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Effect of Sperm Treatment and Co-culture on Cleavage of
Porcine Qocytes Matured In Vitro*
J. H. Lee, C. K. Kim, Y. C. Chung and C. S. Park

National Animal Breeding Institute

SUMMARY

The objective of this study was to develop an effective in witro production system
capable of obtaining more porcine embryos from immature oocytes. These experiments
were conducted to examine the effect of sperm factor on the IVF and IVD, and the effect
of coculture with somatic cells on the IVD of embryos, Although the concentration of
epididymal sperm for IVF did not affect on cleavage rate, but 5 X 10° sperm /ml showed
the highest cleavage rate(48.7%) and the developmental potential of IVF oocytes from
this concentration was also greatly higher(P<(0.05) than those from other sperm
concentrations. The treatment with heparin for sperm capacitation significantly (P <(0.05)
increased the cleavage rate of oocytes, whereas the cleavage index between the oocytes
fertilized with caffeine- or heparin-treated sperm did not differ but these chemical sperm
treatments greatly increased the index compared with the control. The highest cleavage
rate(47.7%) was obtained by IVF with 4C-stored sperm for 12hrs and the cleavage rate
from fresh sperm was significantly higher (P<0.05) than that from frozen sperm, but the
developmental potential after IVF was slightly high from the frozen sperm. The cleavage
rate of IVF oocytes cocultured with oviductal epithelial cells and cumulus cells was 76.3%
and 72.9%, respectively. There was no difference between two coculture systems but this
rate was significantly higher (P<(.05) than that of medium alone(42.0%).

Key words:sperm treatment, cleavage, porcine oocytes
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JtHWang 5, 1992). 53] Ding (1
FA e ARAFEEAM AR FHo ww
0|2 ML BRe FEod FHANS Ti A
FAF e Aol ArA ol § v 91

A FYA FAe) $HFYS PHORE caf
feine, heparin, calcium 1on0phore, caffeine 3}

heparin % calcium ionophore® &332,

PAF(platelet activating facter) 2 lysophosphat-

idylcholine & of#7}#] g8t o] A =)7} o] &5 o
it 7 AR AFAHE) e 2]yl %ok (Han-
drow %, 1986; Parrish %, 1988; Lecierc %,
1990: Niwa$} Ohgoda, 1988).

# 2 e] H Aol o] &8 AR E AMEE AlA
(Hamano %, 1989) =t F2AA = (Soejima %,
1983) 2 AAAA w3 e AA(Iritani T, 1978)
e 544 AH(Nagais, 1988) 71 o145 o] gow
E4eol e Aol x7o] ALAFAH & AA
@at7] gl AL A Gt gu s Avked
AFoz v F5 o] gri(Nagai 5, 1984: Almlid
o} Johnson, 1988; Hashizume %, 1990; Wab-
erski %, 1994).

gH o a%‘:}?ﬂ«l A g ee gHstr] ¢
3l 04317W HEe] AEHL o HE 7t
T HAF) Ho R = ]*1l£9+4 Fudol A=
i Qlvh H AR @] Fuj el o] & & A
kl]Ei“ A2 P e )] flbroblast(pOF , A A

A Z, Bl o}e] fibroblast monolayer So] 9}
1:H'\)Vhite =, 1989). F Tl Yoshida F(1989) %
Mattioli 5(1989)& A&+ AE = el 9
HH oz o] 3] & HEuA Y wivtE ] #A
TS o, o]E3 Mattioli $(1989)& °|&
FA T dR-E o4ty 1ulE] oA 959 AHAE
st oyt obA e ALFHE widAFe)] g
A x5 A o)

olo B dAp= AAFAHA BAAB G v 2
A E AAEe] FHGS A dEYL
ZRE Ho aRAA £ AHE w A
2} A A8k k.

Ao oE.HI
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1. BAIHAL

B Ao FAEH GEFL mHFNA mAH
T dx7)e dAgEE FHEE inverted micro-
scope(Olympus SZ-PT, Japan) stof| A G 23
o] &2l G- A E complex?tg AW st F
Alatadct,

2. I RIO| K| 2| M =sHy 2kl

Yoshida 51990, 1992)¢] Wel wa} Axd
TCM 199 Earl's saltel hCG (10 IU /ml, Chor-
Holland)¢} PMSG(10
IU /ml, Folligon, Intervet Co., Holland)& %7}
3led micromilipore filter(0.2um)& S #A|ZI =
39¢, 100% H%, 95% air, 5% CO. incubator
(Model No. 2300, Sheldon, USA)el A 12412k A
W okAl 7] § pH 7.42 2A st AL &3t oh

ulon, Intervet Co.,,

3. chxakol Xelds

Al <zul okl -8 4-well dish(Cat. No. 176740, Nun-
clon, Denmark)ol 0.5ml¥ 38 5 A 27}
243 23y G2 welld 10~3071% ¥ 4
o e dz J8g ¥ 39T, 100%5%, 95%
air, 5% CQ, incubatorofl A 424 7F wj ¥+ o}

4. IAEH|

DE=E /:,i|l:||‘='°| AlME K}

&R A AF 120kg o) 2~370 A = 5-E
4 AT % Fholx HED HLNA vRE
4C A9 Bawo Eﬂrs}cﬂl 2717kl HEAE
kst E oA njR e Ay deR
2~33 AA % Niwa 5(1988) &} Wbl wie} 23
ek ARY A AP 3% JAERAS
A A3 g8l A7 2SR oz 5~104) 34 3}
3300 X goll A 1087 23] w2 A4 B2yt
FAF dAEH] AAY A= FA AYFAT
S F7IAA ARG FAEAY =4 2w
ool 3] stad 12417 B&(4¢) st FA)8a )
2) MaAtK 0|%e| SHMK}
g vlReld R Y FolA By
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Table 1. Chemical composition of diluent for freezing of epidydimal spermatozoa

Component Concentration
1st diluent

Tes-N-Tris(hydroxylmethyl)methy

2 aminomethane sulfonic acid ««++++eeeeeerevericriinmiieinnn 1 20 g
Tris(hydroxylmethyl) aminomethane ««--««eseeeeresssersecenincen) 40 g
GIUCOSE ++ververrervnnimniniiiiiiniinieiiniii i 3,00 g
Sodium lauryl sulfate--««e-ssveeer e (16 g
Penicillin G +--250-1000 IU /ml
Streptomycin SULFALE -+« e ersersernrrie i 0,10 g
CAtalase -eereereeeeerermimininnisenienisaenissnsseesessenne e ee 169 TU /ml
Egg yolk -reerrssernesmsreireresisninsinses s ssensins s e e 202 (v /)
DiStilled WALEr - -++eessserrasersrenseeniatesssaesassansnsesassnnseseeyp to 100ml

2nd diluent

1st diluent plus 4%(v /v) glycerol

UB.(80% o)t ulgdE EE 71HE] We
FA(10% o) P& FA3AL A FAREY
& Soejima 5(1983) 9] Wl F£3t5 catalases
Arrele] Azxstgon, RER 2L Table 17
2o

434 Chung# Im(1979)¢] Wil ula}
AxERen AF Fgd HA= 5~10x107/0.
5ml straw?] FE2 YA} 2 9E straw?)
Bl 38~42C F24FoA 20~60%3 AAS}
dor g3lE @3l 60% ol4de] a3 MA
A2k A2 Aol FAS A

5. Mel+H

1) AsH 7|2 vl

Yoshida 5(1990)¢] W3l me Ax® TCM
199 Earl’s salt €98 micromilipore filter(0.24
m)el] #1713 pH 7.8 2 2T b 4-well
dishell 2t welld 0.5 ml® &8k £ 12213 A
FAF T

2) Ao A2

A R A B FEAA A2 straw) &
caffeine (2mM) Y+ heparin (100ug /mil)°] 7}
g 44 mgddoz ARFaAct. 45 e
ZteE HAE d7) 989 1,000 rpmol A 0.5~1%

g EdsE 2 swimp w82 & FH
EE o BFE FAAANATD 4EFATE 1,500 rpm
oA 53 OAl YA R TFE FFAg Al AF A
+F A2 B2 10X107/ml HA ARFAA
Kim (1990) 9] ol we} 0.5~1413F duf Fsh
Ak

3) H+H

A &o] B GETFS T vjgde] g9
& 4-well dishd] well F 10~30704 &7 ¥ &
AFYE dAMert 8¢ A= AEE 0.05~50%
10°/mle] #22 FY3tn A7 depuedz 5
23 g 39, CO; incubatord] A §~7A17+5-<F
FH A H ot

6. =& 2te| ||l et

A &S sodium pyruvate (40 g /ml), glucose
(1.0 mg /ml), sodium lactate(60% syrup ;3.7 u«
1/ml), dibekacin sulphate (100 g /ml), gluta-
mine(0.146 pg /ml) 2 10% (v /v) FCS7} 234
TCM 199 Earl's salt(CZ e ) ol &AH +=3%
120417t 7EA]) v gt 2w wl) 2441 kmfeh 214wl &
Aoz 1/24 TPt A FAHE dReof
XES AL E T GPAES} T s
=3
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I AZEEY NESFE =AY

3) 2o Wis Iy

Azl A LAY HNE EEE T BEA
+2 FASYY. B8RS Wright(1977) 9] 4
Hol| A&} go] M & FA| 49 2, 4,8 16 % 32

2 RS o) H5E 47 1(2-Al27)), 242

7R @A E AR, 3(8-AE AR B
), 4(8-AE77HA] A AT L 53 (A
w74 A dhAE SR 2 TRk ofE UHAA
=9 4o 2t Fpo M ZAME FAY” FE F
3L Agd dgH FHT] FH5E R
el gre g skt

flo ot

32

1. EHEN

AP date] EAEAL Minitab statistical sof-
tware(Minitab., New York, 1985)¢] dwtx & mg)
& AF8-8lo] student’s t-test 2 o AAE 31A
ou FATY S PiestE o4 HAHSHA
t}.

ﬂl

oﬁi

401 ol &}
é-‘—" A=

. H2ITHA "*XP’:EN HeMsE Izl
"‘.=_!'0" olxles ¥

el °ok°“°ﬂ’~1 272 A EE GEFE F
AFErt 2 2 A S W A
A F3ge7 BEA4= Table 29 2t}

A AN AT 5 x 105 /mlY EH Rigis3
I 23R AP A el 8 H oA
| 2& FERtE B Fxod 2ygddel o
i ZAge Lyt
Z 7= Naito 5(1989) 1 5 x 10° /mie] & =;
ERE A9 $£AF A HA dE o] 53%AR
A9t Yoshida(1989)7F 4 X 10°/mle] T=& 4
AF o] o] 46~652%9d AR ol »g
on Park 5(1990)0] AMEAAR 5 X 10°/mig]
FEolA 38%9) $H e B AruTe ¥
o}, = Nagai 5(1984)2 FidAv R Axte]
FE7E8 x 10° /mlY w) AR AY&ol 5% = T
2 FEAA vt 24 JEweY Ut S71E
F2 PPALLE FAHE AFE RusHn
Iritani 5(1978)2 ML FPA AFeAAEGE
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1991; Wang %, 1992). 53| Ding $(1992)2 2.5
X 100/mlFEE 8 ~ 10475 XS =
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Table 2. Effect of sperm concentrations on cleavage of oocytes matured in vitro

Sperm No. of No. of oocytes cleaved to Cleavage
conc. oocytes! index®
(cell /ml) examined 2-cell 4-cell 8-cell 16cell M  Total (%)? (X + SD)
5 x 10 73 8 8 8 3 1 29(40.1%+2.6) 2.26*+.31
5% 10° 130 15 10 22 11 5  63(48.7+7.5) 3.02°+ .40
5 % 10° 110 19 13 1 1 5 39(35.4+6.9) 1.85°%+.36
5 x 107 66 9 9 1 3 1 23(35.0%4.1) 2.12*+.59

1) Oocytes were cultured for 48hrs in maturation medium containing LH(10 xg /ml) and FSH (5.g /ml), then

culured to 120h after in vitro fertilization with caffeine(2mM)-treated sperm.

2) Cleavage rate(%) was calculated from number of embryos cleaved until 120h, and expressed as mean=+SD.

3) Cleavage index(CI) was assessed according to scores “1”(two-cell) to “5”(developed to morula stage ;M) de-

scribed by Wright's method(1977). CI based on number of normal blastomeress as measured by the formula

for a geometric progression and was defined as :

Y. Di Fi
T Fi

Cl =

Where,

Di : ith score for developmental potential of embryos, 1 =

Fi : frequency corresponding to Di.

1,2 3 4and 5.

25 Values in same column with different superscripts are significantly different (P <0.05)

Table 3. Effect of sperm treatments on cleavage of oocytes matured in vitro

Sperm No, of No. of cocytes cleaved to Cleavage
treament oocytes! index®

examined 2-cell 4-cell 8cell 16cell M  Total (%)% (X + SD)

Control 54 7 6 3 1 17(32.5+4.0)*  1.89+.53

Caffeine 95 10 12 7 4 2 35(36.2+4.5)° 2.26%.60

Heparin 52 7 8 7 2 3 27(50.1+8.5)" 2.40*.42

1) Oocytes were cultured for 42hrs in maturation medium containing LH (10.g /ml) and FSH (54g /ml).

2), 3) CI : refer to Table 1.

&b Yalues in same column with different superscripts are significantly different (P <0.05).

o| &l D|Xl= H&

Caffeine ®+= heparin®. 2 Axjglg A2 6~
7A 2t A2 F 120727t o] dEge
Table 304 B3 ule} Ze] heparin & ol 943
Ao+ FHE] 94 (P<0.05) 2R 71 &
GEES e B8 A4 heparin xﬁa}—?
7F 2,392 7HE #A vrERGou £ 3Q0 Aol
ARt A caffeinex] o) o3 FHEL PEF
S} & Ao|7t gleyt &A= heparinA 8]+
9} W53 =50 Ut WEHA caffeine ¥} heparin

A2

gl o3 Flo] 4 7Y
2l wk g Ho] A =
o|e} T2 heparini%
o FAHAERT i
Ohgoda(1988) 7} caffeine =+ heparin®. & ]
o Aol +8E AAAYL S Bd 3139 Chik-
amatsu 5-(1989) ©] heparinx @]l A A 2 x4
AP E, FE&E 2 ALY ol g7tA LA
FAT v go] caffeinexg] Bt} Uvlu B
g Aot g& 43S JeEblth Heparinxel st
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TG Bl tha F7H 2 offol il A Han-
drow §(1986)2 heparine] M2 Ca*" 2| 72 &
F7MNFo.2H Aol A SHE A Fat
fler ALty stgew, Parrish 5(1988)
< heparino] AxtA Ete] wA e EHx 5o
Aol #AFHS gaAFolgn vk Caf-
feine 2] # ol thslr) Kusunoki 5-(1989)& At
A Aol A caffeined71A] AdHe] ZRdl= &
HHolRovt BAH A7) wEo M= 27 R
AEA o] =LA AslE 02 A caffeine®] heparin®.
ot =A30] S Byt

3. xe| EEUYO| Mol M=E txito|

ol oAl = &

AR WF A2 nEGE O] HE YTEE
Table 4o 4] B whs} ol AHHA, E2HA 2
12417 BER AAke] wmo) A ARG A9}
SARANTG §94(p<0.05) S & FHEL
dehigeh e BEAse] og wagEe
SAAS) Bt £EAF 2782 BANA L
Panch 4R Byol i Be Ao v

Wk
SAAAS] ATE Nagai 5(1988) 9] A=pAQ]
%3% gAY &0 FUuA Anprc A4 AME
Fo & HARHE RAFYon, &I
Wang 5(1992) 0] A A vy ARz AJ5H

Table 4. Effect of epidydimal sperm treatments on cleavage of oocytes matured in vitro

Sperm No. of No. of oocytes cleaved to Cleavage

treament oocyt.es” 2-cell  4-cell 8cell 16cel M  Total (%)? _1ndex3)
examined (X + SD)

Unfrozen

sperm 145 24 15 16 8 4 68(46.3x 4.8)* 2.32+.32

Stored(4°C)

sperm for 12hrs 55 15 2 2 2 4 25(47.7£10.3)* 2.12+.37

Frozen

sperm?® 132 12 6 6 7 5 36(27.2+ 8.1)° 2.78+.47

1) Oocytes were cultured for 42hrs in maturation medium containing hCG(10 1U /ml) and PMSG(10 U /ml),
then cultured to 1w20h after ¢ vitro fertilization with heparin{100 xg /ml—-treated sperm.

2) CI : refer to Table 1.

3) Percentage of motile spermatozoa at IVF was> 60%.

2% Values in same column with different superscripts are significantly different(P <0.05).

Table 5. Effect of co-culture system on developmental potential of coxyte after in vitro fertilization

Co-culture No. of No. of oocytes cleaved to Cleavage
3 2
system :z:g:; 2cell  dcell 8cell 16cell M Total (%) (;nie’;;))
Control 24 2 4 3 1 — 10(42.0%£3.5)* 2.30%.50
Cumulus cell 90 9 13 10 14 19 65(72.9+5.1)> 3.33+.24°
Oviductal
epithelial cell 96 11 11 14 11 26 73(76.3x2.3)® 3.43+.13"

1) Oocytes were cultured for 42hrs in maturation medium containing hCG(10 IU /m}) and PMSG(10 IU /mb),
then cultured to 120h after in n vitro fertilization with heparin-treated sperm.

2) CI : refer to Table 1.

2 ® Values in same column with different superscripts are significantly different(P<0.05).
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F 48A 7 H gl RuE e ROE 5L 5
Zo]lr}, 38 Zheng S(1992) 0] AFEAlXH A =)o}
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