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ABSTRACT

Cyclic AMP (cAMP) was known to play a key role in the regulation of
cumulus expansion and oocyte maturation of mammalian cumulus-oocyte com-
plexes (COC’s) in vivo and in vitro. The present experiments were conducted
to know how intracellular level of cAMP in these cells is controlled. Intra-
cellular cAMP level was modulated by culturing mouse COC’s with an adeny-
late cyclase stimulator, forskolin, a phosphodiesterase inhibitor, 3-iscbutyl-1-
methylxanthine (IBMX), human chorionic gonadotrophin (HCG), or follicle
stimulating hormone (FSH), The rate of cumulus expansion and germinal
vesicle break-down (GVBD) was checked after culture and used as a biological
end point.

Forskolin in the medium began to stimulate the expansion of the complexes
at 1nM and induced maximum expansion (80~90%) at 0.1~10 gM. The
expansion rate was reduced to 6025 when forskolin concentration was
increased to 100 xM. Qocyte GVBD occurred normally (75~82%) in the
presence of 10 M of forskolin, but partial suppression was appeared at 100
¢M of the drug (40%). IBMX also stimulated the expansion from the con-
centration of 0.01 gM and induced full expansion (81~89%) between the
concentration of [~1000 uM. Meiotic resumption was occurred normally under
10 M of IBMX, but suppressed drastically from the concentration of 100 #M.
The minimum exposing time to hormone or drugs required to trigger cumulus
expansion was two minutes with HCG, 15~30 minutes with FSH and fors-
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kolin, and two hours with IBMX,

~ The data presented here seemed to imply that intracellular cAMP level in
cumulus cells is regulated by both adenylate cyclase and phosphodiesterase
and cumulus expansion is induced by a peak of cAMP while meiotic arrest is

maintained by continuous presence of cAMP,

A =
FEEY dE2GAE 22 dTAEZF R Fo Aoz glon HAL A 174 Ed
of AAE Adrirt B P4 52 E(luteinizing hormone, LH)9] AZFo 2 wele] o
] =49 AAZ deofdrt(Austing 1961), ol WFTFAEELE A XA

vl 3t A WA EY BAbE doFlH FAL dTAREL & 29
2 237 sl ch(Dekel et al., 1978; Schuetz and Schwartz, 1979; Eppig,
1979). Ev%‘f«] GA-ETEFAE R A EEE o] APl A wigE dhd AX
AE HAFASEEY] Egge] AMH R AFEAE AAstY A 2745ED FU17
Z z o] =1}(Pincus and Enzman, 1935) d7FAI XS 4L Awdgoz dojur ge
oh, zE v v gFale] AT IERE £ 7 FAHEL(follicle stimulating hormone,
FSH; pregnant mares serum, PMS; human chorionic gonadotrophin, HCG) #-}3lm in
vivoo| A AY FTAEY A3 BFE 5 F glon w3t cAMPY fx4 ¢l dibuty-
ryl cAMP (dbcAMP)} Al 24 cAMPe Fx %_« Lol AGEL GA in vitreo] A YA
o Fabg fEdhe AoR Hol 32F9 A4r] A cAMPIE A 2 A 2R AEg}
2 <A 9lr}(Dekel and Kraicer, 1978; Eppig, 1979; Eppig, 1980; Hillensjo and Chan-
ning, 1980). F#8] AxzA A A cAMPrL 4R A7 Fe] Fad &L o
= Aol & & glor R (Cho et al., 1974; Dekel and Beers, 1978; Schultz et al., 1983)
AAT F F3kw AzALolo] cAMPE MEZ Awtd 9 3tz gl Aol (Al Z o) A
T FH2AAR, dAdAE AR, vt dA-GTAE Alelg #HA, 53
cAMPE FA 28 43524 HAo] IS F28 HFAE |F 2 ¢ rh(Salustri and Sira-
cusa, 1983; Eppig and Downs, 1984; Salustri et al., 1985). B o Fol A= JIAs} JFA
Il A cAMP7} A 9A Z2AH=AE dotrr] 5t dA-GTEFAE o Fu o &
m A wj] ekdle]] adenylate cyclase®] &z A ¢l forskolinz} phosphodiesterase] =)&) =]el 3-
isobutyl-1-methylxanthine (IBMX)<- A s}ele] Az cAMPY B2 ziAgd oz =43
s oolEo] A A FTAEY FAtd mlAE AFdE AT obgE AR
F52gol 43 FAFESG o Ado] Ja FE FARAL ¥ zse 2,
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+ AEdn Aol A o d Jeog A2E H=y GTAZA A 2o e ¢
A-d T EFAE Fehlle]l ok AER vk w gy e 532 Brinsterd] paraffin
method(1963)o] w}gkr}. Z petri dish(Sam Woo)o] 10 mle] paraffin oilg 3 7 A vlute]
100 ) W))W S ETHS 107 dele] ®FAE o Fe] 4 5 37°C, 5% CO,9}

G2 F2)E FFwE A 2r) (Forma Scientific) wWeoll A 94 A 74 o okslg v}, wf oko] #
dF GFA 2y Fa4d e =gdn] g (Nikon)stel 4 H A AAstgls dabe &
hyaluronidase (Sigma)& 74 L5 A7 & v}& acetic alcohol (ethyl alcohol : acetic acid,
3: 12 374, aceto-orceine @ AME = 9 Ala}d u] 4 (Nikon)sto] A WAy A &A4dH &
ZHarslg ok, Ade] Ab2gd A <¢kF IBMX (Sigma)i= SECMef, forskolin (Sigma)-&
=3} ethanole] o4 z+7} | mM stock solution® & A z3}o] & wbekd 43 ulf okl o]
7b3te] Abgaicl. B3 & u) oF &= SECMe| 10% fetal bovine serum (FBS, Difco)s}
Hepes (12mM)& #7}sbe] A-8giv}. Human chorionic gonadotrophin (HCG, Sigma)-2
10107} 5] =& 2 5}8le] A-24) on) follicle stimulating hormone (FSH from porcine pit-
uitary, Sigma)-Z 0.01 IU7} #H x5 Asbete] Ak APAHR] foA4d AAL AR
ZE o2 & wu| g9 umuts S L34 c}(Snedecar and Cochbran, 1967).
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AlZW cAMP] 22 A o g Al o) zlo] Al L] AR A+ 8 AL
Fig. 1 B and O3} ke A3 276 vlA& a3k5 2Astgeh. s g 2] fors-
kolin 1nM¢ F=old FH Gz *5’?*&% T(r-EB] 7] A #sked (36%) 0. 01 Mo
A TA%8 BAe Beslw 0.1~10gMe BT A Aol E4EsE e g

ForskolinZ} IBMX7} A 22 2
W3 gA-GT LEAE 3
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(80~90%). °]el g Fak-g-e HCG(10 IU)ej 4&11 e EAE01%) 7 Aelst flaler
o] 2] A = 6% H o] Qeojvpx] gho} intact complex (Fig. 1A)¢} zokep(Fig. 2). o]

5 B A EE AAZY F I dE 3 A forskoling] F sl 10 Mo
o] 27 744 »xM A $r) gl A9 e tenfA ghere (77~90%), 100 xMe} 5
So] olzZul el A B sb FoetAl oA Hale (0%, P<L0.0D Fig 2). o] AFE
o JF 422 adenylate cyclase7} forskolinQ] AFo g Y EE o cAMPE- A48l T
E7} Eolal cAMPAL Al £ Habg triggerfl b Z1E ne] Ao dAbe) o] aaE
forskolino] 100 uMell ©] 2] 4] o ]iﬁ: cAMPE A 438l dale] A&ES oAstels A
& 1o} 9ty &3 phosphodiesterase?] A& 4]ql IBMX9] o 88 zAla - A4 uff off

o) IBMXE o] o &ate] dTFAES HAS F3bdoz fratgrtFig 3). IBMX
= 0.01 pMoll 4] B B4 FE3F7] A A8k (30%), 1~1000 pM2] A kel A 81~

%9] VA E FaA7 o8 o] forskolino)} HCGel| gt st e & w4&%
Tﬁ,}ﬁu}, olu abel @ i 10pMe] FEtA] AAH o R o]yt o} (92~100%)
100 pMoll & B8 FA 8 Aslso] A 3 oA H A 6~14%, P<L0.01, Fig. 10).
9 AFH}EL FFAEY o] Aol phosphodiesterasest IBMXof 9] o} 4] 7} =]o] A3}
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Fig. 2. Effect of forskolin on the cumulus exp-
ansion and oocyte maturation of mouse cumulus-
oocyte complexes (COC’s) in vitro. Mouse COC’s
were cultured for 20hr in the presence of various
concentration of forskolin (0.001~100 gM) and
their cumulus expansion and ococyte maturation
(GVBD) were checked as described in Materials
and Method. Percent expansion means % of the
complexes showing fully and partially expanded
cumulus cells per total. The number of complexes
at the bottom of each bar was obtained by poo-
ling four repeated experiments. The aster indic-
ates that P<{0.01, when compared to control.

Fig. 1. (A) A mouse cumulus-oocyte complex
immediately after isolation. The oocyte is surrou-
nded with tightly packed cumulus cells. A com-
plex cultured for 20 hours in the plain medium
shows the same shape as this. (B) A cumulus-oocyte
complex after 20 hours incubation in medium con-
taining forskolin (0.1 gM). The cumulus is part-
ially expanded. (C) A complex after 20 hours
incubation in medium containing 100 gM of IB-
MX. The cumulus is fully expanded but the oocyte
has an intact germinal vesicle (arrow).
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= ;’K i Fig. 3. Effect of IBMX on the cumulus expan-
0 T sion and oocyte maturation of mouse COC’s in
[T3 rartially oxpanded vitro. Mouse COC’s were cultured for 20 hr in
100 fuily expanded the continuous presence of different concentration
[ of IBMX (0.01~1000 guM) and their cumulus
nes expansion and oocyte GVBD were checked by an
gso inverted microscope. Percent expansion means %
5 of the complexes showing fully and partially
z 60 expanded cumulus cells per total. GVBD of the
P oocyte were examined after removal of the cum-
a0 ulus cells. The results were obtained by pooling
£ of four repeated experiments. The aster indicates
20 that P<{0.01, when compared to control.
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Moz AEd cAMPY FEE ¥4 Fo dFAZY E4e fEdz FAA 3y A
SANE AAATGE 2 B FE Aelvh o Ao )
1~10 pMe} F-7bejeh, o] F 7ol A IBMXE Ga] 2o B8 F83] Hx
o o EFo] 3 dgg viA A slrh o] AL in vitroo] A QA AT 52 (FSH or
LH)e] cAMPE Edlo] A28 AL frasidz e AS5AAE wasd &
= A N fag daelet B 4 Al
HCG, FSH, forskolin ¥ IBMX7 UM Ee BAMAZ2 REsieH RS 54 X277t
AL A4S dodlEd drpE et B8 v59 cAMPE S48 oF A F2 A
Az 5228 AF7703 cAMPY 5585 Fol: 3459 AT 771 Aol ol
Aol 7 A E Bl a4 dA-dTF 2

AES 236 A 24 254 HCG (101U), FSH
[T Hca(1o1y)
100, FSH(0011U)
Fig. 4. Length of exposure to hormone req- 40 T M P
uired to stimulate cumulus expansion of mouse 80
COC’s in wvitro. Mouse COC’s were preincub- 35 °
ated in medium containing HCG (10 IU/ml) &
or FSH (0.011U/ml) for different times (0~ 560 5
2 hr) and then transferred to plain medium 2
and cultured further for up to 20 hr. The w4° ;
number of COC’s tested was indicated at the ¥ 32 ‘ ‘
top of each bar. The results were obtained 20
by pooling of three repeated experiments. a1 J
R Fpa TS T, T v Fr—
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] FORSKOLIN(10uM)

100 1BMX(100uM)
Fig. 5. Length of exposure to forskolin or

80 as IBMX required to stimulated cumulus expan-
sion of mouse COC's in vitro. Mouse COC's
so were preincubated in medium containing for-
skolin (10 M) or IBMX (100 gM) for different
times and then transferred to plain medium
40 and cultured further for up to 20hr. The
number of COC's tested was indicated at the
20 top of each bar. The results were obtained by
. pooling of three repeated experiments.
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(0.011U), forskolin (10 M) Z.& IBMX (100 uM)o] :=%4%7 F ZA BE wjgA oz
EAA AL 20 A Zk v oFehe] Hgieh WA BgA £ LHe $44x¢] HCG (10 10)
of &t 23 ¢ =FHGAE 20474 A Ald mEFe] AFE wghd GTFAELE AH
o FA8090%) dogigen FSH (0.011U)E 15 Rl A 61%, 30 HelA 80% o]
o A4S fFrslg o Fig. 4). A ZW adenylate cyclase® Zx%}:= forskoline- FSH9} u
8k patterng Bl Fol 15HolA 59%, 303 o] Fel A HE o 80%e] AL EAS
4% 319 o (Fig. 5). cAMPQ] B E vt IBMXE: &hA gto] 48%9¢ H-a8<

2 A7 o] el Aok EAA gl LAB0%) S FET F 9ok (Fig 5). ]E |

AT ZEZO] v g A kel (304 o)) AlZu cAMP g %L% olH
cAMP o] peak 7} 471 Fml dFAl £ HAL trigger 3}7]o] FHdhE AL RAF

o IBMX o] A57]7ke] 24 qhAl b o) oz 5 = &o]1} forskoline] 94“& A At o
A€ AL cAMP] E& & Wgoa ¢4 cAMP & FmE ol Aol cAMP 9 g4

=
2 A &5 A we} Aol v A el 4 2ok

—_

B AYelAl GFAZY AMPY A4S FAeAY HaAE ASHE A GEo
(forskolin or IBMX) in vitrool| A] JFAl X8 HAS G2 4 g AoZ Hol A4F
o YdFAEWRE FAL s}a  adenylate cyclases} phosphodiesteraser} A& T &
Gk cAMP o] FEE EAher] 4% ARE Yo AL Uslh £ F2E A
Ggol 7|t =FHYAE FTAEY o] # ‘ﬂ*‘é Aoz xol Fabs trigger 3l
d AEFHed £ T cAMPZ HaA guts S Itk whibA in vives A A
HaAT E2BLHY peak sk AW ole] o Zu] G4 Lol cAMP | peak T 3
Sz Ashd e GFAEY PAS trigger 9 B steroid & ]G 5 Qi Az
287 HES gom A, o Zukd vo] AMP A el 4% A5 Aol F.55)
£ AL oo A8 & Fal o A YA Al in vitrool A LAY AMP
TEE ®ol € cAMPe a5 vhol ek gA gy el oglel dAke] Aukd H&g o
A 8tA A} (Cho et al., 1974; Magnusson and Hillensjo, 1977; Sato and Koide, 1984).
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= AP AE forskolin 3} IBMX 5 dAe) 4%& odgez of AL H0A o
F3 9k oz ALY A mAd = phosphodlesterase b viad EE 848 ZEa dve
Ak o] (Bornslaeger e¢ al., 1984; Jung and Cho, 1986) o]=®
A ZoAE =& F Z47) 25 Augl 349 vz e
A forskoline] &3} 0,01 M 9] & Exo] Al BE JFA =
(74%) IBMX % 0.1 pMef 4] o)v] 5429 F7AE &4
(Figs. 2 and 3). vl ko) IBMX 7} 0. 1~10 M 9] S5 F 7oA -84 os G4
Z A dog A g Aol ol J S v A% @k forskolin = A4 0,01~
10pM Apolol A& dTA 29 FA4L FEaAA dAe] 45S dAslx 2otk (Figs. 2
and 3). o] & AFEL UTFAEY cAMP systeme] wabe zAntd WAHTHE AL
o)t A ok FFAELY] BAS trigger dhu) ¥ 28 32RO 27| ko] HCG &
2%, FSH = 30 ¥-oln] &2tz forskolin ] A2y 7% FSHo 7o zoz mol A4
&AF BE£o] QA4 o adenylate cyclased £35le] cAMP o] %22 g Aoz A
Z=le] IBMX 7} gleom cAMP 7} = A2y phosphodiesterased] 23l »roﬂlré Aol
(Salustri et al., 1985), wl@A & 7|7k A7 cAMP./] peak 7} B4 fxgca 2 4
Azl k. IBMX o] 5 A 7o) 3 Ao} (24 774A]) %:luﬂz_q Barge] n)4
3te] Frbebe P42 IBMX 7 cAMP 9] 28 2 nke 0 24 A3 cAMP ¢ x 3 o
AotE AL gulsle] 32 Eoj} (FSH, HCG) forskolin o] =}2-o] glo]i= basal level &
cAMP 7} Al 24| adenylate cyclase o] 98] A4 ulroix = YotE AL o vl gch(Fig 5).
Eppig(1980)& A4 A3 234 E FSH (1 pg/mD 2 4% trigger sFd] in vitro
ol A} 2 A1 78] %] 7ro] A gdheta nslgl o] Dekel and Kraicer(1978)3 LH & rat
O dTAZE FAAIED 154 AT zke] Aodvhe A4S xnd up ok ¥ A
AGAE pigs] WAL B4L PEY o] FSHY A9 QiAW E £ AT 4
Aol Bashehe A% Yskor] IBMXE Y48 frod Tote AL wkehEwon
et al., 1986). wlo}a] LAk trlqgero}lf—xl 7 0 EF 2 Ak A loe] Eo ulz} &2 hormone
o) Fol vk hEvl cAMPE B ol slAel dErh: 2% 9 Al B
AZY are] cAMP 9| peak o] €lal4l fm 4 Qe ) u&«w dAe] A%E oA
Ao A% 22 AA e ool cAMP S} ) elok sk A ek ol fonskolin o
3 IBMX o slal @42de] elAlze] iz WAL S nE PR s $AAR FA Fado
AAME e Ao Fy o4 4 3o (Sato and Koide, 1984; Schultz et al., 1983). ol#] 3t A}

A ¥l ghol ol A eApFEREe] dA £ cAMP & ‘5;—01 s R e I e
2 AASA 9 AAe ANT S e 2 Aeh L AdelAE A AMPY FES
qu‘; A & olvjrn®g ko g AW g cAMP assay & E3ld] <l A3 FA 2 9 cAMP

e sld EAslz o] Wb dA-G s B3k g /‘ﬁ Wb s 2AseEr o9
A AGsherbE sk - qloF Slef ok gF Zlow Al bl v

A9 dA-dTF BRAE A FPshdA adenylate cyclase &) Zx1x¢l forskolin 3
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phosphodiesterase 9] A} 3= gl 3-isobutyl-1-methylxanthine (IBMX)< wujokelio] = 7}5}e]
olEel FTAL Fa% 3R 44 @ L] v AE 5AE BRY A} GLH 2
ke,

1. Forskolin 2 0.001 pM o] A ¥ dFAZ EAE FE317] A Fste] (36%) 0.1~
10 M F7koll A H e B8-S el gz (80~90%) 100 Mol e 2 337} o] &
AeF60%). ol FAS & 43 10pM AR 4o Qejuhrh(75~80%) 100 pMo] A
FEH g AR AFsEH40%).

2. IBMX &= 0.01 pMol A ¥-8] dFA 2 FA4e F2dlr] A3t (30%) 1~1,000
eMe] A Tkl A A EA-E(81~89%)S det st dAEL 10#MY FEAA A
Aoz d F3E Ao det(90% ©14) 100 pM o) Ao A FAE| A 54%1‘:?(14%)

3. QTAEY 2ie °ts}—cﬂ e Has AFA2E 2448 2 Az HCGE 2
%, FSH 9} forskolin - 15~30 &, IBMX = 2 A 7} o] ¢ =}

9 AR HE AF ]37;01]/11 cAMP 9] F% & o]+&d| adenylate cyclase ¢} phos-
phodiesterase 8] ¥ &7 } 23 J19E e JFAzE T 77k A7 cAMP g
ek 2] $4k6] $59 4 9ot @A 4%da BN A%Aq cAMPO| LA
b destde AL 4%

l
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