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Effects of PDE inhibitors on the follicular cells of Xenopus oocyte

Reiko FUJITA and Shingo KIMURA

Abstract

The follicular cells of Xenopus oocyte under the voltage clamp produced K current responses to
follicle stimulating hormone (FSH), adenosine (Ade) and cromakalim (Cro), which is a K channel
opener. F'SH receptor and Ade receptor were coupled together with Gs proteins in the follicular cells.
These three responses were produced to open the K, p channel. To investigate three phosphodiesterase
(PDE) inhibitors, isobutylmethylxanthine (IBMX), rolipram, cilostamide into the follicular cells, we
utilized the FSH-, Ade- and Cro-induced responses for monitoring of increasing intracellular cyclic AMP
concentration ([cAMP];). FSH- and Cro-induced responses were augmented with a prior application of
IBMX, a nonselective PDE inhibitor, whereas Ade-induced response was disappeared for an antagonist
action of IBMX. FSH-, Ade- and Cro-responses were augmented with a prior application of rolipram, a
selective PDE4 inhibitor, whereas could not increase with a prior application of cilostamide, a selective
PDES inhibitor. These results suggest that PDE activates in the resting levels of the follicular cells and
the activated PDE may be PDE4.

1. Introduction

cyclic AMP (cAMP) ldsecond messenger & L CHIEN THE)  {X45TC, adenylate cyclase (AC) |2
L DATPR S A E 5. GTP binding protein (G% > /X7 &) DGsAscouple L Ty 2 72k H%agonist
FBU & D IEHEERNCZALT 5 EACIKTEMAL L, —77, G ¥ /327 B DGinscouple L T 5 24K
agonist BT & D IHERICZEA LT 5 L ACIEITHI S 5.

BN CAMPIERE ([cAMP];) 2888k 3 % & protein kinase A (PKA) (2ZcAMP2SHE 4 L CPKADSEMEAL
T 5. W E 2 o IR TIEPKAIZCde25% V) ~ R 1L L TM-phase promoting factor %
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down-regulate L, JREGHEMEIL L TW DY F72, 7708 AFT)VOIIEIEZ Y A TV
5 YA TlEcAMPASHE & L i L L 72PKAIE, Kurp channel®openingll 5535 4%, 2 DKy
channel 2SIV TISAE L 72K BHE 7 7 1) 10 X F T )OVIRRE AL Ok B 24P 2 Bkl L T v 3 ™
Z D & 9 IZcAMPIZPKAD G % 4 L CURREMIRE O il 2 FAET L T 5.

—7J7, BN L 72 cAMPI 53 # % 3% O phosphodiesterase  (PDE) T4 f# & 41, [cAMP]; (XA L & D
T % 21 T WERIRIREE (restiREE) OIBFEIZH &5, Tbb, restIREEOMIIEL TIE—ERDAC
RPDEASEMEAL L TW C[cAMP] 138 5 —EDREIZHE SN TWAS EEZ 5N TWwh, PDEICIE
PDE 1 ~110% 7% £ &), cAMPZ 4RI/ #$ APDE4, PDE7, PDE S, cGMP#%4F#EM
25 f#$ APDES, PDE6, PDE9, cAMP&cGMP% i J5 & & 434 2PDE1 ~ 3, PDE 10, PDE
1UAH2Y. ZDHAEPDE3RT 7Y H Y XA TVOIRFEIIETIZA » 2 ¥ ZEEOTEMALIZ L Y
B EN, Z OEEPRATGEDYE T L 02T % S i SNCw . a2 o i
PKCOIGHALIZ E o TB I 2L VHHEST bH 0, INFHIEEEIITEROERBMEH AT L & E
ZHNTWw5h, F72, PDE 6 (ZHHNE Ctransducin (Gt) 2SYEHRE CIEHERNCZEILT 5 LML S,
cGMPOMIFENIEEE XA 5. oS, MO A 4+ v F % 2OUHH U CHilla A58 48 L <
Ty I VBOR AR S, 20X )12, PDEIZCAMPRcGMP% 41 L CHIFB N IBHIZERICE £
SFICHS L Twh.

Slnl, 77 ) H ey AT OVIIEEIIE O U o T AN OPDED ¥ 1 7 &S 02T
572002, PIIHIIE IZAEAE$ 5 Gs & couple L T\ A 52 AR5 4 % PDE inhibitor® 7 T K3 5
[CAMP];OF&HE & | TS L7z

2. Method
EREBRR
T 7)Y ATV & R, IR R YIBH L CINE A SRR OB A ) L, ¥
Yoy N CUNEN R 2 13 A L CIRR MR (I B b L2 ORI (follicle-oocyte) & HUY Hi L
7z. 215 % Barth’s solutiont, 15 C THRAFL T4 HLINIZEER L 72, Z Dfollicle-oocyte & HE it
Fchamber|Z[E5E LT, 77 4 A5 T )VHMIEIME (frog Ringer’s solution) THET L 72, &
I3ZE S0k A SR
- BRAEEFREIE
oocyte & follicular cellldgap junction T2 7% A5 > CW T, WAAEHLIIIZFE MO L 5 128
WENE., ZO70, REBTIZARDOEM % oocytel NI A L T, follicular cell CHAT 5 EA
I & TR E L 72, % I Dagan 8500 A7 E 226 1&, F 721, Dagan TEV-200f% %
frEEEEE & H VW CEERBEE N Tk o7,
adenosine (Ade), follicle stimulating hormone (FSH), cromakalim (Cro) l&frog Ringer’s solution
2V L CH w7z, 3 -isobutyl- 1 -methylxanthine (IBMX), cilostamide, rolipramidimethyl
sulfoxide (DMSO) 2%, DMSODI#EEEEA30.05% LT 12 7% 5 & 9 12 frog Ringer’s solution T
AL THW 7.
cAEORSOLEA
frog Ringer’s solution|Z 7> L 72 & ik i LB O A MEl 20 & #ET % 5- L 72, Ade, FSHIE D
WE BRI ZORETINEDRNEVHEON D T TORNEMIZZR S L5 IZHE L 72,
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3. Results
3-1 GscoupleZBHICEICH T BIBMXDIER

[cAMP]; 1ZcAMPA K EEE DAC & 43 fRBEE OPDEDTG ML IR L, S OO OREHEIC & 2 BT
BRIRREIZH B L Z 2 5N TWAD. L7zd5 T, Gs coupleZ ZRIG A 12K 9 % PDE inhibitor D1k H % #
AT L2 CHIBNOPDED X% E=4 —CT& 5 LEZ. Thabb, restiREOPDED HHALDS
P E AU AMPE EHI R L, Z D2 bIZGs & couple L TV B ZRRIGADOHEIR TR TEX 5.

7 7 ) J1 7 AW TV Dfollicle-oocyte lCFSH & Ade & % 5-3 % &, BIEREEHE FCld Fig. 1-A, BO X
9 AN RIS E S 5 /2. FSHRAde S e BRI G T 5 L 238 1 Zcouple L TV 5 GsASTE 1
L THIBNOACK TG S 5. ZDFER, [cAMP] 25K L CPRAILGEEAL L, Karp channel AHH
WK BRI D343 5", PDE inhibitorOTEH % N5 720, ZNSDIEEZFIH L 7.

non-selective PDE inhibitor?®50 uM IBMX % 1055 i i4%5- L 721%, FSH#% [Al5#%5- L CFSHIGZ % i
MHLHE, FSHILEIZ T > O —)Li2lb~R142£0.13 (n=4) 128K L7722 (Fig. 1-A, 1-D), FU#&
HEClIAdelb B X S e 20 o 72, IBMXIZAdesz B K Dantagonist & L CEHT 5 2 &5
T3 OTIBMX % 105 f#¢5- L 7214 IBMXDOF% G- % 1k & THME % frog Ringer’s solutiontZ = LT 5
51212 Ade % follicle-oocyte |28 5-3 % & AdehnZ120.068 =0.002 (n=5) 294 L7z (Fig. 1-B, 1-D).
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Fig. 1. Facilitatroy effect of IBMX on the FSH (A)- and Cro (C)-induced K" current responses
and depressing effect of IBMX on the Ade (B)-induced K' current response. The left
traces are control responses to 0.6 pM FSH, 1 pM Ade, 100 pM Cro, respectively. The
right traces (A and C) are test responses examined 10 minutes after the application of
50 ptM IBMX, a non-selective inhibitor of PDE. The right trace of (B) is test response
examined 15 minutes after the prior application of 50 pM IBMX for 10 minutes. Small
arrows in the right traces (B) and (C) show base line level of the holding current of -
61 mV and -52 mV, respectively. (D) The summary of the effects of IBMX on the FSH-,
Ade- and Cro-induced responses. Responses to F'SH, Ade and Cro after application of
IBMX are expressed as relative values to the controls, respectively. Each data indicated
the mean = S.E.M. from 4-6 cells. *Significant difference (¥*p<0.05, **p<0.01).
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Fig. 2. Facilitatroy effect of rolipram on the FSH-, Ade- and Cro-induced responses. (A) The
left traces are control responses to 0.3 ptM FSH (upper), 1 pM Ade (middle), 100 pM
Cro (bottom), respectively. The right traces are test responses examined 17, 18 and 20
minutes after the prior application of 3.3 pM rolipram (a selective inhibitor of PDE4) for
10 minutes. (B) The summary of the effects of rolipram on the FSH-, Ade- and Cro-
induced responses. Responses to FSH, Ade and Cro after application of rolipram are
expressed as relative values to the controls, respectively. Each data indicated the mean
+ S.E.M. from 4-6 cells. *p<0.05, **p<0.01.

IBMXP#LOPDE inhibitor T $ Adet 25 12x) L Cantagonist{EH /R $ W HEMEDS D 5 729, IBMXDAL D
PDE inhibitorld Ffifs 5-Tld 2 < 10 Mo a5 & L7z,

3-2 Karp channel 2BV THAE T 2K ERICEICH T 3 IBMXDIER

T 7)) By A H )V Dfollicle-oocytelZK yrp channel opener®Cro% 53 % &, Gs& couple L TWw»
BEFARCE LR DK ERIGEDE SN (Fig. 1-0)". 2 ORIk % PDE inhibitor D 1EH % 7
2% 72950 uM IBMX % 1053 i #25-9 % & Croltn % 131.39£0.04 (n=6) (28K L7 (Fig. 1-D).

3-3 K'&RICEIZXHT BrolipramD{EH

77 7Y ATV OFEMIE TRI L TWAPDEIIAHTH 505, 7R~ 7 ZOHaMimicid
PDE4 P5HL T2 Z " ZoIlgiifie THPDE 4 "#EB L TV 2 W gelrs s, £2T
PDE 4 72’{#%55%5‘] ’Tfﬂﬂ'?UTérohpram@T’Fﬂﬂ R L 72" Fig. 2 127R L7z £ 9 123.3 uM®Drolipram %
follicle-oocyte (2105 Ei#% 5-3 % &, FSH, Ade, Crot&iZZN2111.89+0.21 (n=6), 1.59*0.16
(n=4), 140%0.11 (n=6) IZ¥WKRL/Z. ZOWKIERIZ405 D w7z

3-4 K'&RICEIZXNT Scilostamide D1ER
T 70 H Y AHTI)VOYISHIIEAE A T L IIFRERIIICIZPDE 3 A5 L TWwW A 2 & H» s, Il
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Fig. 3. Effect of cilostamide on the FSH-, Ade- and Cro-induced responses. (A) The left traces
are control responses to 0.3 pM FSH (upper), 1 ptM Ade (middle), 100 uM Cro
(bottom), respectively. The right traces are test responses examined 15, 12 and 15
minutes after the prior application of 20 nM cilostamide (a selective inhibitor of PDE3)
for 10 minutes. (B) The summary of the effects of cilostamide on the FSH-, Ade- and
Cro-induced responses. Responses to F'SH, Ade and Cro after application of cilostamide
are expressed as relative values to the controls, respectively. Each data indicated the
mean + S.E.M. from 5-8 cells. ns, p>0.05.

M BB LTV BN S 5. Ht-> T, PDE 3 O EAY Zinhibitor D cilostamide % Fi#%5-3 5
FEER %177 - 72, 20 nM®cilostamide % follicle-oocyte (2102595 &, Fig. 3I1ZRT X912
FSH, Ade, CrolaZ Lz 241091011 (n=5), 0.88+0.08 (n=7), 091+0.08 (n=8) &3 &
AEBEAL L e o7z,

4 . Discussion
(1) PDE®faMEME

IBMX % follicle-oocyte 2% 5-9° % £ Fig. 1-B& Fig. 1-ClI/R L7z & 9 12 2B B TERYHN & 12
7 N L7z ZHUdrolipram D 5412 & 52 S 4172 (data not shown). oL X, BimEEEY AT
B LR T =8 —§ 2 BRI L T 2 e LT vy AU TWE Z Edio 72, &
BIZ, 779 Y XA TOVIRRBMIIE TIZPKAANE AL 5 & Karp channel23H < 2 &5, 2 DA}
EBIIEK orp channel BV THA LK B TH L T LR INL. N6 L h 5, PDE
inhibitor OEH Trest KAE X ) PKADTE AL L, Kurp channelSBAV 722 & F 72, restIREEDIIEAN
i TIZPDEDS—EmiE AL L T b 2 & Ao 7z,

7> T, PDE inhibitor®fEH Trest tKEE X ) PKAAHIEEAL L, & 51, SEAHIE TR L 72cAMP
12 X DALY 2PRAZSHE K 2 L Fig. 1 2Fig. 2 D & 9 ICFSHRAde G AR L2 & 2 5N 5.

LA»L, IN5OZEMRRELCHAE L 720G O K E IZPDE inhibitor$ 5-12 & » THHEAHE] & (2
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VT MLZERELLDVFELIRE Y. FESIE, oL REBMIEMEZT 70 7Y A B TOVINiLH
JATTTIZHE L CwaY, Tbb, HOVBEOAdeZ 5 L T[cAMP] 23K L 72K CAde T4
& U < Gs&couple L TWAFSHZAMHIM AT 9 L 223 v M a— VIREDOEFHEOH
FOBER L2 BEN oLz, LA L, ZoHEmL BT ENENORKISE % 2 3 occlusion L
72, A EEIC W 72FSHR Ade, CroD % G-I B 1L e KIBZ D50% L F O E THh 5 72, PDE
inhibitor(Z & A HEERIEHIAEI SN2 L E 2 HNEDT, ZNENOTANIGE 23T APDE inhibitor
HEsR 1 H Asocclusions™ 5 70 &) D& MEt T A2 LB D 5.

(2) 770HYXHIIEREMEEIBAN CEB<PDEY T 21~

Ae[E] J v 72 cilostamide & rolipram DICsld Z L2120 nM, 1 uMTd 5 O THRGHEEE 1L Z T Wil
\Z3%5E L7z (cilostamide : 20 nM, rolipram : 3.3 uM). Fig. 2 -BIZ/R L7z & 9 I Zrolipram D HiF% 512
LV AdeltnE EFSHIBEIE T >~ b — U3 L THBEICHE KR L7z (p < 0.05). 424 L Ccilostamide
DRNFNIHBEENRO LN o l=Z e b, 770 A7V A VI LB OrestREE CIF AL
LTWLPDEDH 74 4 73w v~ ZA05a#ilie & 7 CPDE 4 T % W RgtE2 @9 L
L, PDEICIIEHDOY 75 4 THHEHET B2 L5, TNUSOPDE b IFEHILL T 2 W EED S 1,
SHREDIHMFADPUETH 5.

(3) CroltZ& 23+ 9 5 PDE inhibitor D {EH

AdeRFSHZ Fi#%5- L T 7290 RiigIC & 5 I12Cro% FIFICHR 552 L ZNENoa v M E— VG
BOEREOM L VAT 5 2 &% LTHEa L72". 4R OPDE inhibitor® Fiif%5- T H AdePFSH%
G- L7z2 L & LU < [cAMP] 28K L CrestiREE & D I HEAL L TV 2 PRADSEEIN L TRypp 7 ¥ 1
WE) VEBILLEEZONS, INTTORLOZET) VEL EN72KppT ¥ 4 IV IECrok O
affinity 2SR5 Z & 2%EE-> T b Z & A5 (data not shown), PDE inhibitor® 9% 5-#4 12 CroAifx 5- &
NBHELYVRKRELRK ERPEELZEEZOND.

(4) IBMXDAdeZBIENDIER

AdeZ By 7% 4 TDA;RA , (purinoceptor 1 ) IZ% 3 % antagonist/E 13 4 > F &k 2+
IBMX %>theophylline, caffeinelZ 3t T, DA | MBI T % antagonist/EH DK, fE1£5.6 uM T
AU F 72 IBMX®PDE inhibitor& L T ®ICsix PDE 3 C18 uM, PDE 4 TI13 uM T & 5. 4,
IBMX OFfdi5-CTIIPDE 23] £ M CAdelb &R T ARG 6N e o7, Lo, [FUM
212 8> T50 uM IBMX % 1045 I Hi% 5- % (2 Ade & Crod &Z 0 & 2 5 & CrolSZ i3k L 727Ade
JEZEE L < SNz, Croi B0 k2 5, IBMXOPDE inhibitor/EH T2\ ZPDEIZHIH] S T
[CAMP]{IZHIR L TV /22 E DD, 2D & & DCrolt B FIBMXFE G- T4 M305HRIca > ha—)
LAWVIZRES7: (1.07+0.03, n=3). —7J7, AdeltZOWIHIEIRIZ6075 D EFRE L7z, D EoikEsy
5, AdeZHRIZx 5 5 IBMX D58 ) THENY 22 antagonist{EH 12 & - TPDE #Il&hHE2~ A 7 Si/z
72OAdB B DR R B SN oiz B2 5N 5.

PDE inhibitor® H 2 IZIBMX® & 9 IZAdeZ BRIk 3 Zantagonist EH 2 7R3 2 &L b2 65N 5D
T, B TLHBEEEILETH L. & 5ICAdeTH R % & Tpurine X K259~ 4 PDE inhibitor @
BECLRMOIERANBE L2 L 2 THRL GREESCHK S O ARG T2 LE D 5.
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e
K LN T 512872 ) WHoekssr B £ OWIZEE R H O S % 5 2 T 72720 72 R S PLER 5 R
B A PR B O AAR N F 3852300 OV 2 () A PR R AR RE A P00 85 O JEUE RE 2 12300 & ) SR H L
LIFET.
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