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Based on theory of "warming alleviates pain", exploring mechanism of Erxian
Pills in improving joint pain in collagen-induced arthritis model rats
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Abstract: Objective To investigate the efficacy and mechanism of Erxian Pill (EXP) in treating pain of rheumatoid arthritis based
on the principle of “decreased pain upon warmth”. Methods A collagen-induced arthritis (CIA) rat model was established, and rats
were administered low- and high- dose Erxian Pills (0.45 and 0.90 g-kg™', respectively) or tripterygium glycosides tablets (positive
control, 9.45 mg-kg™) via oral gavage. Body weight, joint appearance, and arthritis scores were assessed. Mechanical withdrawal
threshold and thermal pain latency in the hindpaws were measured. Micro-CT was used to evaluate ankle joint imaging changes. Serum

levels of inflammatory cytokines—interleukin (IL)-1, IL-6, IL-10, and IL-4—were detected by ELISA. Hematoxylin-eosin (HE) and
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Masson staining were performed on ankle joints. Real-time quantitative PCR (QRT-PCR) analyzed transcriptional changes of TRPV1
and CGRP genes in tissues. Western blotting examined protein expression of calcitonin gene-related peptide (CGRP), transient receptor
potential vanilloid subtype 1 (TRPV1), and c-fos in joints and spinal cord. Immunofluorescence staining assessed c-fos protein
expression in spinal cord tissue. Results Compared with the control group, CIA rats showed reduced body weight (P < 0.01),
significantly elevated arthritis scores (P < 0.01), redness and swelling of paws, decreased mechanical withdrawal threshold and thermal
pain latency (P < 0.01), synovial hyperplasia, and roughened bone surfaces with erosion. Serum pro-inflammatory factors (IL-1, IL-
6) increased while anti-inflammatory factors (IL-10, IL-4) decreased (P <0.01). Expression of TRPV1 and CGRP proteins in the ankle
joints was significantly upregulated (P < 0.01). In the spinal cord, CGRP gene transcription and CGRP and c-fos protein expression
were markedly elevated (P < 0.01), while TRPV1 protein expression showed an increasing trend. Fluorescence intensity of c-fos in the
dorsal horn of the spinal cord was significantly enhanced. Compared with the model group, rats treated with high-dose Erxian Pills
exhibited significant increases in body weight (P < 0.01) and marked reductions in arthritis scores (P < 0.01). Joint swelling and
synovial hyperplasia were alleviated, and blue collagen fiber deposition was notably reduced. Mechanical withdrawal threshold and
thermal pain latency were significantly improved (P < 0.01). Serum inflammatory factor release decreased, while anti-inflammatory
factors increased (P < 0.01). Protein expression of CGRP, TRPV1, and c-fos in both joints and spinal cord was downregulated (P <
0.05, 0.01). CGRP gene transcription in the spinal cord was significantly reduced (P < 0.01), and c-fos fluorescence intensity was
markedly decreased. Conclusion Erxian Pills effectively ameliorate joint inflammation and pain thresholds in CIA rats, likely through

suppression of TRPV1-mediated pain sensitization, providing scientific support for the TCM theory that “warmth reduces pain”.
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5 EFFARE . 24 P<<0.05, IE A Dunnetttt3
R4, 4 P>0.05, WM LSD fide. HEEREA
W R IER AT, WAE RS H0R 50k 5 A 44
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3.1 TS CIA R B KRR X 15 R AEFNIE B A2

WE 1R, SRR KR, B KR
BRI T B B 2G5 i M TR, A o i il 21 T 0o TR
4 (P<0.0D), XTRFHEEF R (P<0.01); 5
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T A VP4 ¥ B 2 PR (P<<0.01) o 5 % R 4L AH
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Fig.1 Effect of Erxian Pill on articular appearance in CIA model rats

®2 LA CIA BEXRXTREMARBHFN (X £5, n=6)
Table 2 Effect of Erxian Pill on joint inflammation and pain in CIA model rats ( X £s, n=6)

251 I/ (gkg™) R J5i kg KT RVFSr HUARHGR {8 /g PR RIS ] /s
xif R — 483.5+12.10 0 26.00+0.00 5.64+0.17
R — 408.5+12.99% 11.3340.42# 2.00+£0.45% 4,32+0.15*
—AlH 0.45 434.8+12.99 10.3340.80 6.67+-0.42" 4.90+0.22

0.90 474.8+12.29 6.00+0.73" 9.00+0.45™ 5.47+0.16"
BAREH 0.009 45 450.7+10.96 7.33+0.67" 8.00+0.73™ 5.17+0.20

EX AR #P<0.01; SEBALE: "P<0.05 "P<0.01.
#P <0.01 vs control group; “P<0.05 P <0.01 vs model group.
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OEE, WIRIE AR R SRR AR IR IS B R, Jf
HIE ORI DI S . b WA 2.

ZAIl#.0.90 g-kg !

2 ZAlART CIA #HEKR X TIRETLRIFNE (X4)
Fig.2 Effect of Erxian Pill on pathological changes in CIA model rats (x4)
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5B A LE , AR 2H K BRI 2 15 Micro-CT B
UG RO R A R IR, R AR 4,
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A E] B B RO, LA 3.

i
f’.& : @1 o8 :9 % .n-p‘.;(\;
A | dfr =

Z i} 0.90 g-kg™ N TAL

B3 ks CIA REKER XTI CT £ RHIFM
Fig.3 Effect of Erxian Pill on CT imaging of joints in CIA model rats

34 LA CIA #HEKR MIE AR E FrIF2 M

S5t FRALAR B, AR 2 R R M e 6 I 7 TL-
1B A1 IL-6 S &THE (P<0.01), #KKF IL-4 A
IL-10 &8 8 F % (P<0.01); SEIMAME, —
fliF 0.45 g-kg ' HIMIEH 1L-6 EEFFR(P<0.01)
IL-4 FHim (P<0.01), —Ali} 0.9 g'kg ™' 4 IL-1B Al
IL-6 S &ML (P<0.01), #M# KT IL-4 Al IL-10
SRR (P<0.01); FABEZHIHTHBRIE

E S, % 3.
35 A3t CIA =B KR EHE TRPVI. CGRP
mRNA £ FH952 0

5 tHE AL, #EA4H TRPYVI I CGRP mRNA
Bk R EREA, CGRP 2R EFE (P<
0.01); SHMALE:, & AlAEITE TRPVI %
DRI s 57 5L A a3, CGRP JERHE 5 BB AL (P<
0.01), ZEHRIE 4,
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&3 st CIA RB KR MERERFHIFM (X £s, n=6)
Table 3 Effect of Erxian Pill on serum inflammatory factors in CIA model rats ( X *s, n=6)

ZH ) FE/(mg-kg™) IL-1p/(pg-mL™") IL-6/(pg-mL™") 1L-10/(pg-mL™1) IL-4/(pg-mL ™)

Hof 1 — 51.10+3.66 87.1+6.48 103.6+2.01 59.64+1.62
it — 66.49+2.13% 173.6+7.35% 74.6+1.42% 44.83+1.37%
Al 0.45 56.73+2.60 127.7+£7.15" 83.8+2.39 57.27+2.27"
0.90 43.40+1.48" 135.7+8.40™ 99.9+3.33™ 59.90+3.05™

CIEN EAE 0.009 45 4455+1.31" 178.3+4.87 89.4+2.75™ 54.18+1.61"

XS HELLER: #P<0.01; SEBALLLHR: "P<0.05 *P<0.01.
#P <0.01 vs control group; “P<0.05 *"P<0.01 vs model group.

=4 (A CIA =B KR EREFLZT TRPVI., CGRP mRNA #EMEN (X +5, n=3)
Table 4 Effect of Erxian Pill on transcription of TRPVI and CGRP mRNA in dorsal root ganglion of collagen-induced
arthritis model rats ( X s, n=3)

2H 531 FE/(mgkg™) TRPV1/GAPDH CGRP/GAPDH
Xof HR — 1.00+0.00 1.0040.00
it — 2.1510.80 1.43+0.16"
Al 0.45 0.69+0.32 0.36+0.06™
0.90 1.0040.32 0.21+0.09™
RN EAE 0.009 45 1.3240.03 0.9540.20

HXIA LR #P<0.01; SEMALLE: "P<0.05 “P<0.01.
#P <0.01 vs control group; “P<0.05 P <0.01 vs model group.

3.6 (LAt CIA #REKXR X PHAEEERRIEX
EH=E SN0l

SiRE 4. KSR, SXTIRAME, B
HERLH TR TRPV1 1 CGRP A RIA R B #H
I (P<<0.01); SHRAELE:, — At 0.9 gkg ! 41
TRPV1 fil CGRP HHKRIEEHEZERHFM (P<
0.05. 0.01), HALALIEM 2 —@ MM,
EERET, SXTIRAE, B4 CGRP EAR
LEEETE (P<0.01), TRPVI HHEXETH
i SEAAE, Al 0.9 g-kg LRI
AEZH F 4% TRPVI1 A CGRP KA .3 PR (K
(P<<0.01). B TR K B HE 1 S Bl 22 T 4
() c-fos £& FABEATASIN, 45 AP, SxHIRAAMEL,
WM c-fos FRHARE T EFE (P<0.05); S5
R LR, & ZANALRI TR A TR 2 8 697 5 W R %
ik (P<<0.05. 0.01).

W I B RE AU K AL IEAT o-fos 25 HufiE
PeYett, SEREIR, BAAEEREY A mYOL
ST, FHYEREER 2, mad 4mia
JP 2, W B R RN B 1 40 i A A R A P R PR
k. WK 5.

TRPVI[—= 2B 8% & =] 95104

St | CORP| sl i s e s | 2.0 10"

GAPDH|-----| 3.6X10

L e T
CGRP[ e s e |,
| GAPDH | —— . |
c-fos | s e e = v | 6.5 10¢

GAPDH | sl ws we. @il #88 | 5 6 < 10¢

% M 0.450.90 FHAMELIF
8 = AlHu(gkg™)

4 ZALAR CIA BREARXTMEEABEXERR
;A

Fig. 4 Effect of Erxian Pill on expression of pain-related

proteins in joint and spinal cord of CIA model rats
4 i
ARWFFEE RAEH], Al FURE AR K 2 TUM K
FERE, FRAROGTT VP, T 2 AU S HiR
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®5 AR CIA HEAXRXTTMERABRAXERRENTME (X £, n=4)

Table 5 Effect of Erxian Pill on expression of pain-related proteins in joint and spinal cord of CIA model rats ( X £s, n=4)

i . BRI ESui
4 5 & /(mgkg™)
TRPV1 CGRP TRPV1 CGRP c-fos
ot B — 0.6240.09 0.6140.04 0.7240.08 0.6540.05 0.6940.08
it — 1.094-0.07# 1.0740.06* 1.0140.06 1.08+0.11% 1.1440.11%
Al AL 0.45 0.75+0.06 0.80+0.07 0.75+0.04 0.76+0.09 0.76+0.07*
0.90 0.5640.13" 0.5740.08" 0.5040.09" 0.6540.07" 0.6240.07™
HAMELT 0.009 45 0.57+0.13" 0.73+0.14 0.40+0.07" 0.5440.05™ 0.631+0.10™

SxtiEA e #P<0.05 #P<0.01; SEMAHE: *P<0.05 **P<0.01.

#P<0.05 *P<0.01 vs control group; "P<0.05 **P<0.01 vs model group.

c-fos

DAPI

Merge

FEETY “AiliF 0.45 g-kgt

“AilF.0.90 g-kgt NI EAS

5 ZAlxaS CIA REUAREHE c-fos ERFRIAMFM (X 40)

Fig. 5 Effect of Erxian Pill on protein expression of c-fos in spinal cord of CIA model rats (x40)
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