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Effect of Cryodiluents, Cryoprotectants, Pre-freezing Method and
Total Time Required for Freezing on Post-thaw Viability of
Boar Spermatozoa
Lee, J. H. and L. C. Kim
Department of Livestock Improvement, NLRI

SUMMARY

Boar semen can be frozen successfully. However, there is a large variability in the extent of
damage boar semen samples experiences during cryopreservation, This experiment was
undertaken to find out factors that affect a post-thaw viability of boar spermatozoa, For this pur-
pose, cryodiluents(BF5, LEY, Soejima and M-Soejima), cryoprotectants(glycerol, ethylene gly-
col, and propylene glycol), pre-freezing method(dryice-pellet, dryice-straw and LN, vapour-st-
raw) and total time required for freezing(2, 5, and 7 h) were compared as a factors, To investi-
gate quality of semen during freezing process, motility(%), normal apical ridges(%, NAR), and
proportion of living sperm(%) by flow cytometic analysis were assessed after collection, cooled,
pre-frozen and post-thawing,

Post-thaw motility of semen diluted with M-Soejima was 52.0%, respectively. When heparin,
caffeine or heparin-tcaffeine was added to 2nd cryodiluent of M-Soejima during freezing process,
the highest motility after thawing was shown at the addition of caffeine(2mM ), with 61.7+2.9%
of motility. M-Soejima with heparin or caffeine was significantly higher than that of control{(p<
0.05) . The result using glycerol(Gly), ethylene glycol(EG), propylene glycol(PG), and their
mixture (Gly+EG and Gly+PG) as cryoprotectants, the highest motility was shown at the mix-
ture treatment with Gly plus PG. However, the highest proportion of live spermatozoa was
shown' at Gly-+EG, there was no significantly difference among treatments(p>>0.05). When se-
men was pre-frozen with three manners(dryice-pellet, dryice-straw, and LN, vapor-straw), mo-
tility (%) of post-thaw spermatozoa was the highest in the LN, vapor-straw pre-freezing method
of M-Soejima cryodiluent with 57.5% of motility. For a simple, economical and timesaving ap-
proach to freezing boar semen, total time required for freezing were 2, 5, and 7 hours, post-thaw
motility were 43.8, 45.0 and 38.8%, NAR were 19.5, 22.7 and 28.5%, and viability were 20.8, 19.9
and 22.1%, respectively.
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This data suggests that boar semen diluted with M-Soejima cryodiluent contained caffeine,

using mixture of glycerol and propylene glycol or ethylene glycol as cryoprotectants, frozen with

2 hours, can be taken better motility, NAR, and proportion of live spermatozoa.

(Key words : Boar, Cryodiluents, Cryoprotecyants, Pre-freezing, Motility, NAR, Viability)
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ARG AL sk AL HFAY AFFA
ol A +A & Azt YA olth. e Fo
ol A& 9FE viAe 89S thF3iH.
iAo 2 AAMEE EH AR o|gsHy
#7ol vi$- Q1] Wil BAe A& F A
4 ®ol7l d3ty o133y @79 Aol g

|37} olFo)A itk (Mazur, 1977: Niwa$}t Ohgod-

a, 1988: Woelders$} Den Besten, 1993; Pizzi &,
1997). BAe 443 F AEY £= | 9F
£ XE o2 REAR BHRIA, W7 =
24y Bol o oA % x| d e 7 Lo
£ & 7159 viE] sHAREY | i B £F9
o AR AL o] &% AFTH F HAAHL Y4
o] Hlsl 10% A= WA BRaxz gl (Johnson,
1085). o] %t iR g AHe] FA-§3) T AEAE ¥
7] siMe SARENY FF ¢ 24, ¥4, dHl%
A 2 23 59 Wyl A A=A} g}, FE
BEQ ArlsjoiR= FHRIAL] FF/o sl
€ £AF0] oM AxY2 ARHe B4 SR
Ao Mxvz JFHA G vFEINAY SHRIA
2 FEHAY, B3 B v TR A ]
A7 i 2 SRS dPAErd b Ajolr)
o), dukdg oz glycerolo] 71 de) o]&FR
AE FAREA o t}(Scheid F, 1980; Gilmore 5,
1996). 22|} Dalimata®} Graham(1997)& E&jR
ZIAZE glycerole tha: EA40] e ALz B3
o, Fiser} Fairfull(1990) & glycerold] A7t
o] 0~4%Y W FAFH F Fo| MA=AY,
6% ©1°39 FEdM = E8ol AUt By @
vl ek, FAY B F4455e Fdo YBRA
Gk A nR7) o] Hx] AA FEAYYS
ot FeH 2 drsolA $o A B 2§
23 glch(Kovachev 5, 1994 ; Erikssons} Rodrig-

uez-Martinez, 1996). Pellet(RA3}) SAwWRe
Pursels} Johnson(1975) ¥ Hashizume ¥(1990)
o oEe] AFHolA fKow, straw FEAYHL
Westendorf %(1975), Almlid $(1987) ¥ o] &
(1994) ¢l 9J3 A=A KAtk 28y straw 52
s FA88 ¥ FA Yol 39~56%= te 7}t
SRR W £F0 2 ol & JMHolAor & RE
o] Wol o} Ak Mello 5, 1999). =3 FAAA
F A9 Wt 9@ FAYY L HA7bl JEL v
2)7] ol olo] B3 A7E B FEENM B
Ho)d eH( Woelders %, 1996; Mohammad %,
1997). 53] HAAA Y] Wzt Eo] B¢ T2 Fis-
ers} Fairfull(1990)& siXA=}e] Wg4ws} 5~
100C /min ¢ @} NAR&o| 7+4313 1C /minoA
© 37181 w24 Y7l Aol fEsiti By
g ul gl @ A9 9] AL Frshes ojA
71 BEFQ vy o2 geoht Yt Hold) 9
% NAR(normal apical ridge) &0] Qgut# <l g4
9o Hriedoem olgHoA stovi(Pursel &,
1972; Hashizume %, 1990), 32 flow cytometry
o 23 AEE Yoot ABHQ £ o]EHoiA|
2 Uti(Althouse®t Hopkins, 1995; Garner %,
1995; Maxwell®} Johnson, 1997b: Lee 5, 1999).
aseg B Apdre =R P F4§8
AEQE NAE7) st THAREN, FIRTA),
quieAdwy 2 FAA2aAZ] Y, NAR 2
AEE v 9FE 2ARIIR AAIE
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2. Hoo| B U B3

g Ao A 7 2% 9] BTS(Alexopoul-
os &, 1996; Johnson &, 1988) & 1a} & F(1:1)
Aol Aubgahe ZARSER 1,500rpmoll A 1022 ¥
At AFAe AAT F 14 FHREJOZ
A 853t AAHEXE7} 0.5ml strawd 5 X 107 sper-
mo] {EE 2R3Nt M AHEE FHREYY
ZA)L Table 13} Zron], M-Soejiman. & o] 734
e 23 BAREI0| caffeine, heparin E+= o]&
9} 1/24& 93t Frheiin. sAWEe R g4
=73& Pursels}t Johnson(1975) 9] ¢l Ea5L
W, straw 522 Soejima $(1983) 2 ¢] 5(1994)
of Wyl E3tact.

Straw $ZA BHAIZHE @337 984 Fig. 1
3} 7ol AFHAMRE FALEAA 28 HE A|THE
ztz} 2, 5 R TAIZVo.E e 1, 23} Sl4& A sy
ArEHet. &, 2A1Zke] &2 58% Group W] AS
AH 2F 308 o]lle] BTSS} 1:1=2 X3tz A4
gt A39L AT 14 REROE AP

2 ARfason, 147 2087 WzEojx e <t
7o £x9 2AREYL 158 Mo FF A
k. 4F N YL Wz HIPAL glo]
strawd] ¥384t. ¥3E FYL dAI4L EH
5cm $] o] racke] AL F 1087 6l A%
of AAAL W FHAA ARG $HE FY
$3l= strawe] A$ole 38T F24oM 20%7
AN, pelletd] AL Purseld} Johnson
(1975) ¢] #ilel et AAct.

3. FAHAL

Axtel 9L FAAF A HEE 1002
£2 g% on, IA9 Fy WAL Pursel §
(1972) 2 Zheng 5(1992)¢9] o] we} Normal
Apical Ridge(NAR), Dameged Apical Ridge
(DAR), Missing Apical Ridge(MAR) % Loose
Acorosomal Cap(LAC) 2 F83to B4 o 2AL3}
Ak, AR AELL Lee $(1999)3 Johnson
(1994) ¢) ¥ o)) e} SYBR-14 /PI (propidium iod-
ide) gNdo = 2% PYFPAs EPICS 1 Coul-

Table 1. Chemical composition of eryodiluent for the boar frozen semen (per 100ml)
Ingredient Soejima M-Soejima LEY BF5
1st extender
Tes-N-Tris 12g 12g 11% lactose 1.2g
Tris 04g 04¢g solution (80ml) 0.2g
Glucose 30g 3.0g 328
Sodium lauryl sulfate 0.16 g 016 g
Catarase (159U /ml) 0.91mg
Penicillin(5001U /ml) 0.061 g
Streptomycin 0lg Olg
Gentamycin(25ug /ml) 2.5mg 20 ml
Egg yolk(v /v) 20 ml 20 ml 20 ml
2nd extender 4.0% 4.0%
Glycerol(4%,v /v) 4.0% 1.0% 1.0%
OEP(Ovrus ES Paste, v /v) 0.1%
BSA(%, w/v) 2mM
Caffeine 100mg /ml
Heparin
pH 7.2 7.0~7.2 1.2
Osmolity 290~310
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Porcessing
Step

Group 1

Pre-treatment
Collection &
dilution(1:1)

1st dilution
Room- temperature

1st dilution
Room temperature

(Required time) {1 h )

Cooling
Céntrifuge(30min.)
To5 Cfor25h

(Required time) (4h)

Centrimge(sﬁ m:n.)

Tol?tferlﬁh r«scwza

(1h)

(2h)

2nd Dilution e
(Required time) (1 h) 1h)
Equilibration

time & ( 50 min) ( 50 min )
Packing

Pre-freezing

Required time)

( 10 min ) ( 10 min )

* It took about 30 minutes loose time in processing of each group.

Fig. 1. Schematic illustration of the processing time for freezing of boar semen.
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1. BEYo| six|Hdo| FHEHE MEMoi o|X|
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HAAA-E LEY, Soejima, m-Soejima 2 BF5
BEAL AR straw¥ A T AAFEe 23
stg-em g3t F YA FH L Table 20|14 B v}
7ol Ztzt 30.0+7.9, 38.3+5.8, 52.0+10.0 ¥ 23.
3+5.8%% M-Soejimai&do] 714 H& AT
& Yelon, BFsREY] 7P v 888 g

o3t 714 (Leas-

Wout Aajze) F93Q ol AATHP>0.05).
BFsR&E®8o 2 pellet(FAs)Pos F4d Ay
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Table 2. Effect of cryodiluents on the motility of spermatozoa during freezing-porcess (Mean+SD)

Motility (%)

diluent
Cryodiluents After collection After cooling After Pre-freezing After thawing
80.0 £+ 3.5
LYE (n=5) 64.0 £ 15.0 33.0 + 14.8 30,0 7.9
Soejima 65.0 + 15.0 43.3 + 29 38.3+ 538
Modified-Soejima 72.0 = 11.0 65.6 + 9.7 52.0 + 10.0
BF5 55.0 = 20.0 38.3 + 10.4 23.3+ 58

Table 3. Effect of addition of heparin, caffeine and combination to 2nd cryodiluent of M-Soejima on

the survival of spermatozoa after thawing

Motility (%)

Addition ; : B -
At collection After cooling After pre-freezing After thawing
80.5 + 5.8
Control (n=5) 70.0 = 6.3 33.3+ 7.6 26.7 + 5.8
Heparin(100ug /ml) 73.3 £ 5.6 52.5 + 15.0 40.0 £ 14.1°
Caffeine(2mM) 817+ 7.2 66.7 £ 2.9 61.7 £ 2.9
Heparin+Caffeine 76.7 £ 4.6 55.0 £ 15.0 50.0 + 10.0°

*ab Values with different superscripts are significantly different (p<0.05).

38 M-Soejima HEHNA FAHA 5 231314
A] heparin, caffeine ¥ o]E29] E3H 13 Group
M(Fig. D¢ Wioz 5450& o &3 5 ZA&

< Table 3914 B uieh 7ol 24zt 40.0+14.1,
61.7%£2.9 ¥ 50.0+10.0%2 caffeined 715 73S
A 7} =A Vepstth. Heparin 2 caffeined] &
5 B EEEvke A0k g derads 49
Fog 5L BA &5 YA (p<0.05).

olelg Azte FAARFL AR AlxuidH
Wstg 2Aele A8 F 30~35%9) 8L d
Arksl B1§ Maxwells} Johnson(1997a)¢] 2=}
B vk £ FEoIUh o9 o] BEY
caffeine T+ heparin®] 7= o] $£(1994) o] A=}
227t AAsd dE A £ viAe o) B
g dFollA] caffeine @ heparin®. & @ AR
74571 H7tEA oke dl 27 (32.5%) B} EEHg o]
=4 JebtH(36.3%9) 50.1%)32 B3g Asie
Handrow 5(1986)¢] 4elA olE9 A7}7t A=A
X W Ca**el BEE SI/HINLEN REA €Y
S7tl frelditka Rt Aol o] 231 F4jA)9
FAREN Yo o529 GE = £ FArbl $2

&8 ¥ A48 S FAAASG. 28 Kusunoki §
(1989)& sR|9} Aekell A caffeine?] H7h= A=At
gYFole ARHX T A AT AT o] =
22 ¥ 2 AEAHL 0388 A ANITZ B
g uk Utk £ A¥elA SoejimaREo} HrHE
caffeine ¥ heparing &3 ¥ x| $29A 2] A&
g G2 NAT & e Ao AgHUY.

2. S EA7} g3 ¥ HX}e| MEMol ojk= A
&

M-Scejima FHREH FIRIAZA glycer-
ol(Gly), ehtylene glycol(EG) propylene glycol
(PG), Gly+EG 2 Gly+PGE AI3ty-ew §3)
5 ¥¥ & Table 494 B vk} 7bo] zbz} 23.8+
43.8, 26.3+4.8, 27.5+2.9, 28.8+4.8 ¥ 31.3+5,
1% Gly+PG E3r/bt g4 it 284 &
AR 3A Y7HEF) & flow cytometric #49]
o5t #4838 ¥ A=8 (proportion of live sper-
matozoa)-2 A 2|7kl F2F A (p>0.05) =}o)7} ¢l
Ao F AAe] Hl&E glycerol @5 HsH¢rt
75.0£8.5%2 ©& AT Mg g ¥4 e
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Table 4. Effect of cryoprotectants on motility, NAR, and the proportion of live spermatozoa after

thawing of frozen boar semen(Mean +SD)

Proportion of live spermatozoa(%)

Motility Acrosome morphology by flow cytornetry
Cryo-protectants (%) (NAR. %)
o » 70 live Dead

Glycerol(Gly) 23.814.8 28.5+6.2 18.5+5.8 75.0t 8.5
Ethylene glycol(EG) 26.3+4.8 33.3+6.7 19.6+8.1 72.4+14.5
Propylene glycol(PG) 27.5+£2.9 35.5+5.8 19.9+5.6 70.7£14.3
Gly + EG 28.8+4.8 37.5+5.1 21.2+5.4 72.3+£10.5
Gly + PG 31.3%+5.1 39.5+5.7 21.1+8.2 72.2+12.3

st @ g8 F FGFANE(NAR)S g0
AE& HrPyE 28 A deiRey olE
B o w4 F7rEE F el A

ojgl§t Ar= FHBIARA ethylene glycol 2
propylene glycol(PG)o] glycerolith & 80) &
A velten, glycerols} o5& &3 F213 A
£ @537 Aends gk A 24 F9
R3A] Arlepdo 38 A1E Gilmore 5-(1996) ¢
ethylene glycol(2mM)-& H7}ste] 3859 H3PA)
A& 9 AZY JFHL 7.59+0.78X10"%cm /min
2 Hx QAo vFEe] quFHoZ o]4E 4 Qlvw
FA3 vk 9lom, Yang} Leibo(1999) = & #3 &
9] A} &4 FZ0A EGe wE Yzgse 54
A fElsittz e, Alist Shelton(1993) &
A R FHRES AT AR B d
T4} glycerols} ethylene glycole] EF-L A Zu
E4S 2d F Jdx B3F kgl

ole|gt AR vRo E 49 Ade thh 7
AEE JeRAA T olo] FF AFRIL7} w$ F7]
wj &o] ethylene glycol B propylene glycol2] 37}
Wig #& 2 TR dEAe o g2 a7t
S slojof & Ao R AR HS

3. ol SHWHo| FA 83 ¥ HX} MEMo] o[x|
= g%

M-SoejimaB Z& 9] strawd A3} BFoRE ]
o%t pellet(FAZ)Poz FAs= T4 54
HHH-S dryice-pellet, dryice-straw % LN, vapour-
straw o2 3 E W FHAE ¥ Y Table 5
A A s} 7t} Table 5914 Bi= vpe} 7ol |54

Table 5. Effects of pre-freezing methods on the
motility(%) after thawing of boar se-
men frozen with 2 different cryodil-

uents
Motility (%)
Pre-freezing manner —
BF5 M-Soejima

After collection 85.0 85.0
After 2nd dilution 67.5 75.0
After thawing
- Dry ice - pellet 22.8 42.5
— Dry ice - straw 47.5 47.5
— LN; vapour - straw 52.5 57.5

M-SoejimaREH o 2 LN, vapour-strawij & & 3}
e w9 g3 F ¥ 57.5%= e AHyug
oA Edth T3 BFSREY ] Lo pellet B
the strawi ol 483 F g¥°] 4 Jveitt
o] %k A3+ Maxwell#} Salamon(1979) ¢] =1#]
RAAE dryice $1oA pellet¥elz THT 749
straw¥e|2 F4% 73 ¥go] 28.5~35.2 °.EL
2 duEawygtels 8 3 g K- Aol
7ty Bag ARHde OE AEE el
oo, gHg ¥ BYESES £ 439 LN, vap-
our-strawdy el &8 ulEd Wyol thh Fth
ol&|g ou]EAWH-2& Mohammad F(1997)e] A}
H ARt $AANH T FALEAE 2AKE A 0C
olgle] LEoME —30C~-40CE FAE FAst
—70C Ex 2 o3 x4 54" AAnc &
ol Atk BIgk Axel e Aot
Evenson £(1994) ¢} SIXA S dryice © LN, 4]
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Table 6. Effect of total time required from collection to freezing on the quality of sperm after

thawing of frozen boar semen

Total required Time

Motility(%)

Proportion of live
NAR(%) d

in freezing process(h) spermatozoa(%)
(n:‘i) 43.8 19.5 20.8
5 45.0 22.7 19.9
7 38.8 28.5 22.1
FASAE o AL A7k Aol7t ATk B A & Aok B

38 AFghs tha: Ael7t AT

A dryice YA pelletP el 2 EAA I 2R
o JAALEE foM MFAANTIE Ro) 3 F
AR AEGS TS AABIALY oy A
R M= s1E] pellet(BAS}) Bz
straw®jo] FE3ls REAE M-Soejimak.Fofo]
BF5EEY Hole 2443 & AAYY L AN &
F& et

4. SPLRAZI0| SHSH *+ YAke] WE=Hoj 0|
A= g

M-Soejima BEN o2 13} 34 YA £
caffeineo] ¥3td 23} RE o g 34 3lo Fig, 19
A AFE v} o] strawi oz AAFA FHAA
Au|eH st HF FHAMNA 28478 2,52 7
AlZte 2 S W 48 F Ha¥HL Table 6
oA Risule}l 7o) Zhz} 43,8, 45.0 2 38.8%%.2.H,
SYBR-14 /P1Z 25 33d 319 flow cytometry
2 BENG AEEL 77} 20.8, 19.9 B 22.1%2 7A)
T 28% AWl ot 4 Azt £l
Aol YAt (p>0.05).

ol2l§t A= Pedersenzt Borge(1996)7} =X
Qo Mo glojy Lxe| ] B ATFAN
A8 Fhe 35TAM 13 F4E F 30T /30T,
30T /20C B 20C /20Ce] =AM 4 AE 3
MAZE w 48~96N%F Fo] AAYY P (19.6~
34.05) &= A&kl 2folr} UG Z B G Az} 7
& Z%oigir}y. @} Robertson $(1988, 1990) &
FANA T =AY A) cold shockel 9sle] Fa)
$4Fo] doj kA2t phospholipase A,2] A7t o3k
o 4T7A YzhEe E9e) cold shocks) He &

W Westendorf $(1975)& A3 A dA
glycerol& 5 € ¥+ 15 TAA A7t s 488
F AR gYolle obEd Alolrt YU BIF A
o} vl 2 & Ao 277 $EA A Y5
A % glycerol #7lel FH L FA)d) o]RARA A
7He Wi e @9 Ee &g Aolrt /N
A Aot FARE A JeRi I ok 2 2 4
FollA ZAE NARE-E Almlide} Johnson(1988)
ol ¥4 & AEA | ¥ glycerol A7t &= &
FES YA G BT ATFolA BT F
39] NARgo} 30~59% #Foldd Aspnrle o

& e pzelgist
N5y 2

2 ATtE TA8E T A4 A& dFL v
Ae 808 27 Astd YA FHFE F A
T4 Y qRlo e FAREY, FHRIA, o
2 ¥ 524708 vizsiidch 524435
el A& Hrtarl 9i5le §8, NAR 2 BE§S
ZAMS A¥e oS3 gt

Hx4F4L BF5 LYE, Soejima @ modified
Soejima®EH o2 FHNAS v FE & F A
8382 M-SoejimadENo] 44.5+64%= tx ¥
kot M-SoejimarE&He] 23 34 Yl caffeine
(2mM), heparin(100 pl /ml) 2 caffeine+ hep-
aring #7138 o 288 ¥ 8L caffeine?
7HE7E 61.7%2 7Y w%ew, BE T TR
7} A7bekA] & TR felFor 58 S
e T (p<0.05). M-Soejimal &fd] 0%
A 2A glycerol(Gly), ethylene glycol(EG), pro-
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pylene glycol(GP), Gly+EG 2 Gly+PG& 7}
39e @ 5283 ¥ ¥8 ¥ NAREE Gly+PG
9 ERA/M(31.3% /39.5%)7F ©e AsbrRn
o Eton AELE Gly+EGH/M7t 21.2%=
g A7MR tha E3

BF59} M-SoejimaB. 2 0 & straw 2 pellet ¥
AYoz FA3h= 5 dry ice-pellet, dry ice-str-
aw 2 LN, vapor-straw] 0.2 ouj g2 L o 7+
Z} 22.8, 47.5, 52.5% R 42.5, 47.5, 57.5%%] &8 &
vJehliglth 3 M-SoejimaR &M 9] straw oz
17} 47 E FHAYEARA L_HE ANE 2,587
AlZre = 31 s W T8 F 88 2 A& A
2)7tel & Aol7} QI o}, NAREE A A 7ho] 2
AFE td & AT et

ol2|gt AFZ vjFo] B o FHEIH ¥ ¥H,
NAR 2 H#E8&E ¥0l7] AIME caffeinec] A7}
¥ M-SoejimakZdo] FIREAZ glycerols}
propylene glycol =+ ehtylene glycolg AM8-81o
2417 5ot WA A" Hoo] thh AU A
o2 AtsEAh
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