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The effects of low frequency pulsed magnetic fields with different waveforms on cardiac microvascular endo-
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[ Abstract] Objective To investigate the effects of low frequency pulsed magnetic fields ( LF-PMFs) on
proliferation, the cell cycle, apoptosis, migration, cytoskeleton formation and nitric oxide (NO) secretion in cardiac
microvascular endothelial cells (CMECs). Methods LF-PMFs with rectangular and triangular waveforms at 15 Hz
were tested. The CMECs were randomly divided into a control group, 0.6 mT group, 1.2 mT group, 1.8 mT group
and 2.4 mT group. Except for the control group, the CMECs were exposed to LF-PMFs 4 h/day for 5 days. Results
After 5 days of intervention with rectangular wave LF-PMFs the proliferation of CMECs accelerated and NO secretion
was enhanced significantly. The percentages of cells at (S + G, ) phase increased significantly, whereas apoptosis
rates were significantly lower than in the control group. The migration of CMECs was facilitated, stress fibers in-
creased and cytoskeleton components were reorganized. After 5 days of intervention with triangular wave LF-PMFs
proliferation of CMECs accelerated and NO secretion was significantly enhanced. The percentages of cells at (S + G,)
phase and migration increased, while apoptosis was inhibited. Cytoskeleton components were reorganized after expo-
sure t0 0.6 mT and 2. 4 mT triangular waveform LF-PMFs. No significant change was detected with 1.2 mT and
1.8 mT triangular waveform LF-PMFs with regard to these variables. Conclusions The effects of LF-PMFs on pro-
liferation, the cell cycle, apoptosis, migration, cytoskeleton formation and NO secretion function of CMECs were in-
fluenced by the waveform in addition to it's intensity and frequency.

[Key words] Low frequency pulsed magnetic fields; Cardiac microvascular endothelial cells;  Prolifera-
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A 5 IR AFR I3 (321 Hyclone 23 w]) ;5 I 781 B I il ( 58
Invitrogen A ) ; B I8 (V82 R LEY R A
FRZS Fl ) 5 1% N K2 A K R F ( vascular endothelial
growth factor, VEGF) (3£[E BD A H]) ; L4 & Bk B (2
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24 FLAUE A 2 Transwell /N2 (£ FLUE IR FLAZ BLAS N
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R TN SR A [ o 3758 B 0 T U i 3%V
X CMECs 4 B B3 (& +5)

4l n Gy (%) Gy (%) S(% )
X B2 3 78.63+1.12  1.38+0.17  19.99 £0.96
0.6 mT £ 3 57.59 £2.44>  2.86 £0.23>  41.02 +0.95"
1.2 mT4H 3 58.25£2.20" 2.70 £0.14">  39.05 +2.08"
1.8 mT 4 3 63.60 £1.53>  2.32£0.26" 34.02+1.27"
2.4 mT 4 3 44.83 +4.84> 3.55+0.53> 51.62 +4.31"

1 SR IRZH L #R, " P <0.05,"P <0.01
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X B2 3 78.62+3.93  6.79+0.95  14.59 £3.00
0.6 mT £ 3 64.62 £2.19* 10.65£0.73*  24.73 +1.55"
1.2 mT 4 3 72.30 £2.96  8.74£1.78  18.77 +1.60
1.8 mT 4 3 77.97 £2.25  8.32£0.65 13.71+1.66
2.4 mT 4 3 61.33 £0.73% 13.34 £0.72° 25.32+1.14*
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75 NO 435 BE 70 &

LW REE A S d 5, NO 43 W AE 1 I % B
7N, S XT IR A G, 4540 NO 3 RE ¥ W B 3 v
(P<0.01) 2 =Mk lEMN)G ,0.6 mT 4 F12.4 mT
HEXHMAMEEZE R AR IT¥E L (P <0.05),
1.2 mTZHA1 1.8 mT 415X B AL AH 25 5ok WLge 2%
HEX(P>0.05),0%3,

a JRTRELL b SHAIB I 0.6 mT 41, ¢ I ik
1.2 mT 4 ,d NAEFIK 1.8 mT 4, e NHEHIK 2.4 mT
A =f0.6 mT 4L, g =P 1.2 mT4 ,h Jy=
AW 1.8 mT 4L, i H=FMU2.4 mT 4

Bl 6 hochest3258 Y vk A5 R 6] U 5 AS ] v
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x200)

R 3 NI 55 R0 750 5 AR ik v 3 5
CMECs NO 2 HE I 52 (& = 5)

wo RUBIANO - =Sl NO
(pmol/L) 43 (jmol/L) 43

X B2 5 17.80 +3.70 17.60 +4.61
0.6 mT 4 5 29.20 +3.34b 27.60 +5.94"
1.2 mT4H 5 27.00 3. 16" 20.00 +4.35
1.8 mT 4 5 26.40 +3.64" 19.80 +4. 14
2.4 mT 4 5 33.40 +4.09" 28.20 +4.20°

L SXF R4 L, P <0.05,"P <0.01
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W37 (pulsed magnetic fields, PMFs) RJ BEX5 4= P1AK ) 52
W EE K, AEIMAE TR T T, B & BE PMEs I {2 5 4 Fz 40
JO A fof i PR R 5 405 A P PN R Ak R AR 2 I e, -
AR O ILRE BT J5 145 T B °) . CMECs A 3458 | i
& A AT A0 R AT R i A TR R R R A R
ARyt AR L FRATTE S 98 T LF-PMFs X CMECs
IRBE ST A

LE-PMFs 1A= 4 850 07 Bifi i 37 58 B 01 258 28 A H]
i ) 4 AS ] 7 AS [R] , HAR 56 28 I 1 PR e 384 o A 3R
IR LMD TR T RATAE— 1“5 17 %00, 4 A
B A KRS VE = RO A BRI — g
SRR 3 HOok S — 45 i i 40 ARV ) i X
FlVEFH H M S — bS5 |

YT N ] 2L 20 ) el B B 5 s BELE 1740 2 53] A
TR B RE S DT 10 22 RE M AT b BEAIR 5T O ) O B
LF-PMFs{E T 2 A0 WU A PY Rz 20 i i 45 20 A )
SEFERRAO AR O, HLAE SR X — ST LR -PMFs A
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itbds . WHoEERM, IR I % %) CMECs BY35%H . NO
ATIBEE S VA KGR R4 I AR EVE R, 4 G, A S )
1 A A 4 42 3 A CMECs 114 20 i 3 48 % A= B 8
ROTE Y, P8 T2 A BT BEAR 1 = A JEJE 1.2 mT I
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J1BEENESR TR S AR AR I A A B I
B, RASHIE 55 A 1 R L o 4 3t 5ok B3 9 T i
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