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Intervention effects and mechanism of Toddalia asiatica on cardiovascular damage in rats with collagen-
induced arthritis

LI Yuexing, CHEN Boyang, LI Qian, CHEN Shuai, CHEN Yunzhi (School of Basic Medicine, Guizhou
University of Traditional Chinese Medicine, Guiyang 550025, China)

ABSTRACT OBJECTIVE To investigate the intervention effects and potential mechanism of Miao medicine Toddalia asiatica on
cardiovascular damage in rats with collagen-induced arthritis (CIA) based on vitamin D (VD) and neutrophil extracellular traps
(NETs). METHODS SD rats were randomly divided into the normal group (9 rats) and the modeling group (61 rats). CIA model
was prepared by multi-point injection of type II bovine collagen+Fisher’s incomplete adjuvant; the model rats were randomly
divided into the model group, methotrexate group (positive control, 1.5 mg/kg, twice a week) , vitamin D group [pathway
validation, 1 000 IU/(kg-d), once a day], T. asiatica low-dose, medium-dose and high-dose groups [0.54, 1.08, 2.16 g/(kg-d),
calculated by crude drug, once a day], with 9 rats in each group; they were given relevant medicine intragastrically for 4
consecutive weeks. Arthritis index scoring was performed after modeling and before administration, and plantar thickness was
measured before and after the last administration; the histopathological changes of ankle joint, heart and abdominal aorta were
observed in rats; the serum contents of myeloperoxidase (MPO) , interleukin-6 (IL-6) and 25-hydroxyvitamin D; [25 (OH) D]
were detected; the expressions of peptidylarginine deiminase 4 (PAD4), NETs markers [citrullinated histone H3 (CitH3), MPO],
VD-related indicators [vitamin D receptor (VDR), 25-hydroxyvitamin D-la-hydroxylase (CYP27B1)] and IL-6 were determined in

cardiac tissue. RESULTS Compared with the normal group,

AESTE FHE [ KRR 4T0 H (No.82260890) ;2021 4F[H 5 the plantar thickness of the arthritis index increased
SRR 4 i b B B B BHIF B BT PR % T (No.2019YFC1712504- significantly in the model group (P<C0.01). The obvious
04) 3 BTN AT H TR B SCRe 47 it 2 B PHIFF- 73 1T AT (No. 252085 inflammatory cell infiltration and fibrous tissue hyperplasia
(20221023 %5 ) 5 E N o B2 25 K 2% 2021 48 B B BIFBI T A % 28 &
(No0.2019YFC171250101)
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#AEIEVEE BT ST -, BT - T E R S R detachment was found in the abdominal aorta. The contents of
JETl . E-mail : chenyunzhi270@gzy.edu.cn MPO and IL-6 in serum increased significantly (P<<0.01) ,

were found in the ankle joint, the obvious myocardial fiber
vacuoles and thickening of some surrounding blood vessel

walls were found in the heart tissue, and the endothelial
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while the level of 25 (OH) D decreased significantly (P<<0.01) ; the protein expressions of PAD4, CitH3, MPO and IL-6 in
myocardial tissue up-regulated significantly (P<<0.01), while protein expression of VDR and CYP27B1 changed to acertain extent

without significance (P>0.05). Compared with the model group, the pathological changes of ankle joints and cardiac tissue in rats

were significantly improved in administration groups, and the above indicators were generally reversed (P<<0.05 or P<<0.01).

CONCLUSIONS T. asiatica can improve rheumatoid arthritis symptoms and cardiovascular damage by inhibiting the formation of

NETs and inflammatory response, the mechanism of which may be associated with the regulation of VD expression.
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ML T e Al VD ) E 2P i ——1a, 25- 55
4 1= 2 D1, 25-dihydroxy-cholecalciferol, 1at, 25 (OH).Dy],
5442 D %K (vitamin D receptor, VDR) %54, 2 5 &
SiE AR O i A DR AP S AR ) A R BRSO I
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17,1L-17) FAAZ 48 1k 2 1 (monocyte chemotactic
protein-1, MCP-1) | # & 1k ¥ 15 fk [ (superoxide dis-
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7 FR ST B2 2 R 2 2 B i R T ) A S ST
BHEY) I3 T asiatica(L.) Lam. B9 TR . B4
WERA (BT IR 24, 365 036210906 , #14% 2.5 mg) ) [
g B EE T A B A A AR R (B
L22S11C125306) W [ |- it I A= P RH A BR A A 5 9
[ 5224/ (525 SLCH4885) I [ 26 Sigma-Aldrich
73] VD i 0 G ik 0], ik 129214211, #A%
KL VD, 400 507 W [ E 25 e R i 25 (T DA
B A #] 5 MPO. IL-6., 25 (OH) D fiff 15 5 328 W B I 2
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ginine deiminase 4, PAD4) 7 4T 14 (L5 ab214810)
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e JEE 434 0.054,0.108 ,0.216 g/mL (LLAE 25403 (1924
WL
2.2 HEEES5%HY

B R BBERL > 9 1EH 20 (9 F) R Abi2E (61 ), HL
TR AR, e R 7 ik AR K A TSR 2 1R
A R IR W (2 mg/mL) I, 5 R 58 e Afe 77 4
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2.3 KR /2 EhBhAKIE 5 I 22 K BUAF

TR, T 45 25 R0 45 41K BREAT 567 R 38 BT
53 5T BT AR 2GR AU AR 45 245 I PR bR = RO et B
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A R BRI o 25 RS, DL 19 [5G BE 22 A PR 1
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2.6 AROAEZELZH PAD4 VDR E A FRiL KT
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R, H2.47 TR AL 3 R B D AR ZI) -, 4y
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JIPAD4 . VDR —4T (F B LL 513524 1:100) , T 4 °C i
B FHBERRER 22 vhBOTE Uk 3 U AN, — 47, %
TR 30 min; FRRIE VRN , UL DAB Wi B 2, F DL
Mayer’s Fh ARG R YL, 28 CBEREEE R K5, DL K&
B, T 5 SR, (M BB EA T4 . SR FH Image-Pro
Plus 6.0 #X4%F THC & 47 6% B 430 B, 1F 58 BH 1 DX 3k
(Y3 4 € B3 A 48 0 DX 380 7 °F 2 00 % B H DA ROR
PAD4 VDR & H I #iE KT,
2.7 KROBEZAL dh CitH3 . MPO . IL-6 . CYP27B1 &
B RIEKFER

K FH Western blot S . B 2.37 11 F 44 3 K
BRI VR A O IR L 2, A R J5 BY LIS &, 7% PMISF 9 %4
R ST , T UK E23# 30 min, 7 4 °C F LA 12 000 r/min
B0 5 min, BUETE, (8 BCA 20 5E 2 19k AR
PEAL P B M B I A, AT SR TR M O O R F Uk
(HL AR 80,120 V) 43 B3 146 I (HL i 2 200 mA)
JH R RE 5 %3 04 5 VR JS L im A CitH3 . MPO, IL-6
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CYP27B1.GAPDH —Ht (Fi B L1342 1:1 000) , T4 °C
IR B VRIS I A, ST (B EL A 1:600)
FIRIFE 2 hy VRIS AR KOG HE T 5
1% . i Image-Pro Plus 6.0 FX{F43 #1254 I EEAE, L H
(13K 15 N 28 A (GAPDH) i K FE R HU(E 6 n H R
FI Y ZRIE K-
2.8 FitEFE
K I SPSS 26.0 #A X Bl #1758 1T b . Ik
PEIIUAx + 5 TR, FF A IEA 00 A B 199 22 41 1) bR
PRI Ty 22508, AL IR B R L AR F LSD-¢ 4G40 s AN
IEA ST ERE i Z2 41 8] LR A Kruskal-Wallis K 36, 41
[&] 75 79 1L %58 % F Bonferroni K556 . #6556 /K HE =10.05,
3 #HR
3.1 XEZEMIT CIA#E X R 2 2hBh Ak B HI 220
IEHHKRPURAR W B2, 5IEW4 i, K
FRAE AR S0 J i A B e J B J , DG R A R A Bk
JEL R 34 B A (P<<0.01) . SHERIA HedE, 2259 T
T, PR AR A R i v 74 ek 2 K R A2 o R
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A RSB AR 25 RS i L (P>0.05) , 4
BhLFEL AL,

F1 BAXRXPTREHIIESTMEHREEILE (x L5,

n=9)
a5 AR TR im AR LR mm
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ChEmAREA 4334025 5341041° 4584032
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| IRSE R AR A AN [FIRR BE A, HLLL R i 2 5CR
Fe A (AR BLT 205 I /D 98 i 20 B I 10 AN 2 2
AN ), 4R ILE 2,
3.2.2 DAL
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B. 741 C. T 24
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2K AT 0 LA AEHES 2L, T I S i 2 22
TELFI 53 ] L0 A 1 L 5 A 2 A K RO 2 2R 1
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RO, 258 ILE 3,
3.2.3  JEENIKAL

TE 2R U 3l Dk N B S %, A0 T I 5 R A 24
K ERNE FE B IKLEZ] UL N Bz i 7% s T2 B ne 4 . R Op
M5 590 2 2 R RO = 20 ik 4 40T AN [ R 38 1 A Rz
T B TR R 2T RS 1 VD 2R BRI R D 1A
B, SR ILE 4,
33 kR EIMX CIA # & X R &+ MPO . IL-
6 . 25(OH)D. & =W

5 IR 2H A A 2H R BRIl T MPO L IL-6 3% £
T, 25 (OH) Dy 75 1 i 35 FF IR (P<<0.01) ; S 457
HH, VD A L ROJEH i ) e 2H R BRIl i o MPO &
i, DL A5 25 A K BT Hh IL-6 5 1 (RO 2 1A
L BRAM ) 1 0 3 A, 25 25 W 20 K Bl v H 25 (0OH)
D & (R F MR B 2 BR A1) 1 25 T i (P<<0.05
o P<0.01), Z5RILFE2,

E. e A 41
PR S LU UL 5 O S - A RERGJRE

F RSl ol ke

%2 KAKXKRIMESMPO.IL-6.25(0H)D: S = LLE:

(x*+s,n=5)
41 MPO/(ng/niL.) 1L-6/(pg/mL) 25(0H)Dy/(ng/mL)
FE4 12848845 12184£21.70 31754279
i 177.88%11.88° 17463£21.19° 179£3.70
R 12639£25.19 115.80£29.06° 30544513
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a: SIEF A, P<0.01;b: SR A P<0.01;c. S
A, P<<0.05,

34 TXEREMX CIARE X ROAEEALF PAD4. VDR
BEARIEWFM

5 IE 20 s A 2H K BRI 2 21 PADA4 25 1
1) 238 I 35 158 (P<<0.01) , Tl VDR £ I FRak g A 1
P H 2 BTG H 2 L (P>0.05) ; SHERIZH [Ldg, B
AN ZH VD 41T R OB I 5 ) e 4 K RO 2 21
PAD4 25 [ (1) 3215 34 1 2 ek 55 , 7 FH 2048 21 . VD 40 il
Tl R R RO AL 24U VDR [ kY

R (P<<0.058¢ P<<0.01), Z5% LK 5~K 7,

x A TR

Ar 1
G. WJp R AL
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B.HLRIZ
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E. &I A k4L F. g 3 1 ) ik G. e M s 4]
2T (0% 3 : PADATE [ PP A
5 ZAKBOBALTPADAELFRZHNEME(THCE)

BRI C. WS 4 D.VD#4

E. ©IRE M AIGA] i 20
2T (0553 : VDR H BIMER L,
6 HHKROEA

0.002 5 0.005

it =
i 00020 B 0.004
§ 0.001 5 R0.003
B-0.001 0 B-0.002
E :
£ 00005 £ 0.001

0 0

I m NV v v I o m v v vV
A. PAD4EE B. VDR

T B AL T AR T A 205 IV VDL V o RIR %l
AR 5 VI &l P s VI e s e e s 5 1 4
Heds, P<<0.01;b: SHRIZH Heds ; P<<0.05;c: SHOEIL] HL#, P<0.01,
B7 FHEKXROAEHALF PADL, VDR EHFKIEKF

b (x+s5,n=3)
35 K& E M CIA = B K B O i 20 1 CitH3,
MPO . IL-6 . CYP27B1 & B RIiZHI MM

5 IEH 4, B 2 R RO I 41 2 CitH3
MPO . IL-6 & [ 1) 2 ik /K °F ¥ g 3 F+ & (P<<0.01) ,
CYP27B1 [ 3R Ik 7K BOA FRARAE 25 S 4t 12 3
(P>0.05) ; SHRIL FbAs, VD AL KB Il s AR
FLCIEZH 2 CitH3 2 YRR, DB F 2 2

VD ZH A RIE I v A 2 R RO IEZH 21 H MPO
TL-6 &5 FH 10 838 7K 34 88 35 B AIG, 1T VD 4R &R 2 1L
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A VDR ERRIZHBEHE (IHC %)

rh A 2 R BUO I 2 CYP27B1 2K ) 2R 3k 7K
S TR (P<0.05 3¢ P<<0.01)., 455 ILKI8 .33,

CitH3 15 kDa
MPO 57 kDa
IL-6 24 kDa
CYP27B1 57 kDa

GAPDH 37 kDa

1 i i} v A% Vi VI
T IERd; AR T 405 IV . VDA V. Rp s
ARG VI &I o o e 2 5 VI 6 1 3 7
8 KAKXKROAEHAL S CitH3 . MPO . IL-6.CYP27B1
EHFRIEEIKE
4 itig
LA RGE R NG 5 0 BRI , X RA
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*®3 KAKXRCOIEALF CitH3 . MPO.IL-6.CYP27B1
EERIEKELRK (x+s,n=3)

45 CiH3/GAPDH ~ MPO/GAPDH IL-6/GAPDH  CYP27BI/GAPDH
54 0.102+0.009 0.135£0.038 00820011 025840013
i 0,748 £ 0,050° 0.742£0.015* 0758 £0.070° 0.109£0.024
RSN 027310022 0314£0,089° 02170041 042910021
VD4l 0.205:+0.009" 0297£0.158" 02910073 0.769£0.022°
ThREnIEHED 0.664£0.048 0579£0.059 06340074 024740026
ThEmhEa 0504+ 0,096 0492+0.107 0.483£0.058° 0.745£0.048°
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