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Process Damage Analysis and Cryoprotectant Optimization for Micro-droplet
Spray Vitrification

Peng Tian Zhang Xiaomin Zhou Xinli

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

Abstract Micro-droplet spray vitrification system produces small droplets and can be vitrified at a lower concentration of cryoprotectant
(CPA). In this study, HepG2 cells were vitrified using micro-droplet vitrification system; moreover, damages caused by CPA loading,
spraying, receiving, and vitrification/rewarming processes were evaluated. In addition, CPA formulations were optimized by reducing the
Me,SO concentration and adding an appropriate amount of trehalose. The results showed that each step in micro-droplet spray vitrification
may cause damage to the cells. CPA loading, spraying, vitrification and rewarming processes caused severe damages, but mild damages
were caused by the sheet receiving process. Cell activities after cryopreservation are significantly reduced with a decrease in the Me,SO
concentration. When the CPA formulations are constant, cell activities in the vitrification group become better than those in the slow freez-
ing group. Moderate amounts of trehalose can enhance the effect of cryopreservation, while excessive trehalose can be counteractive. When
cells were preserved with 5% Me,SO + 0.3 mol/L trehalose as a cryoprotectant, the cell survival rate reached (92.42+0.95) % and the
24 h adherence rate reached (95.64+1.03)% ; therefore, the droplet spray vitrification effect was found to be the best.

Keywords micro-droplet spray; vitrification; process damages; cryoprotecant optimization
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Fig.1 The micro-droplet spray vitrification system device

TG 2R e B A ) T A e R 4 =i
AR I BE AR PR 5P R ARG 45, LA A ]
TERGE S5 b Il 5 22 LA E 1Y) 38R At 2 77
T, T Ak B RT 2 AR E A A B, SRR A TIT A
ACRERR T, P AU 1T T 20 A, R
R B AR, B U B A A

— 153 —



Fa41%5 F2H
2020 £ 4 H

LR

Journal of Refrigeration

Vol. 41,No. 2
April, 2020

A

2 iR REBR B R K E
Fig.2 Enlarged view of droplet formation by

co-flow principle
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Tab.1 Formulation of different concentrations of cryoprotectant

75 PRI B FBS/% DMEM/ % Me,S0/% T/ (mol/ L)
1 10. 0% Me,SO 20 70.0 10.0 0
2 5.0% Me,SO 20 75.0 5.0 0
3 2.5% Me,SO 20 77.5 2.5 0
4 J& Me,SO 20 80.0 0 0
5 2.5% Me,SO 0. 1 mol/L ¥ i 20 77.5 2.5 0.1
6 2.5% Me,SO 0. 3 mol/L i 20 77.5 2.5 0.3
7 2.5% Me,SO+0. 5 mol/L Vi # 20 77.5 2.5 0.5
8 5. 0%Me,SO+0. 1 mol/L i H 20 75.0 5.0 0.1
9 5. 0%Me,SO+0. 3 mol/L i f ki 20 75.0 5.0 0.3
10 5. 0%Me,S0+0. 5 mol/L ¥k 20 75.0 5.0 0.5

2 #FR5iTiE

2.1 W5 &L 12 %) 4H B B B9 5

SR FH TR0 W58 55 2% 498 %) A Y 30 47 B 36 A DR A 5
K, A A M BT PR A I 2 R NS 2 B,
2 AL AR A B AL AR P A% 0 R 2 i
AT, PR o e | A o A A B e K
St i X AR M ) B P A, AR T A
W X A e ol P A 0 A /MR 22 4 L 3
PERANE] 0. 7% o P3P 500 0 28 aed 7 o8 4 M 3 14
B, LA AT RS 28 e A OR 450 8 FH A — 2
VA I T A v R R B 2 o A N i AL R Y
B,

R 2 B EREHMNEEER 24 h TiE=R
Tab.2 Cell viability and 24 h adherence rate after spraying

Uy TR/ % 24 h WHBER /%
o e 97. 64+1. 53" 99. 05£0. 37°
piiE=A7S AR 94, 55+0. 86" 95. 89+1. 90"
M5 55 92.92+1.25" 93.27+0. 42°
I 92.27+2. 04" 93.26+1. 18°
PerEA KSR 88.151. 55° 89. 86x1. 54°

7 : /] Duncan’s multiple range test J#E4T 2 8 L, RIZAr A
NE/NG FHERR AR 25 8.3 (P<0.05) , fn A HIFE/INEG 7
KRR 25 5 AR R E (P>0.05)

WFFE S, SR A 43 25 A AR B 391, ko 44 i 1 4t
it B — /MR L, 0 ). Samot 25 R
HmaE  AF R CPA A IR S 2R MY H 4
IR, 20% ARG 2 b 2%, A TIEE 0 K
e F AR R T 40 AR IR AR 4 T A R, S B T 4
PR B A T AR A, DT 3 T AR T DR A Y 4 A
% PRI FE GRS i =X A TRt SR 4y
AL TR R A TR PR 0 g G e AR T 4 i
T BB B SRR AT R U Al i LA B )
TVER ., B3P 1840 I8 RBP4 , R v 3 aod el
P 7 sk W SR R AR B V) 5, B IS AL
ke X A4 L e S ) 8 0 9 A, D LRI e A R I
D ik A T Es L 72, A T 68 A 5 i B4
TR KPR FIAEAL AL, 5% 23 55 AL OR 5 2) B0
ke H TR IR, 5 Tt B i 45 Al 4 i i
L iNe
2.2 PE{IX Me,SO i FE X 20 B i 14 B9 52

3 FiR AR Me, SO e B 2R A7 I 40 i A 7116
RN 24 h WBERR . 3 3 Al A, 10% Me,SO 7E{&
TR, B B AR L A A0 B A0 B A S Rk F
(90.03+1.47) % ,24 h WiKER F7(92.22+0.38) %,
SR FH 18 3 A VR T AR AT B AN M A 95 R (88.33
0.67) % ,24 h WiBEZ A (92.22+0. 38) % , A Hb F [F]
e RE LRI04 B B8 T 4, 40 B 75 7 WK, 1L 78 41 1] O
WA 2R,
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= 3 BE{K Me,SO iR EATERAMMEFER 24 h IFEEXR

Tab.3 Reducing the survival rate of Me,SO concentration during cryopreservation and 24 h adherence rate

‘ FFI5 2/ % 24 h MBEA/ %
#H= LR35 e -
8 A R Bk 2 A R Bk
1 10. 0%Me, SO 88.33+0. 67" 90. 03+ 1. 47° 92.22+0. 38" 93.38+1. 40"
2 5. 0%Me, SO 77.40£1. 36° 80. 64+2. 67" 82.46+1.05° 85.50+1.77"
3 2. 5%Me, SO 60. 4+0. 79° 66.48+1.19¢ 68.55+0. 75° 73.48+0. 42¢
4 oAbl 1.29+0. 21" 2.01x0. 85" 0.79+0. 69" 1.22+0. 18"

7 : FH Duncan’s multiple range test £ #5472 8 L&, [Rl—A6
FHRFRAMZEF R EE (P>0.05)

5. 0% Me,SO 41 .2. 5% Me,SO 114 40 it 1% 4 5
10. 0%Me, SO ZHAH L, & B TGS S R FH B 3 AL id 218
BRI, 5. 0%Me,SO ZH A1 2. 5%Me,SO 2 475 1
B AR T 10. 0% Me,SO 4, 3X 156 B B I 44 37 571
Me,SO ¥ FE , AR IR P/ A7 24O W] 1 AR, F e mT L,
Me,SO TEAR IR S50 T BoA S 2R, Be A R 3 20 i
B Z VKRB R . T8 [l — 7K R PR3 70 v i
T BB A RSOR W] s TR s YRk, Bl nAE
5.0%Me,SO Y FEN | B 15 AL DR AT 1Y) 4t ML A7 175 4 F0 24
h W BER S35 J9 (80. 6422, 67) % . (85.50+1.77) %,

EhRbR A AR NG FREROR LR 22 5 W25 (P<0. 05) b ARV NG

F5.0%.2.5%, 1€ 1 ab g —
[
2. 3 R0 s A X 4 AR TR 1 RO S i
% 4 IR NTE 2. 5%Me,S0 5. 0% Me, SO 1F R %
TR LRI R0 A SE Atk L VAN v W B AT B B A T R
24 h W EEZR R 4 vl AL BRI E N 2.5%
Me,SO B}, 4 JLAE TG 2 ANk (66. 48£1. 47) % , 7E I JE
Bl B ERII 0. 1 mol/L (14 ¥ S A HsF 200 i 0% M 184 o, 3K
F](74.09 + 1. 54) % ; 4k 22 38 0 15 5 09k 3 0.3
mol/L, AN LAF 15 ik 5] (84. 42+ 1. 40) % ; {H 24 i 3

A LA AR 3 59

T8 8 VR VR DR AE 10 20 LA 16 32 R0 24 h W BE S3.53-Jjl)
7 (77.40+1.36) % . (82. 46+1.05) % , W A1 T B 5%
TEARAERIR
ARPR] A Me,SO B, To I8 218 3 ¥4 7R
WSRO AR 5 1) 40 ML LF AS B AE T
XoF 20 M 0 T A R, TR, R R R T R —
FE TR Me, SO, LR35 th Me, SO W EE R 5. 0% |
2. 5%, MO AETG 3 24 h IEBERTE 60% I, 3%

v BE AR SE38 fINR E) 0. 5 mol/L B, 4 HAF-1G 25 K I
BESC I T R BV —FhARB EVEOR P51, BE
B B EAR E P DDA, T RO TR BT B T4 s B Ak
TRAFRLA AR T B it ik 22 Ik, S T 2 900 ) 240 i =% i
(53 F 8P BHIE Me,SO 4535 i B LR 47 55 i A 40 i
N, 233 I M5 2 P B K, S M T 4 D R
FET S AT UL FELR AP IR b S I SR VA
W A IR A AR R AP RCR BN ]

WALRAF RO ST AR I PTREAIR Me, SO W BEE s ZNIRE SR AEH .
x4 FMEEEHBUNAMNTEER 24 h IGEER
Tab.4 Cell viability and 24 h adherence rate when adding trehalose vitrification
H5 TRAP R g G/ % 24 h IHEEA /%
1 10. 0%Me, SO 90.03=1. 47" 93.38+1. 40"
2 2. 5%Me,SO 66. 48+1. 19" 73. 48=0. 42'
3 2. 5%Me,SO+0. 1 mol/L g #E 74.09=1. 54¢ 79.25+0. 38"
4 2. 5%Me,SO+0. 3 mol/L ¥ #i bk 84. 42+1. 40" 88.50=1.39%
5 2. 5%Me,SO+0. 5 mol/L i W H 76.97+1. 00" 83. 46%2. 05"
6 5. 0%Me,SO 80. 64+2. 67° 85.50+1. 77"
7 5. 0%Me,S0+0. 1 mol/L G ¥k 85.53+1. 07" 89.99=+1. 00
8 5. 0%Me,SO+0. 3 mol/L Vg J 4 92. 42£0. 95° 95. 64+1. 03"
9 5. 0%Me,SO+0. 5 mol/L 87.99+.60" 91.55+1. 60™

¥ : J Duncan’s multiple range test ¥5i#F17T 2 5 LWER, FIFIFRA A R)/NG FRER R 4 W) 25 5 0 3 (P<0. 05) , bl M RN 7 RE0R
A 2E AR (P>0.05) .
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T X 44t e 2 A B 05 AR /N
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i V0 £ B T O S AR, A R AP 500 ke 8 A ] B 33 3
PR RIS S TR RS o DR3P 0] T 8 0 3
VR, ITRLORAE 5 40 PRI P 185 o, L S vk B ot
A F) TR R AT

3) LA 5. 0% Me,SO+0. 3 mol/L i 34 1 g (K iR
PRAP VRS TR 8 ) 3 I L0 OR A7 200 ML BT 200 B A7 3% 2R
iK% (92.42+0.95) %, 24 h it BE 335 ) (95. 64 +
1.03) %,

4) SCH R FH B AR Mo 5 B S AL AR AT R G R AE I
AR E I LG, 98 L0 T HepG2 4 i
PEIEAL SR AR 2 05 R A B KA sE 25 8], nlfE
AT S5 B B A A A 2 G0 I FH T JH Al e 2 1% 240 i
F, LA UFIZ 22 G0 0 v] 40 R B AR 3R ey e A 4
L7 B A PRAE I 30 ok 35 FH A

5) 3CH g H A GRIR TS ST B S AL DR AE R G, SR
(R A e e o 1z R AR A
R, SN R G I KA DR AE, W] R A el
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IS FRCH 1 A B PR A 1)
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