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[ Abstract] Objective To investigate the effects of low frequency pulsed magnetic fields ( LF-PMFs) on the
proliferation of cardiac microvascular endothelial cells (CMECs) and their ultrastructure, migration and angiogenic
potential. Methods CMECs from rats were exposed in vitro to low frequency square wave pulsed magnetic fields
(15 Hz) 2 h/d for 5 d. The cells were randomly divided into 4 groups (control, 1.0 mT, 1.4 mT and 1.8 mT). Af-
ter 5 days of exposure, proliferation was detected in terms of the cells’ growth curves, their cycle was detected with
flow cytometry, and their ultrastructure was observed using transmission electric microscopy. A scratch assay was
used to evaluate the CMECs migration, and their angiogenic potential was measured using a tube formation assay.
Results There was no significant effect of a 1.0 mT magnetic field on the cells’ growth curve, cell cycle or ultra-
structure. The 1.4 mT magnetic field did, however, accelerate the CMECs’ proliferation. The peak of the cells’
growth curve was higher and moved forward, and the percentage of cells in the S phase increased significantly com-
pared with the control group. The effects of a 1.8 mT magnetic field on S phase development were similar to those of
the 1.4 mT field, but the peak of the cells’ growth curve was not moved forward. After exposure to a 1.4 mT or
1.8 mT magnetic field, the CMECs’ ultrastructure changed and they appeared more viable and powerful. Their nucle-
oli became bigger and clearer than those of the control group. There were cavernous nucleoli or two nucleoli. The
number of mitochondria increased. The endoplasmic reticulum was richer and full of protein secretions inside with
many microvilli on the surface. The magnetic fields facilitated migration and tube formation in the CMECs significant-
ly, and these effects were correlated with the magnetic field intensity (1.4 mT >1.8 mT >1.0 mT). The cell migra-
tory percentage in the 1.4 mT group was 86.1% , while in the control group it was only 45.3% . When the CMECs
were cultured on a collagen mixture, they were able to spontaneously reorganize into tube-like structures. After 5 d in
culture, they grew to cord-like structures which were similar to the vascular trees seen in vivo. Tube-like and cord-
like structures were much more numerous among the CMECs exposed to magnetic fields compared with the control
group. Conclusions Magnetic fields of 1.4 mT can accelerate proliferation and migration, and elevate the activity
and angiogenic potential of CMECs significantly.
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