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HWE: B WFRKPEGEE (PEMF) X LI EE R MA (OVX-0P) REB/EH ZHLEl . 73k # 6 A idlErE SD K
FRBHL A FARL (SH) FEATZH (M 4L, B0 B8 8L 0 ) MM R T 4 (B4, M Al B al bk 47 B R wmyr ) M
PEMF 2 (M 4 KAtk 1 #:47 PEMF 3897 ) , B 414 10 R, KRG 3E 8 M FHATIHIT By 8 M. MBI G &4
KEAE R X R TRHYTHEENEMNEMEARBRAETTEE. WIrdEA  RHEAsEGHE 7~k
SR B I/ EBSEESITEF RN RAARPDE (WB) KB & HKEEFHE Smad 2 FH P EF 1
(Smurfl)) B EXE, &2 5 SALE, M4 F 4 PEMF AR R, RE B3 R K/NMERILZE% . 1BI7 0,
5 St M 4l E 4l PEMF 4 KRR BEWEIM(P<0.05) , #HEEHEEFRHI(P<0.05), J5¥7 /5 ,E 41 .PEMF 4
KEEREDEFE(P<0.05) , BFEEERGTFDEMN(P<0.05) ;5 St MU KR EHEEME . BV/TV, Th.N,
Th.Th & EF# (L (P<0.05) & . Tb.Sp . Smurfl HEKF B FE M (P<0.05); 5 M A ¥ ,FE 4 . PEMF 4 K K& & &
{5 .BV/TV . Th.N . Th.Th & % 7} & ( P<0. 05) ,4& % . Th.Sp . Smurfl & [1 /K ¥ & E R K ( P<0.05) ;E 45 PEMF 4 L % ,
KREBBERLHEIFEL(P>0.05), £ PEMF N B%E UEFLEATL, AHENISREROMER, o
AE-5 Smurf |l EARIL T WA X,

SR T IRE AL K P B2 ; Smad Z EALA T HEF 1

Effect of pulsed electromagnetic field on anti-osteoporosis and expression of Smurf 1
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Abstract; Objective To study the effect and mechanism of pulsed electromagnetic field ( PEMF) on ovariectomized osteoporosis
(OVX-OP) rats. Methods Six-month-old female SD rats were randomly divided into four groups: sham operated group (S
group) , model group (M group, bilateral ovariectomy ), estrogen treatment group ( E group, estrogen treatment based on M
group) and PEMF group ( PEMF treatment based on M group) , with 10 rats in each group, and they were treated for 8 weeks after
8 weeks of feeding. The weight of rats in each group before and after treatment was weighed; the bone mineral density of right
humerus was measured by dual energy X-ray experimental animal bone densitometer. At the end of treatment, the static bone
morphometry of 1/3 upper tibia was measured by the semi-automatic digital image analyzer; and Western blotting ( WB) was used
to detect the protein expression of Smad ubiquitin regulatory factor 1 ( Smurfl) in bone tissue of rats in each group. Results
Compared with S group, the mental state of M group, E group and PEMF group was not good, and there was no abnormality in
diet, activity and defecation. Before treatment, compared with S group, the weight of rats in M group, E group and PEMF group
increased significantly ( P<0.05) , while the bone mineral density decreased significantly ( P<0.05); while after treatment, the
weight of rats in E group and PEMF group decreased significantly ( P<0.05) ,and the bone mineral density increased significantly
(P<0.05); compared with S group, the bone mineral density, BV/TV, Tb.N, and Tb.Th in M group decreased significantly ( P<
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0.05), while the weight of rats, Tb.Sp and the protein level of Smurfl increased significantly ( P<0.05) ; compared with group M,
the bone mineral density, BV/TV, Tb.N and Tb.Th in E group and PEMF group increased significantly ( P<0.05), while the

weight of rats, Tb.Sp and the protein level of Smurfl decreased significantly ( P<0.05); There was no significant difference

between E group and PEMF group ( P>0.05). Conclusion PEMF may improve bone morphology by up-regulating the expression

of Smurfl protein, and then play the role of anti osteoporosis, which may be related to the down-regulation of Smurfl protein

expression.
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B B FME (osteoporosis, OP ) J2& th 2 F J A4 &
BHEHEMERRETR. 5 228 kEH"
H T im PRIG T OP {15 LAZ5 4 22 i AR o 2, M R
B2 T AR EE RS R F 2 OP &
HRERRIERA @ MEER  HERZ7TFEK A
BERERTY . ok ZmaF Y I W, ko 5
1 (pulsed electromagnetic field, PEMF) 0] A %18 F7
OP RIS BTE B, & & % B, U 3R 2, Hizh
705 W N A Wy 3 B, BOAE R/ L AR n Bk
BL AN SE 28, {2 K- E3 7 Smad 12 %
ALY K 1 (Smad ubiquitin regulator 1, Smurf 1) J&
2R BN Heet IR M G, A IS 855 Smadl |
Smad5 ¥z K AL K MR, 5 OP A= @ Ky AR+
WY T B, AR DLW R R
#4 (ovariectomy osteoporosis, OVX-OP ) K R &1 B,
RE PEMF % OVX-OP X BBy A 97 7 H A Smurfl
HARIKBIF T, LU 7R H T eV LA . Sk
HEWT,

1 5 F*®

1.1 g

1L.1.1 S zhyy .0 6 i SPF 4k 22 ¥ SD
KR 43 H(5845:J001) ,{AE (300+10) g, W B # 5%
BRIAWTHRAERAR, MFELM: TR (24«
2)C JBRE (50+10)%,12 h/12 h Y BB/ H
POKRK B Tl MRS 1 JE, RFREARRE D)
YISL 06 10 B % By o

11,2 RZE SAL RS « 2% 8 e I VR (it
ESC - [ 2 H44023822) 14 B M B = 1 B 2%
Wil 25 A PR ] S L 2 (S S E A T
H31021724) 4 B L8 2550 W25 A PR A | ; #h
PR 90 Ye Bt (5845 :0422-100G ) W [ # VLK At
AR EARAA, SEZER AR (K5
FS1162) M H FigE WA YR A RA A H
PN & (5245 :P0028) (BCA & & & il & (1%
5 :P0010S) ¥ [ 1 ¥g 28 2 KA R Al — 0 U

anti-Smurfl H & ( $% 5 ; ab57573) (R JE anti-B-actin

175 :ab8227) . ZHiFEHI MR 1gG (75 :ab6721) (FF
P 1gG (175 : ab205719) LR I H B Abcam 24
A); FC B AR W B 2€ B Thermo Fisher /4w ; B EE X
S S sh ¥y B B B E A (B 5 2 InAlyzer, i [5)
14 A A % B A FR 2 8] 5 Union2000 A1 PEMF 7
BUARIRIT AL (R AL ) 2F B 3 B EF b 20 A
HHAREAASE,

L2 Jrik
1.2.1 MRS 8 43 AREA 2 %% U0 L%

(0.2 mL/100 g) 28 18 Ji 3 5 BRI, 77 )™ A% o T 4%
PE T U A G e AR D) O S B L AL 1
B33 RRRMIMINEHR, ZREGQ0, REH
BRESEN 3 do HPRRMEOL 1 2, AR 8] H
PeBAE 2 H LA 30 LR 6 d o R R BEHL o>
R (M ) HERCRIGIT 4 (E ) Ml PEMF
4, A 10 R, 55 10 JOR R R TR U8 5L 1 -5 51
BRI T HA, R FARHASH) . Ra
FHRRDERFF, EER (2422)C RJE (50
10) % 5 1 58 S 25 A1 XL (12 h [a] B 18 ) 2% 4
T, B i BRI R A S 2R IR K. RS 8 A
B (5 T A 2H A1 B HAb 2% 20 K RO G BB 3 5
K Rn BRI RS, EHTAR)E
9 JH R A B R ME B AT (0. 2 me/kg) HEAT R
THEH, B A 1 W PEMF AT R 9 R A
Union 2000 % PEMF 1 JiUgi Ak ¥ 77 A (O UL ) 47
BIT BB S8 He, B 8B A9 30 s, i Rk
NG FE 3. 82 mT, £ ¥R 40 min, 1 R/d;S 44 .M
HEME IR, AT LMLATLAR, 697 8 A, #ATH
KB R KA

1.2.2 —BORE WS 07 WS4 R RAEAF
RS KB TE LS FRIGE YT BUS & H R BAAE
1.2.3 fHfEEE®ERN RTaRE, R 2%
TG H % (0.2 mL/100 g) X 44 41 K BUAT IR 1 T 9 1R
e BT EE X G2k S 5 3h Wy i o B E AT B
bW A LB
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1.2.4 FIRESTHEZEN . KBRS 13,14 X
O30T B R A R R (25 mg/kg) A B — IR
Jerric WG 3.4 RO TR T ESHEER
(5 mg/kg) YE R UL L. WRITH R, K
M 2% EL % (0.2 mL/100 g) R 45 4 K AT IR 1
TE S R B AL B, A TR, 29 B L PR S R A 4, IS
BEBRTBATHRAEN ., DAk sw B RA,
TP OATH B T, EAT RN S e . SR AR B s RIR
BEASWAT B R F /3 EHSEN, #5235
¥ . B FL 4% (trabecular bone volume ratio, BV/
TV) . & /NEE (trabecular number, Tb.N) | & /NE R
J& (trabecular thickness, Th. Th) fl & /N3 43 55 &
(trabecular separation,Th.Sp) .
1.2.5 HHL Smurf 1 A RKERKI R H G5
ENFIE (western blot, WB ) £ I £ 2H K B & 212 Smurf
L EHARB R, 0 R E O O & T 4R
WERNAH KRB RHASASED,JFRH BCA B
EERAMNERMNEARE. SAMEMET 6 %
SDS-PAGE Hiyk ,PVDF R4 &, 5% I g 473 fr 2 iR 3
H 2 h, 350 anti-Smurfl (F5 B 1:500) L anti-B-actin
(WL 1:500) fifk 4 CWEEF LK. TBST 2 pp il
VRS, 3 40 1gG(FRELL 1:5 000) iR HE 1 h,
IR ITEBEIR, WA, B S R I IR o
FEA W RKIEM, 25 U E S Smurf 1 KEZE
5 W% B-actin K EEAH L (A Smurf 1 8 HAH R 3£
kH,
1.3 Gitseabag

K SPSS 25. 0 R4 AT B8 3t 0 A, i R B
B B AR 22 (x+s) Ko, WA L8R T BC X ¢
Kt , 22 4 LB ok F BR PR 2R J7 22 43 A, 2L 1R 7 L ¢
K H SNK-q K242, LI P<0.05 2§ Z 57 A 4 it

2 HFR

2.1 HHKRR—BAENR LK

5 S, M 4 E 4 PEMF 4 K BRORE # Ik
DURAE KB GRS R R/MER LW . RITH, 5
S ZH M AE,M 40 \E 4 \PEMF £H K B A 25 ¥ 1 & 3%
(P<0.05), 697 )5, E 44 .PEMF 4 K Bk &4
PRI B E R (P<0.05) ;5 S AH L, M 4H KR
RE BERM(P<0.05) ;5 M HILH,E H PEMF
HRRARE B E L (P<0.05) ;E 45 PEMF 4 1t
BOKHAEERTHEIT¥E X (P>0.05), BN
# 1,

F1 HAKRBBTIEERFE LR (g, 2 25, n=10)
Table 1 Comparison of weight of rats in each group before and

after treatment (g, ¥ +s, n=10)

A VR HT HTRE tE PE
S 307.43+8. 69 308.91+9. 03 0.373 0.713
M A 339.65+8.87*  331.82+9.13° 1.945 0. 068
E 2 338.46+8.29*  311.52+9.64"  6.700 0. 000
PEMF 25 339.81+8.32"  314.26+8.97"  6.604 0. 000
F{H 34.83 12. 69 — —
P{a 0. 0600 0. 000 — —

1.5 S A A, “P<0.05; 5 M 4 4k, " P<0.05,

2.2 HHKBEHEEHEILEK

BITHI, 5 S W LA, M 4 E 4 PEMF 2 K [
5B AR W K (P<0.05) ;3897 )5, E 41 . PEMF
KRB % B BRI W TS (P<0.05) 55 S
Mk M ARRBEEHEDEERIK(P<0.05);5
M 21 A E 40 PEMF 41K B % (H B & 3 n (P
<0.05);E45 PEMF L%, KR BEEEMEAEZR
TgitE L (P>0.05) . WK 2,
2 HAKRBUAITHG B ML (g/em’ 725,n=10)
Table 2  Comparison of bone mineral density of rats in each

group before and after treatment (g/cm’ ,%+s,n=10)

2 3 VB IT T BTG 18 P{E
S ¢ 0.25+0.03 0.26£0. 04 0. 632 0.535
M4 0. 14+0. 02* 0. 15£0. 02* 1. 118 0.278
E 4 0.15+0. 03" 0. 240, 04" 5.692 0. 000
PEMF 4 0.15+0. 02° 0.23+0.03" 7.016 0. 000
F {8 41.41 20.74 — —
P& 0. 000 0. 000 — —

5 S A AL, P<0.05; 5 M A R, P<0.05,

2.3 HARRIESIHEFLSRILER

5 S HE .M 4 KK BV/TV.Th.N . Tb.Th &
FE AR (P<0.05) ,Th.Sp B EH M (P<0.05) ;5 M
A%, E 41 . PEMF 41 KB BV/TV . Th.N.Tb.Th i
EFF B (P<0.05) ,Th.Sp & E % (P<0.05) ;E 41
5 PEMF 4 H. %%, K B BV/TV.Th.N.Tb.Th Th.Sp
ZRLEGITFEL(P>0.05), FEWEK 3,

£3 BAKRESIRFER LR (2x5,0=10)
Table 3  Comparison of morphometric results of rats in each

group (x+s,n=10)

20 41 BV/TV/% Tb.N/{(“~/mm) Tb.Th/um Th.Sp/pum
S 4 9.16+1.43 1.35+0. 18 61.75+3.52  234.26x15. 15
M4 5.21£0.82%  0.62+0.05%  47.26+6.54*  363.14+17. 68*

E 4 6.61£1.03*"  1.33£0.17*> 58.96x4.31°" 241.42+14. 63

PEMF 4 6.59+1.01*"  1.3220.16® 57.86+5.30" 244.61+14. 58"
FiE 22.63 56.99 17.73 157. 10
P1{E 0. 000 0. 000 0. 000 0. 000
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5 S A, P<0.05;5 M 4 H i, "P<0.05,

2.4 FHHKXKRBHHN Smurfl HEEHRIEFHIE

5 S @A, M 4K R FHL Smurfl 4 H 3Rk
HEREAE(P<0.05) ;5 M 4 L# ,F 4 .PEMF 4
KEBHL Smurfl EARBER ERFEMR(P<
0.05);E #5 PEMF 4 [ #¢, K B E 4 A Smurfl 3§
HRBEZERTHITFE L (P>0.05) , TF WK L,
%4,

SH M E4

PEMF#

1 WB AR KM A HH Smarfl # HEREE

Fig.1 WB detection of Smurfl protein expression in rat bone

x4 HHAKRRBITE
n=10)
Table 4

A Smurfl T H FIEE K (%s,

Comparison of Smurfl protein expression in bone

tissue of rats in each group after treatment (&+s,n=10)

2H ] Smurf 1
S 0. 19£0. 03
M Z 1.05+0, 13°
E#4 0.31£0. 04

PEMF #H 0.32£0. 05*
Ffi 281. 80
P{E 0. 000

. H SR, P<0.05; 5 M 4 i, P<0. 05,

3 g

AR IR R OVX-OP B 1 OP , #i Br
B ELS R B PN HE R T RRAG, T SR A 4
TS R AR T, &R oPYY L BT
WAMIFSE & 0, PEMF S 42 3 B % B, 400 il B 0 0
KEFHEEHAEEEM, TARIGIT OP, Lei
% BRFUIRGE , PEMF B4R 55 OVX-OP /I BUME V8
RSN L RE, S OVX A I, OVX+
PEMF 4 B JE iibr & W) B 45 7 1L B8V % B2 B ( bone
isoenzyme alkaline phosphatase, BALP) . [l & ‘& 45 %
( osteocalcin, OCN ) | ‘B ff §" & ( osteoprotegerin,
OPG) .I BYRTIB IR n %5 B Bk ( N-terminal propeptide of
type 1 procollagen, PINP ) BH & F} 5 , BE M /N 2 & IR
BEBEMNREERMSHELRRE, TS
Wnt3a/LRP5/B-catenin Ml OPG/RANKL/RANK {5
S B SR R R GRS, XTS5 T IR SRS,

AT Dk v L B 37 25 & B Bk SR 9T T 4 R
OP REHE B, UGE B/ N R, e &y
SEPERE, B A T EAE A 16 ORI T 8 —36 7
ARG R LM, 5 S AR M HKREEEHE.
BV/TV Th.N Tb.Th & Z B K, Th.Sp W F M hn; 5
M ZHIL 3, E 4 PEMF 0 K R F % ¥ .BV/TV  Th.
N.Tb.Th & 3 7t , Th.Sp W& BEAK, 5 Xk Ik iE —
FGEH S PEMF H LA, St = 5 L5 &
SCL,BV/TV 0] Jz e & 284k, Th. Sp 7] Kz e & /N B2 1Y
RN, 25 PEMF AT 14 I8 % 2 e m e,
SR AERML, X OP B —ZRITEA L 1R
/N PEMF 72 OP BIRYT oh vl BEA MEBCR ARE A .

Z K- A K g2 G K8 B (ubiquitin-
proteolytic pathway , UPP ) J& — it 4 55t {24 ¥ 4% At 740 94
HEHEAMFERE, BA ATP KM, FEHEZ R
PEEEM 265 F KA A KA R
Smurfl J&—#Z R ##0 , B A HECT 455, 8 T
2 RS Heet ZIEH A, EF IR JRBRE
iR & A B R AE R EAEMTT . Smurfl i
AESE Y Smadl |5 3k KA H PPXY L5345 & ,
VG H 2 F LB, M Smad T8 o A T 5 kAR
£ K -F-B ( transforming growth factor-beta, TGF-B ) &%
BT & & 4 85 H (bone morphogenetic protein, BMP)
2589 B B ok & B AR T, Liang
A BRI , A0 R 48 B R Smurfl 3 3K T {2
EAF A S B BB AL /D BB B JE A G
% PHLGE, 5 IE W 4L R T AR 4L B, OVX-0P
KRB EF A Smurfl/Smurf2 mRNA 323k B B [%
fi&, Pl b Rk Tt 4B P 2 FT M Smurfl/
Smurf2 mRNA £35, g & B . AETREER &
M, 5 S A, M A KB EFHHA Smurfl 5 5 KA
BRE ;S MANEEH PEMF HRREH
21 Smurfl 5 (R IAF W AL, 5 0 18 M 5 SOl
RS 4 — %, 5 Liang, Zhang % 3CHK IR i —
B, Smurfl 2 R 5B AT RE AT 7E AR R AL
il , £ 45 SCHRARGE S AR BT L 45 4, 4@ s A 2H 2 Smurf1
HERBEBT R AT B BB AL AE A <. PEMF 7]
AR B TE R 150 A B, B R B BB R, T RE S A
HY Smurfl HEA RSB FHAAXL, HARHE
ik,

£ B RT ik, PEMF ] 3 ok B JE i, 9% OP KR
HEE, UREHE R RN, RETE B ER,

REYS Smurfl ZHEH T IHREA K, AlnE OP 1A
AR TR A LR . EARBT R R T W R

I|
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W, KT Smurfl 3 (5 F I E 5 0920 7 L A
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