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ABSTRACT Cellular metabolic responses, determined as the indications of inositol phosphate
(IPs) formation, arachidonic acid release and intracellular Ca2* concentration, to stimulation with
prostaglandin F.ae (PGF.a) or gonadotropin releasing hormone (GnRH), were studied in
monolayer- cultured rat luteal cells which maintained a function of progesterone production and
secretion. The results were as follows :

1. In 5 day-old luteal cells, IPs formation, i. e., activation of phospholipase C, was significantly
enhanced by stimulation with PGF.e or GnRH. Arachidonic acid release, i. e., activation of phos-
pholipase A,, was also stimulated by these agonists. The agonist stimulation of [*C] glycerol-
labeled cells induced a marked decrease in the labels of phosphatidylcholine (PC) and phos-
phatidylinositol (PI), and concomitantly an increase in lyso-phosphatidylcholine and lyso-phos-
phatidylinositol. In mepacrine-pretreated cells, arachidonic acid release from the cells was
significantly decreased. Thus, arachidonic acid release from luteal cells by stimulation with PGF,a
or GnRH seems to be mainly derived from PC and PI by the action of phospholipase A,.

2. In 9 day-old luteal cells, IPs formation and intracellular Ca?* were not enhanced by GaRH
stimulation, while, in contrast, arachidonic acid release was enhanced in the cells. These findings
indicate that the degradation of phosphatidylinositol 4, 5-bisphosphate to inositol triphosphate and
diacylglycerol may not be essential in the activation of phospholipase A,, and the activation of phos-
pholipase A. and phospholipase C by GnRH stimulation may occur independently.

3. In experiments with GTP7S added to saponin-permeabilized cells, it was demonstrated that G
protein might be involved in the activation of phospholipase C and phospholipase A, induced by stimu-
lation of PGF.a or GnRH. - Pertussis toxin (IAP) treatment of luteal cells, which induced ADP-
ribosylation of 41K membrane protein, did not block the stimulation effects. Therefore, G proteins
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other than Gi may be involved in the activation of the phospholipases.
(Received October 3, 1989 and accepted November 16, 1989
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Fig. 1
phosphates in cultured rat luteal cells.
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Effect of the concentration of PGF,« or GnRHa (A) and time course (B) on the formation of inositol

A Cultured luteal cells were prelabeled with [*H] inositol for 48h. After thorough washing and an
initial 15-min incubation period, the cells were incubated for a further 15 min in the absence (con-
trol) or presence of increasing concentrations of PGF,a or GnRHa.

B : [*H] inositol-prelabeled cells were incubated in the absence (O) or presence of PGF.« (100 nM)
(®) or GnRHa (100 nM) (A) for the indicated times.

The values shown are means=®S. E. M. of triplicates.

* p<0.01 vs Control

** p<0.001 vs Control
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ML 7%, PGF,« (100 nM), GnRHa (100 nM)
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**
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® PGF2a (100nM)

A GnRHa (100nM)

A GnRH Antagonist I (100 nM)

T T y

30 60
Time {min)

Effect of the concentration of PGF,e, GnRHa or GnRH antagonist I (A) and time course (B) on

release of [*H] arachidonic acid from cultured rat luteal cells.

A : [3H] arachidonic acid-prelabeled cells were incubated in the absence (0) or presence of increasing
concentrations of PGF,a (@), GnRHa (&) or GnRH antagonist I (100 nM) (a).

B : Time course of [*H] arachidonic acid release from cultured rat luteal cells induced by stimulation
with PGF,e (100 nM), GnRHa (100 nM) or GnRH antagonist I (100 nMD.

The values shown are means*S. E. M. of triplicates.

* p<0.01 vs Control

** p<0.001 vs Control
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Fig. 3 Effect of mepacrine-pretreatment on ara-
chidonic acid release from cultured rat luteal
cells when stimulated by PGF.,a, GnRHa or
GnRH antagonist I. Luteal cells were prein-
cubated for 15 min in the presence or absence
of mepacrine (200 uM) and then incubated
for 15min with PGF,« (100 nM), GnRHa
(100 nM) or GnRH antagonist I (100 nM).
The value of (%) arachidonic acid release
obtained in the absence of mepacrine and any
antagonists is taken as a unity (100).

The values shown are means*S. E. M. of trip-
licates.

* p<0.01 vs Control
** p<0.001 vs Control
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Fig. 4 Changes in radioactivity of individual phospholipids 15 min after stimulation with PGF,« or GnRHa to
rat luteal cells prelabelled with [**C] glycerol.
The experiment was performed as described in the material and methods section. Hepes-buffered saline
(1.5m/) containing 0.1% fatty acid-free bovine serum albumin was added to confluent cell monolayers,
in 35 mm dishes, which had been labelled with [*C] glycerol for 48h. After preincubation at 37°C for 30
min, PGF,«, GnRHa or vehicle (control) was added and the cell monolayers were incubated at 37°C for
another 15 min. Lipids were extracted and analysed by TLC as described in the material and methods
section. Each value is the mean=S. E. M. of triplicates.

a8 Significantly greater (p<0.01) than control. ¢ Significantly greater (p<0.001) than control.
bt Significantly less (p<0.001) than control. 4 Significantly less (p<0.01) than control.
A B
500 A
i 400 =
“xH 300 3 | 300 2
£ ‘ . =200
o Wbl 200 = o | ¢ =
5 f 55 f 3
8 PGF20  jau ) g PGRaa = 1002
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Fig. 5 Effects of PGF,a or GnRHa on the intracellular free calcium concentration of cultured rat luteal cells.
The traces represent the fura 2 fluorescence responses of luteal cell suspension (1.0X10° cells/m!) to the
addition (indicated by arrows) of PGF,a (100 nM) or GnRHa (100 nM)).

After administration of hCG (25IU/m/) to PMSG (50 IU/m/{)-injected rats, the formation of corpora
lutea was observed two days later (1-day-old corpora lutea).
A, C 5-day-old corpora lutea. B, D 9-day-old corpora lutea.
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Table 1 Effect of PGF,e, GuRHa ov GnRH antagonists on IPs formation and arachidonic acid
velease tn 5-day-old and 9-day-old corpora lutea.

Treatment

Total [°H] IPs* Arachidonic acid

release
9% of control 9% of control
PGF,a (100 nMD 342.1%£2.3** 249.243.2%*
5-day-old GnRHa(100 nM) 162.9£2.1** 201.5+3.7*
corpora lutea GnRH antagonist I (100 nMD 79.1+1.5* 171.8%1.1*
GnRH antagonist 11(100 nM) 80.6x1.0* 161.9+4.1*
9-day-old PGF,a (100 nMD 238.5k£1.2** 203.5+8.4*
corpora lutea GnRHa (100 nM) 82.9+6.8 232.6+1.3**

2 The values were obtained by the summation of [*H] IPs(IP+IP,-+IP;) and expressed as a percentage

of the control.

Luteal cells were prelabeled with [*H] arachidonic acid for 4h or with [*H] inositol for 48h as de-

scribed in material and methods.
after extraction of the medium.

anion exchange chromatography as described in material and methods.

means=*S. E. M. of triplicates.
* p<0.01 vs Control ** p<0.001 vs Control

7= (Fig.6). 4 7 < + —aA U v D FE 4 12 PGFsa,
GnRHa OLFHEMLIEL D, Zhic GTPyS ¥
Lz AAZBHr R L. ¥4, 75N VvBORE
12 PGF,a (100 nM), GnRHa (100 nM), GnRH
antagonist I RO Il 0BMAKEINL b &, GTPyS &k
ML ARERCEELS L. ZOER:S, PGF,qa,
GnRH ZAMERIBIC X 2 E A0 1 /v~ v
BOFEERS LI OT 5% FvBokEE, GTPKEFEED
Rischdy, GTPH#EELEONENTR I i

3+5-2 HAMEIEE GTP HAERED ADP- 1)K

e

2% 3 B H OB IAP 50 ng/ml #0272 %
DEMzi S ORIER L, KBRAED 2.9 WRLK
Jit© [*2P] NAD ## Fiz ADP-V K A fbRKiG%
Tolkctk HMilEx&EL, BES 2O L. Z0OE
5 E B8 D SDS-PAGE @ autoradiogram % Fig. 7
wird. IAP B oSS, SFFEUAKEESED.,
Bbnies < 3h, IAP CTHIAE LIS S
TLOFINEELRhoTe. ZO5TE 4K EA
Bit, fhofETHEIh T35 15 GTP &
AEHE (GEHE) a7 ==y T, FEMi
CEVTH GEBEBED a +7==v P NADP-VJ K>
rMbERicEEZLNRA.

[®H] Arachidonic acid released into the medium was determined
[3H] IPs formation in the cellular extracts was determined following

Data are expressed as

4 % =

S v M EAFIRIE, PGF.«, GnRH DOllB»I0i->%
L, oFEh i nbDT7T =R BAERBEANEETS E
phospholipase C DEMELIFEZ b, PIP, XS h
TIP, DEAENRE 52 LR Ehi(Fig. 1). IP; (%
MRS B Ca?t Rilse Lo, Mlal Ca?t BEOD
EREL LT Ewb T 52D, Mgl Ca*r BED
FR, BT ED ) VIREREFF R, &
1o T YVer—n (DG &I T 4V F
F—¥ C ®IEMALT 5299, X5 phospholipase C i&
iz X sk Ca*r BEDO LR, 77— C%iE
Ak % & [FRe phospholipase A, #fEHALT5Z &
BREI R TR (IERGW L, 7 v FEEER
M, PMAZ*>—+¥C%4 L T phos
pholipase A, #TEHALL TV BTTEEMERRLTW5, L
7> L — 5, phospholipase A, ® {& # {k ¢% phos-
pholipase C OIEMAL L ST B LELHILEE SR
T\ %53, Neomycin i PI-4 2 #J phospholipase C
EHRIEIL, =1 a/91 VR ELE L3, &
RIZ PIP, O 5 Ba M35 L& T\ 5%6-%),
L, 7 v b EEMAKICISY T, neomycin 13PGF,a,
GnRH Z X 2 FIBRIGSd LA 7 & b =) VERDE
EERIHEIL fedrofe. ORI, neomycin 43 phos-
pholipase C iEMZHIEIL 75w 7 & 3 B 84539 CR
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[] control

PGF2a (100nM)

GnRHa (100nM)
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Bl GnRH antagonistll (100nM)
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—
+GTPrS

(e
—GTPrS

O =N WsE OO~ ®W®O

T T T T T T T
U TR W SR WO SO N S

Arachidonic acid release (dpm/dish X 10%)

=

Effect of GTPyS on inositol trisphosphate
(IP,) formation (A) and arachidonic acid
release (B) from saponin-permeabilized
luteal cells when stimulated by PGF,a,
GnRHa or GnRH antagonist L.

Cells were permeabilized with saponin as de-
scribed under material and methods. Saponin-
permeabilized cells were stimulated by PGF.
«, GnRHa or GnRH antagonists for 15min
and GTPyS (100 «M) was added simultane-
ously. Values are means*S.E.M. of tripli-
cates.

The values found in the presence of GTPyS
are significantly greater (* p<0.01; == p<
0.001) than those found in the absence of
GTPyS.

g. 6

XhicoERUL, BEEBAMETIE neomycin 2V
A RE R Is fed & B 2 s, PMA (X phos-
pholipase C izt L CHIBIBNCIER 5 L& Sh
T\~ %3040, PMA #ij 4L 2 3 & #i la % PGF.a,
GnRHa CHIBET 2 &, 1/ b —n ) VERORE A
BAR b ot MEFRHMRCEWT, 7Y
+5 v+ v Iz X % phospholipase C IfEt{tbix PMA
I S h B3, MR ESREER T (PDGF) I & %
phospholipase C #&#Akix PMA THifl S hia . L
#2785 T+ —+ C 1z X % phospholipase C ~D#F&
iy, IR B BE L &I L v BE D=
ORMRDH B EH, WEShTW5. 7 v FEEHE
DPEE, BEORCBTIRLLELLNS.

5y VEKICE T AT 7 ¥ VEROBREE, phos
pholipase A, DIEFIC X % Z EAILAS I X h#E

PGF,a s GnRHIZ X % 5 » b # kMo RI# & A RBISE OB 425

94
67

43

30

Mr X 103

20

14.4

Fig. 7 Autoradiographic analysis of radioactive

products resulting from [AP-catalyzed ADP-
ribosylation of the membranes of rat luteal
cells. Membranes were prepared from rat
luteal cells cultured without pertussis toxin
(IAP) (lane 2), or from cells cultured with 50
ng/ml IAP for 24h as described under mate-
rial and methods (lane 1).
IAP-stimulated [*?P] ADP-ribosylation of
the membranes was then performed as de-
scribed under material and methods. An
autoradiograph indicating the positions of the
molecular weight standards is shown.

Xhin, AP VTh PGFe, GnRHa Fl#IC
I A7 5% FvEEokHE, phospholipase A, fFRIC
IoT, FLLTPC PInbdebdNb T EAVRE
ht-(Fig. 4). Phospholipase A, DiE#/Lic G EBAE
PBIE LT B TREME AT RERY?, <A MR, IR
fist FRTLS fiffa*Y THE S hTWw5. £ THRAW,

phospholipase A, & phospholipase C D& #EALIZIST
5, GEAEOMY EWiAKY =DM
WS L. IAP TRIE L 72\ F » b EAREL
Tt 4FE 41K 0EHEADP-Y K 2 A-F "
7273, IAP CHIAE L-Mifa Tk 41K EHBEDADP-
) E o AL E B hieh - 7= (Fig. 7). - TIAP T
BAVE L fifaic s i35 Gl BEAE R, T2 ADP-Y
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R fbxZHCnbEELbhi. 20X 5 IAP
BIALER A 5 U Ao BRI % PGF,a, GnRHa THIE L
e, A/ =AY VBOEERVTSEF VD
Bz bl ShFic@dbhie. ZoZiiy, Fv
F EAMEICERT S PGEFa X 1NGnRHa OFIBIZ X %
phospholipase C & phospholipase A, @ & ¥ 1L 13,
IAP LB CEM IRV EEZRLTWA, —F, ¥
A= VB U E AR, GTP oIEKERET7Fr s
TH 5 GTPyS 2¥InL T PGF.«, GnRHa OfIEz)
REBHLICER, B7=2A RIBLI I /v b—
A VIBDESLE T % F BB OTTER E LI
»bhic(Fig. 6). T 7cbb, %2548 & phospholipase
C R U phospholipase A, ORI HD G BEEEI
HETBHZENTREENA. IAPMBETHT =2 MC
X % phospholipase C, phospholipase A, D#E#LIE
B Tu72L D T, phospholipase C X U phos-
pholipase A, OIE#EALICIZIAP 0B/ GER
ERBRE LT3 2E2bNn5. BT, IAPEELL
72312 phospholipase C {&#:{bicBi 545 G EHAE
DFEEITRER T3,

ARGk GnRH /&% AT % phospholipase C
& phospholipase A, OIEMEALEERIT L b IcREE T,
HEEHTRR - BB ERT &5 EIREVRER 2
BonTovs, PGF.a Bl¥L, 5 HE, BB v+ B
#®e, Ebicfilan Catt BE D ER (Fig.5) I U
47— vEREHS (Tablel) #5{&® L. L
7L, GnRHa ¥ T, 5 B#® S v tERTRRARBK
i+ 55, 9 B /ns & kR Ca*t o L& (Fig.
5 BRUM 7o —n Y vEREE (Tablel) $5[&&E
ZERWEWOEREMNMESO . UL, GnRHa FIE
WEhA /b =) vBBOEART ERI Sl
7o 9 HEERICE WTh, 75 F FvBoRHORE
2FEB LRI, % b, phospholipase A, D&M
1%, PIP, OB iILECRWEBbhni., oz &
v, 9 BT GnRH %462 & phospholipase A, ~
DIEREEIIHERE 155, phospholipase C ~DiE#H
TR LRI ND Z EBBHR L5, ¥7:, GnRHa
FIBCA 7o =) VEROELE L 7T 5+ ¥ vIEREL
DE LA bR % 5 BRIk T, =
&8 GnRH antagonist i3\ b1 /o b=y v
BREAELIFH L. LarL, CoB75+ v
R ORESE BTl I I . CoERy
%, GnRH ®|#c X % phospholipase C D &4k &
phospholipase A, OIEHEAL & BT 5 UL TH
B ENELSRBEI R Tickhb, ABEEOER,

FLIREEE

GnRH 0% %4k 1% phospholipase C 4 L TERIE
#1580 & phospholipase A, /W U CBRGET S
BHo i L 2HENFETS L, ZFLTIO
2 O0EREERTHBCRA LB LERLTS
EE 2z b,

5 ¥ i

BBREES v rESHEED PGF,a, GnRHa ##
B L HBRABCEOEEL M/ v -1 ) VERDE
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LT LR DR LB

1. 5 H#EAEMIEC PGF,a, GnRHa MBIZ X %
4 7+ —n ) vERDE & (phospholipase C D& M#AL)
L. Fh, 7 9% N B (phospholipase
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[“C] 7V & wm - ViBEHEAMK DO PGF.a. GnRHa
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FWMT7 7% ¥ VBB SN Enb, T35
* F v z=E 1= PC' & PI % phospholipase A, DFE
X - CGEBET 5 2 EHBL .
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