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ABSTRACT

The present experiments were carried out to investigate the mode of cAMP
regulation of cumulus expansion in pig. Intracellular level of cAMP in the
cumulus cells was modulated by culturing porcine cumulus oocyte complexes
(COC’s) with forskolin, an adenylate cyclase stimulator and 3-isobutyl-1-
methylxanthine (IBMX), a phosphodiesterase inhibitor. The role of calcium
in the hormone induced cumulus expansion process was also studied. Forskolin
in the medium stimulated cumulus expansion from the concentration of 0.01
¢M and induced full expansion at 1~10xM. In contrast, IBMX in the
medium (20~180 M) failed to induce the expansion. Verapamil, a calcium
ion transport blocker, suppressed follicle stimulating hormone(FSH)-induced
cumulus expansion in a dose dependent fashion (0.002~0.2mM) when the
COC’s were exposed to the drugs during culture period(32 hr). But verapamil
did not interfere with the triggering action of FSH during early four hours
of culture period.

The data presented here showed that adenylate cyclase in the porcine
cumulus cells may play a key role in the regulation of the intracellular cAMP
level and calcium ion may be involved in the later period of cumulus

expansion process.
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Fig. 1. (A) A pig cumulus-oocyte complex after 32 hours of incubation in medium containing
IBMX (180 uM). The cumulus is not expanded. (B) A complex exposed to FSH (0.01IU) for
30 min followed by 32 hours of incubation in plain medium. The cumulus is partially expanded.
(C) A complex after 32 hours of incubation in medium containing forskolin (1 uM). The
cumulus is fully expanded,
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1.8mM) Apg-38lg or forskolin(Sigma)»} Ca?* o] % ¢ A3jAlQl verapamile =<3}
ethanol &0 o stock(10mM; 20mM)2 nlE F 3k 24 ]l 3 rbste
TEE ZAF }%1?} WA -7 B-g4 54 multiwell microtest plate(Nunclon) & A}-23} 0]

=3 =
Meketsieh, 2 wellol o 0.2mle) wobol g %3 $gAEL Y2 g plate T 5% CO,
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Fig. 2. Effect of forskolin on the cumulus
expansion of pig cumulus-oocyte complexes
(COC’s) in vitro. Pig COC’s were cultured for
32 hours in the medium containing different
concentrations of forskolin (0. 001~100 M) and
their cumulus expansion were checked under an
inverted microscope. No. of COC's examined
was indicated at the top of each bar. The data
were obtained by pooling of at least four repeated
experiments,
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Table 1. Effect of IBMX on the cumulus expansion of pig COC's in vitro.

IBMX (#M) No. Expanded/total % Expansion
0 0/21 0
20 0/22 0
60 0/21 0
180 1/21 4

Pig COC's were cultured for 32hr in the continuous presence of IBMX (0~180 gM). Cumulus
expansion were examined under an inverted microscope after culture. The data were obtained by
pooling three repeated experiments.

Table 2. Potentiating effect of IBMX on forskolin-stimulated cumulus expansion of pig
COC’s in vitro.

Treat . Expansion(No.) %* tot. No.

reatmen R T o

o o o exi)igﬁgd eigﬁéle{l expggtied Expansion Examined
Forskolin, 0.1 M 4 4 27 23 35
Forskolin, 0.1 ¢M 21 17 15 72%* 53
plus IBMX, 180 uM
Forskolin, 1 M 41 6 8 86 55

*9 expansion; % of the COC’s showing full or partial expansxon/total Pig COC’s were cultured
for 32 hour in the continuous presence of forskolin with or without IBMX and their cumulus
expansion were examined. The data were obtained by pooling four repeated experiments

*#50. 01, when compared to forskolin, 0.1 gM group.
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Fig. 3. Time of exposure to FSH required to
stimulate cumulus expansion of pig COC's in »s
vitro. Pig COC’s were precultured in FSH (0. 01 - 5 P
IU/ml)-containing medium for different period 0

and then transferred to plain medium and cultured
further for up to 32hr. No. of COC’s examined
was indicated at the top of each bar. The results
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Fig. 4. Effect of verapamil on the FSH- | T3 venclayer e e
induced cumulus expansion, monolayer for- 1007‘ . / =~ 100
mation and viability of the pig COC's in = \'\»—-———;\ .
vitro. Pig COC’s were cultured for 42 hours SOJ o N e
in the continuous presence of FSH (0. 01 IU/ ‘ B \ .
ml) and different doses of verapamil except z - A MO g
plain medium group. Cumulus expansion g e " - 60 g
and monolayer formation were observed after LQL‘ | | §
culture. Viability of the COC’s were checked “ e | ‘ e D <
by trypan blue exclusion test. The results a _J : ‘
were obtained by pooling of four repeated i ! S X o
experiments. No. of COC’s tested was in- 20— | 28 o
dicated at the top each bar. o %
*p<0.05, when compared to control (vehi- | } ‘ B 7:;__J\
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##p<0.01, when compared to control
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Table 3. Reversibility of verapamil effect on the cumulus expansion of pig COC's in vitro.

Culture conditions

% Expansion No. Examined

3hr 4hr 25hr
Plain medium FSH, 0.011U/ml Plain medium 66 35
Verapamil, 0.2 mM FSH, 0.01 IU/ml Plain medium 56 36

Verapamil, 0.2 mM

3hr 29hr
Plain medium FSH, 0,01 IU/ml 7 50
Verapamil, 0.02mM FSH, 0.011U/ml 81 53
Verapamil, 0.2mM  FSH, 0.011U/ml 80 49

Pig COC’s were cultured for 3hr in the presence or absence of verapamil and transferred to
different culture medium as indicated above. The COC's were washed three times at each step in
plain medium and cultured for up to 32hr. The data were obtained by pooling four repeated experi-
ments,
©1%). 2eitt 0.2mMe| verapamile ETHE A Fold AP FPATE LRI
309 GTFA S whgirel daol HE ol BAAJFig . WA B FE
o] verapamilo] A% kEH FFALEL o] Aokl o AEH A F T ALE
ehskeh. Verapamile] oA &35 A9 8-S = Q& A9 o3sh FSHe 25 334
UADE AFAE 2445 Aokl LAAZ verapamile] =547 BIAFL oz
79 vkl o g A wieksle] Mgkri(Table 3). Verapamil, 0,2 mMe} 347} =& g
B35S FSH(.01 TU/mD % 233t iAoz £A AL alds Jed dF2e
FAEL AFH o2 JTFALY FAE Qoo (81%) AET-9 2RAA(T8%) o7t &
Al B8 52 verapamil, 0.2 mMo) 34] 7+ % A 7]z FSHe} verapamile] £ 9l i
gl o2 27 427k Fae 53 T ol REujgd o g A A wids P& W=
zpol 74 @l eh(Table 3). o A5 verapamil(0. 2
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GFAZEY PAge 27 o
mMe] 347k & 747 Bkl FTFAEEA WAdH 4% A G A2
EEDES
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AEZGAE AT v GTAREE dE7 4FhE BTG @Al FELE FF
e dFAEE ALeh} et 2y o] Z(Graafian follicle) 2 A #3ts LHY A=5o2 )
ol Yojdu] o] ITALEL £AE dod FAo 2B Ro]= T2 EE FH|she Al
22 %37 gch(Channing et al, 1981; Schuetz and Dubin, 1981). o©]# 3 F74 29
s $3E AL AFIZ2EFESH £ LY A5 o4 in vitrod| HE F2E
glewl o] #FAelA cAMPr} FHzAAR FLgche B 2ust 9o $heh(Schuetz ef
al., 1985; reviewed by Eppig, 1985). & dFolA & oleldt Gz FAFE A
Feshs cAMPY =24 5bA4 & zAbskx o= Ca**e] it ol FE o} ZAMSHA HgTh
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2 A9 AFE Y¥ adenylate cyclased] £z 4 ¢l forskolin& in wvitroo) A == A}-
G BFA Y B 9AF doseresponse AL Mol EHAFE AL E 2 glglod
(Fig. 2), o]oll =ha] phosphodiesterases] 3] #)¢l IBMX: 180 pM7lA] ¢ 48 $T
oA REohE AE ggkoh(Table 1). o] & 2ol W4 = o] cAMPX: adenylate cyclase
ol g3l FrHor Fxrl £245% 21 7o) phosphodiesterased] AA|mto gzl ZX
A gvhe AL gkt M FAH 9 forskoline] =x FFAze FAL FETF ke
A2 Racowsky(1985)] <& mas u} glee]l & Aol An A9 e Asbrt Vgrh
22yt IBMX9) siA] Az Fa4g3e] A3 Hie ofF glow 34 A3
TAZ7E o] A eke] & &F3] F4ale] X & AoE Hol(Dekel and Kraicer, 1978;
Kwon et al., 1986) i s 2A ¢l Azetz & 5 ik 538 459 A& 0.01 Mo
A Y e fFrskr] A Zetz g (Kwon et al., 1986) = A9k AF 9 FFAE Afo)o]
CAMPzA 7| Zoll & o]z} 9le Ao F2d. In vivoo] A G TA 29 4L Frst
= 7Y 32 £o] FSHalE ®3E Ed 2 &} (Eppig, 1979) in wvitrod] A FSHr7} ##
TAEY A LAE fFEshedl o8 Azbe 26 £ A3 2o 443 947 7
2 A AE dkeh(Fig. 3). o] 717k Fotel FSHE 7429 adenylate cyclase®
33t A EZH cAMPe] F= & Folo] EAA L triggersts Ao A A= cAMPE
3 3£ phosphodiesteraset= wlawx FoJwrt 22 Ao A= gy EE df Fu e
verapamilo] Fxo| o E3te] FSHel 93 frmsl £42 o7 dte Zog wol(Fig 4) 9
AT o Ca?*ol A G o FA Yt Verapamile F 44 oA & $olel T
Al %9 monolayer 4% A3t th. Maruska(1984) 5& 49 B A E AEE cal-
modulin®e} A8} 4} ¢l trifluoperazinee] v} ethylenediamine tetraacetic acid(EDTA)ZE A}-&-31o]
Ca®re] odl ARE ZAEE Axt dT7A 29 EaA34e Ca?fo] FAdHA &g ojztx
B2t b Qleh =gk £ AdAelA A3 GFAE H4lel ¥ A& verapamile] 9 &g
At} 2 A7 0.2mMe] TRl AR 70% o] 4o dTAHEEC] AAHoRE FAE Yo
713l vt(data not shown), o]zl o2 Mo}l =)Ao GFAEE Ca¥ @5 AsAld G 2

5 2} v] ulzeAl 4bgdt=Al zgkrl.  Verapamile] ZA)3to] FSHE 44 7 A5
3 BE wgR o RS W dzie o] F4alo] FE HE Ao Hol(Table
3), FSH7} A zu cAMP2 F5 & ZolEx xv|dAoAE calcium iono] ods}lx] e
Aoz M= et whebA caleium iond Al E HEA4H T4, F Fz3e FAo
b ZuFAAe Fdode Aoz FA= e X AF 9 a»}ﬂ}'ﬁi-— verapamil®] £
Edel] gt FAAE A e e A E £ gemg Cate I JRE gow
Y ZARE &) Holobd Aoz Azt mu)
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& Fxsh7] A Aste 1~10 pMofl A 32 B (FSH)ol| o3 A3 22 ¥ E48(8% <1 4)
& Ehiigich kel IBMX(20~180 pM)E A9 Az ¥ 4e FEA @kl
A &) Al ol verapamil(0. 002~0. 2 mM).2 in witrool| A1 FSHel &3] %5
B GTAEY B4S X dEd AxFA4L Jehge, zeld FSHryl w4z
B4 AFHE 27 4470 FUAE A dFE AR ggeh ® AP AAFE
dT-A 2 cAMP+= adenylate cyclased] Fx 82 zd vl Catte JFAEY &y Ras)
ol #o e AL AAste Aoz g4 =%
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