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AFZ9 =24A-A A Fo 9lo]
Ethylene glycol¥} d4bstA| o] Z3ho] &4

g ¥ A Aol MAE 9P

2 AFoA = AFS9 sZ2HA S MAs7] $1381e] ethylene glycol¥}

&2ksk Al 24 taruine, hypotaurine, trehalose?] Z&ol 54 g3 & Ao &

4, AEE, AAY integrity, H A integrity 2 FAFe] WA W] HF TEH o
nAE Gl st Agstaar Fdsidn AF5e] AN Ax A F
AR S A ZA 5% ethylene glycolS X33 A AS AR&3dte] z2H2F 20mM o)
taurin, hypotaurin, trehaloseE % 7}sto] A go] FAIsH A3 52 st & 4
kel A AT e FoH Aol v AR A&

taurine, hypotaurine, trehalose®] % 7}7} 68.10% + 4.39, 69.20% + 6.65, 67.95%
+ 4448 thx- 63.35% + 558 Hlst] Fo Ao R H& AEAS HEUH
(p<0.05). AA=  integrityell 914 taurine, hypotaurine, trehalose X
64.10% * 542, 61.50% = 3.66, 59.00% * 3.95= swelled sperm®] H]&©] oz
53.656% = 9.720l H|sto] oA o m & UdtH(p<0.05). B HA FF ¥

A g8 & taurine?} hypotaurine® #7}ato] tjZato] H|3}e] F pattern®]

H+



of o7 ko (p<0.05), taurine®} hypotaurine H7FtS tiZto] W] B
pattern©] & oA oz A H(p<0.05). E3 AR patterne  taurined}
hypotaurine®] — #7kato]  tixTol  Hlste]  fFeldo=m ko (p<0.05),
trehalose @A tZ+H Tt} AR pattern 0] @& H &S HJoy Fo4 A
o= gtk Al A W HFEFH o] AP FAHELS taurine,
hypotaurine, trehalose®] %7} (1.60 + 0.55, 1.80 + 0.45, 1.20 £ 0.4

(060 = 055 HY FYHo=z =A veygom SFI A5 9A taurine,

hypotaurine, trehalose®] 7} (0.70 £ 0.17, 0.80 + 0.14, 0.58 04)7F Wiz
(0.40 £ 0100 Hlste] FoAozE =2 A3E B
oje} 2 A9 A= AFIZHGo A Axo] Slo]  ethylene glycol

FA3bA| A taurine, hypotaurine, trehalose®] Z3dto] AHAAE F2 Faf 3+

T A, AEE, AAY integrity, A integrity 2 AR o] WA W A EF
= 24e] FAA N Ak B Aol A}
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Glycerol& 2 #5ot 429 AN Ax A TARIAZA ALg5 o] sk}

offt

-

AR S A ZA glycerolS AFE3F o] (Polge 5, 1949), ¥ FFE X33k t}hefs
Mol WA AZAE glycerols ARESHAl = AT (McGonagle &, 2002). 1
A glycerol> &Z2% AME Ax9t diab ZFgo AFESE stresse} toxicdt 3
S F+d (Hammerstedt 5, 1990), ©o]&jsk A Az Axue] g
(Hammerstedt®} Graham, 1992; Buhr 5 2001), A#le] &=y =34 T3S 7
2AI 715k (Jeyendran &, 1984). olo we}l glycerols tAlE 4 &= vt A
9 A8 FEAR A AAE o] Fo|A Stk 11 % ethylene glycol 54
ol Ao glycerol? M-S W W=g FF FHARE AARE U

AR Ax A FARIAZ AEsdE W gl ¥ AAe] EEAoly

r

membrane integrityS 7NA%= & 371 At} (Chenier &, 1998, Vidament 5,
2002; Squires &, 2004; Alvarenga &, 2005). H3F ethylene glycol> AlM&
(Gilmore 5, 2000)3 A (Guthrie %, 2002)2] AAfoll A A Eute] HE L7}
glycerol®.t} w21 gyl FARIAZ dHA At} Gilmore 5 (1995)
ethylene glycole] @& FE|AEEE 7HA| 7] witol AR Alx7F Y7, 5245 &
¢ AHFY stressE AAAIZ G Aok Stk AR AEE I & 9o
ethylene glycol glycerolell Hlsto] sj= <daFo] 27] wj&el (Ball 5, 2001),
kel HA BEA Qo] By g3 RoeHs Aed £ dvh @A

e}
B
A, AEA, AR integrity, T8 58 2 AA9 7leE& FAAZIT (Aitken &,
3F
=

1998; Bilodeau %, 2000). Are] Mxz2e 5= EX3AHAS



], O, T OH o 9dte] atsixutow wWE 4= glth (Alverezet Storey,
1989; Storey, 1997). Aol FAHANA HAst= O, ¢ OH & SAAA:
(reactive oxygen species, ROS)E A, Ax+S #pals) x| 9lsl A A S Al
HArh. ROSel o8] 4" AAes g8l & 54 2 ALEE&o] #HAe o}
(Maxwell¥} Watson, 1996). < A (Uysal %, 2007, Sariozkan %5, 2009), =i #]
(Funahashi®} Sano, 2005, Hu ‘%, 2009), % (Bucak &, 2007), 7|
(Martins-Bessa %, 2009; Michael %, 2007)2] FZ2Ad A|Zo| <Al taurine,
hypotaurine, trehalose®} 2 dAts =4S AR TA 74 H7tste] &4
gl & AR Aol MAHEJATL Barsd

A, 2 AFdM e AFSe] FAAN AdS skl flste] ethylene

glycol®} 3FaF3}A) 24 taruine, hypotaurine, trehalose®] %3to] Az %72 &3

e

o
s

B~
ol
o N

)

5 Aol WES A, AAY integrity, H A9 integrity E A T W
A5 sHol gt xAbstazr a5k
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Table 1. Components of extender used for freezing of Jeju Black Bull

semen
Component Concentration
Tris 121.1 mM
Citric acid 294.1 mM
Fructose 180.2 mM
Ethylene glycol 5%
Egg yolk 10%
Streptomycin sulfate 10 mg/ml

Table 19] Aoz FHAZS WHEJAon 5% ethylene glycole] E3HH 314
AE HEztoz ARSI 5%9 ethylene glycole] ¥3H¥ 3] A Ao taurine,
hypotaurine, trehaloseS Z}Z} 20 mM 2 H7}8be] Aoz AREsch 29
AR 7L AbE A AS Tris-Egg yolk extender®t 2& H]&= 34 3to] 4T
AR AR Sotell A 2RE SEoITh AR SA e dAkEAZE H7kd 8
Aoz HF v% 50 x 107/mlez w5 05 m TAAY ~EZ S A9

FEsta 2413 B¢ 2= FYES ol FA et #E2 AAALTE A &

AALe] $5A H7F= MicroLux @77 (X 70, Olympus, Japan)< ©]-&3F%th.



4. ARk AEE

Axrel AEE H7l= 05% EosinmY @A AF&8tddh 10 wle] A Ay &=
of GAAS 4o &Egftole FTtse] =l o AWME Yil MicroLux &1
4 (X 70, Olympus, Japan)stell A @29 A5 sl 100 #&olA A=}
of dA FejE st AEF T 200709 AAE Aol HA @ME & 3
7k vl &S AT JRA G 270 AMES wEo] AEES v HU s

o},

N
o

|

5. AAE integrity ¥ 7F

A2 interity+=  Jeyendran & (1984)¢9] WHE W33 Hypo-Osmetic
Swelling Test (HOST : A& A= o] &3 A vF FFFH 4= ol &3k
th 37C9 0.45% NaCl A%<} 1 meell FAF 100 & SFate] 37T FxolA
5 g 5 Eotol= Stz mEsiddh 23 245 fstel AE 7 F
2> 200709 AARE Aol A integrityE W7FeFAvh JHAl F 2706 AlES

wh=o] AAE integrity & W sk Sith

A
=

L

om WA goe

=

Chlortetracyclin (CTC)GAHL A HIE Lolr = W
400 goll Al 2w3F YA wEElslal 2R SAE AAS & PBSE AT AlH
sk Ao CTC €4 (5 mM cystein, 130 mM NaCl, 750 M CTC, in 20 mM
Tris buffer; pH 7.8) 500 wloF 41o] 20%7 U2 74 ol AFLo A w3}
gtk CTC w+eS wAs7] s 10 we 125% glutaradehydeS Eo] 4Tl

il



WA A T 24X Yol H7E AA s e, Fraser (1995)¢ E7FE
o] &3t A HA 9t Ml w5 v|FoR o] 83T

Table 2. Definition of sperm memebrane pattern by CTC staining by
Fraser (1995)

Pattern Description
F Full fluorescence characteristic of ejaculated spermatozoa:
Characteristic of  uncapacitated sperm
Banded-indicative on capacitated spermatozoa and fluorescence
B only in the post acrosomal region: Characteristic of capacitated
sperm
Sperm showing a mottled green fluorescence over head or no
AR fluorescence on the head: Characteristic of typical acrosome

related spermatozoa

7. 44 ¥R g AF 59 97}

o] da fl AF w8 Hrbe F2E JAE ol &sivh. WA A wjg
L& flste] ¢F 155789 #xE HF o] PMSG 30 IU9F 4847 5 hCG 30
IUE FAFsEA T @3] hCG FAF 16A1%F & 7jEste] dto e FE 3]
stk WA e] G rEAME AAE= 01% hyaluronidaseE o] 8§38, T
trypsin©. & A 7 891 o}

TAE BAE gt 400 goll Al 23] AL FARIAE AATF &
heparin (10 pg/me)o] E3stE TALP vl A 39T, 5% CO, vi¥7]ol A 10+
F Az $AEIES FESAT. FATol F5E AAEZ 2 x 10° live
sperm/ml FE== At 2y WAReh 4XZF wjgside Ao A FT
otr 7] 93 Wik & dAE PBSE 2-33] A|lAHstal FEfo]l =
3l methanol : acetic acid &< Al&3th. &eho]l =0
lacmoid (1%)= @Mt dAn o= dxpg Ax}o] wstE 3
gate] Wsli= Oh 5 (2010)9] Wy o=z Hristsrh
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Ethylene glycol®} taurine, hypotaurine “LE]3l trehaloseE 7 7}slo] Al F3-%-
oo AR FE5AdH AEES Table 39| YERT vh9}

Taurine®} hypotaurineS =&+ 2
5 Alole]  f9H

HAo, o=
hypotaurine, trehaloseE&
£S5 1A (p<0.05).

Table 3. Effect of taurine, hypotaurine and trehalose with ethylene glycol

on motility and viability of frozen-thawed sperm
Viability (%)

Treatment Motility (%)
Control 6700 + 837 63.35 + 558
Taurine 63.00 + 5.70 63.10 + 4.39°
Hypotaurine 69.00 + 822 69.20 £ 6.65%
Trehalose 64.00 + 4.18 6795 + 4.44%
ab Values with different superscripts within the column are significantly different

(p<0.05). Data are shown as mean * SD.



2. 4 &3 & HA9 integritye] W3}

AF559 4 §;MF HOSTE F3l AA 9 integritys FHAMS A=
Table 42} 21},
B ool A} taurine, hypotaurine, trehaloseES @3t 23 4= A¥ iz

of Hl&te] FolHog Wt =& AR integritys YWEFWATH (p<0.05).

Table 4. Changes of sperm membrane integrity for frozen-thawed sperm

with extenders added taurine, hypotaurine and trehalose

Treatment Swelled sperm(%)
Control 53.656 + 9.72°
Taurine 64.10 + 5.42%
Hypotaurine 6150 =+ 3.66°
Trehalose 59.00 + 395"

abe Values with different superscripts within the column are significantly
different(p<0.05). Data are shown as mean = SD.



3. %4 9 ¥ A4 AL wg

Figure 12 ethylene glycol®} taurine, hypotaurine “1#] 3L trehalose”’} A|F3--$-

o A g3 A4 Qo] FAT Wae] v G et Astolt,

F pattern H] &2 W3}l o] taurine ¥ hypotaurine *1#] A] EE A g9
AoIA FYAoR =2 ARE UEAT (p<0.05). B pattern®] H]-& W3} HA

taurine, hypotaurine Al elM FolHow W2 gFo AiE yEHlY
(p<0.05). o] H]3&| AR pattern® H|£& W3}i= hypotaurine *12]7} BE A3+
7hed foHoew s e n&S Hgow (p<0.05), taurine @ I
hypotaurine A2 thgo2 & &S YeERUE gz fFol4 #olg X
At (p<0.05). L2 trehalose A ] 7= w0 H|gle i & &
gllov o4 ZolE YEbli A okt

i}
i
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4574 §3 F AR dA ) AE 59

AT AN FAo| 9ol taurine, hypotaurine 12 3 trehalose2] =27}
T3 & AAe *x ) HF5HS Table 501 Ul v} 2t} &4ksHA]
2] < hypotaurine¥} taurine FH7FelA A
sperm, enlarged sperm 121l SFI index7} thZxwol] Hlale] dx} W I F50]
ooz =A e THpP<0.05). Trehalose 3 7hte thzatol] B3] &
A&, SFI index 1¥] il enlarged sperm® H] &S Fo#H o7 =7 vEhyto
o}

W(p<0.05), decondenced sperm®| W] &< thZzad o4 Aol= QAU

of

sl A& decondensed

Table 5. Evaluation of sperm penetration ability for frozen—-thawed sperm

with extenders added taurine, hypotaurine and trehalose

Treatment PN DC EN SFI

Control 060 + 055 140 + 055¢ 140 + 055" 040 = 0.10°
Taurine 160 + 055 200 + 071> 180 + 045 070 + 0.17%
Hypotaurine 1.80 + 0.45* 260 =+ 055" 220 + 045" 080 =+ 0.14°
Trehalose  1.20 + 045* 180 + 045 160 + 055* 058 + 0.04"

PN: Pronucleus , DC: Decondenced sperm, EN: Enlarged sperm and SFI: Sperm
fertility index. SFI= (PN x 2 + DC + EN)/No. of oocytes.
abeyalues  with  different superscripts within  the column are significantly

different(p<0.05). Data are shown as mean + SD.
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A TARIA] glycerol &9 Vi T HEdd ERE=E9 AR sHAAA

oA wol o8&

3 AY (Baren &, 2004; Li &, 2006; Silva &, 2002).
Glycerol> 52 gl Ao Alxze] &48 ZAste 93-S A% AA &
Aol o] AME wre 3tekA =4 AR 2EY 29 wdste] glycerolo] A

kol Al uat ARG o] FEFE Fo] AR A B FATHES HAaAA
il 3o} (Hammerstedt &, 1990). 1% %9] glycerol A9 AlHS o7
™ (Wundrich &, 2006), AlE£%S §3ste] AZ Rz JFS o glycerold] &=
7b Bl SRt =i Hu 5ARIAE AAT W g Bo] AAHE &
=R glycerolo] A ¥ = HRrb =uR Az &2 o] FAGA BAH
= Q8] gAre] "ol &S AA Hol glycerols E{F AR T A AHFES
&gl Agittal g AT (Gao &5, 1995). FARIAZF AEES F3te] A
Fz AFste] Az W7t HEo] ofFolxu adistd avE ey
(Gilmore %, 1995). Ao TARIA+= & 2o A Uz w2/ HF
STHAME HAo] HEE vtolof ghth (Harrison &, 1996). 5 AR S Aol upe} Al
Y HF Sg€o] tEHd), ethylene glycol& A% (Gilmore %, 2000)3 4
(Guthrie &, 2002)2] AApA A AETe] HFE £%E7} glycerol Kt} =31 3 3}
Zolgtal d#xl Utk =3 ethylene glycole @S FHHALEES 71Xl Qo]
A7 ¥z B w4 He w9 ARSE 2EHAE BAAE 5 dvhal By

ATt (Gilmore &, 1995). gx}e] AEEY &H 9o glycerol Et} =& K

ol HluA vb7] wifo] (Ball &, 2001), ethylene glycol Azt HA| HE
Hell o] A HEsdS vEd ¢ vk tEe H F (201D AFS

S Aol sAAN Az o] TARITAZA ethylene glycolS ©]-&3}¢]
SHAEHNE dojudith

T2 g3 3AHL A A F ROS (reactive oxygen species)S S 7FA 71t}
sAINAY Ft BAS= ROSw AA 52 F3 F 7les ASAIA HA

=5, AEA, AAT integrity 2 FA 5 HA S v HT (Aitken T, 1998;

_18_



Bilodeau 5, 2000). Hypotaurine¥} taurine< A AFo] & ubA|Eo] dhakst =28
= ot AR WAsAASE AT o mA FAAEE BT (Foote &,
2002). 18]3L trehalose= H|ZAAA o]dF(non reduction disaccaharide)©]™,
|Zure] XA o] Fzzgor lste]l wielo] wiEd WAAAstE AX
ot AFEY 2d2 AEXE H3E3t (Molinia 5, 1994; Storey %,
1998). 1evt & A3 A3 FAY Aol o] & 23 e AY
T Atolo] zpol:= YERUGA] koW taurine, hypotaurine®] @ F+7F thET-9F
trehalose®] A&l H|le] FolH oz Hr} w2 AESES YERWE (p<0.05).
o3t A= ethylene glycols HSZAR I A Z AL-gdte] =245 Ao glo] 3
= =

Ags F AAe e54 wrie AEsd 9FE vAE Ao

R

>
0%

A integrityw ARl AL EETE oy et A H Al F£ATE g
=, AARSHE HBHIE #AE o] BAY FAHTHE Frist=d f83 A
F= AHEHEY (Jeyendran &, 1984). whebA A2} integrity AAbE A HFH o=
deFAolyt Al HAF Bup AIZFe B §o] defm By HA AT Y
S 5T F Atk 53] AlgelA = FH5E EBe 7Hded S Hrkske o
A2 integrity FHAF Al BARE Aol Wol A} mRUL @A HEs 3
7hstel gAte]l A HS dSsta Atk (H 5, 1993). F GAe 54 §3
Aol Aisen 5 (2000)2 trehalose’} A Aure] £AHS H]
o1 Shiva Shankar Reddy 2010)+= buffalo g2 524 A] taurine® #H7}7}
A2 integrityE S THAL sk & Aol A ARSAl HIbe BFTL
271 swelled sperm Hl&o] Fod o2 =7 YeESTH(p<0.05). o]t 2
¥}= taurine, hypotaurine, trehalose®} #-& 3dak3tA7l FZA Ao LAFF=
ROSZHH A& A o= HEs e Ao= o

4 &3l F AR A At Aol A EA, A AEE 2 AR

2 integrity 3 ol 4% 5 mi YANES e vj$- T

i
o

B
. Kommisrud & (2002)2 AAke] 459 85 32 JARESo] 4ake] 4%
g v A wdol gl Ao Hiuslt HEol Oh & (201002 CTC

GAHS ol g3t A AN A FY5E 5 L PA) wge P
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st $48e Bust dwdon

A4 AR $45e 958
A AHdd = HANESo] Aot AR pattern U= 5] 5% B pattern

o] A7} @olok 3t} (Fraser, 1995). Suzuki 5 (2003)2 A-&FA Al AA}9
T4%59E B pattern®] AAREZ 1T F dvtil BT F45E g
5ol ¢45d A= FHdol oste HARES o] doJuA¥E (Yanagimach,
1994), =il Agtslr] o] Ho] HAutgo] oln Aol A= Ewyel Ag
shed o3 AES doiEA Hug AdHor FAHd FAqdTd 5 A =
t} (Adeoya-Oshiguwa 9} Fraser, 2004). 18] 3l TZ23A ol AETL oz
o = A o] gel 3t7F dojupAl HH, o2 <&} calcium ion chennel®|
715 Bl AEW Zud TR FATYEYEH HAWNSS doiin
(Szasz &, 2000; Pena &, 2003). wrehx &2 §3

A& AR capacitation-like state AAFe] H]&o] AlEAHA Ho= oF 25% A

2
o

capacitation—like change

:11‘

T =4 Yetsth (Pena &, 2003). °]xH HZ= <A capacitation-like state
A2 S7HE AR A EH S AAANS & F Aok (Parker 5, 2000). &
Aol A F pattern®} B pattern®] H] & 219 taurine, hypotaurine =5 o
ZFol Hsty ¥ FFE YELWUAIR trehalose A TE R #9
Zpol 7} yebUA] ekt olgldk A= FA3}A w2t taurined} hypotaurine©]
ROSZHE AAEZ A¥dom HFdo] F pattern Z4E  dola,
capacitation-lieked state A A}2] H]| &S FHAS eleE Aoz & 4 Q. ¥l of
e, 54 §3 & 7] HANSo=m Qs AAA FHo] EI/MsE AR
pattern H|& 9 A] taurine¥} hypotaurine A 2ol A

B}t o™ (p<0.05), trehalose =3t tf ol H|&}e] tha vhe =32 AR pattern

2w of EF ol FAAL FA S BEd A= AR &

v W2E e ALFAS AA AR JAFFEHS gldt (Yanagimachi

s, 1976).

rie

A 9] Ao A= taurine, hypotaurine, trehalose®} 22 &4Fs}
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A Aot 25 2o Hste] 2 $AAH FAd & SFIE HoFRom,
decondenced sperm¥} enlarged sperm® W] &o] Qo] A% taurine?} hypotaurine
o Aol txatel vls] fFeolAom A YERT (p<0.05). ol H g A=
AA At FAksAZy Fapel A HA T dAeE ROSO EFCRFEH A
A2 BHostel F2 §3 F AAY AEA, 548, AT integrity, HAT
b=
o] =74 AHA A Fo| o] ethylene glycoldt d2katA] <l
I el EA st

[e] S P
= A

i, AgHer AAe FAHTHS BT S HuE

rol
52

)

integrity S &4+ A]
R ia= |

taurine, hypotaurine, trehaloseE H7}go =24 2 &

ol
Jloi
o

ol

o
rr

A

o
ofr
)
o

%2

ROSZYH A#E Busta 54 &3 & Axe ¢

< HolFdh
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Effect of ethylene glycol and antioxidant combination on function

of frozen-thawed spermatozoa in Korean Jeju Black Bull.

Ko Min Hee

(Supervised by professor Kang Taeyoung)
Department of Veterinary Medicine, Graduate School,

Jeju National University, Korea

Abstract

This study investigated the effect of antioxidants such as taurine,
hypotaurine  and  trehalose  with  cryopreservation medium  during
cryopreservation of Korean Jeju Black Bull spermatozoa. The
cryopreservation of freshly collected spermatozoa was conducted with
four different conditions. As a control, spermatozoa were cryopreserved
with Tris egg-yolk extenders added 5% ethylene glycol(EG). Taurine(20
mM), hypotaurine(20 mM) and trehalose(20 mM) were individually added
into tris egg-yolk extenders with 5% EG. After thaqing of frozen
spermatozoa with four different conditions, sperm viability, motility,
acrosomal integrity, membrane integrity and sperm penetration ability to
use zona free hamster oocytes were investigated. The significant(p<0.05)
improvement of sperm viability showed in all antioxidant treated thawed
spermatozoa(taurine; 68.10% + 4.39, hypotaurine; 69.20% + 6.65 and
trehalose; 67.95% + 444) when compared to control(63.35% + 5.58).
Neither positive nor detrimental effects of three antioxidants were shown
sperm motility after thawing. The results of hypo-osmotic swelling test
showed that the membrane integrity of taurine, hypotaurine or trehalose

treated thawed spermatozoa(64.10% + 542, 61.50% + 3.66 and 59.00% =
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3.95, repectively) had significantly(p<0.05) higher rate of the swelled
sperm  compared to  control(53.65% <+ 9.72). Hyotaurine treated
frozen-thawed spermatozoa had siginificantly higher(p<0.05) F pattern
ratio than taurine, trehalose and control treated frozen—-thawed
spermatozoa. Trehalose added frozen-thawed spermatozoa had
significantly higher(p<0.05) acrosome reaction pattern ratio than taurine
and hypotaurine added frozen—-thawd spermatozoa. All taurine,

hypotaurien  or  trehalose added  frozen-thawed spermatozoa  had

I+

significantly (p<0.05) higher pronucleus formation ratio(1.60 = 055, 1.80

I+

045 and 120 = 045 vs 060 = 0.55) and sperm penetration index(0.70
0.17, 080 = 014 and 058 £ 004 vs 040 <+ 0.10) than control
frozen-thawed spermatozoa. In this study, we found that antioxidants
such taurine, hypotaurine and trehalose treatments during
cryopreservation process could reduce damge of spermatozoa of Korean

Jeju Black Bull and improved sperm capability of fertilization.

Keywords; Ethylene glycol, antioxidant, semen cryopreservation, Korean Jeju Black Bull
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