@ PEMERTIZHR HREZE

<
www.CJTER.com Chinese Journal of Tissue Engineering Research

BB A TR AR B B

£$$1%1, 2,3’ ;ﬁg%l, 2,3’ %’J\ﬁ‘éi}glv 2,3’ y” Egl‘ 2,3’ %mtg}#ﬁl’ 2,3’ Eﬁ}%l, 2,3, B}f\{iﬁl, 2,3’ I ﬁl, 2,3’ HBB&%L 2,3’
W FEEL e

https://doi.org/10.12307/2024.464
1’585 2023-07-12

SCERGE R : Mot LA 2 KRR R R TR

SEFBEIER: 2023-09-06

;ng ‘ P }_ﬁ 6 F #5#fi4 SD KK,

SEEER: 2023-09-20

TE40H: 2023-10-07 22 flHb M SD KA, B AR, AERA LS R
PEHXS: P53/P21 t A A 47 4l $F 4m
RA459.9, R319; R493 AR, M EEF LT K.

e S 22 Fl#HE SD K R, ko b Bk
NERS: Wik b v, B 3 2 YE s, B 5d. w4 8
2095-4344(2024)28-04522-06
NERPRRES: A

SCREAE X :
BRI &M RN SFRARMER, FERIRTFR . EEADIREEG. B a7 & m RIS A 4miaIT . WIe
Jr. FARE.

EREREAR: 2 XWEEERASNR, EES SMEAERNERMERATESRE. EismEARTURRIREER. F4E
PR ARy, RIS R B A R AT, X TR . AR R RN A ER . RIS AL T
S 5 < A 1 DS 1 oL v T R SO L S AU R AR A e A 4 i e R ) A T DA B B A Y R

HE

B WK L RIA oy — R E B R ERRTT J5VE R R 4 T RO, (R LA R S A I

B8 MUkl F 7 08 28 AR R BB S T R R AR AR SR

Foik: L8 A6 HUSDRRAF NEFH, IEHIAFRSM, AMIUEM AL Fr16 R22 7 SDAR B BENL > A& 40 (n=8) FIfik nl L #3720 (n=8),
Xkt RS K BHEAT Bk G T, 10/d, S d, ESRT I 8, BAEALIER IR, AR, 85 Ja RIFALSEATA K
B EEATAHSCFR AR ARSI -

HEREER: OSFFMEMU, ZFEERF M T REECHR K F T (P < 0.05); 5L, ki #3724 K R 1124 i J Co ik
HKFFEAK(P < 0.05); @EMCTEIR, SHFHEMU, EFEARFRIBEREEBIE. BEE. B/ DNREERIIFNP < 0.05), H /N[ Ky
K(P<0.05); LZFAMEL, Mot RgHARBRIRE & ER S FEE. BRI (P < 0.05), H/NREE (P <0.05); @
JBH TG ELO-H SR O IR, BHEARNRTREEEEEL, WHARY S, TEXwL: Fkob B Ll A prees
@RT-gPCREjWestern blotfill o, SEFEMEL, SHEMARFRTRE LY TP EReREAMRL. £ReREAML3. P53, P21
FIMRNA S A RIEEI T (P < 0.05); HZEAMEL, Bkl s nH KRS B Sl N IR m e e A ML, JL50 8 8 A3,
P53. P21 [JmRNAL & [ RIEHFEAG(P < 0.05); @&EHREW], Tkl iz T Ge il i f0H1PS3/P2 11N RL M A B AT 8, EMR TR
(55 Sl /N N ANE DN /AR Gl 2R SN R PR T

KU Wkt is; EERE IRE R, RITPCEIRAS; PS3; P2l

Pulsed electromagnetic fields inhibit knee cartilage degeneration in aged rats

1,2,3 1,23 1,23 1,23 1,23 1,23

Yin Linwei"*?, Huang Xiarong , Liu Jing , Chen Jiagian®??, Wen Xing"*?,
Gan Shaoting”??, Hu Wentao"??, Li Mengmeng" >3, Zhou Jun
'Department of Rehabilitation, “Rehabilitation Medicine Center, *Rehabilitation Laboratory, the First Affiliated Hospital of Hengyang Medical School, University
of South China, Hengyang 421001, Hunan Province, China; *Key Laboratory of Rehabilitation Medicine, West China Hospital, Sichuan University, Chengdu
610041, Sichuan Province, China

Yin Linwei, Therapist-in-charge, Department of Rehabilitation, Rehabilitation Medicine Center, Rehabilitation Laboratory, the First Affiliated Hospital of
Hengyang Medical School, University of South China, Hengyang 421001, Hunan Province, China

, Sun Guanghua
1,2,3

, Zhong Peirui
1,2,3,4

, Wang Jinling

AR FHEEFRMEF —ER, 'RAESAH TRAESEYS, CRAEFERE, HhaHAT 421001 ‘o kFEBHERRIESD
NAEEZRE, WIERHMT 610041

E—{EE: FHAh, B, 1991 54, HGBMIaTA, Rk, LEB7FH, LBAFE. £V ARELG LSRR,

BIEE: AE, Hd, LA 300, TAER, ARXFHREFEMESF—ER, REAEFA, RAEF P, RAEFERT, MNabH
FE 421001; v KFEBERELEFwW)| 4 EELHE, W4 RAT 610041
https://orcid.org/0000-0001-7172-977X( F#k4% )

ESRY: BRAAMFASE LAA (81973917), REA At A: AE; #da e RESTHARLF I §AE (20215K51805), R E R T A: AE;
e H O AAFAARE (2021)40493), FE firA: FER; HdH LAMEER LT ERA (202103060198), F H §i oA X
BZ; sl XFWEARES 43108, A fitA: AB; @ERFRAELEAD FRA (USCKF201902K02), FE fiitA: BAE
SIAARI: Fakth, HER, HSble, 2%, 4338, Toh, Rt ¥, B8, AL, FHH, AZ . oTeRiyT
WHHFER BB X THRFTEET (). P EALK TAHL, 2024, 28(28):4522-4527.

4522 | DELR{ TR | 5528% | 55285 | 20245108



PEEATERR @)

Chinese Journal of Tissue Engineering Research  www.CITER.com

HAEE

Corresponding author: Zhou Jun, MD, Doctoral supervisor, Chief physician, Department of Rehabilitation, Rehabilitation Medicine Center, Rehabilitation
Laboratory, the First Affiliated Hospital of Hengyang Medical School, University of South China, Hengyang 421001, Hunan Province, China; Key Laboratory of
Rehabilitation Medicine, West China Hospital, Sichuan University, Chengdu 610041, Sichuan Province, China

Abstract

BACKGROUND: Pulsed electromagnetic fields, as an important physical therapy, are exactly effective in the treatment of osteoarthritis, but the mechanism has

not been fully clarified.

OBIJECTIVE: To observe the effect of pulsed electromagnetic field on the degeneration of knee joint cartilage in aged rats.

METHODS: Eight 6-month-old Sprague-Dawley rats were selected as the young group and were subjected to normal diet with no treatment. Sixteen 22-month-
old Sprague-Dawley rats were randomly divided into old group (n=8) and pulsed electromagnetic field group (n=8). The rats in the pulsed electromagnetic field

group were subjected to a pulsed electromagnetic field intervention, once a day, 5 days per week for continuous 8 weeks. The rats in the old group were given

no treatment. All rats were anesthetized and executed after 8 weeks for the detection of relevant indexes.

RESULTS AND CONCLUSION: Compared with the young group, serum type Il collagen C-terminal peptide level was increased in the old group (P < 0.05);
compared with the old group, serum type Il collagen C-terminal peptide level was decreased in the pulsed electromagnetic field group (P < 0.05). Micro-CT
showed that the bone volume fraction, bone mineral density, and number of bone trabeculae decreased (P < 0.05) and the trabecular separation increased
(P <0.05) in the tibia of rats in the aged group compared with the young group; and the bone volume fraction, bone density, and number of trabeculae
increased (P < 0.05) and the trabecular separation decreased (P < 0.05) in the tibia of rats in the pulsed electromagnetic field group compared with the aged
group. The tibial plateau Safranin O-fast green staining showed that the articular cartilage structure of rats in the aged group was disorganized, and the number
of chondrocytes was obviously reduced, and the tidal line could not be distinguished. The above results were improved in the pulsed electromagnetic field
group. RT-qPCR and western blot assay showed that the mRNA and protein expression levels of matrix metalloproteinase 1, matrix metalloproteinase 13, P53
and P21 in the articular cartilage and subchondral bone of rats were elevated in the aged group compared with the young group (P < 0.05) and decreased in
the pulsed electromagnetic field group compared with the old group (P < 0.05). To conclude, pulsed electromagnetic fields may improve osteoarthritis in aged
rats by inhibiting chondrocyte senescence, alleviating articular cartilage degradation and inhibiting subchondral bone osteoporosis through suppressing the

expression of P53/P21.
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1 #MBFI5E Materials and methods

1.1 &3t BEALKT RS aeat, 4 LRBCR F B R B 2 4
Hr. LSD-t #:4 & Tamhane T2 K42,

1.2 B AE SEEG T 2020-10-12/2021-01-02 7E 4K
BN SR8 B e K 2 B B — R e 0 SRS = T
1.3 #h#

1.3.1 zZhfisrdl 8 R 6 HidkEt: sD KR AFFH . RA
BEMLEL R0 16 22 H IS HEYE SD KR 2 B8 45 21 Ak

PRI, A8 K. 24 R KBRBEKYD REEMERA
AR, A AUES CXK( I )2019-0013, 1AFE T F 4L K 5
YIS, ARG SR (LI E AR o SR TT
RAHEERFMES — R B R, S
NO.202012110054,

1.3.2 SRR & kit B R s ke
OKA LR (R AGREHEA IR AR ) G RARELHL (¥
WA ) WAL CT(T R R ); 2w & RCP AL, %
PCR ¢ ( & [H Thermo); FHLIKAL (HEIEHN—2A] ) MLiF
AR C o7 & (R E ALt B 4D ); mRNA %5
PR mIRNA SO sl & (e R AR TR A IR A
F] ); DM2000 Plus DNA Marker( /1 [E b 5t ot el ): Rk
SR (_EHEEZY ) I8 JF Y 5xSDS _FREZEMI . PBST 22K
MR FUK G2 (P abiowell); 35T 4 R £ E
1—Hi. B 48 & AR 13— P53 —Hi. P21 —¥i (Rabbit).
B-actin —3i (Mouse)( H [E L 5 FE WAL ).

1.4 ik

141 ZpdTT 6 ko B 4 0 K B AT kel eI T
o Bkoh BRGS0 N BRI 2 0 2y, R dl a8y, =
B E NP, I 10 A, FH T 1 2k R e T i3 e
N (3.8+0.2) mT, #iE ¥ N 8 HAY, K ARETRANHEH
TS, TCE T Rkt R A B R R R E], ORE A ik R
WK RS 2 B Rk A6 YT, BT 40 min, BRT
1K, FEATHSd, T8 . ZEAMATHRERDIE,
EAEE. HFHEHRRIEFWIE 8 &, e,

142 MAREELHE TSR HEITIOM, RA B
250 A PR A ] 1) 2% S EL B 240 (80 mg/kg) AV vE S HEAT
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i C kK B IRE Rl R, A8 2 5 5 H
TR CT Rl W5 CT ARG, R A AL O- [H 2% Gy a2
W TE R P B CE B 2G50 UG R T s K
B & HF RT-gPCR. Western blot £l
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FiE WLor E RV Rk e A 4L, R4l 8 X

EERINITNE i H AR LR, A O- MY LR G 4L
R T KR Mankin's 173 A G B

EAE B B K FRIRIERCIL A T ELISA K 1T Rl C 3t kKo 20 R e

RIEHR R BT 2 B P 5 T S5 T R B cT ARE,
FLL O- [P SR /e 2B T G L BUR A 450 AR
WHCE B E R T RT-gPCR. Western blot il
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1.5 ZE2NMERIEH

1.5.1  ELISA vZAa il 1T BYJRe S5 C o fIRK-F RIFEOK R HHIR HE
.3 mL, 7F25°C F&:H 2 h, 12000 r/min . 20 min, H
FIEW, BT -80 CUKFTRAE, F% ELISA 7 & vk A I 1T
RR . C wif IR

1.5.2 W4 CT Al Zc 85 3l T B iaity AFEsH R,
WAREHRE N, BT 2R PEEE (40 g/L) H1i%iE 24 h,
TNVKFECRAT o« ¥ 22 I B B CE AR B A CT NS, S50 E
e fA B 200°, HEJGINTE] 3 000 ms, 43 EEEE 50.0 um. AT
KREBERE TEEEE. B/NREE. GHRRsHS5E
ANETAT R

1.5.3 /L O- [EZpgets B CT REmE, HAkEE
T EDTA 4%, AT AT S, Wb, H2ETER 4L O-
2R geta, Kok WK, HE.

1.5.4 PG E Mankin’s 3F4r {82 Mankin’s 340 & 7 0 22
BE ALY TSR S, SR,
BEJ Gt SO 2R 1 e B, VR 4 LR 1

1 | SR Mankin’s 143 480
Table 1 | Modified Mankin’s scoring details
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1.5.5 RT-qPCR yZAGI G R BRUAT AR O 35 S0/ Je i I i 2k
4R E AR 1. 48 & A B 13, P53, P21 ff) mRNA
Lk K.
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HUH 2327002 g, IMIANBAZESTIE, A 1 mL Trizol
TRAIJE24# 5 ming I 200 uL =& ke, REIZIIRG 15 s,
FEIREFE 3 min; 4 ‘CF 12 000 r/min 2.0 15 min, B _FZEW
M, BERREOES; WASEBNRAER, B, =
& 10 min; 4 ‘C K 12 000 r/min B5.0» 10 min, 2= EiE, A
1 mLARFR 73 $ 75% S REPR M DTTE: 4 'C R 12 000 r/min &
0 3min, % B, 2T 5-10 min, A 20-30 uL 5
R G B KV AR e s SR AN SO FE TR I VR s DA AR
MRNA AR, %555 cDNA; HRGIRE], B0 42 CHFHE
50 min, 85 CHFE 5min, B0, AH: REFEWIATR
JesE & PCR Y, BT -20 CL-AF: SLIR4sdid 3t H %
DK Jx N 25 JE K] B-actin [¥] Ct i, SRAT 27 V15 4% JE IR A A
PRk . 12 H primerS B THE I, ARG BT,
1T HINFR 2.

# 2 | RT-qPCR &M |MER
Table 2 | Primer sequences and product lengths

B 5151 (5'-3') PR FE

W4 BEAR 1 F: CACTCCCTT GGA CTCACT 97 bp
R: TAT CCT CCT GGT TTA GCA

L4 B E AR 13 F: CAA AGA CTA TCC CCG CCT CA 147 bp
R: ACT CTC ACA ATG CGA TTA CTC C

P53 F: GCT TCG AGA TGT TCC GAG AG 119 bp
R: AGA CTG GCC CTT CTT GGT CT

P21 F: AGT GCCTTG ACG ATA CAG CTA 150 bp
R: TGC ACT GTA CTC CTC TTG ACC

B-actin F: ACA TCC GTA AAG ACC TCT ATG CC 223 bp
R: TAC TCC TGC TTG CTG ATC CAC

1.5.6 Western blot il il oK AT RISl K E T8
B EEAE 1. &R & AR 13, P53, P21 EH
FIEIKT-o

HUZH 4345 0.02g, FJ PBS J%¥WE 1 ¥&, I 300 L RIPA 4
R, RIS UK EEL# 10 ming 4 °CTF 12 000 r/min &5
£ 15 min, ¥ BIEHEBEEL.OE T, B 10% 17 Bk, N
AN TEMED JE#EAJENR, F S NBEEII: Al 70 43k [ J5 25 %
PR R AEEHE AT FLh] 4.8% FIk4Eke, i\ TEMED J5 1%
SIRENS, Afifi: X 200 L H EIEW, M 50 pL 5xloading
buffer JB%], Wh/K#E 5 min, H¥k. K. ] 1xPBST Ef] 5%
WA B, EIRCE 90 min, 4 CiE . F 1xPBST ¥4 —
Pri% 1 0 5000/1 : 1000 FifE, 4 CHoBWBEE, Bl 3 X,
% 15 min; [T 1xPBST Bt HRP Fric i) 1 (SA00001-1) %
(1 : 5000) 8 90 min; el 3 ¥k, &Ik 15 min, ECL {4
Bt 1-60 min; SEEZIFEE, FH quantity one &V K 4 BT K
AT AT, R AR R 1. BN 4 E B 0 g 13,
P53, P21 [¥IMR L 73 Sl 5 AH R B-actin Wb B LUAR AR 9
AR FIEE.
1.6 “itFE ot SEIEHE R SPSS 26.0 MUK AT Guit 4
B, Fr&E IR A R THE OB xes #iIA8 . 41 LLBCR FH 5
&I Z 00T, #5057 25%, FHLSD-t/&56; & EAF, X
f Tamhane T2 £5 4% . NG IESS K, RHIESH R
HATHM . P<0.05 Y NERAREEE L. %51
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2 Z5E Results

2.1 FHHHEHEIS>N 24 A RKEAEBIENG L.

2.2 &i K R if IR OR Cot K- kit 5 EAMLL,
LA R R 1B R C it Bk /K F T (P < 0.001); 5
ZAEAARLL, Bk E R 2K RIS R T B AR R C iRk P
A (P < 0.001), VLI 1. 1375 Hh 1 4B P4 A= 4 11 70 i
JC S R AT ARG I 571, 4 2H K R 2 B 4T i e A A 3448 o,
Jok v BB 32 T T A R P AR

£° : Bk SR, °P < 0.001;
£4 AL, °P<0.001.
%3 - E1 | HAARME I BEE C i
=2 BRIKFEL 3R
:_ff 1 Figure 1 | Serum C-terminal peptide
= level of type Il collagen in rats

TEA BEA MketlRisa

23 BUAXRALERBRERE T HMEMLE HHFEHMLL,
ZEMARRIBEEEE. SRS & /NREE DK
(P <0.05), H/NEEEPRIGA (P<0.05); HZAFHMIL, Fkih
R K R B B %R BB &/ REEN TS
(P<0.05), ‘B /NGEEFIR/N (P<0.05), WE 2, % 3.

=

& Jik i HL 1 2

2 | EHARERBHRETEERM CTEK
Figure 2 | Micro-CT observation of the subchondral bone in the left tibia
of rats

%3 | FEAREREBRE T EMEWLLR (xts, n=8)
Table 3 | Comparison of bone microstructure of the rat’s left tibial
subchondral bone among groups

205 FEE (g/em’) BB (%) BANEEE BNRAER
(1/mm) (mm)
HAEU 0.3240.05 20.64+3.51 2.2740.35 0.31+0.04
ZAEN 0.18+0.03° 7.63+3.54° 0.74+0.35° 0.96+0.47°
kA fs 4l 0.23:0.02° 12.21#1.31° 1.170.08" 0.59+0.11°

Fvk: 5EELAUME, P<0.05; 5EELIMLL, *P<0.05.

24 BUKRBEFEHTHEE L O- BGLE FHEHY
a5, B, BE R, MR HSAF, HE
TIHESE, EASIER; ZEAROAES, FEMEmE, &
HREIFIEAT, HREE, amAay, HTLF, M
MO Fw, LB ke i H G BN A, R IR
S, BERIAATE, A ERIE, 40 mEEST,
AR, BB FHANE, WE 3.

2.5 BB K BAE AP B Mankin's iF4- ik S5 AE4AH
b, 2R e R Mankin’s P43 7+ 5 (P < 0.001) 524 L,
Fik i B 2 2 B Mankin’s $E43F&AIK (P < 0.001), WL 4.
2.6 BAKREFHE BIE TR RT-gPCRAM LR 55
ML, BEHARRABESTRE R E MR ERE

Chinese Journal of Tissue Engineering Research  www.CITER.com
. ¥ ‘.‘\}}A"

S
i Fis :
Bl A-CHRINTEA. ZEMH. o, ZFEHARRCTHR
HEAME, WEMRIRRED, TEX L. KR Bk
AT e .
3 | BEARREBFLEREHLAELT 0- ERLEE (x200)
Figure 3 | Safranin O-fast green staining of the rat’s tibial plateau (x200)
BliE: S5EFE4HE, °P<0.001;
HEEHMLL, "P<0.001.
10 B4 | SEAARRBALAUR

b Mankin’s 3#-43 EL 3

Figure 4 | Comparison of modified
Mankin’s scores of rat’s cartilage
tissue between groups

B

4

— 15
a

2 Mankin's $£4) (4

0
FEEAL BAA BkeliRis A

Ffg 1. R4 )8 & A 13, P53, P21 ) mRNA £ikTF &
(P<0.05); HEZFEHMLI, Rk ErEIZHH K RA T CH
MERETEEREREAN 1. BAL&EEAR 13, P53,
P21 ] mRNA FiAPE(% (P<0.05), L3 4.

F4 | BEARRRERBRRETEEREEERE 1. EREEER
5 13, P53, P21 BY mRNA FiALLE: (xts, n=8)
Table 4 | Comparison of mMRNA expression levels of matrix
metalloproteinases-1 and 13, P53 and P21 in the tibial cartilage and
subchondral bone of rats

H A S4B EAR 1 JEREeEE AR 13 P53 P21

HEM 1.18+0.48 0.80+0.33 1.23+0.53 1.07:0.41
LY 7.29+1.94° 7.16+1.19° 6.38+1.43° 6.46%1.79°
kb B RIAA 2.66£1.47° 3.04+1.47° 2.2240.90° 2.40%0.85°

Tk HEEAMLL, *P<0.05; HEELAMLL, °P<0.05.

2.7 AWK RJEFHF A E T B Western blot #0) 45 R
H5EFHMEL, ZFHKRRA BRI s N aE RS
JEEEN 1, HEEEE AN 13, P53, P21 EHRIET &
(P<0.05); HZFHML, Mkl K RA BTy
KMHETNTEEREREAR 1. EA4LEE A 13, P53,
P21 M A RIS (K (P<0.05), WF 5. ES5.

=5 | SEHARRERBERRETEEREEERE 1. ER&EBER
fi§ 13, P53, P21 WEHFRILLLIR (xts, n=8)
Table 5 | Comparison of protein expression levels of matrix
metalloproteinase-1 and 13, P53 and P21 in the tibial cartilage and
subchondral bone of rats

Hl Ei&REAN 1 EASEEON 13 P53 P21

HEH 16.775.00 16.1543.36 23.55+4.21 25.39+7.77
LY 53.9744.69° 46.66+7.84° 44.65+3.47° 50.83+8.33"
fkrhE %4 33.5947.53° 34.82410.37° 35.7846.10° 35.90+4.56"

ey HHEAMLL, P<0.05; SEEAMIL, "P<0.05.

FHEAL AL ki A
HREREOR 13 (S - 70kD

R G R E I 1 | — 55 D
P53 ew= G- w— 55 D

P21 | — ‘g 25kD

B-actin _ 55 kD

Figure 5 | Western blot detection of matrix metalloproteinase 1, matrix
metalloproteinase 13, P53 and P21 protein expression in tibial cartilage
and subchondral bone tissues of rats

5 | REXRRBRE
BRRETEEHAERS
REBE1. ERERE
B B§ 13, P53 & P21 &
BFRIEGEENEE
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3 111 Discussion

BRWRARIEHEREHFRER., EFRBERMNE R
R U R SIS I SR RN ZE KRR, R T AR
BPERTT 5, A RBAE TR R AR 217 28 sl ok
F g U BRI 48 KRR R R T A R AR A L e A 4
MDA AR A B, e s g R B oR SEEAM L, FEA
KR O- [ SR L BR KB 520l s 4 i B
S, TRIEX Y RREREAN L. AReEEN
fi 13 ) mRNA Fl &5 (13R1A 375 (P <0.05), 3R ISR
R Mankin’s F73 2 2 A PEAN ¢ 5 40 E B AR FE B 1 0d F AR
W, M 14 4y, VPR R M E .,
T, ZE4 KR e B Mankin's 39743 (12.18+1.33) 47,
WRFZFEH KRBT HE RAETEBRE, Fk, 256
N B AR R AT B T 2 A R AT I AR 2 NI

ST R IR AT ST 4 T R I B R — 1
KA IN I A MBS 2 FERCEIRAE, IR
MIMEESG . 6T R R RS R U B s M8, Faear &
B0 K, RIEE  BYR R B A 2 R R R AR R 1T i
JEC RS P M TR R R A R B TR R
o RO T R B C 3 R A 11 B e TR AR 1 A R ) A A
BHCEMGAB LM EE RS . KREF RN, 1THR
R C UK AT N ST RIS TS AR T R 1 S U 4R
B B, WRF RS R EoR, SEEMME, FHEE KR M
T AR C ok /K- F+ 51 (P < 0.05), HEAT kit i idds +
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