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Abstract: Cryoablation techniques are effective for the treatment of solid tumors, but generally suffer
from the limited cooling effect and low target killing efficiency. To improve the efficacy, the use of

ultrasound-induced nucleation was proposed as a new adjunct. The effects of different induced
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nucleation temperatures on the cell viability at two cooling rates were investigated, and the morphology

of extracellular ice crystals, intracellular ice crystal generation and cell damage after rewarming were

observed and recorded. The results show that the use of ultrasound-induced nucleation as an adjunct to

cryoablation can improve the lethality of tumor cells. The slow freezing group with ultrasound-induced

nucleation have the best results with more complete ablation and lower cell viability of 15.60%+2.60%.

The rapid freezing group need to be coupled with a lower induced nucleation temperature to better kill

the cells. The design and development of cryoablation devices with ultrasound-induced nucleation have

practical implications.
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Fig.1 Schematic diagram of the cryomicroscopy experimental
device
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Fig.2 Effect of ultrasound-induced nucleation temperature on the survival rate of HepG2 cells under different cooling rates

FLRSF/N, N8 R AR B £ R e A
PRI 25 0 B Ay 200 % 1 LM UK A o 3 S i AR UK
SR AT REE MY, 7 AR B AR AR
SRR UL, T S & RN T A R A Y R
PR TR 2
22 AREBEREZRTBEFEMZTEAERT
CES: b
A VR T RS 1Y) S R i R R A2 ke 1) T A
P UE T Al S A TR B T A 20 A T R A
JUNFEEL, CCK-8 VAR AS /R, Y R R
10 C/min( & 3a) B, 5256 21 40 M 75 55 5% 12,
24, A8 h JE AR PR FF IR AR A7 1E R , SXT R At
A #2255 (P<0.01) . YFEIRHEZN 50 °C/min
([ 3b) B, 87175 & MU B S —T7 °C S 5 4 4
MIFEREF7 12, 24, 48 h ¥y 5 A WA B &%
S, BRIZIREE -5 C S A7ERE 35 48 h IS
120 —@cryo B -5C A -7C

¥ -9C -11C
100 |

(e}
(=]
T

(=)
(=]
T

3k sk

AHHIAF TG /%

S
(=]

[33
[=]
T

(=]

0 12 24 48
i) /h
(b) BRI = 50 C/min

3 FEMREETHERBZBES HepG2 A 7775 R0

Fig.3 Effect of ultrasound-induced nucleation temperature on the culture survival rate of HepG2 cells under different cooling rates
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Fig.4 Cryomicroscopy images of HepG2 cells ( cooling rate:10 C/min)
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