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Mechanism of pulsed electromagnetic field in inhibiting inflammatory response in knee

osteoarthritis rats through Wntp-catenin signaling pathway

BAI Zhongxi, FANG Xinggang, MA Longxiang, HE Yulin
Department of Hydrotherapy and Physiotherapy, Rehabilitation Center, Shiyan Taihe Hospital (Affiliated Hospital of Hubei University
of Medicine), Shiyan 442000, China

Abstract: Objective To explore the mechanism of pulsed electromagnetic field in reducing inflammatory response in knee
osteoarthritis rats through the signal transduction mechanism of Wntp-catenin. Methods A total of 90 SD rats were selected
and divided into normal group, model group and pulsed electromagnetic field group, with 30 rats each. Except for normal
group, the rat model of knee osteoarthritis was constructed in the other two groups. The local skin temperature, knee
circumference and Lequesne MG score were measured in each group. Toluidine blue staining was used for Mankin's scoring,
Western Blot for obtaining the expression levels of apoptosis-regulating proteins Caspase-3 and Caspase-8, and ELISA for
determining the expression levels of IL-13, MMP-13 and TNF-a in synovial membrane. Moreover, the differences in mRNA
and protein expressions of Wnt and B-catenin were analyzed, and the mitochondrial membrane potential was also measured.
Results Compared with those in normal group, the local skin temperature, knee circumference, Lequesne MG score,
Mankin's score, expression levels of Wntf-catenin, synovial IL-18, MMP-13 and TNF-a in model group were significantly
up-regulated (P<0.05). The knee circumference, Lequesne MG score, Mankin's score, expression levels of Wntf -catenin,
synovial IL-18, MMP-13 and TNF-a in pulsed electromagnetic field group were all significantly down-regulated as compared
with model group (P<0.05). Compared with that in normal group, the mitochondrial membrane potential of articular cartilage

in the other two groups was decreased, and the mitochondrial membrane potential of pulsed electromagnetic field group was
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lower than that of model group. Conclusion Pulse electromagnetic field can reduce the inflammatory response in knee

osteoarthritis model rats, repair cartilage injury effectively, down-regulate the expression of inflammatory factors and inhibit

Wntp-catenin signal transduction.

Keywords: knee osteoarthritis; pulsed electromagnetic field; Wntp-catenin signal; inflammatory response
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1.2 RHE
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30 min, B A 10% A4 7K A G K R A0RR 1%
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1.5 MMFEIR R 7 7%
1.5.1 RERBEBEIR . EXT EZH Lequesne MG 1F
SrNTE T 2T A I A e A% 2 BRI A N O
W JRy il B F A RO % R B 22 I OG5 Jil A%, g
IS AR DG SR AR 0 o 3 R IR A . MR
BRI SN L 59 R B AR OG5 35 Bl X 3
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1.5.2 KR Mankin's ¥4 $l 45U B 5 = B 28 i
L SR JE TEAS TA) U B B 5 4 IR 3 5 min, Z8 18 /K o
% 2 min J5 F YR 0 QWG4 65 10 min, H5 2R Y
Brdst, WS K, W RSB W, rh R 3 7 & .
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Y A B 5 o R R AR E Ry, QT R A R 5 iz =z )
FE R LR Y R AR, G IR AR R B
1.5.3 KREE HAA T A= E B Western Blot #2il]
WEAKRBRAREFE2ZHE, IR EH,
T8 25 TR TR T g 4 RS UK, 43 il in A Caspase-3 Fll
Caspase-8 HLILFEPUIAR , 7E 4 °CHYIRE T E 24 h, 7
A —HiE IR T E 2 h, DAB WA )5 , IR H
THIE 8 2 (GAPDH) A o 2 B MR8 18145 3 i
TS LK AR BDE % BE(E (ODAE) , 25 AR ik E=H
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1.5.4 KERBEIL-1p.MMP-13 TNF-o REME &
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ELISA 7[Rl 25 5412 498 I BRI 65 43 b 4 1t i Pl 5
F3B  ALHE 1 44 % -18 (Interleukin-1B, TL-18) JiJE
IRFE A o( Tumor Necrosis Factor o, TNF-o,) 1 i1 4
J& 25 1 i (Matrix Metalloproteinase, MMP-13 ), 7£ il %
ZH, YA R 2R (50 nM Hepes, | mM EDTA,
150nM NaCl #1 1% Triton-X) .
1.5.5 KR KT E Wnt 1 B-catenin mRNA 3 i% iUl
FE A Trizolif 5], 45 41K BROC T Foi dH 40 i
BUS RNA L 430606 B2 1 1 1% Byt B 0 8 fise v ik il
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NS, R 2- A A ct 53 Wt Fil B-catenin
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1.5.6 KER XTI E Wnt F B-catenin |/ B R X Ul E
B4 20 R BROCT ey, PR BUEV AR 1, 8 0 SR P s T
BRI LK, 20 A Wt A1 B-catenin B 5E RE SR, 7E
4°CF I H 24 h, AN ZHi7EH il T H 2 h, DAB
5, L GAPDH 18 2 J) MR 4l K 23 B 94
JEHLVK 54 1 ODfH, S F AR X Rk f=H MW E 4
17 OD {H/GAPDH #& |1 4%y OD{H .
1.5.7 KERZEMEEBRAMAQN FIHZ R £
JC-1 9G4 85 K BR G940 B 4 M Zeobr AR R A 7 e 7
Frac Je ST i X 4 R4S R, S (A B L o7 28 2ok i
AN A Ji5 7T s e JC-1 9 e g i B AR 4k, JC-1
FESRLR IR 10 2R G 0 e it =X 20 B e ) v 32 22 5%
PR LAYt LR AR L IR AR
BRI SRR LR (a5 gL 8 o X kil 15
B Y K BROC T Fmr 40 M A e o K AT R T T
SN C R L SN ST 1 O 1
Hh BT S DG AR 2 M A3 Ok s R AT i o
2L O T2 R W e BB L BU D Ol 5 LR LR (R A i) )
SR TRUNSEE S it Y IR AN D ot 0 A LN S
TR A R R SRR (A R LA
1.6 FitFEFHE

K HISPSS 20.0 B AFHATHE 200 b o TR BOR
FHIA B FR o 22 3R, 20 18] b A B R 22 22 5340
ZH 1] 7 LA T LSD-eAG 3 5 THERORHH %2R 2 1]
FLH x* 3T P<0.05 FmZERA G- L.

2.1 XKREEBREIR.BEXE T E1EF Lequesne MG HESUIE

AT IE w4, Higr 2 49 eyl B iR e Rl 2
FLequesne MG PF4344_F 1] ; ok i B e S 21 S AR A A
XTEE, R R T M Lequesne MG 5334 N,
PR REZAAE TR, 3 AR ERSCT iR Lequesne
MG I 2R A G2 R L (P<0.05) ; JRB Rzl 22 5
MRS eGSR L(P>0.05), TR 1,
2.2 KX Mankin's 14>

KRG 2H 2L A Gy £ (8] /s AH LA T IE 8
2H R ZH RN Dk L 1 3 A R RO A 5 A s A
M AR e R F R g IR (B 1), R 2 7]
SR A 2 0 v L 9 47 4K B Maankin's 43 1) A
P34 B . Bk p e i ] SRRV AR L, bk 45
FEARITo3 4 TR, Bk e A2 AL (P<0.05)

F1 BHEKXRBEBE S BEXTIEEH Lequesne MG 74 (% + 5, n=30)
Table 1 Local skin temperature, knee circumference and Lequesne

MG score of rates in each group (Mean+SD, n=30)

207 JREP R/ °C ST R 4R /em  Lequesne MG #F43/4)
IEH 40 36.98+0.22¢  9.92+0.85% 0.00-+0.00

R ZH 38.77+0.39%  12.58+0.51% 5.17+0.43*
BkohERREALH 37.1040.85%  11.09+0.34% 2.50+1.27%
FAi 0.554 8.012 6.009

PiH 0.721 0.002 0.001

*FOR 5 IE R4 H B, P<0.05 ; #5578 SR H i, P<0.05
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Figure 1 Staining of rat joint tissue specimens in each group

2.3 KRB HAEATEEE B Western Blot #& il
ARSI 20, LA 2 A AR 3 A R T i 4 B 1
Caspase-3 il Caspase-8 5 1 ; [k v i i 375 4H S5 A5 Y
ARG, BB FRPRIEA T Bkl R A T
FAIZH (P<0.05), HEWLE3 K2,
2.4 KRBEIL-1B.MMP-13 . TNF-a RiZilE
MR IE H 4L, H 4y 2 4109 18 I TL-1B. MMP-13,
TNF-o &Ik B ; kb i #i 3 20 S ERIA AR LG, B
D<o t= R i s a3 M N I QU LN /8 7 RA ) i 1 )
(P<0.05). PEW.F4.
2.5 KERETEE Wnt # B-catenin mRNA T iL M E
AHAEIEF AL, HoAx 2 410 2G5 4 Wit #il B-catenin
mRNA Fik¥ B ki i H SHORA ML, T
SUE S =R i A b B NN [ QU R R 7 A K i B U
(P<0.05). WS,
2.6 KERXTEHE Wnt # B-catenin | B R IZ N E
FHAEIE 8 41, Foax 2 4109 5677 #01 Wnt A B-
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H(P<0.05). UL 6.183,
2.7 KR XTI E A b e R B B AL RO L 3%
AHFEIE 21, LA 2 21 04 5 R R AR 5 F o7



- 620 -

N e

5539 %:

&2 AKX Mankin's 43 (% + s, n=30)
Table 2 Mankin's score of rats in each group (Mean+SD, n=30)

157 L/ e e A WAL e R R g SIS

EH 4 1.06£0.21# 0.95+0.13" 0.52+0.09" 0.120.09" 0.120.09"

R 3.24+0.92% 2.43+0.57* 1.66+0.52%* 2.71+0.65* 10.04+2.39%

Jik e, s S 21 1.7120.67%* 1.38+0.41%* 1.10£0.34%# 1.2420.43%# 5.43+1.08%

F8 20.012 16.441 12.325 19.431 26.003

PH 0.001 0.002 0.011 0.001 0.001
*FR S IEF LU, P<0.05; #28R S BRI LA, P<0.05

EH 41 FERIZ ikl e e S 2

#3 KRR BMACATIEITEBRIE (L + 5,n=30)

Table 3 Expressions of proteins regulating chondrocytes

apoptosis in rats (Mean+SD, n=30)

2851 Caspase-3/GAPDH  Caspase-8/GAPDH
e 1.14£0.13* 0.76£0.11%
FERIZ 1.48+0.14% 1.20+0.14*

ik el e i 7 20 1.39+0.07** 1.00£0.12%*
FAH 16.723 19.002

PH 0.001 0.001

RN G IEH A HLER , P<0.05 ;#3878 SR LA, P<0.05

F4 ARBEIL-18.MMP-13. TNF-a £k (7 + 5, n=30)
Table 4 Expressions of synovial IL-1, MMP-13, TNF-« in rats
(Mean+SD, n=30)

28 51| IL-1B(ng/mL) TNF-a(ng/mL) MMP-13(ng/mL)
EH4 3.13+1.59* 0.73+0.03" 0.12+0.03"
AL 25.63+4.31% 2.53+0.24*% 0.28+0.05*
Pk fEAHAE  7.46£2.00% 1.04+£0.89% 0.174£0.01%
F8 18.435 15.942 18.115
PH 0.001 0.003 0.001

RS IR AL, P<0.05 s #3n 5B AL FL L, P<0.05

F 6 KR ZTEE Wnt F B—catenin FE B FRIA (% + 5, n=30)

Table 6 Wnt and B—catenin protein expressions in rat

articular chondrocytes (Mean+SD, n=30)

2151 Wnt/GAPDH B-catenin/GAPDH
EEH 0.44+0.10* 0.31+0.14*
FEAIZH 1.37+0.58* 1.70£0.56*

Jik e R A 0.82+0.39%* 1.310.40%*
F{H 17.935 15.031
PE 0.001 0.001

* RS IR AL S, P<0.05 ;#3854 FL L, P<0.05

Cope s e < G n—
Caspase-5 W e D

GAPDH " " S—

46KD 46KD 46KD
2 REEBHERATIEEERRIE
Figure 2 Expressions of proteins regulating

chondrocytes apoptosis in rats

#5 ARETIE Wnt 1 B—catenin mRNA FIX (7 + 5, n=30)
Table 5 Wnt and B—catenin mRNA expressions in rate

articular chondrocytes (Mean+SD, n=30)

2151 Wnt mRNA B-catenin mRNA
EHH 0.38+0.05" 0.26+0.05"
FEAIZH 1.02+0.29* 1.59+0.21%

ik el i S 2 0.69+0.09** 0.93+0.12%
F{E 19.880 16.731
P{H 0.001 0.001

* R 5 TEH 41 AL, P<0.05; #3578 SRR 114, P<0.05

4 R Jok st e 7 201
Wnt =
e
. T — ——
B-catenin

GAPDH " Sl T

&3 KR XT3 E Wnt F1 B-catenin & B FKiA
Figure 3 Wnt and B—catenin protein expressions

in rat articular chondrocytes
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F7T KRETREMIEP LR RBARELER (AU, 7 + 5,
n=30)
Table 7 Comparison of mitochondrial membrane potential

in rat articular chondrocytes (AU, Mean+SD, n=30)

4151 ey AL NI R A
EH 4 0.51+0.08*
HETRIZH 0.12+0.02*
Jik e e 7 20 0.39£0.09%#
FAH 17.935
PfH 0.001

* RN 5 IEHAH L, P<0.05 ;#3678 5RO H AL, P<0.05
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