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Factors Affecting In-Vitro Maturation in Porcine Oocytes
C. K. Park

College of Awimal Agriculture, Kongwon University
SUMMARY

In-vitro culture has provided new information on mechanisms of oocytes maturation and
results obtained n wvitro have led to new questions, In porcine, follicular and oocyte size
have the crucial importance for the oocytes maturation. The addition of hormones to the
culture medium was found to accelerate and facilitate meiotic maturation. The presence of
some factors in serum trigger the resumption of meiosis and support the maturation of
oocytes in vitro. The maturation rate of porcine oocytes was also increased by supplemen-
tation of porcine follicular fluid to the culture medium. The growth factors can stimulate
nuclear maturation and enhances cytoplasmic maturation of oocytes by interaction with
gonadotropins. The maturation-promoting factor brings about GVBD and the subsequent
maturational events in oocytes. However, cAMP can block the spontaneous meiotic matu-
ration of oocytes in culture, The understanding of these influences is a prerequisite to en-
hancing in vitro maturation of porcine oocytes.

(Key words : In witroculture, Porcine oocytes)

2 AWl A LH surge? germinal vesicle break-

M B down(GVBD)A}e] 2] AJzte] 20~244] ko] 7] uf &
of Ao He] whgo] Zojx= ALT FHHI
FFEE Ao)A drRre] Fsel] fdF AES ook, dzpe]l Ja alm Az ae] Jdsoleta 3t
19351 Pincus®} Enzmanne]] 9]&)] o]fo]gd o, v % 7kA "Wew e o4 di=d, Footst
g x]ol ol o] a2 19651 Edwardsel 8 Thibault (1969) = ) 9joll Al hzpaje] A< skt
Aol A 43~46A 5 Wl AdSl2 A meta- Q7E = AR dicke] 230 wE gEaEgao B
phase-1 716 mgtatchs o] &0 wrel gt DRk AAlE 1%t BoE B A7dM HX
2719 Golla olet w23t A= Foot} izl A eg A% wlYAE ATl wet
Thibault (1969) ol 28} B = AATF 484 7+ i OEr o]2RE dojIl Augx v Z 2olE
ol ) F-E o] w2 w7} metaphase- I 7]of A el do) B Ao HT Aol H X
Aol AL, A ol Aol nl g5 kel Aau]ots 213 ATETS H4HE T ¥R
zro] Ao suide thE ul7tEe] date] Hls 9] Aof] L vl = 82A(Fig. 1ol sl RE
7o) 2ufel A|7HE a-pstal o o] 7 A9l &) =1 o),
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Fig. 1. Factors affecting maturation in vitro in porcine follicular oocytes -

3] Ao A= B el njEre

Al e A

[e)

HHXte| M=l o] Bashy GE Sl olgh pe A%

Fste=d 719 Ea Atk (Westhof 5, 1991).

L HE et XA s e | Motlik 5(1984) 2] A+Axte]A] 0.7mme] sk} ¢
b7t ol s A+ wighdrbe]l b Hujdzd F ZRE 353 dals AaEde) 2ad 58S
vE pEm vias] e g 34 548 A zkw 9lom, 0.8~1.6mme GFERRE 55
3 9lth WhEEEo AL wjgAl Bake gakay) 2z A FA] 17%°) A4S Jebd AT 1
A3 Faxoll Aej7b] o] FolA ok stedl, & 7mmol Ao R Z R E A H T A A 2o A 48

Table 1. Relationship between oocyte diameter and meiotic maturation in pig oocytes grown in vivo and in

vitro (Hirao et al., 1994)

Qocyte Qocyte -
growth diameter (ym) Esamined -
Total
In vito 7()\ 89.5 34 0( 0)
90~ 99.5 32 2( 6)2
100~109.5 47 25(53)°
110~120 34 26(77)°
In vitro 70~ 89.5 35 0(0)
90~ 99.5 51 3(6)°
100~109.5 50 15 (30)¢
110~120 15 9 (60)b

Number of f oocytes (%)

Resurrnng meiosis

LD Met I Met I
0(0) 0(0 0(0
2(6) 0C0) o0o(O
8(17) 15(32) 2( 4)¢
7(21) 5(15) 14 (41)*
0(0) 0(0) 0(O
3(16) 0(C0) 0CO)
7 (14) 8 (16) (0)
1(7) 2(13) 6 (40)°

Degenerating

D ; late diakinesis : Met 1

. metaphase 1: Met U : metaphase II.

ax Values with different superscripts in the same column are significantly different{<0.05, chi-square test).
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A)ZF vieF Fo|l = metaphase- Il 7172 Q%o =
=gz Zdv) 3-8 3mme)de) dE Gz n
Wb S Ao Al FA] G #
WA e g4t Bt Ao WA
duitd oz dxgowHE aFHg @ ARl
AAREAHS gleked o]8E i den (Moor
5, 1990), 48A13F o[l A A uf o] AAIHTE
HA L G2 ol = A F 70~89.5ume] a7 U
Edof glon, o] ¥ e dERTH &
g ate] Aaugstad s g de] HAIHA %=
tH(Hirao 5, 1994). & 28 dzke= AQor 7H4
Bge] w¥o] glom g A vy ¥ 3
g

Aol Al 4w

0

slcH(Table 1). A AlA =H=dzpe] 7
ol Al & Go] 7hd & o] mahis A
H BeREe A e de] sgolehe 29
Aol 24-& AAA "}, o9} 7 TpHe

3 100,um9 ‘f“}i metaphase— I 713
LR R
TdE 9& A gt él 4§4gu A%u:]o] 7}--&@
(Hirao 5, 1994). Z& 7+prde] gL 2 7o
90umel el wiel A dejupm, GVBDE] & &

datel M o] 4% mobAth EW ALY BHE

Ao 7ol & el Al SHm, A A b
Apel Ao AWl Hsh ol WEd HFAAE

71;‘(]1:5&1 A& o] A F o)

el 2
] 2dtl(Table 2). #5F7pA1¢] - TLOHH s:HxL’rx}
o] A9 A zu) ekl o BSA(Iritani %, 1978: Na-

gai %, 1984), FCS(Mattioli %5, 1988; Naito %,
1988), newborn piglet serum{(NPS: Nagai %,
1988) & dWAAo R Hristed wjdg dAlst
et 18t mKRB&lo) FSH, FCS& 3718t
AHEEE o S AdRte] Hes 23] HAlE=
Aoz HFaxdck(Naito 5, 1988). =3 BSA7Z}
FCSoll ®jsl] sxate] %3} cumulus cells®]
WS st Ao T WA Ov (Zheng 7 Sir-
ard, 1992), o]} vls2¢ it A(Leibfried-Rut-
ledge %, 1986), hamster(Leibfried-Rutledge &
1986), mouse(Cross®t Brinster, 1970) ¥ E7]
(Shea %, 1976)°l4] oln] B i@ u} Slcy, A
Hunahashi®} Day(1993)& A5 A uje] FCS$}
NPSe] #Hrbe Wrpe] A4S st
bkl Heg Hx18ke Aoz R, ds)
ool Hrpst Aoz ALl A o] i

& HW&n d5E FAXNIE ofd ARt &

Aol Ao +58 5 3
X 2] Aol vt Jdahe Fok L}%L}]Q]
WE sk Xie §(1990) 0 ofa) wha g o,

>

Aol A Reed (1991) 7} Illeras} Petters(19
93) = Wz Hw) EE%J A7 e FHIMA #H A
vhakel Aol dsel] nAe dEFE AFsEon,
PMSG, hCG ¥ EatradiolS & 7Fgk vl ek ol A
A<zo] o} ol Xt Yoshida 5, 1989). o1& 52
TEAHE Hrtsle] 2A)1t wiekeb oln] GVBDS}
Jezo] Az th, Funahashi®} Day(1993)

= 2041 7tel 4 o) E ZEE A o) daiEdol
dojri= 42 el e, PMSGe hCGE ¥
o Hrtalte] 2041 wikstd

GVBDe} 45849 & ¢ sk=l w9 %21 A
o 7 eyt (Funahashi 5, 1994). PMSGE

A

@

Table 2. Effect of hormones and serum supplements on in vifro maturation in porcine oocytes

Culture system

TCM-199, PMSG 48
TCM-199, FCS, LH 32
mTLP-PVA, FCS, PMSG, hCG 36
TCM-199+FCS, FSH, LH, E, 48
TCM-199, PMSG 40
TCM-199, FCS 48

Culture time (h) Maturation rate(%) Reference

80.0 Toyoda &, 1984

70.0 Nagai %, 1988

70.0 Yoshida %, 1992
74.0 Zheng ¥} Sirard, 1992
89.0 Hunahashi %, 1994
17.9 Rath &, 1995
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Eog HriskAv hCGQF ¥E 02 #7134 Es-
tradiol @] H7} §-Fof @A Go] FAER ] A0
dofuhe, uj ¥z ) 204 7HE PMSGE Hrlahw
ArErtdr ARl ALs HrsAn 159

2y 4

7he 2 99e vAA e e g |
Auld s ape] w kAl FSHO) H7hs e o) 4
=ob Al e s S ed Al o
= AW (Eppig 5, 1982), drAiE£s
TE o)kl B HAAI = sl AzEn
A A AR A2 GRS f1e vl el
A EY s g sERey Y d¥el 538
GsoR HYrishy] wuke o dey 23k
I

Hobshna) ol o] wakel Aol
.]

3 Aol HAg
gl 5we] EZREENAM IR AuelA] wiety
T o] o] Fof A= Bt WAl sl Eeno
itk 3L A 9lol A B4 Wrle WA EoF R
A s ejrgel] ofgstn ok 1y
Cumulus Zona

cells pellucida

Cytoplasa

ol EEE Wb 29544 dPA X} P
& 2

Aom WesAe Wt A= AvkPark 3,
1989; Ball &, 1983). wepA vhA| a7} Wi 4

%, A % 2o wrgel vlxe el st
g2 A7k Adgse] stk A2 duR sy wa
o] ANy Hube 18-gage AL
FUNAE A GERE TdA
Al

%, 1992; Zhen-

g# Sirard, 1992). A2l 2% LJF HE A # g
whape] Flol g WP 2T WA A "Oﬂ
S Fad Agg st vt Nagai 5(1993)2

Gpe] A A ke DA 2sE 288
o M FRET 15X 10° cells?} &2 w2 7t
wabel gara Holay £ &I vy 7
B Aoz wuyr) d9 WA 2E A s}
of APl dabE o) &8 AdFdRE o)
A 22 %3%11%0] f9 ot (Kikuchi %,

1993), ¥ A7 M v A 7] AH(30%) o]

& *%1357} -“%'5%?1 WHak(61%) o Hlal s A 2

-1 L]—E}L}]jl glow el AAAYLE vf-¢

e Qe Fan wekd @Al vz dsiel

A odE Fol G Ee 2Ust) 2249 bt

g degtie Ao 4EEe Ay ¥ F4e
A

o7 By

Zona Cumulus
pellucida cells

v

Fig. 2. A diagrammatic representation of possibie interaction between oocyte and cumulus cells. a : Ooc-
ytes with cumulus cells occur follicle organization, differentiation, cumulus expansion, and prolifer-
ation. b : Metabolism growth arrest maturation in oocyte without cumulus cells.
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Motlik 5(1986)- s 2ol A] A Ao 2] F
g wabol] thet Aol A S8 & wl, corona
radiata cell& 4 373 o] @ 7)ol gt %Z] o] o
ojvbn], st g 9lste] Wxake} corona rad-
itaw Agsha) Fol don ojuf WM Ee B
o] dojdr} et Aoz Tt HrAEe
WA AE e, GEAFES dRpa}o)e] AT AHe
off QloiA] GpA E o] Aol Mas dozicHAl-
worth®} Albertini, 1993). WA 27} 238 W}
= B3, 7igHog Mis *1127‘]'017} AZA =
o] lon, o5& AFAAIE ALAEL A
Zo} hrpatolel] YRS FH B %EEH R
a7 Wil A euj Al A EE A ASAE Wa)

o] == 1l wrgo] o
HOM 71Ed AAH

o WS FRatie %ol

o, l—zw 9]

TALE Gl 4%
pe ol ofsh el

71 %}, endocrine, paracrine

5%

Qq.elol 93 =z A<l wrgo]

2 autocrine ¥} 2 ¢

wxpe] whfof] & J3 &
Aok, 2ev Yo & o < 2
o] 22 vl L WAy, Fgubdlye] A o
TAEZ2] 3 g il}% A7 cHFig. 2). ob-%
20 B G AEE E A
Azl el oja BHE
A ERe] A A2
EH|7F o] Foid o g FEHr)

o]

U i]-l— AA <

n

[e] 1

= T

L =) :U
BTN olEEA

7] B o] Al efol A
19 (Eppig &, 1993),
=

olst pe waAel

4. Growth factor®| &1}

G A BHlE = EFEE X dRe] 4=
off BAste shbel AR A ZHAAE -3}
il 01‘; Hox oA ghti(Mattioli &, 1988:
Naito &, 1988: Ding ¥ Foxcroft, 1992, 1993; Yos-
hida %, 1992: Funashlﬁ?} Day, 1993)= GX=5
B Bugy B Ao olefkd H3Q A7t EAE
the AL gelgdlon P Hom ofH FANA =
vra Ul ?] Z &tk Racowsky(1991) 2] ol Mm%
vhasl o] Has A7 At EAeE
epidermal growth factors(EGF,
Ueno %, 1988: Downs, 1989)v} transforming
growth factors{TGF-8, Feng %, 1988: TGF-a,

Brucker %, 1991) ¢} & A A xe A F bt

¥ =),
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o A& FAAA G G LS 9
Zg o, EGFol & =1x(Ding® Foxcroft,
1994; Coskun¥t Lin, 1992: Sommer %, 1992), &
(Illera ', 1992) ¥ A& (Das %, 1991) e Qo] A]
)5l 9] A«],j,:g. Z2A 7= Hog del FH ok Cos-
kun %(1991) ¥ Harper ¢} Brackett(1993) & o|&

A kel a7} A QoA a7l A dzle] MxE A
&8 A7V H 3] )‘A‘__D‘»i wape] alz) 4
EARRE AAANA F= 24 T R dE
2HE AAHAS Rez Ay U} HRe] ¥
N & d A o] EGFE #ati 1o waud
= EGF& Z#A 7= 24 2Asly, dxe] A
SdeEl o Ao HMels Aog FEHY Mat-
tioli 5(1991)& EGF& H7}slx] 1 Ad=ufe

dale] sl Ago] 18%F WO Wil 474]7
Fofli 62.9%7F GVEAlo A A s0] R H
Z BAagvh “18)u} Kubelka £(1988) 2 H]
iAol A EGFE #H7HshA] 04 Al £7
ZE P2E 244 agRs ul 80%-0l-
GVBDE Ay S5t 2 ugise ole}

z}ol = vl oke 9sf Aed sl yhrle] A& xjo]d
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=
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gt
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& 7IR1¥ Ao g FEE W S Al B3]
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Coskun % 1o01) A8l A527) 4 ZH A
ouig=e 3 EGF7} vhso g sAFIvtn B il

=4, @3olA olet 22 EGFo| 9 32 Al o
olef FEHoen A Gy EE A shAG

2= EGFE 7}A) a1 A8 8.8 o) GVBD-OJ EAbol] 2
zpol7F Yl Aoz veptt} (Coskunit Lin, 1992:
Downs %, 1988). whehr] Aol A sz dzle] <
2 EGF$} gonadotroping] EA1E 7l o3 dkAtE
o follicular shell®] H7He Wabe] A4 Wl g3
Ao g3 Aon 2=2HAT)
TGF-a+= rat9} mouseoll A t2d %8 F18t=
o2 w3 Hom (Bruker %, 1991: Tsafriri %



, 1991), 23 T 7leH o2 EGFe} B E o
stom, s Azl A <2l "3%% 2712171 Cos-
kun? Lin, 1993; Reed %, 1993). # ]HH g 9
g oJeizq stell A TGF- aQP EGF7} w3 534
Rk o] 5 Ede] AETE AL Fol
o) weh 24 vepube AR o) A
& B2 7bx) 3 )l tH(Brucker &, 1991). ¢
ﬂ(Kennedy =, 1993) ¥ 7 (Mullaney ¢} Skin-
ner, 1992) 2] A2} dol| A TGF-af 71212 & 2}
T+ 3] A 4 A 3 (Skinner 9} Coffey, 1988 : Skin-
neri, 1989)cll Al ol ZA o] Ruo} 2o o3
olm| 177t o] Fol% ghrh,

G4 A TGF-at& estrogene] AAhS &35
(Gangrade ‘5, 1991), Al 2|0l A 7y v 3£ 9} thec-
acell?] A48 &7 471th. @ TGF-8+ mouse
o rat vzt &l = 43S vl A A @A vHDow-
ns, 1989; Tsafriri &, 1989), rate] WEuUjol A &
TAER Bl drke] gl AEe £
Aztz A 2H83k71 % gtk (Feng 5, 1988). A 7h
219 Aol A whzbe] Al L] el FA o] EGE &
+ TGFe9 77t gaxagelete #ol JFdIUL
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=) {’6 ?; growth factor7} @& o2 hape] A<=
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Table 3. The effect of pig follicular fiuid(PFF) on maturation of pig oocytes in vitro

60C el ol il

Bl ¥ ¥ glycosaminoglycans¥ mouse %
b &t
Mol gyl A T FHel &

Rkl

Culture system Culture time
TCM-199 36 h
TCM-199, PFF 36 h
TCM-199, PFF, LH, FSH, E, 48 h
TCM-199, PFF, PMSG, hCG, E, 40 h
TCM-199, PFF 48 h
+FSH 48 h

66
90
74
92
47
60

QOocytes maturation(%) Reference

Yoshida et al.,

1992

Zheng #} Sirard, 1992

Funahashi et al.,
Rath et al.,

1995

1994
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215]0)(Yoshida %, 1992) S8& L= Adz10|
wet zlol7} e Aoz FEAY A G Ee]
B HdEle] Axe] F 1 Zih wE@HY

o, 200,0000] 32 #AHE 7H fractiono 4 &
Ze e A2 @5y A8 F 2 gl A
He ez Jelgth A G e six]dzte] W

FAEE AP e Bag A 7hA 2AE 3

Cyclic monophosphate (cAMP) & w=12] )9
i FA] S HE AdHoR dojuhes P E
& Al gttke Abd o] AxFo Aol dFHAU
t}, cAMP A& 3 HE = phosphodiesterase (PD-
EYe} g2 dARJAREL A EAF]o]A cAMP9
&g AAStR Adedriz GVBDE Az
3t forskolino] 1} FSH ¢} 7+-& adenylate cyclase

oo

frabal ek 2ot s 7 2] i elo] sR|date] & o] Ao 2§ cAMP9 Zrle PEE IS AR
g% d5S FAANAIAT A Es] @A AlZ1tH(Schultz, 1983). wHeF W=7} dbc AMP E
M50 APl = BHAo] gl HoRE Hy = PDEAIIZAE 7HX3L GV 717} A &5 A,
ok, webA) S22 GEHL A Lo M wale] e protein kinase(PK-A)dl 2]&3l= cAMP2] A
2 5 F Zojuje] Aitol= vl g oA gk A2 v A FYsIE R do] AlztEd, cAMP
Aol JolA] ojw EFo] ofgHA Zg3}=R]of 2822, RpcAMPsE Axg 93 ZaiEdg4
aiMe oz o 2& A3y s, A4 A xbe] o &a) A L)Y G E
AAH FALEE AAGERA Wabe] i
6. CHXIQ] A=Al cAMPL| tH3} =23 GVBDE Yo7 A 3tH(Eppig, 1991).
>
%]
=1
1]
db-cAMP 0 2
R st
[tH 16 =8
>3
[do-cAMP ]1008G
>
| 3
‘LContro s 47 8
32
i t { ] 1
0 10 20 30 40
Hours of culture
I_Comrol s 0>
T O o)
[db-cAMP ] 833 3
=
— , o
[db-cAMP 89 3T
o =
U3
ldb-cAMP jso =
o
o
db-cAMP | 12 2

Fig. 3. Effect of dibutyryl{db-cAMP)during various periods on the meiotic maturation of porcine follicular
oocytes evaluated after 24 and 40 h of culture. (Mattioli et al., 1994)
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A o] A cAMP 9] 7FAE mouse$) ratol A
GVBDHT Wz Adojvii=dl(Racowsky, 1984;
Schultz &, 1983), o]} @& A= cAMP ol &7

27} ERBR WAl 452 AS 2R o
-

Aol A A dzbe] A& M LApele] cAMP
FEE F7HAIIH, GVBD7} dojutd cAMP <]
TEE Ve HEopzich olebge
cAMP¢] W3sle o]lg ¥x ¢ Zv17} ok doiad
T A LellA davtaiel gaAlel vwsze FeR
el cAMPE 59 E7he WRbe] AW Ee
Aeldssel zrld dojuh, o]9h g #A e
nucleotide @] e} A el x}olof] o&) F=elA A
Ebdrh Eg cAMP RS %*12401 7 MR
Ao g&ol FahHRl dFES l‘fﬂ AR
Mattioli 5(1991)-2 wi<kdjel LHE #H7lshd
Wzl Aol gdeg-g T £ F 8 "é%ﬁﬂ

¢ Z GrAEe ¢
el AHL o]5 Axet MEDAGE A5
4&@ e} A

cAMPxER 9] Z71= A= qa Azel Ade =
Wsl7) Yal wrg st LHA 7120 219} ulfq} 70
2 FZg@h(Mattioli & 1994) 9 nucleotide &
M E ARl 9] Al glolA] Bl b J14E EThA|
719, forskolin® 2 &) st = x| 9] Wxle A
o AZAAS dNFHo g 2= ES

2
st cAMP ¢ Aﬂ Y 55 §2A171v) uapa
cAMP e HFEES ANE718e] dhaje A
iAo s FrtEH, cAMPE 9] F7he dab e
adenyl cyclase®| #p<iofl o]&siw LHeo s
B2 wEA e ols) AarE F8Add At ol
dojrtey, ek sAdale] Al A sl kAl 27
1020417kl cAMP ) 557} Z7bahn %o 5

91 cAMP & 5898 A A 4A1H

b= whate] A go] &Aool (Fig. 3).
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7. Maturation -promoting factor2| &t
A&idFel 217 metaphase”] k9] so-
matic cells®] &8-S ool v

#g u GVBDE AFstm #Awdel $8g 2

| stch olE F&Eo] 2D UE 43 FE S
maturation-promoting factor(MPF)at 1l 3}
AETE 7283 EEA7 = B42 daxd Aok
MPF¥& cyclin B$} p*edzali= 27)¢] vl g 1)
o] qlon, BgAql dH= —'—ZH’C?}U% s
2ol = pre-MPFE gt} o] & whwla.& A

EZF7]19 Aol wg} cyclic WHE o R AAE,
AEF7] Atolo A o] whalg A4S MPFe| &4
of 875+ A ol 5351, anaphase$ ety
FAEARS h‘rx}/l 2g43E zddtt pre-MPF
Al MPFZ¢9] #3%2- tyrosine3} threonine 25 &
of ] pidee] dephosphorylationo] €7-¥ cH{mil-
laro} Russell, 1992). Cyclin B MPFE F 213 o
= A At oy}l cde?b tyrosine phosphaA
olef 742 Vs vk ©

= 7,] 1: p.§4u!tloﬂ tH 5]. ser-

tase2 X AIA A 7=
Wz ot} MPF&A 9|
ine /threonine kinase71%oll 2|3} Al E g 3 o)
phosphorylationg Z7}A] 7} =8 loh,

38 MPFE GVBDE #%389, 9k & (Smith
9} Ecker, 1971), £7}A}el (Kishimoto?} Kanatan-
i, 1976) % uv}$-2(Hashimoto$}t Kishimoto, 1988
)ol Wz M dgel #ostm o waba
MPF& AxF7ledia fARHoz ggsted, =

o] whate A Lol A sl Foth A E AW
"1 MPF7} Z7}13te], MPFeo| &7l g3 o
A el el dolvhe Ao Ao 3 cH(Mattiol-
i ¥, 1991). MPF¢] &3 £ kinase®} phosphatase
gAef A s dojuiy, g BHEC] o5
BAaE Sl St G27ielM M7IE " EhA) 7]
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