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Abstract  The vitrification preservation methods for cell microdroplets have received considerable attention in the field of
cryopreservation. However, the vitrification process for microdroplets has limitations such as uncontrollable cooling/rewarming
processes. In this study, a cryopreservation system for controllable rapid cooling and rewarming during the vitrification of cell
microdroplets was constructed by combining the lifting of a moving slide table with the Joule heating rewarming method. This system
achieves rapid and controllable cooling by adjusting the speed of immersion in liquid nitrogen and realizes a fast rewarming process by
controlling the heating time and current intensity of Joule heating. Thus, it realizes the vitrification of microdroplets and significantly
prevents damage to cells caused by devitrification during the droplet rewarming process. The results show that the cooling rate controlled
by this system attained 1.8 X 10* ‘C/min. This enabled the vitrification preservation of cell microdroplets with a relatively low
concentration of cryoprotectant. The rewarming rate control attained 4.0 X 10* “C/min. This effectively prevented the occurrence of
devitrification and ice crystal regrowth during the rewarming process of the relatively low concentration of cryoprotectant.
Cryopreservation of A549 cells in microdroplets verified that the survival rate after cryopreservation and resuscitation using this system is
significantly higher than that after conventional straw preservation. The research presented in this paper is likely to provide new solutions
for the automatic vitrification preservation and rewarming of cell microdroplets.
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Fig.1 Design of controllable cooling of cell microdroplets and Joule heating rewarming system
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Tab.2 Crystallization and vitrification of droplets with different solution components
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Fig.3 Controlled cooling performance of the system

WO o AR H AR R e o I R s TR L B
JIEAESE ] B 100, A2 R 5 TR R ) A i 2% 2 T 4
K, ITITINGE T A% e i 17 B0 T 1) - Ul
AN SR, Ry B L W R B A 40 °C (Il 2
Al RE T ECAN BT, I FA s R 20 A2 3] 7 A B A
WAL, SR 18 BN 74505, AT AE I AR Se R
T 23R IR BT X — D WA T 0 AR ]
PRI I, 7 5 B2 T P o A st ) s, 7 A 7 RAAEGAR 2k a
2. 3.2 FHRIE R X i R IR SR &0

ARBFFEOMELIF L 5% T H I AEAS R BE T 1 45 i
AR LA A () I 23R T A Y S B 3 AR . LA
50% H ik R B, 5l A R SR R B 4 ). B.
Hopkins &5 SCHk BT , H-10 04 1 52 e 3 56y 4
10° “C/min, A~ [\ FH L 2 3 T AR S a0l 4 (e) BT o

— 162 —

FE 10 A HLIE 1 200 ms fill A ] F1-150 “CaE K 4 i
JEZRAET , 3RA% E R 38 4% 10° “C/min, & RIS
PRV A< M B S B B AL B 4, A o B — 2
FH 7K 55 25 DKW B4 TG , i T Sk ool R i T T . A
10 A HL 3 600 ms JITAA T [A] 1110 “CIR K s ik B 4%
R, 35 S5 TR R 1X10* °C/min , & B TR T5H
RS B IS AL B G, X DR YR T VS 8 T 3 e
% v DAk S B 3 Ak, (F A UG 1) I A% 38 3 3
T Tl o o 2, I T I B A R e O Dk A
BB AL T SE & o 7E 2 A HEL I 800 ms il HAVES [a] A
—110 “CaB Kk 0 BE A5 R, R A5 AR T i 3R 2x
10° “C/min, & B4 76 2 it B b 58 245 0 o 5T
g5 R AR 2R 48 0T DA o R R R /N R A
Vi) SR Aff 2 ) R ) TR 2, AT AR A R ] i &2

TR



F 478 H2W Vol. 47, No. 2
e, 25 ARSI T FE D B N R IR A R AR ’
2026 4F 4 1 A ,% AT 2 R R R April, 2026
50 2.0%10° -
y==136.1+518.7x+28.76x>
L —_~ 2 —|
0 £ Lsaof R=0.999 9
o -50H 9)
0 & Lox10f
ZE 100 10 A *f*_g
gk Z saot
-150} 2A
_200 e 1 1 1 1 1 1 ]
0 50 100 150 200 0 5 10 15
Hif)/s HL/A
(@) ASFTHLIR RN T Hh 28 (b) HLIR KRN EGTHE RS
300 5x10°
600 ms
2001 — 800ms o g 2074378
1 60 £ R=0.991 8
o 100} — 1200ms S 3x10°
, ® 2x10*
R 1x10¢
60 0 500 1000 1500
Hsa)/s HfJE)/ms
(ORI E R EEFRES (d) IAGHT ) S5 T R A

20

-200
20

i EE/PC

=200
20

-200

4x10* C/min

....................

1x10* C/min

2x10° C/min ‘

20 30

IS Ta)/s

(&) A IFIFHIRIHE 5 A SRS
4 RGN EIRAE

Fig.4 Controllable rewarming performance of the system
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