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This study was conducted to establish a freezing method of miniature pig spermatozoa. The semen ejaculated from
PWG Mr-type miniature pig was collected by gloved-hand method. The semen was diluted with same volume extender
(m-Modena B). The frozen solution used frozen solution of four different (LEY, TCG, BF-5 and m-Modena+egg yolk)
for find optimal frozen solution in miniature pig sperm. The diluted semen for frozen rate assay was added to LEY
solution (solution I: 11% lactose+egg yolk; solution II: solution I +glycero+OEP), and frozen depending on freezing
rate by the three different freezing methods (A: until 5C for 1 hrs, holding at ~102°C for 10 min; B: until 5C for
2 hrs, holding at ~102°C for 10 min; C: until 5C for 3 hrs, holding at ~80 and ~102°C for 10 min). Semen cooled until
5T was added with glycerol 1, 3 and 5%, and take a equilibrium time for 0, 10 and 30min. Frozen-thawed sperm
were evaluated for viability, acrosomal status and morphological abnormality. The results of frozen-thawed sperm
ability by frozen solution, viability was higher in LEY solution compared to other three different frozen solution. AR
pattern of LEY solution were lower than other three different frozen solution. The results of freezing rate, viability
was higher in B method compared to other methods (p<0.05). Acrosomal statute was intacted in A and B methods
than C method. The experiment for glycerol condition was showed that sperm viability was higher in extender with
1% and 3% glycerol and equilibrium time of 0 min. The acrosome damage was lower in extender with 1% glycerol
and equilibrium time of 10 min than other conditions. In conclusion, the optimal conditions for cryopreservation of
miniature pig spermatozoa obtained in LEY frozen solution, cooling rate of 1~2 hrs, 1~3% glycerol concentrations

and glycerol equilibrium time of 0~10 min.
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5) % m-Modena B+20% egg yolk 47}4] 12} SZ A&
FHletal 7zt 23} AL 12 ANl 15% Orvus
Es Paste (OEP ; Nova Chem, US.A)¢} 9% glycerol&
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% (w/v) paraformaldehyde+0.5M Tris-HCl(pH 7.4)}&
7¥ake] AAE aANFATE A CTC sample 5 10 1l
& slide glassoll £k 5 ple] DABCOS} &3a}o],
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3]MAl (2054 mM glucose, 3.358 mM EDTA, 204 mM
sodiumcitrate, 14.879 mM sodium bicarbonate, 10.06 mM
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Stk 719 HE TrisE 7]R o2 TCG $2NOR 54
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] w2 e FA Ao W Sre ek A
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Table 2. Effect of freezing methods on assessment of sperm cha-
racteristics in miniature pig semen

Frozen method (%, meantSEM)

Test type
A B C
Viability 61.320.3 64.6£1.2° 17.3:0.8°
F 31.30.6" 23.3:0.8° 19.310.8°
patctrefns 46.3+12° 53.741.4° 427421°
AR 224412 230:2.3° 38.0+1.7
Abnormal 16.0:0.5° 19.6+1.4% 23.641.7°

*% A rows with different superscripts within the same category
differ significantly (p<0.05).

Table 1. Effect of freezing solutions on assessment of sperm characteristics in miniature pig semen (%, mean+SEM}

CTC patterns
Freezing solution Viability Abnormal
F B AR
Fresh semen 90.5+1.7% 10.542.4° 52.643.7 34.743.8° 12.7+1.9°
LEY 68.0+1.27 14.7+1.5% 27.740.7% 52.3+1.8° 20.0+1.2°
TCG 50.041,1° 18.3+0.9" 32.3+0.3" 3707 24.0£1.0%
BF-5 40.0+1.2¢ 12.0:0.6° 29,7415 49.3:2.0% 21.0:0.6™
Modenategg yolk 52.00.6° 11.7+0.9° 23.740.7° 51.740.9° 24.6+1.2°

*"4 A rows with different superscripts within the same category differ significantly (p<0.05).
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Zhol mb& T2 g3d vy sz A YE&S et
Wt 1, 3%2] glycerol w10 A 00] 7h & PER
HRom, 5 b AL folH Aolp0osE
wolx 2 sl wHa, 5%2] 7S 19} 3%9] AEE
Hle) frelH o= Wl ekt

Table 4> glycerol &%X%} % ?ig] A7t wE HA A
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Table 3. Effect of glycerol concentrations and equilibrium time on
sperm viability in frozen-thawed miniature pig semen

Effect of glycerol equilibrium time(min)

Glycerol on sperm viability in frozen-thawed
COHCE]’;tI‘athI‘I miniature pig semen (%, meantSEM)
0 0 10 30

1 63.3:0.6™ 56.6:0.8" 52.6+1.2%

3 67.3+1.2™ 43.6+1.2% 60.3+0.8%°

5 54.3:2.4° 55.3:0.3 55.0+1.17

48, Significantly difference of sperm viability between glycerol
concentration in same equilibrium time (p<0.05). ™% Signifi-
cantly difference of glycerol equilibrium time on sperm vi-
ability in frozen-thawed miniature pig semen (p<0.05).

Table 4. Effect of glycerol concentration and equilibrium time on
acrosome of frozen-thawed spermatozoa in miniature pig

Glycerol 10 cerol CTC patterns (%, meanSEM)
Ct(r):tcizrrr equilibrigm
%) time (min) F B AR
0 21.7+40.8%  47.3+06°  31.0:05™
1 10 22.0405% 60005  18.0+05~
30 97+0.8%  46.015%  44.3:23*
0 283+0.8*  50.0¢05"  21.740.3"
3 10 13.6:08°°  624#1.4%  24.0+1.0°
30 257408  51.0£0.5%"  233+1.4°
0 21.6:08%  583:0.8%*  20.0+1.5%
5 10 250:05%  47.7+06%  27.3:08"
30 12340.8° 420405~ 45708

°7¢ : Significantly difference of CTC patterns between glycerol con-
centration in same equilibrium time (p<0.05). *° : Significan-
tly difference of CTC patterns between glycerol equilibrium
time in same glycerol concentration (p<0.05).

AR pattern®] ‘ﬂgo] Frol & 0.2 (p<0.05) 71 RA UEr
W} Glycerol 5% 13 5%l 4 3081t 3y A12+& 7
8& w AR pattemO] 40% ooz 71 A e

2

&

A2 X—}%o}tﬂ ARty o= Fap F
AT SHAIAA milks} egg yolk) Wy B
Zﬂ (glycerol, ethylene glycol, dimethyl sulfoxide), buffer
(Tristh TES), 2 (glucose, lactose, raffinose, saccharose,
trehalose), 3 (sodium citrate, citric acid) ZE]_’ LA A
508 FAEY (Evans®t Maxwell, 1987). 524 <]
‘*g*“’ 2o AgAe] HA = A& ‘j°l~r", A
4e FTHA EFE oA, *ﬂElH R gy
ANEE = A%S 6‘]—_&5&1 EZARE A Az}Y
S FAZ E} (Aisen %, 2002). Trist ©|3FE
o SRt %% Cia! Ol%o}"* S o FZEEE &HA
o]t} (Molinia &, 1994). X3} Tris buffer®] 7-¢ &, ¥
ada 28 ZY w49 o]LHrt (Purdy, 2006). + Od
FANE St g olelol ofRRE HrFa) B LEY
TAN, Trisst glucoseE 71222 3} Tris buffer
TCG &4, TES$} glucoseE 7|2 = &= BF-5 &2
o g3 =2 24 A Modenaoll 13- 44% TAY
o= zJollO =7 Fgﬂs}. 7:1_,,]. TES*E‘ 7] 5].,_
BF-51.t} Tris buffer?] TCG7} A&l vJZ* (p<0. 05
o2 &/ velster, 53] thdFQl lasctoseE 7]
2 3k LEY $2d02 548 AANF Ay, A& 1
68.0+1.2% 2 %94*43; I EE AEES UrEP;‘iE}
(Table 1). X3}, ©] 5 (2006) LEY %@%‘g o83k 1Y
X2} Duroc E7H] 5283 § AH A4S Hlastsd
< Mol “M <] & *ﬂz‘—gﬂ 60% —"i‘—t&—-g HeRTh
7‘(4 A &4 5‘55} LEY FZAYNA oA =2 (p<0.05)

%éfﬂ %Q% Wz FAE& op7letH, 1® 1% &
A s AA u B2 zdsA "o (P1ummer9‘r
Watson, 1985). 53] #x] %75 A A Az

F a4t %74 ““~ s
=y f‘&u} (Huang 5, 1999)
Ao HAEY) A ST B
b £X7t Fomm WAgol 63*3% 2 -
=7t qu}

A 24°U 5
3 3~5C9 ¥7
~B50C7A = B3 20~50C9] W& Yzt &
o] AEg #5lt} (Fisers} Fairfull, 1990; Bwanga,
1991). 2 o]f= WHo| FAH7] Hoe AL 2
a7t GATE vlg Y Al =Y T2 S5 231?4 A
Z}e] 4 A IS F7] tﬂHo}E} 2 Aoz
Table 20 M9} Zo] BA £EE 80T A 20%:L qu] 3}
31, -120°CA 1087+ A
° e A 7P e AEES UrE‘rk‘igu%, %7;3_% ~120
°C°ﬂ*1 1087 A3l AL H23 Y74 S 127
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el AelE mol Ash Bl A§ AEgoqE
FHQ ZolE HF oY, %ﬁﬂé oA frofHel
ArelE WERA] i) ofo} &2 ZiE 7§ (2006)

o] A T A Y] Aot WS Aaks ekl
ok

Polge 5 (1949)°] glycerol®] 5
2] :gjl 2 tg/l;]eg}o B ,9:] NEQl BAHNE §89
& 7HA gtk GlycercﬂdnL 2o FaAAE BA LH‘””
A7kEel B2 B Eoel Axe] Wgu 4 aew
2 AF EYaeHq FAS FolFE OE‘?%}% bass
(Purdy, 2006). u:zsp ZsulAAle A I} Ty eix] @}

=

dulde) wjade] 919lo] H3, 7 FEds 50““\17]‘11
Ao A %—’F% waL, AlEd AP S AAAAFL
22X FERE JX}Q EEE FAZIT (review Ho-
It, 2000). mﬂ s Yria 54 &5 A 74
2ear glycerol 7‘47} 2 el W?Jr A AN ?—5]7“4 gly
cerol F%2E AXEET Byme 5, 2000). Hernandez %

2007y 53ute} o] wA] AREA NG #AE AT, glyce-
rol A%E % 2~3%7} H%o] »%:ﬂ raszo} o

7o A 3% FEoA M & 4EsE U
ek 3 w1y 7] H N e} Glycerol B8 A7 Wil
mut 5 (1973)0] Zc}ﬁj e HY A AHE o A
Ape] AEFol A UEikh

= "4?’*4 734* S BH =]
G572 LastoseE 7]2 07 3= LEY T2 do] #HA
o, %7—3 2T 5C7R] 247 AX 252 UEe o
Ve AEEE YEg #49 glycerol EEE
3% WY Alzke] glo] wig FAs= A sp Foh

1. Aisen E, Medina V, Venturino A (2002): Cryopreser-
vation and post thawed fertility of ram semen fro-
zen in different trehalose concentrations. Therioge-
nology 57:1801-1808.

2. Berger B, Fischerleitner F (1992): On deep freezing
of boar semen: investigations on the effects of diffe-
rent straws volumes, methods of freezing and th-
awing extenders. Reprod Dom Anim 27:266-270.

3. Bwanga CO (1991): Cryopreservation of boar semen:
1. A literature-review. Acra Vet Scand 32:431-453.

4. Byrne GP, Lonergan P, Wade M, Duffy P, Donavan
A, Hanrahan JP (2000): Effect of freezing rate of ram
spermatozoa on subsequent fertility in vive and in
vitro. Anim Reprod Sci 62:265-275.

5. Eriksson BM, Rodriguez-Martinez H (2000): Effect

10.

11.

12. Lee

13.

14.

15.

16.

17.

18.

19.

of freezing and thawing rates on post-thaw viabili-
ty of boar spermatozoa. Anim Reprod Sd 63:205-220.
Evans G, Maxwell W (1987): Salamon's Artificial In-
semination of Sheep and Goats. Butterworth, Syd-
ney, p 194

. Fiser PS, Fairfull RW (1990): Combined effect of gly-

cerol concentration and cooling velocity on motility
and acrosomal integrity of boar spermatozoa frozen
in 0.5 ml straw. Mol Reprod Dev 25:123-129.

. Hemandez M, Roca ], Git MA, Vazquez ]M, Marti-

nez EA (2007): Adjustments on the cryopreservation
conditions reduce the incidence of boar ejaculates
with poor sperm freezability. Theriogenology 67:1436-
1445.

Holt WV (2000): Basic aspects of frozen storage of
semen. Anim Reprod Sci 62:3-22.

Huang SY, Kuo YH, Lee WC, Tsou HL, Lee YP,
Chang HI, Yang JJ (1999): Substantial decrease of heat-
shock protein 90 precedes the decline of sperm mo-
tility during cooling of boar spermatozoa. Therioge-
nology 51:1007-1016.

Johnson LA (1998): Current developments in swine
semen: preservation, artificial insemination and spe-
rm sexing. In: Proceedings of 15th IPVS Congress,
pp 225-229.

SH, Cheong HT, Yang BK, Park CK (2005): De-
velopment of semen extenders by assessment of
sperm viability in miniature pig semen. Reprod Dev
Biol 29(4):247-252.

Lin DS, Connor WE, Wolf DP, Neuringer M, Ha-
chey DL (1993): Unique lipids of primate spermato-
zoa-desmosterol and docosahexaenoic acid. | Lipid
Res 34:491-499.

Maxwell WMC, Johnson LA (1997). Membrane sta-
tus of boar spermatozoa after cooling or cryopre-
servation. Theriogenology 48:209-219.

Mazur P, Leibo SP, Farrant J, Chu EHY, Hanna MG
Jr, Smith LH (1970): Interactions of cooling rate,
warming rate and protective additive on the sur-
vuval of frozen mammalian cells. In: Wolstenholme
GEW, OConnor M (Eds), The Frozen Cell, Chur-
chill, London, pp 69-88.

Mazur P (1984): Freezing of living cells: mechani-
sms and implications. Am ] Physiol 247:C125-C142.
Molinia FC, Evans G, Casares PI, Maxwell WM (1994):
Effectof monosaccharides and disaccharides in Tris
based diluentson motility, acrosome integrity and fer-
tility of pellet frozen ram spermatozoa. Anim Re-
prod Sci 36:113-122.

Parks JE, Arion JW, Foore RH (1987): Lipids of pl-
asma membrane and outer acrosomal membrane fr-
om bovine spermatozoa. Biol Reprod 1249-1258.
Plummer JM, Watson PF (1985): Ultrastructural lo-
calization of caldum ions in ram spermatozoa be-
fore and after cold shock as demonstrated by a py-
roantimonate technique. ] Rprod Fertil 75:255-263.



334

20.

21.

23.

Polge C, Smith AU, Parkes AS (1949): Revival of
spermatozoa after vitrification and dehydration at
low temperature. Nature 164:666-676.

Purdy PH (2006): A review on goat sperm cryo-
preservation. Small Rum Res 6:215-225.

. Wang WH, Abeydeera LR, Fraser LR, Niwa K (1995):

Functional analysis using chlortetracycline fluores-
cence and in vitro fertilization of frozen thawed eja-
culated boar spermatozoa incubated in protein-free
chemically defined medium. J Reprod Fertil 104:
305-313.

Watson PF (1990): Artificial insemination and the
preservation of semen. In: Lamming G (Ed), Mar-
shall's Physiology of Reproduction vol. 2 Churchill

ol
ol

25.

26.

Livingstone, Edinburgh, London, pp 747-869.

. Wilmut I, Salamon S, Polge C (1973): Deep freezing

of boar semen 1. Effect of method of dilution, gly-
cerol concentration, and time of semen-glycerol con-
tact on survival of spermatozoa. Aust J Biol Sci
26:231.
e, e, ey, e, B, 24,
= (2006): FA] Aol 7HH A W Sgy 54
el g3 F A Bk F=FEARATIA 30
59-64.
°18%, AAQ, o153, A, oY, P, WE
< (2006): Miniature Pig®t Duroc &7+ &4-83)
T el A2 vlaL fre o] 4518]%] 21:263-271.
(AFdAk 2011, 9. 2 / HELAR 2011, 9. 9)

ubE
ks]



