 RE
16 RETR B =ik C30H440s5 484.74 RE
17 P9 B My RS C36H30016 718.66 &
18 RIEF IR & CisHi60s 360.34 P}
19 &% & CoH100s 198.17 P&
20 FFZHH 1 FFEHHZE CisH1203 276.30 P&
21 [SS R PSR C19H2003 296.39 A
22 FHS1H 11a PSR C1oHi1503 294.37 P&
23 F+Z R P2 Ci9H2:02 282.41 P&
24 ANZBH Rgi BHR C42H72014 801.02 =

25 ANZE2H Rby LSS Cs4H02023 1 109.31 =

26 =tBEH R LEREE S C47Hg0O18 933.27 =

27 ANZBH CK BHR C36He20s 622.87 =

28 Rl 20 PR S Ci0H1004 194.06 )=
29 E- N RN C12H1402 190.24 =
30 HNEWEE A S C12Hi1602 192.25 =
31 VRIS A T SIS Ci2H1604 224.25 =
32 FREH I LEREE S C41He2015 957.24 S
33 FREE IV B C41He0O15 793.01 g
34 258-4 1% £ i RN C27H4407 480.30 NS
35 20-F2 LW I R $5 R 2 C27Hu407 480.60 g
36 I LB C21H2209 418.40 HE
37 FHEER LB CisH1204 256.25 HE
38 HE KRR =ik C30H4604 470.68 HEE
39 U s S CsHaN4O 136.11 Hy
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232 M EALR @ TCMSP #4E FE
Chttps://old.tcmsp-e.com/tcmsp.php )« CTD #{ 4 &
(https://ctdbase.org) FI PharmMapper 4 % Chttp://
lilabecust.cn/pharmmapper/) &2 15 2l H As bt &4
KR E A, @i OMIM ¥ ¥ %  Chttps:/
omim.org/) TTD {3 & (http://db.idrblab.net/ttd/)-
DisGeNet % #& /% (http://www.disgenet.org/home/) F1
GeneCards (4 ¢ (https://www.genecards.org/) £ %
£33 RA FHKRHE AT, FFEBN Uniprot 4l % (http:/
www.uniprot.org/) & IEHAEREANE H 4.

2.3.3  Fy@EE EJi-85 E B LA (protein-protein
interaction, PPD) W28 JEfice s B BB AL LS
VIR R SRR RO, SRR SE R
S\ STRING10 %5 /% (http://string-db.org/) H,
YA R & N “Homo sapiens”, BEFR &4 0.900, 3K
REEE R EAEH KR, K45 R F N\ Cytoscape 3.6.0
BAEA, JEid Cytoscape #k{4H4aHi] PPI W45, LU
ERT 2 5 A2k PPI 2% b S Bl AR 1
234 @XM AEMEEESN  EH
Omicsbean 4% HE i 2 AT AEMME B0 #T
PRITHE B A 7E 4 B 4H 43 Ccellular component, CC)+
¥ IhEE (molecular function, MF) PLK AWt 2
(biological process, BP) J7 [ FI/EHMLE . )5,
i STRING10 #7215 1) 5 B mi AR 5C (1 3 i i
o, FIHE#ERSEFAT R 2 (Kyoto
encyclopedia of genes and genomes, KEGG) %
Chttp://www.genome.jp/kegg/) 73 T F 2 [ AH 5 STk,
X1 E R B EATIRAN 73T

235 M-SR SR - 7 2%
MG FRSEHUEE 39 MU R sy (3 R S T8 %
MEER, 7E Excel A HESLAM-EY. HEDD-

B, FEASE R SRR B R R R, S
Cytoscape 3.6.0 B fF g E 2%, iz FH Hidi
Network Analyzer 115 PIZ%[1JHRFIE. MZ5HTT 3R
AV SESDL A @RS . ZGEER . DAk
AFIRGMACEY) . AP0 B S -IEEK DL A
B -RAR AR . 4B E, 153 39 AR
FHOCHE AT BB TN, DOZ R RSB IR e « 2
M- 1)-5E s B B -0 7 TR IA E R R .
24 FITFESH

BBl X +s Rox, HiE 2z 5 R
GraphPad Prism 7 Ziit #2547 ¢ KM B 3R
Ji Z5 T
3 #R
3.1 BEHREX CIA KRMARE. ERAAKE A0
XFHRIFS RS

WmE 1 R, 15d 10 1B R R, KRR
FRRIREE, A BEARGk HELLT i, SR, ST
¥, FEATERME, HEAEESERIER
VLA RIS T CIA KRB, &8 4h 2 fE v il
MR RS RO 35, 45
BoRBEE G A R AE K, SEALIREE (0.20. 0.40
g/kg) AT T KRR = TE45 2 5 d B
JEHLAZHE (0.40 g/kg) 2R3 PR R R AL Bk i i
JE (P<0.05), %575 8~15 d JRH IR XA 254
5 2 AR L BERF K E (P<<0.01). fEZ5245 5d I,
FHLHE (0.40 g/kg) LBHEFFHRCTT R0F0 (P<
0.05), BEELLZINT IR, 2525 12d IEHEER
& (0.10. 0.20. 0.40 g/kg) ZH¥Jm] 32 FZK CIA K
BRI RIES (P<<0.05. 0.01). ¢ i, EALR
PR s R ROKRURES, BAHERPRIEM,
RUUAE R L B AK B . PR OG5 7 THI -

400 5.5 sa 13 &
380 12 - g
5.0 w §F % : ” se > A
360 £ - ‘ L RER
o R . T
ﬂg 340 % 45 £, P \m(_\ﬁ%;\%ﬁ
& 320 E= 23 "o FRRE
300 w R o PHURTE 020 kg
280 3.5 6 = BIPLRTE 0.40 g'kg!
360 (3)-0} = — 3}
1 3 5 8 10 12 15 1 3 5 8 2 15 I3 5 8 10 12 15

HXHEA L 4P<0.05 #4P<0.01; SHMALLE: "P<0.05 "P<0.01, K2 [
&P <0.05 #&P<0.01 vs control group; "P <0.05 *"P<0.01 vs model group, same as fig. 2

1 FHEREN CIA KBRAERE. EHMEMXTRITIHEME (X+s,n=10)
Fig.1 Effect of Biqi Capsule on body weight, foot swelling and arthritis score in CIA rats (X £ s, n=10)
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3.2 BHREX CIA KRIME RF REMEFK
RSN

YHMIEH F7E RA SRS ST i h oy i B 2L
ffta. IR 2 fion, SxPiRdl b, BRI KR
Mm% RE. IL-17. IFN-y. TNF-o F1 IL-1p /K°F-3
BFETE (P<0.05. 0.01. 0.001); SHAIZH LI,
95 A s 9 477 B 2H K BRI H RF IFN-y TNF-o, Al
IL-1B 7K P38 & FAE (P<<0.05. 0.01. 0.001), ¥
R FE (0104 0.20. 0.40 g/kg) ALifiF IL-17 /K
B ZE B (P<0.05. 0.001), H SR,
IL-10 A BGRMBURIEA, $&5 IL-10 S 2HF T
P44 9 A A R BB BRI R . SRR, 5X)
MR bR, B KRG 1IL-10 /K2 R
Py SRR LU, AR ZE T R K B i IL-
10 7K
3.3 EHEHREX CIA XA ZBAREHS 0

W 2 frs, SxFIRgl b, AR 2 K iR
KR FE B W 1K (P<<0.01. 0.001), #E/R7E

KT R EDRAS T RORR AN BB R 4 15d
SRS, AL BE S 25 A PR DL BRI IR 45
R, 16 BRRA R R A BRI A DG,
Hr 020, 040 gkg FIRHAFREEEES (P<
0.05. 0.01), FRIFHLIRIENS T CIA S ENEFA
A A — 8 I ECEEH

34 EHEREEN CIA XRBRXTHHELARKRETILE
AL

WE 3 prs, JIRAK RERCTT LIS FEA
1, RATHOEHE, RIWENLEN, Rk
252 AR WA s BT ALK BRI BCE B n
BCOE A B B R BURSE, R ER R LIRS SR
o AR B REAS A G, RO BCE I
B IR R0 HR I BRI R R 2540 CIA
KRBT EH A EACNE, RIAERE R
HWIR AT N IRFEAH > R 2 A
RFEID> | R A A S A ek D L R A R
(ER/IRTE U

Fz2 BEHERES CIA XRIE RF REHETFKFEHEM (X£s,n=06)

Table 2 Effect of Bigi Capsule on levels of RF and inflammatory factors in serum of CIA rats (X + s, n = 6)

o Viile=:v) I P IFN-y/ TNF-o/ IL-1p/ IL-10/

W gy RPOUDLD  L17eml  omi ) emll)  eml)  (pgmi)
ot HE — 140.87+3.64 61.13+8.41 8.501+0.67 5.81+0.31 18.70+2.47 27.03+10.04
it — 180.23+4.83%&&  94.67+8.95%  47.95+1521%& 11.564+2.08%&& 39.60+6.21%%& 15,01+3.92
D IEUIN 0.01 146.07£3.15"** 6481 £5.15°  13.40+2.14" 6.06£036™ 212512417 26.74%+3.86
TAMME  0.01 164.93+2.48° 52.96+7.47* 9.67+0.43" 6.62+047" 16271235 18.42+5.13
JE LI 7 0.05 162.30£2.80"  69.90+£12.03  13.80%+2.55" 6.59+0.66"  21.02%£3.32"  15.13+2.53
0.10 153.87£4.92"  58.80%£11.55** 17.38+7.16" 62610377  17.38%£1.82"*" 21.64+8.13
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Fig. 2 Effect of Biqi Capsule on organ index in CIA rats (X = s, n =38)
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Fig. 3 Pathological observation of ankle joint of rats in each group (HE, x 100)
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