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[Abstract]  Objective: This paper aims to investigate the mechanism of Jinyang Dingtong plaster in improving the

peripheral pain sensitization and synovial fibrosis in rats with knee osteoarthritis (KOA) by blocking the ion channels of transient
receptor potentials (TRPs). Methods: The active components in the transdermal absorption solution of Jinyang Dingtong plaster
were identified by using ultra-high performance liquid chromatography-electrospray ionization-quadrupole ion trap tandem mass
spectrometry (UPLC-MS/MS) technology. A KOA rat model was established through intra-articular injection of monoiodoacetic
acid. The rats were randomly divided into blank control group, KOA group, compound Nanxing Zhitong plaster Group, and
Jinyang Dingtong plaster group, with eight rats per group. Among them, the rats in the compound Nanxing Zhitong plaster group
and the Jinyang Dingtong plaster group were intervened with external application treatment. After the intervention period, the cold
and mechanical stimulus pain thresholds of rats in each group were detected, and the transverse diameter of the knee joint was
measured. The levels of inflammatory factors in the serum such as interleukin-18 (IL-18), tumor necrosis factor-a (TNF-a), nerve
growth factor (NGF) , and calcitonin gene-related peptide (CGRP) were determined by enzyme-linked immunosorbent assay
(ELISA). Protein expression levels of transient receptor potential ankyrin 1 (TRPA1) , transient receptor potential melastatin 8
(TRPMS) , transient receptor potential vanilloid 1 (TRPV1) , transient receptor potential vanilloid 4 (TRPV4) , transforming
growth factor-8 (TGF-B) , and vascular endothelial growth factor (VEGF) in synovial tissue were detected by Western blot.
Histopathological changes in synovial tissue were observed by using hematoxylin and eosin (HE) , Masson, and Sirius red
staining, while the expression of type I collagen and alpha-smooth muscle actin (@ -SMA) was detected by multiplex
immunofluorescence. Results: A total of 35 active components in the transdermal absorption solution of Jinyang Dingtong plaster
were identified by UPLC-MS/MS, including phenolic acids, flavonoids, quinones, alkaloids, terpenes, lignans, and coumarins.
Among them, the constituents such as berberine, paeoniflorin, ferulic acid, and caffeic acid exhibit clear anti-inflammatory,
analgesic, and anti-fibrotic pharmacological effects. Compared to the blank control group, rats in the KOA group showed a
significant decrease in cold and mechanical stimuli pain thresholds (P<0.01). After 14 and 28 days of Jinyang Dingtong plaster
intervention, the pain threshold in this group was significantly increased compared to that in KOA group (P<0.01), showing no
significant difference from that in compound Nanxing Analgesic plaster group. Additionally, Jinyang Dingtong plaster reduced the
levels of IL-18, TNF-«a, NGF, and CGRP in the serum of KOA rats (P<0.01) , lowered the expression of TRPA1, TRPMS,
TRPV1, TRPV4, TGF-B, and VEGF proteins in synovial tissue (P<0.01), improved synovial pathological damage in KOA rats,
and significantly decreased fluorescence intensity of type I collagen and a-SMA (P<0.01). Conclusion: Jinyang Dingtong plaster
can improve the peripheral pain sensitization and synovial fibrosis in KOA rats by downregulating the expression of ion channels of
TRPs and related inflammatory and fibrotic factors.

[Keywords] Jinyang Dingtong plaster; knee osteoarthritis; ion channel of transient receptor potential (TRP) ; peripheral

pain sensitization ; synovial fibrosis; synovial inflammation
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5 KOAYLH#e, T-Hi 14 dJ5 , % FH 2 95 B 4 ) 3
9 190 W 2 T (P<0.05) 5 T 9 28 d J5 , 7% PH 22 JF 7%

MEFmE RIS 4L EREYHE RS
(P<0.05), Hidl b £ R G ITHFE X, WEL,

F1 BEHERBREFHELFEFTNRRS R BREBDENIE (f+s,1=6)

Table 1 Effect of Jinyang Dingtong plaster and Nanxing Zhitong plaster on pain threshold of cold stimulation in rats (x+s,n=6) S
21 5 4 /g T R TS T4 14K T4 28 K
e 87.83+4.88 86.10+5.74 88.50+3.92 89.63+5.43
KOA % 50.17+6.61" 53.69+3.17" 52.18+2.49" 52.33+3.93"
B PH R A 1.5 48.20+5.86 51.83+3.88 59.50+4.01% 62.48+4.64%
Hh MR IR E A 1.5 49.77+3.31 52.10+4.18 53.17+3.55 58.73+3.87%

T 5% A A VP<0.015 5 KOA 41 He 4 ¥ P<0.05 (£ 2 FIFE 5 )

3.3 XFOREMLMOR R AN S H
A, KOA 4 BIL A R 0 B 2 3% % {IK (P<0.01) .
5 KOAA L#, THi 14 dJ5 , % BH & 9/ 5 285 AL A 3l

g (A W 5 T 5 (P<0.05) ; T 70 28 d Ji , ¥ PHAE
BRI J7 r B 1k T 2 AL AROR O (4 T
(P<0.05), L LR 22 S LGt 2 08 Lo L& 2.

*2 EHERBEREFEELFBETIABRIMREEBRENEE (T+s,2=6)

Table 2 Effect of Jinyang Dingtong plaster and Nanxing Zhitong plaster on pain threshold of mechanical stimulation in rats (x+s,n=6) g

41 51 /g TR TR TS 14K S 28 K
= A 27.13+4.32 28.10+3.82 27.43+3.52 29.17+4.32
KOA # 8.67+5.31" 7.57+4.57" 7.17+3.87" 8.33+4.13"
W P g Al 1.5 7.80+4.56 7.83+4.83 15.50+4.21% 16.50+3.37>
5275 1 A R R R 4L 1.5 7.93+4.32 7.50+4.71 10.17+4.15 15.83+3.99%

3.4 XK B W B 4 41 TRPA1, TRPMS8 Fl TRPVI,
TRPVAHE AN RILBE I 525 4 K ,KOA
KIS M4 41 TRPAT. TRPMS8 . TRPV1 . TRPV4 () &
FIAH X 235 7K OF B 3 T (P<0.01) 55 KOA 4 b4,

%3 EHEREREAHELBEXKARIBESLAL TRPAL. TRPMSF TRPVI. TRPV4 E QX KA

W BH A R 7 N 52 5 A AR LR R 410 TRPAT . TRPM8
M TRPVI . TRPV4EHAMX KL B F T M, 272 E
Giit X (P<0.01), HW AL 8 22 5 LS 2# &
Mo WEEIAE L,

Y8 (x+s,n=3)

Table 3 Effect of Jinyang Dingtong plaster and Nanxing Zhitong plaster on relative protein expression of TRPA1, TRPMS8, TRPV1 and

TRPV4 in synovial tissue of rats (x+s,n=3)

20 5 i /g TRPA1/B-actin TRPMS8/B-actin TRPV4/B-actin TRPV1/B-actin
I SE| 1.00+0.11 1.00+0.12 1.00+0.14 1.00+0.18
KOA %1 3.45+0.69" 1.45+0.18" 2.45+0.89" 3.45+0.54"
B IR T Al 1.5 2.23+0.327 1.03+0.21% 1.23+0.22% 1.93+0.26”
T IR AL 1.5 1.90+0.417 1.10+0.07% 1.20+0.18 1.80+0.327

T 52 4LV P<0.01; 5 KOA AL L8 P P<0.01(F 4 . F 6-F 8 [7])

3.5 X KB o IL-18. TNF-a il NGF . CGRP f
W 528 B B, KOA 4R B i + IL-18.
TNF-a fl NGF.CGRP % & i % J+ & (P<0.01) ; 5
KOA 41 He A, 3 PH 2 9 B A2 77 a2 Lk 9 7 4 1 i
o IL-18, TNF-a . NGF, CGRP & # ¥ I # T 1
(P<0.01), AW I 2R LG #m L., k4,

3.6 SRR XETEANEN S 4LE,
KOA 41 1 g 515 #4212 F+ & (P<0.01) . 5 KOA
HIH, T 14 dJe 5 P E B A O ke i ] g

- 112 -

FEAR (P<0.05) ;T 7 28 d J& , B FH & i B A1 &2 )5 e A
1k 956 7 2 T O T R AR Y W 1 AR (P<0.05) , HL P4
W ZER TG E L. WES,

3.7 XF R B B S0 B AA 52 HE . Masson
AR B LY w25 LA K B B4 204 B2
4 Jf HE 2 B S, o AT AR, T A T AL R L
338 KOA 21 K BRI 58 41 204 L2 40 B HE 51038
L, S KA 1 R AE A IR, Col [ PLAR, 1T 7Y i i
b 52 A L, KOA 4 Krenn's 5 B3/ 8 35
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: ST e A > e L 4 1 R
rers (O - 12: 0. AR Col 1 b HVLEL. I J i b 1 2 5 5

KOA 41 1 B, W W5 9 5 1 5 77 7 2 1L i 75 41
- - - Krenn's 5 B 45 35 W 6 ( P<0.01) 5 0 i 5 %1

KOA ¥ [ L 8 7 5 2 07 e 2 Lk 3 AL

REVE L D e . s EL B R T SRR . L% 6 T 2.

3.8 X KRB BEA L Col I Fla-SMA By 5
ou (S - -, %5 41 B, KOA 41K B I 41 81k Col T Al
- a-SMA [ %¢ 365 i i 3% Tt 55 (P<0.01) ; 5 KOA 41
e D D G W 0 b 5 B 53 5 015 7 7 2. 1 7 4L B 1

X 2 N 5 Col T il a-SMA 1y %< ot i & ¥4 | 2 B& ik (P<0.01) ,
VE AL %8 (141 BKOA 415 C. 3% B i 5 413 D. & 7 1 J2 IE i HMWH B 2R Tog it m Lo WK &K T,
A1 (11 2-l 4171 3.9 K B A 2L AT 4Rk R id ) TGF-B Fil VEGF

B1 fAKXRBERAZSRRRKM TRPAL, TRPMS 1 TRPVI1, E"J%ﬂlﬁ] 5§E?ﬂtkﬁ,KOAﬁﬁ?ﬁﬂﬁ?ﬂ?ﬁTGF-ﬂ

TRPV4ARIE B RILBEK . E/J 7'; —j-%%‘j; RY PR = e M=

Fig. 1 Electrophoresis of TRPA1, TRPMS8, TRPV1 and TRPV4 ﬂ] VEGFI% %El HX‘ L7K:FM%%IEJ(P<O'01>;§
KOAH IL# , HHEMFME FmE LW E AN
TGF-B M VEGF & [ AH X 3R 18 %) i 2 F I (P<0.01) ,

T (P<0.01) 5 bR i 3 A8 AL 75 &2 05 g B 1k 9 75 4 HMd iz gmit=m L, kRS K4,

protein expression in synovial tissue of rats

4 EHEREBSREFEHELBEEXNARIME IL-18.TNF-a ¥1 NGF.CGRP & B8 M (X+s,1n=6)
Table 4 Effect of Jinyang Dingtong plaster and Nanxing Zhitong plaster on contents of IL-18, TNF-a and NGF, CGRP in serum of rats

(X+s5,n=6) ng-L"
21 51 il /g IL-18 TNF-a NGF CGRP
= HAH 23.1143.48 180.11£12.53 62.72+3.04 29.50+4.97
KOA 4 67.05+2.68" 423.55+13.28" 137.00+3.21" 78.22+7.13"
W B 2 9 A 1.5 45.12+5.56 238.36+15.36% 87.40+6.22% 52.23+8.23%
507 AL IR Al 1.5 43.19+6.77% 225.59+18.64% 91.73+8.13% 48.71£9.34%

®5 BEHERBEREFHELEENRRBXTHEZNZM (X+5,1=6)

Table 5 Effect of Jinyang Dingtong plaster and Nanxing Zhitong plaster on rats' knee diameter (x+s,n=6) mm
41 5] /g T T T 14K TH5E 28 K
= H4l 15.1343.12 15.3344.11 15.50+4.32 15.1743.37
KOA 41 15.07+2.31 25.12+4.17" 26.19+4.12" 25.33+3.93"
B PH A 1.5 14.91+3.16 24.83+3.97" 21.50+4.21% 20.48+4.64%
275 1 AR R 4L 1.5 14.93+2.98 24.97+4.18" 24.17+3.95 21.83+3.87%

*6 EMHERBREFHELBEENKXRBEAL Krenn's 512 4 iTit

AR (ks e TR A AL A TR R B H

Table 6 Effect of Jinyang Dingtong plaster and Nanxing Zhitong P \ \ e
CLLAE, W AT R 2 2 (AR B OE )

B2 09, R, R BR A L, AR,

BCOCREAT I, b R A 30, A7 A AR Bl 2 T2,

plaster on Krenn's histopathological scores of synovial tissue in

rats (¥+s,n=6)

21 51 il /g Krenn's i FLT- 43 /53
g o IR 2 254 " A T SEZEIE AN
KOA 41 2020530 TR 2 D5 B DAL A 263 o 1k 9 L 9 i 2k
S I T WS ST L
R = 48020897 BRI UK A T XS B 2
TR ILAA 1S 5104085 25 H o W T T IR R B I A

« 113 -



532 B 8 I HEXBAFZRS Vol. 32,No. 8
20264F 4 H Chinese Journal of Experimental Traditional Medical Formulae Apr. ,2026
HE
Masson
RIELL
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Fig. 2 Effect of Jinyang Dingtong plaster and Nanxing Zhitong plaster on histopathological of synovial tissue in rats (x200)

DAPI

a-SMA

Coll

Merge

A B
B3 HEHEREREFHELFENRRBRELSR Coll M a-SMARSERERFM (HAHE,<400)

Fig. 3 Effect of Jinyang Dingtong plaster and Nanxing Zhitong plaster on fluorescence intensity of Col I and «-SMA in synovial tissue of

rats (IF,x400)

7 EHERBEREFEHELBEENARRBIRALA Col
a-SMA BB EM R (T+s5,n=3)

Table 7 Effect of Jinyang Dingtong plaster and Nanxing Zhitong
plaster on fluorescence intensity of Col I and «-SMA in synovial

tissue of rats (x+s,n=3)

*8 EHEREREFHELBENXRBRALATGF-BH
VEGF ZE RN REMFZI (F+s5,n=3)

Table 8 Effect of Jinyang Dingtong plaster and Nanxing Zhitong
plaster on relative protein expression of TGF-B and VEGF in

synovial tissue of rats (x+s,n=3)

21 51 /g Col I a-SMA 21 51 #l4/g  TGF-B/B-actin  VEGF/B-actin
2= 4 8.13+2.46 18.25+3.17 e 1.00+0.08 1.00+0.14
KOA 41 70.34+6.59"  57.27+5.44" KOA# 4.07+1.45" 3.42+2.50"
HHER A 1.5 47.80+4.31  33.23+4.82% T PHE 9 A 4 1.5 2.59+0.59” 1.61+0.827
75 M A R AL 1.5 45.23+5.617  30.60+4.96” 75 M A R AL 1.5 2.20+0.427 1.52+0.027

LT 325 B e ) L A XU BRI T A 8 2% 1 2 LA UK R
Al CBE AR ) 38 vk R M E AN SF L IR BB AR L
114 -

1R, UK AN AR AT T P b Az L2 28, T e
W B WM, AR L 2SS 2R . A S
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Fig. 4 Electrophoresis of TGF-8 and VEGF protein expression in

synovial tissue of rats
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e ML B R A B R R, E B KOA 12 1 ol [ 44 9%
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UESE 7 FHE R B BE 05 48 = KOA K ELAY ¥ (B AR
TR (E I AL 40 ) K 2 2% TRPAL,
TRPMS8 FI AL A H] 2% 52 2% TRPV1 . TRPV4 [ 35
F IR K WD ILE 48 RE - IL-18 . TNF-a Fl¥%
J /v Jit NGF .CGRP & 4t 5 75— J5 10, ¥ FH & 9 B Il
> KOA K B R4 21 4 i 4 i 32 59 & Col 1 1iT
R, g it/ d 5 R B IR o T 2F 4 Ak A ic B
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