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Cryopreservation of mouse spermatozoa has been widely applied for maintenance of
genetically modified mouse strains. Although cryopreservation of mouse spermatozoa is
simpler, less time-consuming, and less costly than of embryos for preservation of the genetic
materials, maintenance of cryopreserved spermatozoa still has a high running cost because of
the need for a constant supply of liquid nitrogen. In 1998, it has been reported that
freeze-dried mouse spermatozoa are capable of participating in normal embryonic development
after injection into oocytes, and so they have attracted a great deal of attention as storable gene
resources. However, attempts of freeze-dry spermatozoa are not new. Successful conception
and full-term development using freeze-dried spermatozoa were reported in the cow and rabbit
prior to 1960. Unfortunately, these preliminary results have not been confirmed.
Spermatozoa become defective in motility after freeze-drying and are unable to fertilize eggs
both in vivo and in vitro. Since freeze-drying of mammalian spermatozoa was demonstrated
without loss of genetic or reproductive potential, recent investigations of freeze-dried sperm
have focused on the factors affecting freeze-drying spermatozoa in an effort to store the male
gamete at ambient temperature. It is particularly essential to assure long-term preservation
for several decades or centuries. Recent findings indicate that the pressure levels at primary
drying of freeze-dried spermatozoa, in addition to the components of the suspending solution,

appears to be an important factor for long-term preservation of freeze-dried spermatozoa in

mice. (Received Sep. 12, 2007; Accepted Apr. 18, 2008)
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INET, BFOEBREENML, & PORER
BEE O NLEESBEFERORSE - BiklZ K
EREMERLZLTCE . LL, BEGRICE-
THRTFEERCABERLE CRIIBREFT 2N
ARE & 2R, e o X P OBIIIREL, &b,
HE 2 CICHEME RS T2 AN TAESICEMT S Z
ERHEEL BT, BIETERORT - Wikl
T D EAERERE T OERBLOHRFIIRENL S ICE
bihvad. F, BEERITRY FWVITEESMET
HD (R, BREY LLblz, —EOE, Hik
WRWTIE, ZOAFERES TR,

BAERLIRIT, BRRREBIC D DB DK B RES
VTN EBRET L oA THDLN, Z DRI,
AEE, BERE, UA VR, BXOMMOLEYHARY
DRFIFIHENTEY, BFOHMBRERIZONT
b, HEBMEWESRRHD. BTORE~DOHEER
AT OIS FIE, 1949 212 Polge HIZ Lk » TRAAR DL
NTEY, HHIE, TOZEENTOVTIIREL
TR DD, 50%DFFE RS T BMEAK K5y
DEEM) BICEBELEE LIZ®EL TS L.
X 51T, 1950 05 1960 ERITHT T, B k2,
JHE I, 7 410, 38 KO 0O FER RS T
BT 22 OMENBRINTVDS. 1957 FFI21T,
Yushchenko {2 &> TUHXFHEEEEFICL 55K
MO BIREE S, X, EAEIZ 15-20%
DOEEBETEZBEL, bbb 12 FIOEFEE
72 9. UUBEFICBWTIE, Leidl? , Bialy and
Smith®, Albright & 9, XU Singh and Roy!®
DEHRE R T OEBMEORIEZHRE L T D.
1959 & & 1960 421X, Meryman D 7 /L — 7 33K
FTERLEEREF D 40-50% 03 EKBIEEMEEZRL, A
TR BICZIRICE -T2 L 2R LI 19, 51T,
Larson and Graham (%, #HiEERE % 25°CT—
r ARRIFRIZ, NTEBIC K> THRE MR L
TEEHRELTVWA W, LRLRBL, TbHL0OH
FIZOWTL, TOROBFERMENERINLTRBLT
51318 | 7 IRETIZERW T, BRI L - TR
KRED 2%% TEIS EZRRENEKRI Z L 1D, BX
UHEEE S 7 O 3IRBEICEEAROEND Z &
DEEINTND 18, XbHiZ, BEFHEHECL E
BIZLoC, HEZERT CIXAERHREIC KX
IREESCKENET TS Z L NHE SN TLLR
8, B, EERRICI-TEHMTLELEBIC in

vivo & B\ i in vitro I2BIT D2 HEEE 1 2 LT D
HOEEEINTNA.
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DEFESDAI

L Ledns, ZoORMEE, MEENEFEAE
#i(Intracytoplasmic sperm injection: ICSI) % jiz
TAHZLILEoTHRBRT DI ENARETH 2.
ICSI 1%, 1995 4Fi{Z Kimura and Yanagimchil®73
vryvAfrsuv=alLb—FEH0n5Z &icko
T, ICSI # DAEFRE L OSBINOBAER DFEF~
DFEERE, TNTI, 80%K X 30%I2F CH_E
S, TONAEEZREL A LSEZERTH LD,
1998 4£iZ Wakayama and Yanagimachi {2 & - C,
~ U AWK 7% ICSI Lz, ZRME~DOK
FEIZ & o THAEIRD 30%BEFICRAE L2 &M
WESh . BREEET T, LIEUIE, B
LREBEENL TV, MEECEEZREDLZ L
1h, ZHETO—MRIURBERTIE, LR EE
ZBHDONEBETHHMN, ICSIZH LTTIEHDIHD
D, EEREF~DFELZFTDRNDEAL TN
DDT, WREREFITEFL OO EEF LR
MRS, 20X 5L, EFETEHBINOELR
WZEoT, BTFOAEFEDERIT, 27V BRE -
T&T.

ERU7e~ 0 ADORBILIR, B+ OWREEERIL,
i DOHILENMD THRA LN D & & BT, BELED
EBEFFICBET 2MENED LN TND. v TR
Mz, UHX189 BLTT » b 20 TRV CTHAERE
BAICE2EF~DREPREINLTND L LB,
T RITRBT DRG] 20 v 22,29 T H 20 O
BRE CORENBEINTVDS. Fiz, NARH
—IZBWTIL, WSSO ICSI &I, RiE
A HE I N TS 29,

AT ORREROBHIOZRMT O 4
RICEBESLETER

BRGNS T D ICSI # DHERER X O HEINF
DFEERIZE L T, BOLOBFR2ENTNS.
WELBW OER 2% 8EL, MIRENILVY Y ADF
W2 LB E2EIDN, ZOINT T LTV L— g
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AN T EFV— g COFEIL, BT LT
DEOIEREG OB, IHREN T 2B T4
VRIRFIEoTEREINDZ 0D, BTFOE
FEELIR, EKB LN ICSI O —EHDOBRRIZIBVT,

FETZ NI RFOEERHERFINTWD Z & &R
LTnD. &, RBEMBITICE > T, BRELES
T, ARV TORBHZRREEE R
HICHERF L TV A Z E BREN TN D 278, L7z
ST, WEHERED, WLBWRETOREFEICEN
FEOOEDTHD EIICEBELIS. £, HHE
R IC 81T 5 EDTA X EGTA 22 & D% L — MDD
N 21 27, 28 otk B A\ TIPS (pHT7.4-6.0) &
D BT VA U HE(PHS.0)DIFIED TS 29, Yufs,
SRS DMHERHCENTE Z & BlE S TN 5.

BT o LT, WEHEETFOER RRaR
B DBEEE TRV M(100% vs 61-83%)78 27, 29, 30, 32) fir
SRRSO LTI, MHESEWZ ERmEINT
W5 80 FREEMNSEELUTRRBERE T, BRLE
FICITR SN TV D RREBRET & R L C, BiERE
Lo THEEEZZTRTL, REAKL NV TOEE
R ERS. LL, V7 NZXoTFA
—NWEBILLTUANT 4 RIZTHZEIZLoT

WML EETS 9 . —F, BREKEFEZOR
W7 4 FBTHEITHDPF A4 LA b= THRET
HTEITE-T, HETERIC L DEEICHT DR
PENTLET S 99

REEETICE TS EEZRERETFORIRE
DT HE

BEFEREORFEFEOOE DL LT, BEYE
B AR AT L7020, BERE OREEDORETE
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72 5 RHURFEDO FTREME O RIED, EERREECTH D.
Ward 51%, 4°CT 18 » AR L7 o+
WCHRTDEFEELIEERELZND, LVE
IR ORIFIC L DB B D DI EX 2K
BT A LIIREECTh o, FIT, EELIL, B
O EREEERNICEERTIOIFIBENT
W3 [7v=ux7ay b 2RAVEZIIERR LIS
RAT5ZLIC&oT, WHLEETOEHRTFED
THIZEB Lz 80, INERABR LI, HIEETE
HERAE Lo B DAL ROE B & R ¢l
HRBATHD. ZIZ T, 7 AHBEZEETIC
xf LT 30~50CHEEE 0~7 BREIAHM LIKIC
ICSI L, EJ LI-ROREERN LB
FRIREER % b L2, HROIRE DS E K%
BHT 52 LT, FRECR 5 EEETEETOR
FHIEICxd 2 ICSI #OMORAERE FEI L
(Table 1). MERBROFBR, HAENLHINLTWDEE
HFCHBERELEETF2 4°CT 1ERMERELEZES,
R A~DFEARIT 1%, 10 FEL HMEFET 5 & IRg
fIR b2 e OTFRIERSE L. —J5, -80°C
THAE RS 2 RF L2BAITIE, 100 ER1RE
LTHRERE TORERDKTIL, FLALERN
boLTHIESNTE. 61T, EERIZ 4CTHHA WL
-80°CT 3 » AN G 2 FERIRF L o BiEBRET
EROWEBEOBROREARL, FHREMESIE—-HLT
B 81,3430 T L= X7 my b E AW IR
EWREEREREFIOSHT A L 0ZYERRENT
W5, £z, fEx OFRETHRE L EEEZEET O
DNA OEEBREIZHSOVWT, aAxAy NP vk %2/
WTHAREEZ A, 4CIZT3 »AlEIBXU 6 » A
MRE LT T2, DNA B2 RIaAy b5
A VHBE SN, -80°C TIRTE L - i i+
CEREEIRAE L TV ARWEHEEE FICB VLTI, =
Ay M TANVERBD M- (Fig. 1). 4CI2T, &
HRRTT L R g 70 b IR 2 155 Z & 88
EEERFRER OO E DX, BEKSIC X HHRFHRMF
Dbz P ICEKT 587 DNA DBREICH D L&

Table 1. Estimated rates of development to the blastocyst stage (%) by extrapolation of the Arrhenius plot

Storage Storage term

temp. (C) 0 mo 1 mo 3 mo 6 mo 1yr 10 yr 100 yr
25 59.00 1.66 0.00 0.00 0.00 0.00 0.00
4 59.00 42.21 21.60 7.91 1.00 0.00 0.00
-20 59.00 58.19 56.00 54.30 49.86 10.96 0.00
-80 59.00 59.00 59.00 59.00 59.00 59.00 58.99
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Fig. 1.

Comet assay of freeze-dried mouse
spermatozoa. Spermatozoa were stored at
(a) 4°C, and (b) -80°C for 6 months each.
The presence of comet tails in (a)
indicates that fragmented DNA is present
in these spermatozoa.
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BRERERTFORMAREFEICAITT

WARERZAOTETORBREOMREELE LTHK
FEHREFAL, TOREEZRRBICHATSE L0
HSBAENDIY, BB WRERE CEYIRRER
B BETRSG F AHT 2 EBNETHY, Z0
ZENERERE T OERMOTZODREIRFRET
HBHEREDND., HEHEWNEE (FIZiI=E) <
R FIRE R SRS R R 2 R 72 0121,
I % 5 T o RS RSB IRTR D HLAR D 2 BL 0 BRfS gk
ROBEEEOCERRERLITOND. 21 THEME
HERF DRI LY RE S DOKRDERET 5K
B ORZEIIMO CTHEREHEO—DOTHH LE

ZHNDHD, ZOFRGBOHFHIET IHRETRSN
TWhhotz, TNET, —REBRHOEZEE T
0.03~0.04 mbar (1 bar = 100 kPa)2s iV S0 TW
B3 18,24,2780  Z B 10 [EREEREONICT AT
L& o, BRHEETFOREERM ETHZ L
PIRENT WA (Tables 2, 3)39. EFH L%, —K&
) OEZZEE % 0.04 mbar, 0.37 mbar 38 L1 1.03
mbar IZF%E L CHMEZEL ¥ 7%, 30CT3H
25V 4CT 6 » AMMRGFE#H, ICSIIZL > T3
BRI FOMRERA~DREREZ LT LTZ L Z 5,
BASHRE R OB T OBA1X 0.04 mbar TiX 59%,
0.37 mbar TiZ 71%, B L 1.03 mbar TiX 33%
Toh-o7239. Fiz, 30°CT 3 B MRS DERERER
BTE2HAWEEEORER~DRAERTE, 0.04
mbar TiX 20%, 0.37 mbar Tid 54%, B LT 1.03
mbar TIX 19% TH-72 3. 52, 4CT6 » A
RRAES DFAERIZ-OVTIE, 0.04 mbar TiE 13%,
0.37 mbar Tl 50%, LK 1.03 mbar TiL 36%
& (Table 2), WTFNOREEEFICBNTY, —RE
B OB ZEE % 0.37 mbar 12 LB DRAERN,
L DFERRICHENTHEICE VB TH o712 39,
A LT R O RME~ DB DEF~D AR
WZOWThH, —REEHIOEZEE % 0.87 mbar & L
TEED, MEFRICABRERTIIRNb DD,

fh D FEBRIX & il L TEV W ME B 235385 & iz (Table
3). TNHDEENS, 4°CT 6 » AR L6

Table 2. Effect of vacuum pressure at primary drying on the in vitro development of embryos generated by ICSI of
freeze-dried spermatozoa stored at 4°C for 6 months

Vacuum No. of oocytes No (%) of No. (%) of oocytes No. (%) of embryos No. (%) of embryos
pressure injected oocytes fertilized? developed to 2-cell developed to
(mbar) survived stage? blastocyst stage?
0.04 522 404 (772 367 (91) 2 346 (94) = 48 (13)2

0.37 213 156 (73) 2 145 (93) b 142 (98) 2 73 (50) b

1.03 267 187 (70) 2 182 (97* 179 (98) 2 66 (36)

Different superscript letters within a column indicate significantly different values (P<0.05).

aPercentage of oocytes survived.

bPercentage of oocytes fertilized.

Table 3. Effect of vacuum pressure at primary drying on the in vivo development of embryos generated by ICSI

using freeze-dried spermatozoa

Vacuum Storage Sperm storage No. of No. (%) of No. (%) of
pressure (mbar) temperature time (months) blastocysts implantation live-term
(C) transferred sites fetuses
0.04 RT Non-stored 194 137 (71) 2 58 (30)2
0.37 RT Non-stored 132 93 (70) 2 48 (36) 2
1.03 RT Non-stored 99 70 (71) 2 20 (20) 2
0.04 4 6 48 28 (58) 2 4(8)a
0.37 4 6 73 39 (53)= 15 (21)2
1.03 4 6 66 56 (85)b 16 (24)®

Values within a column with the same superscript are not significantly different (P>0.05).
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Table 4. Fertilization and development of oocytes by ICSI using air-transported (Japan & Belgium) freeze-dried

spermatozoa

Vacuum No.

of No. (%) of No. (%) of No. (%) of No.of2-cell No.

(%) of No. of live

pressure oocytes oocytes oocytes embryos transferred implantation term

(mbar) injected survived fertilizedV»  developed sites fetuses
to 2-cell?

0.04 180 125 (69)= 120 (96) 2 115 (96) = 115 7(6)= 1(De

0.37 198 145 (73)= 141 (97) 2 134 (95)2 134 43 (32)° 22 (16)®

1.03 180 119 (66) = 114 (96) = 108 (95) 2 108 16 (15)®

5(5)a

Values within a column with the same superscript are not significantly different (P>0.05)

Air transportation of the freeze-dried spermatozoa consisted of roundtrip jet service between Japan and Belgium as
check-in baggage (12,000 miles, 7 days, mean temperature: 18°C, range: 0.5-27°C).

Freeze-dried spermatozoa were stored at -80°C until use.

DPercentage of survived oocytes. 2Percentage of fertilized oocytes.

IR TF 2R\ ICSI o~ v ADAEEHE
(ICSIL {2 &> TEKELTZIRF 100 Er6HELND
BEFE) #EHLZEZ A, 0.04 mbar Tik 1.1,
0.37 mbar T3 10.3, 3 £ 18 1.03 mbar Ti1 8.8 &,
0.37 mbar DAFEREIE bV RETH 7 9,
T DREENE, —WREBHOEZEED, kSR
BTOREES EAT2EERRFOVEHSOTHS
ZEERHBIIRLTWA EEZLND.

shYIc

< T RZBNTIE, BTOBEEZROBINEERE L
WATLC, BEFERBROMERRIE - WiXEL L
TOEAMEOKBIELITHON TS, Wakayama and
Yanagimachi I%, 3 BB ORITICHEEHIERE T2
HL (ZoMOREIREL, 5C~3800C), T 18
iz ICSI 21T\, HBoN-ZRIPEBIE L7
B, BHERO 16%DEFEB-IE2REL TN
W ¥, EFLIE, —REEHOEZEEZ 0.04
mbayr, 0.37 mbar & %\ X 1.03 mbar D5t T
R L~ AT % 4CH D WVE-80CT 2~
2.5 SRR, BEKRQ1,740 =1V, 5 B, ¥
BREEIRE : 22°C, HEIE : 17~24C)d 5\ TR
(12,000 <1V, 7 BE, FHERERE : 18C, &
FENE @ 0.5~27°C) CHaik 24T\, ICSI #h DFEAESEF
BEIZ DWW THE LTV 5 (Table 4)30, —RELBEAD
HZZE ) 0.04 mbar DA, 4°CT2EMMREIN
THERE THRROEFEB/DL Z LIXTER)PS
7273, -80°CDIRTFITBWTIL, 25 FEEZRBLTH
BAERD 28% D EMF~FET D Z L BRI NTC %0,
BT, BEIC Ko CRIEIREICIRE S - B
BRETICBWTIE, —RERHAORZEED 0.37
mbar TH o BEIC, BHEED 16%HEfF~L 3

4 U7z (Table 4). Z OBAEE OFRAEFEIX, +HIT%E
Rz B8\ THDZ b, —KEHEE 0.837
mbar & U CHERBREIT o=~ U AEF%-80CIT
BRELTBLLZLICE- T, BERETCRBI A
AR OBENREN L Ro72Z LER LTV,
LN LR, MBREREDDWITERRED,
L0 BIREICRT A EHE ORI A 55 &M%
RHEESNTELY, —k - “IREBEHOBEZEECRK
B 2 B DU AR O X 0 3722 et
BRDONDHEZATHS.
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