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Effects of Magnetic Rewarming on Mechanical Properties of
Vitrified Umbilical Artery

DONG Yilin', XU Yi', ZANG Chuanbao®, LIU Feng2
(1. Institute of Biothermal Science and Technology, University of Shanghai for Science and Technology,
Shanghai 200093, China; 2. Yin Feng Cryogenic Medical Technology Co., Ltd., Jinan 250000, China)

Abstract : Objective To study the effect of magnetic rewarming on the morphology and biomechanical properties of
vitrified umbilical artery. Methods The vitrified umbilical artery was rewarmed by magnetothermal method and
traditional water bath. The temperature distribution and stress in the solution system were analyzed, and the
rewarming effect was evaluated by tissue staining and mechanical test. Results Compared with water bath
rewarming, the temperature gradient and thermal stress generated by magnetic rewarming were smaller, which
could effectively reduce the thermal stress damage during the rewarming stage and achieve rapid and uniform
rewarming. Magnetic rewarming could effectively avoid umbilical artery fractures and micro-cracks. After
rewarming, the extracellular matrix, collagen fibers, elastic fibers and muscle fibers of the umbilical artery were
evenly distributed, which preserved the macro and micro structures of the umbilical artery. The umbilical artery
showed different degrees of hardening after water bath and magnetic rewarming, but the elastic modulus and limit
stress of the latter were not significantly different from those of fresh umbilical artery, and the latter had
unidirectional stretching characteristics similar to that of fresh umbilical artery, showing good elasticity and
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toughness. Conclusions Compared with water bath rewarming, magnetothermal method can effectively reduce

the damage of rewarming stage, ensure the macroscopic, microscopic structure integrity of umbilical artery and

better biomechanical properties. The research findings provide important references for cryopreservation of large

tissues or organs such as umbilical artery.

Key words: umbilical artery; vitrification preservation; magnetic rewarming; mechanical properties; thermal stress
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