Cryopreservation of Sperm and Testicular Tissues
in Male Infertility

PPA4NY B % 4498 d7a

M B

AT 107 BA e Fope] A7t 53] Ao HEge] 2ELTF AL S
HA BRI B =5E FoIAth 2 F M FRE 992 G EYY AnEont
AFTFR 3} A5E Algo] BUA Algol o o 74 88 ¢ 3 A&
#4438 FEa7 = YU dFd v T E S AX ICSI (Palermo 5, 1992)8] 532 &
AEYY Be e FE5L F e AVI7 il HAH. A3 At $2 FRAME 3t
o] F A& 43 A A A% (Spallanzani, 1776) o 2}, 24419 BAE HASA Y ERQl 9l
A FAE A8t AL FAE TS AN & A8 Aoy FEA = glycerol
o] A1 (Polge 5, 1949) B o Fol & AT HAe] FARE] HARD BHBAY AHE 5
2 g9 % 93 £402 QUG 4 9] (Bungesh Sherman, 19534 Az e $2 o
3 AFEo] vlAegt} a8 4 A& chemotherapy 5= radiotherapy & Wrolol &=
B g F £ FHPYAFA E29 subfertiledt F 2}, an Fu8 B 28R
T UASsE F LT AR T2 T4 T84l AxHAA H 10od Ft AT #ol
ol folx| i Ut ojd] ARe FAF W nBAH AL FHARE i A2 A7 JEHA
BReEs FHLE ASE A ¥

L
18X SYEE oy

BAe] BABEL A He] Fedoy oz A sEA, WHAled A Al BY
o] 7heidel e BAl, G5 Al A A B FA o] A 2EH 22 Qe A
2 RatE A}, 8 7R ol f2 HAEE AULE EE 4 e B, subfertiledt H & b
g, a2l AR 295 98 A FAA] HAo tisiA AP = o] gt ICSIE A AE,
FEAASTE TS O 91 E 72 81 Bk ot A A B £ A vlAF
=3 #As WA &= Utk F g (Siber 5, 1994)% @O 2 RE 35 A=
(Schoysman &, 1993)8 Al&-3te] AJFAQl Az Exte] BauHct. 22y dAle] A
Al vl FEE A o} sl WHEZQl A& BHF S W] A 5E AR B2
B Eo] 3 g8t} PESAS} MESAS A% AR E 3 Fstet Afg 4 1ow 538 primary
testicular dysfunctiong 7}2 $zte] A9 ol £ 13} TESAE A EA47 v 2

- 251



7R APLLE » Cryopreservation of Sperm and Testicular Tissues In Male Inferility

oM e Le F Ue FA 35 gV e AT A& BAS e 18 S 2
Bz YPoz JAE FF3h= TESEZ} 71 H A9 Agoltt. vid A FHA5 FA 9
ok 30~50% A% n@Z NN FAS LA F U2 28 FA HF ARE 28 5 ¢
£ AAEE oA 7R itk B3 ZE AR FolAM Fze] X7 24 &7] f Bl o)Al
AAT A2 oo AAE AP ofHrh 2B 2823 P22 ICSIE A3
g o AE AL ¢ A/t T8 EAojr) wakA ICSI Al Ao AeS s A8
e @A H Al FAE IThE O 2823 S FHAEEE o] Fosit) 2@ Mhdd =
AL YoM, & REL HHA H1E YA AHesta & REL AP A
o] 2AE #9437 HaiA, 282 UrA REEL TAEEI FUTI UEd AL E
Atk 3BAAE FEAEE SN JidEHE AEe () HEL nASFE S I8 £ I
() ICSIZ & A7l A7 1S HEA S HAE23A = Y2 ) M 7% A7 F3iA
2R E F ke Holt.

2. SEEE9 Yy

A AEE A A9 FEEA EL 3L vjolo A Abg-ste W o W) siA] A wst
A AdEA = geth 132 2822 2 (Gianaroli 5, 1999), 2322 & 243
A2 F (Hovatta 5, 199), £ 24 022 H PAE 583 A2 F (Gil-Salom 5, 1996)
SHAREY 5 AT A2 subfertiledt FAHE DA ZFE R AT T Y2E dAe) B
e ¥ol BAste W E 9t} (Cohen 5, 1997). §3) & nszz o 22 7)A AL vy
2 AFE3A Y E4F Q) ¥ (collagenase Ia or IV)E A}-8-8la] A XS F430).

Aol BHAEES YetAQ "3 B2 HQ) WA A Ed g3 2.

1) dstataol o

(1) eEsiH|

Glycerol& gHg s Al & ALE (Polge &, 1949)& o] Fof] AFA FEfA 24 Ax ff £ 3
HE ¥Fed 7B E34Y Aoz gQlo] HIUL, 7.5% viv glycerole] I3t o] T2 E
Ed HAHQ FE2 X1 (Hammitt 5, 1988)8} 2 1T} Dimethyl sulphoxide (DMSO) &3] A
€ H&°] ¥ vAa @t} (Serafinis} Morrs, 1986). ?17Fe] Z7]ufote] TR K E ol A&She
propanediol (PROH) B #ko) 7= A 2] -¢-8&5%] %3tch. Glycerolo] FAHo] S o] A
3 e AL ot FAREY & 7[Hd o3l A&7 o 4 S =t (MacLaughlin 5,
1992).

BEREL

4890 FEAAE oMU A AR AT FEAE FAAINE ABE B F
o] &, citrate, egg-yolk or milk, fructose, TEST citrate-yolk buffer (Prins2} Weidel, 1986), yolk ci-
trate dextrose glycine (Hammitt 5, 1988), egg yolk citrate (MacLaughlin 5, 1992a), ~12] 3. human
sperm preservation medium (Crister %, 1988) 5o] AH&5 1 Ut}

2y =2|&el ¥

(1) Bxtel B

TAEE A BAE wFHete] FHE 3 22 qualityd] Yo T FHEESY] B& 2
74 4 do

17

1=l

- 252 -



g - ME S EIEY

[

&

(2 sEEE By

T RS A3 YN A A9 vaporE A3t rapid method (Thatchill®} Jewett, 1981)$}
semi-programmable freezerE A}-8-3}+ slow method (Serafini®} Marrs, 1986)7} 1 T}. Rapid method
= HA F Lol strawd @] Ao 8~308 <+ A A A vapord] stawE =& AT E Hola
Slow method+= computetized W o2 &5 8 2 T & 3 BA R ZHaA7]e Aotk A dA e
5~9C Abol9] xR RE £x8, F UA YA 40T ~-80T Ato]o] 2ER 2 &%
2 A7 F AR P o] HEgi) o WY Ale]of 33 A §1o 1) Verheyen £ (1993)
£ programmed cooling rate’} low quality 3 Ao} i g} €48 £4 + 92 Bud . o=
A 23xA 9 8P YEE slow methodZ 53t o). F ¥ RFoA stabledt
cooling rate S 52| 3}7] YA = A strawsE L §2 3 Ao FQ3tc} §& A Warm-
ing methodE #HA o 2 3l Ax 28t} Rapid vapour 3Z2UH & AIE S o 37CoA &
& st 717 F 3 slow, computer-controlled B ol 4= 22T A g3 EE Ao 9 (Ver-
heyens, 1993). Cooling#} warming &% Ato]oa] dojube Fa) &4 WA G o3
ARt 982 £ o|Fd s FAYHETE (Henry 7, 1993).

3. SEEE 5ol YXtol| o= HE

Aarel FHHFEof o8] Fate] EEA (Crister &, 1987), } E£A (Alvarez9} Storey, 1993), &
At ABH A W2H BAS SR 5 (Crister £, 1987), 18] m FA W3 (MacLaghlin
5, 1992b) 58] &4o] dojubA] Bz 4 Tl g4adth o] A& Aol & ¢ acro-
some-S 7} HAF F7F Asta 283 acrosin $A T A 7] o) Eolth Macky} Zaneveld,
1987). Azt @l 4 AANAE TLEE $o F =19 flagella®] £4F %3 o}lu] & membrane
swelling, acrosome swelling, acrosome loss, mitochondrial sheath 2] E#]7} A gkt} (Mahadevan
T} Trounson, 1984; Oettle9} Soley, 1986). T3t ¥4 182X T A4 B 2Le} §-AL8}A| acrosome
3 A E o] S48 WS FAAATE (Nogueira 5, 1999). T2 o] Fof] Q171 A x}jo) A &4
A o) ot vl HixeME FA i AC2 23 (Martin F, 1991) o H o
Hammadeh & (1999)2 54 X £o] chromatin®] 7% 23 9&& v -S Husldth

4. FX SEEEO st AT 5

HAAAHR] 278 L Hole Ao FHREEL FAH9 2 THEE F 60%~70%9] &
T4 & Bt ey subfertiledt At ALY A &bof] HlslA @ Frel e SEAHS
77 n@F el A= B4-g8 F 2 AEr 9% umx) 7] b EA47F @A
ICSI 7] &ro] Wz QI Axle] FHAEE F S5 Ut dAE st ALY A7
HA et 28F e A9 FEHEE F HE 22 FHEHN A FEHA 9AL B}
9} (Fischer 5, 1996). =3 Ben-Yosef 5 (1999)2 52 Ao nsgaiel 543 A2
A&-38le] ICSIE 3RS u 3 &, vjo} ©a g, A4S, 185 YA & SoA] xo]7} gt
3 3T 28y B EAQ AAE ICSIE 31 & ol 43 &o] #A 3] Ho]Z ). Scholtes
T (1999) H] LFA4 < FAZ ICSIE S o 54 F Ao vla) A3 8= golAtha s
Aot 18R aBFANAE FAEE F FEA A AAT 2E8) Aok ARE F
Aol v gj A Al -go] HojAA] grerh 2@y a8 A} U subfertiled Al FEARE Z

- 253 -



MIE- R Eabd ] + Cryopreservation of Sperm and Testicular Tissues in Male Infertility

I &587 A&l A8 "ot Vertheyen § (1997)2 FZAEEE 2P A9 F3
Fol BAAY] &84 24% a8lm AEAF 32%%e] 3 EEE el Bachtell §
(1999)& 3T, 08, 2BPA] SEUE F S4S W TH9L 0 BEEE 42~56%2
& a7l I oy EE M E TE F FHAA 53 AR 2B A B 4%
A8 ol Bandch o]y & o f W&ol R qualitye] FAE FEAREE & U=
FEANHT 2 uGA S HAZ & ¢ Jevn dFEe] asitth o3 WA FHZ
o 2nd AFES AV EYE 3 2} Walmsley 5 (1998)2 UwtAQ FZEE Whgo
2 ARG FEo] & ol A4S FHAYAF, AFHFAFY] ZAE A Fdo] ¢
o] TA-Falg T FAE 3oty dAlo 4TI AFHQA A5E H & 65%)S B
R Sawatewan 5 (1993)& FHPAFolU A AF 5 Ei7t FA &S FRE TH MY
o o] TEST yolk citrateol] dithiothreitol (DTTYE #-7}8}e] FZ B ZE A A A2} sulphydryl groupe]
oxidationg& &0 24 T4 gl FAY] B4 HHo) A USE Busvh 22%
A 71E E glutathione, £4 lipidsE, 18] 11 & 2l glutamine $°] 21153} (Renard &, 1996).
% &} phosphodiesterase 2} A 27 ¢ pentoxifyllineS B 2te] TZAEZE A H7leld S W vju &
o ¥l&) EE Al 7189 1 acrosome lossT & Al Aojytt) (Esteves &, 1998). 184 x}2] ul)
F ATE B dF % glv} (Edirisinghe 5, 1996). A AE 10% QA3 F o] Hyld vjFy
EolA vl g 28 Fofl 60~65%2) HA7E EFA0] AN 3Y v Aol AR FFAl &
AetA F7HE AT FEEEE B AE G S o &A 15~20%9] F A7t EFA ol 3
A3 o] 2~3Y Ft FAHUG. et FAEE F A7 EFA0) oS o v
Aol A wjtsH SFAS FUIAZ F UE Rz AZA%Y. FEEE F 4A3] FF5A 0]
oA A= Liv 5 (1997)8] W 2 2 HOS H| 2EE AHg3) &8 e AAE Qo
FAE Frdte Ax F& Wyelsa y4dch

2 E

2o 2S5 Holv BAY e AT 73 R AY FH NN A AH8sta e B
A FAEE WYl A7 HA ¥ AR AA4dnh. 2 ICSIS Zjed nlAseR
BAE Beshe Zlee] HER B 59 FAE HaE 840 S slon wEA
HEAFIY FHHAS T subfertiledt F A}, 283 n@F A Fol BEM AN BEF ¢
Je HAY FARE Ve A 2 JiEe] S35 ojst 22 FAEE HAA WEE
& & Johd ICS1e] A 83 #7) o F A4 3 BEdE P EY R FOlA IVF 33
A BAH, FAAR, AAAA, AE Y] APPE 2L F & Aol

REFERENCES

Alvarez JG and Storey BT. Evidence that membrane stress contributes more than lipid peroxidation to
sublethal cryodamage in cryopreserved human sperm: glycerol and other polyols as sole cryopro-
tectant. J Androl 1993; 14: 199-209.

Ben-Yosef D, Yogev L, Hauser R, et al. Testicular sperm retrieval and cryopreservation prior to ini-

- 254 -



t
rie
02

EL RS

tiating ovarian stimulation as the first line approach in patients with non-obstructive azoospermia.
Hum Reprod 1999; 14: 1794-801.

Bachtell NE, Conaghan J and Turek PJ. The relative viability of human spermatozoa from the vas
deferens, epididymis and testis before and after cryopreservation. Hum Reprod 1999; 14: 3048-
51.

Bunge RG, Sherman JK. Fertilizing capacity of frozen human spermatozoa. Nature 1953; 172; 767.

Cohen J, Garrisi GJ, Congedo-Ferrara TA, et al. Cryopreservation of single human spermatozoa.
Hum Reprod 1997; 12: 994-1001.

Crister JK, Huse-Benda AR, Aaker DV. Cryopreservation of human spermatozoa. 1. Effect of holding
procedure and seeding on motility, fertilizability and acrosome reaction. Fertil Steril 1987; 47:
656-63.

Critser JK, Huse Benda AR, Aaker DV, et al. Cryopreservation of human spermatozoa. IIl. The ef-
fect of cryoprotectants on motility. Fertil Steril 1988; 50: 314-20.

Edirisinghe WR, Junk SM, Matson PL, et al. Changes in motility patterns during in-vitro culture of
fresh and frozen/thawed testicular and epididymal spermatozoa: implications for planning treat-
ment by intracytoplasmic sperm injection. Hum Repord 1996; 11: 2474-6.

Esteves SC, Sharma RK, Thomas AlJ, et al. Cryopreservation of human spermatozoa with pentoxifylline
improves the post-thaw agonist-induced acrosome reaction rate. Hum Reprod 1998; 13: 3384-9.

Fisher R, Baukloh V, Naethert OGIJ, et al. Case report. Pregnancy after intracytoplasmic sperm in-
jection of spermatozoa extracted from frozenthawed testicular biopsy. Hum Reprod 1996; 11:
2197-9.

Gianaroli L, Magli MC, Selman HA, et al. Diagnostic testicular biopy and cryopreservation of tes-
ticular tissue as an alternative to repeated surgical openings in the treatment of azoospermic men.
Hum Reprod 1999; 14: 1034-8.

Gil-Salom M, Romero J, Minguez Y, et al. Pregnancies after intracytoplasmic sperm injection with
cryopreserved testicular spermatozoa. Hum Reprod 1996; 11: 1309-13.

Hammadeh ME, Askari AS, Georg T. et al. Effect of freeze-thawing procedure on chromatin sta-
bility, morphological alteration and membrane integrity of human spermatozoa in fertile and sub-
fertile men. Int J Androl 1999; 22: 155-62.

Hammitt DG, Walker DL and Williamson RA. Concentration of glycerol required for optimal sur-
vival and in vitro fertilizing capacity of frozen sperm in dependent on cryopreservation medium.
Fertil Steril 1988; 49: 680-7.

Henry MA, Noiles EE, Gao D, et al. Cryopreservation of human spermatozoa. IV The effects of
cooling rate and warming rate on the maintenance of motility, plasma membrane integrity and
mitochondrial function. Fertil Steril 1993; 60: 911-8.

Hovatta O, Foudila T, Siegberg R, et al. Pregnancy resulting from intracytoplasmic injection of sper-
matozoa from a frozenthawed testicular biopsy specimen. Hum Reprod 1996; 11: 2472-3.

Liu J, Tsai YL, Katz E, et al. High fertilization rate obtained after intracytoplasmic sperm injection
with 100% nonmotile spermatozoa selected by using a simple modified hypo-osmotic swelling

- 255 -



MAER Bl = « Cryopreservation of Sperm and Testicular Tissues in Male Inferliity

test. Fertil Steril 1997; 68: 373-S.

Mack SR and Zaneveld LJ. Acrosomal enzymes and ultrastructure of unfrozen and cryotreated human
spermatozoa. Gamete Res 1987; 18: 375-83.

MacLaughlin EA, Ford WCL and Hull MGR. The contribution of a glycerol egg yolk citrate
cryopreservative to the decline in human sperm motility during cryopreservation. J Reprod Fertil
1992a; 95: 749-54.

MacLaughlin EA, Ford WCL and Hull MGR. Effect of cryopreservation on the human sperm acro-
some and its response to A23187. J Reprod Fertil 1992b; 99: 71-6.

Mahadevan MM and Trounson AO. Relationship of fine structure of sperm head to fertility of frozen
human sperm. Fertil Steril 1984; 41: 287-93.

Martin RH, Chemos JE and Rademaker AV. Effect of cryopreservation on the frequency of chro-
mosomal abnormalities and sex ratio in human sperm. Mol Reprod Dev 1991; 30: 159-63.

Nogueira D, Bourgain C, Verheyen G, et al. Light and electron microscopic analysis of human tes-
ticular spermatozoa and spermatids frozen and thawed testicular biopsies. Hum Reprod 1999; 14:
2041-9.

Oettle EE and Soley JT. Ultrastructural changes in the acrosome of human sperm during freezing
and thawing: a pilot trial. Arch Androl 1986; 17: 145-50.

Palermo G, Joris H, Devroey P and Van Steiteghem AC. Pregnancies after intracytoplasmic in-
jection of single spermatozoon into an oocyte. Lancet 1992; 340: 17-8.

Polge C, Smith AU and Parkes AS. Revival of spermatozoa after vitrification and dehydration at
low temperature. Nature 1949; 164: 666-76.

Prins GS and Weidel L. A comparative study of buffer systems as cryoprotectants for human sper-
matozoa. Fertil Steril 1986; 46: 147-9.

Renard P, Grizard G, Griveau JF, et al. Improvement of motility and fertilization potential of post-
thaw human sperm using glutamine. Cryobiology 1996; 33: 311-9.

Sawatewan C, Bruns ES and Prins GS. Improvement of post-thaw sperm motility in poor quality hu-
man semen. Fertil Steril 1993; 60: 706-10.

Scholtes MC, van Hoogstraten DG, Schmoutziguer A, et al. Extraction of testicular sperm from pre-
viously cryopreserved tissue in couples with or without transport of oocytes and testicular tissue.
Fertil Steril 1999; 72: 785-91.

Schoysman R, Vanderzwalmen P, Nijs M, et al. Pregnancy after fertilisation with human testicular
spermatozoa. Lancet 1993; 342: 123-7.

Serafini P and Marrs RP. Computerized staged freezing technique improves sperm survival and pre-
serves penetration of zona-free hamster ova. Fertil Steril 1986; 45: 854-8.

Silber S1, Nagy Z, Liu J, et al. Conventional IVF versus ICSI (intracytoplasmic sperm injection) for
patients undergoing microsurgical sperm aspiration. Hum Reprod 1994; 9: 1705-9.

Spallanzani L. (1776) Opuscoli di fisca spermamtici, animale e vegatable, opuscule II. Osservaziioni,
a Sperienze intorno ai Vermicelli dellUomo et degli animli. Modena Italy

Thatchill IV and Jewett MAS. Preservation technique for human semen. Fertil Steril 1981; 35: 546-8.

- 256 -



o

&g . MESulord s

Verheyen G, Pletincx I And Van Steirteghem A. Effect of freezing method, thawing temperature and
post-thaw dilution/washing on motility (CASA) and morphology characteristics of high quality
human spermatozoa. Hum Reprod 1993; 8: 1678-84.

Verheyen G, Joris H, Crits K, et al. Comparison of different hypo-osmotic swelling solutions to
select viable immotile spermatozoa for potential use in intracytoplasmic sperm injection. Hum
Reprod Update 1997; 3: 195-203.

Walmsley R, Coher J, Ferrara-Congedo T, et al. The first births and ongoing pregnancies associated
with sperm cryopreservation within evacuated egg zonae. Hum Reprod 1998; 13 Suppl 4: 61-70.

- 257 -



