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_ ABSTRACT,, | o -

.Preincubation of PRP' vith, [ C]adenine ‘made "1t
possible to monitor cyclic [ C]AHP lcvels in 1ntact
platelets. Because the accumulation of Cyclic [ CIAHP in

(response to PGEl or PGE.2 was linear for at least,BO-aec
in the presencb of a PDE inhibitor,thc kine:lés of the
activatioarof AC by PGE1 or,PGEZ could be invcstiga:gdf:
Evidence was found for one PC£1 rcccptor and two PGE2

;receptors as vcll as for a nutuai conpa:i:ivc 1nh1bition

between the ef!cc:s of PGL1 and PGE,. - In the abscuce of a

2
[16C]AHP more than in the presence of a PDE iuhibitot

L

suggesting an activation of PLE as an adéitional node - of E
e N | s
nqtion. PCF vas vlrtually tnactivc witn platelet AC. '
In the abaencc of a PDE 1nh1b1:or, bo:h PCE‘.1 and

PDE 1nh1b1:or, PGE, reduced PGEI-cIEVa:cd levels of cyclic?

and PCLz caused an 1ncrcaae ino cyczic ( }A%? leVle that‘

5_ ) B
-7 )

‘peakcd at 30 sec bdelfete declin!ng to a stcady o:atc lcvel

of asbout ha!! thc :axinua.. 15 the prcaence o! a ?DE
‘ ;10h351t°f. CVCllt il’CiAﬂ? levels fapidly .tose :o plateau -
‘ stcadv atate levcln by one oinute, ‘ghc rcsu‘:s suggcnt that /ﬁf)/
& gccrtna; in AC ﬂht1V$tV: uhich uould account !dt these

e!fcgta o:cura oetueen 30 gec, and } n&ﬁ nflcr audizton of

rer,. . L e '[::w
. : . . ‘ 1 5 E
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A "The aggregatiqg agents, ADP and epinephrine markedly

réduced cyclic [ C]AHP leVels elevated by PGEl‘and caffeine.

cow

ADP was found to cause a uoa-competiiive inhibition of the

activacion of AC by PCE1 The effeets of epinephrine Here:

'media;ed by a-adrenergic reeeptors. A conoputer simuletioq

pf-these effects suggested various nechanisws of actions

which are diseuseed. o ‘ o o - R

L

PlaCelet‘cyelié {1§€]A¥Py1cvels peasured afte: the
ndditicn of ADP vere found to %orrelate bet:er wvith the
inhibg:ien of that aggrega:ion by PGE1 ; papaverine than

_cvclic [I*C}AWP levels mensured bcfore ‘the addition of the
aggrcgn:ing agent; Coapatison of the relationship be;veen
1nh1bi:ion of nggreﬂatlou and tncrease 1n cyclic [ CIAHP‘

i

'lchls caused by FGE, add by PGE, + papaverinc suggeeted a

”sianificnq: debny {n the action of cyclic AMP on plntelct

nggregetion. A givcn 1ntracellular level of cyclic I C]AHF

vas zore e!fec:ive against aggregation causcd by lo ra:her than

high ADP concentratiejg;//’ ’ _ f\

D:-hoeo-v-linolenic acte, the ;:::;\;ET&=§i,cursp:

T of PCEI, enlv 1ncrcased tae basal leveis of cyelle’ {*C}AKP

" wery altshtly, sven o the ptesencc of g PDE- 1nhibitor.

areehfdon!c aclid, the Ietty acie prccurser o} PCL., and PGF 0_
_ _ 3 .
cannrd esgrcga:!on which wae !nhlbitcd‘bv aspirln. Atachldon(c

-

ec‘_ cauwc:!tivelv Xahtht:cd tne ac:tvatien of AC by PGE11

Whe 1-gilcatio@s of these resules 1n light o! the effects of -
. . o1

i¥)
~
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Pcz\:\ and ‘aspirin on ADP-induced aggregation were investigated
and are dié:cgssed. R ) : ' ', N . N
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-granulcn ( dark bodics' )l 1ysosones (a- gtanules).ntcrotubnloa
rand ﬁicrofilanentu (Behnkc. 1967; Kuatard ' Packhan. 1910).

A contrnctile protein :hroubonchenin , that probably

cucrsv chiefly fron glucoee by vay of glyco}yiio and

oxidative phoayhatylngion~{Cherayak. 1965 Marcus & Tucker,

et ol.. 1965 amd 12 ptds (Lawtu 5 wajcruu, 1969). ' They bave

1. BLOOD PLATELETS

"As-argesqafch tool platelets have a humber.6£ 
advaﬁtagcs: thef are pa#il} obbained'?é-h homogeneghn. ‘ o
Preparation, they exhibit a"éuﬁbér of'charaCtérisfic o T
reactions in tesponse to phvaioldgical atimuli (e.g. . "
adhesion, shape change, aggregatiou pnd a sccrc:oty process
'the re{case'rﬁaégion') and ﬁﬁese reactiong éﬁﬁ be éreatly
nodtfied by drugs thus ptoviding §‘good nﬁde%-aysfeu for
phaxuacologichl7an$1ysin} - | )

| Platelctsrare the smallest (2;§.bfin &iaaeter)
forned clements of the blood Thqy‘ara‘ﬁonfnuclen:cd.ﬁ
nenbtgne'bound bodlea_derlved frod'uugakafydgyteo_;n‘kyc .

bone marrow. ;Tbej‘contnin nitochondria, aain& ntorag§_

.x

functtona Sn agpgrepation 399 the rolenue rcaction. ie also

prescn: 1Hua:srd'& snckhaa, 1570).. ?latcle:a derlve their

1365%) and have the tapatliv to ﬁya'healae piotctns (Booysa .
s 43 _ . ‘

At

.‘1' - | 5




a mean lifespan in the human circulation of. approximately
10 days (Kustnrd & Packham, 1970)
The fundanen:al property of the blood platelet 19

1ts ability to respond to various stinull by the fornation\\

&

Efof aggregates Thus platelets are normnllv sepnrate -fronm
one’ anothet in .the. circulation and 9111 not adhere to

nornal endotheliun bug;uhep the‘endotheiiun has;becp

[

danaged they will adhere to the exposed subendoth@lial

tissues (i.e. collagen fibres, basemen:'uembr#ne or micro-

.fibftla;'Zuckef & Borrelldi, 1962: Tranzer et al., 1967;

=3

Spact et al., 1971). Pla:elets then undrrgo a selective

w ! (] b3
éecretory‘pr6cess'thc_ rclenae reacction', liberating into
- the plasnma from cytoplasocic graduléu adcnineinuc;cogidnd,-

serotoﬁin and epinephrine as vell as lysosomnal enzypee.

"ADP, scrotonin and epinephrine are ;hcgnélves capable of

inducing aggregation and tﬂe 'reIcnse'rcactioh‘ {(Mustard &

.

Packhan, 1970) : Thronbin alno {nduces rcleano and providea

e

one pathway for the lnteraction of platelets and“pinana

-

coagulatgon facrnfs‘in hgnoatasi*. Scrotonin and o
eb!nephrine are bgpgcntc.agiuuo'wit£~vgsnconotrlctar'
a;tivlty and may ﬁely to reduce ihcflona of $lood frqg
d#udﬁbd;;iikeiﬂ. of theradqpide7nﬁc1¢ottdna-ﬁhqtta:a
'relﬁauéd ADP g fpé Bost faéortnét. It'ptbducﬁé a chaoge {n
‘piﬁtelat_nﬁape (t.e. a transforuation f{rom thio éiuca_ga

2

2

Pl . . _:‘:-
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-spiculated spheres),an 1nctease in platelet stickiness and
platelet aggregation. ADP has also been shown to actlvate
factor KII on platelet hembranes thus involving platelcts

in the intrinslc blood coagulatlon pathway (Halsh 1972)

The alteration of . the platelet membrnne is believed to

expose a uenbrane-bound llpoprotein (Harcus;_1972), platelet
factqr-3; which atcelerates.thtombln ﬁgngrntiqp, Thus injury -
to the blood vessel wall.lead; to platelet'adﬁtsion and thenw
by way of the release reactlon to. plateclet aggregatiou ‘and

when stabilized bv the formation of fibtin (Hovig et al..'

1968) to the fornatlon of a8 henoatatic plug or throabdus.

-
-

There ls 1ncreaslng evidencc that the platelet plays
a critical reole in alnont ﬂll rcsponocu of the blood to
'_injury. Through its tole in hcaoutaaln the platelet is
lnvolvcd in the rosponag to vnsculhr {njury, while through
phagocytosis and the relcuue of proteolytic enzydes and

-peraoabtllty Enctorn (Huatutd et al., 1965, 1968) it {ﬁ

tovolved im the teoponaolto the lntroductlon o! forelgn
-ater!als and chenicals {ato the.blood strean, a9 uell an.to
;anv eetnbolic products that entet the blood partlculariy |
‘under streseful and abnornnl ccnditlcns (Wnstnrd 3 ?ackhaa.
19705 . j

cl!zx.ally platalet fuacticn hae been conntdered

ﬂa:hly in relaticno to ueveral hemoatatic diuordern tthramho-

/Ar”-“f~ﬁ_\ ‘ _ . ;_ g
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cytopenia, thrombasthenla and various thrombccytopathies),'
thropbqsié agd the development of athe:oéclerosisé

Platelets have also béenis;udiedlin-:ela:ion to vascular

'ptosthéses, uraenia, nultiplé'sclerosis«and aspirin

ibgéstion.

Several hypotheses have been proposeé to cxplain
ADF-induced platelet agg;gga:ion. Gaarder and Laland (1966)
suggested :hat'platelet-ﬁoﬁggﬁfnP pernits the formdcioﬁ-of

calciug btidgca be:ueen platelets and hence aggrcgation.

Spaet and Lejnieks (1966) observed that ADP was converted

to AMP by platelets and prOpqsed that the resultant free
eﬁe:gy télease'was used in some way in the process of
aggrcgntion. Chacbers (1967) suggested that ADP induced -
platclet aggtegatioa b“ product inhibition of an ecto—ATPase

which othervise naintained the platelet neabranc ln a non-
¢

adhéuive c:até. Rhite (1968) propoaed that ADP !nkcrfcred

vith a cecbrnne calelium punp percitting calciun 1ons to

cater the platelet and activate the A‘Paue of thronbosthentn

‘thus inftiating & contractile process.vhich lod to

ags!e;atioa. . 8oaysec and Pafclson (1959) have suggei:cd that
=

platelct aegrega:lon resulted !roa thc cémbination of the

actin and nvosin of thrombosthenin on ndjnccnz platelc:a.

Gucelone et al, (1971) pqstnlated=th¢ presence of a rmenbrane -

tound cucleotide diphosphokinase as the Qi:e of ADP action,

LA

ﬂ&apt;u'éh# muliipl!éity of hypv:hcaea'tbe awch#atéa

bl
2
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‘of plateletJaggfegétion 1s still not known. Agén:s-causing
aggregation range 1n size from small molecules such as ADP
) and cpinephrine te latge proteins such as throm?in and
'_collagen.' How such widely differing agents, which are oot
phnrnacologically Bimilar in any other tissue, 1nduce a ;”' oo 7 
similar response in platelets is not obvious :hough it has
been suggested that the effccta 7f all these ageﬁts ;ay be
nediated hy ADP (Haslam, 1967). A nunber of druga inhibit
aggrcgation cnused by all aggregating agents. These'dr§g§
include adeuosinef.PGEL, and caffeinc (Hustard & Packhas,
19705, the pharcacological {ctions'ofjuhich. oz platelets are
" aow beliéved to'bé.uedia:cdothrougﬁ'iﬁcrﬁadea in the -
1n:taqe11u1ar level of cyclic ANP (Mills & Smicth, 1971:
Snlznan. 1972; Hanlan, 1973). Recently a gteu; deal o!{
vork has been doae 1nvent£gnt1ng the offccts of agents thnt

: cither cause or {nhibit platelet aggrcgatton on 91ntelet

cycllc AMP laveln. Ccrtain agents that causc aggtegation

arc capablc of lovarlng prcviouuly ralued cysltc A%P levels
(Robison>et al.. l9§9; Harqula_e:ﬁal., 1969- haulam &
1

Taylor, ‘1971b; Cole et all, 1971; ﬁarvood_c!‘al..‘19?2;

¥ills & Snith 1971 197’). A feu-uo:kera~hava repértcd’

'thnt aggregating ngnn:a deptesa baaal cyeclic AMP 1evcfn .

—

(sslzman, 1972). ““““VﬂF' ﬂithﬂush it has pow been acccpced N
o .
as 2 general hypothesis that cycitc A¥P 7cdia:es che-

. _ |
u.iuhtbgtloa a! pietclex a&gtesaataa by a gnmbcr ef caupounﬁﬁ‘
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including PGEl, the role of any decrease in basal cyclic AMP -
: 1
Jlevels in regulating platelct function is s:ill disPuced

(Salzqan. 1972; Haslam, 1973).

2. CYCLIC AMP
s . R E

A heat-stable factqﬁﬂgq§g9:§ng the action. of
. epincphrine and glucnﬁon'pn the n;civation'of'livcf
ﬁhodphqrylané.wnn'fouhd in 1956'(Rq11 et al,, 1956).
.This hcit—stahlc féctér, cy;lic AHP..appca:q-throughou:.tbe‘R
aninalrkingdod and is also present Lﬂ-qiqu-organidna.‘
The'biolggzéal role of.cyciic AHP‘hns chclopé& frbn'n

relatively staple ‘one to the poin: vherc {¢t appeors to be a

key regulatory agent-in most aa:mnlian tisnues iRobinon .

'ot"al;. i971) Suthcxland and co- “workere have” clntlfiod

:hc ac:&on of uany horuoue targct-orgnn coabinatloaa. The
~ ,

r

ganerel gyaten is one 1n vhich the harnonus travel from

their cella or or¢gin to :hc cclis of tbc carget tisnue(d) ’f~
_where thcy act te iacrepse the lntraccllulat lavel ot cycltc

AHP by stinulat!ng AC. an anzyho in the cell menbzanc the\
cata!vuca the !araa:ioa of cyclic AMP !tua 7P €5u:ner1andb
1970).

:t is nolt c@rtaia how the zcccpnnru !or :henc

hormoses are gelated totaC. One acdel groposes a8 ‘external
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'For.exauple, glqﬁgg

cyclnaa.

regulacory subunit uhich acts as the recep:or for the . =

hormone and an associated 1ﬁ:erna1 catalytic subuni: tha:

is basically sinilar in all tisSues where as the

structure of the tegula:ory subunit would vary from tisaue

to tissue :hus acCOunting for the hormonal specificity.

angdces not stimula{e ﬁC in adrcnal

"\

cortical prcbﬁ?ﬁiions just as ACTH docs not 5t1mu1ate

hepatic AG (ﬁaynes etwal,, 1960) In tiséucs'id‘vhtch tvo

or more structurﬁlly diffcren: hormones  are known :o

stimulatc AC there Hould be a different rcccptor subuni'

for cach hormone nssociated with thc sane type of cataiycic :

K

'subuni: (Robtuon et al., 1969) ?ohl and Rodbell (1?71) have

dcscribcd the inportance of phospholipida ia the actxon of

hornones on AC {e.g. glucagon and livcr adenylate cyclnse)

suggeutlng a- trnanducer 'ef!ccc of somp nature bctuecn

. ]

' N
the horuonc teceptor and :hc cntaly:ic subuntt of th¢

~
-3

" Cyclic AMP is hydrolyned to 5'-ANP by another
antyna,,?bﬁ. Thin enzyne can be inhibited by a numbgr of

. : 5
drugs {e.g. aq:hy% xan:htnes,-kutchar & Sutherfand. 1362}

Z

 pspaverise, Xukovetz & Poch, 1970; pyrizidoprrinmidines
such as BAZ3), Mills & Smieh, 197’17).,- These tvo cnzymes . |

raft&ca. At and POE, det@rmtue the cyclic AW? Xcvcl 1a cedls.

USthin :he cell -<yc1£c AMD !uwcttana as a regulntar

-




e L -
© of biochenicalﬁgrocesses Specific to that par:icular cell
and thus differs from Rany biochemical agents (e g. ATP

) which may at Eines play a. regéiatory role but vhich * =
'have other nore essential functions. Hornones operating
through*tyclic &H” are in zmost tissuesdfssociated with an
*1ncrease in 1ts 1ntrace11u1ar concentration sécondary to K b

the. s:inukation of AC. The effects of sbth. hornoncs on . TN -

such tnzge: tisaues can be mimicked ot potcntiatcd by thelg

inhibition of PDE which blocks the degradntion of the-

'nuclcotiée. Povever. %omc agcnts 1nclu4}ng the ca:echolamines
prostaglandins nnd 1nsulin are copable of louering the level
‘of cyclic A%? in_sone- cclla eithez by an. 1nh1bitioa of Ac prrl
an activatt&n of PBE For cxample, PGE (Butche; 1 Baird

1968),. and 1neu11n (Bn:cher et al.. 1966) lower cplncphrine—
fcleva:cd levela of cycllc AMP 1n lsolated fat cells. aud
cpinephtine in the PFesence of a 8 adrencrgic blocklng agent o
vtll lover baual cyclic AMP 1evcla RL !at cella. pancreatlc |

~ “falets snd fa the toad bladder (Turtle & Kipots, 196?_):_.‘ ‘ o
| ‘ ahe ucchnu!au of acttoa .of cycli: AHP-;a :1ﬁ¢ues‘ E
vhrre 1: 1* rgcopniccd a8 a secand ncasanpcr has oot been
esiabllnhed in all cases and. hcnce an explanation of all <the
k*cua ef ecta of cyc!!c aMpP ln teras of a stun;e cosaan aode

of a::!on Iu no: vn: po&;lb!e. aovcvc? eyclic Aﬁ?*ucpqndentxu
'enxvnas ate tnewa to exfat in’ nost t!aaucn in tle ;ota of

"B
pre:sﬁa hmawa th.nt mdiaw :he phaaphorﬂauon of protctu
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an active

‘tissues unknown. though in a few cases they have been

as substrntcs but the physiological significnacc of these

‘effccts is uncertain as thc cyclic AMP - nctivated protelnf'

.(Eirchbetger et nl.. 1933) E: | 7 :32\.-

z

. ' ) | : ; 9.

substrates by ATP (Robison et al., 1971; Kuo & Creengard,
I969)." it appears that cyclic AMP increases protein. kinas®e

activity by inﬁing to a regulatory Subunitfof the enzyame

with the result that the catalytic subunit dissociates in

e (Cilnan, 1970; Reitann et al., 197&). ‘Thé

§

’ physiological substrates for the protein kinaae are 1n “most

kinnse (Halsh et al., 1968), glycogen synthctase (Larner.
1968) and hormone sensitive lfpase (Corbin & Krebs, 1969;
Tsai.gtralf, 1970).- Ribosones in rabbit rcticulocytes
(Kabht..1970) niEtotubulcs in §¥a1n (Goodnan et al., 1970)

and histones (Lnngan. 1968) have also been shoun to nct'

- ' 3

ktnancsnppcnt to be of low apectf!city. however, specificicy

°

could be conferred by the 1ntracellulnt 1qcati.atioa of the

protein kinase, and 1t is 4nteresting 1n this conncctxon

that the nanbranen of tbe cardiac satcoplannic rcticulus

nnpear ta contnia a eyclic ARP dcpcwgcnt protctn hiaase

- which L3 aaaocinted vith the act!vation of ca!cium trnnnport

te

&2

2



3. PROSTAGLANDINS .

Although ;hE“biolﬁgigﬁl effects of prdstaglandgns‘ : “
vere first seen by Kurzrok and Lieb in 1§30 it vas.not,until
f1960 that Bergstrom and Sjovall ‘{isolated and determined the
chemical structure of the first prpstaglandins. All

,mcmbers of the ptostaglandin family contain 20 carbon atonms

©

‘and a11 have the same basic carbon skcleton of the hypo-

. thctical parent compopnd, prostanoic acid, which conaia:s
‘of'a five member ring with two aliphatic side chnina.- Various
arrangements of double bonds, hydfoxyl_and ketone groups

 divide the_fanily into four classes A, B, E, and F. Six

E

E and F compounds, thc nix prinnty prostaslandinn, are -
‘derived from B,ll,l&-eiconntrienoic-aci&. 5, 8 11 lénelcosa-

tetraenoic acid (arachidonic acid) asd 3, 3'11 14,17-cfcosa~-

ppntacno!c acid (Bersatrdm et al., 1964) which can be !ound
An most tissues. These can be convcr:cd'to :he eight | _'-: ?;?

vnecondary naturnlly occurring ptoa:aglandinn thnt hnve bcen

1dent1tlad to dn:e (Figure 1) Each class A, B, E or ¥

-

differs in the auhslitutxon uﬁp saturation of the cvclopnntauo
ring while each neober o! a class dif!crﬁ froa ‘the o:hcra : -~
'in the uunbat of unsaturated double bonda zn thc aliphattc

-

'alde chains, e.f. PCE,, Pctz'ana-rcal.
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FIGURE 1. Structural formulas of the saturally occurring
prostaglandins and their precursors.

Through the work of Sﬁnuelanon and Haébers-thp basle -

"mechanise for the_nyntﬁesis of prou:aglandins'!rom {heir

v"a:ty ac{ﬁa precursors has bcen formulated (Figuke 2).

> LR )

Phosphollpasc A lzbcra:ca the polyansaturatcd fatey ac!d

arecutaors Itan nuabranc phonﬂholiptds ptior to :n‘orporn:ton
of aolecular oxygen qnd‘cyclizqtinn (3;:;@1; et al., 1970;0
"Bergstron et . al., 1964: Samyelsacn, 1965), 'Priie:t_c:_ai.y‘.'

- S :
=
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(1972) working on hypophysecdtormized -rats haﬁe implicated a

pituitary function in the regulation of prostaglandin

synthesis and hence :he expression of the biological activi:y

F

of the esscn;ial fatty acids. -/

muy Sk~
b s \CJ' .
. Y roOM H 00
) .
¥
0 " On

?IGURE_Z. Mechanisn proposed fér the ?onvefalon of 8,11,14-~
¢icosatriecnoic acid :o,PGE1 and.PGl’lc '

Sgnuéi;son (197&) has tdentified 7a-hydroxy-5,11-
dikétotctrnnorpréata-l-16;dipic acid au'thcinajor'hunaa.
-uf!narv cctabollteot szl and ?caz. Flgure 3_ﬁﬁéwn'£hat

FE is_"etabolizon by wvay n! a 15- hvdroxvdehydrogennne
(olloued by reduc:iou of the £§x; dauble bond and B and (¥
oxidation. 1t is unlikclv :hat the £ and F proﬂtagland!no
!udct!oé aa.éirculnttng hornones ln that they ate 903
ﬁotﬂbﬂli:@h in one passegre tbrourh the 1ungu and%iivor

(ﬂnvann gt al., 1968 and Ferreiva et.al., 1967).
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:_!S-hydrOxy;.;fbstaglandin ' 0
dehydrogenase '
\q_-—_;v/\/\CQQH

N o ' o o Reduﬁﬁon of
a3 double bond

o , | ﬂﬂuﬁmﬁﬂ o1

Major unnary meta_bolile ' 15 - kelo-dihydro -PGE )

FIGURE 3. Rcactions involved in the {ornéiion of the hajer.
urinary nectabolite (Za-hydrexy-5, 11- diketotc:ranor proata—l
16-dtolc acid) from PGE,. :

Proutaglandtno are widely dtatnbuted in bloloylcal
systens, They eablblt a wide spec:ruu of actioaa/bciug "
released in rcaponne to aimple phvntolog!ca! atimuld
(Rasvell & Shav, 1970). Alrcady they ot one of their more
_atahle ot more potcat dertv@tiwes have been used |
;Herapeuzlcallv fov :he tnduction c! labour and!or aboruono

~and thely uu_ has been suggéated Iin tho .:r.eat_nent‘ of

-iu.feni‘luy'. -,mpu:_n:cer. -asthza, shock, hypertonaive

-~
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disease and congestive heart failurel(ﬂiggius & Braunwald,
1972). A . ' - D

:A'éingle mechaﬁ;smAexplaining the aiverse action of

'-pros;agiandins'on various tissues has nqi.beeq fornula:gd.

A number of observgtiéns concerning':he,effects of |
*Proétaglandins on'mémbrhne and 1nttacei1u1armcgfiona have
“suggested méchanisas vhich would 1nvolve the rtlense ofk
.membranEPbound calciun (Coceani_& wolfe, 1966- Strong &
Boﬁr 1967; Ram@%ll & Shaw, 1970). A great deal of ecvidence
has now ac;umulated houevet which 1ndicatea that thé-
pharmacnlogical cffects of prostaglandlns are manifented in
modulating the cyclic AFP levels in many cell types 1n
- respomnse tolncural agd horzonal 1nf1uences_(8auucll & Shaw,
1967 Bergaern,£l967; Shio & Ranwell, 1§71; Robisén ct al.;

F:3

1971).

Although 1: i appurcn: thnt hormonal nctiva:ton o!
tissues nmay be effected thtough an nctlvation of AC
'(noyzaon. 1967; Sutherland & Robison, 1968), tt is
dow well eatabi!shed that hcr#qnai stimulatfon of ﬁa?y
tissues dud oréaﬁs-ia aIio 5550:1;:cd vith chan#én io
endogcnoua proutaslandina. qna!!ta:lvcly as wvell as
ﬁuaptatsttvexy (Sh;o:ut al., 1971). Studies rcgarding the
-effect offtlscée st;nulahloa on endogenous proitdginnﬂlnn
have 1ndica:ed that aﬁra rroa:aglandtan are releamcd than

‘caa bes !at'!ai!y exttacted (Baaveﬁl 6 Shaw, 1970- Saith 5

[
L4
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Villis, 1970),suggesting in fact a hormonal Qctivation 4
of the biosynthétic process rather than .elease from a

preformed store.. Prostaglagﬁ;na have been f,und :o mini;
" the action ﬁf hordoneé'in ceréain ;1sagps‘in0>ncrena£né
:cyclic AHP fornation through the activation of AC

(Fleld et sl., 1969; Kuehl et al., 1972}, while in

:other tissues :hey have been: found to 1nh1bit thc hérnonal

stinulation of cyclie AHP formation, for 1nstance hy

__‘_____ﬁ

vasopréssin (Orloff et al.. 1965) Kuehl and c°wworker;.
(1970) repotted that in the nous; ovary 7-oxa- 13 proatynoic
acid compe:itively antagoniaed theostiuulntory ceffect of
 “:1utc;n1z1ng hornone (LE) and’ !’(:i:_1 on cyeclie AHP accuuula:lon )
thus %hdicating_th#ﬁ prqa:nglandinn ngy play a key ;ole in

-:he\Lﬁ»cycllc AMP sequence. These czperimentp,hnve‘beun

reproduced by Burke et al,(1971) ui:n':hyzozd-szgnulaz;og?‘

hofnoné and Sy Vale-ht al. (1911) uﬂtng 1SH-teleasing -
horsonu. Results of ouch ntudiea have- led tc the concluslon

] that in thoae t;seucs uherg ¢roptaglandinn are ,ynthonlxed‘
“on hhmoral ntinuiutlongtbey aay in tutn serve tb.agpglff or
at:énuaic the &u:ction of thc‘concbmttin: cyeclic ANP rcipcaae-

and the reuﬁlttns ghyiiologtcaf reeponse . (Shav et aL;, 1972

Kuehl et al., 1972). - R
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4., THE PRESENT STUDY

1t wvas the purpose of this study to exanine seéér{l.
aspects‘of'the relationship betwveen prostaglandins and cyclic

AMP in relation to human platelet‘functidn. with regard to

hd . .

the prostaglnndins,lat thc start of this uork it was known
that PGE1 wag a potent inhibitOﬁ of platelet aggregation
- {g;éézc. 1966), that Pczz inhibited the first wave but
enhnn&cd thé sccond wave of ADP-iﬁdhcéd aggregation (Shio & -

Ramwell, 1972) Samd that PGE, and PGF,, were produced in

plgtciats in resplonse to_thtonbin_étlaulation (Smith &

Willis, 1970) .7 It wvas knowa that PCEI incrqpscd the 1ntra:

cellular. Coﬁccntration of'pla:u!ct cyclic‘AHP'but that these
incrcancs did not corrclate wnll vtth the inhibltion of

nggtegn:lon ip sone lnetanccs (Ball -3 4 al., 1970 Billn h

't’

Splth, 19?2% lt-van a!-o known that PGE{ dccrcnued Pcsluf

»

levn:ed 1ev¢1: of cycllc AMP in rat plateleta {Shio &

‘Rauvcll 1972) and that AD? and qpinephriﬂc decreased PGEI-
‘elevated lcveln of cyclic AMP (Roblson ct gl., 1969 ﬂarquia' .,
et al,, .910;-“;013@ § Taylor, !9?1).‘ Aga!nut thtu back-

‘ground the objectives of the present 1nv¢nt1$ation were

brielly (aT o con!ita and extend the knowa rclmtzonshlpu
between Pcﬁl. Pct and,PCFz stlsulatloa o! ac
and plate!e! gyclic AMP levels, (b) to exanine the . -

-

>’7 nechanteau by uhieh ADP amd cpsnephrxne are capabie of




a'series of prelininary expetigents.

.17.’. E’/,J |
‘ : n e, ,
lowering PGEl—elevated cyclic AMP levels, (c) :o.exaniue_s 1\ |
further the relationmship between PGEl-increased cyclic AMP L \\S
levels and the 1nh1bition of platele: aggregation and (d)
to examine the effects of prostaglandin precursors on
platelet ecyclic AHP Ievels and platelet function. The
tcchnique of prelabelling-therplatele: ne:abolic pool of
ATP with high specific activif} llacladcn;aé'was dcvised‘ai
the nbst”sensittve assay for'cyﬁlic.AHP uva;lable (Ku@\&
DcRenzo. 1967- Ball et nl., 1969) 1t vas héweQef first"

necessary to vcrify the applicability of this approach 1n

b
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1. MATERIALS

Adenine nucleotides were obtained from Sighd_Chémical Co., St.
Louis, Missouri, U. S.A. and vere* dissolved ip isotonic saline

(0.154 M ¥acCl), and adjusted to pH 7.0 with NaOH.

Radioactive coqpounds. [ﬁ-lé JAdenine (250 uCt, 287'nCilnmoi)

vas obtained £ron Aoershac/Searle Corp., Arlington Beigh:s,
Illinois. U.S.A. and {8~ H]ndcnosinc 3' 5'-cvclic monophosphace

(250 uci, 28 Ci/mool) was obtained froo Schwartlﬂann,

-

Orangedburg, N¥.Y., U.S.A. - S—Hydroxytryptaﬁ§ne-3'—Clé-(55 aCi/

c201) wvas & kind gift from Dr. J. Mustard's laboratory.

1
P

Aucnnrine 3' $'~evclic nonngosphntc phosphodiestcrase. .

0.2~ 0 5 unttulnc protein was ob:ained from Sigma Chcnlcal €o.,
, e .

St. Louls, Hisaouri U.S.A. aund was dinnolved lnnediately

bcforc cxperl ents at 5 Ulnl lnotontc sallna.

\ucnoalne 3' S'JE clic aan_yhoaphatu_y\onzpodi¢eternae

Py

Inhtbgﬁgru. Theoghy&line nnd cn!feinc (4nhydrons) vere

obza:nec fros Sisza Chemigal Co. 5t. Louis, Missouri, u;s.n.‘
?apavcrinc was obtalnec ‘roa'anu Cnenicals, Toron:o.IOn:arXo.
, Ca§ada nnd-ﬂA233 ﬂan'obtalne} fron Dr., Yarl Thomae CM3H,

@ibeénaﬁ an’ der Rise. '.o- O o .-
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Adrenergic antagonists. Phentolahine waa obtained as a gift

froo Ciba Geigy in Hontreal and ( ) propranolol as a gif:

_from 1.c.1. Ltd., Pharmaceuticals DPivision, Hacclesfield

Englnnd; “ ' : _ o .

. male e wr e

L-J-Eg}né}hrine bitartrate was obtained’ from Signa-Chenical

'Co., St. Louis, Missouri, U.S.A.

- : . - v P

Prostaglandins and Pron:nglandin Precursors. ,PGEI. EGE and

[ngvigharigut Y

PCFZQ were kindly provided by Dr. John Pike of the Upjohn

Conpnny, Kalamazoo, Hichigan, S A. and were dissolved in-

953 ethanol end neu:talited to pH 7:.0. &A prontaglnndln

inhibitor, 7-0:3-13 p:oatyuoic ncid was a kind gife of
Dr. J. Friecd, University of Chicago,'Chicago. Ill.. U.S5.A.

- Tuo pros:asiaadin préCuradts vere used: ”5.8,11.16¥°

etcosatetraenoic ncid (evrachidonic scid) stade 1 !ton Sigma
Chonical CO.. and 8, lk,lé-ciconatricnolc acid from appliad
Scienca Lnboracortos Inc., Stato Collase. Penn.. L. S A.
A_conttol !ngty acid (8.11-eicoaadienoic ac;d) vas &lso

obtained from Sigea Chesical Co.

c
e

General Chemicale. aualytlc teasancn for geacral use ucte

g fxébéiaﬁud'ft;n'gi:hts‘rtahar Scfentific ¢o., Palr Lawo, .J..

U.5.4. or Sigms Chemical Co., St. Louls, Missouri, U.S.a.

[l
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‘drugs during the previous weck.  Silicone rubbet tubing

anticoaguiunf. The blpod?uan then cen:t;fugea at roon

v~{jd;xtfbao"(ﬁCD) solution of Aster and Jandl (1964) w;ﬁ'uséd,-'

" coazulant: Suspensions of wached husman platelcets were.
. B . o ‘o F -

.prepardd scecording e Muhzatd.‘?arrj and Ardt!SHQX§12).

o

2. METHODS
- °

Preggtaiibn‘of'hépariqized platelet-rich plasma. -Human

blood was cqllecﬁed by:frge-fiow_§en1punc:ure using.
siliconi;ed~xﬁ-17 géuge;Qped;eé'(quﬁai'iqbogéﬁorieh;ﬂ-
Horton-crdvé;lIli.._U.S.A.);_fraé;geglﬁhy‘malefﬁr female .
volunteers Hh; had'not'ﬁakqﬁ any aap#tin Ar.aéﬁirlg—like

and sili;on;zed éingsware vere used fht;ugﬂout-the
procedure. °fﬁe bloo&-vas coi}ccfed into;qn isotonic saliﬁé
sclution of hcpgfin,(lﬂO@ Ulnl;‘SLgna.éhcnitél Co,); pde
hJﬁdrcd\;gfﬁéés of blood being mixed with onme volunuiof

N

teaperature is 50 nl glpin tubes at 183'153 for 15 oia 1o a

swing-out headigggv#ii BC-3. Tﬁearéaultahl PRP was

transferred using sil!conizu@ Pastcur plpettes to & stopperved

'siliconlz;¢ Erienﬁgygtpflgsk vhich was then kept in a water

bath Bt 3,?":. ] . ) ’ ’ : ‘ . 'l A-e ° o ) - ®

5 ¥

.In the proparation of washed platclets the ‘acid-citrate-

LY

pix volumes of blood being mized vith one voiume of anti- -

LS
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Preparation of platelet-poor plasma. = After the removal of

- PRP. thé*témaining biood vas recéntrifuged"a:'IGSO x é for

2

10 min and the resultant PPP was removeﬂ and stored at 37°C. 3
PRP was diluted ui:h PPP to give 3.6-4.0 x 10% platelets

per ol uhen necessary.

A

o

Platelet countinf.’ PRP,was diluted 1.to 20 with a solution

of 3.82 (ulv)“citrate and 0.15& H NaCl - omixed 1 pafk”:o 9 parts '
~and - c¢ounted in a Spenccr hemocytone;er (AO lnstruqent Co.,

Buffalo; h ?.; U S. A ) under a phnse contrast microscope.

“.-_\.,

i

}cnreg&tlon.fechnique. Piatelct aggrepntion was nenaured
tutbidouc:richlly (Born 1962),uatng ‘an adsorp:ionater

(?ayton'ﬁasoéiaten Ltd,. Scatborough, Ont.;_Cannda)_nnd'a‘

‘potentloneter.rccprder (Photnvblt‘tdtﬁi; H.Y c., N-YJ.'U S.A.)
opernted in :he lagnrithmlc node._ 02 85 ol snaplcs o! PR?

ui:h enline and any uther addltiona to a final volume of -

=

1 al vere aa!ntnincd in cuvettes (1 co dlnnetcr) at 37°C by
a :heraostn:;cnllv controfled hea:inp dlock nutroundlhgyﬁ‘?

cuvette nnd stlrred !rou bnlov by a nagnat&c ctltrcr
i‘.;

- \

rotatiae; at 990 rpas QA beau of light vag panscd throuhh a

velxou (605) f!ltor and the pletelet aucpcnu!on onto a photo~

¥ -y
2

4

electric ceil aad tha dccreane ta optcal dcnnamy.¢uc te - ¢

placelct asgrrgat!on was aeaaured ngatnu: a rPe biank maqbf

)

aanplu of pln;clet sunpcnaiau was ativred for 1 elno h¢fere'
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e

the addition of an aggregating agent to e;sure that astable

. turbidity level was achieved.

14

Purifica:ion of [U-""ClJadenine. f;ve t.l.;:"plates |
(20 x 2Q cm, 250 u thick) were prépiéed using Hﬁ_célinleée
300 HR (Haché&cy'ﬁagél and‘Co.,.ﬁprale, Ont.), heat‘ |
activated fﬁQ nin_9t 100°cC) And cle;ned'by ﬁgnﬁing the second
diuqnsio; in Solvent II (Krebs & Henoo, 1553' 1aobu£yfic
acid: 1-M aumonia: 0 1 M EDTA in vlv ratios of 125 75: 2).;
The plntes were allowed to dry and agnin heat activa:ed a{ter
,which SO ul (50 uCi) of the stock [ CLadcn!ne solution;
(250 pci) uas npplicd to each plate. The piaten vere.:yen
run fn the firat dincnaion in Solvent 1 (Turtle & Eiﬁnzs
1967- 1- butanol.facctone' glacial ace:ic acid: l& 8% Wﬂa
H 0 in. vlv ration of 90 30:20:1: 60) for 2 1/2 houtn,'nlt

"dried und run ln the aecond diucnaion in Solvent I1 for &

Hnnrn. The-[ C}adcnine spots were idhut!!lcd under UV ifghe,
L= -

scrnpad from the plate ‘and eluted & x 0.5 =ml nnline by
cen;rifugatioa at 1..00Q x g for 4 oin 1n an Fpgeudo:! 3200
centri uae.. The voluacn of the eluaten vere ccasured aund s
5 ul saarlc o! each as vell as thc stolth nolu:ion vas counted
thls alioued tor :he éeteraiaazscu of rccovertea and.atven

thc apeci!!c’activity of tha a:attian material, the preparntloa
o‘ a3 200 u% sa!uztun c! I czadentnef Any traces of cellalone

were :omcveé !ron the bulked cxuatae by ccntri!ugatnoa at  ”

TRl 000 = e for !5 nln.
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Purification of [8~'H]adenosine 3',5'-cyclic mon_phosphate.

One =l (250 uCi) of cyeclic | B]AWP was spotted in two
&

places on a t.l.c. plate and runlin‘Solvent I. The spoté
were igintified with the aid of aumixed nucleotide marker,
aCtBPEd off and eluted uich 3 x 1 nl of water. The eluates
were bulked and diluted with water to give 25,000 dpnm per

50 #l (L.e. 0.225 uCi/ml).

_Cyglic EIGQJQQP Asséy. .Cyclic IlacIKHP.unsvncasured in
plat&igts'in'uhiéh the me;aboiic[AIP pool had been -
;prélabcllcd&gith [lﬁcladenine Gkuo & DeRenzo.'1967-'Ba11

et all;'i969) Platclet rich plasna containing 3 6-4, 0 X 108
latclcts per ‘ol was 1ncubnted for 90 nin at 3z‘c vith 2 uM

14 C]ndeninc py vhich time more than 902 of the 14 C vas’

[
platelct bound (1. e. tenoved by ccntrifugatxon) Ssaples
(0.85 wl) of this PRP ulth vatloua ndditlona to ‘a final

_volune of 1 ml wvere incubated for specitic :t:cs be!ere

o -

mixinp- vith 0.2 nl of fce cold 3 b percblorlc acid. 50 ul of
evelle | H}ANP (0.01 uCi) wvas added .to cach aample_as-an.
1n;ctn£1 atandard peruifttuﬁ the dcterm;;aﬁlon'of tha
recovertiesn: o{'cvciic {léCIAN?;
Aftcr a:andlng 15 ein in fce :he prcc&pita:ed proteine
,o! each sanple ucre reuoved by cenerifugation at 12,000 x ¢ .
Vfor'é ain. The uupcrnatan:n vere addod to ;olumnm,con&a!ning

v

1.5 ol of cattfon cxchanse rn}:n (§1crad AG 55%-3&,]&* &atu.
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200-400 mesh, {(Calbiochem Ltd., Sam Diecgo, California,
U.S.A.) from which the cyelic AMP was eluted with 1 oM K-
bhosphéte buffer, pdH 7.3 4o the 6-15 ml fréctidn.

To cach €luate 0.3 ml 0.25 M znS0, and 0.3 ml

&4
0.25 M Ba(OH)2 ﬁasraddﬁd. The mixture was centrifuged st

4°C for 10 oin at 730 x g in order to remove the - .

o4 -

precipitate and absorbed nucleotides (Krishna, &sias &
Brodie, 1968). This pfocedhrc was repeated and the super-.
natants qf'cnch'saaplc vere iyophiiized 1n-2Q ol aclptillatlon
vials. | | |
'Rcsidﬁes were assayed for 3H_and'“..c"using a liquids
scintillation counter. Cyclic ( C}AHP v&lues vere
cortectcd for the rc#ovcries of cyelic [ RI\HP -whiceh varigd
from §5-651. aad were‘cxprea&rd,asa pcrceu;agc of the

‘platelec dound e, Saaples of PRP and PPP (50 ul) were

—”“taktﬂ*ftom the incubation PRP just prior?:q-aﬁd 5ftcr the

14

: expericental iucuba:iona. thnc pcruitting the anount of '~ C

[N

takcn up by the platelcta 1n each uanp‘e to be detcrnlned

!ndlvldual'snnple incubatioas lasted from 20 sec in
tinetic studies un to 12 min_in_fﬁﬁﬁ-courue”d:ud!ea and ﬁqrc'

+

chrLed_out between 90 and-llo.éinu;¢a after the addition q!'%
llaciadentne to the PRP. | | | | H

Ta no“c experinents the izclation of cyclic AMP
§nvolved paaaage dovd ? ol columna of Biorad AG Sg ¥-X8 rcaQu.

th@ N to 10,5 &2 !ract!on bcinr clu:cd with water and

» 1yophqunad. sftex whigh :bg reafdues vege aub}ccteg to t.l.e.
i i ' : : : ’

s
]
f



)_1,'

(Turtle & Kipnis, 1967) before being counted. Recoveries
by this nethod were 30-502, :

5

]

Ba(OH)2 and ZnSO, Solutions. Znsoa.was nmade into solution-

at 0.25 ¥ and Ba(OH)z'was'madé into solution at approximately
0. 25 M being filtered to remove barium carbona:e. The
{En(OH) ]sas then adjusted to neutralize the ZnSO& to
phenolphthalein when the two solutions were mixed in equal

>volumes, the pH of the supernatant belng 7.5.

tn

7

Ltquid scintillation counting of 38 and lﬁt. To the

1voph111:éd tcsidﬁe of cath sacple 1.5 nl wvater was added

along with 10 5 ml of a dioxnne based pnosphot (Sca;en 1967).

The phosphor solution was prepared by dissolving 8 g of - ®

R

butyl PBD (New England YNuclear, Soston.'aaas., U.S5.A. ) and
'100 & of nmapthaline (Asershan/Scarle Corp., Arllngtbn

uelgh:n, It1., U.S.A. ) in one liter of dioxane’ (Fisher

Sclentific, ?oron:o. Ontario, Cnngda)¢ Particulate samplee. - IQF;
_ such as the scraﬁingn off t.i.c. plates were counted in @ha
-ﬁiécepce of 50 g silica/l dioxane,(!hlxotrﬁpgc Cel Povdgr.‘f

Pa&?ara lnﬂtruncnt'Co., Downcrs Grove, iill.. E.S.Av).

Vlmla vere counted in a 3cck~an L<~“30 liqutd _ v .

7 .
‘scintillation couvater 5iv1ng‘cfftc1encien for NC and 3B o!

- . i
approxlmntely'&éz and 161 reapectively under dua! iabel

conditions. The liniters o t“e counter were set for =

130,000 cpa for Y and 19,000 ¢po !qr Iaﬁ. with 38 50 wiaute
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r

maxipum for ‘each sample. A series of both °H and 1ag 8 |

quenched standards was run with each experiment to give

<

;tubes vere siailnrlv prcpa:cc containlng knoun acounts of

for 1 1/2 hr at 0°C unbound eyclic AMP was removed by

from bovine ndrenals storcd 1n 1 nl aliquots ag —50 c.

a 1 4o .20 dilution of bindinp protein, and a saturnting

,;cntr!fugafibn vith charcohl aad a sé:ple'o! Ehe‘uupernatant

@

a quench—corfection curva, Cérfections for baékgrcund,
channel ;ross over nnd quenching were applied using a
Hewlett Packard 9810A desk computer (Hewlett Packard

{Canada) Lid.3 Rexdale, Oncario, Canadaq:

T
LI

1

Total cvclic AﬂP Assay. Heasurements of éb:al cycliépAHP in
samples vere performed according to the technique of Broun.L

Albano and Ekins (1971), using binding ﬁrotcin prcpared

EachaaSGay tube contained an acount of sanple

estimated to'éoncaln 1.5 p:oics of cyclic-AHP 100 pl of
anount of cyclle | H]A““ (B 0 paaics of 25 Ci/mmole),., Other

unlnbcllcd cyclic AMPR (0.2 - 10 pnolcn) in addi:ioa te cycltc

o

{ h]AHP fer pra@ara:ioa of a standard turve. After incubatlon

was counted. Tnc percentage rad‘oactxvitv bound aratnnt thc
known anount of .cyclic ANMP prcncn: in the ntandnrda wap
plotted. ~The cvclic aAMP fn t“c cz:cri:c“tnl ua:pleu was than

caicuiated from the u:andnxd,cutvuj
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e - . o R
‘Cocputer sinulation of, changes in cvelic IIAC]AHP levels,

Because the kinetics dfacﬁe activation of AC by PCEI_and

the ac:ivi@% of.PDE may be describedey Hichaelis-ﬁenteﬁ !
equa:ions. it was possible to vrite a Fortrnn progran
dcscribing changes in the cyclic AMP levels with respect‘

to PCEI cqqcentyas}on gnd to tire. In its nore complex
fora the eﬁu#tion‘developcd allouéd for variations ig the -
ATP concentration. for the pfcsence of two species. of

PDE (Amer & Mayol, 1973) and for the ichibitory effect of
co;pcti:ivc'PDéfinhLbitots on both of theae enxyncsf In |
the cxanﬁles given in the present text a aingler-cqua:ién. 

assuaing & constant ATP'conccniratioé apd coansideriag

only one species of PDE, was used:

T _ Ve

1.éa -d_s_ .‘ . .
de Ke, Ko 1 S .

(1""——") 1"!' (1+ﬁ | T ‘ *

WHERE: ¢ - coniShtfation of cyclic AMP.

J Y1 = Vmax for the activatfoa of AC by PCEy at the
TP AT? coucentratton ptcvailtrg in the platelats,

En = conccntrntion of PGCEy - riving half maximal
- % qV¥1/2) sccivatton of AC.

‘sz . = comcentratioa of ?CEi.r
Vo o Voax of PDE.

Eg o cancentrazien of cvc.ic AMP 51$/;g halt ]
paxiusl activiey of PDE.



{ = concentration of PDE inhibi:or.

Ki = dissociasion constant of the PDE inhibitor -
PDE complex. . :

‘Euploying the CDC 6&00, a 6th order Ruuge-kut:a nethod was

used to 1ntegra:e the equa:ion. The numerical values and

their origins or the various/tons:ants involvcd are:

vi = 92 (i.e. 2 cytilc experinéntnlly determined 2.
II‘C]AHPIBO sec 3 o

*Sma « 0.33uM _!, - e;pgr;mencully deternianed Law-“?l

x = O.Syﬁ_ S - , an arbitra;y'vélue B '

Vo = 302 ‘ : an estimated value Hhich

gave stendy stntc levels

of cycllic [ bcjaMp .
_gizilar te those encounter-

aed cxperiuea:ally :

., Ko = 1.08% C .Jard & Bernard (1970) uH
SRS . ' . value of 30 x 107°M was
B ) converted to % cyclie
{14c)aMP on basis af
. Fg;utc 1, Chapter I1IX

: o 20,000uM _ an.nqb@traty value

KL = 1.6ooﬁu-“2¢3,- B value for caffeine given
e T by Butcher et sal., 1962
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PRELIMINARY EXPERIMENTS
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AS CYCLIC (}4canp

e
A

IS

[1 CIAHP as described undcr 'He:bods wa

ereating it vith PDE. The reduction in

was compared with the reduction in 3H roa
in the pure cyclic l 3C]AH? added to-mon
of cyclic l C]AHB.

After preincubation of PRP uith I
fSut PRP sacples were treatcd with JLEI
The rncubationﬁ were stopped wi:h perchl

before cyclic l-H]AHP vas uddcd to cach

29.

1. CONFIRMATION OF IDENTITY AND PURITY OF MATERIAL ISOLATED

The purity of the material 1solated as cyclic?x

5 de:ermined by
IQC'radioactivity
dicactivity present

1tor ‘the rccovety

C}adcnine,
and iour with snline.
oric acid a»n uuual

sacple. Aftet

ccntrifugation thc supcrnntants from cach group were: poolcd

ncu:tnlized with KO4 to preceipitate kClO
into- £our 1dcntica1 panples. Tvo !rou e
then 1ncubatcd wlth ?DE £0.11 unitalnnnp
prcnence of 1. 5 =M ngso and 56 mBM tris-
concentrationc) iot diffecrent :1=e 1n§;r

vwere stopped ulth perchlo:tc acid (0.34,

cf unlabellnd cycllc AMP wag added as an 1ntcrnal coatrol

to deter !nc the snbsequent recovﬁty o!

and then rcd;pidéd
ach gproup uere?
le) 1? the _
ue1, plt 7.6 (fisal
vals. . The rcactions

linal) and 1 umolc

evelic aMp lran cach

,anmplc.(by peasuresent of the extinction at-zbﬂ ep), bcfore
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the procedure for the isolation of cyclic AMP wvas carried

out as described under 'Methods.'

The ‘results (Table l) qhow that treatment vith PDE
fof ei:her 30 oin or 90 min resulted in 'the destruction of
over 99X of the added ceyclic [ H]AMP In the saoples not
| incubated with PGEI, :reatmenc with PDE,resulced 1n @. 817
‘loss of I&C, 1ndicat1ug that percentage of the basal cycllc
{ CiAH; vas fcally cyclic AMP, In the'sanples-thsc were
" {ncubated with PGE, 98. anof the [ Cllabcllcd naterlal
was destroycd on :reatmew& vith the enzyne, jndicating that
n}most all of what vas isolated as eyclic [ C}AH? was in

L3 : R

fact_cyclic AMP .,

| Previous uorkcrh uaing siﬁilnr.uethodé have fo;nd
basal cvclic llaC]AHP 1cvels of about' O. 1. of the plutclet
1"'c (Ball et al., 1970; Mills & Soith, 1971). .'rh_u ia
-3—6 tiacn tﬁéavalucs encountcrcd 1n :hla atudy and it
zay thcrefore bccnssuccd thut the 80. purl:y of the basak
cyclic [ c]AHP in these cxpcrincats ie appreciahly better
~thaa that of ca:lier s:ud}es. Ball ct ai.. (19?0) did note
That a ﬁurificatloa of I Clnuentnc nirilar te that used -in

,/”"'
this vork redqud the apparcn: baadk‘CVCI‘C [ ClAHP levels.,
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2. RELATIO.\'SBIP BETWEEN ‘CYCLIC (14c}AMP LEVELS WITH ‘ro:AL
CYCLIG AMP LEVELS IN PLATELETS. —

. , .

. ‘ . , L . s

V;riatioﬁs in thé cyeclic [}LC]AHP Ievei J;re 1nduced
by 30 sec ihcu-ba’:i-ons wvith various Pcal_.concenﬁ:a'uons 1o
the presence. and abscncc of caffelne. The cyclic AMP was
theﬁ fsolated as described under "Methods ' énd,the cyclic
[1“61AHP contcnt of one half of the Doue: 50~colunn eluatc
of cach sanple was calculated. “The other half of cach
snnple eluate was uscdrfor the dctcrnlnn:ion of total
cyclrc AHP as describnd under ;Hu:hods. Each 1nc§batibn-
vas perforncd in triplicn:c and . the pean values ® S.E.M.
.obtalncd uere plotted (Fig; 6}.. A iincnr rcgraauion wna‘
npplled to thc data wlth the teuulting nquntion' y-l?&.? x +

32.ﬁ. The corretation’ cocf!icicnt wbich dcscrlben the

goodnenu of f1g of the equation to the dn:a was O, 99

lndicatlng an axtellent correlation beotveen the cyclic l cl

AH? levclu nnd tho totai cyclic A%? levela.. The 1ntarunc:lon

vith the o;d!na:c_at 328 peolea represents the unlabciled

cyc}ic AHF‘prdseét in plasaa (Waslan, uﬁpubltohgd). . | i °_ﬂ'

- N

/%V_»‘f |
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F1CURL &. Correlaties of ceyclic | c}aﬂ?eicteln.vicn total
cyelic AMP én samples of PRF that weke tnecudbated with various
( ¢. There vwerfe J3.33 =

@

1y

105 platelets/sanple.
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3. RELLASE oR LEARAGE OF CYCLIC [ C]AHP FROH pLAtELzrs.xn;,
PRP. o | |
S o S
o Estinarion'of the cxténcelluiar cyclici[léclas? was
ghrfled out by tvwo different :echniques. | o .
T;\_rirstly. PRP samples wvere incubntcd with aqd uith- j
out. PCE in the presence of added PDE (0.1 unltlnamplé and
cyclic [ H}AHP {to nonitor the effectiveness of the PDB for
varying-lengths of time. After stoppins the reaction 1n

(=3

_the usual manner, lpoole of pnlnbcllcd cyclic A!P vas’ added
to deterulne the subaequent nccovery of Cyclic A%P from

cach snnplo (by ncasurennnt of the’ e:tinction at 260 al). —_—
before ‘the procedure des:ribcd under 'Hc:hodn _was carricd

out for the isola:ton of. cycltc AMP '1: vas assumed :hnt

'lf thcre vas a rcduction.in cyc!ic [ ClAHP‘lcvcln-in the

nsnnplet trcatcd vich PDE relnttve _to the controla. ‘then

{ha: anount of cycllc { C]Aﬂ? had bcen outside the | ‘ . :“

o

plateletu nnd thun available to the- en:yne.‘ The renultn

(Table ’) shov that betwecn 8 and ’1: of the cyclic i C]AHP o

vas ‘ound axt!nccllularlv &cpcnd&ng on :he dura:£c1 o! thef

incubﬂngon and the atrength of the Pcfl a:tnulntton.

e ) |
g s .o = .

. B B i1
o @ . - -
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- 'The second methad that was used involved 1ncubn:ing

\

samples with PGE 2kcaffeine for vnrying lengths of - tine,l
'centrifuging the samples (1 oin in the Eppendorf),
measuring the cyclic { C]AﬂP in che supcrnatnnt plasma nnd

comparing the values obtained vith controi PRP-snmplea.

13

2
B
A
L
ol
:
e
K3
o
o
(e

The . rcsults (Table 3) compare rcasonably wcll uﬂ&h the C .;"
preceding nethod although Snlzuan (1972) has clailaed that
cencrifugation causea loss of platelet cyclic -AMP .,

These resulta are in contrast .to those of Cole .
ct al. '(1971) who found over 50 cyclic AMP cxtraccllulariy.
“Thc results shov that in this study the icnknge of cyclic
laC]aHP wvas nct a uajor problcn in the first few ninutca
.of incubntlon with PGE1 and vas ncniigiblc in the ptc;cnce_

. of caffcinc dcspitc the vcry high Ievcln of intraccllulnr

cy;Jtc l c]axp.

'
e
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"1, INTRODUCTIOR

In 1966 Kloeze observed that PGE, inhibited ADP-
induceﬁ aggregation in ﬁitfated'pig, rat and human PRP
while P.GE2 enhancéd‘che aggregatioﬁ in pig‘nnd r;tabut not )

i human PRP, Shio and Ranwell (1972) later observed

howcver, that PGEZ 1nh1bited primary but po:cntiatcd :he o -
sccoudary aggrcga:ion 1nduced by ADP io huuan citrated. C L
PRP. This" Gas ioterestiang because it was thc fhrst tine .

I

that PGEIVand PGEz, differing only in the saturatiqﬁ“ﬁt
~the 5,6 bond vere ahown to have" “opposing effec:u on tha
ganme cell :ypc.“ |

P{:E1 wao showan to be potent stl:@ln:of of hunano
platclct AC (Butchcr et al,., 1967; Wolfe & Shulnan, 1969;
Marquis etral.;,1969‘ Scotc. 19?0 Hookowltz et al., 1971;

salzean b,chine. 1971), and was also uhaun to sncrcase :ha

1ntthceliular level of cyclsc AH? 1n_1ntnc:,ptatelnts'

(Roeblaon ot #1;; 1969). Gthet ancntigntovu have uoed
1rad1baE£LVe'adénlnc'(%nlt et al., 1970¢ uaana S, Tayiox.

. Il ) - /

1%716;: Moshowltz et al.. 1971 ; ”illa & Saich, 1971) or

ahtﬂcﬂiﬂe (V!gdahl ct al., 19&9) to !abwk enuogeaoua ATP

and hnea obtuiutd cnanut:atly the 5az0 ranuian. PCE, was

1
!uhqé to atinuia:a the 1acernefn:1aa ms tadieac:tvxzy 1n:a
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cyclic AMP reflecting an increased rate of sjnthesis.of the

2

cyclic ducleotideTig the Intact cells.‘.PGEI‘stinﬁlates AC-

activity \in homogenates of human platelets at concentrations

-

{<10‘8H) that are known to inhibit aggregation (Holfé &
‘Shulman, 1969; Zieve & Greenough, 1969), Hethjlﬁxan:hines

(e.g._theophylline caffeinc) were found to act synerglst- i -

L

ically with PG:.1 in increasing the a cunulation of cyclic. _

AMP {o intact platcle:s (Ball ct a§?? 1970; Robison et nl., _"7 ﬁ%'"
1971) as would be expectcd from their actions as PDE |

/ inhibitots. In this rcgard tvo iozns of FDE hnve becn
1deu:i£icd by ncvc:al labo:ntorles,in a nunbar of tissueb
(Jatd 54 Bernard, 1970 Thompson & Appleman. 1971) including
human blood platclcts {(Aner & Ha:quim, 1972~ Amer [ Hayol |
l@JJ). Platelet PDE-1 hau ¥ km of 0. 61 a" uhile platclcx
PDE-I1 has a Km of 3.2 yM. On aggrcgation, plntclet ?bh-ll

’
which {8 par:ly scnbrnne bouud is exponed to the plnsnn.

Pczl and caffeine were bo:b reporteg to decrease PEL 11

“activity (Amer & Marquis, 1972),

)
?

The cfﬁac:ago! ?GKI. ?CEz'aua o!iiffﬁ o éyc!ta

!é{,A%P 1cvela in huaan plateletls werte © aﬁincé tn :be

agaencg of s POI inhihzuor {Pigure 3} and in the prescace of » o
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a PDE 1nhibitor, papaverine (Figure 6). Cyclic LIAC]AHP
1evels were measured 30 sec after the addition of ‘
prostaglandin andlor paﬁ;verine and wvere expresse% as : " lﬁ Q

;;rcentages of the total radioactivity in the platelets—n : EE;-_//()

PGE markcdly increased cyclice l C]AHP I_—Eis both in the ‘f&f

1
'prescnce and absence of a PDE inhibiter. PGEZ hnd a nuch

ueakct cffeég on cyclic llhclAHP levels than PGE1 uhtlc'

PGP

was virtually inactive.
‘20 Lo
L L N e ——®PGE,
S 0'.3_. ' : _D - s, ' '
&l
&
-
s !
Lfr
a
=
. 0.2 0 .
2 P * \
= / )
% °
(\U *
A
N 0.1 i
T u & . ) -
p [\— — e "%
> . & o : [ _ : l?CFz :
g b W . W s A .

g P:oﬁtétxandln (uﬂ)

FIQURE 5. Effects of intteaaing concen:rat&cns of ?GE;. PCTa -
and of ?crgg en cyclic fedclane ;evc.n {n busan platelets.
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FIGURE 6. Effccts of increas
and of TGFgq on cyclic [1“C]AHP levels
papaverine {2 =M) in huzan platelets,
from three cxperioeuts. ) -

B | : : e o
. g ‘ |
" The effect of PGEX was caénlned o the prescace of
tvo other PDE iohibitors, caffeinc and RA233 (Ftgure 7). o

‘ ?CEI vith caffeine (20 =M) produced the largest symergic

tnerease in cycllc;gk“clax? levelsn,

in the presence ot caff

‘A syoerglc ¢ffect vad

" also seen with ?ﬂtﬂ elce ot papaverise,

o



but not with PGF, in the presence of papaverine (Figure 8).
- . ' 6 - .

S+Caffecinc

Fa

vt Pdpavcrinc
B+RA233 T

Gyclic ,l“'c-jmw (x Platelet Y9¢C) N

. s &

U i
C 0.1 0.5 1.0 2.0
' P, (ui) |

"FIGURE 7. Effcets of incrcan!ng,coaceuera:lénn‘of PCEy 1o
the prescace of caffeine (lVU m?}. BAZTIY (0.5 aM) or
raraverine (2 oX) on_;yelic {1%C)AND levels in human

plateclets.

]
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{reo
tnls figure.

Effects of PGEy, PGE) amd PGFyq in the
“and abscécc of various PLr .nhibitors on cyelic [leciaurp
Xcvcia in huzman pln:elcts after 30 sec incubations:
three different expericents was utilized in preparing-

tesenco--

Dats.

1o thcopreucnce of t&eae PDE inblblzora ?czl causes

h,

a linear 1ncr¢aae tn cycl&c (

the first 30 secc (?1gute 9).

CIA P lovels over &t leant

*hcrefure, %1:hnc!ts-ﬂ¢aten

k*ret!cu wvere app lied te the acttwat&aa of AC by PoL, sad

htnvueavct-ﬂurk'plata of the data gave stragght lines

{Figure iD) ipdicating 3 aingiﬁ ?asl recapteé'!or whizh the

‘Fe and Vesz valwves were calculated (Table &),

A time course

te cheek fér-}znehzit? vaarpertd}maﬁnau eSeh case o this
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[

study that was subjected to kinetic analysis and increases
in cjciic llaclAHP due to PDE inhibitors alone were

subtracted from the data prior to any kionetic trcatment.
. 4 ) -"'-,,

PCGE

1 + caffeine

0 ‘ 1 : 2

Ddta:idn of Tancubation (wmin)

Cyclic ]léciAHP (% Platelet 1'-‘!.C)

=

FICURE 9. Time coursc over I nin of the effect of FCE,
(0.5 uM) plus caffeinc (20 oM) on eyclic [34CIAMP levels
ir husan p{ateleta. ; .
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+0.535_E¢%03

1% cyciic II‘CIAHPIBO aecj-l
i

-t
A

+20uM Caffeine.

—‘hu -l —II . . . ., *, A
-4 -2 012 5 10 : -
' 1

[uN*PCLLl

FIGLRE 10. ‘Liﬁevcavct-ﬂurk plots cf the c(!cctu'uf'PGﬁl
plus caffetine (20 M4}, papaverine (I n¥) orx RAZII (0.3 mM)
o AC activity f{n intact hu=an platelets, o e
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‘effects of PCE

The e‘!cctn of wvarious coﬁ&&qgllonn ot proataglendlos

15

T cvclic {

L

e

"CIAMP levels in pié{;letﬂ VELE thcn(dxdnzutd.

A tange ‘of cencaatra:&onn as“ﬁcr

< *

conceatratlon of gcﬂk

Ja4avcria2 (Firure 31} géd‘aiuxmqi éff;é!a'on

.-i

creile, T C}&ﬁ?lsccs uitﬁ ?Gﬁ‘ ﬁﬁo@é. So
R R

soly & ¥PEY exigh: iacreauc t
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I
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tyai#c {

P

) , 46
‘ L SRS ¢ P |
. Vmax (2 cgci;c { CIANP[30 gec) Ko (uM)
P'CE1 + caffeine :€¢5.5 0}33
PGE, + ﬁyﬁaverihe - 3.1 1 o.m1
PGE, + RA233 ¢ 4 - 3.57. 0.51
"TASLE 4. Ka and Vzmax values obtained from Figure 10 for the

1 plua varf{ous PDE lnhibitors on AC activtty.
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. . L. - - . i '
" —O+BGE
f - .~ A
A . : . ' - = o
PGF.  (uM) L o ' |

2a

FIGURE 11, Effects of iﬁcrcasing concentrations of PGCGFaq
plus 0.2uM PGE; with and without papaverimc (2 '©M) on cyclic
(1&C]AHP levels in hunan pla:eleta. -

8

|
o

Addition of incrcaltng concenttntions of Pcfz uith'a-

single conccntration of PCE1 in the presenc@ of papavcrlnn

'rcsulted {in a soncuhat ‘eas than additivc ef{ect on Cyclic a

[ CJ 1evels (?isutc 42).0 uoucvcr. tn the nbnence of

. \... . ) . S

ﬂn“dveflnn (?irurc 13) thiu ceé&inatioa reaul:zd ia a . ‘_:@

dc;rease in Cycitc { IA“P froz the lovel seep vith peE,

i / ' ) e
e s
alone. ;htn efiect waa increaued uith Incteaatng ceacen- : .
N e T .f'-‘i -
vrattons of ACE,. t}ﬁarﬂﬂnitﬂ suggest that PC;,, tn addstton

Ly

te stizmulating AC, Gae also azinu!attna FRE. e



4 - 4. .-
wyelte (PtclaMp (Lo Plateler U0

1S

v

‘ 48,
¥
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t\PGEi‘énd bapave%ine

‘papaverine . U

FIGURE 12. E£ffcct of increasiag concentrations of PGCE3
alone and of PGE; wieh 0.2 M POE,, in the presence of
papaverine “(2 =M) on cyclic [1%C)AMP levels 1o buman
platolets. : ' RN




Cyclic [l&C]AHP:{Z Pintclep 1_I‘C)

0.2 ;'; )
- ._ - ‘. | < - o .
Do [s) .
OW ] o "
o 1 . 5 10 )
R #
‘ D . PCE, (u)
ﬂ o . - - . E J,‘

FICURE 13, | Eficct of increasing conccntrag&onn of PGE; and
of PGEzlwith 0.5 uM PcEl in the aboscnce of pnpnvorinc on
cyclic li“C]AHP lcveln 1n hunan plateln:a. o

?cr' (0.5 uX) hnd.ao dlgﬁi!icantkc51cct on the - S
cvcltc ti“cxawp forued u!:h a’ranbu of conceutratiann a!

;PCEI.with or without papavertnc (Flgurc 14),




30,

S 1.4p L . | T .

A
.
-
v
. L&)
—

+ch2 o
g-—-———-——"@"""‘"‘_"‘:"--———-'-————-s papavcrinc

cyciic [Y4ciawp (2 Platelee *70)

e : | N TGE; (uﬁ) B ' ,:. .'.'?\

FICURE 14, Effects of.incrcasing conccntra:lona ‘of PGE
alone (0), and of PGEy plus 0.5 uM PGFpq (@) with and
without 2 ol pupavcxine ‘on. cyclic {“‘CIA‘!P levels in
hunan platclcta.

N

‘he effect of 0.5 Wi Pcaszz 10 ui PGL, vlth a

ranae of concoatrn:ionn of PGLi’in :hc abaencu o! a PD£

1rh1btto: (F!gurc 15) was to cause a decrease 1n the

contrel ?Gil-eluvated lcvela of cvclic { CJAMP mbuve abou&

o

0.1 uM PCE _Below this ?ng con;gnt;attun partially

-

“g"l-papaverin"e. .




. ‘ s N .51._B %
additive effects were observed. The effect of 0.5 ua_PGﬂz . s
[ : ' .

or 10 M PGE with a range of concentratiqns,bf PGEI.in\the

2
presence of caffelne shows that the ¢écrease in cyclic | J

14 ;

(*tcyame accunulation was abolished in the case of O.S.ﬁn'

- PGE, and reduced in the case of 10 pH_PGEfQﬁFigufe 16)@ Ino.
this ca&&uggicially additive effects of PGE and“?ﬁEZ were

——1
observed below 0;§ uM PCEl. s f?
. a - ) - : : P
f

o 0.3 p - B+0.5uM PGEZ
- .

“ .— .

= 10pM. Pcﬁ’z
- 0.6 .

-]

—

- |

. 0.4

=

<

s

N2
0.2

v

-l ™
u oY iy

Cu.l 0.5 1.0 2.0

‘Flcur:y 15, Effects of fncreasing concentrations, of PGEy with
0.5 uM PGEs or wigh 10 ¥ PCL; on cycltls jE9ciAMP levels in
Guzmap platelets in the absence of a Pho iosibltor., . S
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2+0,5uM PGE,

th)

~9+10uM PGE,

Cyclic [1&C]AHP (« Platelet

0 et e . 3 - A

~0u.l ¢.5 1.0 \ 2.0

/'

PGE‘ (udM)

FIGURE 16. Effect of incrcasing concentrations of FPCE; plus
20 v caffeine (O) and of TGE, plus caffeine vlth 0.5 ud .
PGEs (B8) or with 10 UM PGEz (o ) -on cyclic {1 YC1AMP levels
{n human plntcletn. -

he kinctlcu o{ thc ac:tva:ion uf AC by. °GL2
;u;pcﬁf the ezﬁs:cnce of boti low ¥z and htgh knm ruccptors

for the ac:i\ation o! the enzyme by "csz {iipure 17).




"FIGURE 17. Eadie plot ‘of ¢the m_:thrnilon of M‘Zj by PCER shoviang
‘a Ko for PGE, of 5,07 uM (‘.‘n:ax-l_,:.-_i‘,:. eyelic 1-"*61&91?/2 pec) o
and a Km. of 0,38 uM (Voax=0,6232 ¢yclice ll“C}M‘!PIZD sed) . !
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Applying the kimetic constants for the high Ka

...reffect of POE, and for the activation of AC by PGE
(Kn=0.31 uM, Voax=2. 612 cyclic { ClAﬂP/ZO sec; obtained

- 4in a‘parallcl experiment) to a trcatoent of the tonpetition

! . R
of two substrates for a single enzyme, theoretical curves
: . . L '
were calculated showing the competitive effcctydf several

PGE, conccntrationa in the prcsencc of a-range of PGE2
concentrations on the nctivation of AC (“igurc 18) No
correction was made for the effect of the low Ke nctivation

by PCE2 The samc concentrationq werce used pxpctimcn:nlly

‘to determine “the effect of PtEl'on the activatibn'of—it by

.

TGE, and thc datu was included in the sang figure. Ad though
the fit wan not closc‘ the cxperimcntal curves showed the

sane pattcrn as the theorctlcai cutvea ind{cattiag the

. presence of sutual conpeti:ivc 1nh£b1tion.

"
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_ 2.5 e
"_‘ — . : .. . -
- - - +0.5uM PGE,
W 2.0 o . ' . ' '
S : | a
< | //( _ | . a |
., ) ] ~ 4 S S
S 1.5L //
- : a
S &
- J/'
- L[t o o o . o+0.16uM PGE
U ), o] ° . . ' ' 1
- (b o R ,
° 0.5 __3"—'::- o e o o+0.05uM PGE,
G ' .
e
) . _ - I : .U‘_ . ‘
o 2.0 4.0 6.0
{uM PGE, ]
'FIGpRE~18. - Double téciproc;l pldt Qf'the effect of : e

1ncrcasingﬁPG£2'conccntrutions on the activation of AC-1in
the presence of sclcﬁtcd concentrations of PGLy. Theoretical
_curves using the sace conccntrations were calculated from

kinctic constants that were dcternined ir the sacme cxpettifnt‘

using the equation:

tpeEz} - {PCEL]
N 1 + yafcr) T KB(PGED)
“ - {feEz) + - {PCEy)
- K= (PCE2) - ke (PLEL)

‘The effect of T-oxa-13-prostynoic acte, reparted by
: A S - C _
Fried ot al. (I36%9) to be a proctaglandin antagenist, on the
ractivarion of AT by ?Etl-aae exasiacd and &he cffect vas ' = | k

<
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as shown in Figure 19.

[g]
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o
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[

~1

i

5p . +0.2mM 7- OPA

{% ecyclic (1QC)AMP/24 sec]

[uH—PCEll

FICKRL 19. . Lincucavcr-aurk plot of the cffect of 0.2 oM
7-oxa-13- prostynoic acid o0 the activntion of AC by PGEI.

| o

The cffects of PGE, and PCE, on ghe eyclic (Meciame
lovels with.réupcct'to tine ucre.exanlned (Figure 20). 1o

the aSscncc of a PDE iohiditor thcre ‘was .a ragié increase

tn cvelte i ClAH? in the tirse 20- 30 sec iq rcapoaso te - .
-5
FGE PGL, or the tvo :oge:her. The Ievcl then tcll ~ . ,/g

1v 2

' rapidlv to abeut ono hnl! the nax‘auu aad rcaatncd coﬁnnunt

over at ieaat The next ﬁ!ght alnutau. " 1n the npresends cf

S 4-. B

ca!‘e!ac the initiai ratu of accunulatloa ol c?ci'c {

®

*cyane o

vas faster and vas eaknta£a¢g 'or }Q scc to wae atonte 1c
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57.
réspo@se to PGE,, PGE2 or the two tbgether‘ before reaching

a plateau. When 0.5 HM-PGE1 and 10 uM PGE, were present

2

together the effect of PGE, was to lower the level.pf‘frrf
cyclic IIAC]AHP about 16-25% in the pzesénce of caffeine and

about 40-55% in the absence of caffeine, depending on the
. " - .a"; o L . N - :
time finterval chosen. L _
- & ‘ ) - V - . . . . -

. e :7 N . ) o ‘

°PGEl + Caff.
APCEi-+_PQEZ and Caff.
-PGE, + Caff. ™
_ATGE)
LpPGLy + PCEQ
- " PCL2 '
6 7. 8 Y
} K . .-‘ K .
Suration of Imcubatfcn {Bin) _
?ICERE 20.. Time course of the cffects of PGE; {0.5 .u%), PCE 2 5

(10 uM) ane of the twe together in the presence (cioncd
svnbols) azd absence {(open syobols) bf caffeine (21U oit) on
cyeclte (1“CIRH?'1cv¢ls'{n-huuan platelets .. : -
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There are twé §OSsihic_cxpianatioﬁs fof :h; plateau”
seen in ihe presence of cagfcine- either (a), ig ihe'PDE‘
‘.activity vas complctely inhibited by the caffeine then the
AC activity had ceased, or (b), 1f the PDE uctlvity vas in-
completc;y inhibited, then a steady state concentra:ion of
cyclic (I&CIAMP:uas éstablishcd by'the two cnEymes.

In the absence of cnffeine the déclincﬁin gyclic
{1 C}AMP from ‘the 30 sec maximum could be duc_;g_gither"n
. delayed activation of PDE or a gradual fall in AC activity,
posaibly duc to a changc 'fn the function of the receptor- -AC
.complcx or to mctaboliam of ?Cﬁla To 1nvcstigate these |
effeectas, PGE alone and cnffctne alon were lncubatcd for,

1.
6 oin with PRP at which time caffcinc vas addud to the

formcr nnd PGE to fhc latter (Figurc 21}
/
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- of PCEp (0.5 uM) fo
FICURE 21._ Tine course of}thc ef foc:n Oi‘elni 2‘0 si) oo
the nrerencc (®) and abacnce 5)12 ca
of caffelne alone {0) bn cyelte [*VCIAM?P levels ia human
platelets. in addition, the cffoer of aéd np caffeine q!ter
rreincubation with PGLy for & sitn ¢ A) and of addlog PCE,
n.tcraﬂtetncubation w!th caffeine for 4 nin { @) wan:

exanined.
il

S0

<&
-

2r bhoth inatances ﬁ'tgf 4 n&n,cyclic i Cihﬂ?‘lcvcis rosec Lo ‘ j+_

o eins L
the sane 5t¢aﬁv a:ate level as whee both paL, asd caff w

5 i . i)



~  e0.

wvere added simultaneOusly The lace addition of PGEl
resulted in the same rate of increase in cyclic [ C]AHP
as in the 0 nfn control but the late addition of caffeine‘
reSultcd in a nuch slouer rise in the cyclic L C}AHP
levels. These obscrvatio?s show clearly that some tiuc
after the exposure of pl;;elets to PGE1 the platnlec Ac PDE
systen is reset s0. that a different stepdy state is
” established from that uhich would havc been, expected froom
the 1n1:1a1 AC and .-PDE n.c:ivicics. Compatrison of. the

1ffercnces in thé 1n1t1a1 ratcn bctwccn addit!on of PGE1
or caffcinc at & nia nnd the initin}~control rate nuggcnt&;a
that a dccline"n AC activlty 6ccurs aftct cxposwre of
platclets to PGE iforonorc thaneBQ_sec." R

nThc aCtlons of ?621 aﬁd”b{ PGCE, on PCE‘.1 vcr;'

cxaniﬁ;d in a huzan uanhc; platclc: syntcn. The cifcctc of

if!crcnt conccn::q:iows of PGE1 and the tl:c course vete

aieilar to those encountcrcd in PR? (Fisutcﬂ22 and 23),

excvpt that the ke of thc PGE1 activattcn of AC vas only
G,Os.uﬂ. pcE. (0.0% pM) nigni!lcantlv inhibited thc nc:lon
of TCE, 1a the absence of a PDE fohibitor. I

et
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[léél"AHl‘ (Z Platelet l""c)

Cyclic .

- rFIGURE 23.

E fect of %md concentrs:i 8 of PGEy with (@)
5y g CIAMP lgvels fa° - .

-and . ui;hﬁut (o) 0.5 uM PGEZ on cyclic (

R unahed hunan puteleta.

o




'3. DISCUSSION

[

. Prostaglandin El_caused a very marked concentration- ' Lo W

.dEpendent increase in the incorporation of radioactivity ‘ ik

]

ihto'cyclic [ C]AMP in human platelets which had been pre- N

. incubated with [ C]adenine. Using a similar technique, J

/‘“—./ .
Ball et al., (1970) reported thac [ C]ATP was’ present aE/
§ ll\-

- 800 x the concentration oE cyclic [ CIAHP and was thus 1n\
buhdant supply as substrate for AC “In the presencc of .7
PDE 1nhibitors (papaverine. RA233 and caffeine). PGL

1
a synergic increase in cyclic [ C]AHP levels ag has. bean "

reporced by othcrs (Ball et al.g 1970 Malls & Snith 1971)

. PGLZ, had a much weaker effect than PGE1 ‘in the abscnce of a
PDE inhibitor. but also cnuscd a syncrgic 1ncrcaae';n cyclic

[IACIAHP in :he presencc d% papavcrine or caffelne. -Pc?éq'

. was virtually inactive in both the presence and nbsencc of a .

., PDE 1nh1b1tor. ~"9 -' o .'p"L« o j-“ :

- -

Bccausc the accumulation oE cyclic [ ClAHP 10 1ntact
platelets 1n responne to PGE1 or. ?GE2 1n :he presence o{ a -
'J_PDE 1nhib1&pr was linear for at lcast 39 sec,,the kiuetlcs

l‘«

. DT the nctivption ot AC could be atudied.¥ Ltnevcaver-Butk

plots cf the ac:tva:ion of Ac byqraal An tha ptcuenc& ot :f
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Sy

Eadie plot: of thé activation of AC by PGE2 in the-presence

"

of caffeine suggested the presence of tvo PGE2 feceptors,

) b
.one uith a Km of 5 07 uH ‘and the other with a Km of .

0. 38 uM _In the’ ptesence of caffeine the ratio af the
Voax obtained with PGEl to. the ‘Vmax obtained uith the high

K PGE recepto;_was 1.9 while with the log,Km'PQ$2 receptor

it was 6 8 T

- v

hinetic studies of the effect of PGEl on.the'

@ . —

activarion of AC bnyCEZ suggest the presencc of a mutual .
N

'competitivc inhibition of an AC teceptor site. 'This finding

is supported by the wérk of kuchl and Huwes {1972) on the'

¢

:binding of prostaglandins to receptor nntcrials obtnined o

-fton rac adipocyces.bu: in this syatem thcre is 6o associa&ed

“activation of kC by ptostaglandins.'\‘?GE2 vas observcd tod

cause a decrcasc 1n cyclic l C]AH? levcls elevated by PGE1

‘qf“

in :he nbscnce of PDE lnhibi:otn, as Shlo et aL (1972)

-3

have rcported 1n tat platelets.: Becnusc thc PGEzfgifcct is—

-

srcatér in the abaence than 1n the prescnce of a: ?DE - ._;"_ .

1nh1b1tor, lts mode ot action nay partlally be nccountcd fot

e a

:by an - nc:ivation o£ ?DS. Thus zhereaﬁypears to be tw@ ‘_* '..fj el

;effec:a of PGEz on eyciic [ CIAR? leVala 1n :hc praatnce uf

cunpeticion

'frca, (-) 1n tha

‘tha nbacncc; r'
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The effect of PcEl on the'incéfpo:éﬁiod of radio-

~ activity into cyclic AMP with réspeét to Eime,vas similar.

tofehat reported by other worker; {ﬁell et aI.. 1970; . | R

H:.'Mills & Smith, 1972 Ba:wood et al,, 1972). 1In the absence
of é PDE inhibitor, PGE1 1ﬁcreased dyclic‘[léclAHP.leveis

‘to a maximum by 30 sec/before they fell to a stcady state"

w

level about ‘half the maxinum. In the.pre£;nce of caffeine
fh;wqyer, PGE, increased Cyclic ( AC]RHPxieﬁals':o a plsteaui
éteaﬁy'state level. & comparison of the iuitial rates of
a\_jcyclic [ C}AHP accumulation when PG}.1 or caffeine was.
’ added at 4 win to 0 min caffcinc or PGEl_sanplea rcspectivcly,.
S g suggér—uéthat thc 30 sec naximum seen in- the . absencc of

caffcinc and that .the swif: transition to a pla:eau stendy

o - rrem

stnté seen_in the presence of caffcdne vas due to a gradual
. dccréase in AC activity. This could be due to protein

binding of PGE1 or to tachyphylaxis of the PGEl,xeccptor.A

i- 0xa-13-ptostynoic actd, rcporttd by Kuehl and

uumes (1970) to have a conpe:icivc effect on prostaglandin

. action in mounc<1‘3ry vas 1n thfn study £ound to have.a
O |

'compe:itive-effcct op PGEl action 1n 1a:act plateletu. :

2

, suMRARY




v

s

\\\\ fall to a steady state level of about half thevna:imumﬂ— The

-

the.pfdsence‘o PGE’ 1nd1ca:c a nutual competitivc interﬁction;'

”Cyélih'[laC]AHP levels to a naiimum at 30 séc before they:

-,teépﬁe PGE1 elcvn:ed'lcvils of cyclic ( !A%P :hrough aﬁ

v

.

incubatedewith [ C]adenine was iinéar for at least 30 sec.

in éheﬁahgsence of prostaglandins with 2 PDE inhibitor.

This petmitted the kinetics of the activa:ion of AC to be

studied 1n intact platelets. o -

~n

2. The kinetics of -the amtivacion of KC by PGE1 in

:he presence of various PDE inhibitors were studied and
indicated the presence of a. single receptor site.

3. The kinetics of the activa;ion o{ AC by-PGEz

suggest the presence of high and low km receptors for PGEz. o

-

Ub.< The kinetics of the activation of AC by PGEzwin

H

5. 1n the absence of a PDE 1nh1b1tor _PGE1 ;néreaaei

rnsults suggest :hat :his ‘is dueato a dccline in AC activitz.
\“

" In chc presence of a8 PDE 1nhibitot cyclic [ C]Aﬂr levels

rise to a steadflstate level after 1 mio uithout going through e
=, ‘v . .
a naxiuum. C o ' - : _;‘u.iv e

6. ‘In the nbsence of a PDL 1nhib1tox PGEa~may also o ) FE

nctivatton of ??E T o . S ‘ - - . ‘:; . 3@dff‘“

27;; 7 OxnlLB-prostynoic acid cbﬁﬁegiiively,iﬁhipitg-

- a

~1th¢ia;:1va:1_ o£ AC by PGE1 ;;[g L ‘ T.ﬂffiL_;]- :; ;§;‘ B




-~

a . -

- _ -

' ¢ . 7
<
A
" / - ] B
. .Chapter V ‘ '
v . ! b o
‘. ™ T
- dﬂb - 1
. . . .
4 M " L .

@
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1. INTRODUCTION ~ “ S e

—5vstems (Turtle et al., 1967 Robison et al., 1970). Salzman
.and ieri reported that epinephrine and ADR both}produced a

_fall'in‘the_basal“leyel of_cyCILCﬁAH§ in nlatelets and it has

_asqociated with a fall in cyclic AHP 1evels (Salzmnn, 1972).

‘ff(Haslam & nglor, 19?1b),. Thuu. it appeatf that: the videly

Whaceepted hxpotheais that nss

Epinephrine induces platelet aggregation by a process
that appears to be mediated by an interaction ;ith adreﬁ%rgic
a- receptors (0 Brien, 1963- Mitchell & Sharp,” 1966) : ' . -
SutherMand (1965) suogested that a- adrenergic effects miget
be associated uith a fall in the level of cyclic AMP and

indeed such an effeet has now been éemonstrnted in several

been 3uggested that platelet aggregation may always be

Other investigators houever, (Cole ot al., 19?1 Robisnn 4Q§
et al.,,. 1971 Hnslam, 1971b3 HcDonald & Stunrt, 1973) have

fOund'it dtffieult ot impoasible to denonstrntc consiateutly

a fa 1 in hasal cyelie AHP in responae to eithcr ageut. Lo

Epinephrinc 1n ‘the preaence of papayerine han indeed been o

EnY

“seen . to stimulate platelet AC sLightl; (Hnslam 5 Tayior, B p

1971a). Horeover, appreciable aggregation cap oceur vith

ADP in the prenehce of 1ow ?GE1 eoncentratio 8 vhen cyelie

AHP 1evels are uell ehove thoue in resting P e;elets __;nf;

regnting agenta naywmediate



- and ADP are very scriking with rcsPec{ both to. the speed and

/\/

'_lou Lm PDE (PDE 11) in platelct fractlons.

_& Creenough 1969; Mnrquis et al., 1970 Salznan et al,,
princphrine shimulates PDE bccause the epincghrinc inﬂuccd

CRDE. inhibitor. In support of this Aner and Warquia (1%72)

“havc rcp;\tcd that epinephtine 1nércased the proportion of

e

68,

their effects through a decrease: in platelet cyclic AMP

levels 1is not supported.

The cyclic AMP - lowering effects of both epinephrine

magnitude of the response provided the level has firot been
raiseﬂ 239PG§1 (Robison et al., 1969; Marquis_et al., 1970;

Haslam & Taylor, 1971a,{oskowitz et al.,'1§71'7uéruéod et al.,

-

1972). " In broken cell preparations epinephrine hﬂa been

claimed to decrease platelet AC activity, an effect thnt is
blocked by the a- adrencrgic antagOnist phcntolaminc (Zieve

1971b) .Convers:ly, Harwood et al. (1972) auggcstcd thnt

decrease in cyclic AMP is reduccd 1n thc prcscncc of a

Yo cffcct of ADP on AC 1n broken’ ccll pteparatiens

.+ from platclets has bccu obnerv»d (Salznan & Levinc, 1971). 

'Fouever, it has. becn 5ugges:ed that a. rcduction in platele:_,' T

!ATP may ‘cause :hc decreaae in’platelet cyclicoAHP formattou . .gfﬁfﬁJ

: a result of the . converaion o? extracellulnt RDP to ATP by

nucleo:ide diphosphokinnse {Guccione et nl., 1971 Salzaan,i‘

in the prcsencc of ADPmiﬂaslam & Taylor. 1971b),possih1y as *




. | | _ -6_9':_

1972). 1Ia an attempt to clarify this sitdatidh kihétfc

tudies of the effects of ADP on changes in platelet cyclic
[ C]AHP levels in the presence of PGEl plus caffeine vere

carried out.

-

i
2,  RESULTS . ' I

P
; -

The. effcct of ADP on the activation of Ac by PGE1 in

intact platclets Pas first studied. The tcsults shob\\

noncompetitive {nhibition of the activation of AC ncasured

1n the presceace. of PGE1 and;caffcine and give & K for_ADP

L~

» ~of aboyt 1 wM- (Figure 26). . S

. \_P,-"( - o . .. ’ . ) L . ' u.
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'FIGURL 24, Lincucaver-ﬁurs plot Qf the effect of ADP on
the activation of AC in the presence, of PGE1 and caffcine .

(20 M) L | ﬂ~fﬁ’*
» l E 7
7 _Ffl " . . | o . . .'-;.
| b The cffect of ndding ADP ot eplnephrfne'to PGEIQ ~
- cle;n;ed steady sthte levcla of cyclié llaci&HP (?Lgure 25) -; :{,-”

was a tagid reduction oi :hoac levels to newv szeady atntea.',

M « - . .
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FICU RE 25, Effect of ad&&ng ADP (20 UW) or cpincphrinc
(10uH) at & min to PGEy iu 2 uM) plus caffeine (20 =) .
- elevated levels of cyelic l1 ClAMP in hunan platclets.

h

'rhis; reduction 1§ cyclic [1-&‘:”“? :‘levé;s'cqu.s.cdl :b}- ADP agu’; o -
by cpinephrine mus: have been due to either an 1n‘h'$‘.bitibn.o£"_' |

AC or an. activation of PDL.- dith the aid of the conputer G

modcl :he nctivitlcs of thesc enzynes ucre altered eithct at

] = i .

o nin or 4 miu, such that new steady state. 1cvels,equa1 to

half thc control level of ‘i'c:’.:‘.1 plus ¢ £feinc alona, were -

reuched (Figurc 26) I‘his ntudy showed that :hn tu:e o£ e L

-




’ <t

.2,

-

approach to the new steady state 1eve1.was nore rapid when
the PDE activity was increased than uhen the AC activity - .

was decreased, both at 0 ‘and at 4 minutes.

r

Prateler 14C)

e
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31 ‘

-

w N

A

S o 'Tine (atn) T L

N S ~1 DR _ L

. . . i - B I - & :\ . ] ‘-> ' e,
FIGURL 26. Computer podel of yhe effect of PGE; {0.5% u%) ‘ T
plus caffeine, (20 oMis ) and cﬁ the effect of lowetring the .

Vnaxlof AC (VAC; v) or raising’ thc Voax of FDE (QPDE. 0) : 5:" nja;ﬂ

' at O min and at 4. min on cyclin [ CIAHP lequs.



e

- ¥.5 uM. ADP (© ) and.ef Ofj uM FCE,
.cpineﬁhzine (9) on cycl 11“9JAHP lewels in humas -
_wplatelens.‘pw‘: S TP EITE Fe .LE e

"PGEy. and caffeine, Thy/ effectz of U, 5.uM PGE} + 20 =M
" caffeine (@), O 12 ud rczl + 20 =¥ caffeine (@ Yy, 0.5 pd

73.

P ' : '
This model situation was simulated experimentally.

“Thus from 0 nin a decrease in AC activity was aEhieved by

d¢Creasiqg she PGEl concentra:ien and. fan 1ncrease in the PDE

i
{

"ace{vity was achieved by decreasing the caffeine con;cntration ". -

(Figure 27). The relationship‘between the two’effects ﬁég

1exactly that predicted by ‘the computer: modeI. The effecté of . o

ADP &nd cpincphrine,ingthe same sicua:ion were :hen observnd

to determinc the curve to which they approximated bcsc j"

£ .t P
o

(Figurc,27). : o o . R LR 77‘7' ;'

’L-; qu . g oot ' s T
oA ’ L o "”‘ — ,—ﬂPCEl.j=Edfjelnc

)
5 -
~-—ﬂv\ﬁ‘hctivity ¥
#roLntactivity
4_5+ pincphrinc
+ADP ooeT

N A ) :
Cyclic i1 Ciane (% Platelet

Uuragxen of IncuLution (utn) REE : - '5_{ ii'

F1GURE. 27.° gffccts of ADP and of eplnephrine on’ the approach‘ﬂA~¢?°Q\‘*

to steady state cyclic "f*clAwﬁ lfevels in. the presence of-

V‘O .

Pfaz + 4 omM caf{e;ne (Ady 9.3 ¥ PGE +.20 oM caftelnc 4
%0 e caffeine *- 1. SuH




- The reSults suggested thﬁt the predominan; effect of
‘ADP was on AC uhile that of epinephrine vas on the :esidual‘

PDE. Thus, the;crossover bctueen the cpinephrinenand lou . _
.o ) ~ ) 1
 ?6;1 curves suggests that epinephrine probahly doen not ac:”

t-pr;ncipally by 1nh1bi:ing thc AC activity.

-

In another experiment ‘a decre@se 1n the PG£
. S -
_tration (1 e. a dccrcase in AC ac:ivity) or- in the caffelne

concen~
1 Cﬂ.

copgéntrntion (i.c. an incrense in PDE nCtivlty) nftat a - ‘ a
4 uin'expoqdré to PGEl + caffetne ‘was. nchievcd by trnnsferring

0. 2 ol of each sample to 0. 8 ol PP? con:aining cither PCE. .-

1

ot caf:cine but not both, thus diluting.the Pct “or catfctne

1
and hcncc loueriag :hetr c&{cctive conccnrrntlons (thure 28).

Thc reaultant dcctcases 1n cyclic l1 C]AHP to nawv s:qady

-

atnte vdlucs agrccd vcry vcll ut:h tha computcr.predlction;
-

Lhen undur the gsane. coaditians PBP ccntain!ng PCE.1 plun

-'caffcxae va-\dlluted lnto PPP conraintng PGE plus catfétae
1
~with ADP or epinephrine.:hn ADP induced dncreaoe in c?cltc

x‘C]AHP levcla was fan:cr chan :hat cnuned by cptnuphrlna

=

(figure 28). - Thise’ nugacots that io thxs casc anr bas 1:0

nain effoct on the ren!duai PUL wh&;c cpinuphriue hau an

/
e!tec;~en AC. ?hnn,yhcn utudylng thc c!!acln ot.ﬁbr and

rplnephrlnt onr. thc xacraala to aud the ﬁ«ctensc {eom thc"

nteady—ntctn level of cycllt ( ﬂiﬁnf in tha preaaaco of
Ja

?CE and cn!{nlnc,contltttiug rcau!t! wvere nbcatne& Py Lo

thcir-polllble.rcnpc;:tvn_chea_o! s;ticn.

4
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' *Cpiﬂcphtlne
g + ADP
e

- _*mal\c activity
: POE activity

S,

v . . . .

L= o e BB e ' R :
~. 404173 273 5 6 I
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Duraticn of Inéubnpion (ain)

FICbRE ‘3 n!fccta ot ADP and of cplnephrinc on the stcady
statc level of cvclie l “C}ANP (o the prescnce of PGE
caffelne. All samples were incubated for & min with 5 5 un
PGE, + 10 &M caffeine defore 0.2 nl portione of cach vere ‘
dliutcd with 0.8 sl PEP + additions to give the following R

tnal con:cncrations'v 0.1 uM PCEI + 10 aM caffeine (¥ ), . ,h
0 5 uM PGLy + 2 uM caffeline (0), 0.5 uM PCEy + 10 a4 - \ .
caffeine + 1 uM ADP {®) ami 0.5 u"l ?GE; + 10 aX caffeine ‘
+ 0.5 uM epinqphrina (v)._ ' . o

- .
J'

F) ) R s

The effect of & rlnce ol cpingphr;nc :onccntraatcua

il

an‘cvczlt l E!AH? 1evela lo the . p:caqncc and abﬂeucv u! 8-

?JL xnhibStor was ncxt exam&ned.” !n thn ptutqu:u of catteiun.

\ a«;nephrsnc raéuccd che 1nvexu of c?clic l ;}ah? q:;aakntaé

. - -
. .

e



"by PGE

-

r

 ].

less than 1n the absence of caffeine. par;icularly

<

at low apinephrine'concencrations.

This suggests an

76,

-

activation of PDE by epineﬁhrine as a p0581b1e means by which

ncpinephrine nay cause a3 decrease in cyclic AMP lcvela 1n

'ﬂintact platclets (Table 5).

Both in the prcsencc o[

GE

1, .

or. of Pcsl + papaverine ( Tablc 6), the eptnephtine induced

: dccreasc in cyclic AHP levels is blocihd by phentolaaine but

not by (-)fpropranoiol

1nd1catins that it 185 an u-adrenergic

cffect. »
EPINEPHRINE (kM)
- ¢ P |
.Anoxrigxs 0 1 2 10
. o = . ‘ ' . ) - . .
0.5 M PGE, -= I cycltc (Yocjanp 10.411 }0.107 {0,075} 0.06)
: 1'-- 2 ;ﬁhibitlon ’ I R & 51 a5
0.5 M PCE. -+ 20 a¥% caffelne - f _—
> FR TR T YL Gyelic (léciame  fr.ead {1178 ] 10993 0.547.
.7 d&ie I inhibtitios - - 18 .- 62
Y o e . g -
*}pLE 5. Effect of cginephrlnc on :ne elevatiocn’ of evelie

(4°cjanP lewels by PCL

duratzen of 1ncuuattons. 20 sec,

'

"

.

.

1 {n the presence and a«acncc of cattetae.-
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cyclic [M¥claNp (2 Plarelet Yoeyl

'EPINEPHRINE (ui)

i

ADDITIONS T . o | 2 | 10
| 0.5 uM PGE, T :] o.e11- | 0.107. | 0.078 | 1.083}
" 0.5 uM PGE, + 10 uM Phenmtolamine 0.442 | 0,621 |0:.423 | 0.340}
0.5 uM PGE, + 10 ¥ (-)-Propramolol| 0.420 | 0.423 |'0-16& | 0.070
0.5 uM.PGE + 2 aN Papaverime .| 0.361 | 0.287 | 0.284 0.159

0.5 uM PCE + 2 oM Papaverine

+ 10 uM Phentolanise 1 0.367 | 0.379 |0.353 0.308 |

0.5 #H PGE, ¢+ 2 =M Papavctlne ;_ ey o e
' + 10 uX (=)= Propranolol 0.364 | 0.291 . 9'231 0.154} -

/o
Table 6., tf!cctu of epinephrine': anta;onxstn on- the cxcvatton of '

evelic [L4C)AMP lnvcls by PCL; ¢ papavortna. ﬁnra:ion o! tncubattons,
6 sec. o : . o

5 P

3. DIsSCUSSION

Kinczzc otudios indtcated a noacuapa:szsic'1nnib1:ib§ 

by ADP of th»,activatson of AC by ?utx Yhit Il canﬁtntaut | -'%;
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with tﬁe hypothesis that the action of ADP‘ﬁ;y be-ablc :o_dcplete:
. ‘ & : oL N
pool of ATP utilized by AC. However, the ceasurable deéreaso-- l
in‘netaboiic ATP during aggregaciou is véty ssall, so it

would be neccssary to pos:ulate that thc AIP used by AC wvas

coupartncn:alized (Mills & Snith 1972). Othcr indircc:-r

mcchanisns of action ranging ftoﬁ direce ihcepip;-#d

oA

interactians .to non-specifté'effects of changes in membrane

structure are cqually posstble. ‘

-

ADP or epiucphrine uarkcdly rcduced tﬁc

nccubulatlon of cyclic [ C]A"P caused by PGEl + taffexae-

. when added with these agents; as vcll ag when addcd 4 win

later. la the lat:er cnse the Tate of lcsa of cycllc lla

1

SH?, cnlculntcd fron Figure 25 (0 2 uM ?CEl

due to thc addition of ADP was approximatdly 0.064 unolohl-

<l

+ 20 mM caf[elnif-

. S o N
;inllﬂll platelets. This provides a sinimus vilue for the

W':urnavéi of‘cycllt_fI&C}ASP in that PCElchevatéd ftxid}
sgate ti;un:loﬁ."ThiuAviiuo.it leas than ihat'obtalncd in
a ;Isiiar gnlcqlitioﬁ_by M{lls and Sait§ (1972} but the
concentration- of PCE, they uvaed vas g:catetﬁ __ |
'Uhcﬁ'tgp-ac_a::ivitjifanﬁgggzcaacd or ;hg ?ng'ac:zvs;;
. incr@aséd~lp the cotputer aﬁaéi.laucb’iﬁgt the ’fﬁ* new
, até#dy state !cv,j'cf cycilc-ﬂﬁ? vae.méhleveé,the'ggge of
.-apﬁrcath to :nat lcvel was sore raglh.!tou 5oth 0 ala aed
¢ win gf:er‘gddleqg 9f ?czx - ca!twtﬂﬁ vher ahc ?Q& a:e!w%t!

vas increased than whes the AC aetisl:y wat-;u:tgaac#.

-
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Expérimentally, the teddction of thé‘PCEl conccntration

(1 c. a reduction in the AC activity) or of thc caffcine

R =

—conccncration (i.e. an 1ncrease in thc PDE ac:ivity)

simulated the conpucer prcdictlons i.e. & reduction of thc
caffeine concentration resulted in a faster approach to :he

.'néu”stéady state level of cycli; [ C]A%P from both O aia and

4 oin than a reducfion in the PCEl concentration.

~ ¥hen the effects of ADP and- of epinephrina aédcd ae

-

0 min or 4 nin vere conparcd Oppositc concluaions as to

S Cva ~ :
their nbdes?of action were uuggcated§ A: 0 ain Lt appaarcd"

tha: AD“ :ainly inhibited AC activity wvhile epincphrine

aninly {ncrcased PDE-activlty. At 5 zin :ho-tcvern¢ sccmed

L

- - —

to 5pp1y.

f‘ .

Hovever. it ahpﬁld be notea :ha: the :oaditlon o!
the. platelctn at O nin and at- t cinvas not :hn ngne.,ln,

‘ thc latteT casc the ptolonged elcvaclon o! vlagqla: cycllc

CAMP levels could have a!!ected the reactiona of the platelet

'_5?¥%£422_§3 &QP or to cpiuaphrlnc. At 0 min, probabdly

the more naturul aituazton. the cptnephtlnc k!uecicu :uggested

an nc:ion on ?aE.u Azer and warqutu {197T2) uesauacrated an'

_;;:‘4_}‘.. '

sqcreaaed PDL 11 {1av Rn wn:yme) sctivity in tbe prcstncu'
: o! rpinephrsne in ueabtanc-auppleaeﬁtad wﬁulﬁ hﬁneﬁaﬂ&tﬁiﬂ,g_f_

of bualn platelete. 'ln additton. ﬁa;woed et (1%?’)

: \
- -
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possible zode ok actioﬁ of ADP at70 min concerning a depietion“
of platelet ATP vas meantioned in the introduc:ion to this
chapt;r. At 4 min,the effect of epinephriue on PDE activi:y
..may have been 1nh1bited by the PGE, due ‘to the'fact thac o
PQEl ltsclf nay have an inhibi:ory effcct on PDE I1 activi:y L '
:Iamer & Harquis, 1972).  These authors cOu{dfdcnonstrate no
cffect of ADP on PDE activity.' Althoﬁgﬁ;thc résulﬁ# shov an
-awparent effect of epinephriuc on AC ;;tivity as vouLd
gupport the obecrvations of Ziuvc and Crcenough (1969).
“nrquis et al. (1970) and Salzsman and Levine (1971),tha
‘possibility of an activation of residual PDE ac:lvity vas
uot conpletcly rc:oved in thesec ohsetvations. iIn tha’cnte_
of cpincphriuc; t'ts effcctn appear to. be nedta:cd through

P

'platclct u-adrencrgtc reccptorn, ag’ :cpor:cd by othcrs

'(Roblaon et al., 19b9- Hnrquia et al.. 1970, !osiovizz et ai...

1971).

© 4. SUMMARY . o T
1.  ADP causcs & noncampetitivc tuhibiction. ot the
a»tlvatioa QT AC by ?6&1 vith a K1 of’ abou: 1 pN.
te Alteratlon ot AC or PRE a::tvltics at © uin or & nla

after addﬁ:iau of'Pc£i5¢hcs!fexn¢ either e:patﬁmaatnlly or

-~



\

- - h

| ‘ - 8t.
io'a computer simulation résulted in different rates of

appfoach to new lower sica&y state levels of cyeclic (1QC]AHP.

3. Aadition of. ADP o? of epinephrinexaf.o‘nin or até;x
4 nin to énmples of PkP‘cqptaining.chl * caffeine,_resui:ed
in‘a-différqnf_ratc of appfoach }b tﬂe,ﬁéwrﬁowgt stcndy N‘ : @
Jstﬁ:ﬁ levels of éyqlic (;&C]AH?. The signifiéancé of th1; 

'ié discpsaed.

Y

4. 'Low concentrations of epinephrine iahibit the
xncrcnéc in cyelic llhclaﬁP caused by?PGEl nbie powerfully

in the absence than in the presence of caffeiac, suggestiog

that part-of the effect of epinephrine wvas due to activation

of PDE. - . | ol
' | \ | . 14
5. The cffccts of epinephrine on platelet cyclie {° C)

AMP levels were mediated by a-adrenergic receptors,

[
cy
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1. INTRODUCTION

Exogenous;cycli; 4&? i;éclf 1hh1bits plafeiet
aggreg#tion (Marcus &. ZuCket, 1965),‘bﬁt the dibutyiyl
derivative is mofe'effcciiveZSccﬁusc of.ifa norellipbphflié
nature (ﬁarquis et a},,.i969;’shlznan_$ Levine, 19715;
Caffciﬁe and PCEl act sfncrgtgally.19 ;nc:eas1ng the
'accumulhxlon of cyclig AH? inrpldielets'and at the
'functiohal'lcyei.theaéauc gfnetgisuilp scen io the inhibdicion
'of.ﬁlatcict aggrcgation'(tole ei ;1.; 1971; Vigdahl.et'al.."
1971; Mflls & Smith,l???),thc PCEr—inducn& 1%3:&5:0 io
cycixc‘ax? vas séén to occur bpiotc the inhidivion of

apgfegatioﬁ.(91gdahl et al., 1969; Marquis et al.,_1979;

Eall et nl.. 19?0). The order of pbtency of the

prostnglandins in stlnulatiug platelet AC and o incrcantng
the level of c;clic_&ﬂ? has bdeen found te be th senc as
ihclr order of potenéy as iahxbltoru‘ol‘plateict
a;hregatioa (Cole et al., 1971‘ Eoblnon et al.. 1971)._
lowever the cyclic AMP 1cv=1 obaetved zn plu:eletu at
differcnt tlaes after addtttoa of PCE‘-deaa ot cortelate
.uttﬁ the ;nhgbitionat the aggregation caused by subscqueuz
- 'addition ot Aa? Thun cyclic: A!P levclt peat aftery abaut

30 sec but the tuh:h:ttcn ef sggtega:tna ta aaknxtaacd at

‘1ncreasen iutthct {aall et al.. 19‘9 Hcﬁcaald » ﬁnuatn. 1%!&)
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Hills & Smith (1971) found three diffcrcn:/rela:ionsbips
-'betweeu the 1ncrcase in cyclic I C]AHP ané‘the inhibition

of,subsqqueyt.aggrggation in the!pfesence of a PDE
1hh1b£:o}, PGE, and Pcil ﬁlus a PDE tﬁﬁibttor.-“l: Bas.
bccn suggested that thcse discrepan;ies may be duc to
the inhibitioq of ;yclic A&P ;ogmatton:by ADP and that
1nhib$ti$n of ngregation naj'rclhtc.bc;ter to the EyciIc
AMP Iévcl dftgr addicion of«ADP:thau to the level before

‘ {Hnslam S“fnjior "1971- Haalan, 1973). The purpose of

this study was to holp clartf hia innue.

2. RESULTS,

The re!atlo#:hip betveen the tahibiticn of ADP-
1nduced aggroga:ion by dl!(erea: coacnntrattans of PCEl ad

:he asuociatcd 1ncreasca in cyclie ( CiA!? seasuted 30 sec

a‘(cr thc'aidul:nncous 3ddltion of aar nnd ECEi {s constsat
uhcthet the ‘exteat of that inhibtzzaa TS neanurcd atccr ;
”Bﬂ,as oy 60 gec (Fignrw—ZQ}. Lcueve: ta the preacnce of &
:nage of FGLx concentraticns p.un papatht of 3 axttcrcat
'rezatlan a:po afe ebtainau when the cn:ost o‘ :ha !antbttlcn~
iz ueaau:ed atter 30, 43 orF &G soc (Tigure .9) ?henu.twe.

ra.atiaaahlpu bu:weca the 1ahzbittc, w! aggzczaalng 7&6 the

saruenuc itn cycliic E €;aﬁ? zqvcia coiscxénd i! A l,% »!
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aboué 15-scé_uas alloved between the t° .c it which the

cyclic [;£C]AHP }éycl'was mggéurgd ahd'£bc tine at which
tﬁe‘inbibition‘of aggregation waé;measﬁrad. .K.speciftc
ins;anﬁe 1s illuéttgtga'iﬁ Figureléo. '§n this'éasg_PGEl
'(2,6 uM) and PGE, (Q.OSﬁﬁ)'plus papaverine (0.2 cM) caused
the san; inéréase in ;yclic [l&C]AHP 30 scc aftcr addftion® .
of ADP.' The same inhibition of extent ﬁf aggrégﬁtion

. L .

however, 18 only seen at the time at which the aggregatfon

curves crogss each other {(i.e., 45 aecc).

xy : ..



*

[

" a, A).réi sec (® ;c) and ) see (o,

thlﬁitiqd of the éxtépt of agprecgation (Z)

U L 3 . 1 L ek : )
& .2 U.é 6.6 0wy 11,2
P . E::} . N : . )

| lncrcaae in cvelic l

| e

CIAHP;(L Platelct:

3 -

G- ) " _ ‘ L

FIGURE 29. The telationaﬁtps betvween-the inhibdbitions:of
ADP-induced aggregation, by a range ¢f PGE) concentrations:
(open symbols) and by a range of PCE; ;ouccntratlonu plue
0.2 =M pag erlnc (closed myaboln) and the fncreascs -io. .
evelic [14CjAMP lcvels measured 30 sec after the
siﬁuftaneous additions of 2 uM ADP and the 1nh1b'zort._‘fha_
inhidition of . the extent of agprepation vas neasured 60, stc
S ) af:cr addittonao!
J\D? \ . : - . | - " N

laé}Aaftdt 3v scc.ﬁ‘

: i \g;f
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. +J.05uM PGE ~and
A 0.2 nM papaverine
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| 0 30 43 60
S TIME {n¢¢) Aft§r addtrion of App

FLCURE 30. -lmhibitien. of ADP-induced aggrsgation by 1.0 oM
PLE. and by ULUILN POE, plus 0.2 Bl papaverine, All
addiuoa;’ vere sade 3¢ {@®). : .
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The %clacionship between the 1nhib1:ion of aggregation.

measured eichcr 30 or 65 sec af:er addition of ADP by PGE

[

Sl
plus papaverine ‘and the 1ncreases in cycllc [ C}AHP lcvela.-
wvas’ deeﬂdEnta0§ the ADP concen:ration (Fisnrc 31). At
highcr ADP concentra:ions a2 given increase in cyclitgil‘cl

iAHP vasgassociated with less 1nh1b1:10n of aggregati

| 100 | | - y

—- B ) ] L® M *
» N > o .

: o
:, 30 Pe hd

ta

[ ]

| 5

G - ‘

e - 0‘0_ . 3 ]
-ﬂ

s s

x

@ "\-_JI a‘

N T ' ’ - ‘

- 0. hun Ap?o 145 vec,

. . O& /)0 sec, .

:‘: '!G - . [ o L

- . @145 see.
S S 2.upM oappt o 0h7 ReC-
= Gﬁkflﬂ aee.,
= 0 SN 9 ke a )
o cuE ek .ub N
C L imer - UG Y Y | I
: ~incrcase in cyclie {7 ClAM® af2er 39D sec..

. c PR

FICURE J1. The rclattoashiyn betvawe thé cxténl of inalbltloa :
of apgtegation by & range of PCL; coscentratises pius 0.3 an
napaverine snd the facreswe fa cyelic {E9C]aMP fewsls for ADP
concemstratleans of O, 5 ETE. ] iegta iyahali} aﬁf .9 nﬂ tclalci

syubull)

Vi
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The relationships between the-iﬁhibitions of
aggregation by the addition of compounds 3 minutes before

N . i : - .
ADPrand the increases in cyclic £ éC]AﬂP neasured before

or after the'addition of ADP are shown in Table 7. Two
conccn:ra:iona of ADP were exanined as vell as the cffects

of PGEl, papaverine and ?051 plus pnpnverine.- The rTesults

show that {(a) 3 ntnute ptcincuba;ions vith the 1ahibitotn
rcaulicd in aa 1ncrensed 1nhibiclon of aggregation when
conparcd with the effccts of oiaultancous://gltion of
inhibitorn-and ADP (b) ABP dccreaned'cyclic [ C}AH? lcveln
1n a concen:ration dependent eanner vl:h a!l the iohibitors
o anJ (c) inhlbltion of agsrega:ton vao nRote closeiy rnlatcd

.toicyclic { C]AHP levels measured after the addition o!

3
. Aﬁk thao before.

5 ) -
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3. DISCUSSION

The exteat bf the inhibition of ADP-induced 0

aggtesa:ion by PGE uhe:het'neasured at 30,45 or 60 sec' e

1°
after the addition of ADP, correla:ed with the incregae 1n
cyclic [_ C}AHP neasured\30 se; nfcer the addition of ADP.:
Under §he sane gondition;\?cﬁl plus papaveriﬁc gav; the
Snme-correlntioﬁ oﬁly if tﬁe inhibicien vas reasured 15 sec
after the cyclic [ ClAHP level vas =ensured In the cqo@
_of‘Pczl.?lun ADP,Tcyclid'( CIAHPzlhve;a"haée“p?bSley-rqgchcd
_thcif ﬁ#xinun level by 30 sec, wh;1e v1th'PG£1pLus=__ |
.lﬁspavet{nc plhs.ADP,-Cyclid (;‘Clﬂﬁf ieQels probabdly

contiﬁué tﬁ rt?é ovef~:be first alnute. rhi; couid é:plain
why the 1uh1b£cion con:inues to vise in tbe Lattct cane but
not 1n the former. The teault: alao suggest: that cycllc AH?

may take up to f:\h

aggregatloa. - T

to exert its effects on platolcz

. Decpite :hc cotrclattous Been bc:weca the ef!ectl a!
?c‘x ux:h or vithout: papaveriuc on ADP«lnduccd aggtt;aeion
and platalec cyclic ( C!An?-levcit £0r a putttcuiar ADP

_copceatrattou. 1ntrncelln1lr cyclic FY.1 lpne&ttd te be less

cf!ecciva in aeélattag 1ahzbstion at htghtr ADP can:enttatioan._
No de!inlte exglaaation of th!s phenonﬁuoa can be pffered,

but s: ?1 at leant po-ntbin that Aﬁ? in:ctae:s aot oa!y tlth
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AC but élso witﬁ the mechahisn b§ which cyclic'&ﬂf cdusgs
. inhibition of aggregﬁtion'g.ga by.cauSing denhosphofylation
of a hypothe:ical inhibiting phOSphoprotein. |
Cyclic [ C]AHP levels measured ‘after a 3 min pre-
inqubation just prior to :he_addi:iﬁn of ADP did not )
correlate with.thé inﬁibition of agpregation as vell as
those measured 30 sec af:et the addition of ADP Thus.'éi
has been Suggested by Haslano and ‘Tayler: (1971) the cyclic
AMP level that {s important as rcgards aggtegatton nay be
that uhich 18 preseat afcer the addi:ion of the aggrega:ing

-

asent rather than the level that is present lnncdiacnly

.

prior to the addi tlgn of the asgrcgatlng agent a8 lnplied by
scieral o?her uorkcra,(ﬂills 5 Smith, 1971; ﬂcbongld Q

Stunr;._1973).

4. SUNMARY

X: The inhibttioa of AB?-!adnced ugsregnttna by ?czl
‘correlated better ut h cycll: I c:awv levels neauuted a!tar
the addltlon of ADP rathar thau thoae 1ev¢1n prescot
‘lnsedlatcly prior :o :hc lssrcsntion. : _ |
,i. in the case of the 1nh!b£tlon 14 a;gresa::on by Pctl
piusrpapavcrlna the rnaultl auxgent :hat cycli: any (ntaautcd

'al&ct the addit!on of Aﬂ?) Bay tnke up to 15 sec to cxert_
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its effects on t@at aggregation,
3. A givén 1n:r§ce11u{ar level of_cyclic [IQC]AHP
appears to be more éffective_against aggrégation caused by

a low rather than a high concenttétioh_gg‘ADP. o | .

‘ i . .
. : e
B = . * "-__‘ . . ) " Lo
o _ : ;> . . ; .
: L . - . . . . .
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- Chapter VI1
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" EFFECTS OF PROSTAGLAWDIN PRECURSORS 0% PLATELET FUNCTION

" ASD ON CYCLIC {*‘c}aa?-tnvzxs‘ts PLATELETS

o’




1. INTRODUCTION P - .v_
Great7s:ru¢tural‘3§ec1fiéity of prpstigla#din acti&n;
rarely seen 1n other biological sys:ems 19 H;monétrated in
ra; p;qtelets vhere PG;!-:1 1nh1b1;s aggrega:ion and PGEZ ‘
.ifhances aggregation (Kloeze, 1966). Uith human platclgtn
PGE2 lnhibits the £1rst wvave and enhances only the second
vave of ADP 1nduced nggrcgation ia citrated PRP (Shio &
Ranuell 1972). ’In this regard it .is interesting to note -/
tha: recent nbactvations (Sntth et al., 1920 Sllver ct al.;
1972) have revealed the prelenca of - pros:sglandin cyn:hetase

1a the platelet 1tsa1f. The prontnslandin ¢content of

unstiuulated platclets is lov. bn: conuidctdble anountl of

'Pchz and ?GFZ. vere found nfter tteatueut wtth throahin |
nnd lesscr nmounta after :reatnent ulth collngen,hepincphrlnc
or ADP (Smith ot al.; L9LJ). It 1is polsible that the o
1n:rnce11u1nr.rcaulatlogibf p1ate1et fuaction nay be atfoctcd'
by pioutagiandiu‘totnation. Ip'thtilrcégrd_tpi.cztect |
‘of asplrin is no:able. Asﬁtftﬂ and'iﬁdnuethnctn‘inhlblt
'ptoatasllndin !ornatlcn in hunan platelcln (Saith et al..'
1971) and tnhibie :hc second wave of Agg:ogatton io hunan'.

“pla:elcts as vell as the a-'oclutcd rekcanu raattlou

(~ucker & Peterlon. 1970. Heiss ot al.. t?&&)
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Snith an&\willis (1971) teported that although the .

production of ptoéy/glandins 1n pla:cle;a 19 1nhib1ted by

PPN

aspirin, he :elease of phospholipase Al is not,
sugges:ing that the action of aspiriu on plat lets is to

) 1nhibit the conversion Qf arnchidonle acid in:o PCET and PGF

rathc: than the liberntion of arachidonic acid from the

i)

2a

cembrane phospholipids. They auggcst tha: the'PCEz and

_PCP forned by plateletn tct by inc'eaaing vascular

2a :
'perncabilxty (Suith & ¥11113, 19?0) as do ethcr subatancel
that are relecased at the gsame ‘time as :he prostaslandinl.-

The poasibllity that prontaslandiun uay plly s role

in the resulatiJn of platelet functiou suggaota thac blood

el

prostaglandin concenttiilons nay be inportnnt (Y] thny are
.released by varlous phyllologlcai a:inuli {roa nnny

:tonues uupec&aily 1n pathOIOgicaI cond!tion-. 4?0::.1:0
"(1907) however, denountta:ed that ptolfaglandtni ace tcpidly
be:ahollzed in thc blood utrean and that phyllologlca!
concentrn;ions\n!_pros:aglnndinn.had_no q!!ect on pla;qlég .
gorphology; | | | |

o As'huuaﬁ‘%iatelntg pc#:asn prqitagtﬁsdiqj‘

eyathetasc {Ef cssible f#ruatloa of Pcﬂi from its.aiecatunr‘;

8 11 16~elcota }icuolo acid vas sianined unlns the acttvatlonp

-'of pinta!et ACC}a\g voty nenulttvc nothcd o e

T acccatly lngqrnan et ax {1923)

reported zhat atrachidonte actd. the tae:y atl& gr:cer&ot

'ot éctect!ng rCE
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of PGEZ, induced aggtegation as uell as the fornation of

_PGEz in human cicrated PRP The possible role of the
-synchesized PGE in the arachidonic acid-induced

aggregation was investigated as uell as the possibili:y

that arachidonic acid nmay affect bnsal or elevated levels‘. "_*

of CYclic AMP thtoush th& formation- of PGE2 - R .

2. RESULTS

The ability of hunan platele:n to nyntheslau PG!:1

from its fatty ncid precuraor, di-hono—y-linolenic acid was

P

exagined undcr sevc:;l condigions (Table 8 and Tablp 9},

Even in the preosence of hydroquinoﬂe‘and glugithibne {whtch.

uould be expected to. po:eﬁtia:e prostagiandin :ynthcatn.
Leonardi et al., 19?2) and pnpaverinc only a very snatl
1ncr¢qpe in cyclic { CIAH? nttr!butablc 30 thc !at:y -
ncid vas found prasumably 1n response to sya:huata;d PG;
Bccauue the eifect of dlvhona-v ~l{nolenic: lcid oo cycllf
{1$C1Aﬁr for:ation vas vory auakl no !ur:hcr uorh vas T
done with thls_f;:ty acid, “‘v Co

F"." . . , . X . v_;‘ P
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Additions

Incubation

Papaverine (2 M) +

Tige Papaverine di- hono-v linolenic acid
' {2 aM) .
(nin) 1 uy 10 ux | 40 ux
. -059 .059 061 | .07
.113 112 .119 139 |
16 126, .131 131 145

TABLE 8. LEffect of the concentration of thc PGE precursot.'
tdi-homo-Y-linolenic acid and of the :iuc of incuéa:ion ca
cyclic { ‘C]AHP {2 of the platelet 4c) in the p:escnce of

papavcrine 2. 0 mH) in husan plac@%e:l.

Additions
1 batd o g _MPapaierinc (2 2M) +.
ncubation Papaverinae di-homo-Y-linolenic acid

(ain) | 10 uM 40 pM

1 .073 ..081 .095

4 .125 .134 139

/ : .
16 - - ,164 174 .206

TASLE 9. E!fec: of the conccn:ratton of the PG&; precureor,
di-hoao-v-linolenic "acid and of the time of !ncuhnciaa of
evelie {L9CIAMP levels. (2 of the platelen léc) “to the
presence of papaverine (2.0 =¥}, hydroquinone (0 1. aM) and '
glutathioae {i. 0 nn) 1n human platelotl. 'F : e
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The effect of f@Ez oo ADP-induced aggregation was °
then examined (?ighre'32). ?GE2 when added sinulcaneously
‘ w1:h ADP caused an inhibition of the first uave and ap

enhancenent of the second vave of aggrega:ion, confirnin;‘

the wvork of Shio and Ramvc;l (1972).

-

sControl

FIGURE 32. Lffects of ?652 .5 uH) oo ADP WJ “”"““"‘
ang:cgatton. k
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The effect of aspirin on ADE- induced aggregation (Figure 33),

.also coanfirms previous work (Zucker et al., 1968; Weiss
et'al,, 1968).

3

Aspirin

CONTROL

! oin

FICURE 33. Effect of 0, s ‘oM aawirin on ADP- induced o
apgregaticn. Aapitin was addcd sinultannously with 0,3 uH
ADP at (o)r

= 5 ¢ -

I e

~

4

Atachldonic aclﬂfﬁ? 8 fl lﬁ-eicooatetraeﬂhic ncxd) ‘

&
causcd cunplc:e and ttttverslble agrrega:loo in hunan P!P

(Fisure 3&1.\ there vas a delay in aggrcgatlon.but not in

B |
¥
I o b

the shape chnngn which vantinvcrsezy related to the ' :

eoacenttntion of arachidon!c acid. I(;tha a:ktcgotioa-wai.”




T

17

.99,
2

:he result of synthesia of - PGE2 or some other naterial from

'arachidonic acid the delay vould suggest tha; a critical

¢ level of thia compeund had to be reached before the

aggregation could occur. In & control study 8 Il-eicosadienoic

actd shoued no aggregating‘vcti%ity.'

5 1 - win = :3 | B L R

FIGURE 34, £!£ect on: humas PRP ct trachiéonic scid aedca at
{®) in the B concentrations ahovs in the figare,
Arachidonie acid was atuttaltacé with aaucol and diluted
vith lai(ne. L . 4 R e
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G

’

To exanine the roles of ptos:aalandin synthetase

and thn relcase. teaction in thc nggregation 1nduced by
~arachidonic acid the. effec: of aspirin on the nggregation
. was exanined (Figute 35). Aapirin (0.4 nn), addcd to the
PRP 1 nin beforc tho fatty acid. coaple:cly 1nh1b1ted

'.arnchidouxc acid«induced aggregation. this indicates that
o arachidonlc hcid is not acting by causing a non-npecitlc
lysin of the plnteleta and tnplicltes prosta;landln

synthetase at sone ntage 1u its action.,

Aggregatlon daduced by nrachxdonlc acld uaa )
nzsocin:ed vlth the teleasa of S~ﬁr !kon the pla:eletc and .
‘this vae couplctely fohibited by sspiria (Table 1!). This
result 1; coqaistgat vith :heVhypcthes;a_tha;_ar;ch{donlc
acid {» cohvét(ed $y progtagland;n'nyn:@otn;é_:b a'uétayoitgn
vhich triggers the release reactton. |

- . X oL 3 ' s
] : ° . :
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FICURE 35, Effect of aspicin added at (@) fa the coscen- |
trations shown 1o the figure, en arachidenic acid-foduced
aggregation. Arachidonic acid (1 aM) wvas added at (o).

T
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ﬁxperimen: 1
cpe 2. release
PRP comtrol . b 1ess 100.
PPP comtrol S 106 °o
Arachidonic actd (1 =) | 966 Yy
Arachidonic acid + 0.6 oM aspiria - 98 s o
. , _ 'Expéfiﬁen: 2
Cepm R teloase
‘ | PRP control : %é'l' . | 1913 . R 100
rPP coétrol - o g B 135 . o 0
B _}f S - o .
F - . ] . [ - . N B
Arachtdonic acid (1 aN) == . 789 36 . -
Arachidonic acid + 0.6 =M aspicin | 124 o

TAZLE 10, Effect of prefncudbation with 0.6 =¥ aspiria for 1
ataute on the arachidonic acfid-induced releocase of fi%c)s-nz.
200 ul of PRP, prefacudated wita [18c]s-u7 (0.4 ux, 0.02ucCy/
=1) for 1 hr, vas taken fros samples ia the sggregometer and
tentrifuped for 30 sec witih 20 yl of 0.077 ¥ LDTA in the
Lppendor! centrifuge, 100 ul of the supcroatant was takem |
for counting. Coutreols were 100 ul PEP (corrected for
dilution by EDTA} and 1C0 pl PPF frem & sszple locubated with
saline: These sazples represescted 1003 sad 0L rolsass
reapectively. ' ' ' ' '
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fhe effecté'of a:échidonic'acid on basal and PGEI-
elevated levels oE éyclic.IIAC]AMPAu;re_exauinéd.
lArachidonic;écid had ﬂb e}féction basal Leveis but caused | | ";
" a sarked decfgasé,1n.?6514e1evated leﬁéls sinilar to the
effect of PéEz in the absence of a PDE 1nhtbit6£‘(rigur§'§6). o i
This dccrease however, was not abolished By aspirin 1n a
‘conceutrntlon that did 1nh1b£: the aggregation nnd vas
ikhetefore presunably aot due to releascd‘hﬂ? '8, ll-eico--
adfenoic acid had no effect on the PCEl—elevated levels of
cycltie { C]AHP

In an nttenpi to.detctni;;'thc naiurc 6(.tho
_n-achidonlc acic-induced de:rease ia Pczl-elevated lqvala'
of cyclic ( 6C]AHP the tvo vcre addcd sinultancous}y to

PRP‘and_Incubated for 30 secc in-the preqencc of a PDE

idhlbitor.f-A Lineweaver-Burk piot (Figute 37) of tho‘
results fndicate that arachidoalce actd conpetlttvely 1uh1bltn,

the actlvation o! AC by PCEx _
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‘appregoneter acvachidonic acid caused aggre
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) R,

Q0 0,2 1.0 . 2.0
PCE, (uM)
PR

¥

FIGURE 36. Effect of arachidonic acid (0.3 =) with (@) or
vithout { ) aspirin (0.4 =M) on the clevatton of cyelle
[L4C)ANP levels by PGEy (@), in the abacnce of s PDE
inhibitor. Controls were PGLy ¢ 3,ll-ctcosadiencic acid
(0.8 ¥) (v ) and PCEy #+ aspirin (@}. FRP vas sfelacubated

| vith che fatty acida for 5 mia and wvith aspiric fov 6 ain

In a patallel experivent in the
ga:ian which was
ASCIAMP was '

before addition of PGE}.

conpletely {nbhidited by anpivin., Cyeclic |
deternined )0 sec after addition qt rcxl.

+.8,11-c1cqsadicno£

v | - 9PCE,
] ' - S - lacd
E A ‘PCE1 + aspirin e
e OPGE ' -

PGE] + nrnchidénlt acid
PGE] + arachidonic acic-
% aspirin
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1.4 T ‘7._ +0.8 uM arachidonic
. acid

qun-ree, )00

FIGURE 37, Lineweaver-Burk plot. of the effect of
arachidonic acid (0.8 aM) oas the sctivation of AC by PGE
Caffetne (20 mM) was present as a PDE inhibitor.

1..

). DISCUSSION
In the present study human pla:cligs appeared .to have
 _unly a4 vary l;altcé capacity to synthesize fcﬁl from fte
precursot dfqﬁeso-inltuoicntt ac&d;‘ The cﬁaew#ttqtion‘ot

‘the fatey acté'that uuiluncd (f—ﬁﬂ u%) wmsy bave bees toe xﬁﬁ

R
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however, to see abnarked effect.Clausen and Sriﬁas:avﬁ
(1972)_have'denonstrated Pcﬁl formation in human vashed
plate;etsrfton'flﬁclaceta:e." |
PGEZ 1nh1bi:ed the firse and enhanced the second
.u&{e of  ADP- induccd asgregation.» Ptesunably the weqk
.-stimulation of AC-by PGE2 wvas the cause of the 1nh1bitiou'
while the enhnucemeat of the second wave of aggregation.  |
.which was 1nh1b1ted by aspirin, would suggest a causal or
regula:oty rtole for PGEZ in this phnsexof ADP=-1induced
'_aggregagion. ‘
fAréchid#nic acid, thc precurnor ef- PGE2 present in

platelet membrane phospholiptdn (Hnrcun et al., 1969},

caused aggrega:ion as recently reported by.lugernan et al.

(1973). Schoeﬁé et al; *(1972} rcported-:ﬁl;'ll-l‘élPGEé
vas aynthesized in hunan pla:cleta Erou ll- c]araéhldonic
acid. Aspirin inhibitcd the agaregatioa cnuued by /_ .
arachidonic actd 88 well as the aoaociatcd teloass reaction,

The lnck.of any aggregation f{nduced by tbg centrol fntty

actd snggésta that th§ nctlon-dt'a:achsdoutélagid {o

B

speclfié. *In this ané-the t@gulis_suggeu&'thcz & ﬁfodd:t
of the action of ptﬁat;slandln'ayn:h;:aae onsaraéhidhhlc
acldiﬁuy'cnnan.tho rel?inetcac:lnn{ As PG, pg:en:tftgu
but does not cansc'a;gragatiod."1::0:#&4;;1:3 or othet
products pay also be fovolved. 4 tecent report byfﬁ}il{l‘.

(1973) has confirmed this Jast'qquthtea. :
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In an effort to demonstra:e PCE2 forooﬁion from:
arachidonic acid che possibili:y of similar effects of the
fatty acids to those shown by PGE2 (Chapcer 1Iv) on basal
.and Pczl—elevated lovels of cyclic {IQC]AHP vere exnmiued
No significant effcct of arachidonic acid on basal cyelic

[l-C]AHP levei; was denonstratedh

Although arachidonic acid did reduce PGEl-elovated
levels of cyclic [ C]AHP in a oanner sioilar to but nore.
pronounced than PGEZ, the. effect was not 1nh1b1:ed by
aspirin at a conccntratioo that did’ 1nhib1t the agsrcgatlon
‘induced by arachideonic acid. In a kinectic atudy-of the
effoct of arachtdonic acid on the rczl ottoula:ion of AC.
arachidonic acid conpet':ively lnhibited the PGE

‘1
_stioulation.‘ It would appeat thac arachidonic ncld i:ncl!

uay have an affloity for the prontaglaudln reccptot, ns
Kuehl (1972) suggests jn hio studies on rat adlpocytas.'
8,11~ Eicosadlenoic acld, uaed a8 a tatty acid coutrol

nclthct cluned nggrogatton novr louerod PGE -clevatod ' o . -

1
cyclic_( CIAﬂP levels,

4. -SUMMARY __ S 7

1. Incubation o!“?RP‘vith'thd'?#ﬂl_yrtcu;(nr 41-§ogo-y—

linolealc actd'iuuulted is very little productica of tyg}to

-
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[ CIAHP and hence, presumably very little PGE1 -

2. Arachidonic acid caused conplete and irreversible
platelet aggregation. This aggrega:ion as well as its

associated release teaction vere inhibl:ed by aspirin,

C3. Arachidonic acid inhibited :he increase in eyclic

14
(

agpirin, Arachidon.c acid conpetitively inhlbited the

C]AHP caused by PGEI, an effect thatsﬁaa not blocked by

'activation of platelet AC by PGE1

e




-_naking it possible to pontulatc lpeci!ic nechsui-aa of actiocn-

e

109.

Eary

oy : cawaRAL SUMMARY

Because pla:elets can be obtained as a honogenous

’"-‘I

preparation and becanse they ate respon&ive to many
-‘pharmacologically active agents, they ptovide an excclleut
system for pharmacologicai analysis. Using a rndiofsotope
incorporation téchnique as the most sensitive neans of

detccting changes in 1n:race11u1ar 1evels of cyclxc AHP
|
it wvas possihle to exaaine the effects of a vaticty of

kaggntq on those levels. Prostaglandins, known for thelt

potent biological activities affect platele: func:ion, C.8-

"

PGE, inhibits plat&le:,aggregation .__arx,cl.i'(tl':_2 c&n,potcntiateﬂ

.platelgh aggregation. ‘fhe cffcc{n of ?651 are ne{igted by

cyciic'AHP'and nodified by the presence ofﬁaggtegatrng

"agenfs. It fprd#ué possible to perfores a klnét!c analylla

of the e(fecta of Pcal and of Pchz on ‘AC 1n intact pla:cletl

as vcll as the intetactionn bctuaen the offect; of Pchl. ADP and
cpinephrine, A computer ;1aulation of thcte eftcc:o on thq_?
intrncellulaf Cycllc AHP coacentrat!ona van tchleved iﬁut"

Cy
for thess aaonto.‘ _ | | )

Cortclations uerq detzned he:wcen the cycl!c AP

' levela la pla:cle:a and xhe 1nh1b1tlon of pla:ele: \ |
‘nggtagatlon by ?GEI ot Pcﬁl Uith a PSE 1uh1b1tot. It was

-'contlr-ed that the 1nh1btc!ou ot ng;ra;u:ion is sote ctoqaly

T ™
N
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~

related to the level of cyclic AHP which resul:s ftou the
1nteraction of the aggregating agent gnd.PGEI vith_Ac,_;han
to the level pgoduced_by PGE1 alonﬁwﬂ-Thé effects of fatey
acidupreéursors of pt§staglandins~§ﬁ plnielet*aggrcgation
and;cyclic AMP levels were inQest;ga:ed. “Arachidonic acid
caéscd pléteiet aégrggatiqn ﬁnd_inhiblted the activation of

AC by PGE .
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