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Effect of low frequency pulsed electromagnetic field on peak bone mass in young rats 7I/AN Yong-hui,LI Wen-yuan,
GAO Yu-hai ,ZHOU Jian ,CHEN Ke-ming,and LI Xue-yan*. *School of Life Science and Engineering,Lanzhou University of
Technology , Lanzhou 730050, Gansu , China

ABSTRACT Objective:To compare effects of low frequency pulsed electromagnetic fields on bone quality in growing rats
between 1 h and 1.5 h. Methods : Thirty male SPF SD rats aged 4 weeks selected , which with the average body weight (115.8+
1.5) g,were divided into three groups according to random number table, 10 rats in each group. Control groups put rats into
electromagnetic field device with 1.5 h every day, the other two groups put rats in electromagnetic field for 1 h and 1.5 h with a
50 Hz 0.6 mT intensity pulsed. The body weight of rats was weighed every 2 weeks and detected bone mineral density. Rats
were sacrificed after 6 weeks to measure bone mineral density and biomechanical value of the right femur and lumbar verte-
brae. Serum osteocalcin  (OC) and tartrate-resistant acid phosphatase 5Sb  (TRACP 5b) concentrations were determined by
ELISA methods. After the magenta-picric acid staining, the micro-tissue structure of the right tibia was observed ,and the pa-
rameters of trabecular bone were analyzed by IPP 6.0 software. Results: There were no statistical difference in body weight and
organ coefficient among each groups at different times. Bone mineral density results showed that the body thickness of the 1.5 h
group was significantly increased compared with control group at 6 weeks,and bone mineral density of femoral and vertebra in
1.5 h group were higher than that of in 1 h group. The results of three-point femoral bending and vertebral compression test
showed that the maximum load value of femur and vertebrae in 1.5 h group increased significantly compared with control
group ,and the maximum femoral load value in 1.5 h group was significantly higher than that of 1 h group,while there was no

difference in elastic modulus values among each groups. Results of serum biochemical indicators showed that level of OC in
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1.5 h group was significantly increased compared with control group,and significantly higher than that of 1 h group,while no

significant difference in TRACP 5b values among each groups. Bone histomorphometry analysis results showed that there was

no statistical difference in trabecular thickness,number and resolution between 1 h group and control group,trabecular bone

thickness and number in 1.5 h group were increased , and trabecular bone resolution was decreased ; The thickness and number

of trabecular bone in 1.5 h group were also significantly increased compared with 1 h group,and the degree of resolution was

reduced ,and had significant difference between two groups. Conclusion: Intervention of 50 Hz 0.6 mT low-frequency pulsed

electromagnetic field for 1.5 h could effectively increase peak bone mineral density and bone microstructure in young rats,en-

hance biomechanical properties of bone,promote concentration of bone formation markers in rat blood. The results indicating

that pulsed electromagnetic field could be used as a good way to prevent and treat osteoporosis.
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Fig.1 Electromagnetic field therapy apparatus
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*1 BHFTHEARNEREEARREEETN (v5,9)
Tab.1 Changes of body weight of rats among groups after using

electromagnetic fields as different times(x+s,g)

2115 RE(H) 2 )4 44 6 JH
SEJTEAL UL BEAE, TR 450 nm 0, 10 182.006.73 252604837 309.40+11.70
Ab I E G BEMEL[D (450) ], @k bRl 10 173.40£5.75 251.70:.820  298.8010.65
ZitE Sl OC (. A ELISA iX 15h 4l 10 181.60+3.93 257.609.11  337.70:13.05
&M & TRACP 5b, FHEitR{ 405 nm  peg 0.793 0.142 0.577
AR E G B (D (405) ], @ it dn vt Py 0.469 0.869 0.073

LT A fLh TRACP 5b 5 &,

1.3.4 RKREFESITESS KR
AR FE S5 AT S B A T 80% L BErh , H]
AN RS 5 i A MR A 3, S ol A A 4
YIR ALY F, i 2 000 H#4CHT B =
B UK SR G A 20 -9 R R e 6, WL 5%

R2 BEFTREIEHESSEAARESEEERNER

(x+s,g/cm?)

Tab.2 Results of BMD of whole body in rats among 3 groups after using

electromagnetic fields as different times (x+s,g/cm?)

41571 () 2 J4 4 J 6 Ji
%éﬂé}:{ ﬁz?’&éﬁ*@ ’ }EH IPP 6.0 iﬁﬁ? ;FH?%% X R 2] 10 0.124+0.014 0.138+0.002 0.141+0.001
ﬁ E‘Jé}ﬁ © 1ha 10 0.127+0.002 0.137+0.002 0.141+0.001°
1.3.5 HBE %% % éﬁﬁdﬁ‘ ALI\ % ji IL:T:LE )[% 1.5h 4 10 0.124+0.004 0.140+0.003 0.152+0.003"
VBB R O S T e F i 0458 0.407 4147
HIHE W LA RIS A B EE, 1H5E P 0.785 0.668 0.037

EE, MR EIER . B E R
=4 E /KRR FEX100%
1.4 Zif2ehbsg

K H SPSS 20.0 #4763 T,
E R DA B bR 1 22 (xks ) Fom , A
[F) £ 1) Eb 35 SR B PR 25 07 22 0 BT, 4% AL 8308 EL A i
Fe AT 22 S AL, 25 R AL R LSD £ L
By A5 2285580 Dunnett £ 56 378 17 2 (] 9
Fe# . LA P<0.05 25534 G 2E i L,

0.05

5 xR L 4,9 =0.000,P>0.05 ;% =12.321,P<0.05; %5 1 h 4 L% ¢=11.780,P>

Note : Compared with control group,*g=0.000,P>0.05;"¢=12.321,P<0.05 ; compared with
1 h group,‘¢=11.780,P>0.05

®3 BAXRREMESEESZERNLER (x+5,g/cm?)
Tab.3 Results of BMD of femur and vertebra of rats among

3 groups (x+s,g/cm?)

o Eig]| RA () i M
2 BR X 2 10 0.122+0.003 0.129+0.003
2.1 AS[FJITR] £ MSE/EHQ 1ha 10 0.121+0.003" 0.133+0.007*

LG T TR A TR 8] 3 2K SRR B 2

15h 41 10 0.13320.003""  0.146£0.003"2
SEIG TR L (P>0.05) , % B 4 37 J s 1 Tk Fii 6.019 12.588
N NN R A s RTA A S - I P 0.012 0.001

2.2 LB NEIRE AR

Pk uf e it T 6 JH f, SXTER i, 1 h 4l
LB EBmERIMAH L, 1.5h 48 55D
B, WL 2, WA B R BB R R AR,
X R LA LG, 1 b 21 B b A 1A % O R B gk
T, 1S h 2 e R R R S R, O
H L5 h 41% 1 h 4088 FHE a5 % R (P<
0.05), L3 3,
2.3 WA R A

3R . MEE SRR R LA 22 T RS
X (P>0.05) ., 5XF A b, 1 h A0 1.5 h 4 B 1
HEB e AR er (2 35 3, H. 1.5 h 448 1 h 438 )m

W SRR A, Y9=0.742, P>0.05 ;%¢=1.625 ,P>0.05;"¢=8.780, P<
0.05,"¢=12.030,P<0.01; 5 1 h 4l #:,"9=8.640,P<0.05,°¢=5.430,
P<0.01

Note : Compared with control group,*¢=0.742,P>0.05 ;%g=1.625,P>0.05;
"q =8.780,P <0.05,"g =12.030,P<0.01 ; compared with 1 h group,q =
8.640,P<0.05,%¢=5.430,P<0.01

W1 (P<0.05), W4 4-5,
2.4 IMmiEA AR AR R

S5x R4 M, L h #1 1.5 h 4103 OC K8
FEIE ZERA ST E L (P<0.01), 1fi 1fiL i TRACP
Sh W L 2E S e ge i i L (P>0.05) . LK 6,
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x4 BEXERB=STHRABER (1)

Tab.4 Results of three-point bending experiment of drugs in
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#£6 BAKXRMFESH OC F0 TRACP 5b FL 45 R (x+s)
Tab.6 Changes of serum OC and TRACP 5b in rats among

femur among 3 groups (x+s) 3 groups (x+s)
Eigl RE(H) FRPERE R (N/mm?) e KA {E (V) 415 A () OC(ng/ml) TRACP 5b(U/L)
Xf HE2H 10 12 054.78+595.05  141.06+4.37 Xf B 10 1021.92+42.90 6.79+0.11
1h& 10 12 591.02+£227.61  144.76+4.99* 1h# 10 1 105.33+£56.31¢ 6.35+0.25
1.5h4] 10 12 696.12+438.80  165.42+9.12" 1.5h#4 10 1373.50+£86.63" 6.14+0.30
F 1y 0.167 4.011 F1ia 8.090 2.043
PA{E 0.340 0.044 P 0.004 0.164

W 55X M A ,q=1.899,P>0.05;"¢=7.576; 5 1 h HL# ,q=
6.143,P<0.05

Note : Compared with control group,’q =1.899,P >0.05;" =7.576,% =
0.685,P<0.05 ;compared 1 h group,‘q=6.143,P<0.05

x5 BHARHEBERRWLE R (5x)
Tab.5 Compression experiment of drugs in vertebrae

among 3 groups (x+s )

215 B (H) SAE AL (N/mm®) R R AR (N)
JOREE 10 121.44£17.00 266.48+35.98
1h4 10 107.29+19.00 285.68+38.63"
1L5h#4 10 142.78+11.00 307.65+22.32"

F Al 0.417 2417

Pt 0.666 0.045

T« 50 B L85 ,°9=1.225,P>0.05;°¢=3.148 ,P<0.05; 55 1 h 4 L %%,
‘q=1.544,P>0.05

Note : Compared with control group,’q=1.225,P>0.05;"¢=3.148 ,P<0.05;
compared with 1 h group,‘qg=1.544,P>0.05

2.5 HEEIHRE AR LR
UntE 2 o, 1 h 4400 R A /N SR A0 i A 1
515 h SR IRAA LG, /N RRBOE I 5.3 85 )%

e SRR L #,°q=3.527,P>0.05;"¢=11.116,P<0.01, 5 1h 4}t
,9=8.191,P<0.01

Note : Compared with control group,°q=3.527,P>0.05;"9=11.116,,P<0.01,
compared with 1 h group,‘¢=8.191,P<0.01

BT h 40f0 1.5 h AR, 1.5 h A5 /N R £, 4
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M EFITGIT2FE X1 h f1 15 h 48 /N5
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BERm, Wk,
2.6 fEss ABLE
AL AR R B 25 R L ST
R SL(P>0.05), WL# 8,
3 it
3.1 o L RE B R B S
RN B AR S, i
G T R % o b S AT % A B RURS: O B g K

g &

B2 AAKREIEE S OHREmALUE R 2a. X HALE /N R RCRES TG G, 22 25 2R 2b. 1 h /N G2 PR 5 A BOM B, 20 8 24
K 2¢ 1S h 2 A /NGE AR 25 R B0, 23 2 T2 /N

Fig.2 Histomorphological changes of tibia and epiphyseal veins among each group

2a. The picture of control group showed bone trabecular mesh struc-

ture was sparse with large degree of separation 2b. The picture of 1 h group showed trabecular meshwork was sparse with large degree of separation

2c¢. The picture of 1.5 h group showed trabecular meshwork was compacted with less degree of separation
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x7 EHXRBEBECERELHALABTSSHILE (1)
Tab.7 Comparison of static parameters of tibial proximal

epiphyseal line among 3 groups (x+s)

w5 B AL H/NRIEE AR AN
(H) (mm) (mm) (1/mm)
X HE AL 10 0.58+0.06 0.69+0.02 0.94+0.09
lh# 10 0.63+0.05" 0.64+0.06” 1.02+0.05%
1.5h 4 10 0.74+0.08""  0.50+0.06"> 1.19+0.14"3
F 1y 8.946 21.857 9.270
Py 0.003 0.000 0.002

V. IR AL g =2.024 %9 =2.500 ,%g=2.457 , P>0.05;"4=5.060,
12929.500,% =4.750,P<0.01; %5 1 h 41 I % ,"q=3.368, P<0.05;% =
5.217,%¢=3.616,P<0.01

Note : Compared with control group,”q =2.024,%¢ =2.500,%¢ =2.457 ,P>
0.05;"¢=5.060,"¢=9.500,"¢=4.750,P<0.01 ;compared with 1 h group,
“19=3.368,P<0.05;¢=5.217,%¢=3.616 ,P<0.01

HL 10 37 B 8% 3 2o 33 i/ SR E R i /N R AR R
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% BEVE VA B 3 R B R R AR, R
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P, BT A B A SR A AR S
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13 WY DA Job 25 4 T R R R B ) e R e
LR o 3 A A T A S R, A o e o
D E B E TR BRI, A TR R
FIMEVE AN 5B, 30T B 3 B R 1 A BE R A
PETHEEY) Ty E R SRR o 5250 K 30 LR 3 1Y) B TR
T X K BLUA W 0 A AR AR R REAEAE B2, 1.5 h i H
13 SR T

3.3 ik R B ) R BRI A Ak S B 1 R i)
AR I S B R bR IC ) R E TR BRI
Y. TRACP 5b & p 5 240 M 43 0 , I 1 K BRAAR P i
W MST PR 155 0, A A i WA ) e 5 B AR A
OC J2& 5V 1 4ME 76 1 19 5 S LU A ic o ™,
EL R AR B0 AF 5 A A DU 8 A o A S 560 3 Ao X
%2 TRACP 5b #1 OC —XJ $8 5 , A& BH ik ol o i 17 R
FHE R R BT P S 2 AR S T IR . 1
o oY T QUUEER /3B e < 2| i 1= =
WS AH 56 K7 TRACP Sb i 1, 3¢ BH bk b e 1 37 il
DI o A 0 B T A B A, T AS R 3 A
WS BT 1k AR
3.4 JkopE R XK BUE R AT R 2E I R
HIE AT S HE AR & X H 48U 454 1) T 20T
WrAghn , LR LY 25 22 A8 A0S A 5256 38 2o o)
JIEH B R LA B NI VG e, WS /D
G ) AR B0 4 A B B E AT BB ST T, UE S
7 50 Hz 0.6 mT Jik i v i 738 o 412 i B R RL, #F—
AR R NG E ERRR R R N R A R R
Oy B R R AR = T R BV A s R S
A=) 12 Forr B FE A W AR AL ARAT , 10 R 3 Tl 3
I 4 R R B S M — R R AR R R
25 L rig , 50 Hz 0.6 mT {IGA% ik b v 1 3% B K T
Tt 1.5 b, W] DA SR8 & K BB B bR e, 38 i 2
WEFTE R, #2038 i /N 5 B R DL R 5
P, BB N AF R BB % B I ae g, L 2
SFUE W] 1 3 2 — R R 2 A A R B R AR R R
WA E 7 3 B, SRR X TR S 5T g A
RAVE BRI A T R OTIE, 8 S e )
) EL B EE , 3A  BH Rl A ) VR AR B — e B
[T HR , 25 3 R IR Ik o o G 37 0T AN e
AR v R B BB A A B R A X AN R 2 Ay
SIS PRAL T A R, B AT DA i — A R
ol KBRS B I L AT LA IR A R B
— T A S N [ s g, DAk Ik F
TG KRR B R . SE BRI A Bk ol L R
TR R &, R G 7 B o B A

®8 BEAKXKBISERZELE (xxs)

Tab.8 Comparison of organ coefficient among 3 groups(x+s)

Eigil RE(H) L JiF Jii i
Xof B 20 10 0.314+0.004 3.289+0.046 0.5270+0.016 0.309+0.008
IThl 10 0.310+0.006 3.169+0.084 0.5590+0.021 0.303+0.006
15h#H 10 0.304+0.012 3.248+0.067 0.5330+0.521 0.293+0.011
F1A 0.300 0.693 0.746 0.178
P1{E 0.703 0.515 0.491 0.506
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