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Mechanism of joint injection of Caulophyllum robustum Maxim in the treatment of rheumatoid arthritis
LYU Shaowa, WU Yunyu, LIU Quanli, REN Yuhan, GUO Yuyan, KUANG Haixue(Key Laboratory of Basic and
Applied Research of Northern Medicine, Ministry of Education, Heilongjiang University of Chinese Medicine/
Heilongjiang Provincial Key Laboratory of Pharmacodynamic Substances of Traditional Chinese Medicine and
Natural Medicine, Harbin 150040, China)

ABSTRACT OBJECTIVE To explore the mechanism of joint injection of Caulophyllum robustum Maxim in the treatment of
rheumatoid arthritis (RA). METHODS The targets of main saponins in C. robustum Maxim were obtained from Swiss Target
Prediction, and the RA treatment targets collected from the GeneCards and OMIM database were intercrossed to establish an
interaction network based on network pharmacology. Gene ontology analysis and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway analysis were performed. RA model was established by injecting complete Freund’s adjuvant into the back of
rabbits for verification. The arthritis index score, knee diameter and pain threshold of rabbits were compared. Pathological
examination of rabbit synovial tissue was carried out. The levels of tumor necrosis factor « (TNF-a), interleukin-1@ (IL-18) and
IL-6 in rabbit serum and synovial fluid were detected. The phosphorylation levels of tyrosine protein Janus kinase 2 (JAK2) and
signal transducer and activator of transcription 3 (STAT3) proteins in rabbit synovium were detected. RESULTS Network
pharmacology identified 143 intersection targets between the drug and RA. After the construction of the “drug-component-target”
network, the core components of the network were echinocystic acid, oleanolic acid, hederagenin, cauloside A and cauloside C,
etc. Additionally, the top 10 core targets of PPI network were SRC, STAT3, MAPKI, EGFR, PIK3CA, MAPK3, GRB2, JUN,
PTPNII and JAK2. The results of KEGG pathway analysis showed that the JAK/STAT signaling pathway was mainly involved in
the treatment of RA by joint injection of C. robustum Maxim. Results of validation test showed that compared with model group,
joint injection of C. robustum Maxim could reduce the swelling of rabbit knee joint, relieve the hyperplasia of synovial layer,
reduce the hyperplasia of lower connective tissue, and reduce the number of inflammatory cells and capillaries. The arthritis index
score (excluding low-dose group of C. robustum Maxim) , knee diameter, the levels of TNF-a, IL-1f and IL-6 in serum and

synovial fluid, and the protein phosphorylation levels of JAK2
and STAT3 were decreased significantly (P<<0.05 of P<
0.01) , while the pain threshold were reduced significantly
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acid, hederagenin, cauloside A, and cauloside C. Its mechanism may be related to the inhibition of JAK/STAT signaling pathway

and the reduction of inflammatory responses.

KEYWORDS Caulophyllum robustum Maxim; Joint injection of Caulophyllum robustum Maxim; rheumatoid arthritis; JAK/

STAT signaling pathway; network pharmacology

ZERIBMESETT & (theumatoid arthritis, RA ) f&=—Fh#
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1.1 FE{ES

LXI- 0 AU .0 dLe | b E A 2 A ),
Synergy-H1 %I it b5 {1 || 55 [ PerkinElmer 23 F] , 4600
RIBEI AR R G0 A 1 K BERHE A B 7], Moticam
3000 7 5 fHEE 2 AR R 4l A 35 B Motic /A A, EPS 300
I KA\ VE-186 BUFERLH#E VE 180 R E 1k H# iCEN-
24R FUEHA TR ALY AT BB RS A BR A
1.2 FERH

JE I 22 IR S (125 230910, HiA% 2 mL/32) g [
WA IR VRS2 AT 1) 24 PR ) 5 S b P 5 VR B (B2 56
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KRS P2 PR C D .G H Fl leoniticin D 5
AT EAMIET 0.90 mg) 5 3 FG 58 44/ 7] (complete
Freund’s adjuvant, CFA ; $75 F6801 ) Il [ It 5t 18 B4 R}
FARRA R A4l 2 18 (interleukin-18, IL-1B) \IL-
6 iR PR AR K T o (tumor necrosis factor oo, TNF-o ) fifiFE
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ML051629 ,ML001696 ) ¥4 [ _I- g B K A= ) R4 A R
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55 S P45 - 3 (signal transducer and activator of tran-
scription 3, STAT3) 4T 1A . #5 2 1k (p) -JAK?2 #7 14 . p-
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AR & BCA H VR FE I e R & L 4 dE P R
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2 AEEHER
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LYMDI  3-O-a-L-arabinopyranosyl-hederagenin-28-0-8-D-glucopyranosyl-(16)-  ~ CitlOss
B-D-glucopyranoside
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AIEHA C .0,
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FAIETTH ol 04
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— I AR,
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org/) #4781 BT 11 B AH B.AE H (protein-protein inter-
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JAK2
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kinase, MAPK) {5 538 [ . ' % I 45 % 9K 3 & 4t (renin-
angiotensin system, RAS) {5 5l %, [ ] BE 22K
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KB A E N PR IR 7 d e R4 T 5T - 15 30 A8 B[]
K BRFR AT E | 22 BB B2 T VST CFA 0.4 mL, [
TS 4 05, A5 0.2 mLY; SEIRFFUASS 7. 14 KA MN5R
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T RIGBOE I E Ry 3 A5 S T AR | S5 T 4 I P4 o
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21, B 6 5 Sy eI 6 W IE H R G e A R 07 B e 45
PRFRA R K VR 2s 4,
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BB T DG 19 Ak e BRARG b R R i (A X T AR 2
4.06.8.12,16.24 mg/kg , 45 24771 F 3 Ao 0S50 2 ) 4331
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IERR AL R 1R LR 21,2835 K, %8
P 2E RIASE 750 2] K B 4 24 XU I 561 1 B AR BRER 7K 0.5
mL, &R 1K,
2.2.2  JEMAH P RO RA KE AT Y520

DL RAGECPESr BT AR A (B AR b S
A PF ST 1 SRR RA R AR B2, (1) 2%
W RIGHATy AESLIE5 0.7 .14 .21 28,35 .42 KX K H:
GO TIP3 o (2) RO B  KEA 5 i Bl
BlE MR BEREE TS TR ICEN s . 7R3
I5550.7.14.21,28.35 .42 KA B R AR 6 H
o (3) 9 B3« fof FH 0 D00 2 0 K - e g M R RS
SR 7, DK B A B0 i sl A A S R S I
bro A5 BB, 10 SR EAE M BIE, AR SE 5055 0.
7.14.21,28.35,42 K43 HIKL I K B4 B, A 3
UK, 4 2 YR IAIBE 5 min, BUS{H

S KGR SPSS 26.0 # kAT g8 i o b, R
GraphPad Prism 10.1.2 52 . 1 PORME LIRS 5
1, hx £ s 8o, 241 0] BRI 2 2250 #r, iff—
A HEBERF LSD- K 56, K36 K #E =10.05,

SRR IESCIRES 21 K, Has LA s, HoAhgl ok
HAR) T REGBE o> AR ST ELAR Y W & 8, 3
{2 B R (P<0.01), fELKE 42K, 55 HAK
A RV AR I OCTT REG BT AT AR 2
FEHIN A B 0 R (P<<0.01) ; SRR ZH oA, 4%
25 2 K AR T R FEBOT 4 (TP B 4 B
Ah) T HLAR S i A R (P<<0.01 5% P<<0.05) , ¥ [
{E 34 035 (P<0.01), 25K 2,
2.2.3 M PR AR RA K H A1 W A2
SUE R

FESZIRES 42 K B R EA BRI , 2905 30 K ECAL 5 XU
S OC JE R B 2 mL AR BRER K JR R R R A IOG Y
i PR R 45 LY R O 9 T 43 ) A 3 000 r/min 250> 15
min, B EIE W, 703 T EP 45, —80 °CAR-FF . AbIERH

G, VSN J R 7w G ) D 3 1 R K, 40 i e
R, F AL, Z R E . FPCRES —
ARG 19 T B 2, i AR RS, — 80 °CIRAE . B R
AR B 20, FEA T K R R VTR R -
gr g, B AR S IR T YR AT

RN, 2 VA KCH AR O T R HE S ALK
JE J2 45 4 2L 208 A RN I R L 9 A AR 5
HMAEY K. 525 FUL RS, B2 A 6 1 e
P 1R HHES ZE AL IR T 2 A5 AR S B g A T
DL AR A S IE AN IR B A A B AL Ty sk e, 5
BETUZH LA, 45 25 24 20 R H G IR G 1 T b ik AR Ak
BIA AR EE et R IR Z 3G A k2, T =245 45
LAY/ D | SRE AN AN B A A RO L US4
FH i AR R 2E RN P X R L st I f o 25 IR DL 3
2.2.4 M P ST SR RA KA S oy i
W TNF-o IL-1B \IL-6 7K - FA52

H“2.2.37 510 L35G TR L, 7% ELISA
R S PR AR R TR, 0 ARSI 0l 3R A O M P
TNF-o IL-18 S IL-6 /Ko 2% 2227 W T J ik b4y
Gt odr, A5 R, 5 a8 U g, AR 2 R B A Il v
FISETT W TNF-o \ IL-1B | IL-6 7K ¥ g T (P<
0.01) ; AL LUK , 45 45 25 41 K B I RO 9 ¥
F1 TNF-a  IL-1B  IL-6 7K -2 4 35 B AL (P<<0.05 5 P<
0.01), ZERWFEL2,
2.2.5  ROHEFF ST T BB RA KA 15 T k4
ZUrh JAK2 F STAT3 B2 1k fi 520

K F Western blot 7 K . B “2.2.37 T T 3 A 2H
AR R AR T 2 b EA T A AR, RIS #
M BCA B R B I 2 300 & 0 R E T A i,
FETIE G L REDEA T+ bt S 5 00 - 508 TR M T g e
VK s HLUK S5 AU 4 2 PYDF I, % PVDF I Ef T3¢ 141 , 5f
PG AT —30 . HiHiiRiE & (JAK2 \p-JAK2 . STAT3 .p-
STAT3 .GAPDH — ¥ B L2 4 1:1 000, ik Fe kb

8 254 71 - A
iy o ;;;ﬁ - ZH4A - B
- Y " i 91
Bomn ;-
&6 - FitER g S o | Wt
g [ sy E iR = .
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B3 J[AXRBRBXTEBRAALSREE(HAZ-FLRE FFRHA50 pm)

A HU C. BHTEX IR

TEZEG; 2025475 36 44 8 1]

B. T HAR
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x2 BHAXHELMEMXTERF TNF-o IL-18.IL-6
KL (x £ 5,n=6,pg/mL)
I FE
TNF-a IL-1 1L-6 TNF-« IL-1p IL6
GlEE] 1361221239 43442175 7526%383 146241541 3619:157 563233
fA 4104241637 10337+ 188 145331057 369.74+8.66* 93374328 14744 +3.1(°
Mt 20831 +886"  63.28+3.46° 90.8414.28" 219.88 1247 4488 104 103.6614.16°
|
1

bl

FIHFHEARAL 30606889 7459% 151° 137352286 329.3246.38" 81.63£1.23° 123.964.17
RIHPHAIRA 2839721384 T1.0820.69° 128.6822.12° 32775456 78,861 1.46° 101.63£2.85
RIHFHEAIRA 22041536 68712037 12424326 22641307 48762042 9831174

a: 555 FIALILEE, P<0.01;b: SAIA LA, P<<0.01;c: SHAIZH
i, P<<0.05,
3454 1:5 000) ; PVDF & ECL A& ' Ab 3, 414 e
H, L GAPDH N2, F Gel-Pro BRI & 50 B 2F X}
H B8 H A& IR T K BEAE ST, AR R AL 5 2 1 2%k
WK BE AR LA A R ARES S . &% 2.2.2" 00 F ikt AT
Gt dr, SR R, 525 AL A BRI R H AR R G
A5V IR 40 p-JAK2/JAK2 , p-STAT3/STAT3 /K F-) i
FHIN(P<0.01) ; SHIRIZH HL#s , 45 45 25 4 KR HAu i o6
I IR LH U p-JAK2/JAK2 . p-STAT3/STAT3 7K -4 f.
TR (P<0.01), Z55RILES K4,
*3 BAXRBRBRXTBIRAL D p-JAK2/JAK2 . p-

STAT3/STAT3 /K FEb % (x £ 5,n=6)

gl p-JAK2/JAK2 p-STAT3/STAT3
A4 1053300322 08000400557
A 1.1933£0.041 6 0956740094 5*
ilatpel 08900£0.0458 04367£00252°
Rt PHIE =4l 09067+0.0208" 0.796 740,081 5°
Jpt PR R4 08733200702 0616720035 1°
R AEA 0.8433£0.055 1° 047000026 5°

a: 525 A R, P<0.01;b: SR H AR, P<<0.01,

JAK2| e D it e |131kDa
p—JAK2| G — o— —

STAT3 mj — -

p-STAT3
GAPDH‘! L A 2 2 I Ea
I I i} v \ VI
I o2 s I AT I PR B IV < SR ) 1 2
VR b2 5 VP R A
B4 BHARERBEXTRIRARPIAKSTATESE
BEIESEE B A H R

3 itit
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