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Mechanism and Optimization Strategy of Cryopreservation Damage
in Microcarrier-Hepatocyte Complex

Hao Binjiang Yu Zengying Liu Baolin

(Institute of Biothermal and Technology, University of Shanghai for Science and Technology, Shanghai, 200093,
China)

Abstract The aim of this study is to optimize the cryopreservation scheme for microcarrier hepatocyte complexes used in artificial liver
support systems to improve cell survival and adhesion rates. The effects of cryoprotectant concentration, loading temperature, and method
on cell viability were evaluated experimentally. It was found that cell toxicity and osmotic damage were reduced significantly, and higher
cell survival and adhesion rates were maintained by using two-step loading of 5% volume fraction dimethyl sulfoxide (Me,SO) at 4 C. In
addition, we investigated the effects of intracellular ice formation and cooling rate on cell viability and attachment. By performing ice
seeding at —6 °C, the intracellular ice damage was effectively reduced, and the adhesion rate of cells after recovery was improved. The
experimental results show that a 10% volume fraction of Me,SO and a cooling rate of 1 “C/min, despite having high toxicity and osmotic
damage, have the best freezing effect due to the smallest difference in thermal expansion. This study provides important techniques for the
cryopreservation of microcarrier hepatocyte complexes for artificial liver support systems.
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VEPRSEH 48 1 °C/min YRR IR E R -40 C
LR FFEAN IR R4 R0 T B2 200 B ) R A2 28R,
Kl 6 fiam, C1.DLF1 4350 %F N A& B 50 550°h 5% |
10% ,15%1 Me,SO £33, D1 ZHJ& 1 C/min R
TR ok A 55 A M A K 25 S e/ N 254, B R
6 FIHL, D1 252 A AR 19 S A7 3% 28 0 JHF 240 i g s e 3
1 B v, WG BE IR F] 40% | SMAF TR RN 62. 65% +
0.64%., F1 ZHHIIZ K 22 5 B0 K, T HL S PR 75 vk
J3E SR e S, R I 4 38 32 40 405 0 e K, HE AR TS R R
47.74% 0. 2% , Wi BEZE A 32. T%+0. 53% , R AFRUR
h 3 R 2ZEN

PRAPFATEE RIS 35 H 451 1 3 2 30 0 DR 700 e
(125 5 R VPAL , 109% AR B0 500 Me, SO FREE T, 241l
JIi 2 B B B WG KT 5% R4 Bt (H X T
=R EER R A A

FiER

=
[ bB

S S
WEBER /%

6 1 °C/min P&RER I ARERERPFFETH
FEERSMER
Fig.6 Survival rate and adhesion rate under different
concentrations of protective agent environment

at a cooling rate of 1 °C/min

— 160 —

1 °C/min BYFEIRERN S, 109% A3 B0 X5 1 1Y
T/ NI IK BB, TR AT R 45 R AR I, C R 41 Y A
TG R R B 3R R 1T O

25 TR 1R A AR RS SR A AN T AZ 1
TR 1 = B LR AP T35 1 38 3 400 0 AR ik fii
15 K PIE LR A PR JE 0T 0 B K 163 49 T 440 i i B
ESiFAERTE N
2.4t E SR EBERERNRG LR
R AR A HL

B 7 Jron i 40 MR A IR A [ R TR

1 C/min, f£357 504 10% (KT 500 Me,SO B (1) R
e

100 = NHBEAR 1100
| gof ™ BAFIEE {80 _
2 2
5 60 160
# a0t 140 2
= &

20} 120

0 0

26 22 -18 -14 -10 -6
T/ C
T BARELEREANENESFRTFML
Fig.7 Freezing curve of composite before and after

solution freezing temperature

FE 7 T, PR R R B UREE IR (29-18 C)
ZH R A0 A TS SR AE 85% LA I, MR E N -18 C
B, 40 B SE 1 %l 70. 79% 0. 47% , G BE R FILE
B[ R RA 1 1 B) 40 6 32 2 453477 , BER 2R R F
PRk 22 S0 1R, R EE T BRI 4 i 1 44
K 2R Ft 25 AR R AR, LS AT, R 3 25 5
JLEEIAE (5. 2224, 46) x 107 PN, A7 7E — LE 6 B 240 it M
PR A B IS O, T R 28 VRS TR DL B 40
I R AR R R 3o, 5 W R 45 o L K ) 4 L
A B0, MR R E-26 °C , ZH B BB
P Tk B3 15 52 e, S AE TR R R Y 64.475% =+
1.44% WEBERFE S 43. 2% +2. 13%, E A WFIXT1E
R AR A A R LR R AT T R YA
SRAERIEE SRS 1R BT A0 A oK i A R 5 LR R LA
A5 e A1 A0 M TR IR | O AR A, 22
JiL2 P 40 M PN SN RS 3 25 5 R 138 3 R i 1
B o 20 AR AR 2R B I, S b AE B IR R
SEIRBE IS, W RE A 174 T RS AN (SO R AR AR TR 1
ZEUL A N SN TR 18 85 [ A 2 o307 4 i s e

L R, PR R 485 T B S A A ik R g s 1
T SCRIRE S, T U Ik R 50 AR bl 32 8 0
FER R



5546 & 5 4 ]

HRMEAL, 45 - SR — T2 i 5 5 PR A7 Bt Lt B AR A e s

Vol. 46, No. 4

2025 4 8 H August, 2025
3 i s3h

Sh R I A TP M PN KO A A IR AT A S 1Y
Bithi 3B AE -6 °C B AT AL K ERAE B SE HE N vk X B
BWGRAE R, R, 52 A RERAE i A 5e a1
BB, 38 s i L3R vk BE AR Bz =X
Sl i, e FH X A0 L 46 5 e/ N 1 O ORI AR AR
H SRR A0 B ) PO K 2R B2 S S B0 A B
il R A R AR A ORI R A T 5T
BEZEBUT .

1) R0 B B4 AR A X6 2 1 440 i %) 2 A
BB A 0, VR B /N 5% AR R B
Me, SO i, XiF i7 461475 85 /1N, Sl ek 4 °C FLv& R 25
BRI, REAH AN A ) 77 15 S5 NG BE S AR 26 20 43
AP R A v RS

2) WS AR BP0 e B 32 5 ) I i 22 S i, e
IR RN 1 °C/min [ -40 °C, % EE 3 A R 44
PP BT A0 L ) U BE R RN T R R I 10% R R
S3EL Me,SO B AK 22 5 5o/ R AF SR B i
SRR R0 e R A AN A AT R IR 2 B
B M 3B 3 0405 0B R B LT, 5% TR B A By
Me,SO 158 T & SRR ERAEBORATI LE 10% 14631 5328
[ Me,SO ZH ARG SR 2, 15 I S0 Bk 35 475 J2 32 il &R
UNER R iU NS EMER O KA )i IR R ey € 10} Al Y i
JERF BP0 B B i 461403 .

3) WF5T T R ok 2 H el 1R — I 40 B AR AR 1)
AT IR B 2R AR LA | 51 S TV TR S5 TR
FT I , 207155 23R R0 B 38 14 R oA S e 17 3 8 P oK
AR S I B 2 i R RS A BBEAR T VA TR S TR BE T
I B A0 2 5 i R A7 A58 %) B L A 5 A R
6], B AN oK B 0 58 5 RR LR TR |, T AR i P K
FRBUR R, B I R A TS 1 TR AR
Pk R BRI 5 R A« T SR kB 403 1k
PEMA FERE,

S
Ny.—5 DIF AR, 4
Nadh'ﬁi‘?ﬁa}ﬁ% E"]glﬂﬂ@ﬁ[,/l\
N, — LiE s, 1~
N L3 IS i 2, A
N g5 15 J WA 40 A o A 5 2 e, >
C——EIRE 1~/ mL
W BEAG R
R—IfiRER
S——fFiH A
S, —— ¥ 24 JfO A 175 <

n

(1] Rk, HORME. K pOikan i e ik AT anil— L
A AR TR HTFIERA" R[], RAR
BE2#, 2020 (1) : 30-32. ( HUANG Hui, HUI Lijian.
Transforming skin cells into  hepatocytes—Shanghai
scholars “found another way” to create a new idea of “liver
regeneration” [ J]. Popular Medicine, 2020 (1) 30—
32.)

[2] NIE Ying, BERGENDAHL V, HEI D J, et al. Scalable
culture and cryopreservation of human embryonic stem cells
on microcarriers [ J ]. Biotechnology Progress, 2009, 25
(1):20-31.

[3] LU Zekang, ZHOU Yan, LIU Baolin. Preparation of
chitosan microcarriers by high voltage electrostatic field and
freeze drying [ J ]. Journal of Bioscience and
Bioengineering, 2019, 128(4) : 504-509.

[4] PARK Y, SUBRAMANIAN K, VERFAILLIE C M, et al.
Expansion and hepatic differentiation of rat multipotent
adult progenitor cells in microcarrier suspension culture
[J]. Journal of Biotechnology, 2010, 150(1); 131-139.

[51 Halk, R, B, 55 OEARE AR N4 i 7R 41 = 2
JERSFRM S [J]. NOHMET., 2015, 44(12); 2349-
2352. ( YANG Bo, LIU Baolin, REN Jie, et al.
Experimental on microcarrier-based high density cultivation
of hepatocytes in vitro[ J]. Applied Chemical Industry,
2015, 44(12) . 2349-2352.)

[6] Ml Xwk, 2200, 5. FHBRE &R IR IR SE
B [J]. P EA Y B TR AR, 2014, 33(4):
503-507. ( YANG Bo, LIU Baolin, LI Juan, et al.
Experimental on cryopreservation of liver composite [ J].
Chinese Journal of Biomedical Engineering, 2014, 33(4) .
503-507. )

[7] STROBER W. Trypan blue exclusion test of cell viability
[J]. Current Protocols in Immunology, 2015, 111: A3.
B.1-A3.B.2.

(8] JERERL, XUSEAR. T 20 M 52 & 1A 1 o U A7 3k 7 v 4
WA IHLERBE S (0], %24, 2021, 42(6) : 161~
166. (YU Zengying, LIU Baolin. Study on the mechanism
of thermal expansion injury of hepatocyte microspheres
during cryopreservation [ J ]. Journal of Refrigeration,
2021, 42(6); 161-166. )

(9] #lk, XNEAK, 1. PRMARSN A0 A [R5 5% 7
AL [)]. P EAY 7 TR, 2012, 31
(6): 941-945. ( YANG Bo, LIU Baolin, SHEN Li.
Comparison of two different in vitro primary human
hepatocytes culture [ J]. Chinese Journal of Biomedical
Engineering, 2012, 31(6) : 941-945.)

[10] DESROSIERS P, LEGARE C, LECLERC P, et al

— 161 —



Tk F4 4
2025 4 8 A

il v 2 4

Vol. 46,No. 4
August, 2025

(11]

[12]

[13]

[14]

[15]

[16]

Membranous and structural damage that occur during
cryopreservation of human sperm may be time-related
events[ J|. Fertility and Sterility, 2006, 85(6): 1744—
1752.

MAZUR P, SCHNEIDER U. Osmotic responses of
preimplantation mouse and bovine embryos and their
cryobiological implications[ J]. Cell Biophysics, 1986, 8
(4):259-285.

Wz, FEm, SOE%, & (R RIS 2k
FEXT RGO LA A2 B[ D], e~k , 2017, 38
(3): 114-118. (YANG Yun, ZHOU Xinli, DAI Jianjun,
et al. Osmotic injury to porcine oocytes during
cryoprotective agents addition and removal processes [ J].
Journal of Refrigeration, 2017, 38(3) . 114-118.)
FRRIAD, XUFMR, AR, A5, UKo R BR 1B 4 i 463 3
RS pEgE (1], Hl7% %4, 2010, 31(1): 59-62.
(HAO Baotong, LIU Baolin, LIN Ping, et al. Damage of
extracellular ice to attached osteoblast cells during
cryopreservation[ J |. Journal of Refrigeration, 2010, 31
(1):59-62.)

BUEAN, ROLH, XK, S5 B PV L-02 fF
MR PR AF B S [ D], HIv% 24, 2021, 42(4) .
158-166. (LI Weijie, SONG Liyong, LIU Baolin, et al.
Effect of ultrasonic ice seeding on cryopreservation of L.—02
hepatocyte[ J ]. Journal of Refrigeration, 2021, 42(4) .
158-166. )

ACKER J P, ELLIOTT J A W, MCGANN L E.
Intercellular ice propagation: experimental evidence for ice
growth through membrane pores[ J]. Biophysical Journal,
2001, 81(3) . 1389-1397.

ACKER J P, MCGANN L E. Protective effect of
intracellular ice during freezing? [J]. Cryobiology, 2003,

— 162 —

46(2) : 197-202.

[17] ACKER J P, CROTEAU 1 M. Pre- and post-thaw
assessment of intracellular ice formation[ J]. Journal of
Microscopy, 2004, 215(2) . 131-138.

(18] iYL, TAHERE, J%, 45 18R 40 i M A ok %t
U RN B 240 L %) 52 0 [ C ]/ 565 7 i o 6 98 VR 1% TR
R B s Ot g SC. deat, 2013; 121-127.
(ZHU Kai, WANG Yabo, LIANG Fei, et al. Effect of
extracellular ice crystals on suspended and adherent cells
during slow cooling [ C]//Proceedings of the 6th China
Symposium on New Technology and Equipment for Refri-
geration and Refrigeration. Beijing, 2013,121-127.)

[19] H#E, MSRA=, 18R, 45 AMARMBRR A% 20 i 5 vk
A [ AH AU W 0 AT SE (1], Rl TR
i, 2007, 29(2): 149-153. (XIAO Xin, TAO Leren,
XI Decheng, et al. Microscopic study of the effect on the
mechanical interactions between mononuclear cells of
human cord blood and ice crystals [ J ]. Journal of
University of Shanghai for Science and Technology, 2007,
29(2): 149-153.)

BEEEEN

XA, 5, 242, Bl B TR R ) R GRS B 5T T,
13636524955, E-mail : blliuk@ 163. com, BF5¥ 7 - 4il i 412
FIAS AR DR DA 25 i V8 R TR

About the corresponding author

Liu Baolin, male, professor, Institute of Biothermal Science and
Technology, University of Shanghai for Science and Technology,
86— 13636524955, E-mail; blliuk @ 163. com. Research fields:
the cryopreservation of cells, tissues and organs, food and drug

refrigeration and drying technology.





