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Effects of Sperm Activators on Sperm Penetration of
Hanwoo Qocytes Following I'n Vitro-Insemination
1. Effects of Sperm Activators on Sperm Penetration, In Vitro
Development and Offspring Production in Hanwoo Oocytes
J.T. Kim, K. 8. Kim*, B. C. Leet and W. S. Hwang
College of Veterinary Medicine, Seoul Natonal Unwersity, I5I-742, Repubhc of Korea

SUMMARY

Techniques for manipulation of spermatozoa and oocytes have been widely used for in
vitre production(IVP) of Hanwoo, This study was conducted to examine the effects of
theophylline and heparin on frozen-thawed Hanwoo sperm for enhancing the efficiency of
IVP technique.

Oocytes were inseminated with frozen bull semen treated with either theophylline or
heparin for examining the effect of each substance on fertilization and subsequent devel-
opment. More{P<(.05} cocytes formed pronucleus and develop to the morula and blasto-
cyst stages after inseminated with sperm treated with heparin than after inseminated with
sperm treated with theophylline, The pregnancy rate after embryo transfer was higher
after heparin treatment than after theophylline treatment, but did not differ significantly,
There was no significant difference of offspring delivery between two groups,

In conclusion, theophylline and heparin can be used for enhancing the efficiency of I[VP
system for Hanwoo, Considering characteristics of these substances, theophylline may be
useful in the artificial insemination system, which requires vigorous sperm motility, While,
heparin supporting sperm viahility in virre can be effectively used for improving in
vitro-fertilization system,

(Key words : sperm activator, theophylline, heparin, fertilizing ability)
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o et HAWE dor)r) g8 dal F
F Axvte] ${5YE 53 Aotk (Zan-
eveld 5, 1991). oJ& % & & 7P & Wi A
o)A dojnm FA2 Axwe] vFrrE ¥
cholesterole] & xpe] M X b 225 2 o5
29 fF4E H3AA choesterole] A AT,
A #] %l cholesterol&- albumin®} 1% %2 lipoprot-
einsel] 18] EF¥H(Langlais F, 1985). o8] gt
AL Al e 3l HAESE Ay Ada
o2 oot Al AATAAELL H7t
sl eyt o] F o)t} (Bedford &, 1983). 3%
HE A2 Austin{1951) 2 Chang(1951)<] 23|
A HZE MIEGen o EL Gt Gt 3
A8zl HAEME dAF AGESE Rl dde
oA mEFel Ftka nysdy, Iritanis
Niwa(1977) & 49 FAE okl E7]9 A2
=3 JdA 3% J5E A9 ekt
AFstdrh

AJer FHFTYHENSE dode AAEA
E3d £ theophylline£ methyl xanthine deriva-
tiveo] 9% ¢ 2 phosphodiesterases] =42 o3
gte] A e eyclic AMPE Z7HA 2104 {Loug-
hlin %, 1992). AAFAAED F pentoxifylline
3,7-dihydro-3,7-dimethyl-1- (5-oxohexyl)}-1H-pur-
ine-2,6-dienee 8, iAoz Trental® el
A3 g FRFFe] A uAs AaHy A
#Z8.2  theophylline® B-Atsbci{Morales 3,
1993). 19894 Niwa $& $72-83 F4L caf-
feine#} heparine] #7H8 =) o)A] =)= W) g »
18 H A AR e AR vlEA] FoFom
Az e] A9 M= wikEE WE e £ theo-
phylhne 37} ¥ Aghe] Ab2Ade &84 Wz
(Homonnai &, 1976)%} 2273 4 Xz« %
FAA FEHEE vadte A8 {(Harison %,
1978) % Ql8le 7ha i caffeined] o] H5
7t g vH e P
(Ax 3, 1976). A8 B2 5 heparin® AFEA
Ad #etds AT 54 vz dF(Val-
encia §, 1984), AL oA e 22EH FA19
Hawk-go MAe FE(Boyers §, 1987)¢) w3t
HE Fol dsF

477k +9 =

ool A o} go] AL B BT g AP
7} 219079 theophvllines} heparing] &3e) o
A A ol de) ' AA o (Jaiswal
%, 1996; Loughlin &, 1992, Fornes &, 1993:
Morales 5, 1993; Mbizvo ¥, 1993; Sikka %,
1991), old] £ M E A& HAREI Y
9 244 FE HAsd, AA4gA4EAR *}%54
o2 3L ¢)E theophylline, pentoxifylline ¥ hep-
arin § 8] AN ERZ A TAAHAE o4
o] AL FAE A Fo AAAGE 2 B
o 4G E AR 5o Pl E d%E Was

A,
MZ 5 Y
1. B2l e] 7|9

1) A2l &=

e A3 2 A 9445 Fukui(1991)54 W

Hel Fele g o] AAs et FAE dA
e E&d 85 Uz |4y, 98 @ 4ARE
TEEH @x Sadezn AFLAL A /}l-%
AWEch 222 dAS A3y i
o H-Es=le] e 5

|F\1

rE

AdzEE AAT F 100
I /ml penicillin @ 100 pg/ml streptomycing:
e 30Ce] A A (0.9% NaClye] Ry
& 3NzE opfld] AP AR Swst 4145 e
AR 28] o] A F n Y sudzlE AR Y
WzbAl gl A derh gl volAe] Wel 37T &

&l A v

el et z]M 2 A& W-TCM199(Gibeo
BRL Inc,, USA)E, AAdSekdsE 10%9)
FBS(fetal bovine serum, Gibco BRL, Paisely,
UK), 15 mM sodium bicarbonate, 2.5 pg /mle)
FSH(follicular stimulating hormone, Antrin®,
Denka Pharm,, Japan) 2 1 pg /ml estradiol(Sig-
ma Ca_, USA)E 2714 TCM1992 Ar&-8lsd o),

A4 18 gauge FAHEE AR 10 ol
FAZ R W-TCM199& Fl, FAR A FA1714]
WaAE e F e AvE(EA 2~7 mm) 2
B dxd g g F9, Atk GAE Y



g GEels ZelAY petrl dish(100x20 mm,
Becton Dickinson Labware, USA)el| 557} A 3
A7 E AEHe A AU WSt Leib-
fried%} First(1979) 2] £F A& £t ¢4 =%
7t AW EY 2% o)k B-EE Jm AxFe] #4d
F A g et o,

Al el = 4-well plated AMS-3tlom gk
# 2t welldl] 500 pl2] A< g8 TCM195E ¥ o
i oE7] el AR A et Adrst vjgsdAs W-
TCMI1998 2 33, A&wde TCMI9L= 13
AqAstel 2t well 3 20~50/05 Hrhste 30,
5% CO, incubator WA 24417k A<ul ¥ 8%
2

2) A2
A swim-up, DA%, ER A 8 A9

FA o) o] &g )& TALP(Table 1) 24] Fuk-

ui{1990) 2] Wy o) &5be] A st 28 vty

& Ay F Hell COp 7] el B AL
A Az 2 A SeAdL Fukui(1990)¢] 4

off &3t A g 22z vhEt Ze] AAE

Table 1. Composition of mSOF* for bovine embryo
culture i vitro

Component TUnits Volume
NaCl mM 107.7
KCl mM 7.2
NaHCO; mM 25.1
KHPO, mM 1.2
Na-lactate mM 3.3
(60% syrup)

Na-pyruvate mh 0.3
CaCl; mM 1.7
MgCl, mM 0.5
Glucose mh 1.5
Phenol rad pg /ml 5.0
BSAb mg /ml 8.0
EAAs % 2.0
NEAA* % 1.0

* Madified synthetic oviduct fluid.

b Bovine serum alburmn{fatty acid free, fraction V).
¢ Essential amuno acids,

4 Non-essential amino acids,
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At % £A4AN(0.5 ml /straw) & HHFUH
oL EN Y FEUgey Z A str-
awe 37Ce &l 3027 FH® ¥ 5 mle] F2
2% A &% (Becton Dickinson Labware, USA) 9l
Efagch S 44 & 989 L54E AA
w7 3ol A Felg F e AT 0.8 mle cap-
acitation-TALP{(pH 7.4)7} <%l 8~10749
Zal ¥ A ¥ & Ko pasteur pipetteo = 0,2
mig] Aeolg B F 5% CO; w7 142}
AAA A swim-up A2 sHA 45 9 F 0.6~0.7
mlE F9 5 15 mle] 943 (Becton Dickinson
Labware, USA)) =2 % 23 44 AAauc
(600 g, 5¥), AAE hemocytometer2 AR,
50x 1050 /mlé] 2= F4ea o A F
AAYAH B o] A7 capacitation-TALPE F
ZF Axetdach Axe AAFYELLE THE F
5% CO, W 71U ol 1587 AATFo =y +3%5Y
5& f=skarh

RAAAT HAl A E@hAE petri dish(60x15
mm, Corning Costar Co., USA)l| Ju vitro fertil-
ization(IVF)-TALP (pH 7.8)E 43 {8} v43 &
WE % mineral oil (Sigma Co., USA}E 5 %5 ]
5% CO, Wik Well FR A AAe] swim-up
A9 F ALz W-TALP(pH 7.4) 2 33
AR F 5~712 YAE 3 ple] wiFd st A
4, F4% v 2P F9) 51 5% CO; v F71u
d AANAT +AFES AHe $RE A
AHo.e HA7E 201097 /mi7t $E= Zh2te] o
23 o 4 ul¥ FYstdan, 5% COp vl 71
oA 24474 A AL AN EAY, AAEHER
& 2}z} viabilityst MOT, VCLo) 3 328
£ ¢] heparin#} theophylline2 A}-&-8ts v},

2 #rrel s 0lx= 2= HAEHEE
o Hgt

A g AT F pADLE 1847 o v
ad e R 5 AL okl 2 2 &3 pipetting 3t
o Ak s o] gl AA @ G AEE A7
B & aceto-orcein @4 (Sahoo 5, 1998) S A&
& s1dA dvA st A AR st @2 A

3 QA e, A4 R A, g4 1Y 4 E



% 343 A48 B¢ BARA,

1) M 2|=E ato] oA

seto| =2 apie] AW et 272 449 A E
geltger Ay 3 FHd 41049 A& ¥
2 F ANSELE B3 AUy 58 ol & @
A8 Farh ol gFetag 7HE el Alo]a
23 9 (caccodylate buffer) & E3A7] ¥ 10~15
£ AN F A9Ydre ded B aceto-
orceing & (o} EAF  45mi +orcein 1lg+5F 4
55ml) & el 2 BHA| 7| @7 sol] A g&e
123

3 BHRUR) E7|dHbol DXL HE HAEY
sxo| Y
1) ®eluh

uj okl & modified synthetic oviduct fluid
{SOF) w| A (Table 2) & A}-& 3} petri dish(30x
15 mm, Corning Costar Co., USA) <] 30 pl¢] nl &
&g 9E £ mineral cil{Sigma Co., USA)E =
E5ha] 5% COy ¥l %k7] el AA A Z

£33 & AR GAE CO vl %7 e 244
FLE A ) B e et K= = G [ B S R
o2 %7 pipettingste] ape] Fats o} gl A
A 8 B EE AAEA . YAl mSOF ¥R
& Ak A v kst #) ulAF & 6~10704) F
7¥&te] 52 CO; Wi %k7] el A vl et gl ot

2) Y= ZHAL

# kol Bt FATE 5% CO, w214l H)
FstHA 3HFe) 354 HALE AAst 241 ¥ 7, 8
AE?), 168 E7], -, 222 wWukEe] =gs)
t A g #8 250

o 5ETOIM R YA B

A 9A AW E dehla 9977 6~8UA 9l
SAEE FyIste] YFHANCE FAZIAE A
Agh % ol Aahgih, RARAE RASE EAE
A % A9 A e W A B, C FFoz

EREHUCH A FFLE ERE £EL0] Bl
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o] 21 & 3ty ow A Fol 4 o] BE FHHLE F
A 1245 10% FCS7t @718 D-PBS &9}
) 0.25m] strawel] $28he] o] 2] 8bg] )

a2 - g AT Ao o3 v ek Wy
o8 A ) o)y A e A 2 3 9 FA
olo| 22 lidocain 5ml F£AMES F7 8] 24w
HE A2, AT FHE strawE TR )4
F47le]l  Aaddte] Eep~H 3 HA (Sheath,
IMV, France) & #-%3, $4go0|4 3977 2
£ Fag o 2dEde] FY/ o AF W=
FHEe g B AN o)Xt d o

FA Fol A& BA 7 ZA e Aty da ¥
AR FU4ANE A e R Y.

TAF o] £ 24 A7) o Fe] M G 4
B2 1A"os gostgon o|4g F 23 A4
Rap F Haphabgel ot A B2 HE &
9steich

5. EANEE 24

AAEA AN =581 A9 A5 o] A4
2 eAE 3R] v 4 58 two sample t-testE 7
ARt ForEe 0.06E #aslged B4 #
7] 2] = SAS(version 6.04) 2 AM8-34 ).

2 1

A2 EA E 22 theophyllines} heparin 0.2 3
2% FrrE FYpA e Foaa AT F 18
A7t F9] YAE aceto-orcein © 2 ¢4 3te] 42
TA%5E AAEET (Table 2). A=Y EA =
theophylline A 2] Foll A HApe £ Aof&L
57.1% % felfon ot AYYHES 28
672 WRESL heparin A e AN g0l
62.1%2 S8 02 )

A A8 AFEH 9] theophyllines heparin 2 A
gt AzE AP FAGR F ALFAR S
18 A el FEHEE A FAE 7Y v GE
of TAFE FAEAT (Table 3). 2H 7] <4
164 & 2] 7L 2] 5oz A Zelst Wi
o0} AAue] EEdle 8892 heparin X
0] 16.3%.% theophylline &) 7.124¢] Y] 5} 8¢



Table 2. Penetration of cocytes by spermatozoa treated with heparin or theophylliine

No. of cocytes(%)

Treatment
Total Enlarged Male /female No, of
groups
penetrated sperm head pronucleus polyspermy
Heparin 20(100) B(27.6)¢ 18(62.1)° 2(6.9)
Theophylline 14(100) g{57.130 4(28.6)° 0(c)

&b Tyifferent superscripts in the same column differ significantly (P<0.05).

Tabie 3. Development of Hanwoo oocytes fertilized by spermatozoa treated with heparin or theophyliine

Treatment No, of oocytes developed (%)

groups 2-cell 8-cell 16-cell Marulae BLA
Heparin 250(100) 137(54.8) 93(37.2) 63(25.2)° 61(24.4)
Theophylline 84(100) 55{65.5) 20(34.5) 6( 7.1)® 40 4.8)°

A Bl=blastocysts.

ab Different superscripts in the same column differ significantly (P<0.05)}.

Table 4. Production of offsprings after transfered of embryos derived from Hanwoo oocytes fertilized by

spermatozoa treated with heparin or theophylline

No(9) of transfered embryo

No(%) of pregnant cow

No(%) of offspring

Heparin 55(100) 37(67.3) 30(54.5)
Theophylline 4(100) 3(75.0) 2{50.0)
Ho2 gych bbbl vl X &= gL HEsdd

A 2184 22 9] theophyllines} heparin®. 2 A

Loughlin(1992}-2 theophyllineo] & #}2] %4

g AAE A el FAg F otz ¢ 7 ¥ ol Ew AlA hamster WGAtEe]
o FARE FFFo ol gl AR 7 A YE= A At Wit theophyllinee] &
Aol W Ae G FAEdoHTable 4). 44 T8 SRR o F HANEE S 2SS Y

theophylline& A% A go] Eglon &

Fetdtk A48 EH F theophylline2 M X0f

&&
AH& & heparing 4183 Ao 2o} £ calewume] o]&, cyclic AMPE HEY 3% &
o) Aol Hool=) ekghth ]| 2]4 phosphodiesterasas] ¢4 22 3 aden-
psine 8- & wWeiste A4 Fo] Av (Jiang,
o E 1984). 28h} BAe] £EAL TN E FHe

EHEFEL e AE F 3y AYxeg F
FaaM £A5E 4580 F45YZold ¥
‘%‘_%% sult7] g A FHe] ¥ W
8 9 hyperactivation® 2 W9dE 2542 9
o] tH{ Yanagimachi, 1989).

1AL o}z urEA A 2en AEYY cyclic
AMP¢] Z7}d] 8% Ao 2253 goHRzich,
1887). ©12] ¢} theophyllinee] F=te] 715& &
A A ZiAd B M e ot s oof #
e Azt

AAEAEE S heparin® glycosaminoglycan,

8 d¥dMe AAY ]2 g AsE A8 oA A% GACs2 7 A x5 =8y hgts &
de 77 fate) AAGHEDE A, A + NAA FANEE Qo7 A FHFYS 3
Ao wAe 9% G 28 2 gdsd drtghe] £ o] gFE v h(Wincek, 1979). A



THEALZT F 8 & A8 heparin®] $8-A 71 A A
o] Alxute) Ex)3bn] heparino] A d A 9%
59 Fut HdA G o] Y Eg dod S5 gl
e BaxE glo{Delgado, 1982). W#e EaA
71 A2} swim upe.2 A2 ¥ 2379 F& hep
arin®] H7bE WXk £ H7L wiA o) @) uf o}
of AR S AAERAS o swim up o = A2 g
ZNHE heparind7F7t Azbe] datz=e] H9)H
THES wFoU dFAE SRA7 AAME
heparin® 2] 7} 4 %L n|AA) ZI3dds BaE
oltH{Rosenkranz, 1995). ol& o3 A =q &
&= ¢l heparin(Stambaugh, 1980) 3} ) 2]
3 A AHG-EHE heparing] aHg-e B Ao
ALEE T 43 A Ed oA ARt £ 55
& decapacitation factore] 2% C,t-ATPase]
A A sle}  fertilization promoting peptide$}
adenosined] #J& adenyl cyclased] &7t ZEld
Na*, Cl-, HCO,"5.¢.2 94 pH ione] 27} ¢
A Tt HA-32 zona glycoprotein 32}
Nat, CI=, HCO; ¢}2] A%, zona glycoprotein 3
s} pragesterond] ]38 Ca,"channels] &4z}, =
212 Caytchannel2 &% Cate 94 239
phosphoinosotodase C$} diacylglycerole] 714
o8 Aol (Fraszer, 1098). 2282 ) 8 o)A
heparing o|&§ +4 % 5 HARE 7|4
T ols} A Blog AEY FrF AH L Fa)
of FHEelel ¥ Ao AztHr),

AR A vAe FHeed HAGHE

T oAe] gk @ HHolrx, theophylline 7}

A AA TR Puae wgon} AYFYEL
29t heparin B7F o= A3 A E0] 547
o2 EPH(P<0.05), EE theophyllines} hep-
arine] F77F YA &) @ralel] n)xe o Gk
@t Aol M 2 M E7| oA 16 A X7\ 7hA] 8] uhg
& AATAYEZL] Hrlwe] & AolE v
A FA T wiEE o] 2= ¥ & heparin AL&F
oA FrolH o2 kv (P<0.05). ©]& heparing
EFE sulfated glycosaminoglycane] A #-£)
DNA AAtsl 4L 8l 928 s 7149
e Aoy FZFc(Delgado, 1980; Heston,
1675). A F=Y AAFAEA L ALgEle H4
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RS FUf oldstd Y& PapAgat
o MAe HEE A dEdAeE 239 A
ol & Ho|x] ghobs wiutE7LR] wEeo] By 424
29 N & A e £ S5k gz A
et o)z § A3 heparin -2 theopylline
e Hzl A Rl AgH e g o)A Agr]stA
WA g, o3 golwe] J&§E 7R ¢
£+ 2ndlg, F AAEAEE ohaEg 7EE 2
program °f bASA o] 8-F = lov] FF AF
8 B HFA-FJH AN FrED]
HIHo| 2 gt &88 5 AUSE 2nE

ol AHE Hel HARRIY F FA4Y &
4ol F4AHE $1FFAHdE theophyllines],
A7e] AEAG HANGe] FArFE A5
¢l hepanne] AL EFH2 A o5 o)} A
ZHE Y AR L A4t L g §
8 e AAFAED] A FYEL AAus
L A= 71 B AE FdTE BF
WHal Ya g sle =z Yz,

k| =
b | e

HA w7 e &4 FAE s, AAEA
B2 AlRHeIA 3 5lE theophyllines}d hep-
arin®] FAE3 A A A BIE PES]
At B AFE RUs Og AL dES Y
el ) .
ARG EHE Ao AAly FAFE AAE
A¥ A=, theophyllinex] 2 2ela] AR £x
A &o] 57.1%2 FoHez s3tort Ay H4
& 28.6%% WSk heparin Ao AdE A9
HAE] 621%E fo4 o2 24th(P<0.05).

AAEHEAL AT AAE T 34
L 2AS UEES 499 A7) 24 X710 164
E7 7R d&Fee oA Aozt flgond
Adulel =gElE vl &9 A= heparind g 20
16.3% 2 theophyllines] 7.1%0] ¥]3l« {28
2 =23 (P<0.05).

FAABHELZ A HAE Tosto] £44
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ojabel Az Hel WAHEIY F AApd &
EAol 2gAHE 1FSFA T theophylineo],
Azrol A} Aol FRAISE AATA
o+ heparine] A 2% A4 2d B2 FFH o8t A}
gy
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