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SUMMARY

Based on the previous report concerning the structure-activity relationship in which
inhibiting and stimulating agents for platelet aggregation were able to bind both receptors k
of human platelet for aggregation and its inhibition, the present experiment was performed
to study on the effect of prostaglandins (PGE,, PGI, and PGD,) on the aggregation and its
inhibition of human platelets.

Assuming that PGE, and PGD, have conformations for inhibition of platelet aggrega-
tion and those for aggregation, changes of cyclic AMP (cAMP) content and of ultra-
structure of platelets in the presence of 2’, 5’-dideoxyadenosine (DDA, an inhibitor of adenyl
cyclase), PGE, and PGD, were investigated. When treated with physiological saline, PGE,,
PGD, or DDA alone, aggregation of the platelets was not observed. The platelets were
solitarily dispersed. Though most of the platelets showed smooth surface, some platelets
showed slight, small elevation and conical depression on the surface. A few platelets
possessed one or two short projection at the margin, but no long projection was observed.

The platelets treated with PGE, or PGD, in combination with DDA showed markedly
elongated projections which is one of the ultrastructural characteristics of activated form
of platelets, and were finally aggregated. The most platelets gathered in groups were
discoid in form and others showed irregular forms. They had one or sometimes several long
pseudopods. It was noted that the pseudopods protruded from the marginal region of the
platelets, and were contact with pseudopods of other platelets. The long pseudopods
supposed to be the elongation of the spiny and short projections described above. At first,
small protrusions appeared on the entire surface of the platelets. They showed a clear
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tendency to adhere to each other, formed small and larger aggregates, and resulted in more

and more firm aggregation. This feature may represent the first stage of transformation for

aggregation of platelets. The round protrusion became large in size and increase in number.

The present study pointed out the importance of the concomitant presence of receptors

for the aggregation and its inhibition in the platelet plasma membrane.
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TezRg vy 1, (PGL) RIME P EME X
WELEINDT 7+ FVBORLERRBEDTH Y,
/NIRRT L O efHEEA % Lo+ (Mon-
cada b, 1976) 75, —F%, PGH,, t = v EFH v A,
(TXA) BRHOEM, Thbbili/MIEESRRT
(Bhagwat %, 1985). — o Z &2, HERICET 5 M0
BIER COEFEOMBFICEIL> T30 L lbh
%. PGL, ofi@EEH INEE & LR EDO T,
BRCHERTH D, PGL BUHBOHENEEH S,
PGI, oMM/ MERE DOV £ 7 2 — %N L CHHE
&1 (Schafer b, 1979), PGIL, HLMHE b © b 1M/
Bove7s 2 — LT PGL wli-fERE2RTZ &
NS X T b (Katsuyama H, 1994). BRicEE
b (B, 1991 ; Ojima, Tokuhiro, 1992) X & b [f1/)s
BBtk S BMEHE L + 7' 5 — HEE B O 2 5
BEtL, PGs @ 5% PGl,, PGD,, PGE, ¢ &/
WOBEAEDO L & 7 82 —C&EETHREND 1 THh
hThl, BEOLV L7 2 b6 TAREYEL
TWBZEE L. CoHEREIFTHBIEL
T, 4l PGE,, PGD, #H\C, M/MORERRE X
b T, MMIEBRETHIERLRDE0E > 0%k
B L, WRBFENEILE B L. ¥4, PGE, &n»
PGI, kvt 7 4% —%4>L T cyclic AMP (cAMP) %
X, BEHEYRSITEBSLLAT VS0,
adenyl cyclase DRHEFITH S 2, 5-F 4 FTAF -
775 7~ v (DDA) ¥z, PGsov €7 & —% i3
% cAMP o#in%#IHl L 7o &84T T, MR E D X
5 BB ENE LY R T rEERNE FEEEYBV
THEL..

KERMRRE IS HE

PGE,, PGD, /NEFEMTECKE X h AFL 1.

DDA % Pharmacia (Uppsala, Sweden), +Y-L-V
< v {% Sigma (St. Louis, USA) X h AF L 7. PGE,,
PGD, X 2mM it bk S5ic=% 7/ -V THFEL, &£
EHAEK (ERK THRL . DDA Z4AERKTER
L7=. AV -L-Y > vk phosphate-buffered saline i&
R LT,

MR o F%

WHZ 1 H AMRA L T 7o E A SRR L A
MK OB 3.8%7 =vEy — & 1 BFxMiBEE L.
% /MR IR (PRP) 21,500 rpm, 10 R0
EOSEC X 1. Zil/ Mg (PPP) X 3,000
rpm, 30 S RIOEOSE X v B, MBI 25X
104/ul wic® X 51 PRP % PPP THWFAREL
(Ojima, Fujita, 1976).
cAMP o #ijE

PG = X 51/’ cAMP o R, PRP, 0.5ml
ZAERKE X DDA, 0.05ml iz 37C, 54 ™A
VFaX— L%, PGE, 743 PGD, # 0.05ml
Mz 2043, 1 v¥%2~—1t L. DDA ORKEE
1£.0.5mM, PGE, & PGD, OBKEE 0.1 xM
1.0 uM ROV 10 uM TfFle o . cAMP oHIE x5
A4 LT ved DCCHETITIo-7z (Beb, 1985).
EDTA ¥ U PRP Wiz fET % cAMP &4 7 &
=n4bl, ¥ 7 v =&t cAMP % "P[-4% 27 »
=4 cAMP s r v A F =T AHME L TS
TRt BERIGOBR, FUETHAE Lk 12T
Y 27=n cAMP #H00LDTFA L7V Ta—
T4 VI LEERCBRE IR THRE, LEOKSE
YoREL D PRP o cAMP E2EH L (35,
1985).

AERNEFEHEE

BEMEHE Lo FRR BB TR oNE 21T

TWBELL. Tihbb, ThZXh PRP, 1ml %Xk
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BLicl%r7raar7rve VESK (0.1M Y VR
B, pH7.4) 20ml &, FLooEE L. [
—@EERPIcH B PRP i« BH L, 1RMEc
4 CTHRAE L. BEE LA PRP %R T 1,500 rpm,
10 a0 L, R v v b % 300 xl OFR—EIEK
TErhZhBBI 2. BEBEX0.1%KV-L-V
vThHHLmU»a—t Ly A/ B 5mm /)
k2l ~2f#eic. 5%y T AN EIRMAE LR
M/ ) v AR IR T 1 RERIGES L, 1 %REErum
A2 3y 2 X BHEEY 4 CT1RRETT - 7.
AL, TPV BBK BRIV T IARIS
B, BETBCRFCI VERAREE (B,
HCP-2 1) TEBIeLME, &-<5ovAaTa—7
1 v 7RI, EEREFEEEE (HiL, S-800) T8
=1Lt

& R

e b f/RiZ3s\C, PGE, & PGD, & o 37°C, 20
SEIDAvEF 2= 2 VT, TAEFHRIDOWTO.1
uM, 1M RO 10 M ORETHS &, SFREL
LT cAMP &3 L 7. 10 «M PGE, 33X 0710
uM PGD, ZARK GHED wihl, ThZth cAMP

Bx5.6f%L 7.2 f5cHiNXek. cAMP DEAR,
10 M PGE, iz 0.5mM DDA ##tH3 52 Lk »
T, 74 %BHE & 1tz h, 10 kM PGD, iz 0.5 mM DDA
OHT 5L, 81 BFHE S hic (Table 1). HRE¥H
hERK GHR), 10 «M PGE,, 10 «M PGD, Xi2.0.5
mM DDA % BT 37C, 20 A v+ a— T3
EXRB LR, /MO ARSI T, KE
HER R TH Y, B ErcBieiMe o
ORHZ LR, B AKOIM/IRICIZ2 ~ 3 DR
Exdic (Figs.1~4). 10 uM PGE, £ 0.5mM
DDA *#tHT% &, 3EAEDM/MIIFBETAH
LheRBENLELIMHEL, H5%b0MEVBEE
DR E T, BEET B M/IMIORE E IO ik
HcEEL, Ve L TEELL (Fig.5). 2o
L ORBREHE LA, BELHRD S & M/MULRF
RELIRODERIZEHTHHDONEL A b, —
WHEMERD L bR D HDH B 7dy, %< DI/
BEWT 5 - EAEIRER & o, 10 uM
PGD, = 0.5 mM DDA O fff T /MR D BEN B
Zxni: (Fig.6). 37C, 5HMDA vF2a~N—>a
vt PGE, &£ DDA §tfi% X 0" PGD, & DDA #tH
CEWTH, MUMUSR OFFE & M MURE D HIE &

Table1 Effects of PGE,, PGD, and DDA on cAMP level in human

platelets

Treatment cAMP (pmol/ml) n
Saline 12.0+ 0.68 6
PGE, 0.1 uM 150 1.63 3
PGE, 1uM 25.7+12.2 3
PGE, 10uM 67.0+ 7.93*** 4
PGD, 0.1 uM 2507+ 5.86* 3
PGD, 1uM 53.0+15.1* 3
PGD, 10 uM 86.8+23.4** 4
DDA 0.5 mM 13.3+ 0.33 3
PGE, 10xM, DDA 0.5mM 17.3+ 1.76* 3
PGD, 10 M, DDA 0.5mM 16.3+ 1.20** 3

All results are presented as mean=+S. E.. Statistical analysis

(saline versus PGs or DDA) was made by Student’s ¢-test.
* P<(.05 *xP<0.01, **#*P<0.001



NEOIER FI OEE F EfH FH FK

Fig.1 One of the human platelets treated with saline for 20 minutes. The
majority of them show relatively smooth surface. Some platelets
have short processes and conical depression on the surface. Bar: 1
um

Fig.2 One of the human platelets treated with 10 xM PGE, for 20 minutes.
The majority of the platelets have smooth surface, and some show
conical depression on the surface. Bar: 1 um
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Fig.3 One of the human platelets treated with 10 uM PGD, for 20 minutes.
Though most of the platelets have smooth surface, some platelets
show small elevation and conical depression in their plasma mem-
brane. Bar:1um

Fig.4 One of the human platelets treated with 0.5 mM DDA alone for 20
minutes. Conical depressions are seen on the surface of the platelet.
Bar: 1um
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Fig.5 Human platelets treated with 10 xM PGE, and 0.5 mM DDA together
for 20 minutes. Several pseudopodia or filopodia are seen. Spherical
platelets are contact with each other with the pseudopods. Conical
depressions are also seen on the surface of the platelets. Bar: 1 ym

Fig. 6 Human platelets treated with 10 M PGD, and 0.5 mM DDA together
for 20 minutes. Many pseudopods originating from the platelet
surface are seen. Spherical platelets are contact with each other with
the pseudopods. Some platelets are irregular in shape. Bar: 1 um
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#5133 T PGE,, PGD, o f/IMug&E R X
CFOAEERET 2 Y 74 A —v a VIEDOWT
BEENHEEo HEe X kD, TofFHoLv L7 2

—DEBEYHREL C& L UME, 1991 ; Ojima, Toku-

hiro, 1992). D PG 3 FDa v 7 x 4 — a Vid,
RERMBIT B L 57 PG AT oS CsTS
PG 4 TREDS FRIKFEREEGOK (Speak, 1977 .
DeTitta &, 1980 ; Stezowski &, 1983) # & - Tk
b3, KEHEPCHFOafBOILEVERESR
Brofifiich s OH & oMThTFRAEMEEY
LTWbbDTHorte. ll, BRRETO=v 7
A—wa ik, ERBEOS FRAFEEEDO DL
BiroTkh, ok 23 PGL BFEMADOH LAY A 7
Vv TRaflgio C Mo Rvge 5 BRO Cy 7
OH # &, TXA, FEHKD U-46619 TR C, frh 1A
VI E w0 Cs 7 OH #&, PGD, TR C, fin
ARVERE S BEROD Co f7 OH RO Cs 2 OH #
L, ELIPGE, T C, franF v Cy, iz OH
RO Cisf OH E LG FHRAFRFEEEXL TV 5.
PGE, XO'PGD, iZ PGL, & TXA, D2 v 7+ A —
a VEEbEDS - T35 Z & A Fourier B#KRA5K
SHIT X b b Xt (Takasuka 5, 1994). %
ROREELHTTEFHEL TV a2 Y 74 A —a
vi—HLTWAB UG, 1991 ; Ojima, Tokuhiro,
1992).

If/IROEHE v + 7 2 — i PGI,, PGE,, PGD,, 7
Foov, AV TeTr ) —LENESTAILICE
- TiEEILE R, VT adenyl cyclase BB 5
GTP #A%EB (Gs EA) »EM L3 h, ToHKE,
Gs A% adenyl cyclase #iEMALL, cAMP o0
X o T/ RBERXHET LB LA TVS
(Schafer &, 1979 ; Ashby, 1989 ; Hourani, Cusack,
199D, — 7, m/hEEE Vv & 7 &2 — ik TXA,,
PGH,, 7 F v 7V v, platelet activating factor
(PAF), adenosine diphosphate (ADP) &34 -3
BT ER - THEMLEh, EHLLBEEV 7%
—13 adenyl cyclase #fH¥E T 5 GTP #&EH (Gi &
B »iEMALL, Gi &R adenyl cyclase #BHEL,
cAMP ZE T &#, #E L L Ti/MiZBEZ RS Z
&z’ % (Hourani, Cusack, 1991). PGE, &7 Fv
FVV-p-7TI=A b EOKKT, PFLORTHE
LIS SR A% e, PGE, 37 Fr v

B-Ta=AFERL X 5 cAMP 82, AU
X5 nEBEH Y RT Z &3 Tic Hoyland, Kier
97D T X W BEEh TV 5.

¥ MU/ 7 7 b S v v EE R
BEIELTWBZ LB IA TS (HE b,
1980 ; /N& B, 1972). % D7ziz Beckett (1963) 53
WA LICEEEEHAEANORDI T eF 12 ) VRE
BIELv 272 —DEFTARBERCLT, EELIIA
UHtE e MORER tH 5 TXA,, PGH,m=av 7
+ A —avnb, MMIREL 7 &2 —kOWTE
AEHZEL, TTrBELL MG, 1991 ; Ojima,
Tokuhiro, 1992). #E¥ b (Ojima, Fyjita, 1976) {7
5o IR E R T, PGE, 2 1xM L Lo
Tt b/MED ADP, tev ey, a5 -4 vk
BBELELAE L. Ashby (1989) x PGI, »
M/ R EREERIISE I TH 5 LR, cCAMP 0
RIZELTH B LEEE (0.03 M) © PGI, 1% cAMP
X R, ERER (2 00D T cAMP OE T34
bhicwv. LaLEEE GouM) © PGL, TR,
cAMP o ESIBE Y, IbicZn cAMP ok
A ERAHZERHTETT 5. PGE, 2 cAMP # L
R nricdicid PGl wh L TEEE (0.3 xM B
) A0 ETH B, i PGE, TIREEE T KEE
Tb EFHE CAMP HERHTERTLTL 5. &R
Eo PG, T3, PGE, k&b b cAMP BE O
BWELEFELULTL B, Z0B %% .5 % 2 Ashby
(1989 v+ 7% —-G#&E-adenyl cyclase D—#
DEFERRIG B PGE, & PGL, il /MrgEHE
DV 7 E—-ROMIORED V72 —HEEL,
ZoOBE PGE, & PGL (3BEHEDO v £ 7 &% —iZ[A#E
BrEELTW5bo0n, MMEEY 72 -2
PGE, 7% PGL, X b 358<EELTWH EWmEL
T\ 5. B, Ashby @ 7 24— 7 (Kunapuli 5, 1994)
i3, PRI EMBKIR T adenyl cyclase #FHET 5 & +
TXA, ve7 2 - LHAKEE $->T5% EP, v
75— (PGE Vv 272 —D18) OFfEXHLMIC
L, O Vv+ 72—k PGE,, PGE, & X O' PGI, #
RO iloprost 2EA LTV B EHE L TWw5b. kil
IR A D receptor radioligand binding assay i
X - T, PGL Wik BFtE omv v+ 7 5 — L BRIk D
Bwre72 -0 2@EHLDHD, FiE» adenyl
cyclase ZHI¥THLv 72 —Thb, $#FEH adenyl
cyclase #fHET B Vv 272 —ThH5H & Murray b
(1989) HREL T\ 5. BELEIL IBERETI,
PGL, & TXA, Dav7axr—vavidRiz-TED,
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PGE, @lEDav 71+ A —va vk hbdWHEITK
STWBZ ERHLMCERT WS (Takasuka b,
1994). ZELHLBTCRAUHERZHE L UNE,
1991 ; Ojima, Tokuhiro, 1992).

Lo #EEN S, PGE, A/ MUEERE L «
T &= X0 Tl i/MRBEE LV« 7 2 — G T
EHEE D > TWAHETHHEBRETH B,
PGE, /MBS ESEH 1 Eh b T < M/ ks
EIEALMEBATIWVWEDEEZBRSE, ThbDH
2 H ST, RS T\W5% PGE, o /Mg
EHEEROR O, MIMUBRBEIFRES4EL S5
MDD D Z LR SEAOEBRTHE DI, FDD
2, RIGEB PGE, 3 cAMP % R &%, v©—7
L7 cAMP 2ME T L TL BIREETD 20 5 &
DNz BE LR L. PGE, #sintk 20 2 ORs s Txt R
o cAMP Eix12.0 pmol/ml TH 54, 0.1 M
PGE, #in®, 1uxM PGE, #in#¥, 10 M PGE, %
MBEXThZhoBECHAIL T cAMP E%#NX
¥, 10 M PGE, #Ci2 67.0 pmol/ml &2 ¥ Ti#éin L
7 (Table D. LaL, ZHab 10 uM PGE, & adenyl
cyclase fHEHITH 5 DDA (0.5mM) #PHH L85
H i 10 uM PGE, HRINBEIZ LA~ T cAMP 203
NEEHHE Xt (Tablel). Fh&EFFTLT,
PGE, B3 T/ MORENBE S hisv 23, DDA
#RINT adenyl cyclase #FHE U 7Bzl MORE D
BT 55089k, EENEFERSECE > THE
BEt L. Zo&R, 10 M PGE, #, 0.5 mM DDA
HTRUThOREEL AR IMEEIALRT
fl « DI/ URIZITIEE TEORAIERTH Y, &
AEOIM/IMEOREIZ 2 ~ 3 DEVWERENBD LI
ol T E e oo (Figs. 1, 2, 4. FhicK L, 10 uM
PGE, 2 0.5mM DDA #8HtH3% &, @4 DI/ MK
KECHBEOME\BRREE/HO S LR, B
T A MR E b RERE & fo iR/ MIUER & b E
TEE L, FOBCEM/IMRIER L, KERE
LAEE L fe ot (Fig.5). 20X 5 Ii/MOBE D
Bl MPREEOVET 2 —IILED
adenyl cyclase 2 & 5 cAMP B4 7 &R RIGIC
FHT 588, STHRATZ P Iy vRiedil
ELMEAB OSBRI ET D, FOB
HEBEE TRRcES Zh BIE s v < 7 BORS]
DRI Ao TIHE L, FO—ABRIERIZA
DAKMPMROFRBOZEE LTHbbhsd (BRI
1970). A ERBIF 2 ADP 2 X B8 E I EEIL T
W% (White, 1968). & HichsiizE®T5&, Zh

2 BRY i

LORBRERENECEEL, BERDOT 27 b 14y
v OISR X » TH/PMREEOBRER TR L Tl
7ed D & 7t% (Clarke, 1969). 4B o /) g SE
B 5 B EA A M/ MR ORE I RBHIELE b
Lz E3EB NS, BEINCA LR M/MUETR
D aME iz 2T Behuke (1967), David-Ferreira
(1964) RN O/ MatkR & &5 T 5 surface con-
necting system ORI L WL, Zh¥@EL THE
DR G BADRALZ EBFETH S LT 5.
BRENMPVII LD B &, ZOMRMMIRAD LI K
Sfc. TDZ &k Hattori & (1969) 12X » CH#E
XhTWw5%. F7:, megakaryocytic leukemia fifgx
PGE, Bz X - THifaN Ca BES HMML, MifZE
mERENHEET AL 58EIHY, PGE, K-
TEHALEI RS V7 2 — BN ORI A HFFE
FELTW5b EHB IS (Nagano 5, 1993).

PGD, i PGE, ® 1.9 5D BEXAET 8 N0 D
h (B, 1991 ; Ojima, Tokuhiro, 1992), PGD, B
BT REEA b MR O BE A S h sy (Fig.
3. LaL, €6120.5mM DDA ##tH3 5% & ffih
WoOBREROER L & bIL, MMRBENRDLR
72 (Fig. 6). Th bOBEFTRE 20 5RO v ¥ 2 <
=¥avTiR{TY, S5HMDIvVFax—vavic
BT B s hic. PGE, PGD, oI/ Mg
FHEBIL T, FhFRDVET 2 —%NT 5 BB
4Tz Hourani, Cusack (1991) X U¥ Schafer &
1979 L X hHE IR TV 52, SEOHKBRD L 5ic
PGE, %7 PGD, & DDA #»#tfl+5Z & T,
cAMP EAZBHIEL, MMREE Y 2l & v ) @|E
7eus. 4E PGE,, PGD, iz DDA #8tH$+5% & & Tt
INMRDBER Z D3, PGE, #7213 PGD, #f/MK
BEAEDO LV 7 £ —12kH L TH adenyl cyclase
FHEH D DDA 4% 571k cAMP REL IR
M/ NMRERERRE o G~ & T T/ MRRE L
72— A LI RIGDABET LD TH B EH
2bhb. —J, PGE, %713 PGD, 0¥ b5 T
/R L EEHED v £ 7 2 — AT 5D, %
DEEDV £ 7 & - bDORIGHEITL, CAMP 138
HEWmoRIEOEF & LTEA SRS, DDA §tH
DFEERLY cAMP B33 % 72oic (Table
D, f/pM$RE R bFBEHEYE (Ojima, Fujita,
1976) CicotctFHBExbhad. eA% IV H, ®H,
77/ AR A FRAPBVETFVFY Va,
BIERIRED X 51, 4 — % a4 FRESTFHERY
BT AEBERAY 1 5T TR WA &%
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W (&M, /e, 1986). &4 F o PGE, & PGD, %
HETH2EBERA%Z 15T Tb->Tw5EE2bIS.
SEOERT PGE, MBI Lz & TV A I/
BOREE X2 b Tlhel, TTRHBEIATVBIS
i (1B, 1991 ; Ojima, Tokuhiro, 1992), PGE, %
Fodiz, 1 2@3M/MiOBERELY € 7% —1cEE
TEBHEEE, 5 1S3/ EY €72 — itk
ATEIBED2ON A>T VBT LB —IFEH L2
Zlwie B Fl, 2R Ashby (1989) @ cAMP
ZDOWTOEFTRe Murray & (1989) @ receptor
ligand binding assay Of##iKX " Takasuka 5
(1994) Dav 7+ r—va vVORERITE S —HKL

#

E S

PGE, ¥ X U PGD, 1% 1 4 Fehic /MR RHE
VTR AT AEE L IVNORED VY £ T & —
CiEET ARG LD, Fio, EEEEERE,S
adenyl cyclase FHEH| DDA #3521tk » T
M/ BRENRB B EVIHBR D, TORELYE
EZLk. roER, PGE, X 0 PGD, /Mg E
FHE WA b T, MIRBREDIFAZIEL TS
WETHD & BHRLI.
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