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Abstract

sperm or prepubertal boys who have cancer and require radiotherapy or chemotherapy. In this study, the vitrification of massive mouse tes-

Cryopreservation of testicular tissue is a potentially effective method to preserve fertility in infertile patients who cannot obtain

ticular tissue was studied. Massive testicular tissue was immersed in vitrification solutions with different concentrations for different immer-
sion time. Thermal analysis was conducted using a differential scanning calorimeter, and the testicular tissue was vitrified. The results
showed that ice crystals were formed in the tissue during the cooling process in the low-concentration CPA group. In contrast, vitrification
was achieved during the cooling process in the high-concentration CPA group. According to the negative rate of apoptosis of spermatogenic
cells, the optimal vitrification loading protocol was to incubate in 20% DMSO for 1 min, followed by incubation with spermatogonial cells
78. 6%, spermatoblast cells 90% , sperm cells 70. 1%, and Sertoli cells 89. 1%. Compared to slow freezing with vitrification, slow freez-
ing can maintain the morphological integrity of testicular tissue and reduce the apoptotic rate of spermatogenic cells, making it more suit-
able for freezing massive testicular tissue.
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Tab.1 Vitrification solution and thawing solution

EiR] R K

BEIAL A ESL:10%DMSO+10%FBS+0. 1 mol/L FEME+DF12
W1 VS1.:20%DMSO+20%FBS+0. 5 mol/L M +DF12

BEIALA ES2.15%DMSO+10%FBS+0. 1 mol/L FEM+DF12
W 2 VS2.30%DMSO+20%FBS+0. 5 mol/L M +DF12

BEIALAR ES3.20%DMSO+10%FBS+0. 1 mol/L FEM+DF12
W 3 VS3.40%DMSO+20%FBS+0. 5 mol/L M +DF12
W 10%FBS+1 mol/L HEWF+DF12

VRRIAT 1 10%FBS+0. 5 mol/L M +DF12

VT 2 10%FBS+0. 25 mol/L JE##+DF12

HAVIERER T, RS T-5 5 ) Je i 52 AL B R
I RIS S2 LB LL, & H
1.3 EHHALNRPFRBRMEZF TR
SALAZUR WD TE S T B B AL R P 7 i 2k
e, S U TR A AT W (EST ES2 (ES3)
HIR ML 10 min, 28 J5 76 FL X R A0 4R 47 500 7 W (VST
VS2 . VS3) Fhr il ngg 1.3 .5 min, 755 9 {54751
WNE T4, DAL W h DMSO AR FR 2 £
TNz A RN 9 Fh AR BT A A VR 58, Wk 2 iR,
41 20% (AFAME0) —1 min 27 S 20 A
T EST F1i2 30 10 min, 2R J5 X0 09 PR 47 5055 7 VST
HfinZ% 1 min,
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Tab.2 Thermal analysis of testicular tissues after different

CPA loading protocols

WIS/ % SERNIRIE, S5 E T/ SRR/ SRS/

(TS50 < (J/g) C (1/g)
20-1 min -39.12  67.68  -25.92  75.12
20-3 min -54.26  30.11 -29.02  46.50
20-5 min -52.69  57.55  -25.97  64.20
30-1 min -51.15  51.43  -33.30  61.27
30-3 min -60.24  31.07  -36.87  44.70
30-5 min — — -29.41  26.21
40-1 min — — — —
40-3 min — — — —
40-5 min — — — —
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Fig.1 Vitrification procedure of mouse testicular tissue

1.6 2HARERLSEFRERF
AR X ER AL SN A R T TR AT T AR
b, H12 T VR P B 7 i B R 43 BB B R 10%
DMSO+10%FBS+0. 1 mol/L FEM+DF12, H5G7E 1.8
mL A R EEA | mL 18 E0A VR, SR R
— 153 —



$£43% F£2H
2022 £ 4 H

#l % F W

Journal of Refrigeration

Vol. 43,No. 2
April, 2022

AN AU R oD e b /N B AL 2 A ik
WA R PR HRAN ( CryoMed Freezer 7453, Thermo
Fisher Scientific, USA) 17 ¥k, ot W20 6%
AT N 1)4 °C %88 10 min DUMBALRAD 7] ;52)
1 °C/min fEZE-40 °C , {58 1 min;3) P BUHE A
WA SR AR A T PR R A BT 37 C
TEIRK A B IR, BOK AR, SRR HR R T4
ZUPIBCH A 1 mL (35 32 10 min KBRS
M IF R IR 3 R, B BULASEA 1 mL B
FR AR CE T CO, R4 E5% 6 h,
1.7 2AALNEEFELRIEN

SEHALULZS UL ARG /NG R A5 1 o8 B vk 32
SOl aE HE Qe @ iP5 B PPAE U1 80 4 i
SERNE, IR SV Ry 1, I A2 B A5 A P oy
A0, HUEEE LTSI ZE R I 0 ¢ 1) A
Ji 0 L AL IR I 53 15 5 2) LTI AR 2 5 3) /N I B
PRFRAB R 25 30 5 4 ) /N 1A 258 00 T RO 2o PR AR /N A
BATRAY 40% , IZAE e BRI R ITE W (1),
TSI 53 B 3 VAT A B,

e =

IR SB-EIT IR 0 1Y IR

I AR

RS IRIG SE AL AR P T2 /KPR H] Tunel 3
AT RN, o MR S LR A T A G (1, G
S FESEE AT~ WS AN (s 1, (s BH
PRT SIS A B FA TG AR 0 8, FEAERG /D
B, R AN I 25 5 07 1 (A IR R BUE A
R UG 5 1 7 8 45 ) oF ff i 45 Fh 2 g 2 AT
I3 TS A M S K R A 2 A T R, A%
A0 Tunel BIEAGE T (2) T, RS 564H 53531
W3 AT, e Jm O

i ff S - T A R

4 Tanel 1 = A T IR

100% (2)

x100% (1)

2 #ER5iTie
Q1 Z2HARFEAFRMEFRPFE B #H
S
H SEALH S IR O Fh LR 47390 o 28 D7 7 %o g 1Y)
TR0 5 8 P S R R ] SR 32 FH 22 R 3 A
IE SRR T S TR AN TR S AR A P 4 | 52
UL ZVHAR A5 TR B 25 ks o fl T B A r ke
kR 2 froR , AL PG thZean &l 2 s,
TEVRFR M H0H 20% 1 DMSO Wk PR 1.3 .5
min J& , M PGRE ML A0 2 (a) BRI S RhA
— 154 —

130
120 +
110}
100 |

FIR B /(mW/mg)

80|

70—12'0—160 80 60 40 20 0 20 40
BE/C

(a) MEAEFR D HON20%HFH57 1 min

351

3m’xr///4“‘“‘

25+

20T

PR EE/(mW/mg)

[ —-.eeAiAa_
~120-100-80 60 -40-20 0 20 40
BE/IC
(b) INEARFR > B A3 0%K AR 7]5 min
40 -

30+

20+

PR EE/(mW/mg)

10 Bt . — . . '
-120-100-80 —60 -40 20 0 20 40
=B/ C
() INEARFR 3 BUNA0% IR FI3 min
E 2 2HALFERI BT ML
Fig.2 Heat flow curve of testicular tissue during

freeze-thaw process
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Tab.3 Lumen integrity rate and negative rate of cell apoptosis in testicular tissue after vitrification under

different loading protocols

U/ %0 (TRFRGME0) IR/ % R AN % K EE AN % K T4 % RN %
X HE 2 (97.8+3.8)" (99.3+1.5)" (99.4+5.3)" (98.9+2.7)* (99. 1+£3.4)*
20-1 min (49.3£9.5)° (78.6%9.6)" (90.0£4.7)" (70. 1£5.4)"™ (89.1£10.1)"
20-3 min (69.3£13.3)" (58.5+22.9)° (73.4%5.4)" (68.3x1.6)"™ (49.4£17.1)"
20-5 min (16.6+8.0)" (47.5+8.8)" (79.0+9.6)" (80.8+3.1)" (62.0+20.6)"
30-1 min (66.5+13.5)" (79.1+2.3)" (67.1+8.5)* (62.9+4.9)° (61.3+10.8)"
30-3 min (71.949.1)" (37.35.0)* (56.6+8.4) (68.0+20.1)"™ (38.7+20.7)"
30-5 min (45.9+2.3)° (35.3+7.4)° (57.9£5.3) (71.5+10.3)"™ (42.9+20.8)"
40-1 min (72.6+0.23)" (54.5+4.4) (47.5%6.1)" (67.9+6.8)"™ (46.0£11.1)"
40-3 min (84.0+0.12)" (43.9%17.6)" (75.6+10.2)" (64.0+9.3)"™ (61.9+8.2)"
40-5 min (77.1£0.03)* (43.3£5.7)* (63.8+6.5)" (56.4+9.7)° (36.5+5.5)"

VB + TR E e IR 22, 78 (a~ 1) F/R Duncan’s B2 25900 B & 22 5% (P<0.05)

H13 3 A, 24 DMSO R R0 209% 1, =i
3 min FRJE S ALHLVE 0K N 69. 3%, =T 1 min
K5 min 41, XFECER 2 PR BTECHE R 3 min
JE RS ALH SERVE (AR T 1 min A2 5 min 4, LA
3 min ZH 7 & i 2k AR v 4 20 21 P9 R v L Y g
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1 min, {H S AL ZUFE AR 37 700 TR P 4 B )32 6 32 3]
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U AR, X OR3P 551 1495 355 e A1, DR o 2k (1]
o RAPFNSBAL AT A HE AT A5 8 70 43, B A S %)
PSR F IR A

24 DMSO AV HCH 30% K}, 12 3 min 45158
RN T71.9% , 75T 1 min J2 5 min 4, XfEE3R 2,5
JLHZAE 30%DMSO H36 3 min AL T 1 min ZH%5
i FRAG, DA PHAH A TR MY 1 min, 329 3 min J5ZHZH
FE R R R 32 2] B oK LR 58 /0N, PR L A s 5
RIS, M5 min Z17E DSC #W3Hr v 7R A] 7E f#
T AR rh S AR A AR (A TR R BT R
BOSALIA . G. M. Fahy 557 BFSE45 & i 2
R S B B AL R 5, W B it A0 i A A2 T o R v BT
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A 2R B H T B 2RI B v TS A, B S R IR
Tl FEM R, B. S. Pukazhenthi %5 5T i 5
P07 DA R R 5 SRR AR X A e e 2L
A, 18 VS VRO AE R T Dl X B s Ak UR 7. C.
Yildiz 27 7R R G B A/ RSB ALGT S, 245 SR 2 148 ikt
VR T YR SRR AN A B R B T B RS AL 4L RS
MG RPN P A B R RE ) W AR, SRMT LS. F.
Moraveji %5208 /N BB L SUEAR L B0 7. 5%
[ EGHATI D E0H 7. 5% 1) DMSO HiZ 3 10 min J5
R B EON 15% 1 EG+IRFLA K00 15% 1Y
DMSO HE 3 2 min, 28 T RFERARA , AL R
J5 B SRR GR 9%, W3 T W 8 A R Al
(62%) , M. Abrishami 25> %] [t T 18 3 ¥4 v 5 44
T B IS AV VR /N R SR AL SUIR IR PR AT I S i), 45
IR, LA DMSO BN P4 50 B, 768 3638 b i W iz
5 min S5 09 [543 T V2 VR 41 2L 40 B A7 176 % (80% )
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FEH TREARRL 2R AR R 3500 Fl 28 55 3 B K
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D7 I AR S — 2518

2 R VA V30 3 ol P A AP v B R 4 ) A 75 7 R IR
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Tab.4 Lumen integrity rate and negative rate of cell apoptosis after cryopreservation using optimal vitrification

and slow freezing methods

25 FRtER/ % KRN % HE TR I % WA/ %  ZRAIL %
X HR 2] (97.8+3.8)* (99.3+1.5)* (99.4+5.3)" (98.9+2.7)* (99.1+3.4)*
10% (RF50) Wiz k48 (97.4+4.4)" (98.4+1.7)" (99.2+1.2)* (88.4+2.3)" (98.1£1.3)°
20% (RT3 %0 —1 min 353840 (49.3£9.5)" (78.6£9.6)" (90.0£4.7)" (70.1£5.4)°  (89.1x10.1)"

1 BRI E bR IR 22, T8 (a~¢) /R Duncan's T & 22 8 iy B 2 122 7 (P<0. 05)
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BRI TR R T et P TR R &
P/ N T RPN B) B TN R R A B B
Ree %, L R v U e A 20 T 5 DR 4 70 e B A AR
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[ DSC A5 M7 b IR RE 7, A iR 7 rpols Hh B 4 21
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3 &g
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i
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2) DIAS A 20 M 0% 8 T B 1 3 o A o 2 s AR
U ECH 209% DMSO PR 57571 W iR 1 min J5 3
TR R A B A B A N2y 28, HAR 5 45 A2 4
AL T B P 43 0 Dok T 2 78. 6% , K Bk 20 Y
90% , K& T-4RML 70. 1% , 325400 89. 1%,

3) SR ACURAEAR LL, 18 3 V% VR PR A7 B R 4k 5
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PP T-3 R IE YU S AL LR RN TT I
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