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Abstract Freeze-drying is a long-term and effective method for cell preservation. The lyoprotectant can have a significant effect on cell
freeze-drying. In this study, different volume concentrations of Me, SO, glycerol, and different mass concentrations polyvinylpyrrolidone
(PVP), compound lyoprotectant for lyophilizing human Hepatoma Hep-G2 cells were considered. The effect of intracellular trehalose on
the lyophilized cells was investigated by determining the cell-recovery rate, survival rate, and 24 h attachment rate. The results show that,
compared with the control group, the cells added in a 40% PVP (w/v) + 10% (v/v) glycerol + 15% fetal bovine serum (FBS) (v/
v) + 20% trehalose (w/v) solution received better protection. The cell recovery rate, survival rate, and 24 h adherent rate are
29.58% , 42.18% , and 18. 71% , respectively. When the extracellular trehalose molar concentration is 800 mmol/L, the Hepatoma
Hep-G2 cell-recovery rate, survival rate, and 24 h adherent rate are 27.81% , 66.65% , and 33.68% , respectively. It is significantly
better than the control group and has the best protection for cell freeze-drying.
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Tab.1 The group of freeze-drying protectants

53 DMSO PVP  N=EE  FBS T
S ()% (W% (V)% ()T (w/v) /%
0 0 0 0 15 20
1 5 0 0 15 20
2 10 0 0 15 20
3 15 0 0 15 20
4 0 20 0 15 20
5 0 30 0 15 20
6 0 40 0 15 20
7 0 50 0 15 20
8 0 60 0 15 20
9 0 0 10 15 20
10 0 0 20 15 20
11 0 40 10 15 20

TE 3R v/ v A IRBUM G w/v BRI B

1.3.3 FTE40AE Hep-G2 AT 5 &K

T AR AR LA 1 4R AR B A
TR AR, B mL B A9 T 4R A momA
BN 5 mL PG MR I B TR T L
FPET BRI 3% = 417, B R KA N
10 K/min, IR N —65 °C BFE] 2 h, (R3ERE 4
TR, B AT — T B TR DR EE - 45 ¢,
FELE 24 W KSR 5 Pay IR THEAEAIEEE A 20 C
B 10 h, FE SR 5 Pa, T8 UG  FE S 3BT

5K BRI TR 1K PVP AT PBS 25 il
PVP AT EE (w/v) i 10% . 1E 37 CKIB T, 4%
2 mL B KBMA B TRE S iR ah, BRI
SEA AR BORE X LR F T gt 4
1.3.4 EREEENEN BIRSUE

i PN 96 5 A 1 2N . R OBLZE KT A 400, 600
800 .1 000 mmol/ L PUF A [] B2 /R i BE ) T B RV I
V0T s 200 M T DU AN T B8 R Ve 3 1 Y BBV
IHAE 37 °C,5%CO, MIEFRFTIE 7 0 &aWsg
Z IR R 4IH, T 1 200 v/min B0 5 min, Z5
B, A2 PBS ZZ ok %, R 3 Wk, 4
TG, FH ST R L,

I PR T S A B . Shy 7 1 B v L 53

SO N =AY 10% =8 R T 402 i
BT RN P AR 3 U U = KA A 4R
W, FT ARSI Ry B — (1) 5 Vg bR 20 4

I PR T S ) I SR P R - RT3 T 4% A
O P T e T e
1.3.5 SigiE RN A T R B R FiEERMN 24
h T B2 2= 46 i

TR PRI Sy I S 56 7 32 14 o i) e A AR AP 711
IR DMEM, 41434 40% PVP (w/v) + 15% FBS
(v/v) +20% HFEERE (w/v) +10% N =8 (v/v) . FfiJ5
AT, WTEHR)E 63 7 CARI Nk T E K,
IR TIRISCR FETE R % 24 h IERESR AR

VR4 T s =R 20 A

i SRR
AT = o B o T
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24 h WG RE SR I, &K S AT, nA 2 mL
DMEM, F 1 200 r/min, &> 10 min, 3+ F35 &, N 4
mL DMEM $FE|E5FR LA A 37 °C 5% CO, K53
FETPREE 24 h IR R85 AR LA B SR A B B
DA THEOR W RE A L, 42225 TR I 99 Ak /5 2
ml, DMEM , T HEOWEEA AL, 1A =0T .

It RE 290 B %K
T BE AN KL + A< U BE 41 i %4

24 h WRER = x 100%
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1.3.6 #IESH
H SPSS Statistics A4 AT T 8T, A SE R
BRI ME « b2 I,
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2.1 RIPFIE A HMEL
2.1.1 Me,SO AZHREEIME FEiEZEF 24 h MhEER
XFREZH VRN Me,SO B 8L (v/v) N 5% |
10% \15% BPR-37 750 20 40 it 52 /K 5 1 T3 A 0% %
124 h WHBERZER L 2, SCH R Duncan 3E47
Z i, g i RS AR A A R B 2R AR B
WEXF(P>0.05) , BAMIFFR2R8 B AHA B
XA (P <0.05)
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R 2 FIMAEMEIR S Me, SO RIFFIMME T EKEHEK R 775K 24 h NHEER

Tab. 2 Recovery rate, survival rate, and 24 h adherent rate after the recovery of freeze-dried cell with Me,SO

Frs 37kl I/ % TG/ % 24 h REZE /9%
0 0 1.53 £0. 22 5.68 £0. 44" 0.26 £0. 08"
1 5% Me,SO 20.77 +0. 36" 44.04 £0.7" 2.21 £0.47"
2 10% Me, SO 17.32 +3.28" 57.74 £1.17° 3.22 +0.20°
3 15% Me, SO 16.01 +£2.29" 63.34 £2.52° 3.88 +0.17°¢
26 2 AT, AR Me, SO £ 470570 20 240 i v T 114 NG[E
TSR AR A 24 h I RESR 3 50 B AT 25 2% 70 DA
F(P<0.05), X £HUE IR BN 5% ~15% < 60t
Me, SO {4731 X T JF 5 40 AT — 2 19 447 £ B
VINT 5% ~15% Me,SO Jii, BRI 1A 1 2% 2 g 401
5 {5 10% Me, SO F1 15% Me, SO 4L 77 7% % % 24 h £330
I RE R 2 T 5% Me,SO 41, i 10% Me, SO Fl §§ fg
15% Me,SO 41 IS A A715 2 H1 24 h WG BEZR I TC ot .

WEER(P>0.05), XKV 10% Me,SO 1 15%
Me,SO IR RERIET 5% Me,SO 4, HFE (1
BURAHIE
2.1.2 PVP AR EIYZ 175 ZEF0 24 h MFEER

XTREAH WS PVP BT &R B (w/v) A 20% |
30% 40% \50% 60% F L4755 2E 240 it 52 7K 5 i) el i
R AFIE R 24 h IEREREER LA 1

INIINAS R JB e B PVP L3570 A9 8 40 Hep-
G2 YR TRk, M LML A7G 28R 24 h U5 BE
ROE ), & al%, PVP X R 40 v T 3 A
A B 58 A R AR FHAICR Bt 2 T et W 1 3 K
M SCH = Ja R A, 24 PVP vk B R 209% I, 9
R PSR NG SR A 24 h I BE SR 5 = 16 iR
2 PVP Jf e KON 409% s TS 4R [ iR A7

0 20 30 40 50 60
AR EIKEPVPRF F(W/v) %
1 FMARRERE PVP RIFFIAEFEKEH
Bl 2 FFiE R 24 h MhEER
Fig.1 Recovery rate, survival rate, and 24 h adherent

rate after the recovery of freeze-dried cell with PVP

TR 24 h WHBERETIRE] T AR, LIS, BE% PVP i
TR, ISR 25 540 24 h Wi BE ARG B A
[ R (T [, 2 409% PVP Jo e J3 4547 7
FRORE AL, BE = A S i ARV E T
2.1.3 HiMAMMAEIK R FFiEZEM 24 h IGEER
XFHEZE TR INTY = EEAR RS (v/v) A 10% |
20% WP 20 A0 1 52 /K 5 B IR F7i% 46 24 h
i BE RS 3,

R 3 RMARGR S HH HARPFABRET SR EHEKER FFEEM 24 h BER

Tab. 3 Recovery rate, survival rate, and 24 h adherent rate after the recovery of freeze-dried cell with glycerol

a2 oianl] IR/ % TR/ % 24 h WEER /%
0 0 1.53 0. 22" 5.68 +0. 44" 0.26 +0. 08"
9 10% H i 16.61 +0. 96° 37.97 £2. 18" 8.94 +0.52°
10 20% H-ith 14.50 £0. 47" 42.48 +1.95" 5.32+0.79"

H 2 3 Al AL W I T AR B B0 (v/v) 10% ~
20% H Il AR A7) 55 X6 B2 A8 [MYSR A7 R A1 24 h
NERER |22 A (P <0.05) , ZAENN 10%

~20% H I A LR F06T FF98 40 2R A e B AR
10% HIMAH A MAETE S 20% H AR A 0% 2%
S (P>0.05) {HFI 1 24 h WBERHA 2%

— 114 —

(P<0.05), Ut 10% H il 469 % T 8CR 2400 T

20% Him4l,

2.1.4 EFRIPFENMEMEEUE FFEEF24 h 0
T Me,SO 7R T RCRAE, BRI LLT 45 51 4

ANFPEAT A, PRk T = ety ), 345 2 7 i
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P, I B E TR IR A5 M 24 h I

R4 BFMARRPFIMETEKGHIEIWZR TFiEEF 24 h MEER

Tab. 4 Recovery rate, survival rate, and 24 h adherent rate after the recovery of freeze-dried cell with different protectant

75 XA FIR /% FEIE R/ % 24 h WEEESR/ %
0 0 1.53 +0. 22" 5.68 +0. 44 0.26 +0. 08"
6 40% PVP 30. 34 +3.38° 68.71 0. 18 14.29 +0.98°
9 10% H-ih 16.61 £0. 96" 37.97 £2. 18" 8.94 +0.52"
11 40% PVP +10% H i 29.58 +1.41° 42,18 £2.25" 18.71 2. 96"

HH 3% 4 AIAL BN TR R AR TR K G 5
X BRZ AR PR A6 RN 24 h G RER |22 51
WEVE(P <0.05) , Ud IR T PR 500 i s vt Ji- 98 4
B T4 B S PR . 10% H VAL EE iR f7
521 24 b W RESAE [ HREAR T HALPIAH (75 6 Al
JP5 1) Ul HIM AR 7R T R R i DR AP R e 22
40% PVP 4155 J5 BR300 4L B 47305 8 T = 7
FILH, AE A T G4 700 4 B W B SR BH B 55 F 409% PVP
X FE AR 40% PVP B LR P390 v] DL R 38 i R
T2 K G AN 2, (0 2504 i B 2k 25 HG BE B
1, W52 T PR 0 B A Ay 2 o 98 20 1 S AR T RE L
25 Rk 207 ORAP SRR VR T I i 20 e v R 2K
AT,
2.2 B HNTEHARERIENERIRE

SR FH T P JEC I 0 000 Vg 3 AR B8 IR Wik BB, HLrp A
BT P T v 38 5 PN B JR R BB I I H e R L A
1, BT A Jo e A R A T L e e P YA A BE R
WBERI /N Y 40 B 5 TE 5595 () T BB TS T T
LN LT A T 3800 ekl . I DA i si e ik 95 1 —
A EB VIR 400,600 800 .1 000 mmol/L ¥ 5 B
VEWAE R R38R, T 2 T s R O TR B O R B A Ah
Vi ST JHF 9 40 ML A S e, AE 37 C AR T
B A 2, A O M R R Wk B R LN S S

FEARny s, oM EE RV BE#E 400 ~ 600 mmol/L
DX [ A, DL AR % 58 PR g 3 23 348 o Xof Vg 5 0 19 5% B
S, VR EE K VA BB B A 5 24 T A B R R A
600 ~ 800 mmol/L 35 [l isf , A% U THF i B /)% ¥k 32
BN A R, MRS T i 200 U B YA 98 W EE R e
FE IR BN 25 B AR EE SR ¥ A 1 000 mmol/ L B
0 0 YT D6 g %) 45 B DR/, TR R Ao i R R W R
(1) e D PR BE A5 T 7K AR PN 1) B A0 B0 4 4 30
NI BT 200 0 J5E P 20 0 32 328 6 B, 0T 400 i i it 1

—E BB,
/}\

400 500 600 700 800 900 1000
T 51 BB PR /R Mk P /(mmol/L)

B 2 AN[E) R 7R R BE R S it 5 i ot A28 2 R B S i

Fig. 2 The effect of extracellular trehalose at various molar

Ne]

]
T

~
T

[o)
T

W
T

REER G M BE /R R FE/(mol/L)

concentrations on Hepatoma Hep-G2 cells

x5 MR EERKEGRBENTEAESTFETOEKE FEEM24 h IHER

Tab. 5 Recovery rate, survival rate, and 24 h adherent rate after the recovery of freeze-dried cell in extracellular

trehalose at various molar concentrations

G HELANAE SOV B/ (mmol /1) [l /% TG R/ % 24 h IHRESR/ %
0 0 29.58 £1.41" 44.18 £2.25" 21.71 £2.96"
1 400 26.60 + 1. 43" 47.34 £2.67" 21.88 +2.69"
2 600 36.62 +1.27° 41.97 +4. 54" 25.95 +2.29"
3 800 27.81 +2.31" 66. 65 +2. 08° 33.68 £0.57°¢
4 1 000 16.43 +2.09* 26.97 £1. 21" 3.08 +4. 35"

— 115 —



$£38% Fo6H
2017 £ 12 A

Hl % F |
Journal of Refrigeration

Vol. 38,No. 6
December, 2017

2.3 AT EMBEMEKER FEEM24 hF
EE

V65 P A L A () O R 8 i AR R
I I AN P S AT R T, DA A [RDCR |
RN AN 24 h WERERINZR 5 PR,

H R 5 AT, 2 B AMEE SRR BE R 400 mmol/L B,
[ A7 R A 24 h W BE 35 5 %) BE 41 0 9 W 22
5, TTRE FH R A S0 ) Ve O R I U AN JE LA 4
M FR B R Y 2 AMEE IR ¥ B R 600 mmol/ L
A (TSR A I 5 X0 B (ELAE 96 R F 24 h DI BE
FIHRARE LT (P >0.05) , SMIH0EE IR ik BE Ky
800 mmol/L B}, 7735 A1 24 h W BE R KK m T H:
fZH (P <0.05) , VEHTIZ L BHA 6 A 240 i 0 ik 2 1
XTREZH Y M A1 T 5 B JR W FE A 1 000 mmol/L
R, JFF 98 2 L7 T %) [T 8 A7 T6 3R 24 h U BE 4R 2
S BEYE(P <0.05) , B WAL T HAh 4

gi Ik, Y A U e R EE R Wk E A 400
mmol/LEY 600 mmol/L B, ¥ 4f B 7R T 350 R 5 A8 I
I M 20 B AR TC AR Ak ;5 >4 B A Vg 5 W R R VA BB R
800 mmol/L i, 5%F BELHAH L, R TRUR A B & 25
(P <0.05) , R8RS 5 ML AMEE /R W BE A 1 000
mmol/ L B, R TR T X B4

3 it

JHFE 2 ARG ) 228 B, AH T A4 e
TEAE PR T AREURIME AR 2Z 5K MBS ,
M 2 Hep-G2 ¥ -t B 25 , A IE W I
2 A AR 22 T B LA B AR AT AR Y SE AR AE ) R, A
WF5E LARFIER A Hep-G2 AR RS | 4582 9 40 L 1
25 VA VR AR LA B U B X e A L R R B

PR FIAE AR Dl R T R PR R ] s, —
L7 (Me,SO) A WLAY IR A7), s Me, SO
JE URAT, AT DRV W04 o, 020 B P oK T i, DA
AT S0 T FH UK S A R LR >, s
T AR A0 M T B TR 2 AR, SR T el 0 0 R ¥4 1
i, BRI i A — 22 IR B4 Y Me, SO 1 R AR
R Wi A VR A A0 M S 58 b, A A RS
B (v/v) A 10% Me,SO AE 2 £ 47 511, ik BE 485 3k
81.05% , Han Ying %" YERIF 57 21 240 Mo % {47 52
K Kt Me, SO \PVP ZE i ARSI 7, & BLA A
B AR TR, A A 12T 26 1 2 KR VK B Rk 3
80% LA I, ASBFFE &I, A Me,SO B LR 751055 2
WL AR T AR AAR B E L (R AR RO I AN 3
X ATREE T Me, SO MR Bt i A A T 1 g
S RREIETT
— 116 —

KU 452 R BB PVP ek B A B 7 1A
FRIEE R LG SR Z AR, B LR R = AR T
SR ZR S FE R IR X, ATk 4 M R R i A ep
ZENRHLI GG, (HBEE PVP vk B At — 4 7
e, B I LT AR VR BE R 0.5 o/L Ao dy, /W]
R PVP AR TR T, AR, Y
PVP JiT it il B IR 51 40% B, 4 JE 0% RT3 A7 176 S5 1
24 h W BE R G S (Y PVP R R Ol
50% B, ALY [ELSCR. A7 15 M 24 h W EE SR R
Il R B A o, RIS T 200 B 2538 — B0, X nT g
JE T X AN R TR 9B 15 R L K PVP 3R K
PRI

HIH T AT LA 3 B A0 A P9 R R AT 0 SR
YER, BRI — L8012 W 40 I R R A o AR
$020% (v/v) B9 H I AT DLTE 57 96 20 I v BRS¢
FAHRRORDY ) ARFSTIR R B, S50 B A LG, A
THRRGEL (v/v) 2 10% 20% H il By P-4 5] 50T LA
T 4 (BT R AE T 2R R0 24 h W BE R I 2 B
Horp KT (v/v) R 10% Hm AP SCR 8L

FE AR T i B b BRI S R FREY —
A PR, by 4t M R 2 R4 R i PR3 VR, R
JEMFHOME . B. Stokich %P FESF R IR SY T
BT IR A 4T 2 OS2 I, 24 st A BT
PP R, 23R DK AT BUFEAE . Han Ying %
BOL TR HRIE (w/v) N 0% ~ 15% K I e p 5 4
R UR T2 A0 & PR, I 20 26 1 RN 1 4 A9 % &2 2R
55t IRAUFA 225 L, 13 4538 . oM
WEEZR Tl A rh O I A R B R P E T, (E A1
BHANZFIHE A N A RE S HE IR 0 S/ E T AR 2243 %
T P T A DR ROR 3547 T AF%E, T. Chen
A0 4 ) ik DR L K P T K T R S L AR Y,
ANMLAE S K R T I B R 52 S K 90% ] e A
I 0 T N T SR AL P A L ISR e v
iKF 51.8% , AHFFEH B I 20 S T A (] EE R
WP T B TR TP 7 h SR T, Y A
JE IR Ay 800 mmol/L B | 55 %) FAZH AR Lb , 40 A7 15
R4 h WEER 2253 5 3 (P <0.05), % T3 R
etk

4 &g

SR FH B2V VR 1 10 7 T AR AE T 40 D Hep-
G2, BEFEA AT KL Me,SO | H I B A [ Ji H: 4y
H PVP A G- 790 07 28 R SR A LR 4P R L Oy, il
A0 5 A0 DI AE S SRR 24 h U BE SRR HR 5T I
B i A ML R T RS e, 4 SRR T W 40%
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PVP(w/v) +10% B (v/v) +15% FBS(v/v) +20%
TSN (w/v) B AR I 7 I 40, 76 52K 5 DR A7
TG M 24 h U BE R 53 5 O 29.58% , 42. 18% FlI
18.71% , 55X} HR2H 22 5 28, % 40 b AR 7 R00R e 15
Y i A g B EE SR M B R 800 mmol/ L | R T RAUR
SO, A ML Hep-G2 7E 5 /K5 RIS 38 A7 3% 32 A
24 h W BER Y51 R 27. 81% ,66. 65% 1 33. 68% , 17
TR G RE R 1 250 T A A, XS5 R R T 8
YA Hep-G2 (7] B4R 700 20 UE W, X oAt A4 2
ML RT T2 EA —E S 20 (E
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