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ABSTRACT

This study was undertaken to find out the effect of methyl-beta-cyclodextrin (MBCD) on cold shock and membrane
cholesterol quantity of sperm during the freezing process in miniature pigs. For this study, semen ejaculated from
PWG M-type miniature pig was diluted that freezing solution (with egg yolk group) and m-Modena B (without egg
yolk group) treated with 0, 1, 5, 10 and 20 mM MBCD before freezing process. The diluted semen was monitored
sperm ability at room temperature, after cooled until 5C and after forzen-thawed for cold shock test of spermatozoa.
Also, membrane cholesterol of sperm was extracted by folch solution at the same time. sperm ability was assessed
for viability and acrosomal status. The membrane cholesterol quantity was measured by thin-layer chromatography
(TLC) method. The result, viability and acrosome integrity in semen diluted without egg yolk groups were decreased
at all temperature range by increasing of MBCD concentration. In particular, sperm of egg yolk group was showed
that significantly higher viability and lower acrosome damage when treated with 5 mM MBCD (p<0.05). The results
of TLC experiment, cholesterol amounts were increased with MBCD cocentration in egg yolk, and decreased with
MBCD concentration in m-Modena B. In cryopreservation efficiency, there was no significant difference at viability,
and acrosomal state of sperm in 5 mM MBCD concentration was significantly lower in acrosome damage than other
groups (p<0.05). Therefore, the addition MBCD in egg yolk was protected spermatozoa from cold shock injury. This
protective effect of MBCD may be due to addition of sperm membrane cholesterol.

(Key words : Miniature pig, Cryopreservation, Cyclodextrin, Cholesterol)

M o= AAF 2o] 9let, vt #A|of ghow Qg

A AN F QT
A4 Aelg o] &8 Aerr) dojl A

< 3 AfeleE A

2] A7) =7t ks Bav) itk(Johnson 5, 2000).
74 Al FE G A 1 B iy Fed AAE T 2 g8E EM AApe] vk MEES T A7)
Szt glom, A 304 | J HAle] FARZ o] AEAQl 1F 7T AYE] HA A et
ek A= Wol o]Fo4 ME} T3k A Akt b o8& Al’c’&@f:}(Alnﬂid S, 1996). 53] A Axpe A
= M =2, A e 96 *Vd o] Q1F4A & FA T B FEE UJZ%'J %—*301 et
o o]-g= i 2104 Am HAe AeleA] w1 wlof (Watson, 1981). oleigt ¥z} S &4l gt Azh
BWEG £ ogly] wite] FAAM Y] ool dFsa N7 v A A = FelaE IX4d ¥
ATt FAANe] AHomE Wizl Ao BE Fof o8l AR AHolt &, 2000), ¥ Fel2HE Q)
bz Al7]el] AFTAHE B Abate] A4t fdabge A aEE Ad B9 A AR 9 FellaHE
BE 27 4% 54 448 73 958 Ty U AxA H&E 7k 9K, Fol 4, A ARl vl B2k

* 2 AT s ST nol e 1214 A F: 20070301034040)0] 2] flol] ol o]Foi A4
! Corresponding author : Phone: +82-33-250-8600, E-mail: parkck@kangwon.ac.kr



266 o4l

4 EH %ﬂ’”ﬂl%o /‘ﬂzm N5e {‘-@0'1"'
Yeagle, 1985). £, ©f ZE2HZ
G-Iartel 5, 1998)3/} 533 McGrath,

of T3 A the 4, 7}
& % tﬂ""?"v‘/] Y FARENLE ege yolk7} Ak

2 o] g%l 9 L'} 1'” oe AEREH I 2k &
LA hjr HAE R3dhe AR FERE4
< 7K & 74013} HoqZItH Amirat

d 52, egg yolk U] <14
dat Fe2HE, AU A }‘QQ%C’ Al Fste] 2L S
S BNY AAE BEeke Aolgal AKXk 7709 be-
ta(14)-glucopyranose 2. 74€ 79 S211F2A methyl-
beta—cydodexmn(MBCD) A%]:&HLETE% FosEHES
Ao g fFEA7e 98E dhPike} Miller, 1998)
AAda Agd £ e _’h?/‘é s ¥detes 79 &
23199 cyclodextring ZUAHSF 2 ARl 225}
of Mjgalgle o, T2 83 F AEY Fe 2EAY
AJEgo] 1/]'T-"Jf‘i’i“:}(Purdy 5 " 2004)

b B e AYATE vROR ege yolkE M
7k A3t 7kebA e oéﬁ_—%oﬂoﬂ MBCDZ 7—% %
20 1, 5 10, 20 mMy2E Azjate] 25Cet 5C, 4
89 5 A ATe 94 6, % TA2AE F W

o

Flo

.Jﬂ

1o
9o 0]
OHT ot

st l =3kt
Mz 3

B0l Zy

2 Aol o] g&d HAe AAdgta Bl ALSE)
AL 31 PWG miniature pig ©|-83}3iT) 2RIt of
&5 24 —’F“t’“’i NS AF 8] 7H2E g A
28 33 4Ae AZ F, 37T 7R29 "o £ 24
oz Agaz sl A8y, Aol A
AL Modena B A4 (Lee &, 2005)2 13} 3|4j5}e]
Ao A 1A 7E oA AAslglen, 70% o] AAF &
213t 80% o)l AEES Uehls HIL A}%é‘}ﬁi
o}

Y &8 14
Py A A AR THE F e FEREAS o
&3] FZEUT dubq o wx] Hod FH) ] 45
© TAREY LEY@ egg yolkE WA o2 <l 3)4ix)
3l Modena B F 744 4RFEAS o]-&-3}31r}. LEY
12} 5ARBFIAL 11% a-lactose £ °—’3(Slgma St. Louis,
MO, USA)oﬂ MBCDE 0, 1, 5, 10, 20 mM¢] 7z 552
AeletaL, 20% egg-yolkE H7lshe] z+z n’xﬁ‘j-](4500
rpm, 90 min, 4C)3to] AF NG A} %5}“@ 22t FAR
EGL 13 FHHRENY 9% Glycerol(Sigma)¥ 1.5%
Orvus Es Paste(OEP ; Nova Chem., USA)E #7}3}o]
4C Wgaol Hasigich
s14ske] FAH WY =

A 34L& Modena BE 13}
dog (1,500 rpm, 10 min, 25C)3ka] ARzl
A F Ao En S 1.0 /mlVt HE2 1x‘r 5

tlo >

o

&2 39 88 4 94 dMt
Salloll AR T2 QAL i 7d o Hid 2

g olg319om BT smaws 5TAN 1% Tt &
WHO}O"’ th 37C&E 7% Beltsville thawing solution
BTS2 343 F AE2(1,500 rpm, 10 min)dte] A
F0E AASNL b BTS 1 miE B7ae] 2] ALE
o}—oﬂ]:}. A2 H/Jr AA = A &g3 zJ;g} AHE] AAE 5}

*@1% AR Live/Dead™ sperm viability kit (Mo-
lecular Probes)Z ©]-8&-3 WS HAS3AT) Live sperm
7} Dead sperm /‘PO]J DNA9| Aol g o]&gt 3 M

WO 2 Live sperm~ SYBR-140] ¢]a] o2 0369,
1”‘1 Dead sperm< PI(Propidium lodide)oll ]3] #-&
Aow AN Hrh 23 4L 100 pgS) H el 1 ml
o HEPES(Sigma)wLO.l%BSAQ} 5 ug®] SYBR-14 working st-
&k (2 ug SYBR-14+198 ug DMSO)S #71sle] incuba-
ter(37°C) “dellA] 1027 AAAIZTE 108 £ 5 pge| PI
£ A7kt incubater(37°C) Al A 108 B4 & &4
#o| A @ooHl) stolld #Eaiint. FAS HAS Chlor-
tetracycline (CTC) 94& °]§¢ AAES AAPEHE
ol-gaitt. AE WAL HATTA 100 ug‘ﬂ] 2 ugel
Hoechst33258& 37}ste] Aol x] 383 A=) F1 mi®)
3% polyvinylpyrrolidone(PVP, ICN Biomedicals)E 71|
7, AgolA A4E-2]400xg, 55’—)5}"4 FTAE 311743&
# 100 ug® PBSE F-R3kqith F-Rd 9‘1‘011 el
CTC solution{(750 uM Clﬂortetracyclme (Slgma)+5 mM
cysteine+130 mM NaCl+20 mM Tris(pH7.8)12 % 7bA17]
3L, ARollA 38 FAAZT 1 ¥ 8 ugd] CIC fixa-
tive {125% (w/v) paraformaldehydet0.5 M Tris-HCl(pH
741 A7istel AAE aAAET Azt CIC sample
% 10 ngE slide glassoll #5349 5 pge DABCO®t £
grsted, AFAT (40000) ol A QA FHE 47‘“}93
th. CTCS Hoechst33258°] 3} A4€ A 2HS
HAAv (4009f) BhellM a4 7‘41}4 Fo8, 4
51 A} 2 BB oA ) A éﬂJ}__gg_ od/g};} RE A
T 285 2 HARS] ‘Q‘ﬂ"}ﬂ @2 AAKE), %iﬂl"%%
FAE 2L 745 59 °]°1‘4 AB), FH7+ A
ﬂzl W A HANRNS o] dojut 24Z}(AR)i 44

41

o ZHAHE & 5F

A o FHsHE & FH 25C9H 0, 5 10, ®
20 mM2| MBCD7} %7+l LEY 52 %% Modena Bl
g AIZE B BAEE S o8tk A 94
€2 (1,500 rpm, 5%)3t FE5AS A7 F Modena B
FAAE B & A 5d 2oz 28] AAE AlH
T A4 (2000 rpm, 102)E AAEte] dSdE A
7 & 6 ml Folch &%(chloroform:methanol=2: 1)Q kTl
vortexing 3t T} Vortexing?dt 32}l 0.58% NaCl %—@i



YA AH EARE= A MBCD &7 267

L5 mlE Y3l vortexing ¥ ¥ 414%E] (1,200 rpm, 10
BT YAR B AR 39 Sow el
o Slol 748 22 2A2EA 2ol ol Ee ch
loroform -g&9jell Holgl= A HE A tube 71t} Al
2 &7 tubed] 2 ml2] &9 (chloroform: methanol:0.6%
NaCl=3:48:47)& 11 vortexing 3t} o] 3 A1E-2)(1,200
pm, 102)E AAIStA AY olelell chloroform %<& 3
Tt AA7)AR chloroforme 28 Hul 400 ul
Folch &%l A Thin-layer chromatography (TLC)
e olgste] AHEAS A FE5d A2
F 3l silicagel ¥holl U319 11, Silicagel T2 A7) H(ch-
loroform:ethanol:water: triethylamine=30:35:7:35 (v/v/v/
vl g A7 v AN T Fell gy B
Uar 2052 fAste] ZeleE o Wsks 2489
o} Silicagel 39| Zul2E 29 & PHsly] oo 2
t~EE (SUPELCO, USA) standardE 7Zo] A 7)5ke]
cERE S PUERICEE  REEL

A M
A%
MBCDell &gt Azl Fel~eE o] Was 2As)

71 98l 25CellA 2 550, 5, 10, 20 mM)S] MBCD7}
Z7Fd LEY 23 FN3 Modena Bell 8 A|7F EoF 1b
AE AAE olgate] AAh FHUAHES FE319)
ot Ad FEL Folch P ol481%a, TLC
ojgste]l FUzHES Eelsla 29= Mgt LEY
SAN} Modena BolA MBCD F%o) wa ub g
HE WstE v 2453

A 2

25 4 g MBCD A7be] aiA £42 Yl
egg yolks 713 LEY 52 RE N ege yolkE W7}
A 2% Modena Bel MBCDE Z 5% (0, 1, 5, 10, 20
mM) HE Hejste] 25T 5T, 52 g3 & A AE
2 A AEE v BAskglh =3, MBCD 7k
A agdE Hrkeh] 8 A AN LEY BARE
ol MBCDE 7} 5% (0, 1, 5, 10, 20 mM) M= A3}
o 4 §3 & A4 ALY HA FHE vw E45)
ek AEES SYBR-149) PI 33 @RS 0] 838 dou-
ble stain S ©]-&8to] Flow cytometry2 &3e]
s BAsksich HA e ZARS chlortetracycline
(CTC) staining solution &34 HeFS o] 8314 flow cy-
tometry = &3] Iy dEl S vm A5tk

SH 2| (Statistical Analysis)

AgellA ol A= SAS 928 o] 8-8l9] egg yolk
el e frel A Apo] AL Ha f-o)xF 7% (Least
Significant Different test; LSD test)S ©]-83}9 on,
MBCD s%=7F 7oAl ZFoli= General linear model
(GLM)= #-85+9 Duncan®| multiple range teste]l 2|3}
o o) 2Hp<0.05)5 A8k

(Control)
Eggyolk+ Eggyolk+ Eggyolk + Eggyolk +
0mM MBCD 5mM MBCD 10mM MBCD 20mM MBCD
Modena B+ Modena B+ Modena 8+
5mM MBCD 10mMMBCD  20mM MBCD

Fig. 1. Effects of MBCD and egg yolk on membrane cholesterol
quantity of miniature pig sperm analyzed by TLC.
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Fig. 2. Change of sperm viability by treatment with MBCD and
egg yolk at 25C. *™*: Different letters indicate significantly diffe-
rences in MBCD concentrations (p<0.05). *: Significantly differen-
ces between egg yolk and with out egg yolk groups (p<0.05).
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Table 1. Change of CTC patterns by treatment with MBCD and egg yolk at 25T

CTC patterns {Mean+SEM, %)

MBCD
treatment Non egg yolk Egg yolk
(mM)
F B F B AR
0 47.3+0.97 38.7+0.9° 14.0+1.7° 42,0415 43.0+0.6" 15.0+1.2"
1 22.040.6° 50.0+1.7" 28.0+1.2° 383455 48.33.3% 13.4432
5 25.740.3" 47.3+15% 270+1.7% 51.0¢1.0° 34.041.7° 15.0£2.0
10 19.740.9 36.7+1.7% 436424 51.3+0.9" 36.3+1.3° 12.4+15
20 12311.5° 37.7+1.2" 50.0+1.2° 48.0+1.0™ 36.7+0.9° 15315

Means+SEM are presented. *~%: Different letters indicate significantly differences in MBCD concentrations (p<0.05). *: Significantly diffe-

rences between egg yolk and with out egg yolk groups (p<0.05).

Table 2. Change of CTC patterns by treatment with MBCD and egg yolk at 5C

CTC patterns (Mean+SEM, %)

MBCD
treatment Non egg yolk Egg yolk
(mM)
F B F B AR
0 26.0+1.8° 49.7+0.9" 24.322.6% 34.0:0.6" 43.740.3° 22.3:+0.9°
1 21.3+4.3% 47.0+4.0% 31.7+0.3 36.3+1.5" 43.020.6® 20.7+0.9®
5 35.32.0° 383220 26.3:0.3" 45341 8" 38.740.7%" 16.0¢12¢
10 24.3:2.0° 39.0:2.3" 36.720.3% 45309 35.7+40.3" 19.0£0.6™
20 14.040.6° 35.0¢1.7° 51.0£2.3" 36.0+6.47 16.0+6.3" 1840.1%

MeanssSEM are presented. *~* Different letters indicate significantly differences in MBCD concentrations (p<0.05). *: Significantly diffe-

rences between egg yolk and with out egg yolk groups (p<0.05).
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Fig. 3. Change of sperm viability by treatment with MBCD and
egg yolk at 57C. " Different letters indicate significantly diffe-
rences in MBCD concentrations (p<0.05). *: Significantly differences
between egg yolk and with out egg yolk groups (p<0.05).
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Table 3. Change of CTC patterns by treatment with MBCD and egg yolk after frozen-thawing

CTC patterns (Mean+SEM, %)

MBCD
treatment Non egg yolk Egg yolk
() F B AR F B AR

0 5.3£0.3% 28.7+4.9% 66.0£5.2" 17.022.3" 63.3£0.3" 19.742.0°
1 2.020.1° 11.340.9° 86.7+0.9” 22.3:0.9% 59.743.8" 18.0£2.9°
5 33103 16.0£2.3% 80.7+2.6" 24.0£1.7% 63.742.0° 12.303"
10 2.040.6° 11.3+1.5° 86.7:0.9° 30.045.8° 52.0+3.5™ 18,0423
20 9.043.5" 30.3£7.2° 60.7+10.7 255+1.4° 51.5:0.3% 23.041.7°

MeanstSEM are presented. ** Different letters indicate significantly differences in MBCD concentrations (p<0.05). *: Significantly diffe-
rences between egg yolk and with out egg yolk groups (p<0.05).
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Fig. 4. Change of sperm viability by treatment with MBCD and
egg yolk after frozenthawing. *: Significantly differences between
egg yolk and with out egg yolk groups (p<0.05).
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Fig. 5. Changes of viability among 25T, 5C and frozen-thawed
by treatment with MBCD and egg yolk in miniature pigs. *
Different letters indicate significantly differences between 257,
5T and frozen-thawed (p<0.05).
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Fig. 6. Effect of MBCD on viability of frozen-thawed sperm in mi-
niature pigs. **: Different letters indicate significantly differences
in MBCD conwntran(ms (p<0.05).
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Fig. 7. Effect of MBCD on CTC patterns of frozen-thawed sperm

in miniature pigs. ° * Different letters indicate significantly diffe-
rences in MBCD concentrations (p<0.05).
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